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� ĔîÿŠüîĒøÖîĊĚ đøćÝąýċÖþćìùþãĊïììĊęßŠü÷ĔîÖćøÙĈîüèôúĆÖàŤìĊęñŠćîĂĂÖÝćÖóČĚîñĉüàċęÜ
ðŗéúšĂöïøĉđüèĔîðøĉõĎöĉ � öĉêĉ àċęÜđøćøĎšÝĆÖÖĆîĔîßČęĂìùþãĊïìĕéđüĂøŤđÝîàŤ ÝćÖîĆĚîđøćÝą
ýċÖþćìùþãĊïììĊęßŠü÷ĔîÖćøÙĈîüèĀćÜćîìĊęđÖĉéÝćÖÖćøđÙúČęĂîìĊęĂîčõćÙêćöđÿšîēÙšÜĔî
ðøĉõĎöĉ � öĉêĉõć÷ĔêšÿîćöĒøÜìĊęÖĈĀîéĔĀš àċęÜđøćøĎšÝĆÖÖĆîĔîßČęĂìùþãĊïì×ĂÜÿēêÖÿŤ

ïìîĉ÷ćö �� ĔĀš F(x,y,z) = f (x,y,z)i+g(x,y,z)j+h(x,y,z)k đðŨîôŦÜÖŤßĆîÙŠćđüÖđêĂøŤĔî
ðøĉõĎöĉ � öĉêĉ

�� êĆüéĈđîĉîÖćøĕéđüĂøŤđÝîàŤ 	%JWFSHFODF PQFSBUPS
 ×ĂÜ F đ×Ċ÷îĒìîéšü÷ divF
ĒúąÖĈĀîéēé÷
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�� êĆüéĈđîĉîÖćøđÙĉøŤú 	$VSM PQFSBUPS
 ×ĂÜ F đ×Ċ÷îĒìîéšü÷ curlF ĒúąÖĈĀîéēé÷
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Āöć÷đĀêč �� �� đøćÿćöćøëÝĈêĆüéĈđîĉîÖćøđÙĉøŤúĕéšéĆÜîĊĚ
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�� êĆüéĈđîĉîÖćøĕéđüĂøŤđÝîàŤÝąđÖĊę÷ü×šĂÜÖĆïÖćøĕĀú×ĂÜ×ĂÜĕĀúàċęÜĕĀúĂĂÖÝćÖÝčé
ĀîċęÜ ė ĔîðøĉõĎöĉ � öĉêĉ ÿŠüîêĆüéĈđîĉîÖćøđÙĉøŤúÝąđÖĊę÷ü×šĂÜÖĆïÖćøĀöčî×ĂÜ×ĂÜĕĀú
øĂïÝčéĀîċęÜ ė ĔîðøĉõĎöĉ � öĉêĉ
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êĆüĂ÷ŠćÜ �� ÝÜĀćêĆüéĈđîĉîÖćøĕéđüĂøŤđÝîàŤĒúąêĆüéĈđîĉîÖćøđÙĉøŤú×ĂÜÿîćöđüÖđêĂøŤ

F(x,y,z) = x2yi+2y3zj+3zk
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ìùþãĊïì � 	ìùþãĊïìĕéđüĂøŤđÝîàŤ� ìùþãĊïì×ĂÜđÖćÿŤ
� ĔĀš G đðŨîìøÜêĆîìĊęöĊóČĚî
ñĉüđðŨî σ àċęÜöĊìĉýìćÜéšćîîĂÖ ëšćôŦÜÖŤßĆîÿŠüîðøąÖĂï×ĂÜ

F(x,y,z) = f (x,y,z)i+g(x,y,z)j+h(x,y,z)k

đðŨîôŦÜÖŤßĆîêŠĂđîČęĂÜïîđàêđðŗéìĊęïøøÝč σ Ēúšü
∫∫

σ
F ·ndS =

∫∫∫

G
divFdV

Āöć÷đĀêč �� ÝćÖìùþãĊïìĕéđüĂøŤđÝîàŤÝąĕéšüŠćôúĆÖàŤ×ĂÜÿîćöđüÖđêĂøŤìĊęĕĀúĂĂÖÝćÖ
óČîñĉüðŗéĀćĕéšÝćÖðøĉóĆîíŤÿćößĆĚî×ĂÜêĆüéĈđîĉîÖćøĕéđüĂøŤđÝîàŤïîìøÜêĆîàċęÜëĎÖðŗéúšĂö
éšü÷óČĚîñĉüðŗéîĆĚî ė îĆęîđĂÜ

êĆüĂ÷ŠćÜ �� ÖĈĀîéĔĀš σ đðŨîóČĚîñĉüúĎÖïćýÖŤĒúąöĊìĉýìćÜĂĂÖéĆÜ 'JHVSF �
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ÝÜĔßšìùþãĊïìĕéđüĂøŤđÝîàŤĀćÙŠćôúĆÖàŤ
∫∫

σ
F ·ndS

×ĂÜÿîćöĒøÜ F(x,y,z) = 2xi+3yj+ z2k ìĊęñŠćîĂĂÖÝćÖóČĚîñĉü σ
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êĆüĂ÷ŠćÜ �� ÖĈĀîéĔĀš a > 0 ÝÜĔßšìùþãĊïìĕéđüĂøŤđÝîàŤĀćÙŠćôúĆÖàŤéšćîîĂÖ
∫∫

σ
F ·ndS

×ĂÜÿîćöđüÖđêĂøŤ F(x,y,z) = 2xi− 3yj+ 5zk ìĊęñŠćîóČĚîñĉü×ĂÜïøĉđüè G ìĊęðŗéúšĂöéšü÷
ÙøċęÜüÜÖúö z =

√
a2 − x2 − y2 Ēúąøąîćï z = 0
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êĆüĂ÷ŠćÜ �� ÝÜĔßšìùþãĊïìĕéđüĂøŤđÝîàŤĀćÙŠćôúĆÖàŤéšćîîĂÖ
∫∫

σ
F ·ndS

×ĂÜÿîćöđüÖđêĂøŤ F(x,y,z) = (5x3 +12xy2)i+(y3 +ey sinz)j+(5z3 +ey cosz)k ìĊęñŠćî
óČĚîñĉü×ĂÜïøĉđüè G ìĊęðŗéúšĂöéšü÷üÜÖúö x2 + y2 + z2 = 1 Ēúą x2 + y2 + z2 = 4 đĀîČĂ
øąîćï z = 0
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ĔîúĈéĆïêŠĂĕðîĊĚ đøćÝąýċÖþćìùþãĊïìàċęÜđðŨîÖøèĊìĆęüĕð×ĂÜìùþãĊïì×ĂÜÖøĊîĔîïøĉïì
×ĂÜðøĉõĎöĉ � öĉêĉàċęÜđÖĊę÷ü×šĂÜÖĆïÖćøĀöčî×ĂÜ×ĂÜĕĀúéĆÜîĊĚ

ĔĀš σ đðŨîóČĚîñĉüöĊìĉýìćÜàċęÜðŗéúšĂöéšü÷đÿšîēÙšÜ C ìĊęđðŨîđÿšîēÙšÜĂ÷ŠćÜÜŠć÷Ēúąðŗé éĆÜ
'JHVSF � 	B
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đøćÝąóïÙüćöÿĆöóĆîíŤ×ĂÜ σ Ēúą C ĕéšđðŨî � úĆÖþèąéĆÜîĊĚ

ÿööêĉĔĀš î�ÿ�đĂ đéĉîĕðêćöđÿšîēÙšÜ C ēé÷ìĊęýĊøþą×ĂÜđíĂĂ÷ĎŠĔîìĉýìćÜđéĊ÷üÖĆïìĉýìćÜ
×ĂÜ σ đøćÝąÖúŠćüüŠć î�ÿ�đĂđéĉîĕðĔî

�� ìĉýìćÜïüÖ 	QPTJUJWF PSJFOUBUJPO
 ×ĂÜ σ ëšćóČĚîñĉü σ Ă÷ĎŠéšćîàšć÷öČĂ×ĂÜî�ÿ�đĂ
éĆÜ 'JHVSF � 	C


�� ìĉýìćÜúï 	OFHBUJWF PSJFOUBUJPO
 ×ĂÜ σ ëšćóČĚîñĉü σ Ă÷ĎŠéšćî×üćöČĂ×ĂÜî�ÿ�đĂ
éĆÜ 'JHVSF � 	D


ìùþãĊïì � 	ìùþãĊïì×ĂÜÿēêÖÿŤ
� ĔĀš σ đðŨîóČĚîñĉüĔîðøĉõĎöĉ � öĉêĉìĊęöĊìĉýìćÜĒúą
ðøĆïđøĊ÷ïđðŨîßŠüÜ ĒúąöĊ×ĂïđðŨîđÿšîēÙšÜ C ìĊęđðŨîđÿšîēÙšÜĂ÷ŠćÜÜŠć÷ ðŗé ðøĆïđøĊ÷ï
đðŨîßŠüÜ ĒúąöĊìĉýìćÜïüÖ ëšćôŦÜÖŤßĆîÿŠüîðøąÖĂï×ĂÜ

F(x,y,z) = f (x,y,z)i+g(x,y,z)j+h(x,y,z)k

đðŨîôŦÜÖŤßĆîêŠĂđîČęĂÜïîđàêđðŗéìĊęïøøÝč σ Ēúšü ÜćîìĊęđÖĉéÝćÖÖćøđÙúČęĂîìĊęĂîčõćÙĕð
êćöđÿšîēÙšÜ C õć÷ĔêšÿîćöĒøÜ F ÙČĂ

∮

C
F ·dr =

∫∫

σ
(curlF) ·ndS

Āöć÷đĀêč �� ÿĆÜđÖêüŠćìùþãĊïì×ĂÜÿēêÖÿŤßŠü÷ĔîÖćøÙĈîüèÜćî×ĂÜÖćøđÙúČęĂîìĊęøĂï
đÿšîēÙšÜðøĆïđøĊ÷ïđðŨîßŠüÜĔîðøĉõĎöĉ � öĉêĉĕéšÿąéüÖ×ċĚî
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êĆüĂ÷ŠćÜ �� ÖĈĀîéĔĀš C đðŨîđÿšîēÙšÜìĊę đðŨî×Ăïđ×ê×ĂÜïøĉđüèàċęÜđðŨîÿŠüî×ĂÜøąîćï
2x+ y+ z = 2 ĔîĂĆåõćÙìĊę � Ēúą F(x,y,z) = xzi+ xyj+ 3xzk ÝÜĀćÜćî

∮

C
F · dr ×ĂÜ

ÖćøđÙúČęĂîìĊę×ĂÜĂîčõćÙêćöđÿšîēÙšÜ C õć÷ĔêšÿîćöĒøÜ F
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êĆüĂ÷ŠćÜ �� ÝÜĀćÜćî
∮

C
F ·dr ×ĂÜÖćøđÙúČęĂîìĊę×ĂÜĂîčõćÙõć÷ĔêšÿîćöĒøÜ F(x,y,z) =

x2i+ 4xy3j+ xy2k êćöđÿšîēÙšÜ C ìĊęđðŨî×Ăïđ×ê×ĂÜïøĉđüèàċęÜđðŨîÿŠüî×ĂÜøąîćï z = y
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