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01*� x � !"� �� ���	


Ψ =
∫

dnx Ψ(x) e(x), �1�

�� �  � -� 2�3 �
�  � /!
� ���	
 � !"� �� 4� �� �5 6	 � �� �  � {e(x) | x} �#
({ed(x) | x} � $7��

[ed(x)] [e(y)] = δ(x,y), �2�
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Ψ(x) = [ed(x)] Ψ. �3�

� ���

∀x : Ψ(x) ≥ 0, �4�

�
∫

dnx Ψ(x) = 1. �5�

!*): .	;' �)*�� �� �	+� �� �<���

SΨ = 1, �6�

�#

S :=
∫

dnx ed(x). �7�
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d
dt

Ψ(t) = H(t)Ψ(t) �8�

�# 1*� ��*�� �� �72F � . � 1 � �)8� . � /!
� �)8� �� �;�G	�, H �# (�)*�� 2���

� H5* �� �8� � .�*): � /�)�: I)J �6� � �4� �� ,K�* $% � �L� ��

∂

∂t
Ψ(t,x) =

∫
dny H(t,x,y)Ψ(t,y), �9�

�#

H(t,x,y) := ed(x)H(t) e(y), �10�
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[∀(x,y) | x �= y] : H(t,x,y) ≥ 0, �11�

�
∫

dnx H(t,x,y) = 0. �12�
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S H(t) = 0. �13�

�� ,�1J � HR� �)*��: H(t,x,y) � � !
� S -)� � H(t) ���)� -� � �	�� �� ��
/��# �
��� C�	T��� �� �4� � K�* !
� ���� !"� . � �� /��# ���� �")�Q�

H	�:��3 � � �7H�J � �;�G	�, �7� (!
� �QU)� ���	
 � !"� � �)8� �	 )7��
�)*�� �)8� �� �"�Q� !"� . � �� /1*� �x �� !A�:�

∂

∂t
Ψ(t,x) =

[
b∑

a=0

(−1)a gl1···la
(a) (t,x) ∂l1 · · · ∂la

]
Ψ(t,x). �14�

� V��� (�)* �3W ����� �� �"&' �� �<T: �, �� �# 1* � $ ;' 1  � � "�Q� . �
�� �"&' � S�� x �� �<T: �� �# � �	7�� $;' �� Ψ /1*� �3;�: ����� �� �"&'
. � �� =�)W . � �� /1*� ����, �"&' �<T: . � �� �7� 
�, �� � �)* �3W �����
 � �� ,V��� �� ��, �<T: . � �� 1	;# I�� /!
� �3W �"&' ��� � V��� �<T:

� X ��� � (�∂l1 · · · ∂laΨ = λ� � � PC ���� 6D (1:� �3W �"&' �� ��-�Y	��� �A��
-� HT��� �)*�� O)GQ� D. � -� /!
� .	Q� � !AR� �<T: . � �� �"&' � O�� � V���
�7� 
�, . � � $��	� /!
� �3;�: Ψ $% �� �# !�, x -� �7� 
�, � (λ � ��1T�
�		�� �7� 
�, . � �� Y Z ,V��� � Ψ � ��1T� �# $% �� (��# !AR� �)*�� �� Ψ �,

�;Q (1*� !AR� 1 � �14� � !
�� � [�\ ]	��� . � �� /1;#

∀λ : gl m
(2) (t,x) ∂l ∂mψ(x) + λ gl1···la

(a) (t,x) ≥ 0. �15�

�� ,] �U �)*�� O)GQ� ]	��� . � �� /1*� �3W 1 � λ � ] �U 1,��� �^	�: . �
� C;�U /1*� �3W 1 � �14� � !
�� � [�\ �� �� -� Y	� �� �A�� � �� ,V��� �� ��,

�	*� ��*�� 1 � M � .	Q��� A* � !AR� � X ��� �� �-�
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Ml m gl m
(2) (t,x) ≥ 0. �16�

/1*� .	Q��Z A* � !AR� � X ��� � 1 � gl m
(2) (t,x) 1,��� �^	�: . �

�)*�� �)8� �� �"�Q� (]	��� . � ��

∂

∂t
Ψ(t,x) = [g(0)(t,x) − gj

(1)(t,x) ∂j + gj k
(2)(t,x) ∂j ∂k] Ψ(t,x). �17�

0!*): ,�:5� � �;�G	�, � ]�� �� ���� � H5* �� �)*�� �� �^	�: . �

H(t) = g(0)(t) + gj
(1)(t)Pj + gj k

(2)(t)Pj Pk, �18�

01:� ��<N �5 6	� �� � � �� �# 1:� � ,�7H�J , gl1···la
(a) (t) �#

ed(x) gl1···la
(a) (t) = gl1···la

(a) (t,x) ed(x),

gl1···la
(a) (t) e(x) = e(x) gl1···la

(a) (t,x), �19�

/1:��%�� �� �� ,�<��� . � �, Pj� ,�:5� �

ed(x)Pj =−∂je
d(x),

Pj e(x)= ∂je(x). �20�

1;,��� �^	�: �G�D -� ,. �

S Pj = 0. �21�

�� ��� /��Z�%��: �� �� �13�  �6� � K�* C��6" �, -);, �17� � H5* �� � �;�G	�,
I)J �� ,��	7V��� � gl1···la

(a) �� ,S�� �� D �# !
� . � 2�� � (K�* . � �� �
� ��
!*): �� �;�G	�, �)*�� ]	��� . � �� /�	;#

H(t) = f(0)(t) + Pj f
j
(1)(t) + Pj Pk f

j k
(2)(t). �22�

1;,��� �^	�: �21� � �13� �� ,�<��� /1:� ��<N �5 6	� �� � � �� , f l1···la
(a) �#

S f(0)(t) = 0, �23�



` X1-042 (2007/01/29) ���+ 1�8� � �1�8�N% �	��

1,��� �^	�: �#

f(0) = 0. �24�

(]	��� . � ��

H(t) = Pj f
j
(1)(t) + Pj Pk f

j k
(2)(t). �25�

�)*�� �^	�: �18� � �<��� . � �� �� T� -�

g(0)(t,x)=−∂jf
j
(1)(t,x) + ∂j∂kf

j k
(2)(t,x),

gj
(1)(t,x)= f j

(1)(t,x) − 2 ∂kf
j k
(2)(t,x),

gj k
(2)(t,x)= f j k

(2)(t,x). �26�

�� !
� �� �# (�)*�� ���� f j k
(2) � f j

(1) � S�� ��
� �� aT� � �)8� (]	��� . � ��
. 	 Q ��� A * � ! A R � � X  � � � �  O�� �� � � 
� ��  ,S � � � ! � 	 : � !  ��1 8 � ���

/1:-
��
�;�G	�, . � BC R� /!
� �>� �	
�� P� �� �^	�: �� �# . � �� ��� �)8� � $�)��QU)�

/1 �	&� �b: �� ��

H = α (Ψ0 S − 1), �27�

� α � (���%�� �� �� �6� � �4� �� ,K�* �;Q (!
� ����� � ����� � Ψ0 $% �� �#
1:)*�� �;�G	�, . � �� �� ��� �� ,��;J /!
� !AR� � !�L

H(x,y) = α [Ψ0(x) − δ(x,y)]. �28�

$% �� �� ����� ,��;J �� (���� �� �12� � �11� �� ,K�* �;�G	�, . � �)*�� 21 �
(!�	: �G	�:��3 � x �� !A�: ���	
 � !"� � �)8� � (1;��	: 21 67�D x = y � �)�

/!�	: $ �� �� �A��� -� H	�:��3 � �� �"�Q� � !37 �)*��  

���� � ��� 3

(!"� . � �� /!
� �3W f(2) $% �� �# 1 �	&� �b: �� �� �25� � H5* �� � �;�G	�,
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H(t) = Pj f
j
(1)(t). �29�

�� �"&' �7� �;Q (1;#�� d	W)� �� �;	Q� � �)8� � � �;�G	�,.	;' �	,��� $�:
(1*� �;	Q� t0 � $�- �� �����

Ψ(t0) = e(x0), �30�

�� H5* . � �� Ψ � ����� /�)� 1,�)+ �;	Q� ����� �� �"&' �, �& � �� ,$�- �� 27$%
/1 �	&� �b: ��

Ψ(t) := e[x(t)], �31�

/!
� H	�:��3 � �� �"�Q� . � � e�)D x(t) �#

dxj

dt
= f j

(1)[t,x(t)],

x(t0)=x0. �32�

� , �� �8� ���� � .  � � 	 ,�� � $ � : /��Z�%� � � � �� �30� � K� * Ψ � # ! 
� . *��
� ��� /��Z�%�� ��

d
dt

Ψ(t)=
dxj

dt
∂je[x(t)],

= f j
(1)[t,x(t)] ∂je[x(t)]. �33�

(.	;'�,

Pj f
j
(1)(t) e[x(t)] =Pj f

j
(1)[t,x(t)] e[x(t)],

= f j
(1)[t,x(t)]Pj e[x(t)],

= f j
(1)[t,x(t)] ∂je[x(t)]. �34�
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� ���N�� �8� 1;,��� $�: �34� � �33�
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