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mn ���������o p� ��� q�
rs t��� u�v��ws� xt� �s�ysx��s� �xz{�v� |s}�vw yzv{ �vxs��z|�sw��~s����v�s�� ���� �v �� zvw ���
rs{� �x��ux��s �v M3

�� x}s ~z�� ([g],D) u�v���x�v� �� z u�v���yz�
�x��ux��s zvw z ��vsz� u�vvsux��v ~�s�s���v� �x �ts z���t zv{
���vzx��s� |�x ~�s�s� ���svx��zv g�� �}sv x}s u�vw�x��v �v

D
t��xs�

��z �����y ω
Dg = ω ⊗ g.� u}��us �� ω �� s����z�svx x� z u}��us ��

D
�

�vwssw� wsv�x�v� |{ ∇ x}s �s�������xz u�vvsux��v� ts }z�s
D = ∇+ ρ(ω)� 2ρ(ω)(X,Y ) = ω(X)Y + ω(Y )X − g(X,Y )ω] ��v u���w�vzxs�

Div
j = ∇iv

j + γjikv
k � t}s�s

γjik = 1
2
(ωkδ

j
i + ωiδ

j
k − ωjgik)

��z���v� �� w�vs |{ g���vws� x}s u}zv�s g 7→ κg x}s ���y u}zv�s� ��� ω 7→ ω + d log κ �rs svu�ws rs{� �x��ux��s� z� ~z��� (g, ω) y�w x}s z|��s �z��s�
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�p�� �����������
	 �������
��� x}s �svs�z� ��vsz� u�vvsux��v

D
� �x� ��uu� xsv��� RicD vssw� v�x

|s �{yysx��u� �x� ��st��{yysx��u ~z�x Ricalt
D

�� ~��~��x��vz� x� dω �
�}s �{yysx��u ~z�x Ricsym

D

�szw� x� ��v�xs�v�rs{� s��zx��v
Ricsym

D
= Λ g.

�s�s Λ
�� z ��vux��v �v M � �}s ~z�� ([g],D) �� uz��sw zv

��v�xs�v�rs{� �x��ux��s �� x}s z|��s s��zx��v �� �zx���sw �x}s�s
{�s�w� � ���� �� x}s  vw ��ws� �v x}s � svx��s� �� x}s u�v���yz�
�x��ux��s zvw � �� x}s u��sux���� ¡�x�us x}zx ��v�xs�v�rs{� �� zv�v�z��zvx ~��~s�x{ �� u�v���yz� �v�x ysx��u� �x��ux��s�
�v ~z�x�u��z�� ��� ω = 0 x}s u�vvsux��v

D
�� �s�������xz� zvw x}s

z|��s �� ¢ ��x x}s ��v�xs�v s��zx��v� �}�� ��v�xs�v�rs{� �x��ux��s�
z�s ��u} �svs�z���zx��v� �� x}s ��v�xs�v �x��ux��s�� ��� �v�xzvus� �v
�� z�� ��v�xs�v yzv����w� z�s x}s �~zus� �� u�v�xzvx u���zx��s� ��x
S1 × S2 = (R3 \ 0)/Z }z� z £zx ��v�xs�v�rs{� �x��ux��s�
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�q�� ¤�	�����	��
 �������
¥��sv z ysx��u g

�v ��� �x� rs{� u���zx��s W �z� ������xsv���� ��
zv �v�z��zvx �� x}s u�v���yz� �x��ux��s [g] � �}s ��w�s �~s�zx��
zux� �v x}s �~zus (S2Λ2TM)0

�� rs{� xsv���� zvw �x �� zv�v����x��v ��� ��syzvv�zv �� vs�x�z� ���vzx��s� t}svus x}s �~��x
W = W+ +W−

�vx� �s���w�z� zvw zvx���s���w�z� ~z�x�� �}s
�x��ux��s [g] �� uz��sw �s���w�z�� �s�~� zvx���s���w�z�� �� W− = 0� �s�~�
W+ = 0 �x}s�s z�s � ���� �� x}s  vw ��ws� �v x}s ¦ svx��s� �� [g]����x} �r zvw §� ��� �§�� s��zx��v� z�s �vxs��z|�s� z� ts�� z�
��ys �� x}s�� �sw�ux��v�� s��� zvx���s�� w�z� ��v�xs�v �¨}sz�sv�{�s��zx��v�� ©zv{ �x}s� ���� uzv |s �|xz�vsw z� ��{yysx�{��sw�ux��v� �� x}s xt� s��zx��v�� x}�� z���t�v� x� x}�v� �� x}sy z�
yz�xs��s��zx��v� �v �� zvw �� �s�~sux��s�{�
�r �x��ux��s� �v �� z�s �sw�ux��v� ���y �� ��� ��� }{~s�u�y~�sª
yzv����w� t�x} x��}���y��~}�u �{yysx�{« � � �§� yzv����w� t�x}
u�v���yz� �{yysx�{� �{~s�u�y~�sª �s�ysx�{ ���s� ���s x��vxs��z|�s �{�xsy� z� ts��� |�x t��� v�x |s w��u���sw�
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�� ��� ¬���
�z�xzv �s�zxsw �r �x��ux��s� x� x}s �s�ysx�{ �� ��w ��ws� ���
t���x� ~��vx x�zv����yzx��v�

y′′′ = F (x, y, y′, y′′).
�sv�x�v� p = y′, q = y′′ ts }z�s x}s �����t�v� ��s�zx��s� w�®s�svx�z��v�z��zvx� �D = ∂x + p∂y + q∂p + F∂q

�� x}s x�xz� ws���zx��s��
W = 1

6
D2Fq −

1
3
FqDFq −

1
2
DFp +

2
27
F 3
q + 1

3
FqFp + Fy

C = (1
3
DFq −

1
9
F 2
q − Fp)Fqq +

2
3
FqFqp − 2Fqy + Fpp + 2Wq�r¯v�u}yzvv zvw �z�xzv �v�z��zvx��������wsw W = 0� C = 0 x}s ����x��v �~zus S ' R

3(y, p, q) �� x}s
�� uz���s� �r �s�ysx�{ t�x} x}s u�v���yz� �x��ux��s

g = 2 dy dq − 2
3
Fq dy dp+ (1

3
DFq −

2
9
F 2
q − Fp) dy

2 − dp2

zvw x}s rs{� ~�xsvx�z�
ω = 2

3
(Fqp −DFqq) dy + 2

3
Fqqdp.
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�� ��� °���
�x tz� z��� �v�tv x}zx sªzy~�s� �� �r �x��ux��s� uzv u�ys ���y
����x��v� �� �vxs��z|�s �����
��� �}s ysx��u g = 4dxdt− dy2 + 4udt2 zvw x}s u��sux��

ω = −4uxdt
���y �r �x��ux��s ~����wsw u = u(t, x, y)�zx���s� x}s w�� s��zx��v ���vz¢���� ©z��v� ��w�

uxt − (uux)x − uyy = 0

� � �}s ysx��u g = dx2 + dy2 − e−udt2 zvw x}s u��sux��
ω = utdt− uxdx− uydy

���y �r �x��ux��s ~����wsw
u = u(t, x, y) �zx���s� x}s ��{s����v�s{ s��zx��v �rz�w�
�s���v�

uxx + uyy = (eu)tt

��� �z�ws�|zv� ���vw ��v�xs�v�rs{� �x��ux��s� ���y ����x��v� ��
x}s �z��s �s�w s��zx��v� t�x} x}s �z��s ����~ SDiff(2)y�ws��sw �v ��uuzx� �~zus� �v x}s u�z�� �� ���� �s�zxsw
x� x}s �svs�z���sw ¡z}y s��zx��v�
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���±�����	��� °���
��v��ws� x}s ��z�����vsz� �{�xsy �� ����

A(u)ux +B(u)uy + C(u)ut = 0, (†)

t}s�s
u = (u1, . . . , um)t

�� zv m�u�y~�vsvx �sux�� zvw A,B,Cz�s l ×m yzx��us�� rs z���ys x}s �{�xsy �v����x��s� t�x} x}s
�svs�z� ����x��v ws~svw�v� �v   ��vux��v� �� � �z��z|�s�
§{�xsy� �� x{~s (†) t��� |s �s�s��sw x� z� �� w��~s����v�s�� �����
�{~�uz��{� x}s{ z���s z� w��~s����v�s�� ��y�x� �� �vxs��z|�s ����x�v
s��zx��v�� �}s uzv�v�uz� sªzy~�s �� x}s �� s��zx��v�

ut − uux + ε2uxxx − wy = 0, wx = uy,

t}�u} z���ys� x}s ���y �†� �v x}s ��y�x ε → 0 �
¡�x�us x}zx �†� �� x�zv��zx��v �v�z��zvx� t}�u} �� x}s �xzvwz�w
�s����sysvx ��� w��~s����v�s�� ���� �zv�x}s� z~~��zu}� �uz��v�
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���������	��
 �
 �²� ���²� � ²
���
����³ ����³����
�� ~��~��sw |{ �s�z~�vx�� zvw �}��v�xw�v��z� x}s ysx}�w ��
}{w��w{vzy�u �sw�ux��v� u�v���x� �� �ss��v� N �~}z�s ����x��v�

u = u(R1, . . . , RN ).

�}s ~}z�s� ���syzvv �v�z��zvx�� Ri(x, y, t) z�s �s����sw x� �zx���{
z ~z�� �� u�yy�x�v� s��zx��v�

Ri
y = µi(R)Ri

x, Ri
t = λi(R)Ri

x,

��y~zx�|���x{ �� x}�� �{�xsy t��xs� �u�yy�xzx���x{ u�vw�x��v���
∂jµ

i

µj − µi
=

∂jλ
i

λj − λi
.

�s�v�x��v
� ��z����vs� �{�xsy �� uz��sw �vxs��z|�s ��� ��� zv{ N � �x ~���s��s��v�v�xs�{ yzv{ N �u�y~�vsvx �sw�ux��v� ~z�zysx���sw |{ Nz�|�x�z�{ ��vux��v� �� � �z��z|�s �N = 3

�� ��´u�svx��
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�µ��±	� � �¶°
�sx·� �st��xs x}s w�� s��zx��v (ut − uux)x = uyy

�v x}s ���x ��ws�
�}{w��w{vzy�u� ���y�

ut − uux = wy, uy = wx.

N �~}z�s ����x��v� z�s �|xz�vsw |{ u = u(R1, . . . , RN )�
w = w(R1, . . . , RN )� t}s�s

Ri
y = µi(R)Ri

x, Ri
t = λi(R)Ri

x.

�}sv
∂iw = µi∂iu, λi = u+ (µi)2.��vux��v� u(R)� µi(R) �zx���{ x}s ¥�||�v����z�s� s��zx��v��

∂jµ
i =

∂ju

µj − µi
, ∂i∂ju =

2∂iu∂ju

(µj − µi)2
.

�}�� �{�xsy �� �v����x��s zvw �x� ����x��v� ws~svw �v N
��vux��v�
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̧���	 	������¹����
¥��sv z ���

F (xi, u, uxi , uxixj , . . . ) = 0,�x� ���yz� ��vsz���zx��v `F
�s���x� �~�v �sxx�v� u → u+ εv � zvw�ss~�v� xs�y� �� x}s ��ws� ε � �}�� �szw� x� z ��vsz� ��� ��� v �

`F (v) =
d

dε

∣

∣

∣

∣

ε=0

F (u+ εv) = 0,

�v u���w�vzxs� ts }z�s�
`F = Fu + Fu

xi
Dxi + Fu

xixj
DxiDxj + . . . .

º»¼½¾¿ÀÁ ��vsz���zx��v �� x}s w�� s��zx��v�
uxt − (uux)x − uyy = 0� �szw� z� vxt − (uv)xx − vyy = 0 ��v x}s �zxxs� ��vsz� ��� u

�� x}s |zu�����vw ����x��v�
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m
±�� ���Â � °��� �������o
ÃÄ ºÅÆ¼ÇÈÉÊË ¾ÉËËÀËËÈÊÌ ÇÍÀ ÎÏÀÊÇÐ¼¿ ÅÆ¼ÑÐÈÏ ¼ÊË¼ÇÒÓÁ
(a(u))xx+(b(u))yy+(c(u))tt+2(p(u))xy+2(q(u))xt+2(r(u))yt = 0.

�����z�svus ����~� GL(3)×Diff(R) : R3(x, y, t)× R
1(u) 	 �

ÃÃÄ ÔÆ¼ËÈ¿ÈÊÀ¼Ð Õ¼ÖÀ ÀÅÆ¼ÇÈÉÊËÁ
f11uxx + f22uyy + f33utt + 2f12uxy + 2f13uxt + 2f23uyt = 0,

fij = fij(ux, uy, ut)
� �����z�svus ����~� GL(4) : R4(x, y, t, u) 	 �

ÃÃÃÄ ×ÈÐÉÇ¼ØÇÙ¾À ÀÅÆ¼ÇÈÉÊËÁ
F (uxx, uxy, uyy, uxt, uyt, utt) = 0.

�����z�svus ����~� Sp(6) : T ∗
R
3(x, y, t, ux, uy, ut) 	

�
ÃÚÄ ÛÕÉØÏÉ½¾ÉÊÀÊÇ ËÙËÇÀ½Ë ÉÜ ÍÙÑÐÉÑÙÊ¼½ÈÏ ÇÙ¾ÀÁ

ut = A(u)ux +B(u)uy, u = (u1, u2)
T .

������ ����~ GL(3)×Diff(R2) : R3(x, y, t)× R
2(u1, u2) 	

�
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±�� ���Â � °��� �������o
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�����z�svus ����~� Sp(6) : T ∗
R
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�
ÃÚÄ ÛÕÉØÏÉ½¾ÉÊÀÊÇ ËÙËÇÀ½Ë ÉÜ ÍÙÑÐÉÑÙÊ¼½ÈÏ ÇÙ¾ÀÁ
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T .
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�
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Ý����³�	 ³�����	 ����³����
��� x}s s��zx��v� �� x}s u�v��ws�sw x{~s x}s ��vsz���sw s��zx��v

`F (v) = gijvij + f ivi + c v = 0

�� x}s �su�vw ��ws� ��� ��vsz� �v v � �}s yzx��ª �� }��}s�ws���zx��s� �s~�s�svx� z �{yysx��u |���sux�� gij = gij(u)�ws~svw�v� �v x}s  �¢sx j2u �� x}s ����x��v u� ws�vsw �~ x�
y��x�~��uzx��v |{ z ��vux��v�
�}��� ~����wsw x}�� yzx��ª �� v�v�ws�svs�zxs� �x� �v�s��s
(gij) = (gij)−1

wsxs�y�vs� z uzv�v�uz� u�v���yz� ysx��u �x��ux��s
g = gij dx

i dxj ,

ws~svw�v� �v z �v�xs ¢sx �� x}s ����x��v �x}�� svu�ws� x}s �{y|�� ��
x}s s��zx��v ¨ w��~s����v �s�zx��v�� rs �z{ x}zx x}s�s �� z
uzv�v�uz� u�v���yz� �x��ux��s �v s�s�{ ����x��v�
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Þ �����ß��	� ����	� �� �²� ��
	 ±������	

¥��sv z u�v���yz� �x��ux��s g = gij(u)dx
idxj �sx �� �vx��w�us x}s

u��sux�� ω = ωsdx
s |{ x}s �v��s��z� ���y��z

ωs = 2gsjDxk(gjk) +Dxs(ln det gij).

�� �vxs�~�sx x}�� ���y��z� v�xs x}zx x}s u��sux�� ω �� ���sv |{ x}s�wsvx�x{
gijvij = ∇i∇iv −

1
2
ωi∇iv,

t}s�s ∇
�� x}s �s�������xz u�vvsux��v� �����z�svx�{� x}s u�vx�zuxsw

�}���x�®s� �{y|��� Γi = gilg
jkΓl

jk = 1
2
gjk(∂jgik + ∂kgij − ∂igjk)s��z� x�

Γi = −gij∂kg
jk − 1

2
∂i log |det(gjk)|,

zvw �� ��v �� �v�{à� ts �s�zxs ωi = −2Γi
�

��s x� w��~s����v�s�� �sx�~� x}s ���y��z ��� ω �� v�x u�vxzux�v�z��zvx� |�x �x �� �v�z��zvx t���x� s����z�svus x�zv����yzx��v��
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�}s��sy ��� �s�z~�vx�� á ���â ãäåæçè æéèäé êëì íã îíçäïéíðïñîä òñó ï ôéïçãõæéöïôíæç õéæö ô÷äçïôøéïî äùøíúïîäçåä ûéæøüý íõ ïçè æçîó íõ ô÷ä åæçõæéöïî ãôéøåôøéä gíã åæçõæéöïîîó þïô æç äúäéó ãæîøôíæç ò÷ïã úïçíã÷íçû ÿæôôæç ôäçãæéý �

�}s��sy ��� �s�z~�vx�� á ���â ãäåæçè æéèäé êëì íã íçôäûéïñîä ñó ô÷ä öäô÷æè æõ ÷óèéæèóçïöíå
éäèøåôíæçã íõ ïçè æçîó íõ� æç äúäéó ãæîøôíæç� ô÷ä åæçõæéöïî ãôéøåôøéä
g

ãïôíã�äã ô÷ä ìíçãôäíç��äóî äùøïôíæçã� �íô÷ ô÷ä åæúäåôæé
ω = ωsdx

s ûíúäç ñó ô÷ä øçíúäéãïî õæéöøîï�
�uu��w�v� x� z x}s��sy �� ���z�xzv� x}s x��~�s (D, g, ω)

�� �r �®
x}s�s sª��x� z xt��~z�zysxs� �zy��{ �� g�v��� ����zus� x}zx z�s
x�xz��{ �s�ws��u t�x} �s�~sux x�

D
� ��� ��� u�z��s� �� �vxs��z|�s

����� x}s�s x�xz��{ �s�ws��u v��� ����zus� z�s ~����wsw |{ x}s
u���s�~�vw�v� w��~s����v�s�� �zª ~z���
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��µ ±����
�vxs��z|���x{ �� x}s s��zx��v� �� x{~s� ���� z|��s �� s����z�svx x�
sª��xsvus �� z w��~s����v�s�� �zª ~z��

St = f(Sx, ux, uy, ut), Sy = g(Sx, ux, uy, ut). ([)

�}�� yszv� x}zx x}s u�y~zx�|���x{ u�vw�x��v Sty = Syt
�� s����z�svx

x� x}s u�v��ws�sw ���� �zª ~z��� �� x}�� ���y z���s �v w��~s����v�s��
��y�x� �� ����x�v�u �zª ~z��� ��z�}z�����
��®s�svx�zxs �[� |{ x zvw �sx Sx = λ� ux = a� uy = b� ut = c �
λt = fλλx+faax+fbbx+fccx, λy = gλλx+gaax+gbbx+gccx. (])

�}s �sux�� �s�w� �v x}s sªxsvwsw �~zus
R
4(x, y, t, λ)

X =
∂

∂t
− fλ

∂

∂x
+ (faax + fbbx + fccx)

∂

∂λ
,

Y =
∂

∂y
− gλ

∂

∂x
+ (gaax + gbbx + gccx)

∂

∂λ
,

u�yy�xs �® x}s u�y~zx�|���x{ λty = λyt
�� �]� }��w��
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�������³ �����±������� 	 	� mn���� �²��

��v��ws� x}s u�xzv�svx |�vw�s Z6 = T ∗

R
3(x, y, t, Sx, Sy, St)

�� x}s
����x�v u = u(t, x, y)� s���~~sw t�x} x}s �{y~�sux�u ���y

ω = dSx ∧ dx+ dSy ∧ dy + dSt ∧ dt.

���zx��v� �[� �~su��{ z ��|yzv����w M4 ⊂ Z6 ~z�zysx���sw |{
x, y, t, λ � �}s u�y~zx�|���x{ �� �[� yszv� x}�� ��|yzv����w ��
u����x��~�u zvw ts }z�s�

Ker(Ω|M4) = 〈X,Y 〉.

�}�� w��x��|�x��v �� �vxs��z|�s zvw �� xzv�svx x� x}s }{~s�����zus
λ = λ(x, y, t)

�v M4 �
�}s xt��~z�zysxs� �zy��{ �� �vxs��z� �sz�s� �� x}s w��x��|�x��v
〈X,Y 〉 ~��¢sux� x� x}s �~zus

R
3(x, y, z) x� z  �~z�zysxs� �zy��{ ��

v��� x�xz��{ �s�ws��u ����zus� �� x}s rs{� u�vvsux��v
D

�
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�ªzy~�s �� w��� uxt − (uux)x − uyy = 0 ��}s u���s�~�vw�v� �r �x��ux��s �� z� �����t��
g = 4dxdt− dy2 + 4udt2, ω = −4uxdt.

�}s w��~s����v�s�� �zª ~z�� �� ���sv |{ �sux�� �s�w�
X = ∂y − λ∂x + ux∂λ, Y = ∂t − (λ2 + u)∂x + (uxλ+ uy)∂λ,

�ªzy~�s  � �}s �{�xsy �� �s�z~�vx��� �}��v�xw�v��z zvw ��z�s��
�}s ���s���z��zv�s s��zx��v

uxuyt + uyuxt + utuxy = 0.

��� x}s wsv��x{ uxuyut
�� �vxs��z|�s |{ x}s ysx}�w �� }{w��w{vzy�u

�sw�ux��v�� �x� �r �x��ux��s �� ���sv |{�
g = (uxdx+ uydy + utdt)

2 − 2u2xdx
2 − 2u2ydy

2 − 2u2t dt
2,

ω = −4
uxuyt
uyut

dx− 4
uyutx
utux

dy − 4
utuxy
uxuy

dt.
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�ªzy~�s �� �vxs��z|�s �{�xsy �� �z�����

utt =
uxy
uxt

+
1

6
η(uxx)u

2
xt.

�vxs��z|���x{ u�vw�x��v� �}z�{ s��zx��v η′′′ + 2ηη′′ = 3(η′)2 �
��v���yz� �x��ux��s ���

g = 4uxtdxdy −

(

2

3
η′u4xt + s2

)

dy2 + 2sdydt− dt2,

t}s�s s =
1

3
ηu2xt −

uxy
uxt

.���sux�� ω s��z���
[

(2
3
utxη + 4uxyu

−2
tx )uttx + (2

9
u2txη

2 + 8
3
u2txη

′ − u2xyu
−4
tx − 1

3
uxyu

−1
tx η)utxx

+(1
9
u3txη η

′ + 2
3
u3txη

′′ − 1
3
uxyη

′)uxxx + (uxyu
−3
tx − 1

3
η)uxxy − 2u−1

tx utxy

]

dy

−
[

(uxyu
−3
tx + 2

3
η)utxx +

1
3
η′ utxuxxx − u−2

t,xuxxy − 2u−1
tx uttx

]

dt.

�}�� �x��ux��s �� �r �®
η ����s� x}s �}z�{ s��zx��v�
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�µ±	�³�� ��� � �� �
����
�uu��w�v� x� z x}s��sy �� ��xu}�v� x}s �{�xsy �� �r s��zx��v� ���vxs��z|�s� rs t��� t��xs �x� ���� �v z ~��~s� �z��s�
�}s��sy �©���vz¢���� �� �s�z~�vx�� á ���âçó 
æéäçôðíïç ìíçãôäíç�äóî ãôéøåôøéä íã îæåïîîó æõ ô÷ä õæéö

g = −(dy − vxdt)
2 + 4(dx− (u− vy)dt)dt,

ω = −vxxdy + (4ux − 2vxy + vxvxx)dt,

�÷äéä ô÷ä õøçåôíæçã u, v æç
M3

ãïôíãõó
P (u) = −u2x, P (v) = 0; P = ∂x∂t − ∂2

y + (u− vy)∂
2
x + vx∂x∂y.

�}s z|��s u��~�sw �{�xsy �� �su�vw���ws� ����� �v�tv z� x}s
©zvz����§zvx�v� �{�xsy� }z� x}s �zª ~z��

L1 = ∂y − (λ+ vx)∂x − ux∂λ,

L2 = ∂t − (λ2 + vxλ− u+ vy)∂x − (uxλ+ uy)∂λ.
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���������	��
 �� q� ��� ��	�����	��

�v �� ���� �� ©�v�s��y~��s x{~s z�s ��vsz���z|�s �® x}s
u���s�~�vw�v� u�v���yz� �x��ux��s �� £zx �v s�s�{ ����x��v�
�vxs��z|�s s��zx��v� �� ©�v�s��y~��s x{~s �v �� }z�s x}s�����t�v� v��yz� ���y� ����|�����s�z~�vx����

utt − uxx − uyy − uzz = 0 ���vsz� tz�s s��zx��v�
uxz + uyt + uxxuyy − u2xy = 0 ��su�vw }sz�sv�{ s��zx��v�
uxz = uxyutt − uxtuyt

�y�w��sw }sz�sv�{ s��zx��v�
uxzuyt − uxtuyz = 1 ����x }sz�sv�{ s��zx��v�
uxx + uyy + uxzuyt − uxtuyz = 0 ����z�v s��zx��v�
uxyuzt − βuxzuyt + (β − 1)uxtuyz = 0 ��svs�z� }sz�sv�{��

�}s�� u�v���yz� �x��ux��s� z�s �s���w�z� �v s�s�{ ����x��v�
�ÐÈÇÀÐÈÉÊ� �  vw ��ws� w��~s����v�s�� ��� �v �� �� �vxs��z|�s �®
x}s u���s�~�vw�v� u�v���yz� �x��ux��s �� §��§� �v s�s�{ ����x��v�
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�µ±	�³�� ��� � ¤��Þ¤� ��������
�uu��w�v� x� z x}s��sy �� �sv���s� x}s �{�xsy �� ���§� s��zx��v��� �vxs��z|�s� rs t��� t��xs �x� ���� �v z ~��~s� �z��s�
�}s��sy �©���vz¢���� �� �s�z~�vx�� á ���âçó â�ë åæçõæéöïî ãôéøåôøéä æõ ãíûçïôøéä ò���ý ÷ïã îæåïî õæéö

g = dx dw + dy dz + uydw
2 − (ux + vy) dz dw + vxdz

2,

�÷äéä ô÷ä õøçåôíæçã u, v æç
M4

ãïôíãõó
∂xQ(u)− ∂yQ(v) = 0,

(∂w − uy∂x + vy∂y)Q(v) + (∂z + ux∂x − vx∂y)Q(u) = 0,

Q = ∂x∂w + ∂y∂z − uy∂
2
x + (ux + vy)∂x∂y − vx∂

2
y .

�}s z|��s u��~�sw �{�xsy �� x}��w���ws� ���� }z� x}s �zª ~z��
L1 = ∂w − uy∂x + (λ+ vy)∂y +Q(u)∂λ,
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Þ±±	�³����o ��������	� �
������³ ��������� � �µ��±	�
�}s��sy ��� á �©�������ìúäéó íçôäûéïñîä �æçûä�âöü�éä äùøïôíæçã æõ �íéæôï ôóüä íç �ë ÷ïã
� åæüíäã æõ 
íä ïîûäñéï SDiff(2) íç íôã ãóööäôéó ïîûäñéï� éäïîíðíçû
ïîî � êäôéæú ôóüäã� �� ë� ���� ��� � ïçè � òõæé îíçäïé äùøïôíæçãý �
�sx �� �~��x �® �vs �� x}s u�~�s� �� SDiff(2) zvw �v�s�x��zxs�v�z��zvx s��zx��v� t�x} �s�~sux x� x}s �yz��s� �{yysx�{�
�}s��sy ��� á �©�������
�çôäûéïñîä èäõæéöïôíæçã æõ ô÷ä ïñæúä äùøïôíæçã ïéä ô÷ä õæîîæ�íçû �

¡ èäõæéöïôíæç éíûíè
� uxtuyz − uxzuyt = ∂zQ(z, t)ut − ∂tQ(z, t)uz + b(z, t)����

uyt − uxtuzz + uxzuzt = Q(t, ut)uzt ���
uxyuzt − uxzuyt = Q(t, ut)uxt ��
uxyuzt − uxzuyt = Q(t, ut) (uxyuzt − uxtuyz)

�
KLMNO PMQRSNTLU VWMLXOYZ [LM\]^_ `abcRM]dNSNb^ Le fNOgcMONLaScOO hfiO Na jf ]ak lf


