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×�õ��þ¢ üÜ�Ü½� ø ü�Â¹� ü¨¤Â�ñ�ãêÂ�è ß���õ ²Þ�øÂØ�õ
Àª¤� ü¨��ª¤�î �b õ�÷ö�þ��ýÂû�Ï ýÀÞ¬ �µªÂê

ü±�±� ýÀúõ Âµî¢ :�Þ�û�¤ ¢�µ¨�
1389 ¢�¢Â¡





�¤� §�� �� ø ��¨Âõ Õ��Îõ üóø ,Àª�� �µÆþ�ª �¤ ÝþÀÖ� �î ´Æ÷� ¥� Â�����÷:�¤�¢üõ ÝþÀÖ� ,¢�� Àû��¿÷ ÂÆ�õ Ýþ�Â� �ðÂû ö�È÷�Â±� �î ü��Þ�¥ �� �� ö¢�ú÷�� ÝþÀÖ���þ�ä ¤¢�õ ø ¤À�ö�ª¢��ø ø �Âª �Þû ö�Èþ�� �� �Þû �¤�·÷ ø ´¨� Âúõ �Þû �Â¨ Â� ö�ª�þ�¨ �î.À÷ø�À¡ ü÷��Âúõ Â� ´¨� üû��ð
ø ýÀúõ �¤¢�Â�



ø ß�óø� ùÀ÷¤�¢ ø ¤�ð¥�õ� ß�µÆ¿÷ ,ö��õ À÷ø�À¡ ù�ð¤¢ �� ö�ø�Âê ÀÞ� ø §�³¨.ÝÜä ßþÂ¡�
´±½õ �� �¤ ¢�¡ Ç÷�¢ ø ö��� �î ý¤�È÷�¢ ö�Ú÷�¥ Âê ý�ûý¤��ð¤�� �� �÷���ø Âê ø �÷�Êó�¡ ,ö����÷ üÞÜì ø ö��¥ ��.�¤ø�üõ ¢øÂê Â¨ ,À�µª�¢ ü÷�¥ ¤� ßõ �� �¤ ßµ¡�õ� ý�±Ôó� ø À�µª�Áð �¤��µ¡� ¤¢ «�¡� øßþ� Û��Âõ ��Üî ¤¢ �÷�¢�µ¨� ,´ì¢ ÓÎó ´þ�ú÷ ¤¢ �î ü±�±� ýÀúõ Âµî¢ ý�ì� ���� ,�À�Þ�¤� ý�Þ�û�¤ ¢�µ¨� ¥�ø ü÷�¤Àì ñ�Þî,´Æ÷�¢ ö�Èþ� üó��µõ ý�ûüþ�Þ�û�¤ ö�ûÂõ ´Æþ��üõ �¤ ¤�î ��¹÷� ø À÷¢�¢ ý¤�þ �Âõ �õ�÷ö�þ��.�¤�¢ �¤ ÂØÈ��¤ ö�Èþ¢Âð�ª ¤�¿µê� ø �¢Â� �ûùÂú� ö�ªÂÌ½õ ¥� �î üÜ�ÞØ� ���Ê½� ù�ÚÈ÷�¢ ×þ��ê ùøÂð �Âµ½õ À���¨� ¥�.�¤�¢ �¤ ý¤�ÁÚ¨�³¨ ñ�Þî ,Ýµª�¢�î ü÷���¡ .Ýµ¡��ªüÞ÷ �¤ üþ��ªø¤ �ðÂû ö�ÈèøÂêü� �î ö�÷� .�ÂØÈµõ �÷�Þ�Þ¬ ��þ�ä ø ö��Âúõ ù¢��÷�¡ ¥��� Âû �î ü÷�Ø�÷.Åû ø ù¢�� Ý÷�� ©�ð ¤¢ �À¬ ßþÂ�ßþÂ�ª ö�È±Üì Ç³Ï ø Ýû�¤ üõÂÚó¢ ,ö�ÈõÂð ý�ûÅÔ÷.Àþ�üÞ÷ ��î ¤¢ ö�Èþ�úµ÷�ü� Ó¬ø ø ´¨� ö�÷� ¥� ´Æû.�¤�¢ �¤ ý¤�ÁÚ¨�³¨ ø ÂØÈ� ñ�Þî ,À÷¢Âî ßõ �� ý¤��Æ� ý�ûüþ�Þ�û�¤ �õ�÷ö�þ�� ßþ� ¤¢ �î ý¢��� ý�ì� ¥�,¤�³î� � ö� þ�ì� ø �ûÝ÷�¡ ,À÷¢�Þ÷ ý¤�ØÞû °÷�¹�þ� � � ù¤ø¢ ñ�Ï ¤¢ �î �þ�ä ö�þ�¹È÷�¢ ø ö�µ¨ø¢ ��Üî ¥�Âð� ×ª ü� .Ýþ�Þ÷üõ ÂØÈ� ùÀ�»�� ����¨ ù�ÚÈþ�õ¥� ¤¢ ö�µ¨ø¢ ��Üî ø ýÂ¬�÷ ,üó�Þª ,ü�Þú� ,üÚ�ûÂê.�Àõ�üÞ÷ Â� ¤�î ßþ� ùÀúä ¥� ù�Ú»�û ,¢�±÷ ö�¤��ð¤�� ßþ� ý�ûý¤�þ.Ý÷�û��¡ �¤ ö�Ú÷�¥ Âê ßþ� ý�Â� ��ä �� ÂÞä ñ�Ï ø ý¥øÂú� ,Õ�ê�� ,ö��õ Õó�¡ ¥�

¤�ú�



ùÀ�Ø�¤�î ü½Î¨ ÇÈî ýøÂ�÷ °±¨ �� �î Ýþ¥�¢Â�üõ ñ�ãê Â�è ß���õ ²Þ� ×þ ü¨¤Â� �� �õ �õ�÷ ö�þ�� ßþ� ¤¢ü÷�þÂ� ñ�÷�îøÂØ�õ ý�úµ÷� ø �Àµ�� ¤¢ ÓÜµ¿õ ý�ûù¥�À÷� �� ñ��¨ ùÂÎì ø¢ ö¢�¢ ¤�Âì �� ²Þ�øÂØ�õ ßþ� ¤¢ .À�îüõÇþ�õ¥� ¤¢ �ûùÂÎì ¤�µê¤ §�¨� Â� .Àª Àû��¡ ¢�¹þ� §��� ¤�Èê é�µ¡� Â�� ¤¢ ï¤�� ùÂÎì �� ×��î ùÂÎì ¥�×��î ùÂÎì üðÀ��îÂ� á�ãª �ø¢ ¥�ê ¤¢ ,´¨� ´��� ùÂÎì ø¢ üðÀ��îÂ� á�ãª ñø� ¥�ê ¤¢ .¢�ªüõ ùÀþ¢ ¥�ê �¨�� �õ�÷ ö�þ�� ßþ� ¤¢ .´¨� ´��� ùÂÎì ø¢ ü¨�Þ� �þø�¥ ��¨ ¥�ê ¤¢ .´¨� ´��� ï¤�� ùÂÎì ü¨�Þ� �þø�¥ ø ´����î Ý��îüõ �Æþ�Öõ üû�ÚÈþ�õ¥� ý�ûù¢�¢ �� �¤ ö� üÜ�Ü½� ¸þ�µ÷ ø �µ¡�¢Â� �ÜÿÆõ ßþ� ü�Â¹� ø üÜ�Ü½� ü¨¤Â�ý�û²Þ�øÂØ�õ ¤¢ ©¤�ª  Â÷ ñÂµ�î ø ©¤�ª ¢�±ú� ý�Â� üþ�û¢�ú�È�� �f µþ�ú÷ .Àû¢üõ ö�È÷ �¤ ü��¡ Õê���.Ý�û¢üõ ���¤� ß���õ

¸��



´¨Âúê
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´Ôû



ü½Î¨ ÇÈî ñ�ãêÂ�è ²Þ�øÂØ�õ 345 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �õÀÖõ 1.346 . . . . . . . . . . . . . . . . �õ�÷ ö�þ�� ßþ�¤¢ �ãó�Îõ ¢¤�õ ß���õ ñ�ãê Â�è ²Þ� üêÂãõ 2.349 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Çþ�õ¥� ��¹÷� Û��Âõ 3.352 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . üÜ�Ü½� ��±¨�½õ 4.357 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Í��ø¤ ý¢Àä Û� 1.4.366 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ýÂ�ð�¹�µ÷ø ýÀ�� âÞ� 5.3ùÀ�þ� ý�Â� ý�û¢�ú�È�� ø ýÀ�� âÞ� 473 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Óó� ´¨���78 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � ´¨���84 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � ´¨���88 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¢ ´¨���94 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . û ´¨���98 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . â��Âõ

´Èû



�õÀÖõ¤¢ .´¨� ñ�÷�îøÂØ�õ Û¡�¢ ñ��¨ ²Þ� ,À÷�����õ ö� �� ù¤�ªøÂØ�õ ���õ¥ ¤¢ ö�ÊÊ¿µõ �î ü��ØÈõ �ÜÞ� ¥�üÊÊ¿� ü�¤�¡ ����ú¹� �� ¥��÷ �ú÷� ùÀÞä ñ�Øª� üóø �µê�þ ©ÂµÆð ý¤��Æ� ²Þ� ý�úªø¤ ö� Û� ý�µ¨�¤����ú¹� ÂÚþ¢ éÂÏ ¥� .´¨� üÏ�±�¤� ý�û�Ø±ª ¤¢ ñ��¨ ¥� ý¢�þ¥ Ý¹� ö¢�� ù¢�Ôµ¨� Û��ì Â�è ß��»Þû ø´ó�� ¤¢ .´¨� ¤�ð¥�¨�÷ ¤�îÁõ ý�ûÝµÆ�¨ üØ��î ø üð¢�¨ �� �î À÷�Ý�¹� �û²Þ� ßþ� ü±÷�� Ûþ�¨ø ø ü�¤�¡À�µÆû üþ�û²Þ� ñ�ãê ý�û²Þ� .¢Âî Ý�ÆÖ� ñ�ãêÂ�è ø ñ�ãê ý�û²Þ� �µ¨¢ ø¢ �� �¤ �û²Þ�øÂØ�õ ö���üõ üÜî�� ñ��¨ ñ�Öµ÷� �î À�µÆû ¤�î¢�¡ �Þ�÷ �þ ¤�î¢�¡ üþ�û²Þ� ñ�ãêÂ�è ý�û²Þ� .À��îüõ ¤�î ü�¤�¡ ýøÂ�÷ �� �îø �Þ¨� ,ü½Î¨ Â�¿±� ,üó�Øó�õ Ç¿� ,ü½Î¨ÇÈî Û·õ ñ��¨ üØþ��ê �þ üþ��Þ�ª ���¬�Ê¡ �Î¨�øà�½ó ¥� ,À÷¤�À÷ ñ��¨ ö�þÂ� ý�Â� ü�¤�¡ ýøÂ�÷ �� ¥��÷ ñ�ãê Â�è ý�û²Þ�øÂØ�õ �î �¹÷� ¥� .Àª��üõ ùÂ�èÂ�¡� ý�úó�¨ ¤¢ ¤�Ñ�õ ß�Þû �� .À�µÆû ¤�¢¤�¡Â� ýÂµÈ�� ´�Þû� ¥� ñ�ãê ý�û²Þ�øÂØ�õ �� ´±Æ÷ ý¢�Êµì��õ�÷ ö�þ�� ßþ� ¤¢ �õ .¢Âî ù¤�ª� ß�þ�õ ²Þ� �� ö���üõ ö� ßþÂµÞúõ ¥� �î �µê�þ ©ÂµÆð ñ�ãê Â�è ²Þ� ý�úªø¤.´¡�¢Â� Ý�û��¡ ñ�ãê Â�è ß���õ ²Þ�øÂØ�õ ×þ üêÂãõ ��.Ý��îüõ ö��� �ú÷� ´¡�¨ üÚ÷�Ú� ø ù¤�ªøÂØ�õ ý�ûÝµÆ�¨ ¥� ý��»¿þ¤�� �Àµ�� �õ�÷ ö�þ�� ßþ� ñø� ÛÊê¤¢�î ( ü½Î¨ ÇÈî Û·õ) ü��Â�� ø �ûøÂ�÷ ö��� �� ø Ýþ¥�¢Â�üõ ����¨ Â� Ýî�� ��¢�ãõ ø Í��ø ¤ ö��� �� �õ�¢� ¤¢�� üó�÷�î ý�Â� �¤ ö� �Î��¤ ø ö��� �¤ ýø¥��� ö�÷�ì Å³¨ .Ýþ¥�¢Â�üõ À��îüõ �À�� ´�Þû� ü÷øÂØ�õ §��Öõ ¤¢.Ýþ¤ø�üõ ´¨À� üÜ�ÎµÆõ ø ý��÷��µ¨� âÎÖõ ¼Î¨ö��� ñ�ãê ý�û ²Þ�øÂØ�õ ¥� üþ�úó�·õ ø Ýþ¥�¢Â�üõ ñ�ãê Â�è ø ñ�ãê ý�û²Þ�øÂØ�õ üêÂãõ �� �ø¢ ÛÊê ¤¢üõ ,Àª ü��ÂÏ °�� ø Â�Â� Í¨�� �î ü½Î¨ÇÈî ñ�ãê Â�è ²Þ�øÂØ�õ×þ üêÂãõ �� �õ�¢� ¤¢ .Ý��îüõ²Þ�øÂØ�õ ßþ� ¤¢ ùÀª ùÀþ¢ §�Øãõ ö�þÂ� ö��� �� Å³¨ .Ý��îüõ ö��� �¤ ²Þ�øÂØ�õ ßþ� ���Øª� ø Ýþ¥�¢Â�.Ýþ¥�¢Â�üõ ùÀª ©¤��ð Ç÷�¤�ØÞû ø �� Í¨�� �î ü½Î¨ ÇÈîø ²Þ�øÂØ�õ ßþ� ´¡�¨ üÚ÷�Ú� ö��� �� �Àµ�� .Ý��îüõ üêÂãõ �¤ ¢�¡ ý¢�ú�È�� ²Þ�øÂØ�õ ��¨ ÛÊê ¤¢Å³¨ ,Ý�û¢üõ ���¤� ¢�¡ ý¢�ú�È�� ²Þ�øÂØ�õ ý�Â� üÜ�Ü½� ñÀõ ×þ ø Ýþ¥�¢Â�üõ ö� �� Çþ�õ¥� ��¹÷��÷



�Ü�Âõ ¤¢ .Ý��îüõ ý¢Àä Û� ¤�ú� �±�Âõ ý���î Ù÷�¤ ©ø¤ �� Ýþ¢¤ø�üõ ´¨À� üÜ�Ü½� ñÀõ ¥� �î üÎ��ø ¤.Ýþ¥�¢Â�üõ üÜ�Ü½� Û� ¥� ùÀõ� ´¨À� ý�ûù¢�¢ ø üû�ÚÈþ�õ¥� ý�ûù¢�¢ �Æþ�Öõ �� Àã�.Ý�û¢üõ ¤�î �õ�¢� ý�Â� üþ�û¢�ú�È�� Å³¨ ø Ýþ¥�¢Â�üõ ùÀª ö��� °ó�Îõ ýÀ�� âÞ� �� �¤�ú� ÛÊê ¤¢

ù¢



ñø� ÛÊê
ù¤�ªøÂØ�õ Â� ý��õÀÖõ

�õÀÖõ 1.1«�Êµ¡� ö� �� �ó�Öõ �Ü¹õ À�� ø �ó�Öõ ¤��û ¥� Ç�� ø ùÀª ¥�è� 1ù¤�ªøÂØ�õ ���õ¥ ¤¢ ��Ö�Ö½� 1990 ñ�¨ ¥��ûñ�÷�îøÂØ�õ Û¡�¢ ñ��¨ ¥� ýÂµ�ó�÷�÷ ý�ûÝ¹� ´îÂ� Ó�¬�� ý�Â� ù¤�ªøÂØ�õ ��Î¬� .´¨� ùÀª ù¢�¢¢¤��õ ¥� ý¤��Æ� ¤¢ ø ´¨� ý��ó���ø ×þ��ê ,üÞ�ª ,����¨ ×�÷�Øõ ¥� ü±�îÂ� ù¤�ªøÂØ�õ .¢�ªüõ ù¢�Ôµ¨�.¢�ªüõ �ê�®� ö� �� üóÂµ�î ý�ûÝµÆ�¨ ø ,×�÷øÂµØó� ,ü��Ø¨øÂØ�õ ×�µ��Û�ØÈ� ø À÷�ªüõ âÞ� â�Âõ º�þ� ×þ ¢�ã�� �� ü��ãÎì ýø¤ ñ�÷�î øÂØ�õ �ú÷��Ü�õ ¥� ù¤�ªøÂØ�õ ý�ûÝµÆ�¨ö¢Âî Ýî �� �úû�ÚÈþ�õ¥� ßþ� .À�þ�ðüõ 3ü��ª�Â� ù�ÚÈþ�õ¥� ö� �� ��Î¬� ¤¢ �î À�û¢üõ �¤ 2âÞµ¹õ ¤�Àõ ×þü÷øÂØ�õ ý�ûÝµÆ�¨ ¥� ù¢�Ôµ¨� .´¨� ùÀª ´ã�¬ ¤¢ ü¨�¨� ��Â��ç� ¶ä�� ö�õ¥ ø ý�Â÷� ,�Ìê ¢�þ¥ ¤��Æ�.[1]¢¤�¢ �¤ �ûÇ�î�ø ù¢¥�� ö¢Â� ��� ø ù¢�õ Ýî éÂÊõ ,��ó�÷� ´äÂ¨ Çþ��ê� ,ö�¨� ÛÞ� ´�Ü��ì Û·õ üþ�þ��õ
Microfluidic 1

Integrated circuit 2
lab-on-a-chip 31



ßþ� �î ´Æ�þ� ö� Û�ó¢ ,Àª��üõ üÞ�ª ø ý��ó�� � ¤¢ ü÷øÂØ�õ ý�ûÝµÆ�¨ üÜ¬� ý�û¢Â�¤�î ¥� üØþý�ûÇþ�õ¥� ��¹÷� ö�Øõ� ö� ´þ�õ ø À÷¥�¨üõ ù¢¤ø�Â� ï¤�� ý�ûÝµÆ�¨ �� ´±Æ÷ üú��Èõ ��¤�Ñµ÷� �ûÝµÆ�¨.Àª��üõ ÂµÞî ÂÚÈ�î�ø ¤�ÀÖõ ø ö�õ¥ éÂ¬ �� ö�õ�Þû ¤�Ï �� ¢Àãµõ��÷ ����¨ ×þ��ê ¤¢ �ûÝµÆ�¨ ßþ� üÞ�ª ø ý��ó��� ¤¢ ù¤�ªøÂØ�õ ý�ûÝµÆ�¨ ¢�þ¥ ý�û´êÂÈ�� Â� ùø�ä¤¢ ü¨�¨� üØþ��ê ��Â��ç� ¶ä�� ø ù¢�¢ ¤�Âì �õ ýø¤ Ç�� �¤ ü�ù¥�� ý�úû�ðÀþ¢ �î ,À÷��µª�¢ üþ�û´êÂÈ��.[2]Àª��üõ üó�Ï §��Öõ Â��ç� ö� Û�ó¢ �î ´¨� ùÀª ����¨ÝµÆ�¨ ¢�ã�� öÀª ×��î �� �î ´¨� ßþ� ù¤�ªøÂØ�õ �� 4×�÷øÂµØó�ø ÂØ�õ ý�û�ø�Ô� ßþÂµÞúõ ¥� üØþüó�Ú� ö¢Â� ��� ø 5�û¤�µÆþ�÷�Â� öÀª ×��î �� �î ü�¤�¬ ¤¢ ,´¨� ùÀª ¢�¹þ� ù¤�ªøÂØ�õ ¤¢ ü¨�¨� ��Â��ç�¤��Æ� ¢øÂ� üõ�µ÷��î Ýþ� ¤ �� ×�¨�î Ýþ�¤ ¥� ü�ãþ ,À�î Â��ç� üØþ��ê«��¡ ö� ¤¢ �î üó�Ï §��Öõ �� öÀ�¨¤����¨ ×þ��ê §�¨� ö� ¤¢ �î Ý�¨¤üõ üó�Ï §��Öõ �� ´äÂ¨ �� ù¤�ªøÂØ�õ ý�ûÝµÆ�¨ ¤¢ üóø .´¨� ÛØÈõ.À�îüõ Â��ç� Â�ÚÞÈ� �¤�¬ ��:[1]¢Âî Ý�ÆÖ� ùÀÞä �µ¨¢ �¨ �� ö���üõ �¤ ö�þÂ� Â� Â��õ ý�ûÂµõ�¤�� ý¢�ã�� à�½ó ¥�.ý¤ø��ª ø 6ü¨Â�þ� ý�ûøÂ�÷ À�÷�õ ,(αL3) À�ª��üõ °¨��µõ ñ�Ï °ãØõ �� �î üþ�ûÂµõ�¤�� �1ø ¤�� ü½Î¨ üó�Ú� ,í�ØÎ¬� ýøÂ�÷ À�÷�õ ,(αL2)À�ª��üõ °¨��µõ ñ�Ï â�Âõ �� �î üþ�ûÂµõ�¤�� �2.7 ñ��¨ ´õø�Öõ ýøÂ�÷.[2]8ü½Î¨ ÇÈî ýøÂ�÷ À�÷�õ ,(αL) À�ª��üõ °¨��µõ ñ�Ï ñø� ö��� �� �î üþ�ûÂµõ�¤�� �3üó�Ï §��Öõ ¤¢ .À÷�ªüõ ùÂ�� �ûøÂ�÷ Âþ�¨ Â� üÞ¹� ý�ûøÂ�÷ ,Àª�� Âµõ ¥� Âµð¤�� üó�Ï §��Öõ �î ü÷�õ¥ÂµØ��î ø ÂµõøÂØ�õ§��Öõ ¤¢ ø ù¢Âî °Ü� ¢�¡ �� �¤ ���� ßþÂµÈ�� ü½Î¨ ý�ûøÂ�÷ ÂµõøÂØ�õ ø Âµõ üÜ�õ ß��Û·õ ÂµÞî ö��� �� üþ�ûøÂ�÷ ü÷øÂØ�õ ý�ûÝµÆ�¨ ¤¢ ßþ�Â���� .À÷¤�¢ �¤ ´�Þû� ßþÂµÈ�� üÎ¡ ý�ûøÂ�÷ ö� ¥�
Microelectronic 4

Transistors 5
Initial force 6
Drag force 7

Surface tension 82



�î À��îüõ ����¨ Â� Ýî�� Í��ø ¤ ¥� ýÀþÀ� �¬Âä ¢¤�ø �¤ �õ ø À��îüõ �À�� üÞúõ ÇÖ÷ ü½Î¨ ÇÈî.¢�ªüõ ùÀ�õ�÷ ù¤�ªøÂØ�õý�û×��Ø� ¥� ü��¬�¡ ö��� �� Å³¨ ,Ýþ¥�À÷�üõ ù¤�ªøÂØ�õÇþ�À�� ø ¥�è� üÚ÷�Ú� �� üû�Ú÷ �Àµ�� ¤¢.Ýþ¥�¢Â�üõ ù¤�ªøÂØ�õ
�»¿þ¤�� 2.1�î ´¨� üØ��Ø� üê�Âð���õøÂî .´êÂð ¤�Âì ���� ¢¤�õ [3,4,5]9üê�Âð���õøÂî ý�û¢Â�¤�î ÝµÆ�� öÂì Í¨�ø� ¤¢¢¤�ø ÂÑ÷ ¢¤�õ °�îÂ� �Àµ�� �î ´¨� �¤�¬ ßþ� �� ×��Ø� ßþ� ¤�î §�¨� .¢ø¤üõ ¤�Ø� ¢��õ ý¥�¨�À� ý�Â�ùÀ�»�� é�î �¤�¬ �� ÂµÞî ý�� ñ�çª� ý�Â� ��Þãõ �î ´¨� À�Ü� ø ×þ¤�� �ó�ó ×þ ö�µ¨ ,¢�ªüõ ö�µ¨¥� üª�÷ íÂ½µõ ¥�ê .À��îüõ ñÂµ�î �¤ ý¥�¨�À� �î ¢¤�¢ ¢��ø �µÆþ� ø íÂ½µõ ¥�ê ø¢ ö�µ¨ Û¡�¢ ¤¢ .¢�ªüõÀª��üõ ö�µ¨ üÜ¡�¢ ù¤�À� ¤�Âê Â�è ù¢�õ �µÆþ� ¥�ê ,À�îüõ ´îÂ� V ´äÂ¨ �� ö�µ¨ ñ�Ï ¤¢ �î ´¨� Ûõ�� ¥�ðüó�Øó�õ �Â� �� �µÆ� .À�þ�ðüõ �µÆþ� ¥�ê ö� �� À�îüÞ÷ ´îÂ� ö�� ø Àª��üõ ßèø¤ �þ ��õ ÛØª �� ��Þãõ �î¥� ¢��õ ¤�±ä  Â÷ ÂÚþ¢ �¤�±ä �� .´¨� �ø�Ôµõ �µÆþ� ¥�ð �� Ûþ�Þ� ¤�÷ ¢¤�õ ù¢�õ ý�úó�Øó�õ ´�±Îì ö���õ øö�µ¨ ¥� ü�ø�Ôµõ ý�û´äÂ¨ �� ¢��õ ßþ�Â���� ¢¤�¢ üÚµÆ� ö�µ¨ ÛØª ø �õ¢ ,�ú÷� üØþ��ê ý�û�Ê¿Èõ �� ö�µ¨�¤�¬ ý¥�¨�À� ©ø¤ ßþ� �� ø À÷�ªüõ �¤�¡ ö�µ¨ ¥� ÂµãþÂ¨ ,À÷¤�¢ ýÂµÈ�� ´äÂ¨ �î ý¢��õ .À��îüõ ¤�±ä.¢Â�ðüõñ�¨ ¤¢ ñ��¨ ö�µ¨ üê�Âð���õ�Âî ß�óø� .Àªüõ ù¢�Ôµ¨� ý¥�ð ��±�îÂ� ý¥�¨�À� ý�Â� üê�Âð���õ�Âî �Àµ�� ¤¢ø ö�µ¨ ÂÎì ö¢Âî ×��î �� �î À�µê�þ¤¢ ö�ÖÖ½õ ´ª�¢ �õ�¢� ��Ö�Ö½� �î ýÀ�� ¥� Å� .Àª ��¹÷� 1979¤¢ .Àª �µ¡�¨ öøÂØ�õ �±�Âõ ¥� ýÂÎì �� üþ�ûö�µ¨ ßþ�Â���� .¢�ªüõ ��¹÷� Âµú� ý¥�¨�À� ö� ñ�Ï Çþ��ê�ý�ûù¥�À÷� ø ¤�� �� ��¤£ ý¥�¨�À� ý�Â� üªø¤ ¥ø¤�ê øÂµØó� .´êÂð ¤�Âì ���� ¢¤�õ 10¥ ¤�êøÂµØó� ö�õ¥ ö�Þû

Chromatography 9
Electrophoresis 103



[5] ü÷�Ø�Ü�¨ °ó�ì ×þ ýø¤ ¥�ð üê�Âð���õ�Âî :1-1ÛØª�� ¥��÷ �î ñ��¨ ö�µ¨ üê�Âð���õ�Âî ¤¢ ��� ¤�Èê ×þ ö¢Â� ¤�Ø� é�¡ Â� .Àª��üõ üØþÂµØó� ö�À�õ ¤¢ ÓÜµ¿õ���� ¢¤�õ ö�¨�ø ù¢�¨ ù¢�Ôµ¨� Û�ó¢ �� �ûñ�÷�îøÂØ�õ ¤¢ üØþÂµØó� ö�À�õ ö¢Â� ¤�Ø� ´Æû ¢�þ¥ ý�Â÷� éÂ¬.Àª �µ¡�¨ [3] 11 ��õ Í¨�� ß���õ ¥ ¤�êøÂµØó� �ª�Â�øÂØ�õ ß�óø� 1992 ñ�¨ ¤¢ .´êÂð ¤�Âì ö�ÖÖ½õü÷�¨� �� �¤ �÷�÷ §��Öõ ¤¢ üÞ¹� ø ¢¤�¢ ý�ù¤�ªøÂØ�õ ý�û×��Ø� �� ü��¡ ë�±Î÷� ß���õ ¥ ¤�êøÂµØó��¤ ��� ×�ØÔ� �¤Àì �� ý¥�¨�À� ö�Øõ� ß��»Þû .¢¤�À÷ ��ãÎì ü��¹��� ø ´îÂ� �� ý¥��÷ ø À�îüõ ´þ�Àû.¢¤ø�üõ Ýû�Âêö�Øõ� ø âþÂ¨ Û�Ü½� ö�õ¥ ,×��î ù¥�À÷� ,Ýî ´Þ�ì �� ö���üõ ß���õ ¥ ¤�êøÂµØó� �ª�Â�øÂØ�õ ý�þ��õ ¥��� ´äÂ¨ �� üóø ,¢�� DNA ý¥�¨�À� ø Û�Ü½� ß���õ ¥ ¤�êøÂµØó� �îÂÞ� �Àµ�� ¤¢ .¢Âî ù¤�ª� ö�¨� üþ�¹���.[5]Àª ¤�ð¥�¨ üþ��Þ�ª ø üµã�¬ ,üØþ��ó��� ý�û¢Â�¤�î ¥� ý¤��Æ�
ü÷øÂØ�õ ý�ûÝµÆ�¨ ´¡�¨ ý�û©ø¤ 3.1:À÷�ªüõ �µ¡�¨ ©ø¤ ø¢ �� üÜî ´ó�� ¤¢ �û¤�µ¡�¨øÂØ�õ

Mans 114



¢��õ ¥� �Ø÷� Û�ó¢ �� ø ùÀª ��� 14üþ��Þ�ª ´Èú÷ ø 13üê�Âð�µ�ó ,12ý¤�îùÀ�î §�¨� Â� �î üþ�û×��Ø� �1.[6,7]À�êøÂãõ ´¿¨ ý�û×��Ø� �� ¢�ªüõ ù¢�Ôµ¨� �ú÷� ´¡�¨ ý�Â� (ö�Ø�Ü�¨ ��±�îÂ�)15�È�ª Û·õ üµ¿¨�� �î ´¨� ü÷�Ø�Ü�¨ °�îÂ� ×þ �È�ª .´¨� ùÀª ù¢�Ôµ¨� �þ� Âþ¥ ö���ä �� �È�ª ¥� �û�ª�Â�øÂØ�õ ß�óø� ¤¢¢��ø �� .Àª��üõ ý¢�þ¥ ý�û´þ�õ ý�¤�¢ ��� ��Ø½µ¨� Û�ó¢ �� ø ´¨� ¤�ð¥�¨ üØþÂµØó� ö�À�õ ý�ûÀ�þ�Âê.¢¤�¢ üþ��� ´¡�¨ ��þ�û �È�ª �� �ª�Â�øÂØ�õ ´¡�¨ ý�ûÀ�þ�Âê .¢¤�¢ ¢��ø ö� ý�Â� ��÷ ü±þ�ãõ �È�ª ý�þ��õ��õ ü�Âõ ø ÇÔ���Âê ü���÷ ý�Â� ø ´¨� ö�Âð ¤��Æ� ��� ´�Ô�î �� �È�ª ß��»Þû ´¨� ùÀ��Øª ¤��Æ� �È�ª.Àª��üõ(��þÂî� �µõ Û�µõ üÜ�) 16PMMA Û·õ üØ�µ¨�� ¢��õ �þ PDMS Û·õ �ûÂõ�µ¨�� ¥� �î üþ�û×��Ø� �2��ú� À�õ¥��÷ �î 18ý¤�¢Â��¿Æ÷ ©ø¤ �þ 17ý¤��ó Çþ�¨ ©ø¤ ¥� ùÀª ù¢�Ôµ¨� ¢��õ �� �µÆ� ø À��îüõ ù¢�Ôµ¨�ö��� �� �õ�¢� ¤¢ .´¨� éøÂãõ ×�µ¨�� ý¤ø��ê �þ �Â÷ ý��ó��Ø� �� �û×��Ø� ßþ� .¢�ªüõ ù¢�Ôµ¨� ´¨� °ó�ì.¢�ªüõ �µ¡�¢Â� ´¨�ûÝµÆ�¨øÂØ�õ ´¡�¨ ùÀÞä ý�û©ø¤ ¥� üØþ �î PDMS �þ�� Â� �Â÷ üê�Âð�µ�ó ©ø¤©ø¤ �� �û¤�µ¡�¨øÂØ�õ °ó�ì ´¡�¨ ý�Â� .¢�ª �µ¡�¨ ö� °ó�ì Àþ�� �Àµ�� ¤�µ¡�¨øÂØ�õ×þ ´¡�¨ ý�Â�ý�Úó� �î ´¨� ��¤��î �½Ô¬×þ ×¨�õ ,¢�ª ��ú� ×¨�õ ÂÑ÷ ¢¤�õ ¤�µ¡�¨øÂØ�õ ¥� Àþ�� �Àµ�� �Â÷ üê�Âð�µ�óü÷�Ø�Ü�¨ ��Þ� �þ� Âþ¥ ×þ Å³¨ .¢�ªüõ ùÀ�Èî ö� Â� (�øÂî ��Þãõ) ü��õ ù¢�õ �� ÂÑ÷ ¢¤�õ ¤�µ¡�¨øÂØ�õ¤¢ ùÀª ü÷�È÷ �þ� �½Ô¬ .¢�ªüõ ü÷�È÷ �þ� üÈ¡Â� ©ø¤ �� ¤�÷ �� §�Æ� ÂÞ�Ü� ¥� üî¥�÷ �þ� Í¨���� §�Æ� �þ� �� ×¨�õ Âþ�Ê� �� ,¢�ªüõ ù¢�¢ ¤�Âì ,À�îüõ ¤�±ä ×¨�õ ß�� ¥� �î ÇÔ���Âê ¤�÷ Ç��� Âãõ.¢Âî ù¢�Ôµ¨� ö� ¥� ö���üõ �û¤�� ø ¢�ªüõ ù¢�õ� ¤�µ¡�¨øÂØ�õ °ó�ì °��Â� ßþ� �� .¢�ª ÛÖµ�õ ¤�÷ù¢�õ .¢Âî °�îÂ� ùÀ�û¢ ñ�Ê�� ù¢�õ ×þ �� �¤ ( PDMS)Âõ�µ¨�� ù¢�õ �Àµ�� Àþ�� ¤�µ¡�¨øÂØ�õ ´¡�¨ ý�Â�
Etching 12

Lithgraphy 13
Chemical deposition 14

Silicon 15
Poly methyl methacrylate 16

Laser abrasion 17
Replica molding 185



¤¢ ø À÷�þ¤üõ °ó�ì ýø¤ �¤ Û¬�� °�îÂ� .¢�ª Àõ�� ö�õ¥ ´ªÁð �� âþ�õ PDMS ¢�ªüõ ¶ä�� ùÀ�û¢ ñ�Ê���� .À�÷�±Æ�üõ �È�ª ¼Î¨ ýø¤ ø ù¢Âî �À� °ó�ì ¥� �¤ °�îÂ� Àã� �Ü�Âõ ¤¢ .¢�ª ´Ô¨ �� À�û¢üõ ¤�Âì ù¤�îý�Â� �î �È�ª é�¡ Â� ø À�µÆû ö�¥ ¤� (PDMS) ýÂÞ�Ü� ý�û�þ� Âþ¥ .¢�ªüõ ù¢�õ� ¤�µ¡�¨øÂØ�õ °��Â� ßþ�ø ü�Âõ ¤�÷ ¥� üã�¨ø ��õ�¢ ý�Â� ø À÷�ªüõ ù¢�õ� ´ä�¨ À�� �Àõ ¤¢ ,Àª��üõ ´ìø �û�µÔû �� ¥��÷ ö� ´¡�¨.À�µÆû é�Ôª ÇÔ���Âê¤¢ �ú÷� ��Â��ç� ø ¢��õ ßþ� ¼Î¨ üþ��Þ�ª ���¬�Ê¡ ¥� íÀ÷� Ç÷�¢ �û¤�µ¡�¨øÂØ�õ ßþ� ý�û´þ¢øÀ½õ.[6,7]Àª��üõ üþ��Þ�ª ¢��õ �� �ú���õ
ù¤�ªøÂØ�õ ×�õ��þ¢ 4.1ý�û´�Þî �� �¤ ¢�¡ ý�� øÂ�÷ ø üþ��ÎÖ÷ �Â� Û·õ ü��µÆÆð ý�û´�Þî ßþÂ���� .À�µÆû ü��µ¨��� ¢��õ ����¨ñ��¨ Ý¹� �� �î üþ�ûøÂ�÷ .¢�ªüõ ÓþÂã� Ý¹� À��ø Â� �î À�û¢üõ øÂ�÷ üó�Ú� ø üó�Ú� Û·õ üþ��µ¨���ý�û§Âµ¨� À÷�ªüõ ¢¤�ø ñ��¨ ¼Î¨ ö�Þó� Â� �î üþ�ûøÂ�÷ ø À÷�ªüõ ùÀ�õ�÷ üÞ¹� ý�ûøÂ�÷ À÷�ªüõ ¢¤�øü½Î¨ ý�û§Âµ¨� ø üÞ¹� ý�ûøÂ�÷ ýÂ�ðÀ�þ�Â� ¥� .À÷�ªüõ ù¢�¢ ö�È÷ σ �� �î À÷�ªüõ ùÀ�õ�÷ 19ü½Î¨Âþ¥ �¤�¬ �� ø Àª��üõ ñ��¨ ´äÂ¨ Â� Ýî�� �ó¢�ãõ �î ¢�ªüõ ��Â¿µ¨� [8]20(N.S) Åî�µ¨�-Âþø�÷ �ó¢�ãõ.¢�ªüõ ù¢�¢ ö�È÷

ρ
∂U

∂t
+ ρ(U.∇)U = F −∇P + η∇2U (1-1)

Surface stresses 19
Navier-Stokes 20
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ß�óø� .Àª��üõ ñ��¨ �µþ¥�ØÆþø η ø ñ��¨ Â� ¢¤�ø ¤�Èê P ,øÂ�÷ üó�Ú� F ,ñ��¨ ´äÂ¨ U ,ñ��¨ üó�Ú� ρ�ÜÞ� ß�õ�¨ ø ü¨Â�þ� ýøÂ�÷ �ÜÞ� ß�õø¢ .Àû¢üõ ö�È÷ �¤ ö�õ¥ �� ñ��¨ ´äÂ¨ üÚµÆ��ø ²� ´Þ¨ �ÜÞ�.Àª��üõ ¥�ØÆþø ýøÂ�÷ Â¡� �ÜÞ� ø ñ��¨ Â� ¢¤�ø ¤�Èê ö�þ¢�Âð �¤�ú� �ÜÞ� ø ´¨� ñ��¨ Â� ¢¤�ø ü�¤�¡ ýøÂ�÷.¢Âî Ý�ÆÖ� ¥�ØÆþø Â�è ý�ûö�þÂ� ø ¥�ØÆþø ý�ûö�þÂ� �µ¨¢ ø¢ �� üµú� ¥� ö���üõ �¤ ñ��¨ ý�ûö�þÂ���Æ� �� ´îÂ� Û��Öõ ¤¢ ´õø�Öõ üä�÷ ö���ä �� ø ¢Âî ñ�Àµ¨� ñ��¨ Û¡�¢ üðÀ�±Æ� ö���üõ �¤ �µþ¥�ØÆþøÇÖ÷ �µþ¥�ØÆþø ß��»Þû .¢¥ ß�Þ¿� ñ��¨ ñ�Öµ÷� �� �µÆ��ø üê��� ý�Â÷� �� ö��� üõ �¤ �µþ¥�ØÆþø .¢¤ø�.[9]¢¤�¢ ñ��¨ ¤¢ ÝÏ�� À�ó�� ¤¢ ü¨�¨�Ý�ÆÖ� ÝÏ�µõ ý�ûö�þÂ� ø ü��þ� ý�ûö�þÂ� �µ¨¢ ø¢ �� ö���üõ �¤ ����¨ ,�ûö�þÂ� ÂÚþ¢ ýÀ��Ý�ÆÖ� ¤¢. ¢Âî��÷ öÀª ¯�Ü¿õ Âð� ø À��þüõ ö�þÂ� ¢�ª ¯�Ü¿õ ¢�¡ ¤ø�¹õ ñ��¨ �� �Ø÷� öøÀ� ñ��¨ ü��þ� ý�ûö�þÂ� ¤¢�� ´¨� ÝÑ�õ�÷ ¤��Æ� ñ��¨ ´îÂ� ÝÏ�µõ ý�ûö�þÂ� ¤¢ üóø .´¨� üó�Øó�õ Ç¿� §�¨� Â� ,¢Â�ð �¤�¬°±¨ ü÷�¨� �� ø À÷¤�Àþ���÷ �ûö�þÂ� á�÷ ßþ� .À÷¤�¢ ö�õ¥ �� üê¢�Ê� ��Â��ç� ¤�Èê ø ©¤�ª ´äÂ¨ �î ý¤�Ïø¢ öÀª ¯�Ü¿õ ý�Â� ¶�� ßþ� ¥� ßþ�Â���� .À÷�ªüõ ¢¤�¢ ¤�Âì ö� �¤ø�¹õ ¤¢ �î üó��¨ �� ñ��¨ öÀª ¯�Ü¿õ.[9]´¨� °¨��õ ñ��¨Åî�µ¨�-Âþø�÷ �ó¢�ãõ ¤¢ ¥�ØÆþø ýøÂ�÷ �� ü¨Â�þ� ýøÂ�÷ ´±Æ÷ ¥� �î ´¨� ýÀã�ü� ¢Àä [8]¥Àó��þ¤ ¢Àä.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø Ý�µÆû ©¤�ª Ýþ�¤ ��Àî ¤¢ À�îüõ ö��� �î Àþ�üõ ´¨À�
Re =

UL

ν
(1-2)�µþ¥�ØÆþø .Àª��üõ ñ��¨ üØ�õ��þ¢ �µþ¥�ØÆþø ν ø ´¨� ñ��¨ ´äÂ¨ ø �Ê¿Èõ ñ�Ï °��Â� �� U ø L.´¨� ñ��¨ üó�Ú� �� ´¨� üØ���Þ��¨ �µþ¥�ØÆþø ´±Æ÷ üØ�õ��þ¢ÓþÂã� ü÷�Â½� ¥Àó��þ¤ ¢Àä ¤�µ¡�¨ ö� ý�Â� ,¢Â�ðüõ �¤�¬ ö� ¤¢ ö�þÂ� �î ý¤�µ¡�¨ �¨À�û �� ���� ��¤�Ï �� Ý�µÆû ü��þ� ý�ûö�þÂ� Ýþ�¤ ¤¢ ,Àª�� ÂµØ��î ü÷�Â½� ¥Àó��þ¤ ¢Àä ¥� ¥Àó��þ¤ ¢Àä Âð� �î À��îüõ7



øÂØ�õ ý�Â� ¥Àó�� þ¤ ¢Àä ö�� ø Àª��üõ 5000 ¢øÀ� ü÷�Â½� ¥Àó�� þ¤ ¢Àä üã�Âõ ñ�÷�î ×þ ý�Â� ñ�·õ¢�ã�� �úó�÷�îøÂØ�õ ¤¢ .[9]Ý�µÆû ü��þ� ý�ûö�þÂ� Ýþ�¤ ¤¢ �È�Þû ,´¨� ö� ¥� ÂµØ��î ø ×þ ¢øÀ� �ûñ�÷�î�î ´¨� �� �f �Þãõ Ýû ñ��¨ Àª��üõ ñ�÷�î ¢�ã�� °¨��µõ ��÷ ´äÂ¨ .À�îüõ Â��ç� 100µm �� 1 ¥� ÝµÆ�¨�ó¢�ãõ ¤¢ ü¨Â�þ� �ÜÞ� ¥� ø Àª��üõ ×��î (Re )¥Àó��þ¤ ¢Àä ,�úÞþ� ¤ ßþ� ¤¢ ßþ�Â���� .¢¤�¢ üÞî �µþ¥�ØÆþøÀª��üõ Åî�µ¨� �ó¢�ãõ �ûñ�÷�î ßþ� ¤¢ ����¨ ´äÂ¨ Â� Ýî�� �ó¢�ãõ ø ¢Âî ÂÑ÷ éÂ¬ ö���üõ Åî�µ¨�-Âþø�÷.´¨� Âþ¥ �¤�¬ �� �î
F −∇p + η∇2U = 0 (1-3)

§���-Ù÷�þ ö�÷�ì 1.4.1Ý¨¤ �ÎÖ÷ ×þ ¥� �î ¢�ªüõÉ¿Èõ R2 ø R1 21��½÷� á�ãª ø¢ �� ñ��¨ ùÀ�Þ¡ ¢�¥� ¼Î¨×þ üÜî ´ó�� ¤¢Âþ¥ �Î��¤ �� ñ��¨ �þø ¤ éÂÏ ø¢ ¤�Èê é�µ¡� [8]23§��� -22Ù÷�þ ö�÷�ì §�¨� Â� .À÷¢�Þä Ýû Â� ø À÷�ªüõ.¢�ªüõ ù¢�¢
△P = P2 − P1 = γ(

1
R1 +

1
R2 ) (1-4).´¨� íÂµÈõ ÛÊê ü½Î¨ ÇÈî °þÂ® γ

Radius of curvatore 21
Thomas Young 22

Pierre-Simon Laplace 23
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üÚ����õ Â�� ø ü½Î¨ ß�� ý�ûøÂ�÷ 2.4.1�� ¼Î¨ ´±Æ÷ ö�� ,Àª��üõ øÂØ�õ §��Öõ ¤¢ ü½Î¨ ý�ûÂ�� �±Üè ù¤�ªøÂØ�õ �µÆ�Â� ý�û�Ê¿Èõ ¥� üØþÝµÆ�¨ ý�Â÷� �ãó�Îõ �� .´¨� üÚ����õ Â�� ,ü½Î¨ ý�ûÂ�� ¥� üØþ .Àª��üõ ï¤�� øÂØ�õ §��Öõ ¤¢ Ý¹�üØþ .¢¤�¢ ¢��ø ñ�Øó�õ á�÷ ø¢ ,´¨� ¢�¥� ¼Î¨ ý�¤�¢ �î ñ��¨ ¥� üÞ¹� ¤¢ .¢Â� ü� üÚ����õ Â�� �� ö��µ�õ�� éÂÏ �Þû ¥� ñ��¨ Ý¹� Û¡�¢ ý�ûñ�Øó�õ .ñ��¨ ¼Î¨ ý�ûñ�Øó�õ ýÂÚþ¢ ø ñ��¨ Ý¹� Û¡�¢ ý�ûñ�Øó�õü¡Â� ¥� ÍÖê âþ�õ ¼Î¨ ýø¤ �î ü�¤�¬ ¤¢ .À��îüõ ¤�ÂìÂ� À÷��� ,À÷¤�¢ ¤�Âì ö� é�ÂÏ� ¤¢ �î üþ�úó�Øó�õÂµÈ�� ý�ûÀ÷��� Û�ó¢ �� âþ�õ Ý¹� Û¡�¢ ý�ûñ�Øó�õ ¤�Ñ�õ ß�Þû �� .À��îüõ ¤�ÂìÂ� À÷��� �ûñ�Øó�õ �� ��ú�¼Î¨ �� âþ�õ Ý¹� ¥� üó�Øó�õ �Ø÷� ý�Â� ßþ�Â���� .À÷¤�¢ âþ�õ ¼Î¨ ýø¤ ý�ûñ�Øó�õ �� ´±Æ÷ ýÂµÞî ý�Â÷�ý�ûñ�Øó�õ ¢�Àã� �î üþ�� ö� ¥� ø ¢�ª ù¢�¢ ö� �� ¼Î¨ ý�ûñ�Øó�õ ¢�Àã� °¨��µõ ý�Â÷� Àþ�� ¢�ª ù¢¤ø� ö�.[8]¢Âî ÓþÂã� Âþ¥ �¤�¬ �� �¤ ü½Î¨ ý�Â÷� ö���üõ Àª��üõ ¼Î¨ ´��Æõ °¨��µõ ¼Î¨ ýø¤
E = γS (1-5).Àª��üõ ¼Î¨ ´��Æõ S ø Àª�� üõ N

m
ö� À��ø ø ü½Î¨ ÇÈî °þÂ® γ ö� ¤¢ �î.Àª��üõ ÝµÆ�¨ �Ê¿Èõ ñ�Ï �� °¨��µõ ü½Î¨ ÇÈî ýøÂ�÷ ,ý�Â÷� �Î��¤ �� ���� ��

F = γL (1-6)
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üÚ����õ ¢Àä 3.4.1�î Àª��üõ (µUL) 24 Åî�µ¨� ýøÂ�÷ ø (γL)ü½Î¨ÇÈî ýøÂ�÷ øÂØ�õ §��Öõ ¤¢ °ó�è ý�ûøÂ�÷ �fõ�Þä´±Æ÷ üÚ����õ ¢Àä .¢Âî ö��� (Ca) 25üÚ����õ ¢Àä ��÷ �� Àã�ü� ¢Àä ×þ ÕþÂÏ ¥� �¤ �ú÷� ¯�±�¤� ö���üõ.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� �î Àª��üõ ü½Î¨ ÇÈî ýøÂ�÷ �� ¥�ØÆþø ýøÂ�÷
Ca =

µU

γ
(1-7).Àª��üõ ü½Î¨ ÇÈî °þÂ® γ ø ñ��¨ ´äÂ¨ ø �µþ¥�ØÆþø °��Â� �� U ø η¤¢ �î �¹÷� ¥� .Àª� �üõ ¥�ØÆþø ýøÂ� ÷ Â � ü½Î¨ ÇÈî �± Üè ùÀ�û¢ ö�È ÷ ×��î üÚ� � �� õ ¢Àä.´¨� °ó�è ¥�ØÆþø ýøÂ�÷ Â� ÇÈî ýøÂ�÷ �f±ó�è ßþ�Â���� ,Àª��üõ ñ�÷�î ¢�ã�� �� °¨��µõ ´äÂ¨ �ûñ�÷�îøÂØ�õÂð� ñ�·õ ¤�Ï �� .¢¤�¢ ÇÖ÷ ñ��¨ ø¢ ��ÂÎì ýÂ�ðÛØª ¤¢ ø ´¨� Ýúõ ý¥�ê ø¢ ý�û©¤�ª ¤¢ üÚ����õ ¢ÀäùÀ�Èî ¶ä�� ,¢�ªüõ ¢¤�ø ¥Âõ Â� ý¥��õ �¤�¬ �� �î ¥�ØÆþø ýøÂ�÷ ,Ý�ª�� �µª�¢ ü÷ÀÈ÷ ¯�Ü¿õ ñ��¨ ø¢�� �¤ ñ��¨ ø ¢¤�¢ íÂµÈõ ¼Î¨ ö¢Âî Ýî ¤¢ üã¨ ü½Î¨ÇÈî ýøÂ�÷ �î ü�¤�¬ ¤¢ .¢�ªüõ ñ��¨ ¥Âõ öÀª¢�ªüõ ùÀ�Èî íÂµÈõ ÛÊê ï¤�� üÚ����õ ¢Àä ¤¢ ßþÂ���� .À�îüõ �À� ÂÚþ¢ Í�½õ ¥� ��±� �þ ùÂÎì �¤�¬.[10]Àþ�üõ ¤¢ ùÂÎì �¤�¬ �� íÂµÈõ ÛÊê ¤¢ ñ��¨ ×��î üÚ����õ ¢�Àä� ¤¢ ø

Stokes force 24
Capillary number 25
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