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 4'�L "# +� +!�(!�'�)UNP ( ���#�F ����V }�-� ����> �X#�,� ��(��# $> �& ��JK +,)�-� .�� "# ��)�!; ?�D!�

 ��! 4����>�� �j! #"���*�& .�� "�� .�� ���& ?�� +& �" �X#�,� �%[� ��(��# :���0),)(( =ααξψ4*�!  "# +�
 +-&�""�&��α�� �� �#�"� �������"�� 1� ?��� �� �!�����*�& +) .w�
� �&+& 48�! H�� +-&�" 1� ���Fα�� ��1 +-&�" :���

#"�; 4��& �":

)PT                                                                         (0=
∂
∂

+
∂
∂

∂
∂

α
ψ

α
ξ

ξ
ψ

 "# H�� +-&�"ξψ ∂∂ / +!�(!�'� J8L4�� ��(��# .�&���s B�,� ���#�F ��t  . ��* $> �%[� ��(��# +� �D!; 1�
�� ?�%,� :; .�&���s �C) �4���*�&.αψ ∂∂ / ��! h����� +&F:; "���� � �#�& B��,� 1� �#�<��� �& � .�&���s +&�
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�/� �X�l�� �� � .("���� �"�l��� "#ines �&��& �"�l��� ��W "# � M� �&��&  �<[�� m��#�* . +8���� �&iI M� "# ��
�� � ��* �I
� e%�I� 6��7� �8�! 4�'�� �����'�* ?��!�	� :���#�� BC> ?��!�	� 1� �" ��@�! �8�! 4�'�� �& �A��7�.

I�I ��$�%&�����, GH���;� .*�%
�#�� �#�"� ���# �'�� g���* "# ����'�* ?��!�	� �1��^RR�.��%�  4��L� :��1 ��<�'�� M� �#�"� "�
� R^/R

�� 48�! � +�!�x�& "���;" "# � �>�� �1"� +����C� �"�[ �""#4�� . 1� �,��� �#���� "# ��* �#�� ?��!�	� .�� hi�
4�� ���#�F +����� $��� ?��!�	� �& �#�"� �������"��.

'K�  ���� :���7 ��)�!; ���&� ���%	�� ?��!�	� $�	
� ���&�� `�##�F. ��/���!�	� �e%�I� n-L ����-V ��1� +&
4�� ���#�F #�D�� ����<�� .�L�& ���7� � �7��V ���# �8�! ��-V :���� +� :; ���& ����! �& +����� "# ?��!�	� "# ��!��

$��� ?��!�	��'�� g���* "# �  1� ��'� U ��*�& �["# �� :���PQA�1 ���7� :���K +& �" ����'�* 6�7  � BC> ?��!�	� 1�
#�'! . �6��7� .�� BC> �&PUU�� BC> $��� ?��!�	� 1� ��! �#���&  ���� ##�F.

 �&��  ���� :���7 ��)�!; 1� �#�<��� :��� O�8�"� .�& �<��6��7� � �#�#  ��'! �"  ��/���F��# �'� ����� ��! �" h�J�
#�'!]TU[. $&�L ��"�#�'! .�� 1� ��! ���
�& ��KJG�4�� `�[� . �/��J� ��87 n'7 �& `�y� :���K +&) :���7 ���& 48y�

�7��V :���7 ���& �<�� � �#�"� (��4��� ���'*1"� ��KJG� :��� . �8���� �7��V � �#�"� ��/��J� ��87 n'7 �F�
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#�* ��"�& �� ����'�* 6�7 :; "# �f�> ��/'�� ���� ���& .( .��,�  �� 1� "���� M� 1� \�'D� .�� �F� +&�
� w��G +&
�� �*�& ��'� ��* :; 4�'�� �C) � ����'�* 6��7� ���� �& :; O�8�"� +� ��@ 4�� BC> $&�L "�&�� 6�7 +� 4��F +D��! :���

 +	8* "#4��! #��1 :���@  ���� .
 ���� :���7 ��)�!; �& ��JK�+&  ��! 4����> ��)�!; �/&�
� w��G BC> � �/
���� ���& +8�" 1� h� � ��* `�'K�

 ��A�1 ��/
����_] �#���&  ����   ���� ?��!�	� 1� ��! BC> 4�� ��* BC> ����7 6�7 +	!; :��&##�F. +D��! "#
 �& ���/! ��%	�� ?��!�	�U] � ����'�* 6�7 PTb+& �#���&  ���� #4�� ���; 4� . 1� �#�<��� �& ���#�F ��t +� +!�(!�'�
�� �%� 4����> ��)�!;+8�" �" ?��!�	� �#���& ��/
���� :���#�'! ���& .+8�" .�� +D��!�/� ���& ���& ��/
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 $	* "# +�I��; J��� "���;" �'�� g���* "# � ?��!�	�)T ('!4�� ��* �#�#  ��  .

F;,B�N�� .��� � , /(%�7� &53 !�%�K�L	3�� ����/�0��1 2��3 �4�31� &�%� O���, �$ �>

BJ
1 2 3 4

H+O2<=>O+OH

2OH<=>O+H2O

OH+CO<=>H+CO2

HNCO+H<=>NH2+CO

OH+CH3<=>CH2(S)+H2O

O+CH3<=>H+CH2O

H+O2+H2O<=>HO2+H2O

NCO+H<=>NH+CO

N+NO<=>N2+O

HCN+OH<=>HOCN+H
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��#"�; 4��& ������"�� 1� �,��� �#���� "# �"��	� "�G +& �" $��� ?��!�	� $> :��� .�7��V ���# � �/�j%W �& ��JK �
�#�� ���& ?1X ��KJG��� ��)�� ��! �1��+� ##�F�8K ��KJG� .�� 1� ���":

e)� (  ���� 4��
�� ��c��jq�� "��L �#�<��� #"��  ���� :���7 ��)�!; "# +� � �/
���� ?�'� ���& #��F.

z ( 4����> h����� �[��K)ijS
~�� (�� "��L �#�<��� #"�� 4����> ��)�!; � �/
���� �%� 4����> +8���� ���& +�#��F.

�� v���� .��& �" ��%	�� ?��!�	� :��� ��!#�'! ��)�� .�� ��KJG� .�� .�*�# �& ��(��# �$��� ?��!�	� +&�
� :���
 $> ��! ��%	�� ?��!�	� �& �" �X#�,�#�� .#�D�� $��� ?��!�	� $> +& 48�! +� ����c� �/�� ��%	�� ?��!�	� $> "#��#�* �
& 6��7� ���& �X#�,� +� 4�� .�� B�C�� 6��7� �����
! +���F �j! "# +8���� "# � iω& ��/
���� 4��
�� �����c�� 

�'! $V�# B�C��##�F .�� +���� ���> �X#�,� �F��E�� � #��,� 1� ��%	�� ?��!�	� 1� �#�<��� �& �(�# �"�8K +&#�*. "# 
 $	*)U ('! +,)�-� .�� "# ��* �#�<��� $> ���"�()�4�� ��* �#�#  ��.

F;,I�/�0��1 2��3 �4�31� �$ &�5;%� GH���;� F� �  ��4� � 8F��3 GH���;� F� N���4"��

P�Q���� &%���
 .�� "#  4'�L4��F ����V "��L +,)�-� #"�� ��* �#�� � $��� ��/���!�	� $> 1� ���; 4�# +& ����!  . "�j�� .��&

��# "# $��� ?��!�	� $> ����! ���&��& +�I��; J��� "����" ��(�� ����� � ��* +����� #�7�� ��KJG� �& �""###�F . hi�
�#�� ��/���!�	���! �& �/!; $> +& O�&�� ����! � ���#�F $�	
� ��*��� +����� $��� ?��!�	� $> �#�*.
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� �
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