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ÂØÈ� ø ü÷�¢¤Àì
ø Û�Ê½� Õ�ê�� �î �Âî�ª �¤ ý�À¡ .´¨� ����÷ Ç�û��µõ�÷ ÝÜä Â��Â� ¤¢ üµÆû ý�û�µÆ÷�¢ ��Þ� �î ö� ��÷��.´¡�¨ À�õùÂú� Ççþ¤¢ü� ý¤�þø ´þ�Þ� ¥� �Âõ üðÀ÷¥ Û��Âõ ��Þ� ¤¢ ø ¢�¢ ßõ �� �¤ üÞÜä ¤�î ��¹÷�ø ÂØÈ� À÷¢Âî ý¤�þ ´êÂÈ�� ø üðÀ÷¥ Â�Æõ ¤¢ �Âõ �î Ý÷�µ¨ø¢ ø ��ù¢��÷�¡ ,�À���¨� ��Þ� ¥� ¢¤�¢ �� ñ�¹õ ßþ� ¤¢�÷�¥�Æó¢ ,ýÂÑ÷ À�Ü� ø ¤À¬�ã¨ �� �Àõ ßþ� ¤¢ �î üØÜõ ��÷�õ Âµî¢ ��þ�ä ý�Þ�û�¤ ¢�µ¨� ¥� ,Ý�î ý¤��Ú¨�³¨.�¤�¢ �¤ ÂØÈ� ñ�Þî ,À�µ¡�õ� ßõ �� ü÷�ø�Âê °ó�Îõ ø À÷¢Âî üþ�Þ�û�¤ �Âõ.�¤��Ú¨�³¨ ö�ªÀ�Þª¥¤� ý�û¢�Þ�û¤ ø ���� ÂÏ�¡ �� üã�ê¤ ÀÞ½õ À�ªÂê Âµî¢ �À�Þ�¤� ¤ø�Èõ ¢�µ¨� ¥�¥� .�¤�¢ �¤ ÂØÈ� ´þ�ú÷ ö�È÷�ø�Âê ý�û´þ�Þ� ø ��Þ�¥ ÂÏ�¡�� �¤¢�õ ø ¤À� «�Ê¡�� ,�Âúõ Â� ù¢��÷�¡ ¥��÷�Þ�Þ¬ À÷¢ÂØ÷ æþ¤¢ ßõ ý¤�þ ý�Â� üª�� º�û ¥� �Àõ ßþ� ¤¢ �î ö�ÈõÂµ½õ ù¢�� ÷�¡ ø Ý÷� �Âúõ ÂÆÞû.�¤��Ú¨�³¨Âû �� �î ü÷�¤��ð¤�� �Þû ¥� ß��»Þû .Ý÷��Þõ ¤��Æ� À÷¢�� �ÂÚþ¤�þ ø ù�ÂÞû �Àõ ßþ� ¤¢ �î ��þ�ä ö�µ¨ø¢ ¥�.Ý�îüõ ý¤��Ú¨�³¨ ��ù¢Âî ¤�Êì ö�ÈÔÎó Âî£ ¤¢ ßõ ø À�µª�¢ ¤�î ßþ� ��¹÷� ¤¢ üÈÖ÷ ý�½÷
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ùÀ�Ø�¤�Ï�� �î ý��÷��µ¨� ø ´¿� �½Ô¬ ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® Â� Ç÷�Âð Â���b � ,�õ�÷ö�þ�� ßþ� ¤¢ �õ��¹÷� ¢¤�õ ßþ� ¤¢ ö��î�� �î üþ�ûÇûøÄ� ø ù¢Âî ü¨¤Â� �¤ ¢�ªüõ ùÀ�Èî öøÂ�� ùÀ��îÂ� âþ�õ éÂÒ ¥� ý¢�Þä�� Âóø� ©ø¤ ø MATLAB ¤��ê��Â÷ (ode45) �ó�±÷¢ ¥� ù¢�Ôµ¨��� �Àµ�� .Ýþ¢�Þ÷ ¤øÂõ üó�Þ�� ¤�Ï�� �¤ ´¨� ùÀªÛ� í¥�÷ �µª¤ ø ´¿� �½Ô¬ ý�Â� �¤ ºþ�ó -���À÷� �ó¢�ãõ ,Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ öøÀ� ,ñø� �±�Âõ °þÂÖ�.Ýþ¢¤ø� ´¨¢ �� �û�¨À�û ßþ� ý�Â� �¤ LLD ö�÷�ì ø Ýþ¢ÂîÂ� �¤ ´õ�¿® ,ñ�µ¡� ©ø¤ ¥� ù¢�Ôµ¨� �� Ca = 0/343 üÚ��þ�õ ¢Àä À� �� ,Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ �� Å³¨ù¢�Ôµ¨� �� ,LLD ü±÷�¹õ Õ��Î� ­Âê ¥� ù¢�Ôµ¨� öøÀ� Ýþ¢�Þ÷ üã¨ �õ�¢� ¤¢ .Ýþ¢Âî ß��ã� üÚ��þ�õ ¢Àä °Æ�,ù¢�¨ Çþ�õ¥� ×þ ��¹÷� �� ö�þ� � ¤¢ ø Ý��î ß��ã� �¤ ´õ�¿® ×�õ��þ¢ ø ×���µ¨� üó�û ¼Î¨ Õ��Î� ¥�.Ýþ¢�Þ÷ �Æþ�Öõ LLD �¹�µ÷ �� ø �µêÂð ù¥�À÷� Ýî ý�û´äÂ¨ À� ¤¢ �¤ ´õ�¿®�î Ý�µêÂð �¹�µ÷ ,ù�øÂ� ßþ� ¤¢ �µêÂð �¤�¬ ý�û¤�î ø ß�È�� ùÀª ��¹÷� ü�Â¹�ø ý¢Àä ý�û¤�î �Æþ�Öõ ��ß�� -ùÂî ø ×þ¤ø¢) ©ø¤ ø¢ ��÷ ùÀª ��¹÷� ý¢Àä ý�û¤�î ß�� ¤¢ .¢�ªüõ ´õ�¿® öÀª Ýî °��õ Ç÷�Âðßþ� �� �î üÖ�ì¢ ü�Â¹� ¤�î üóø À�¨¤üõ ÂÑ÷ �� Â�Â±µãõ ,À÷�ù¢Âî ù¢�Ôµ¨� ýÂµÞî ý�û°þÂÖ� ¥� �î ( ö�¤�ØÞû ø.¢¤�À÷ ¢��ø ¢�ª �Æþ�Öõ �ûý¤�ÿ�
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´¨Âúê
¸�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ùÀ�Ø��÷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõüðÀ��îÂ� ��óø� Ý�û�Ôõ 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üðÀ��îÂ� 1.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü½Î¨ ÇÈî 1.1.14 . . . . . . . . . . . . . . . . . . . . . . . . . ¼Î¨ ×þ ý��½÷� á�ãª ß��ã� 2.1.15 . . . . . . . . . . . . . . . . . . . . . . . . . üÚ��þ�õ ¤�Èê �þ §��� ¤�Èê 3.1.18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üðÀªÂ� ø §�Þ� �þø�¥ 4.1.19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üðÀªÂ� ×�õ��þ¢ 2.110 . . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ×þ ý�Â� ´îÂ� �ó¢�ãõ 1.2.112 . . . . . . . . . . . . . . . . . . . . . . . . . ñ��¨ ©¤�ª ý�Â� ý¥Âõ Íþ�Âª 2.2.115 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ý¤�îßèø¤ °þÂÖ� 3.2.1Çª



×���µ¨� üó�û ¼Î¨ 217 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÚ��þ�õ ñ�Ï 1.218 . . . . . . . . . . . . âþ�õ ö�¿õ ¤¢ �µê¤ øÂê ý¢�Þä ´¿� �½Ô¬ üó�û ¼Î¨ ß��ã� 2.222 . . . . . . . . . . . . . . . âþ�õ ö�¿õ ¤¢ �µê¤ øÂê ý¢�Þä �÷��µ¨� üó�û ¼Î¨ ß��ã� 3.222 . . . . . . . . . . . . . . . . . . . . í¥�÷ ý¢�Þä �µª¤ üó�û ¼Î¨ ß��ã� 1.3.225 . . . . . . . . . . . . . . . . . (üÜî ´ó�� ¤¢)�÷��µ¨� ýø¤ üó�û ¼Î¨ ß��ã� 2.3.2ß�ð�þ¤¢ -ºþ�ó -���À÷� �ó�bÆõ :�µª�¢�ø üðÀ��îÂ� 331 . . (Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ öøÀ�) ´¿� �½Ô¬ ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® ß��ã� 1.332 . . . . . . . . . . . . . . . . . . . . . . . . ý¢�ã�� Û�Ü½� ©ø¤ �� �ó�bÆõ Û� 1.1.334 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ó�bÆõ Õ�ì¢ Û� 2.1.339 . . . . . . . (Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ öøÀ� )í¥�÷ ý�û�µª¤ ýø¤ âþ�õ �þ� ´õ�¿® ß��ã� 2.339 . . . . . . . . . . . . . . . . . . . . . . . . ý¢�ã�� Û�Ü½� ©ø¤ �� �ó�bÆõ Û� 1.2.342 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �ó�bÆõ Õ�ì¢ Û� 2.2.3âþ�õ �þ� ´õ�¿® Â� Ç÷�Âð Â�� 448 . . . . . . . . . . . . . . . . . . . . . . . . Ç÷�Âð Â�� ¤¢ âþ�õ �þ� öÀª í¥�÷ ü¨¤Â� 1.451 . . . . . . . . . . . . . . . . . . (1943) ß�ð�þ¤¢ ö�÷�ì ,üÈ÷�Âð - ü÷�ÆØªø Ýþ�¤ 2.452 . . . . . . . . . . . . . . . . . . . . . . . . . . üÈ÷�Âð -üÚ��þ�õ -ü÷�ÆØªø Ýþ�¤ 3.452 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÜ±ì ùÀª ��¹÷� ý�û¤�î ¤øÂõ 4.4´Ôû



53 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1964) ¸Þó�� ø ´þ�ø 1.4.457 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1981)ö�ÆÜþø 2.4.463 . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1998) ùÂî ø ×þ¤ø¢ 3.4.466 . . . . . . . . . . . . . . . . . . . . . . . . . . . (2005) ö�¤�ØÞû ø ß�� 4.4.470 . . . . . . . . �÷��µ¨� ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® ýø¤ Â� Ç÷�Âð Â���b� 5.4.472 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ù�øÂ� ßþ� ¤¢ ùÀª ��¹÷� ý�û¤�î 5.472 . . . . . . . . . . . ´¿� �½Ô¬ �� ¯��Âõ LLD Û�Æ÷�ÂÔþ¢ �ó¢�ãõ ý¢Àä Û� 1.5.475 . . . . . . . . . . . . í¥�÷ �µª¤ �� ¯��Âõ LLD Û�Æ÷�ÂÔþ¢�ó¢�ãõ ý¢Àä Û� 2.5.477 . . . . . . . . . . . . . . . . . . . . . . . . . . (4-13)�ó¢�ãõ ý¢Àä Û� 3.5.478 . . . . . . . . . . . . . . ñ�µ¡� ©ø¤ �� �½Ô¬ ýø¤ âþ�õ �þ� ´õ�¿® ß��ã� 4.5.480 . . . . . ×�õ��þ¢ ø ×���µ¨� üó�û ¼Î¨ ø¢ ë�±Î÷� �� ,âþ�õ �þ� ´õ�¿® ß��ã� 5.5.484 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ü�Â¹� ¤�î 6.5.4ýÂ�ð �¹�µ÷ ø ýÀ�� âÞ� 591 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ´¨���113 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ
´Èû



�õÀÖõÁè�î ,°Æ� ¤��÷ À�ó�� ¤¢ â�¨ø ¤�Ï �� ö� ¥� ø ´¨� ´ã�¬ ¤¢ ý�ùÄþø ù�Úþ�� ý�¤�¢ ,âþ�õ ü÷�È÷�þ� À�þ�Âê¥� �î ´¨� ö� ü÷�È÷�þ� ù�¤ ×þ .¢�ªüõ ù¢�Ôµ¨� ... ø ù��÷��ó�ð ë¤ø ,üþ�þÀþø ø ü¨�Øä ý�ûÝÜ�ê ,ý¤��þ¢¤¢ .¢�ª ùÀ�Èî öøÂ�� ´��� ´äÂ¨ �� ø �µ¨��� ¤�Ï �� üµ¿� �½Ô¬ ,ÂÑ÷ ¢¤�õ ñ��¨ ýø�� üð¤�� éÂÒ ö��õ�î üó��¨ .¢¥�¨üõ �¤�¡ éÂÒ ¥� í¥�÷ ý��þ� �¤�¬ �� �¤ ñ��¨ ¥� ý¤�ÀÖõ ¢�¡ ù�ÂÞû �� �½Ô¬ �¤�¬ ßþ�.À÷�ª��üõ �¤ ÂÑ÷ ¢¤�õ ¼Î¨ ýø¤ ¤��Þû üÈîø¤ �¤�¬ �� ,öÀª ×È¡ ¥� Å� ,¢�ªüõ �¤�¡ �¤�¬ ßþÀ�¤¢ .´¨� ¤�¢¤�¡Â� ´ã�¬ ¤¢ ü¬�¡ ´�Þû� ¥� ö� ñÂµ�î üÚ÷�Ú� ø �þ� ßþ� üþ�ú÷ ´õ�¿® �î ´¨� üúþÀ�¥� ù¢�Ôµ¨� �� ¢¤��õ °Üè� ¤¢) Åî�µ¨� -Âþø�÷ ��¢�ãõ Û� �þ�� Â� ý¢Àãµõ ýÂÑ÷ Í��ø ¤ ,�µªÁð ý�û�û¢ üÏÛ� ß�óø� .À÷�ùÀª ¢�ú�È�� ü����÷ ����¨ ¢¤�õ ¤¢ âþ�õ �þ� ´õ�¿® ü���Ç�� ý�Â� (ù¢�¨ ���®Âê ýÂ¨ ×þ°Æ� Â� �¤ ´õ�¿® �ú÷� .Àª ���¤� 1942 ñ�¨ ¤¢ ºþ�ó -���À÷� Í¨�� ,�þ� ´õ�¿® ß��ã� �ÜÿÆõ ýÂÑ÷üÚ��þ�õ ý�û¢Àä ý�Â� �¤ ´õ�¿® ø À÷¢Âî üþ�ÚÈ�� âþ�õ ü÷�ÆØªø ø ü½Î¨ÇÈî ,Àõ�� �½Ô¬ ´äÂ¨üÚ��þ�õ ý�û¢Àä ¤¢ �¤ âþ�õ �þ� ´õ�¿® ß�ð�þ¤¢ Å³¨ .À÷¢¤ø� ´¨¢ �� Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ öøÀ� ß�þ��.¢¤ø� ´¨¢ �� 1943 ñ�¨ ¤¢ ���¤�Ï �� �î ý��÷��µ¨� ø ´¿� �½Ô¬ ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® Â� Ç÷�Âð Â���b� �õ�÷ ö�þ�� ßþ� ¤¢ �õ.Ý��îüõ ü¨¤Â� Í¨�µõ üÚ��þ�õ ý�û¢Àä ¤¢ �¤ ¢�ªüõ ùÀ�Èî öøÂ�� âþ�õ ö�¿õ ¥� ý¢�Þäø Ý��îüõ ü¨¤Â� �¤ ×�õ��þ¢ üðÀ��îÂ� Å³¨ ,Ý��îüõ ÓþÂã� �¤ üðÀ��îÂ� ��óø� Ý�û�Ôõ �Àµ�� ,ñø� ÛÊê ¤¢�ó¢�ãõ ßþ� Û� ý�Â� ý¥Âõ Íþ�Âª ø (Åî�µ¨� -Âþø�÷ �ó¢�ãõ) ÂþÁ��÷ Ýî�Â� ü����÷ ñ��¨ ©¤�ª Â� Ýî�� �ó¢�ãõ.Ý��îüõ ¤øÂõ �¤âþ�õ ö�¿õ ¤¢ ý¢�Þä ¤�Ï �� �î ý��÷��µ¨� ø í¥�÷ �µª¤ ,Àõ�� �½Ô¬×þ¢�÷ âþ�õ üó�û ¼Î¨ ,�ø¢ ÛÊê ¤¢´¨¢ �� ×���µ¨� ´ó�� ¤¢ §��� �ó¢�ãõ Û� ÕþÂÏ ¥� �¤ âþ�õ üó�û ¼Î¨ ÛØª ,ù¢Âî ü¨¤Â� �¤ À÷��µê¤ øÂê�µêÂð ¤�Âì âþ�õ �î ü÷�Øõ ßþÂ���� ¤¢ �¤ ×���µ¨� üó�û ¼Î¨ ý��½÷� ,âþ�õ Ûõ�î üðÀ��îÂ�­Âê �� ø Ýþ¤ø�üõ.Ý��îüõ ß��ã� �û�¨À�û ßþ� ¤¢ ,´¨�Û�Ü½� ÕþÂÏ ¥� ø Ýþ¥�¢Â�üõ ºþ�ó -���À÷� �ÜÿÆõ ö��� �� ø ù¢�Þ÷ üêÂãõ �¤ �µª�¢�ø üðÀ��îÂ� ,��¨ ÛÊê ¤¢�÷



ßµêÂð ÂÑ÷ ¤¢ öøÀ� �¤ í¥�÷ �µª¤ ø ´¿� �½Ô¬ ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® ,ö� Õ�ì¢ Û� ø ý¢�ã��.Ý��îüõ ß��ã� Ç÷�ÂðÇ÷�Âð Â���b� ö��� �� �Àµ�� ¤�Ñ�õ ßþ� ý�Â� .Ý��îüõ ü¨¤Â��¤ âþ�õ �þ� ´õ�¿® Â� Ç÷�Âð Â�� ,�¤�ú� ÛÊê ¤¢-ü÷�ÆØªø Ýþ�¤ ¤¢ ø ù¢�Þ÷ ö��� �¤ ÓÜµ¿õ üðÀ��îÂ� ý�ûÝþ�¤ Å³¨ ,Ýþ¥�¢Â�üõ âþ�õ �þ� öÀª í¥�÷ Â�ùÀª ��¹÷� �÷��µ¨� ø �½Ô¬ ýø¤ ùÀª Û�ØÈ� âþ�õ �þ� ´õ�¿® ß��ã� ý�Â� �î üþ�û¤�î ,üÈ÷�Âð - üÚ��þ�õùÀª ��¹÷� ù�øÂ� ßþ� ¤¢ �î ü�Â¹� ø ýÂÑ÷ ý�û¤�î ÛÊê ßþ� ö�þ�� ¤¢ .Ý�û¢üõ �Âª üó�Þ�� ¤�Ï �� �¤ ´¨�.Ý��îüõ ¤øÂõ �¤ ´¨��¤ Â®�� ù�øÂ� ¸þ�µ÷ ø Ý�û¢üõ ���¤� �¤ Û±ì ñ�Êê ¤¢ ùÀª ¢�þ ¶��±õ ¥� ýÂ�ð�¹�µ÷ ø ýÀ��âÞ� ,Ý¹�� ÛÊê ¤¢�Æþ�Öõ (À÷�ùÀª ��¹÷� Ç÷�Âð ßµêÂð ÂÑ÷ ¤¢ �� �þ� ´õ�¿® ß��ã� «�Ê¡ ¤¢ �î) üÜ±ì ý�û¤�î ¸þ�µ÷ ��.Ý��îüõ

ù¢



1



ñø� ÛÊê
üðÀ��îÂ� ��óø� Ý�û�Ôõ

üðÀ��îÂ� 1.1Û��ì �ûíÂµÈõ ÛÊê .´¨� ��û ø âþ�õ ×þ ö��õ �þ ü÷ÀÈ÷ ¯�Ü¿õ âþ�õ ø¢ ö��õ íÂµÈõ ÛÊê �ãó�Îõ 1üÚ��þ�õü¡Â� .À�û¢ Â��ç� ö�È�½Î¨ ý�Â÷� ö¢¤ø� ß�þ�� ÂÏ�¡ �� �¤ ö�ÈÜØª �î À÷¢�¥� �ûö� ø À�µÆû ÛØª Â��ç��õ .℄1[À÷�ªüõ ùÀ�õ�÷ 2 üðÀ��îÂ� �î À�µÆû Àõ�� ¼Î¨ ýø¤ âþ�õ Ç¿� Ûõ�ª ý�ûÀ�þ�Âê üÚ��þ�õ ý�ûùÀþÀ�.Ýþ¥�¢Â�üõ üðÀ��îÂ� üÜ¬� Ý�û�Ôõ ü¨¤Â� �� �Àµ��
ü½Î¨ ÇÈî 1.1.1öø¤¢ ñ�Øó�õ Âû . À÷¤�À÷ ü¨À�û ÝÑ÷ üóø À��îüõ �Á� �¤ ÂÚþÀÞû Çþ�ûñ�Øó�õ �î ´¨� üÞî�Âµõ ù¢�õ âþ�õ.´¨� ¢ÂÚ÷�ÆÞû , Í¨�µõ ö�À�õ °þÂÖ� ­Âê �� Ç�îÝûÂ� ßþ� ø ¢¤�¢ Ç�îÝûÂ� Çþ�û�þ�ÆÞû �Þû �� âþ�õ

Capillarity 1
Wetting 22



. ℄2[ ¢�ÂÚ�µ÷�¨ ��¤¢ 20 ý�õ¢ ¤¢ ��ãþ�õ ü½Î¨ ÇÈî :1.1 ñøÀ�
(mN

m ) ü½Î¨ ÇÈî âþ�õ23 ñ�÷���24 ö�µ¨�63 ñøÂÆ�Üð73 ��
∼300 ��Áõ �È�ª485 ù���

ý�ûøÂ�÷ ¢Â� �� �Æþ�Öõ ¤¢ �î Ý��î ÓþÂã� âþ�õ ÂÊ�ä ×þ Ý�÷���üõ �õ �î ´¨� ü�ãõ ßþÀ� Í¨�µõ ö�À�õ °þÂÖ��Á� ýøÂ�÷ �î ¢�¢ ö�È÷ ö���üõ ü±þÂÖ� ß��� ¤¢ . Àª�� ñ�Øó�õ ý¢�þ¥ ¢�Àã� Ûõ�ª üóø ×��î üó�Øó�õ ß��Ç�î ÝûÂ� ßþ� �Î¨�ø �� ñ�Øó�õ .´¨� üØþ ��ú� ��Þ� ¤¢ ,�µêÂð ¤�Âì âþ�õ Û¡�¢ ¤¢ �î ñ�Øó�õ ýø¤ Í¨�µõñ�Øó�õ ßþ� �� âì�ø ¤¢ .À÷�Þ� âþ�õ Û¡�¢ ¤¢ À�îüõ À�Öõ �¤ ö� �î ý¤�Ï �� ,´¨� üÔ�õ ý�Â÷� ×þ ý�¤�¢.À÷� ù¢�¢ ´¨¢ ¥� �¤ ¢�¡ ý�û�þ�ÆÞû ¥� üÞ�÷ âþ�õ ¼Î¨ ý�ûñ�Øó�õ .Àþ��� ¼Î¨ �� �� ¢�ª ù¢�¢ ý�Â÷� Àþ��Àû��¡ U
2 ý�Â÷� ü½Î¨ ñ�Øó�õ ,(U < 0) Àª�� U âþ�õ öø¤¢ ñ�Øó�õ Âû üðÀ�±Æ� ý�Â÷� Âð� ßþ�Â��� �.´¨� ¼Î¨ À��ø ¤¢ ý�Â÷� ¢�±Þî ßþ� ¥� üÞ�ÖµÆõ ýÂ�ðù¥�À÷� 3ü½Î¨ÇÈî .´ª�¢(γ ∼= U

2a2 )�±�Âõ ¥� ü½Î¨ ÇÈî ,Àª�� ñ�Øó�õ Í¨�� ùÀª ñ�çª� ´��Æõ Í¨�µõ a2 ø ñ�Øó�õ ù¥�À÷� a Âð���¤¢ 25 ý�õ¢ ¤¢ �î ´¨� U ≃ kT ,´¨� Åó�ø ¤À÷�ø �ú÷� Ç�îÝûÂ� �î �ûßèø¤ ÂµÈ�� ý�Â� .¢�� Àû��¡ü¡Â� ü½Î¨ ÇÈî .¢�� Àû��¡ γ =20 mN
m , a =3A0 ­Âê �� �î Àª��üõ 1

40 ev Â��Â� KT §��ÆÜ¨ý�Â÷� ¼Î¨ ý�ûñ�Øó�õ �î ßþ� Û�ó¢ �� . ´¨� ùÀõ� (1-1) ñøÀ� ¤¢ §��ÆÜ�¨ ��¤¢ 20 ý�õ¢ ¤¢ ��ãþ�õß�þ�� ÂÏ�¡ �� �¤ Ç½Î¨ ´��Æõ �î À�îüõ üã¨ âþ�õ ,À÷¤�¢ ¼Î¨ öø¤¢ ý�ûñ�Øó�õ �� ´±Æ÷ ýÂµÈ��.À�î ���Þî Çþ�Â÷� ö¢¤ø�ü½Î¨ÇÈî �î ´ª�¢ ���� Àþ�� üóø ,Àª ù¢�¢ �Âª üó�Øó�õ à�½ó ¥� ü½Î¨ ÇÈî üØþ��ê �bÈ�õ ��Âð
Surface Tension 33



�� ý¤�î Àþ�� ,Ý�û¢ Çþ��ê� dA ù¥�À÷� �� �¤ üãþ�õ ¼Î¨ ´��Æõ Ý�û��¿� �õ Âð� .´¨� ü��Ø¨øÂî�õ ýÂµõ�¤���� �¹�µ÷ ¤¢ ø À÷�ª ù¢¤ø� ¼Î¨ ýø¤ Àþ�� �î ´¨� üþ�ûñ�Øó�õ ¢�Àã� �� °¨��µõ ¤�î ßþ� .Ý�û¢ ��¹÷� dw ù¥�À÷�.Ý��îüõ ÓþÂã� °¨��� ßþ� °þÂ® �¤�¬ �� �¤ ü½Î¨ ÇÈî �õ .´¨� °¨��µõ dA

dw = γdA (1-1)ü½Î¨ ÇÈî À��ø .¢�ª Ýû�Âê À��ø ×þ ù¥�À÷� �� âþ�õ ¼Î¨ ´��Æõ Çþ��ê� ý�Â� Àþ�� �î ´¨� ý�Â÷� ,γñ�Øó�õ ¢�Àã� N ø ¢�¥� ý�Â÷� F �î ´¨� γ = (∂F
∂A )T,V,N üØ�õ��þ¢�õÂ� à�½ó ¥� .´¨� N

m ñ¢�ãõ �î ´¨� J
m2ü½Î¨ÇÈî ��ãþ�õ ¤¢ �î �Âþ¥ ,¢�ª ÓþÂã� ´��� ý�õ¢ ¤¢ Àþ�� ´�Þî ßþ� .Àª��üõ �õ¢ T ø Ûî Ý¹� V ø �û.À��þüõ Çû�î �õ¢ Çþ��ê� ��¼Î¨ ×þ ý��½÷� á�ãª ß��ã� 2.1.1ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ ü��ð ×þ .¢�ªüõÉ¿Èõ 4 ��½÷� á�ãª ø¢ �� �ÎÖ÷ Âû ¤¢ ùÀ�Þ¡ ¼Î¨ ×þ üÜî ´ó�� ¤¢

É¿Èõ �ÎÖ÷ ×þ ¤¢ ü��ð ×þ ý��½÷� ýÂ�ðù¥�À÷� :1-1ÛØª
N ý�µ¨�¤ ¤¢ ø ¤�îÁõ ¼Î¨ Â� ¢�Þä �¤ ü÷¥�¨ ,M À�÷�õ ý��ÎÖ÷ ¤¢ ��½÷� á�ãª ß��ã� ý�Â� ,(1-1ÛØª)ø¢ ßþ� ¥� ×þ Âû ýø¤ Â� ,ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ N Ûõ�ª ø Ýû Â� ¢�Þä �½Ô¬ ø¢ ö��î� .Ý��îüõ ¢¤�ø ö� ¤¢

radius of curvature 44



R1 ø R2 �� �¤ �ûùÂþ�¢ ßþ� ý�ûá�ãª .Àª�� §�Þõ ü��ð Â� M �ÎÖ÷ ¤¢ �î ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ ý�ùÂþ�¢ �½Ô¬ø ¢Â�ð ¤�Âì ü��ð öø¤¢ �ûùÂþ�¢ �îÂõ �î À�µ±·õ ü�¤�¬ ¤¢ ø À�µÆû ýÂ±� üþ�û´�Þî R2 ø R1 .Ý�û¢üõ ö�È÷:¢�ªüõ ¯��Âõ á�ãª ø¢ ßþ� �� ß�Ú÷��õ ý��½÷� ��÷ �� C Âµõ�¤�� .À�ª��üõ üÔ�õ �¤�¬ ßþ� Â�è ¤¢
C =

1
R1 +

1
R2 (1-2)�î ¢�¢ ö�È÷ ö���üõ .´¨� ùÀª �µª�÷ ö� ¤¢ C �î À�µÆû ý��ÎÖ÷ ý��½÷� ý�û á�ãª R2 ø R1ö� ¤¢ �î¥� üØþ ´¨� Âµú� ,Ý�ª�� �µª�¢ ö¤�Ö� ¤�½õ ý��ó�bÆõ ¤¢ Âð� .´¨� ��½Ô¬ ýÂ�ð´ú� ¥� ÛÖµÆõ C ý��½÷�üþ�ûá�ãª ß��� �� .ÝþÂ�Ú� ÂÑ÷ ¤¢ ö� Â� ¢�Þä �¤ ýÂÚþ¢ ø ö¤�Ö� ¤�½õ Ûõ�ª �¤ Ýû Â� ¢�Þä ��½Ô¬ ßþ�.¢�� À�û��¡ Â��Â� á�ãª ø¢ ßþ� ùÂî ¢¤�õ ¤¢ �î ¢�ªüõ �µÔð üÜ¬� ý�ûá�ãªüÚ��þ�õ ¤�Èê �þ §��� ¤�Èê 3.1.1ö� 6 §��� ø 5 Ù÷�þ �î Àþ�üõ ¢���� ¤�Èê é�µ¡� ×þ ùÀ�Þ¡ íÂµÈõ ÛÊê �þ ¼Î¨ ×þ ¥� ¤Áð ��Ú�ûÂû ý�Â� Å³¨ ø ùÂî ý�Â� �¤ §��� -Ù÷�þ �Î��¤ �Àµ�� �õ .À÷¢¤ø� ´¨¢ �� 1805 ñ�¨ ¤¢ ¤�� ß�µÆ¿÷ ý�Â��¤.Ý��îüõ �±¨�½õ ÂÚþ¢ ùÀ�Þ¡ ¼Î¨.(2-1 ÛØª) ÀþÂ�Ú� ÂÑ÷ ¤¢ (w) �� öø¤¢ �¤ (o) ü�èø¤ ùÂÎì :ùÂî ý�Â� §���-Ù÷�þ �Î��¤

(w) �� ¤¢ (o) ßèø¤ ùÂÎì ×þ Û¡�¢ ¤�Èê ü÷ø�ê� ,§��� ¤�Èê :2-1ÛØª-ßèø¤ íÂµÈõ ÛÊê Âð� .¢Â�ðüõ R á�ãª �� ýøÂî ÛØª ×þ ùÂÎì , ¼Î¨ ý�Â÷� ö¢¤ø� ß�þ�� ÂÏ�¡ ��
Thomas Young 5

Pierre-Simon Laplace 65



: �� ¢�� Àû��¡ Â��Â� üÚ��þ�õ ø ¤�Èê ýøÂ�÷ �Ü�¨�� ùÀª ��¹÷� ¤�î ¢�ª �¹��� dR ¤�ÀÖõ ù¥�À÷� �� (o/w) ��
∂w = −podvo − pwdvw + γowdA (1-3)Â��ç� dA ø �� Ý¹� Â��ç� dvw ßèø¤ Ý¹� Â��ç� dvo �� Û¡�¢ ¤�Èê pw ßèø¤ Û¡�¢ ¤�Èê po ö� ¤¢ �î.´¨� íÂµÈõ ÛÊê ¤¢ ´��Æõ

dvo = −dvw = 4πR2dR

A = 4πR2 → dA = 8πRdR

∂w = −(po − pw)4πR2dR + 8γπRdR (1-4)
:´ª�¢ Ý�û��¡ (1-4)�ó¢�ãõ Õ±Ï Å� ¢�ª ∂w = 0 �î ´¨� ßþ� üØ�÷�Øõ ñ¢�ã� ¯Âª

∂w = 0→ po − pw =
2γ

R
(1-5).´¨� ùÂî ý�Â� §���-Ù÷�þ �Î��¤ (1-5)�ó¢�ãõö�È÷ (3-1) ÛØª¤¢ ù��¿ó¢ ùÀ�Þ¡ ¼Î¨×þ ¥� üØ��î Ç¿� :℄3[üÜî ´ó�� ¤¢ §���-Ù÷�þ �Î��¤.À�µÆû R2 ø R1 üþ�¹��� ¥� Û±ì ¼Î¨ ý��½÷� ý�ûá�ãª .´¨� ùÀª ù¢�¢

.[3] üÜî ´ó�� ¤¢ §��� ö�÷�ì ��±�� :3-1ÛØªßþ� Âþ�Ê� .´êÂð ÂÑ÷ ¤¢ ´��� �f ±þÂÖ� �¤ R2 ø R1 ö���üõ ÂÑ÷ ¢¤�õ ùÀ�Þ¡ ¼Î¨ ö¢�� ×��î ´Üä ��6



�� dz ×��î üþ�¹��� ×þ ùÀ�Þ¡ ¼Î¨ ßþ� Ý��îüõ­Âê .´¨� xy ´��Æõ ý�¤�¢ xy �½Ô¬ ¤¢ âÎÖõ:Àþ�üõ ´¨¢�� Âþ¥ �Î��¤ ¥� xy �½Ô¬ ¤¢ ö� Âþ�Ê� ´��Æõ Â��ç� ,Àª�� �µª�¢ ´¨�¤ ´Þ¨
dA = (x + dx)(y + dy) − xy = xdy + ydx: ¢�� Àû��¡ Âþ¥ �¤�¬ �� ,¢�ª ��¹÷� ¼Î¨ ¤�ÀÖõ ßþ� Çþ��ê� ý�Â� Àþ�� �î ý¤�î

w1 = γ(xdy + ydx) (1-6)�� �µÆ��ø ¤�î ø À�îüõ ÛÞä dz �Ü¬�ê ¤¢ xy ´��Æõ Â� �î ¢¤�¢ ¢��ø ¼Î¨ ßþ� ýø¤ ∆p ¤�Èê é�µ¡� ×þ:Àþ�üõ ´¨¢�� Âþ¥ �Î��¤ ¥� ¤�Èê é�µ¡� ßþ�
w2 = ∆p xy dz (1-7)�� ø¢ Âû ø ù¢�� ö�ÆØþ R2 ø R1 ý��½÷� ý�û á�ãª Â��ç� âÎÖõ ßþ� ö¢�� ×��î Û�ó¢ �� üþ�¹��� ßþ� ¤¢,Àª�� üØ�÷�Øõ ñ¢�ã� ¤¢ �õ ¼Î¨ Âð� .¢�ªüõ ÛþÀ±� R2 + dz �� R2ø R1 + dz �� R1,À��îüõ Â��ç� dz ù¥�À÷�:Ýþ¤�¢ (1-7) ø (1-6) Í��ø ¤ Õ±Ï Å� .À�ª�� ýø�Æõ w2 �� w1 Àþ��

γ(x
dy

dz
+ y

dx

dz
) = ∆p xy (1-8)���È� ¥� ù¢�Ôµ¨� �� ,¢�¢ ¤�Âì (1-8)�ó¢�ãõ ¤¢ ø ¢¤ø� ´¨¢�� �û¶Ü·õ ���È� ¥� �¤ dx

dz , dy
dz ý�û´±Æ÷ ö���üõ:´ª�¢ Ý�û��¡ �û¶Ü·õ

x + dx

R1 + dz
=

x

R1 → dx

dz
=

x

R1 (1-9)
y + dy

R2 + dz
=

y

R2 → dy

dz
=

y

R2 (1-10)´¨¢ � � ü Ü î ´ ó�� ¤¢ §���-Ù÷� þ � ó¢� ã õ (1-8) �Î ��¤ ¤¢ (1-9) ø (1-10) Í��ø ¤ ö¢�¢ ¤�Â ì � �.Àþ�üõ
γ(

1
R1 +

1
R2 ) = ∆p (1-11)7



ý¤�Èê é�µ¡� º�û ø ´¨� ÂÔ¬ ∆p , R1, R2 → ∞ ´¿� ��½Ô¬ ý�Â� .´¨� üÚ��þ�õ �þ §��� ¤�Èê ∆p.´ª�¢ Àû��¿÷ ¢��ø �½Ô¬ éÂÏ ø¢ ¤¢üðÀªÂ� ø §�Þ� �þø�¥ 4.1.1ùÂÎì ö�Þû Âð� üóø ,¢�ªüõ Ç¿� �f õ�î ö� ýø¤ ,¢Â�ð ¤�Âì ��Þ� �f õ�î �È�ª ×þ ýø¤ �� ùÂÎì ×þ üµìøÛõ�î üðÀªÂ� :¢¤�¢ ¢��ø üðÀªÂ� Ýþ� ¤ á�÷ ø¢ .À÷�õüõ üì�� ÇÜ½õ ¤¢ ,¢Â�ð ¤�Âì ×�µ¨�� �þ �µ¿� ×þ ýø¤é�µ¡� Â��Â� �î ¢�ªüõ ùÀ�õ�÷ S Ç¿� Âµõ�¤�� À�îüõÉ¿Èõ �¤ üðÀªÂ� á�÷ �î ýÂµõ�¤�� . üþ�� üðÀªÂ� ø.℄1[´¨� Â� ø ×È¡ �þ� Âþ¥ (¼Î¨ À��ø ¤¢) ü½Î¨ ý�Â÷�
S = (Esublayer)dry − (Esublayer)wet (1-12)¤¢ �ûö� ö¢�¢ ¤�Âì �� ,Àª�� ��û -âþ�õ ø Àõ�� -âþ�õ ,Àõ�� -��û ü½Î¨ ý�Â÷� °��Â� �� γø γsl, γsoÂð�:´ª�¢ Ý�û��¡ (1-12)�Î��¤

S = γso − (γsl + γ) (1-13)Àû��¡ ÂÔ¬ θE §�Þ� �þø�¥ ø ¢�ªüõ Ç¿� �f õ�î âþ�õ ü½Î¨ ý�Â÷� ö¢¤ø� ß�þ�� Û�ó¢ �� ,Àª�� S > 0 Âð�,Àª�� S < 0 Âð� .À�õ�÷üõ Ûõ�î üðÀªÂ� �¤ üðÀªÂ� á�÷ ßþ� ,¢�ªüõ Û�ØÈ� Àõ�� ¼Î¨ ýø¤ âþ�õ �þ� ø ¢���¤ ×û�î ×þ ÛØª ñ¢�ã� ´ó�� ¤¢ ø ¢�ªüÞ÷ Ç¿� ùÂÎì üðÀªÂ� á�÷ ßþ� ¤¢ .Àû¢üõ  ¤ üþ�� üðÀªÂ�ùÀ��î�À� ¥Âõ ßþ� �� .´¨� ùÂþ�¢ ×þ Í�½õ �f �Þãõ �î ¢�ªüõ ¢øÀ½õ ¥Âõ ×þ �� Àõ�� ùÀª Â� ¼Î¨ ø ¢Â�ðüõùÀ�õ�÷ §�Þ� �þø�¥ ,¢¥�¨üõ Àõ�� ¼Î¨ �� âþ�õ �î ý��þø�¥ ø ¢�ªüõ �µÔð "�÷�ð�¨ Í¡'�þ "§�Þ� Í¡'üµìø ø ¢�ªüõ ùÀ�õ�÷ ùÀ��îÂ� âþ�õ ,Àª�� θE < π2 Âð� .¢�ªüõ ù¢�¢ ö�È÷ θE �� ñ¢�ã� ´ó�� ¤¢ �î ¢�ªüõ.¢�ªüõ ùÀ�õ�÷ ùÀ��îÂ� Â�è �f �Þãõ âþ�õ ,Àª�� θE < π2�Î��¤ �Ü�¨ø�� θE üó¢�ã� �þø�¥ .´¨� ùÀª ù¢�¢ ö�È÷ üþ��ø Ûõ�î üðÀ��îÂ� ¥� ý��÷�Þ÷ (4-1)ÛØª ¤¢.¢�ªüõ ù¢�¢ (1-14) �Î��¤ ,Ù÷�þ
γ cos θE = γso − γsl (1-14)8



.Àª�� üõ Ûõ�î ùÀ��îÂ� c ¤¢ ø ´¨� ü��� ùÀ��îÂ� âþ�õ b ¤¢ , ù¢�� ùÀ��îÂ� Â�è âþ�õ a ¤¢ :4-1ÛØª¤¢ �ûøÂ�÷ ßþ� À�þ�Â� ø ÝþÂ�Ú� ÂÑ÷ ¤¢ �¤ §�Þ� Í¡ ýø¤ ùÀª ¢¤�ø ý�ûøÂ�÷ Ý�÷��� üõ Ù÷�þ �Î��¤ ��±�� ý�Â�.(5-1 ÛØª) Ý�û¢ ¤�Âì ÂÔ¬ ýø�Æõ �¤ üÖê� ý�µ¨�¤
�ûøÂ�÷ ñ¢�ã� ù�¤ ¥� ,§��� -Ù÷�þ �Î��¤ ��±�� :5-1ÛØª:Ýþ¤�¢ (1-14)¤¢ (1-13)�Î��¤ ö¢�¢ ¤�Âì��

S = γ(cosθE − 1) (1-15)Çþ��ê� θE ,Àª�� ùÀ��îÂ� Â�è âþ�õ üµìø ø ¢�ª ÓþÂã� ,Àª�� üÔ�õ Ç¿� Âµõ�¤�� �î ü�¤�¬ ¤¢ �ú�� À÷��� üõ θEÛõ�î üðÀ��îÂ� �� üþ�� üðÀ��îÂ� ¥� �õ �î Àû¢üõ ö�È÷ �î ´¨� θE → 0, S → 0�î üõ�Ú�û .À��þüõ.Ýþø ¤üõüðÀªÂ� ×�õ��þ¢ 2.1×þ .Ýþ¥�¢Â�üõ ´îÂ� ßþ� Ó�¬�� ø ñ��¨ ×þ ´îÂ� ü¨¤Â� �� �Àµ�� üðÀªÂ� ×�õ��þ¢ ù¤��¤¢ ¶½� ý�Â�üÞî Àª��üõ ~v( ~r1, t) ö� ¤¢ ÇµäÂ¨ ø ¢¤�¢ ¤�Âì p1( ~r1)ö�Øõ ¤¢ t ö�õ¥ ¤¢ �î ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ ñ��¨ ù¤£,´¨� ~v( ~r2, t′) ÇµäÂ¨ ø ~r2 = ~r1 + ~v( ~r1, t)δt + ...(δt)2 �î ùÀª âì�ø p2( ~r2) �ÎÖ÷ ¤¢ ù¤£ , t′ = t + δt Àã�:¢�� Àû��¡ ß��� ñ��¨ ù¤£ ßþ� ∂~v ´äÂ¨ Â��ç� .(6-1) ÛØª
∂~v = ~v( ~r2, t′) − ~v( ~r1, t)9



.´¨� ùÀª ù¢�¢ ö�È÷ Â�Æõ ßþ� ¤¢ ö� ´äÂ¨ Â��ç� ø ñ��¨ ù¤£ ´îÂ� Â�Æõ :6-1ÛØª
∂~v =

∂~v

∂t
δt +

∂~v

∂x
δx +

∂~v

∂y
δy +

∂~v

∂z
δz (1-16):¢�� Àû��¡ ß��� ù¤£ ��µª .À�µÆû ~r2 − ~r1 ý¤�¢Â� ý�û �Ôó�õ δz ø δy, δx�î

d~v

dt
= limδt→0 ∂~v

∂t
=

∂~v

∂t
+ vx

∂~v

∂x
+ vy

∂~v

∂y
+ vz

∂~v

∂z

d~v

dt
=

∂~v

∂t
+ (~v.∇)~v (1-17).℄4[´¨� ñ��¨ ù¤£ ��µª d~v

dtñ��¨ ×þ ý�Â� ´îÂ� �ó¢�ãõ 1.2.1À�îüõ ö��� �î Ý��îüõ ù¢�Ôµ¨� ß���÷ �ø¢ ö�÷�ì ¥� �õ ñ��¨ ×þ ´îÂ� ý�Â� üÜî �ó¢�ãõ ö¢¤ø� ´¨¢�� ý�Â�Â��Â� ö� �÷�Ø� Â��ç� Ù�û� �� V ñ��¨ ¥� ü��ãõ Ý¹� �� ùÀª ¢¤�ø (ü½Î¨ ø üÞ¹�) ý�ûøÂ�÷ ý¤�¢Â� âÞ�.´¨�
d

dt

∫

V

ρ~vdτ =

∫

V

ρ~fdτ +

∮

S

[σ].n̂da (1-18)ù¢Âî ¤�Ê½õ �¤ V Ý¹� �î ´¨� S ¼Î¨ ÂÊ�ä da ø ´¨� ù¢�õ üØ��î ¤�ÀÖõ ×þ ¥� üÜ�Æ÷�ÂÔþ¢ Ý¹� dτ.Àª��üõ n̂ ¼Î¨ Â� ¢�Þä À��ø ¤�¢Â� �� da ýø¤ ùÀ��î ÛÞä ( ü÷�ÆØªø ø ¤�Èê) ý�ûøÂ�÷ �Þû ¤�Æ÷�� σ .´¨�ýøÂ�÷ ,¤�¢¤�� ñ��¨ ýø¤ ×���µ¨øÂµØó� ýøÂ�÷ ,Ç÷�Âð ýøÂ�÷ ´¨� ßØÞõ ñ��¨ �Â� À��ø ¤¢ ~f üÞ¹� ýøÂ�÷�� �î ÝþÂ�Ú� ÂÑ÷ ¤¢ �¤ ü��Êµ¿õ ù�Úµ¨¢ �õ Âð� .Àª�� ùÂ�è �þ üÈ¡Â� ��Êµ¿õ ÝµÆ�¨×þ ¤¢ Å�ó�þÂîÅ� .´¨� ´��� ñ��¨ ¥� üØ��î ¤�ÀÖõ �Â� Àû¢üõ ö�È÷ �î ¢�� Àû��¡ ´��� ρdτ �Â® ,À�îüõ ´îÂ� ñ��¨
10


