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∂(g ◦ f)

∂x
= (g′ ◦ f)
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∂(g ◦ f)

∂y
= (g′ ◦ f)
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∂y
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∂(g ◦ f)

∂z
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∂z
.

6q()?@?@�_�¦¥ �
?@��������?Z�Y()	²�'���.�W+ �
()���������
	���Þ�+
f(x, y, z) = x2 + y2 + z2 ���

g ◦ f =
√

f
+���¢¤�
�²� Ø ����	��

g(f(x, y, z)) =
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x2 + y2 + z2.
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∂f(x, y, z)
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2xyz = 2xz.
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∆f(x, y, z) =

(

∂2

∂x2 +
∂2

∂y2 +
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)

f(x, y, z).
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= êxx + êyy + êzz = (x, y, z) .
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+~�����@���
	��¡�)���
�P����	
�����
�����
�¿�������
ª«(���������()��Ä
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4φ =
∂2φ
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+

∂2φ
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∂2φ

∂z2
= div grad φ.
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φ1(x, y, z) = xy, φ2(x, y, z) = 3xy2 − y3,
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rot grad φ = 0, div rot ~V = 0,

rot rot ~V = grad div ~V −4~V ,

div (φ~V ) = φ div ~V + ~V · grad φ,

rot (φ~V ) = φ rot ~V − ~V ∧ grad φ,

div (~V ∧ ~W ) = ~W · rot ~V − ~V · rot ~W.
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grad φ = ~∇φ, rot ~V = ~∇∧ ~V , div ~V = ~∇ · ~V , ∆ φ = ~∇ · ~∇φ
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K = {(x, y) | a ≤ x ≤ b, 0 ≤ y ≤ Y (x)}, ����(�	��
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êr,
�¦� ∂~

¥
∂ϕ

=

∣

∣

∣

∣

∂~
¥

∂ϕ

∣

∣

∣

∣
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(
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K = {(x, y) ∈ % 2 / 0 ≤ x ≤ sin 3y, y ∈ [0,
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+ êϕ

1

r sin θ

∂φ

∂ϕ
.

5 ()>�	q(�¾���������	7�
�¦�����"�¦¥ ��	
�
���
��()�­+ �)(�>��©�������
ÞJR��S	�������������	3�Ù¢ß��¥���	��
�
����()�P��>N���
�¦���
>�	©*)	��������
�.�3�
�P��( (�	���()�����
���
�
��	
���
�����
�����
�����"T)�w�
(����������
	
�
	������©���
	
���)���
���
()?@�Y()�����
����>��¡�����.���
�

∂φ

∂r
=

∂φ

∂x

∂x

∂r
+

∂φ

∂y

∂y

∂r
+

∂φ

∂z

∂z

∂r
=

∂~
¥

∂r
· grad φ,

∂φ

∂θ
=

∂φ

∂x

∂x

∂θ
+

∂φ

∂y

∂y

∂θ
+

∂φ

∂z

∂z

∂θ
=

∂~
¥

∂θ
· grad φ,

∂φ

∂ϕ
=

∂φ

∂x

∂x

∂ϕ
+

∂φ

∂y

∂y

∂ϕ
+

∂φ

∂z

∂z

∂ϕ
=

∂~
¥

∂ϕ
· grad φ,

�¦�J��	�(��
�¦����ÞZ�
�
��(��
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α ∧ ω
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2 ÄmR��

α = ω = dx ¬ T�� α = y dx
�¦�

ω = cos y dx + sin y dy ¬
� �

α =
�)()� (2) = dx ∧ dy
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ω = x dx ¬
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3 ÄmR��
α = dx + dy + dz

���
ω = x dx + y dy + z dz ¬T)�

α = dx ∧ dy + y2 dy ∧ dz
���

ω = x dx − y dz
+ � �

α =
�)(�� (3) = dx ∧ dy ∧ dz
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ω = x dx ¬
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√
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= (x, y, z) = φ(r, θ, ϕ) = (r sin θ cos ϕ, r sin θ sin ϕ, r cos θ)
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x = ρ cos ϕ,

y = ρ sin ϕ,

z = z,

ρ ≥ 0, 0 ≤ ϕ < 2π, z ∈ R.
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ω = (ax3 + yz2 sin x) dy ∧ dz + (ay3 + y2z2 cos x) dz ∧ dx + (az3 − yz3 cos x) dx ∧ dy.
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φ : ]0, +∞[×[0, 2π[−→ % 2, (r, θ) 7−→ (x, y) = φ(r, θ) = (r cos θ, r sin θ).

6w�����
>����
	q���
����?N��*��
�w	
�
�
����	�(<�§>��
�
φ∗f

�¦�
φ∗ω ¬

�




 � |¨�-�����0¸;� �_���¦}Z�P� �����z��� ³%�¦¸;´=��� ¯ �<�
�����
?�¾�	
�=T�U)U.T)�

� ()�¡�Q�Ù¢ß���������
�
R

3 ?�>����3��>À	�������	��P()	²��&�(���()	�?@�
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