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 !�E ��+
=� ?��.�� �% �.� !��% .-H3���j%�KH23�  ��-"�k !"�# ����� (�!  -(H��E -(H�3 � 
(Schummer, 2006) (Brakel, 2000)(Brakel, 2014)       !"�(# ��(��� �(E -(H�
% -(�>J� !��%

,-+��H �>��L ,-# ���% �% 9   A(����H (+,- L (�� �2 �  .-(�>����I(Brakel, 1999) (Brakel, 2006) 
�� !��% ?�Ol R+:�� �% !"�# *>��+ A���� !H��3 �E ���+���  ��-"�k !M+-%�!  -(#   R�O(&�

 �-H��E(Brakel, 2000) (Scerri, 2012) (Scerri, 2008) (Primas, 2004)�    �(7
� 89:(� �% !��%
 �� !"�# ?��� �%m
Q
� ��� ?n;�� ��XH !+�6 (Schummer, 2001) ��@(�� �   *�(��� �(Early, 

2003) (Fisher, 2003) (Del Re, 2003) (Goodwin, 2003)!(("�� �((����F� � (Scerri, 2000) 
(Woolley & Sutcliffe, 2012) �����   *(6o �(Early, 2008)
�o �   !("�� !(+��L (Weisberg, 

2006)   D+2�(% 9 A(���� �(Luisi, 2002) (Manafu, 2014) (Scerri, 2008) (van Brakel, 2006) 
(Early, 2008) Ep��- .���H ���
� 8�"� q�=l� ?V�r� �>��� �E -�>#��  

  ���2 !((.��% �((% �((���� *((+� ��) 
��((H��Manafu( ��O((.�� )Scerri(  R((� 9�+�((>�+� 
)McIntyre (��  �� !"�# ?��� ?D�H 9 ��"6� ��
� �(J����     �� D+2�(% 9 A(���� ?m
(Q
� �

�����  ��� ��! 3���I+�. (Scerri & McIntyre, 2008) (Manafu, 2014) .  
 �% �����7  D4%����� ,-#  :�.�D4% �� 1  G(�% 
��-�� �% � (�!  3���(I+�  ��9�(� :

?/	Q
� 9� �% �+��� ����A ��L 9 !+�% 2+D    �9-(l ���(�E !� m9�# A���� � ��@�� 3� .!+��L
        *(+� V
(l  �(>��L �� ��(Mt�% 3� !(�E �+
(=� ��(�E !� !J. �,��E *#9� �� 8
M�� *+�
       �(% ��(H3 !(� !(�I ��(����O+:�� ?u�(� D�I �% ��O� �% .��6� �F��� !"�# ����� �� m
Q
�

� *+� �9-l ���E !� !J. 9 D+2�% � ��@��  *(+� � ��%�� �% ,�^H2 .���E *#9� :�H �� 8
M�
      D(4% �� .��(�E !(� ,��(#� �(�� �� !+��L �tO� 9 
-l9 � ��@�� �% 8
M�� 9�2  ,��(#� �

    �� D+2�(% 9 A(���� � ��@(�� � ,��%�� �2 	
��
���  9 !"�# ����� !".� �
M5 �% �+���
 D�H ���% �% ���12 *+� 3� �� �>.� .��6� !� ��7 �>.� 9� ��    ��(��� AF�(�� �� !"�(# ?���

       .��(6� !(� �(F��� ����� ���(k �>(.� *(+� �� �E ���-�H 	��
� q��2 3� !#��:L .�3���I !� ���
 !&�H ���% �q��2 *+� !�]� v-6",w+9"       �� D+2�(% 9 A(���� �(J���� �� !"�(# �(�� ���%

 	
��] .�.� ��� �����"���+WI ��"E" �"���+WI ,3�-H�"  "���+Wj&+��32" (% �  <�
(� ?��

  9 !+��"�#"D+2�% 9 A���� ��6 V�t� !H�9���"  9"      � �H�(.��# �
(79 ���>(�� !^>(�%�9

R+:�� �% !"�#"  �"�^+� ,3
l �% ,3
l R+ A���� V�t� *+�>M% 9 V�t� *��9�"   *+�(>"M� 3�
 ?D�H ?���% �� ��2 *+� �� �E �.� ����
�",w+9"      9 A(���� ��@(�� � �(J���� �� !"�(# ?���

+2�% ?D4% �� .�.� ,-# ��O� �MH2 �% D3 ?8
M�� �"��+WI ��"E"     ��(&H �,��(E !(.��% ��



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   97 

  A(���� � �J���� �� �E !��
] �� �.� ,-# �>��L �XH �� �2 3� ��9-�� ���J� ��6� !�
 D4% ��  .�
# !� x��� �2 3� ��>J�.9 ���J� ��� �� D+2�% 94 �E �Ol *+�  �"   A(����

M% 9 *��9� R+:�� �% !"�# �(.� �^+� �� ,3
l �% ,3
l R+ A���� V�t� *+�>"    !(� -(�H ��
 D4% �� .���� ,�
4��� �-�%3�� R+ �% ��O�  ��Ol *+� �� �XH �% .���E5     ��(6� !(� ��&H

   D+2�(% 9 A(���� 3� V�t� ��"# !% :�H !.��# ��+3 9 R+:�� �� �O�% �!"�# �� N�� �H �E
 D4% �� .���� �
796���J� *�% �:+�"� �"  �H�(.��# ���J� !L ,-�K�I"  9"   !(L ,-(�K�I

�H�.��#�
79"       ��(�L AO(# 	
�(�7
� �:+�("� *(+� �% �7
� 8-� �+-�>J� 9 ��6� !� �F���
      !(� �(F��� 8
(�� 3� !+�(6 �9�(E ��
� ��
� ?/Q
� 3� !H���>&I ���% .�.� ,-# �� ����P�

 D4% ��  9 ��6�7 .�+3���I !� ���L �r�>H �%  
  

 �#�1. &'� ()�����  

�H���. � 3� AO&>� �� �:7� *+�  �E �+��^% �XH �� q:78�-E�6    -(�H�� -�>(�6 !]�
� �����
��…��  ���E u�� .����H !� y �� �MH2 ��
"r� �E-I (+,- �  \(�� -(�H�� �    �H���(. *(+� ��

 .�
# ,-6�&��! 
L�+�  �% \��y  �-�I A�����! -�E ,�L�6   .��(E  z�>�>.� y 3� �� \�� ��
>%
�^>.�   *(+� ��(%3 ���� �� .�.� ��
Q
� V
]� 9 z�>�>.� -��
k 9 ���%3 A��# � !7�>�>.� ,

      V
(]� 9 !(���� 9 !(Q�+� -(��
k A��(# z�>�>.� -��
k ��.� !"�� ��6��� A��# ,�^>.�
 �� ,�^>.� *+� ��
"� ��� �� .-�>�6 !"�� *�H�
k ��"6 ����S ��
Q
�"�+�XH"   .����H !�  

�+�XH � \�� �% �+�XH � y (!F:7)A���� !� -%�+ ,�L�6 (3� !&4%)8�"�   V
(]� �+ *�H�
k
��
Q
� \�� �� ��
>% 3�  ��
(Q
� V
]�  �+ *�H�
k y  z�>�>(.�  ��(E . h;(�  *�
(�H  ���(% 
z�>�>.� *�H�
k ��jE 3�  *�H�
(k  	R(�H�O�  �
(� ��  !(�  ��
(�  !k�-(=� 3�  *(+�  �(79 3�  A(���� 
��H��. ?8�H  �% �A���� 3� \]9 *+���H�� �HA	L )Nagel (,�L ,��
� /k�9��S �>��� 9  �(H�+��L 

��+3 �.� �� ��+3 !.��# 9 �!"�#    ��
(Q
� V
(]� 9 �+�XH �*�H�
k  �(%  !+�(�J�  �(E �� 
R+:�� 3� �2 �6 {��. ��+��� �
79 :�H R+:�� �� -�' �6 ���-H !�;O&�  ?D�(I �9�  ?A(���� 

R����+�
��� R�.;E �% R����+�
��� �����2  R(�>I�  !7
(�  �(%  R(�>I�  �!(.-�6  R(�H�O� 
!��
�H �% R�H�O� �!>���H R�H�O� !�
>H�
E �% R�H�O� !��
�H �
79 ����.1  

      ��6�(�� ��(��� 	��
(� �� G(�% ��-("� �A���� ?m
Q
� �� !"�# � ����� 	
��
��� ��
  	-(�H�� !"�6�(�� .�.� 8
>H�
E �+�XH <
=4% R+:�� ��6 �+�XH �� !"�# ?�L *����  -(H
�I 

�!+��"�((# )Chemical Bond (��((>+
���^H9�>O�� )Electronegativity (��((�9:+� ���>��((. 9 
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!+�|� )Configurational and Stereoisomer(� !+��"�# ��>��.)Chemical Structure(  .,�(�S 9
?8
M�� �V�t� ���% "��>��. !+��"�#"  �% ���J� !+�|� D+��2 ��� �6 ��  R(+  �V
(O�
�  �
(+ 

�+ +� .�.� V�O+��� 8
M�� * �% �+�XH � ��>��.  !+��"�(#  ��(�
OE )Kekule( ��  �(��9�  ��(k 
19 !��J� -#.  *���� �!"�# h3
�2 ��� �� 8
M�� *+�-I (+,-  �(6  �� .���� !(.�.� D(�H �� 

!.��% 8
M�� ����� ��>��.  !+��"�(# ��  8
(>H�
E  �!"�(#  !(�  ��
(�  ��(&H ���  �(E  �
(���I� 
!H
>��"6 )Hamiltonian Operator (���%  ��(6��9:+�  ���>��(.  *(O"�  ���(%  R(+  V
(��� 
�!�
O�
� !�9��� �6�% -H��-H 9 �r�>H�� ����J� � �^�+�9�# ���% *+� ��6��9:+�  ����>��(. 

���O+ �.� .�% *+� �Z�.� !��% �% *+� ,-��� -�>�� �E ?8
M�� ��>��.  �!+��"�(# 3�  Z�(.� 
�� R�H�O� !�
>H�
E �
79 ���-H 9 *+� ,���>.� 3� }+��� �.�2  �E  ?8
(M��  ��>��(. �� 	���9 


��.��� !� -�E )Woolley, 1978 (9 :�H !��%  ,-(+-I �  !(.9-"6�H  !�
(>H�
E)Quantum 

decoherency(3  �� A��� �� ?39�% ��>��. !+��"�# -�>�H��  )Scerri, 2011.(    
 ~ ���' R+:�� �% !"�# A���� ��"6� ���  	�"(. �% �.� !��L R+:�� �% !"�# A����

�+�XH ��+9� 9 8
�� 
-l9 �"6 � ����
� !:�'       !"�(# �� 8
(>H�
E R(�H�O� 	��%��(E ��(6
�.� D4%-+
H   �(+�� �2 �% !%�+   �(���
F�I Z
(��� :�
(% )Linus Pauling)   R(�H�O� ��%��(E �

�	�>+�6 ���E y�% �� !"�# �� 8
>H�
E (Heitler) �-�� 9 (London) �  V-(� �� �� 8
>H�
E R�H�O
�� �6��%��E *+� �-H��% ��O% �� ��9�-�6 ��� ���E  -(�H�� ����
�  (I�D %� (�   -(H
�I ��(+�93 !

V
O�
� �6  9 ���-+�I ��:�� 9D�E�9 WI+� �V
O�
� �6   .�
(% �(�
� ,��. �  �(���
� *(+�   �(6
 :-�H�-% �>��+ A���� R+:�� �% �� !"�# !��% -# G��% ,-�2 !.�� !%�>E ��  :�
(%» �(�  !+�(7 

�E  R(�H�O�  8
(>H�
E  �(.��  �-(#�%  D(.�I  �(6�  �!"�(#  !�F�(��  -�>(�6 ��  
��(Q�+� 
���%��E«� (Brakel, 2000, p. 120)  ����&+��(Reichenbach)  !H�(�3   :�(�L»  !(� 39�(��   ��
(�

   ��("6 �(% �(.�� �.� R+:�� 3� !&4% !"�# ��L       ��
(@� �(+ R(����+�
��� �(E AO(#
  3� !(F:7 �>��+�>O�� R(+:��  �(.�«(Brakel, 2000, p. 120)    ����(I ?��("L �(% 9 )Putnam(  9

 �+�M�I�)Oppenheim( »A���� V�">l�  �% 8
�� AE9�O�� R+:��   39�(�� �(XH �% �E !+��J� �% �
   �(.� ,��(>�� n�(��� !"�# ���%  .�(.� *(O"� � «(Putnam & Oppenheim, 1958, p. 27)   9» 

�+�XH �!>���H ��S !�
>H�
E R�H�O� . ��      8�("� ��(>�� �Z�(.� 3� �(E �(.� ,-# -�F�� 9 ,��
!� ��Q
� �� ��
� -6�«. (Bedau & Humphreys, 2008, p. 210)4  

 ���  .���H �6��-� *+� ?8�"� 	-�H 9 �Eo V�r��O�  A("J��    ��-�"(&H�� !(��% 9  ��(.;�
       :�
(% }(��7 �
(� ?m
(H �� q��2 *(+� �(% �M7�
� ��  ��� Z�("+�I)Primas ( *(+�  �(6����  ��
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!�;"M� �� Z��� ��� 9 DH��l�] �� ��.;� �� z�% z�� *�&H  y�(��  ��(E  �(E  *+�(>"E 
!>"l3  ���(%  ��(�L���  !"�(# 9  R(+:��  A("�>�  ,-(&H  ) .-(H�Primas, 1983, p. 308  (�9 

AE��%)Van Brakel (�% ���>H� 3�  *+�,�^H �6� ��E�
��O+ �H
L � -�>J� �.�   ��(.;� ��(�
"�  ��
�XH�+ �3���I ��� ���� ����� �� ��  ,-(+��H   �(+ ��  *+�(>M%  �(��l 3�  8
(��  ��(�`+  v�(=� 

�>#WL ,�M% �! -H��L. (van Brakel J. , 2006, p. 198)     3� G(�% !(�E ?��(+�7 �% :�H !��% ���
"A����"    :-�>(#�� ��(�>H� �(�� ����� ��  �(�+� )Gillett ( -(�>J�  �(.�  	G(�% " !�(���" �� 

m
Q
� A���� !O+ 3� A+�� %!  *+� ��
% �r�>HG�% �6  �.� . �(%  ��(�>�� �9�  *(+�  G(�%    �(6
3��H �% �3�.
H 9 �% H�.�39�! �% ,���>.� 3� ��+�7 !Jk�9 ���� 9 A��� �O�+�  ��.;�  ?�(+3  ?��(% 

G�% !"�� �� ��
� A���� 9 D+2�% �� "H! -H9� *+� �.� �E  ����� �
� ��  �(7��!+ �9� 3� 
���  �>(#�����%  ) -(H�Gillett, 2016, pp. 7-11 ( �(�	�)(Mayr  -(�>J�  �(.�  -(+�% 3�  y
'��(M' 

��.;� ,��%�� � m
Q
� A���� 9  D+2�(% ��9�  ��(E   ,��("L �(E��'   ,-(��E .�(.� )Gillett, 

2016, pp. 7-11 ( *+� -+�#�>�L �6 �2
�S-+�% ��� -#�% :� :��H�-%  
� 3���
��  �AF��� !��% Al �� 8
>H�
E R�H�O� ��6"H!   �(% !"�# A���� �% �Ol ��
�

	6�� V
k �% .��E R+:��- Redhead)( 3� -+��H � *���� �� !7
� R�H�O� ����
�9!Lw+   ��(6
�H���. �6       *�(��� �� �(���
� *�("6 �(E �+�(�^% �(r�>H ��9�-�6 V
O�
� 9 ��� ��XH ,��. �
�H���. �6 �I,-�K�         �(% !7
(� R(�H�O� ?V�("�� ���(% ��(+3 �(.� ���k�% :�H �� �H���(.  �(6 �

I,-�K�  ,���>.� }+��� 3� ����!   *(+� ��3 R�� ���% 9 �
#��� }(+      8�(rH� !(%�r� ��(E ��(6
�!  <�
� *���� �� !7
� R�H�O� ����
� 3� .�
#�H���. �6     V
(O�
� 9 �(�� �(�XH ,��(. �

 ��9�-�6>H�r�  !���� �r�>H *+� ���% "H!        ���(% ��
(@� *(+� ��%��(E �(E -(+2 �H���(.  �(6 �
I,-�K�  ����
���  3� !+���>.� h�I R+ :7 !+���� �2 o�4�� 9 -#�% :��2�H���. �6   �(% ,��(. �

 ,-�K�I.���-H (Redhead, 1980, pp. 156-157)    
:;t� �
# *#9� ���+3 AF��� -+�% �R+:�� �% !"�# A���� �% ���E �Ol 3� A�k  

 ;��<�=>�0? ;*��@ A0���1 ��
9 *  	1�0"0+ A0���1 ��
9  B0���C  

 �+2 !J7��   !+��"�(# -(H
�I -(�H�� !"�6��� ���% )Chemical Bond( V�(>�%�9� � )Orbital( �
��>��. !+��"�#)Chemical Structure(  �(M�� 9 �-(H
�I �9�>O�� ��7 � )Bonding and Lone 

Electron Pair(-(((H
�I �  �"^�(((. 9 ��(((I )Sigma and Pi Bond(�(((>+
���^H9�>O�� � 
)(Electronegativity!I9�>H2 �)(Entropy 9   ~�+��� 8
>H�
E �+�XH �� ...  
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 	��� �+2"�9�>O��"    �(E !(H9�>O�� ~!X�� �+ ���� �
�J� ���>#� ��-O+:�� 9 ��-�"�# 	�:H
:+�"� 9 �.� ��J>� ��� 8�"� �% ��-O+:�� 	�:H      ���-�"�(# 	�:(H �(H
^' ��(.� �+WI�H  !���(]

 �
'" �-H
�I 	��7" �"�M��" �"   �(���5 � �(+�"     �9� ���:(L }(�'�% �(+2 ~���� ... 9
:+�"� ?A]� 	\��4� �9�>O�� ~���H �6 �9�>O�� ��+WI�H  

����J� �����         ?8
(M�� �(+2 ~�(��' 8
(>H�
E �(+�XH �� !+��"�(# R�>��(. ��6"  	���(.
D�E�9"  �+"����� D�E�9 �" �
>H�
E R�H�O� �� !���J�!~���� !  

  �(+�XH ��
Q
� V
]�  3� �+�] �
0 �% !%9��� V9-7 ?�]��� !H9�>O�� D+��2 *���� �+2
       ��(0 A(]� �-(�H�� 8
(>H�
E R(�H�O� �(% ,-# n���� !�
]� 3� ,���>.� ~�.� *O"� 8
>H�
E

*����  *+� �� �H���� V
]�  9 ���H� Ak�-l ?A]� �!�
F�I      ��@(�� ���(% !�k�
(� �(' �(6  �
!"�# A����   ~���� R+:�� �%  
�+�XH �+2 D�I ��@�� �� 8
>H�
E � �=4&� !��%      ��(+�93 -(�H�� !+��"�(# ��(6 �H
L ��6

     ~�(.� �(�E�
� ;��(E ... 9 !+�(|� 9 ���>��(. ���9:+� ���+WI D��k �-H
�I   ,!�+�(#)
1396 .< ,42(  

Al AF��� *+� �+2   �E ,-# �>#�^H� ,-#    ~-(H��� R(+:�� �(% !"�# A���� �% �Ol !��%
  ~���� �
(79 !��Ol� *��' �9-] �� !Q�� D�I �'" �(����O+:��" Physicalism)(  D�(I 

�F��� !.�.� ?u��         A(���� ��(��� 9 R(+:�� ?�(�� ?��(%3 ��(��� �(% 8
�� ���% -l�9 !H�%3 �
� 8�Ol� *+� ���% ��7
� �M�� .�.� R+:�� �% �^+� 8
�� 9 !"�#"�"+��"   DH��l�(] *>#��

�����O+:�� �% ,-6�&� 9 ����
�  �      *(+� .-(#�% AF�(�� 3� �� ,��(I �� 8
>H�
E R�H�O� ��6
�% ��H���
� ?��>�� �"�"Q ,��#� 	��
� !+���>.� ?h�I �2 �      8�(Ol� �2 �9-(] q�(&�� �-(6�?� �

  .�.�  
!� �' �����O+:�� ��� ~-+
L  

!+��L D+2�% 9 �����O+:��  
ID�  !.�.� u�� �8
�� !&4% 
-l9"�����O+:��"    �(% �2 ?m
(Q
� ?A]� 9� 9 �.�

:�.� ���k *+�  
1 -1���� !O+:�� �6
7 ����� �
79 ��M7 �� �KH2 �65    
2 -1�%    R(+ �(' �6 ,-+-I 8�"�  �R+:�� �����% ?��. �� !O+:�� ?�6
7  *+� �% A��E ?���

!� *���� ����H�  ����#
6 �' 9  -#�% �^H�.
H   .�
#  
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 �!+��L D+2�% !�J+ �����O+:�� ?A%��� ,�L-+�1 -1  ���!    �(�� ��+W(I2 -1   .�(.� �(O�� ��
 :�.� *+� !+��L D+2�% ?��J#"   �(.� �2 ��:(7� 3� D�(% �:�' AE"

6  !(�J+    *�(��� ���(%
9!Lw+  *>�H�� �*�@�9�I V
O�
� 	-�H�� �� !# ��69 !(Lw+       ��:(7� �(% �E�(l *�H�
(k 9 �(6

,-H3�.  �+��E �2 �"H!   9 -�E�% �����!  ��^+�8�"� Jk�9�� ��67 H��
�3��  ��(%� �� *�(�  R(+ 
-I,-+ � ��9�O� �R+:� H ��MH����   (# �
�(. �� �O�%!"� 3 9  !>(�+ H :(� Jk�9 �(�   !+�(6

 �E ���� �
79  ��(%� �� *�(� 9 !(Lw+     � *�@�9�(I V
(O�
� R(+ ��(6  -(��3��H  �2 ��>(�6 �� .
	
�((�
��� 2�((%�D+ ((�'*� �!6�L-((+  �((%»2�((%D+ L��!((+ �H�((.��# �
((79)«Ontological 

Emergentism( �.� 8
.
�8.  
 !��% *���� !H�
��H-I,-+  �6&H�� Z�.� �%   q�:(7�  3� �(E ! O(&�A�  ,-(�6�   ,-(+-I �2 �

�+���� �% ��
�� �-6�# 	�� �% ��-6�# V�l *�� �� 9 �����O+:�    3� !H���>(&I ���(% 2�(%D+ 
��L!+ �.� ���� �!� ���  �����O+:��  �% ��
���"+�      �� ,-(+-I R(+  *�(��� !H�
��(H 9 �#��

 9�(O�� ?��. ��6��E93�. !��% 3�  �� ?AM7 �% A"l      ,-(+-I �2 ?m
(k9 �� A(��� !(O+:��
!6�L-((+� *�((�' ��((�H�� �� 	
�((�
��� 2�((%+D �((%» !((+��L D+2�((%�((��J� �H�((.��#« 

9(Epistemological Emergentism)�.�  8
.
�10.  
�>>�� ?u��         ��(. 3� ���(=��� ��(J��0 �� !(�	� ��
(k �(E �(.� *+� ������O+:�� ��

!� ��O� �� �
� 	�.� !>k9  :�.� �>.���% �����%      ,����) �"(# *(+� ��(�� ?/(k�9�� �-(�6�  �
 ��� �O�% �-�>�6 ��>>.� 	�E�l 	��� �E -�>��H (�"#!Jk�9 �� -+�% �� ��.   :(P� !H9�
H

 9�rH23� ��"�# ��. �� !+ 9 :P��rH23� ��  ��.�%���R+:�� � ��7   ?��(O�I 	�(M7 !�J+ �
  ��(% �". �% *�+�I �". 3� �!�	� (Upward Causation)     �H�(.��# �
(79 D+2�(% �� .�(.�

��  �E �.� *+� �% ���>��   !+�
(�k :(�H !>�+3 9 !+��"�#  �
�.11   !(� �
(M5  -(�E12   �(E
/k�9 ��� �% ,9;�    ���(% ?��(. �� �(��P� ���% �-#     ��(. �� !+�(6���P� 	�(�� ��
(� 3� �

*�+�I ) -�>�6 :�H ��Downward Causation�O�# �L� �;t� �(    �(�� :(P�  �� !]�� !H9�
H �
    *(+� �(��P� 9 �-�%��>��(.�%  :(�H ����#
6 �-#�% �� ����#
6  �9�
(H     �(L� ����� ��1�(� �(6

V
O�
� �-�%��>��. *�@�9�I 9 �6     O(# ���(% !(>�� ... 9 �6-(�j�� 9 �6A   �9�
(H  ��(�L   9 �(6
�2 ?<�� ��6��E��E �9�
H �-�#�% �6    V
(O�
� �-�%��>��(. �(%  :�H �6   *�@�9�(I 9 �(6   9 �(6

  .-H��� ��1�� ... 9 �6-�j��  
 *���� �!J��0 ?8
��? v-6 �L�-I+,- �6  �*�H�
k ?Z�.� �%-I+,- �6  
�+
6 9�%����   -(#�% ��

 R+:�� �E -#�% *+� �����O+:�� u�� �L� 9DH�� �%���   8�("� 9 �(.� �-I (+,-  �(6   ?8
(�� ��
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 �� <���! ��
�  9"!>�+�%" ?}�l�%   �� ,�(^H2 ���E *���� �����% R+:�� 	
�+
6  9 *�H�
k
 R+ ���� ?h9� ?*�%���H�% A%�k �H�+��L A���� �  !(+��L D+2�% .�.� ��4&�   �� !6�L-(+�

 9 �����O+:��  �% A%�������A ��L!+13  o�4�� 9 �.�-E�68�   ���(% !"M� �+�>H ��(���   �(�� �
  <�(� ?8
�� !��H V;�>.� -�H�� !r+�>H :��92 ��P��� �% �(�"73�     �� !r+�(>H :(�H 9 !"�(#

    ��(.� !("�� !(+��L�tO� h�+WI !�J� �% �D+2�% ?/Q
� o�4�� ��+3 �8
�� �#
H�. ��
�
 M' (!�(�H)V;�>.� �% �-# AF�k �!+��L D+2�% ?/	Q
� o�4�� ?�+�>H 3� ;t�   *�(��� ��(M%
'��

     h�+W(I ��(�J� �(% ��(r�>H *+� 9  �.� R+:�� ?��� 3� !.��# ��+3 9 !"�# 8
�� �� �L
       �(% �(.� !(H;�% N(� �,�
(% R(+:�� 3� !.��# ��+3  9 !"�# 8
�� V;�>.���+ �(6� �

    �(. �� �>(��% ��(k N.�9� �� !���� ��+��L �%�r� �� �2 ?3��% ?V�t� �E 8
�� !&4% 
-l9

# !� �-�>#��.�  

  
 �#�2  

 ?��&>H� 3� A�k"����� !>�+3 8
�� �")Philosophy of Biological Science(     V
(6 -(+
+� ?�(1�
)David Hull �� (1974  ����� !".� ��+�7 �
M5 93 �(�+     �(�� ��(��� � !(.��# �;��(E 

��� m�J&�� .�#�� ���k R+:�� ����� (Scerri & McIntyre, 2008, p. 214).    �(>��� !+�(6���>H�
 h
L �%�!  :-�.�3��+   ?��
(��  �E ��L �?�	� �Z��#�. ?Z��# y�(>E  �(6�"  �(�� ��(���" 

,��"L ,-��E  �% -+�% *+9��� *+� 9 �.�"R+:�� �����"   -(%�+ �(��P� (Griffiths, 2020). ���  ��(�+
 ����� ���% ��>.�� *�"6    -�"�(#  :-(# ���(O� !"�(#   A(E��% �9 �(�� 	v
(���� 9 ��)van 

Brakel�% ( -�H  ��+�7�����   �(�� ��+�7 *+� �E ��L 9 �����I �+�� ��� � 1p(�  -+-(# ��
�%�r� ��L   !"�(# �(�� �% -+�% 9 �.� ��� ����� �� �7
� �
H�E R+:��  9 �.�  !���� !+

.�
# �7
� :�H (Brakel,1999, pp. 111-113) �  9 ��� �r�>H �6���>H� *+�  V�(. �1994   ��(+�7
.��E �
M5 !"�# ����� !".�  

      �� ��(12 *(+� .�(.� D+2�(%  9 A(���� 	��
� ����12 3� !&4% �!"�# ����� 
��
��� ��
�!  �% ��
��>.�9�  :��E �����1 -  *+�  !�E !.��% m
(Q
�  �(6      !"�(# �(E !(&�H ��(�% 9

 (�!   �� -(H�
��2  �(6     :-(#�% �>(#��(Luisi, 2002)(Manafu, 2014) (Early, 2008) (Scerri & 

McIntyre, 2008) (Schummer, 2006)  .,��S 92 -     �� AF�(�� *(+� 
�(�F:7 ?A���� 9 !.��%
 ?8
M�� ?A���� :!"�#"A����"  9"R+:�� �% !"�# ?A����" (van Brakel, 2003) !.��%   /(7��
 -H
�I ��XH !"�6���!+��"�# (Primas, 2004)  (# ��>��.!+��"� (Woolley & Sutcliffe, 2012) 
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�����  �]��� !H9�>O�� D+��2 8
(>H�
E R�H�O� �� !%9��� V9-7 (Scerri, 2011)  �� D+2�(% �
!"�# (Luisi, 2002) .,��S 9  

  !(.��% �� V9� �>.� 3� ���12 ����� *+� �� �� (�!      
��(H��  �(�k �(%  �(E ��(�E)Manafu( �
��	O.� )Scerri( �+�>��E�� 9)McIntyre(  ��(�� �
>.  .�.�  �G(�% 
 �(����   �(.� 
��(H�� � 

(Manafu, 2014)  ���% �% ���� *+� �� 9�,�L-+  *O"� -l �� :�H ���^+� ��6�!   ���(% .�+3���I
 ���2 3� !#��:L�
��F:7 �% �9�9�XH��
�  ��6 ) -�%1 -2) �� (6 -2�F��� ( !� :��6�  

  
1.2  


��H��   �.� -�>J�   !"�(# �(�� *>��(L �XH �� �%�  !(�  ��
(�      �
(Q9 �(% �� A(���� m
(Q
�
»��>&�%« ��E �J����. (Manafu, 2014, p. 34) �% ���>.� �% 9� .�>�L �6   �+�(>�+� R(� 9 ��O.	� �

  ���"6 9(Humphreys, 2008) �! <�
� :-+
L !+��"�# ��"E   ,3�-(H� ����+W(I  �+W(I  �(� 9 
���+Wj&+��32 ���H �% ��9� !.��# 9 ��+3 !.��#  -�>(�6. (Manafu, 2014, p. 34)   9��(��'

):�H(Chibbaro  q��#� *+�� ,��. R+:�� 9 !"�# �E �.� -�>J� (%!     �(J���� �� �(J��0 ��(7
�!  �XH ��
� ,-+-I �' �6 9 -��EI ,-(�K�      �2 ��
(] \�(]
� �-(#�% �(� ����
(#�  .�(.� 

(Chibbaro, Rondoni, & Vulpiani, 2014, p. 37)   
 

2.2  
   9 R(# 3� �(E �.� ���� �� �+:� *+� !"�# ��� -H-�>J� �+�>�+� R� 9 ��O.	� �M�(#  �(6 �

 	�
79"  
�(�l �9�(�H")Vital force(  ��3 �(�+    9 ����(#
6 9 !(.��# ��@(��  �"  	G(�l
!���>��" )Intentionality �E !.��&H�9� �� (�% ?��3 �2  �(6   �� �� !�;O(&� �(J����   9 A(���� �

 *+� �� D+2�%,3
l �6    �(% .�(.� �9� �% ,��92 �
79 �%�� ,-(�  ��2  �(6  !"�(#  �  3� ���(�
���
#� !+�6  �� �M� �E �.�3�       �(.� ��('� �2 �(% ����(#
6 9 *(6o �(�6�� (Scerri & 

McIntyre, 2008, p. 39)   
 

3.2  
���6)Hendry( !�     �(�+3 9 *(6o ��(. *�(% ��%�� �M� -+
L      !(O+:�� ��(. �(% !(.��#

        .�(.� !(O+:�� 9 !"�(# ��(. *�(% �(�%�� 3� ����
(#�(Hendry, 2006, p. 187)   ��(�"6
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)Humphreys!((.��% (  ,��((. �� R((+:�� 9 !"�((# �((�%��   9 *((6o �((�%�� !((.��% 3� �((�
��+3 !� R+:��  �% !.��# @� R+:�� 9 !"�# ��. �� ��+3 -H����
   �
(79 !=4&�  ��6
�% ���� *�+�I �
�.  �� �J���� ,9;� �J���� 	
;O&�  3� ��   9 !(.��&H�9� �
' !l
�. �
�% *6o .�.� �9� (Humphreys, 2008, p. 113)  

  
4.2  

 ���>.� �% 
��H��  3�"��(' �(%)Chalmers ((Chalmers, 1995)       3� !"�(# �(�� �(E �(.� -(�>J�
���
((#� �((J���� �� 9� D�((I ��((6 ��@((�� 9 *((6o � �((% ����((#
6 ?��
((#� � .�((.� �9� 

)Manafu, 2014, p. 34( !� 9�   -�+
H» :�� �% ��� G�% �6� 3+��� ,��%�� � �����A  2�(%+D 9 
*�+�I �% 9� 	���� �� ����� � *6o ���� ,-# ��.� ��� *6o �% �S+� I�K (�,-  �(.� 9  :(P� 

I�K�,- ��+* %��.�! �.� �E �� ��� �>���# ,-# �.� (Manafu, 2014, p. 42)    
 

5.2  
     �� �2 �(E �:(�' �(% ���>.� �% �+�>�+� R� 9 ��O.�"   �
(79 ?���>(�� !^>(�%�9  �H�(.��#  �

R+:�� �% !"�#"!� �     �� R(+:�� �(% !"�(# A���� �-�H�� *+�(>M%  ��
(�   �(J���� �� �9�(E  �
��@�� ����� �� A���� �  ��� �!� .-�H�� (Scerri & McIntyre, 2008, p. 27)    -(�>J� :(�H 
��H��

!"�# �E �.� !"�� �.� �E �% !�
H R+�:H �� �% R+:�� �.� 9 *+��%��% ����� » *�(�9� «9 
»*+�>M% «n�-=� A���� R+ ,3
l �% R+ ,3
l � �^+� �.� .(Manafu, 2014, p. 34)     

 

6.2  
�J���� �� !"�# ��� 	��"6� 	��
� ��     ��(�+
� �D+2�(% m
(Q
� �)isiuL(    �(.� -(�>J�

,-+-I 3� ���+3 ?�+��=�        D+2�(% ?�(�r� !"�(# 9 ���� �
(79 !"�(# �� ,-(# D+2�% ��6
.�.� (Luisi, 2002) �k;� ���% �E �.� -�>J� 
��H��   �(J���� �(% ��-��    �D+2�(% m
(Q
� �

!% !"�# ?��� !� �6��� ,��. V�t� ��"# �7
� 9 *+�>M% !"�# ?��� :�H 9 -�E V�t� *+��   �� �(6
,-+-I 	��
� �� !� �F��� ,-# D+2�% � .-6� (Manafu, 2014, p. 39) 

� ������� ?V
0 �� .�+��� n
� ��6-�% �% !�����>H    �(M�� �8;(E ?y�(�0� 3� ���L
�7 ���%  �
.��6� !� m�7�� n
� ��6-�% ,��"# �%  
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 �#�3  

1.3  
	� ���� �  �C�GH >0"I .� ,��9 : �G1G� ,@ K �  LM�*� �G1G� A1 , �N 
1O�  

1.1.3  

�% ���% ���%�k ���.9 V-� �         �('�
� !(J"7 ��(>�� �;t(� �-(#�% �>(#�� �� !(Q�+� ��(6   ��(6
���l ��6)feedback loop( ���
�3�% ��+3 �� !.��#14      �(J���� �� �(6 A(	�2 9 �(MH� ?���
(��

.�.� ���E V-� A%�k ,��S9 Z�
% �� ���L ����J� ��6��>�� �!>�J"7 R�>	H�  

2.1.3  

H R+ �� �-H�r�L ���%�k   !(�"# �(�
X�� 
����. 
�E�l �;t�  .-#�% �>#�� �� !"�� �+�X
A%�k �+�XH �% ���%        ���+W(I �(�"E 3� �(�J� *(+� �� .�(.� !��
(�H R�H�O� 9 8�� ����H ��6

    !+�(�J� �(% �(+�XH �!.��# ��+3 �� ��+3 -H
# !� ��-"�k �+WI�H ��"E !>�+3 ��6 ,-+-I
.���-H �
79 �+��� {��. R+:�� �� �E  

�%�� ��6-1 -2 �3 -2  94 -2   �(�"E 3� 89� ��(�J�  ) ��+W(I2 -9 -2   �(.�  ,-(#o�4�� (
 !�J+ �J���� ,-# u�� � D+2�% 9  ��� �� A���� ,��
"6 ��  ��(�J� 89� 3�  �(�"E  ��+W(I 

��J� �-�I      � �(K+�� 3� �(M�� �D+2�(% 9 A(���� � ��@�� �E �
# !� }7
� ��� *+� .-�E !�
 .�
# �>�+�^H !"�# 9 R+:�� 8
��     ,-(+-I !(��% �(J���� 9 �3�(.
^�� �/(k�9 �� ���   ��(6

��+3 �� ,-# D+2�% ��"E 3� V9� ���J� �� !.��# )��+WI1 -9 -2 !(� 8�rH� (    !(O+ .�
(#
�3�.
^�� *+� ��6��:%� 3�       �(% �(E �(.� !�
�(. ��(���
�� !(Q�+� ��M�-� ��6   �� �2 V�("7�

!� !��J� .���E 

V-� ��6 !Q�+�  �% 8
.
�!� !�
�. �����
��   ���(.9 -(�H�
� ��    �(J���� ���(%  ?m
(Q
�
 9 A����D+2�%  8
�� ��  .-�#�% *+�V-� �6  ��!� ��
�  �(��L �XH �� ,��. ����% ��M7 R+. 
 *((+� �����((M7 ?A((]� 9 �((.� �>((��L �((|� 9 ��((�3 ���J((Q
(Locality) �((��7
�  9 

(Determinism) �.� ���k�%.  ,��� �  �� ��M7 *+��+��2 !+�6  A�O&�!� -�6�   �(E   8�-(E�6 �(%
V
�. !� ��+
L. AO#)1(  *+��+��2 �6 !� -�H�
�  ���R+ 9� �    �>(&�% ��(J%� �+  -H
(# \(+�J� .

V
�. �6 ���%� ���l ��6 ���� �
79 ��9-�� .!��:>H� ��M7 *+� *�H�
k�   *�(�J� !(�  -(��E 
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 ���P� �E���l ��6 V
�. �6  �H
^' 3� !J%�(� ���   ��(�3 9  �(��l   �(��9�  �2 
�(.V  �(6  9
V
�. ��6  ���P� �9�r� -�E. ���% �6 V
�. !�  ��
(� 9�  �(��l  *(#9� 9  h
��(� ��  �(XH 
���L  .�"# ��32+- �6 H
H�k! ��%� �+* ��M7 /Q9 �E�-   :�;t�  

$ -�#�% *#9� V
�. R+ �9�r� V
�. �. �+ 9� �L��    !k�(% *(#9� V
�. �2  9 -(H�"% 

�
] *+� ��S ���  h
��� V
�..�
#  

$ !��
]�� �E      �2 �(��l �-(#�% *(#9� h
��(� V
�. R+ �9�r� V
�. �. Ak�-l
 ���P� *#9� �% h
��� 3� V
�.-�E. 

 

�P+ 1   L-�
Q
N K	���' ;�9���9� &G� A1 	���. &�R9 .�(Rendell, 2016, p. 7)  

!+�6
^�� � V-� !H��3 V
�� ��  AO#!� ���L ���% �!��%  3����l ��6 ���9� V
�.   ��(6
!� �-�I ����� �6
^�� !H��3 V
�� 9 -�E   ���(%  ��(^+� !(��%  -(J%     *�(% 3� !6�(�
E 
-(� 3�

!�  �� ?��M7 9 �9�"h
���" !� �
# . �(�%�� �      9 �(��9� V�(l *�(% !(=4&� �(��l  ��(6 
2+,-�  � ?V
��  �F���  V-� ��.� ,-&H  ���+3 ������%  ���(.9 �   ��(6��:%� ,-(�K�I �   !(Q�+�

-�>#�� !J. -H�
% ��
��H !�9 -��E ���k�% �� ��%�� *+�  �(�l�� �� �O�+� ?*>�H�� 	,�� �M��  :    �
n ?8���l�� �� V-� !H��3 V
�� ��#�� ��6�
� !+
^�� �' �V
��  � n8�   .�.�  

V-� *+�  ��6  V
]� 9 *�H�
k,��. �� -H���  !�9� V�l�% D�I !��%   �� ,-(�2 -+-I ��6
^��
 !H��3 V
���2 �6  .�.� *O"���S ���+��� *+� �O�+�D�I !��%  ��+W(I�H  �(��J�  �H�(.��#15   �(+

!.�.�16 �.� ��^+� m
Q
� �.�  ���AO# L��      R(+ 39�(% n�-(=� �!+�(6
^�� *�(�' �
9+Lw.�.� ,-# D+2�% !  /k�9��» !>l���H�% �6!+  �%,��.  �(�+*     ��(6��>�� �*(O"� *�H�
(k
I�K�,- ��  39�% �
� 3��! -�6�  ...   !(>l !(=4# �L� ,��(.  �(�+*  ?AO(#    �(XH �� �� �
H�(k

 ����^%���+��� S�*O"��      !(�E ��(6��>�� ��
(� �� �:(�' -(H�
>% �.� ] V-(� [  -(6� �(F���.« 
(Clayton, 2004, p. 70) AO# ��6
^�� �>��L  ��!�
�. �����
���   9 -�>(�6 ,-# D+2�%  �(L�

��+�+Wj% �� A���� 9 D+2�% ��
% /"r�� /H�� ���J�17 �! ��
�  ��L�2 �6 S� A(%�k� ��� (�A   :(�H
-�>�6  3� ��+3!Lw+9 �:7� ��6  *�H�
k 9�9��� � -�>��H z�>�>.� A%�k ���H�%  .  

  :!�
�. �����
�� ?V-� �% ��%�� �� �>OH -�' ���  
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1 -3 V-� �% �!�
�. �����
�� ��6 ��
� ���.9 �
� �J���� ���% ��   9 D+2�(% m
Q
� �
 8�"�  9 -�>�6 A�����+:� ���% ��6  	-(�% �� ,-#1 -2 �(% ��      *(+� �-�>(�6 ���� �>(&�% �}(����

V-� ,���I :�H WS�E ��% R+ �9� !>l �6 !� �3�. !-H
# 

2 -3  �� !�
�. �����
��V-� 3�. �-I+,- �6�H���. 	R+:�� 3� !J��0 8
�� �   ,-(�K�I ��6
�J���� �� �H���.  � ��� ��%��E ��^'�
� !J"7 ?��>�� ?��XH !>�+3 ��6.� 

3 -3 �J���� ���%  ?���� �% �3��H ,��
"6 �A���� 9 D+2�% m
Q
� �"��"E  ��+W(I"  ��
)�2 ?89� ���J�2 -9 -2   �(�"E 3� V9� ��(�J� �� �(J���� *+� !6�L �O�% ����H (    :(�H ��+W(I
  .�.� *O"� 

 

 �#�4   

 ��5 -2�
79 ���>�� !^>�%�9 � �H�.��#   �(% !"�(# 9 R+:�� �� �J������
� q��#� �   ��
(��
���F��� !��  ?A���� �O�+� �% ,-#"R+:�� �% !"�#"     ,3
(l R(+ A(���� n�-=� *+�>M% 9 *��9�

 3� �
X�� .�.� �^+� ,3
l �%",3
l"    9 !"�(# �R(+:�� ?8
(�� �� �J������
� q��#�  ?3�� �
��+3   .�.� ,�
4��� �2 *��J� 9 �M�� 3�� *+� 	�9-l �>��� . �.� !.��#  

 
��H��!� :-+
L » !"�� !"�# �E �.��% !�
H R+�:H  �(�     9 �(.� R(+:�� �(% �(%  !�
(H 
 �����»*��9� « 9»*+�>M% « V�t� A����  R+  ,3
l) �+  �(.� (A(���� 8-� «(Manafu, 2014, p. 

34)  !� �j.  :-+
L» !��%   �� R(+:�� �(% !"�# A���� �(%  ��
(��      A(���� !�
(H V�(t� R(+
!� -�H��)«��"6 �79 ( �% ���>.� �% R+ ,�+�� v��J"�� ����� 9 ?A�-� » A(����« �2  (�!  -(+�:��: 

» ,-((#�����((.� �((E  A((����]*>��((+ [!"�((# �((% �R((+:�� R((+ V�((t� ���-H�>((.� 3� A((���� 
 �(.�«(Manafu, 2014, p. 34)   �j(. A(�H  �
(k! 3�  Z�("+�I (Primas)   �(Eo (�!    :�(E -(�E

»	
��
��� !���� �� ��
� A����  ,-#�I�.� 3� 
;"M�«(Manafu, 2014, p. 34)  (.��O�  9
� R� :�H �+�>�+ ^>�%�9 �% ���>.� �%! �>��?�� �
79 �H�.��# � #!"� � �%�R+:� ���A�  (#!"� 

� �%R+:� �>M% ��*+ ��
� �9�E  �� �(J���� �  ��@(�� � ��� A(�  �� ��(��� �   �(�� !(�  -(�H�� .
)Scerri & McIntyre, 2008, p. 215  (  

 �E �����
�A"M� ��%! �6!+     A(���� !6�(L ,-(# G(��%       V�(t� R(+ �� R(+:�� �(% !"�(#
»���-H�>.� « ��-"�k A���� m
k9 3�-��E � ���  ���E ��"L-+�% ��' �(% » *�(�9�«  9» *(#9�  *+�(�« 

 V�t�  3� 	\]9 ~��>�6 �7�
� ,3
l R+ �% ,3
l R+ A����"*��9�"    ?3�(� *�(�J� �% �>�%�9
   (M�% �*O"��(�S  �2 ?*�(�J� �� �XH �% �E �.� R+:�� 9 !"�# *�% �4&�  �(H
L�6 9  ,�
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 	\]9 	��
� �� ��� .�.� !6�
4��� �-�%3��"*#9� *+��"    !"�(# A(���� �+�+Wj% -+�% ��'
          ?<�
(� ��+W(I D+�(�32 9 ��+W(I ,3�-(H� ~�(.� A(���� 3� V�(t� *+�(� *#9� R+:�� �%

 �� �E !+��"�#1 -2  �% �
# !� G��% -# ,��#� �2 �%"*+�� *#9�"     �(7�
� A(���� 3� V�(t�
��' ~��#�% ~���OH ��-"�k D+2�% 9 A���� 3� V�t� *+�� ,��. �� !�
�. �����
�� ��6
^��  

 �% ?��
�� !O+ D��' 3� �6� ID� ��� ��
� �� 9�A�  (#!"�  � �(%    ?z�>�>(.� ?8-(� �R(+:�
)
F�(((((��2 ?V
(((((]�Afbau(18 �
F�(((((I ��(((((0 �!19 )Pauli Exclusion Principle( �

�H����20)Madelung(  -H
6 921)Hund V
]� 3� ( �(% �8
>H�
E R�H�O�      �(F��� A(��� ��
(��
!� .�
# (Scerri, 1991) (Scerri, 2011) (Scerri, 2012) (Manafu, 2014)   *�(�J� �� V
]� *+�

.-H��� D�H !%9��� V9-7 �]��� !H9�>O�� D+��2 �XH �L��+ �  V
(]� �2 9 8
>H�
E   z�>�>(.�
 �% �� ,-&H�∗ 9 �XH�+ � � n���� �9-% 8
>H�
E*+ 
]��� V   �(% �	   ���(6� ��(&H  ��� ��(' ?A(� 

�∗ �%� R+ ?V�t� *#9� 9 �Q�9 ��� ��
� ��-#��H A���� 8-� �+ A�~     �0�(� *(+� �(% Ak�-l
   ���(% ���(^+� 9 
��H�� �E !+�+�:� 8�"� 9 �.� �+WI ��"E ��k� �
0 �% ��@�� �r�+� ��  �E

   6-(�%�� �(E ����
(� �L� .���� �
79 �r�+� -H��"# !� �% !"�# ��1 -2   �(�4 -2 �(%   ��
(��
 �(J���� ���% !"�# �� z�-�� ��+�:�   ��(�% A(���� �        ���
(� *(+� �(+2 ��+�(�^% �(XH �� ,-(#

�% �+�0         ��^H�(.
H !+�����(H �(% !(+���� ��(>�� 3� ��W(L ~�(��H ���k�% R+:�� 	��
� �� !�9�
      ,-(# D+2�(% 9 �+W(I�H A(���� � ,-(+-I R+ 3� !k�-=�    .�(.� ,-(# !(��J�)Rueger & 

McGivern, 2010, pp. 217-232(      *+�(� ,��(. 9 *+�(� *(#9� �%  �r�+� �� ��#��H !�-� ��'
 ~��>�6 �7�
� A���� 3� V�t�2�+  D��('         ?V
(]� 3�  �2 -(�H�� 9 
F�(��2 ?V
(]� ?z�>�>(.� ?8-(�

R�H�O� ��
Q
�  N�� 8
>H�
E �� ��?*��  9!Lw+ ��6 %9��� V9-7! ���� �
79  	��(0 A]� ~ 
�
F�I! ,��
H�� ��
� �� �  ����
� �6  �.� ���k�%  �9�>O�� 9!O+ � 3� *(+ ��� �
(�  �(6   .�(.�

  ���� ��"6� !%9��� V9-7 *���� �� ��0 ?A]� �L� �% �+�0     �(�"6� ���(��% R(+:�� �� !�9�
�"6 �� 8
>H�
E 	R�H�O� V
]� 3� �2 z�>�>.� 8-� ?D��' 9 ����   ,-(�O�� �+�. R+:�� ��7 �

.�.�22 ?�XH �%  )�O�+� ���% ���5 -2A%�k (   !>(�+�%  �-(#�% h�+WI   R(+:��»    �(% �(>��+ A(����
R+:��«  �+�XH �E  �.� *+� �
X�� .-#�%    �(+�XH �(E -(#�% �
7
� R+:�� �� /��7 ��   ��(6

�+�XH *��' �+2 .-�#�% �>��+ A���� �2 �% �^+�  ~���� �
79 ��  �+2�+�XH ��     /��(7 �(E �(+���
�H�O� 9 !>���H R�H�O�    8
(>H�
E R(�H�O� 9 !>��(�H R�H�O� *�% ��%�� �+2 ~-#�% 8
>H�
E R

�Q�9 �.� *#9� 9   ~�(.� �(>��+ A���� ����2 R����+�
��� �% R�.;E R����+�
��� �+2 ~
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 ~�.� �>��+ A���� !7
� 	R�>I� �% !.-�6 R�>I� �+2 �� 9R+ 8;E »     R(+:�� �(% R(+:�� �(+2
~�.� �>��+ A����«.23    

  
�#�5  

 �% \��6 -2 A�H �Eo �% 
��H�� �  !�
k �9�% 3�)Broad(���+
��)Luisi ( A(�� 9)Mill(   -(�>J�
!% !"�# ?��� �E  �.� �7
�  9 ��"# V�t� *+��    !(� �(F��� D+2�(% �� �� �6  -(6� .(Manafu, 

2014, p. 39) !�  �2 3� !H���>&I ���% �j.  :-+
L»      ���(% �!>�(. ��(+��L D+2�(% �(tE� ���%
 ��+��L D+��% V�t�!���^H� D+2�% }>O�24)�British emergentists V�(t� (  ��(6   3� ���%��(E

 -�>(�6 !+��"�# 
���E�� �D+2�%« (Manafu, 2014, p. 39)       A(�� �(% m�(7�� �(% �j(.(Mill) 
�! 
L (+-» :       V�(t� �� �(� 
���
(. !(%2 �(H� A(�� !(�  -(H3     �(H� }(�E�� A(]�l �(E 

 R+�
��
.-�.� 9� �� -��E� 9 (v��#)H (,��.) !>���5���«(Manafu, 2014, p. 39)    �(% �j.
�����F
� �% m�7�� (Luisi, 2002) !�  -+
L" �(.� D+2�% ��r� !"�#".(Manafu, 2014, p. 

39)   !"�(# �� *�+�(I �% 9� ���� 	�
79 ?��O�� 	��
� �� 
��H��   �(% �(>�L  3� ��  �(�6�   ,��(#�
!� -�E ���6 .�! 
L+-   )!�
(O�
� !H
(>��"6 ��Molecular Hamiltonian( �   ��>��(. 3� ��(1�

 !+��"�# !("H  ��(��%    ��
(% }(+��� *(+� 9 -  �"+�(M�I� (Born- Oppenheimer Approximation) 
 A�"�� V
O�
� �% �� ��>��. *+� �E �.�!� -�E   ��(�6 ��(%3 3� 
��H�� � !(�  -(+
L: »  �2 �(�

] ��>��(.  V
(O�
� �� [ �(%  
�
(] » !>(.� « ���9 !(�  ��(�E« (Manafu, 2014, p. 41)   �j(. 
!�  :-+�:��» R+ ��:7� �E !H�:�� �� �E �.� !�-� ���6�H���.  ?A(E N.
� �2  �H���(.  ��1p(� 
!� -H�+WI?��>�� R+ �� ,-# D+2�% ��>�� *+� -+�% � !�	� ��
k �����     ��(�6 ���(% .��(E !���
*+� R+  3� V�t�*�+�I �% 9� ���� .��« (Manafu, 2014, p. 41)  

�% �XH �� ��6 8�-E 3� *+� .�V�-> �6  !���� /H�k ,-��E ���% ���-�  ) �� z�-(��6 -2(  �(E 
"?��� !"�# *+�>M% 9 �7
� *+�� V�t� �6 �� �� 	��
� ,-+-I �  D+2�(%  ,-(#  �(F���  !(�  -(6�" 

�6��� !"H :��+3 -�E  
!% �9�l !"�# ?��� �O�+� ,-+-I ���% V�t� ��"#      �(Q�9 ��(�� �(.� ,-(# D+2�% ��6

.�.� (Luisi, 2002, p. 183)   !(� �0�(� !L�
.2 �%       
��(]
=� �(E ��(#�% !�-(� ��H�
(�
��E��3� !+��"�# 	
� V
O�
� ,��. ��6 �� ��XH ��        �(#�� �(� ��:(�% 9 ��(>� �*%�(E -�(�E�

V
O�
�  �*�%
�L
�� 9 *�%
�L
"6 ��XH !��@�9�I ��6    .-�>(�6 ,-(# D+2�(% !(^"6 (Luisi, 

2002)   	v�]9� 	��
� ��"�7
� 9 *+�>M% 9 ,��. �*+�" ~�.� ,-# !��->.� �'  
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��� �XH �%   ��(��F
� 9 
��H�� �(%  
�
(]  !�"(Q  ���>(.�   �(%    !��(��E�� �9:(��39� ��-(J�
 9 !+��"�# �H��. �O�+��
���� �6  :>�. -+-7 }�E��!� !� �
#   !(� 9 -(��E  :-(�+
L »  !"�(#

�.� D+2�% 3� !"�r� « ����J�k  *+� �%�>�L �6    3� ��(#�. !"�(# ���>�6 V-"6 V�(t�  !+�(6 
 �XH �% �E �.�»,-# D+2�%«   �E�(. �J0 ���# �H 9 �.� *+��# y�. 
�>.� �J0 .-�>�6

�.� y�. �J0 ���# �H 9 . 9 R+:�� �� �����+3 !.��# :�H 	���
� �%  3� ���+3 ,-(+-I  ��(6 
 �% �� R+:�� �� .��>�6 �7�
� ,-# D+2�%,-+-I !+�6     D+2�(% �+��(=� 3� �(E ��>�6 �7�
�

 ��-"�k ,-#,-# ,-+-I .-H� !+�6   �V�6 !�
>H�
E �1� �!+�H�.� -�H���H�.��%�   *(+�  9 ,�(�S 9 !+
V�t�   !(� ,�
(4�� -l �� �� �6   ��� D+�:(�� ��
(� (Clayton, 2004, p. 67)     �(E ��(E V�->(.� 9

"�.� D+2�% ��r� R+:��"��+3 �� .  ��(>�� ��6
^�� !.��#     ��(>�� ���(^'�
� !(J"7
����I
@�E ��69��   (Coleoptera) ��>E�%  }(��2 9 �6       �+��(=� 3� �(^+� V�(t� ����(�% 9 �(6

 �E ��#��H !�-� ��' V�l �-�>�6 D+2�%"��+3   �(.� D+2�(% ��r� !.��#" �(% ~   -(�H��
��+3  Z��#)-��K�9�Rothschild�E ( ��+3 �� �.� !�-� V�t� !.��#   ,-(+-I ��(6   ��(6

+2�%!% ,-# D  ,3
(l 3� �>&�% 9 ��"#   ��(6    �(.� 8
(�� �(^+�(Rothschild, 2006, p. 152)   !(% 9

��+3 �� D+2�% 3� ,
���% V�t� �+�MH  .�+��� !.��# (Rothschild, 2006, p. 158) 

�F��� !���� �' ��� +Wj% �E ,-#V�t� �+�  �!H�9��� �% ,9;� �!"�# �� D+2�% ��6"  *+�(>M%
�7
� 9 *+��" :�H �% ~-�>�6  �%  �7
� �% ��� .��6 �+�] �
01 -2 !� :��L ��
�  

1 -5   !+�rH23� ��+3 �% ���H !+��"�# ?<�
� �E ��9� 9 !.��#    �+W(I !("E !(.��# 
,3�-H� ��� �+WI !� -�>�6 ���+Wj&+��32 9 ��  �E ��L ��
��J���� �2 � ,��. �6    *+�(>M% 9 *+��
�7
� 9 V�t� *+�� !� �6��� �� D+2�% 9 A���� ��6   .-�>�6 .��92 

  �� 
��(H�� � �>�L �% �7
� �% �E 8��� �� !H��^H *+� ��� ,-&H �Eo V�->.� *+� �'�L�1 -
2 �% !�"Q !#�I �1 -5    
��(H�� ���-(� �% !���� 
�
=�+� ��S �� �
' -#�% �>��L 
�
]

 �O�+� �% !���"-MH !� ���>�� �� �� �MH2 *+�� �7
� 9 �M��t� *+�>M% !"�# ���"    ,-(&H �(F���
 �E �.� *+� h� �r�>H 
��H�� ��6 V�->.� 8�"� 9 �.�"    � ��@(�� �(% -(+�% !"�# ��� ��

��E �7
� D+2�% 9 A����" .�����
� �2 �% :�H �� 9 !M+-%  ;��E }��� *+�  
 �% �� ?*5 *+� �>��� �� �E 9����' � �>�L �% �7
�1 -2      !(� �(+
�� ���>(#�� ,��(#� �2 �%

����P� �� ?�XH �%  �
�
] �6 �%  .�
#  V�->.� �� ��1 -5      �(���� �� �� �2 �(E �(.� �(>�MH
 ?8
M�� ��
� �� ��-k �.� 83� ��� .��E ��6�
� �+�&�"!L-�K�I" .��H�-%  

  



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   111 

 �#�6  

2�% 	
��
��� �� �D+>�6�% !6�L !  ��.�+� !O�E  ��%��H �+ �+�  !(� A�t"�    �V9� �(�I ��
(#
3�  �% 
��o����� �-J% ��I V
O�
�  3� V
O�
� �#�� 9 �6 �6 9  !��@�9�I �  �(�I    �-(J% 3�
����H�L��9�O� !� A�O&� ,-H3 	
��
7
� 9 �6 ��I .�
#  ��%��H *+� ��6     �(% ��(% �(% *�+�I 3�

}���� �J������
� �  ?8
���R+:� # �"�! 3 9��+  !.��#�.�   ���(% �(% �E�l 	-H9��� .
!� �-�I D+�:�� !L-�K�I ���%��H *+� .-�E  

,��9-��E �r�+� �� �M� �"!L-�K�I"      8
(M�� A(%��� �� �� 8
(M�� *(+� 3��H -l ��  .�.�
�I 8
M�� 9 !L��. !� .���E !� A���� !+�:7�    R(+ 3� !(��@�9�I V
O�
� �#�� R+ ��+
L
 -�H�� ,��. V
O�
�,-�K�I ��>�       ��>(&�% ��:(7� ��-(J� ����� !(�9� �(E ��J� *+� �% �.� ��

!� �� !L-�K�I 3� ��J� *+� .�.� !�9� �% ���H ��
�� ��
� �
79 ��     �(' �(�H�� �H�(.��#
�
79  	,�^>.�  �% �7
� �% �O�+�  �H�(.��#    !H
(�E !("�� � -      -(�H�� !���
(7
� �9�(l �(E
 �.� ,��S 9 �
�9�I 9 �9�>O�� -  �Ol!�     ��(>� V
(O�
� 3� !(��@�9�I V
O�
� �#�� ���E

�I �I �&�"6 .�.� �� �:7�  R(� �
7
� R+ ����H !L-�K�I �% v���� !+�:7�   3� �� !�
�(.
R+ ,-�K�I ��. �>4� !� �� R�  *+� .��H��     ����� D�(E �(J��0 �(% ��>&�% ���H� �% �!�
�.

  (#� 3� ���(� �-�99��3 9 ����
%�>� ��E�l 	-�H�� !+��H�    ��(�H� �I.,�(�S 9 !>(�+:"6 �*"
!� �-�I ��"6� N��� �% !# ?D�E   !(# !L-�K�I ��:�� �� :�H !# ��:7� 	������ ���H� .-�E

R+ �� .���� ��"6� �O�# �% ���. �>4�       �� �2 3� !(&4% �(L� 9 ��>(�6 9�(%9� �(M�H�E 3� ��
 3� ��. ����E �-7"��."     (7� �!�
�(. R(� �
(7
� R+ �� .�
&�"H Nk�. ��
% ����� �:

\+�J� !�+�59 ���59 ��-�E
>�� ;t� �-�>�6 ,-#     ,��
(+� ����� ,-(M� �(% �� ���H� -��
� �
      V
�(. !(���� N�(�� ���-(+�I G(��% 9 ,��E �-7 �9��% 3� �� V
�. !���� ��|� !�
�.

��O�� ���% !� ,��S 9 !"���
%�>� ��6 D�E�9 �-# �+WI  �
(79 !L-�K�I 8
M�� �I  .�
# 
 �% �H�.��# :�.� N���� �^+� ?8
M�� �.1 - �I !# !+�:7�  q2 -   !(# q�:7� ������ ���H�3 - 

  !(� !L-(�K�I ��6�
>E�� �� ���
� *+� . N��� �% �:7� 3� AO&>� !# ?D�E ���H�    �(% .����(H
�H�.��# �
79 !L-�K�I �y��l *+�  �y2 V
(O�
� R+ 3� D�% }��2 R+ �25    ��(+3 �(.�

�>&�% ��:7� ��-J� 9 m�
H� !�9������� �      N�(�� �(% ��>(&�% ��(�H� �% 9 �:7� *�% �>&�% ��6
.���� D�E  

 �(�
�� �� !L��. 9 !L-�K�I 3� !6�L  �(��J� �    !(� ���(] �H�(.��#    �(r�+� �� .�
(#
!� R+�:H ���
#� ���J� �% !L-�K�I    R(+ ?A�(=�� �% ��%�� �� ���J� *+� �� ���
#� .�
#



112   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

��+:6 9 v-6 !� v�] ,�� *+� �� �E !+�6 �
#   R(+ ?Al �% �-�.� !6�L v-6 *+� ��.�
,3�-H� �+ !6�^&+��32 	,�^>.� R+ 	���. !6�L 9 ����J�      .�(.�  �(�"E R(+ !(�"� ���L

D�I �R�H�O� ?��� �� �;t� :�.� ��XH !6�L ���
#�      �(%  �>(�%�9 !6�(L �(�"E R+ !��%
����J� Al  �% �>�%�9 !6�L 9 !�� A��H���+�  ����J� R+ Al .� !����S ��  A(l  �E �

 ,��(. ���
"� !�9� 3� !�9�   �(E 9 �(�  �(�+:6         �;t(� :�(.� !(�"� !6�(L ���
(#� .�(.� �(�
,3�-H� ��� 	-H
�I ?V
0 ���L ,3�-H� 3� ����
#� !�% V�>�+�E R+ ��6      *�(�3 R(+ ?V
(0 ��(�L

,�^>.� 3� ,���>.�  �% 8:�� !�9� �� ��+3 �.�  V���
� R��O� 9 �6     ?h��(I -(�H�� �>��(&�I ��6
�I!��l�� ��>�6 �O+�
� ���
#� *��' !�9� �� �E   `(.�I ���
#� !6�L ��+��-H {��. ��

    3� D(.�I �(% `(.�I ���
#� :�.� �>�%�9 :�H D.�I 	���� �% �!# R+ 	��
� �� !&.�I �%
 ��
� �� !&.�I �% `.�I ���
#� 3� ��
�9�I R+ ?��O�:r�+� WI+�   ��:(7� �% �
�9�I ��
%

�����% �>&�% ���  �.� !�9� �� ��+3���">l� ,���2      83� !(.�.� 	���-(� �(%� 	R(k��� R+ �3�.
 R+ 	���. �!�9� �� 9 �.� `.�I ���% y�>(#  ,-(�6�     ��(�J�  �� !L-(�K�I ��:(�� �(I .

���J� �H�.��#   �
(79 !L-(�K�I �% �O�+� �% ���|� ����� ! 	̂>�% :�H �� ?D.�I 	���� �% ��2 � 
��@�� 3� �WL �}��� *+� -6�# ���� !^>�% :�H !# �H�.��#   �(�7 �. ��@�� �% ��7 9� �

��@�� ��.�  R�.;E R�H�O� ��     ��@(�� �(�� �(.� !(����� Al ����� ��7 9� �   �(. �
  ���% !�E �
0 �%) .���-H !����� Al ��7	 ≥ 3  �E �		   A(l ��@�� ��.� 8��7� ��-J�

   �+-(�>J� �(� (���-H !�����  !L-(�K�I �(��J�   �H�(.��#)Epistemological Complexity(  ��
�J����  ?��P>� 9� �% Ak�-l �.� !J%�� �!# R+ �"�
79 !L-�K�I  �H�(.��#" )Ontological 

Complexity(  9 !#"�� D.�I"        ) !(.�.� V�O(#� *(� �(XH �(% .!(# �2 	��
(� ��1 -5 � (
����k�% ��%�� ���J� !L-�K�I *�% ���>�� �� H�.��#�
79 !L-�K�I 9 �  �(.� �H�.��#   �(% 

*+� ��J� �E  !L-�K�I  !(.��#�
79  ��>(&�%  !L-(�K�I  �(��J�  �H�(.��# �  �>(&�% ��   �(r�>H
!� !� !J. ������ �� .-6�   .��E *���� 8
�� 3� �-6�
# �Eo �% ��  �+��-� ��E  

,��J>.� -H9��� ��+��^% �XH �� �� ��%��H �  �E�l �2 3� ��
J] �� !L-�K�I �   ��(�J�
�
79 �H�.��#  �2 � �:��D+ I�-� !� -�E. �I ��*�+ *+�� ��I � �*+ �% 
��o ���%��H ���(�   ���(k

��I �� .-H��� � -J%� ?m�">7� 3� �% 
��o����  V
(O�
� 9 �]��� �  �(6�  (#!+��"�    �
(79 �(%
�! -�+2"6 �% .*� ���}� �� ��I ��-J% ��6  �#��V
O�
� �6� 3!>�+ .� -�H����6-� �2 ��(�� 

@�9�I*� ��6 ���H�L��9�O��  ... 9 ��L-(H:� 9 ����-H�>�I ��6  �(E�l�� .  ��
J(]   ��(% �(%� 
»��%��H« � �%�:��D+ �6�
>E��� I.��>�6 �7�
� !L-�K�  



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   113 

����P� ���� V�->.� �� �>�MH �  	-�% �� ,-#1 -5 !�+
(�� ����k�%  �  �(�%��   ���>(�� ��
 !L-�K�I D+�:�� *�%�
79 �H�.��# %��H �� !L-�K�I D+�:�� 9 �J��0 �� �(��J�  �H�(.��# 

!� �r�>H ����P� *+� .�.� !"�� ����J� �� :-6�  
���J� !L-�K�I �J����  �� �H�.��# !# � ��I �� �� q     !(��� � ��(%��H 8��(M' 9 8
. �

!# 3� �>&�% ��I �� �� q ���>.� �% !�J+ .�.� 89�  � �% ,�^+�7 *�+�I ,��  q��(#�  �(J������
� 
�� ?���  !"�# ���H �% q��#� �J������
� ��  8
(��  �(�+3  !(.��# 9 ��9�  �!(.��#  �(r�>H 

!� �>��L �
#  �E  !L-(�K�I  �(��J�  �H�(.��# ��  ?�(��  �!"�(#  �(>"E 3�  �(�+3  !(.��# 9 
��9� !.��# �.�.        �� �>(&�% ��
M(. �(% �(.� v���(� ��(>"E !.��# ���J� !L ,-�K�I

� �6 9 D+2�% 9 A���� ��@�� � �J����  .�^+� !"�� � ��@�  

 

 �P+1  :L�N�* ; #-��0� N0B �0S0QG	  �T� L��'��+ � �0S0QG	 >�
�� L��'��+  

 �
((79 !L-((�K�I *�((% �((�%�� �((E �((.� *((+� �((� ?*4((. ?8�(("�  !L-((�K�I 9 �H�((.��#
���J� �%  .���H !�� 9 �.���. �H�.��# ��
��  V�t�u�� �E�- �! 6�
��-  ?��(>��   !(J"7

�% �� ��^'�
� ��@�� ��
�� ��+3  �� �� !.��# .��%!     ?��(>�� �(+2 ��H�-(% ��6�
� !� .���E
      .�(.� ,-(# D+2�(% �� ,-(+-I �+ �.�  A���� A%�k �MH2 �����H� ��>��  �% ��^'�
� !J"7

�J���� � �6��>��� J"7 !
��
7
� �% V-� 3�.� �6��>��� ���� �2 �6 �%  �(���
���  �
�(.! 
*O"� �.� .V�l u�� �E�-  ��H�-% ��6�
� !�     �(% A(���� ��
(� !� �� �
�9�I ?<�
� �+2

   �D(.�I *(+� �(% `.�I ���% ~��� �2 � ,-H3�. 
��o <�
�  ,9;(�  �(%  �(6��E�  �(XH�� 
�% ���L��E y�># ,-�6� �6� V
S I��O �.� 3��H� ��� ��%  �(%  (]
��� �  ��(.;�  ��(� �  �(J����  
����A 9 2�%+D �� ,3
l � 3+�� .��#! �% }���� ����
#� 3� �J���� � � (+* 9�  m
(Q
� �� 



114   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

,3
l ��:+R �%���� �.� .�O� �! ��E Wj%+�+- �E ��
#�� �6� ���. y�>#  ,-(�6�  (�%��� 
%��>& 3� 3�.
^��� ��>�� ��^'�
� ��  !�
�(. �����
��  -(#�%!     *�(% �(�%�� �(II  !L-(�K�

�H�.��# �
79  9���J� �H�.��#  9 !���.���.      �(.� *(O"�  !(�J+ �(��H  
(6+>! 3� 
�I�+* ��+* ��I � ��%��H >�6! )I�K�L-! �
79 �H�.��# � �>"E (y�4>H�  ,��(E ) �
(�9�I (9 

�� �J���� � �2 �% I�K�L-! ���J� �H�.��# �  �%  }(����  (%�D 3�  ��
(��  �(E ) �('�
� (3� 
��%� ��I �6� ��%��H )I�K�L-! >�6! �H�.��# � %��>& (��%� �J���� y�4>H� ��E+�  (.��-  9
�>��� *+� V�t� �6 �� �% ,�
4�� !� ��
� D+�:�� ���.  

��+3 Z��# ����
��>.� ?�H�� ��
%�  �9��
(L )Deborah Gordon ( ��(>��  ��(^'�
� �� 
!H
�E ��&+�6 �� !.��% ��E .9� �7
>� �-# ��>�� !J"7  ���(^'�
�  �(%  ��(6  �(79 3�  ��(>�� 
���� �2 �6 A%�k z�>�>.� ���H :!H
�E ��^'�
� ���%�k ���L3�. �% ,�^>�+3 �� ����� �2  �(6 
!>l ����� "��=4#" -�>�6 :!|J% !H
�E �6 ���93 �% �&� !� -�+2 9  !(��%  �(��+�  !9 

}��7 �.�r�+� �E  �"� *+� !H
�E �6 !� -H�
� ���% �% ,� V�.  -(#�%  !��(l��  �(E  ?�("�  R(+ 
�'�
� �9-l R+ V�. �.�) .Clayton, 2004, pp. 72-73( V�t� *+�   ��(>�� �E -6� !� ��&H

.���H z�>�>.� A%�k �6 �'�
� R� R� ��>�� 3� 9 �.� ,-# D+2�% ���^'�
� !H
�E  

 

�P+ 2  B0N L�N�* :�0S0QG � L��'��+  �T� 	�0S0QG 	>�
�� L��'��+  LP�N �>�0� �0#-�� U�R� LN
 �� UV'
� LN L-�N��>'�.  

  �� ���^+� 9 
��H��2 -2   �(�4 -2       ���(% !(&��' !��(�>�� �(�t�l 9 ����(#
6 �
(79 �
�J����   .-H� ,��E ��-"�k *6o ?8
�� �� D+2�% 9 A���� �  



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   115 

 8�"� ���L�� �E �+��� V
�k �� A(J�  
��(J�H�9      8�("� !>(�+3  9 !+��"�(# 9 !(O+�>O��
�9�
H �6 ���E :P� �S�*O"��  ���% ��� .�.��J���� ���� �  �(% ,��
"6 *6o  �� D+2�% 9 A
 *��'����	
��    �(?��� ?D+�(�32 !(.��% ~�.� 3��H !��^�.(Libet)

   �� 	��
(�   AO(#   ��(�L
      ,���� 9 D+�(�32 	��
(� ?�4(# ?:(P� �� ,���� �(% N���(� v��L
����H2 z�
��   �4(# �2 �

!�   ��@(�� �� �(��� D+��32 .-#�% ,-H3
�2 -H�
�       (% !(&+2�% �(+) ��
(% �+W(I A(���� � (��

.���� ��"6� �:P� 
��]
=� �% !�6o 	
��]
=�  

  8�Ol� �L�2 -2  ��4 -2  91 -5      ��(?��� ?D+�(�32 8�(rH� 9 ��0 ?��O�� 	���  ��+�+Wj%  ��
�H�.��# �
79  !L-�K�I A��� �%     ��(�H �:(P� !(�J+ �D+��32 ��
� !# ?�>&�% ,��J�� n
� �

  ���(�% �!���>�� G�l 9 ����#
6 �
79 *��K"6 9 R+:�� 9 !"�#  �� D+��32 ��
� ��#� �%
�+��� 9 ��
#� ���  ��.� *O"���S ��/k�9��   �9-(l �?��� ?D+��32 .���H *��' ���50   V�(.

 9 -# 8�rH� D�I�23�-J%  \�>4� ���H� �%-# ���O� (Haynes, 2011, p. 87)  9=%�
�  �(6 �
     �("� �(#�-H -(=k �(?��� .��� *(6o 8
�� ?������ �% ,���� 	��6�� 	��
� �� ���+3 8��J� (��  

R� R� �9�
H �6 :��E ���� D.�I R+ 9� .-�E -]� �� :P� ���%��    �(��l ��(�� �  !(�6o
,����   9��J��� �6    ~�(.� �(H
^' :P�  �� �2 �% �
%�� !O+�>O�� �( Koch, 2009, p. 46)   9

��"6 �D.�I *+� .��E !l��0 !&+��32 �Z�.� *+� �%  	-J%���J� �H�.��#    .�(.� ��@(�� �
 �%   ,���� � �(�%�� ;t(� .���E !� !.��% �� �J���� ��
� !# 3� !&4% �� �D.�I *+� Z�.�

.���E !� !.��% :P� \�>4� ��M&4% ��M���^�. �% ��  ��  
       R(� R(� ��(>�� 3� �(6 �('�
� !H
(�E ��>�� �+2 ��.�I !� �� ���^'�
� !H
�E V�t� ��

      ,-(# D+2�(% �� ,-(+-I �(% �(+ �.� z�>�>.� A%�k �6 �'�
�     D(.�I *(+� ~��>(�6 �(7�
�
      V�(t� ��
(�� �(% ���(�E �(7
� -+�% �J���� ��
� !# 3� !M79 �' �% �� �E -�E !� �4&�
  .��(�E !� !.��% �� ,��S 9 �6 �% ��
��% �� �6 �'�
� A"J�� �O� ��'�
� �E�l �M7
  9 �('�
� �-% ��:7� ��-J� h��"# ��'�
� !�=� ,�^>.� !.��% �% �3��H �J���� *+� ��

��S.�+��-H ,26    
 	-�% �� �O�+� *"Q2 -2 �3 -2 �4 -2   	-(. �� !��(�>�� G�l 9 ����#
6 ����^+� 9 
��H�� �

�J���� 	,�� ��@�� � ,3
l �� A���� 9 D+2�% �     *(+� �(% ��
(� !"H �� �XH �% .-�H�� !� *6o �
  ,���� ����� �(E ���#
6 !=4# 	�
79 ����� D+��32 	��
� �� Ak�-l .��L *4. ��J0�k

 9.�.� D+��32 !l��0 3� !&4%  9 83� �.� !���>�� G�l27    



116   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

���% V-� 	���. :-�E !� R"E m
Q
� �M� �% :�H ��� �� �3�. V-� �% �7
�  �(J���� 
R+     �;t(� � �(.� :(�H !# 	��
� �� �� D.�I �% �>�%�9  ��J���� ��
� !# �% ,9;� � ,-+-I 

 �v
(�E �+ v
�� !��% D�I ��   (�3  �(� 9 -�(#�
� 9 *� ,  �� ,�(E  !+�(6    �(XH �� }�(]
�! �+��L    3 ?A(��O� �(% �(7
� �9-% !>(�+    (#
6 ?A(	��
� 	�
(79 9���  9 ,�(�S   ��   �(+ *�(�3

D�E�9 �>�6 ��6 ,�� �>�6 ��7 �+ -�#�
� �� ��!        �(% �(E ���� �� �(|>k� *(+� �(� ?D(	.�I
  ̂ %�XH �� }�(] !+�(6 ,�E �� �MH2 9 ���OH �7
� -�#�
� 9 ,�� 9 *��3 !���� ��:7�  .�+�(�

     	��
(� !(# � �H�(.��#�
79 !(L ,-�K�I 3� !&4% �E �
# !� G��% �D.�I *+� �
>��
         �(�%�� �(L� �(��   .��(�^% �
(� �(% ��(� ,��(. ?AO(# ��@�� 9 �
# �>��L ,-+��H !.��%  �

���J� !L-�K�I �
79 !L-�K�I 9  !.��% ��
� !# �H�.��#    ���>(�� ��  !(# �2 �H�.��#
���E u�� - I �% �7
� �9-%���E !� ���� !# ��
� �� �E !&.� -     �(XH 3� *�(�3 � ,�E

   �("6 3� 9 !+��"�(# ���
H�7 �!>�+3 m�
H� A��# ��+3 �.� !# *+�� ,-�K�I ��H�.��#�
79
    �H�(.��# �(��J� !(L ,-�K�I �% y��l *+� �% 9 �.� ���H� 8�H �% ���#
6 ��
7
� �>"M�

 ��(6 -+�# �E ��
0 �% ��>�6 �7�
� ���+3 ����% �       �� !�
(�� �(+ v
(�E  ��H�
(>H ,�(L
D�I   !���E !��%  
 

 �#�7  

 8�� ?V
k �%,�6 )Rom Harre(h9� 	-�H�� \�>4� ?8
�� �H� 	\�>4� ��6    V
�(. R(+ �:��2
�((�+3 �� h9� *((+� 3� 8�-((E�6 .�((.� !((.��#  ?�((&' ?D�((I �� �((�Jk�9 3� !((&4% ��((6

��+3 !� ���k Z��#  .-(�6� (Early, 2003, p. ix)    *(+� !(.��%"h9�   �(H� ��(6  �:(��2" �
���# ����� 	\�>4� ��6 !� A�O&� �� 8
�� � -6������ . � ���� 	-�H�� !��'�
7 �.�  �(E 
q�:7� �2 ��� ����� �!Q�+� ��6 �R+:��  �(�+3 9 !"�#  A�O(&�  !(�  -(6� .  �(F��� ���(% � 

��+
=� !Jk�9 3� ���� �
|l 9  ���L���k 	�.�� ?8�"� *+� �:7� �� ���E  �(6   .�(.� 83�
�� ;��E �����
� �E ?��� !"�# �� �J���� � AF���  A(���� 9  D+2�(%  �(�"6� ����� ��  /(k�9 

8�"� 8
�� �� *+� �J���� ��"6� .-H���  
        �� !"�(# ?�(�� �(�"6� ��
(� �� ��(.;� !(��% ���2 -(�H  9 !.��% �% ����� *+� ��
  !(&�H ?���E �+
=� �-H�
% �2 !I �� ��2 *+� �KH2 .��>����I ��� �� D+2�% 9 A���� ?m
Q
�

",w+9"    � �+��(E ��0 !�����>H� :�H �� .�
% ��� �� A���� 9 D+2�% � �J���� �� !"�# ���%
�� ��6-�H -+�#      3
(�6 !"�(# � ��(��� .��>(#�-H ��@�� ����� :7 !�-6 ��� �
% �H���^>4.



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   117 

      �(7
� �(O?% � ,3
(l *(+� �(% !"�# ?y��]� 9 ��� ��.;� �.� -��� .�.� ,�� ��->%� ��
.��#�% �2 �-# ����%�I 	-6�# �� -�#�% �>#�� ��>&�%  

  
8 .�1�2� ���3  

 �� !"�# ����� !".� ��+�7 �
M5 3� -J%1994 ��;��  *(+� �� ,-#�&>�� ��12 3� !&4% �
����5 ���% �% ���+�7    ��@(�� ?*�(��� �(% !&4% 9 ��� ����� AF��� ���% !"�# ��� ��6   �

    !(��% q��2 -(�H 9 !(.�% �% ����� *+� ��   .���+ <�=>�� R+:�� 3� !"�# !��H ?V;�>.�
�J���� �� !"�# ��� �% �7
� ��"6� ?���% �� ��.;�  9 A(���� m
Q
� �    .��>����(I D+2�(%

V�->.� �% A">&� ���2 *+�  !&�H 	�
79 ���% !+�6",w+9"     �(J���� �� !"�(# ?�(�� ���(%  �
  ) �� z�-(�� ���2 �(% �E !+�6-�H �% ,9;� .�
% ��� ����� �� D+2�% 9 A���� ?m
Q
�1 -2 (

) ��6 -2     �92 !(� D�(I �� �M�(# *(+� ��(MH2 ?��0 �E �
% *+� �� ,-"� !H��^H ���>#�� (  �(E �
�J���� ��+3 9 *6o 8
�� �� D+2�% 9 A���� �      �(k� .�(.� *(O"� �(�S 9 ��
#� !.��#

     �(% ���
(#� *(+� ��+
(L !� �O�% ����H �+ �.� ��
#� �J���� *+� ���E !"H �Ol �� -��E
�E �.� *+� �� *4. /k�9 ��  .�.� �>�%�9 !+�6�>����I"   !("H  ��
(�"     �(.���. �
(0 �(%

"�M��" +�7 �% �O�� �%,��J>.� ) !>�6 ��%��H �� ��� R+ !.��%��
� q��#� ,�^    ��(�� �(E ��
�J���� !H�.2 �+ ���
#� ��
� �� (�+��E     9 A(���� ��@(�� ;t(� ) !# �2 �% N���� AF��� �
.��E �Ol  (!# �2 ��6 !Lw+9 D+2�%" ���J� !L-�K�I �H�.��# �"  �J����   �!(# R+ �

 3� ,-�K�I  /k�9 �% !J%��"9 !L-�K�I�
7 �H�.��#"  9 !# �2"�� D.�I"   !(# �2 ��
� ��
  �+-(�>J� 
�
] �6 �% .���E !"H !�H /%�� *+� �� �^+� ��6�>����I �
79 ��O�� �>���  .�.�

 �EV�->.� ) !.��%��
� ��61 -2 ��6 -2: �E -+
L !"H *+� 3� D�% �:�' �(  

1 . ���J���� �  �% -+�% ������ 9 ��� �� A���� 9 D+2�% m
Q
���E �7
� !"�# ���. 

2 ..��>�6 9�%9� D+2�% �+��=� �% !"�# �� 

  .�.� :�H �� h�+WI��
� ��+
k �E  
  

�
	456�76  

     !>J�(] ,�^(&H�� 3� V�(^' ,��(� R+:�� -#�� Z��#��E �!.99�E �Q���� 8:+:� �.9� *
 ���M�]��4�H �.��E �:#
L �� �-��� 
�OH 9 -H�
� �� ����� *+� 3� �  



118   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

�8 9�:� �"  
 

1 .    	-(l � �(J���� � A(���� !.��% ��M#9� 3� !O+lim�→� �� = ��    ��2 �� �(E �(.���   �
("J�
 9 �>&�% �
>�� �% �+�XH��    �(E �(.� !+�6 ,-+-I ��
>�� 3� �
X�� .�.� �>"E �
>�� �% �+�XH

   !^>(.
�I�H .�(.� !^>.
�I ���+WI A���� �;� �h9�  *+��� .-�E !� !��% D�I 9 *���� �+�XH
        �� !��
(�H R(�H�O� �(% <�(� ���(�H Z�(.� *+� �% .�.� ��+WI�H A���� �% v�����

�
→ 0  9

 �� <�� ����H �% 8�� ����H��

���
→ 0	  �E .-%�+ !� A�����   ���7 ���.�	  ��
H ���.� 

 9 DH��L !H�M7 �%�1� .�.� ��7 V
0      �� 3
O(�+9 
���(. R(����+� 
���(J��

� 
→ 0   �(%

  �� ���(�2 R�H�O� .-%��"H A���� 3
O�+9 ��S 
���. R����+� 
���J��

!
→ 0    R(����+�
��� �(%

   �� !(.-�6 R(�>I� �(% !7
� R�>I� .-%�+ !"H A���� R�.;E"

�
→ 0      R(�H�O� .-(%�+ !("H A(����

 �� R�.;E R�H�O� �% 8
>H�
E#

$
→ 0     �����(H �^H�(.
H �(% ���� �^H�.
H R����+� .-%�+ !"H A����

 ��ε→ 0    9� *(+� �� .���� �
(79 !^>(.
�I�H ��6-l *+� �� ��+3 -%�+ !"H A����  �N(%�&'   �-(�
)3-�
�+�Reynolds �(		  ��rl -l�9 �� 
��o9�O�� ��-J�(  �z
� V
0�    �V
(0 -(l�9ℎ   �(%�1
 �RH;I*  9  ���3 �� �>��. V
�� �wH��L� V��^>H�ε     .�(.� �L�(.
H !(+���� �
>E��(Chibbaro, 

Rondoni, & Vulpiani, 2014, p. 33)   !(� A���� !>���H R�H�O� �% !��
�H R�H�O� h9� *+� �� �' �L�
       ���(�H �� 8�(7 -(�H�� !"�6�(�� ��
(% �+W(I�H Z��k ��
� �� -�%��+�� 9 *6
E 
����+� ��� �-%�+

.���� ��"6� !��
�H R�H�O� �� 8�7 9 <��  

2 . ��
% }+��� �4&� �
0 �%–�"+�M�I�Born- Oppenheimer Approximation   �}(+��� *(+� Z�.� :
?8�7      �(% ��(�H �
(�9�I �(E�l ���. �9� *+� 3� .�.� �9�>O�� �% ���H �
�9�I �>&�% ����%

  �(E�l �9� R+ D��' �� �R�.;E R+:�� ��%3 �% .�.� �>"E ����% h��L V�l �� ?�9�>O��
� .�.� �%�1 ��+��� �
�9�I ��O� ��
�9�I �9� �% �9�>O��  ,-(# u�� �%�1 �
�9�I �}+��� *+� �

  ���(E u�� �%�1 .-�>E�l �� ,-# �%�1 �MH
�9�I ��O� �� �E !J7�� y
'��M' �� �MH9�>O�� 9
.�
# !� ��.��� �-# �� ,��. }7
� �^�+�9�# ����J� Al �� �
�9�I ��O�  

3  Quantum decoherency `.�I 3�  ��@(�� �% �E �.� !+�6  ,3�-(H� �  H�O� �� ��(�L   ,��� 8
(>H�
E R(�
!Lw+9 �E �.� *+� �% ���� .�.� ,-#    �6�(% 3� !(#�H �!�
(>H�
E �>��. R�.;E ��6   �2 D�(E

,3�-H�  9 �.� �2 v��0� N��� 9  �>��.  �6�(% *+� 3� !O+ :�H ���L  D�(E     ��
(� �� .�(.� �(6
           !(Lw+9 R(+ !+��"�(# ��>��(. �
(# !(� �(>�L Z�(.� *(+� �% V
O�
� !+��"�# ��>��. *����

�6�%  3� �E �.�  R�.;E !� 39�% N��� �% V
O�
� !�
>H�
E �>��. D�E .-�E  
4 .�
X�� 3�»3� Z�.�« 9 "��
�" ~���' �+2 !� ��
� �]��� V9-7 !%9��� �� !��% 3�  *(+�  " ��
(�" 

~��"#�%  ���% *���� D+��2 �]��� V9-7 �!%9��� !�
]� �% R�H�O� !�
>H�
E "�"�"Q"  -H-(# .
�% �7
� �% *+� ��>OH �63�% !� ��
� ��L R�H�O� 8
>H�
E "3� Z�.�" ��>�� 8�"� ���
� ��  ��(Q
� 

 



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   119 

 

!((� ~-((6� }((+��� ��((6 ��9��((� ,���>((.���
� �� �
��((.���  �((#-� �� �((% *((+�  "3� Z�((.�" 
!"H ~-H3�-H� .�.� �M�� ����% �6��-� *+� �� �XH �%  

5. ���H
� �+ ��6
7 R� ?/Q
� ?�^H��% )Monism (    �(% ����-(H �6
(7 ?m
H �% !��:>�� ����H
� .�.�
 !�E��%  	,�L-+� �Z�.� *+�)Berkeley( ,-+� �� ��6 �KH2 8�"� �E !� !�6o ��6    R(+ :(�H ��H��

.�.� !"��H
� ?/Q
�  
6. The Whole, is more than its parts 

7 . D+2�% 
��
��� ���"�E � "Fact"  �% ,��#� ���%�2 �6 . �.� ,-�2    

8. �79  ��"��"�
79 �H�.��#" ��Jk�9 �
79  ?u�� 3�      ... 9 !>(�+3 9 !+��"�(# �
�(. �� !+�(6
,-+-I *���� ���% �E �.� �2 *>�H�� ��6  �% .�.� 3��H �6"  �
(k ?D+2�(%"Strong Emergence)  :(�H (

  .�.� 8
.
�  

9.  �%"\�JQ ?D+2�%")Weak Emergence (.�.� 8
.
� :�H    

10. �79 ��"�� "���J� !.��#" 3�  ��-��"���J�" 3��H��
�  R+ *���� ��.�.� ,-+-I  
11. �%       ��(�� . �(.� 
9�(�>� ,-�(�+
H �(% ,-��+
H 3�  �
k *+� 3� �
X�� �
' �+��92 ,�OH 
�
]
)Ellis �� ((Ellis, 2016, pp. 53-63) 5    ?��
(�� �(��  �KH23� ��k Downward Causation   (�!  -(H��  �

!� !��J�   .-�E  
12.  ���% �L� �>���,����   ��>>.� �E�l�� �"# ��% �H
L � �,
k    A(F�k ���(��% ��. 3� A�>�� !	�� �

 �� !6�L-+� *��' �����O+:�� ?/Q
� �� .��#�%�! �
# -��E ,�^H .�% -�H  ��E)Kim(   9� 	�(��� �%
 �� *�+�I �%(Kim, 2006)      �(M7 A(]� 9 ��>(�% A(]� �% �O�� �%)!O+:���>� V�->.� R+ �F��� �% 9�

 !(� �� �� *�+�I �% 9� ���� ��O�� �(!��E   ) ��(�� .-(�EEllis    3� ��(+
k  �Z��(#�>�� 9 ��-(O+:�� �(
!� m��� �J��0 �� *�+�I �% 9� ����  �
79 .-�E (Ellis, 2016, pp. 325-345)��1p� . ?*6o  �(.��# ?A��� 

9�� ��#�I! z
� /%�� �� D+��32 !�6o 	�.9� ��^+9)Wigner’s friend(  ��
(>% -+�# ��   !k�-(=�
  .��H�� *�+�I �% 9� ���� 3�  

13 .�� 2�%+D �
79 �H�.��# �+* A%��� �%���� 9 �� ��%+D ���J� �H�.��# �+* A%��� >k
�! �.�. 

14 .�� !��% �H���.  �(6 �   q�:(7� !(��%  �H���(.    �(%  ,
(�H �  ��(E  �H���(.  ��W(L��1p�  �(.�  . *(+� 
����S ���WL��1p� �� �M7 ���M% �3�. ,
�H ��O�"� �H���. �.�  .*+�  ,-(+-I  8�(H�% " �(��l  ��(6 

���
�3�%" �>���# !�       !(� �V
�(. �� !("+:H2 D�(E�9 R(+ ?V
(=�� ;t� .�
#    G(��%  -(H�
�
         	��3
(H 	-(�
� �9�E�(� Z�(��� �� .�
(# \(k
>� D�(E�9 9 �
(# D�E�9 �9:�����E �-# V�J���S

!� ����
H�7 �2 �� -�99��3 ��+�7 	\k
� G��% -H�
�   .�
# �6  
15 .�� ?AM7 3� !#�H  

 



120   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

 

16 .-H� ;t�  .�.� ��XH ?Z�.� R+ 3� !#�H,3�   R(+ ���(. 9 ��O� ?���:"6 ���L    Z�(.� �(% ,�o
.���-H ��O�� ���J�k 8-� A]�    

17 . 
��H�� �� m
Q
� *+��% �E�
0 !�! WI+��:»   �(>��� -�>(�6 /"r�� /H�� �6 �% ���H D+2�% 9 A����
�&�"6 �H« (Manafu, 2014, p. 39)  �L� !�J+-I,-+  DH�� �% �+WI A���� ���3 �(��    D+2�(% �-(#�% ��

-# �L� 9 ���H ,-I,-+ .���H �+WI A���� �-#�% ,-# D+2�% ��  
18. !� ���% A]� *+� V�>�%�9� �-# �I }���� �� �E ����     �-(>%� �9�(>O�� ��(+�I ���l �� ��� R+ ��6

*�+�I ���H��% V�>�%�9�  ���9 !� �� .�
#  
19. !� ���% A]� *+� !"H ���+ ��� R+ �� !H9�>O��9� ��6 �E ����   ("� �(E �
#   !�
(>H�
E ��-(�� 8�

�2 .-#�% ���O+ �6  
20. !� ���% A]� *+� V�>�%�9� �->%� �E ����        V�P(#� �9�(>O�� 3� �(>"E !�(]� !�
(>H�
E ��-(�� �% ��6

!�  !"�� �-� �� A]� *+� .�
#20 A��E 	
�
] .�.� ��>J� .�.� 
F���2 ?A]� �A]� *+� ��  
21. !� ���% A]� *+�  !�
>H�
E ��-�� �� �E ����V�>�%�9� ���9 �->%� �9�>O�� ����O+ !� !+�6   �(E �
#

)!^H�L-�' �tE�-lMultiplicity.�
# ��r+� (  
22. A%�k ��
� *+� �� !�
F�I *4.  :�.� �7
�"�� ����� � !�]� 8�
� ���% ,��E 8� �E 3� ����  R(+ 

A��� !���� �+ R+ z�>�>.� 3� V
]� !�E ���% A]� ��0  ��
��(H  8�
(% . �(&�"6  *(+� l� Z�(� �� 
�>#�� 9 3
�6 �6 8��� �E *+� R+ ��H 9 !>.�E �.� .�>��� �� �->%�  ��9-(���  8�
(%  �(E  R(�H�O� 

!�
>H�
E -+-7 �E �% R"E �2 ��O�� z�>�>.� ���-J� 3� -��
k �"�H !%�r�  �(���  �-(+��L  -(H�
>% 
!7�>�>.� ]3� V
]� [�6 ���% A]� ��0 �F��� -6� .*+� Z��l� �E �+�. �  �(H
L ��  �(���"��H  �(% 
����
� ��6 ��&��� R�H�O� !�
>H�
E -+-7 ,-�O�� ,-# ��.�  �(%  �(XH  *(�  A(%�k��S  y�(�>7� 

.�.�  ,!�+�#)1396 .< ,59(  
�>��L�% 3� !H���4. �H�^��9 !�
F�I  ,-(H�% �  ,:+�(7  ?A(%
H  R(+:��  V�(. 1945� ��  �(.��� 

����� ,:+�7  
23.    ?y�(>E �-(H�
�"   9  D+��(% 9 A(���� ?�
�(.  �(�Jk�9")Reduction, Emergence and Levels of 

Reality() (Chibbaro, Rondoni, & Vulpiani, 2014)  !(� ��]
� ��
� *+� ��      �(�� -(�' �(% �
(#
 :!H�9� 9 !L��. �% ����|�1 - �% 9 !"�� 	G�% �F��� �H�"L 3��9�     9 �(�+� 9 �(?�	�  �(E �:�' � !H3

 -�>#�� ���>H� �2 �% ����+�92 -    �(H �(E �.� �.�� !>��H �% !"�� 9 !���� �����% ����� y�>E
 �
� ?}���� ?�M� �� �� -�"&H�� �H 9 v
����!"H 8�E�H   .���WL  

24 .����� �� �D+2�% ?m
Q
� 	��
� �� �39��� G�%       8�(H�% �� �2 ,39�(�� �(E �(.� !(�>O� ����� �
»D+2�% !���^H� ?}>O� «!�   �(�� -H��� �6�% !���;>�� �'�L� }>O� *+� 
�+�XH �
>��  .��.��#

!+��^"6 ����� �% ��.� !+�6 �
�H �% ,39��� �� �2 �� �E O� R+ ��
��  !(� }(>    ?��(�3 3� .��(.��#
 



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   121 

 

,��9 !��J� )��F
� ��.!7 N.
� D+2�% �G.H. Lewis 	�9-l �(140 !� V�.    A(��O� ?��(. .��WL
    y�(>E �(% ��39�(�� ���+��� AO# �% 8
M�� *+�»  �(���  3� !��(XH«)A System of Logic(    ��(7 ?�(1�

A((�� 
��
�>((.�)John Stuart Mill (  ((	� -((�H�� ����((�� ��((6��E�% 9 -((# m9�((#�+
)Lewis(  �
��L�
�)Morgan( �-H��O�� �)Alexander (�9�% ��.!. �)C.D. Broad  (.���+ �����  

25.  R+ ��r% �L�"y2 V
O�
�"  R+ ��+
^%" y2 ��
(��"   ��:(7� ��-(J� �" y2 ��
(��"   }(��2 3�
!� ��"6� �^+� �
>E�� 9� �r�+� �� . �.� �>&�% �r�>H 9 -%�+    ?/(�H �(% !�E �" }(��2"    �(� .�(.�

 3� !"E 	\+�J� �F��� 	-=k"!L-�K�I"         y2 ��
(�� R(+ 3� �� }(��2 R(+ �(6 ��
M(# �(�� ��>��H
,-�K�I .�.� ��  

26. H *+� ��E !� �O� 8:����&OH�� ��O+9� �% ��XH ���Functionalism  R+�:H *6o ����� ���.�.  

27. !� �>.�
� �4# 3� ���� D+��32 �� ,�+�� �E�l �
#     �� �
O(.
��.� �9� �(��H  R(+ ��
 �% ,�+�� N��� .-�E ,�^H60  !(� �>.�
� �4# 3� .�.� z�-�  �"�k   �("E� �
(#   ��(&� �� ��

 �E�l �% -+�% �4#  ���"Q -6�      ��(#�� �� �("E� ���(&� ,����  /(k
� �(6 9 -�E �7
� ���H
�H�&H ?���3 �. ���� D+��32 ��  .-�E h��:L �� �
O.
��.� �9� ���H ��O�   !(� ���W(L   :�
(#

AO# ?���3 ,�����% N���� :P� �� v��L
����H2 z�
�� ���L    �
(� �� �4(# �E !H��3 ��4# �
!� �l �� �"E� ���&� ,����  �E !H��3 9 -�E !(� ,��&� �"E�   �4(&� .�
(#     z�
(�� �(E ,-(#

�X��  3� A�k v��L
����H2  !(� �l �� ,���� �
� �� �4# �E ��    !(� AO(# �-(�E    *(+� ���(�L
��@�� ��  ��Jk�9 ,���� � )��32  �Free Will( .���� ��"6�  

  

;�2  ����  

) .8 ,!�+�#1396 .(����� � .�M� AF��� 9 V;�>.� :!"�# .\+�# !>J�] ,�^&H�� :���M�  
  

Koch, C. (2009). Free Will, Physics, Biology, and the Brain. In N. Murphy, G. Ellis, & T. 

O’Connor (Eds.), Downward Causation and the Neurobiology of Free Will. Berlin: 

Springer. 

Bedau, M., & Humphreys, P. (2008). Emergence: Contemporary Readings in Philosophy and 

Science. In M. Bedau, & P. Humphreys (Eds.), Scientific Perspectives on Emergence (pp. 

209-219). Massachusetts : Massachusetts Institute of Technology. 

Brakel, J. (1999). On the Neglect of the Philosophy of Chemistry. Foundations of Chemistry, 1, 

pp. 111–174. 

Brakel, J. (2000). Philosophy of Chemistry: Between the Manifest and the Scientific Image. 

Leuven: Leuven University Press. 

Brakel, J. (2006). Kant’s Legacy for the Philosophy of Chemistry. 242, 69–93. 
 



122   ����� 	�
� �
 ���� ����� �	�� ������  ������ �1398  

 

Chalmers, D. (1995). Facing up to the problem of consciousness. Journal of Consciousness 

Studies, 2(3), 200-219. 

Chibbaro, S., Rondoni, L., & Vulpiani, A. (2014). Reductionism, Emergenc and Levels of 

Reality: The Importance of Being Borderline. Dordrecht: Springer. 

Clayton, p. (2004). Mind and Emergence. Oxford: Oxford University Press. 

Del Re, G. (2003). Reaction Mechanisms and Chemical Explanation. In J. Early, Chemical 

Explanation (pp. 133–140). New York: New York Academy of Science. 

Early, J. (Ed.). (2003). Chemical Explanation: Characteristics, Devolopment, Autonomy. New 

York: New York Academy of Science. 

Early, J. (2008). How Philosophy of Mind NeedsPhilosophy of Chemistry. HYLE, 14(1), pp. 1–

26. 

Fisher, G. (2003). Explaining Explanation in Chemistry. In J. Early, Chemical Explanation. New 

York: New York Academy of Science. 

Goodwin, W. (2003). Explanation in Organic Chemistry. In J. Early, Chemical Explanation (pp. 

141–153). New York: New York Academy of Science. 

Griffiths, P. (2020). Philosophy of Biology. (E. N. Zalta, Ed.) Retrieved from The Stanford 

Encyclopedia of Philosophy: https://plato.stanford.edu/cgi-

bin/encyclopedia/archinfo.cgi?entry=biology-philosophy 

Haynes, J. D. (2011). Beyond Libet: Long-term Prediction of Free Choices from Neuroimaging 

Signals. In L. Nadel, F. Schauer, & W. S. Armstrong (Eds.), Conscious Will and 

Responsibility (pp. 85-96). Oxford: Oxford University Press. 

Hendry, R. F. (2006). Is there Downward Causation in Chemistry? In E. Scerri, D. Baird, & L. 

Mcintyre (Eds.), Philosophy of Chemistry (pp. 173-189). Dordrecht: Springer. 

Humphreys, P. (2008). How properties emerge. In P. Humphreys, & M. Bedau (Eds.), 

Emergence: Contemporary Readings in Philosophy and Science. Cambridge: Massachusetts 

Institute of Technology. 

Luisi, P. (2002). Emergence in Chemistry: Chemistry as Embodiment of Emergence. 

Foundations of Chemistry, pp. 183–200. 

Manafu, A. (2014). How Much Philosophy in the Philosophy of Chemistry? Philos Sci, 45, pp. 

33–44. 

Primas, H. (1983). Chemistry, Quantum Mechanics, and Reductionism: Perspectives in 

Theoretical Chemistry. Berlin: Springer-Verlag. 

Primas, H. (2004). Can we reduce chemistry to physics? The World and I, 19(12). 

Putnam, H., & Oppenheim, P. (1958). Unity of Science as a Working Hypothesis. Minnesota 

Studies in the Philosophy of Science, 2, 3-36. 

Redhead, M. (1980). Model in Physics. British Journal of Philosophy of Science, 31, 145-163. 

Rendell, P. (2016). Turing Machine Universality of the Game of Life (Vol. 18). Dordrecht: 

Springer. 

Rothschild, L. (2006). The Role of Emergence in Biology. In P. Clayton, & P. Davis (Eds.), The 

Re-Emergence of Emergence (pp. 151-165). 
 



�#$%� &'( �)� � *���� ��+����'� :- *�.��#�   123 

 

Rueger, A., & McGivern, P. (2010). Emergence in Physics. In A. Corradini, & T. O’Connor, 

Emergence in Science and Philosophy (pp. 213–232). New York: Routledge. 

Scerri. (2008). Just How ab-initio id ab-initio in Quantum Chemistry? In E. Scerri, Collected 

papers on Philosophy of Chemistry (pp. 143–167). London: Imperial College Press. 

Scerri, E. (1991). The Electronic Configuration Model, Quantum Mechanics and Reduction. 

British Journal for the Philosophy of Science, 49, pp. 302–325. 

Scerri, E. (2000). Have orbitals really been observed? Chem Educ, 77, pp. 1492–1494. 

Scerri, E. (2011). Top-down causation regarding the chemistry-physics interface: a sceptical 

view. Interface Focus, Published Online, 1-6. doi:10.1098/rsfs.2011.0061 

Scerri, E. (2011). What is an element? What is the periodic table? And what does quantum 

mechanics contribute to the question? Found Chem, 14, pp. 69–81. 

Scerri, E. (2012). Has the Priodic Table been Successfully Axiomatized? In A. Woody, R. F. 

Hendry, & P. Needham, Handbook of the Philosophy of Science (pp. 91–105). Oxford: 

Elsevier. 

Scerri, E., & McIntyre, L. (2008). The Case for the Philosophy of Chemistry. In E. Scerri, 

Collected papers on Philosophy of Chemistry (pp. 25–44). London: Imperial College Press. 

Schummer, J. (2001). Ethics of Chemical Synthesis. HYLE, 7(2), pp. 103–124. 

Schummer, J. (2006). Philosophy of Chemistry. In D. Borchert, Encyclopedia of Philosophy (2 

ed.). New York: Macmillan. 

van Brakel, J. (2003). The ignis fautuus of reduction and unification: Back to the rough. In 

Chemical Explanation. New York: New York Academy of Science. 

van Brakel, J. (2006). Substances: The Ontology of Chemistry. In Davis Baird, Eric Scerri Lee 

McIntyre, Philosophy of Chemistry: Synthesis of a New Discipline (Boston Studies in the 

Philosophy of Science, 242) (pp. 192–229). Springer. 

Weisberg, M. (2006). Water is Not H2O. In Davis Baird, Eric Scerri Lee McIntyre, Philosophy 

of Chemistry: Synthesis of a New Discipline (Boston Studies in the Philosophy of Science, 

242) (Vol. 18, pp. 337–345). Springer. 

Woolley, R. G. (1978). Must a Molecule Have a Shape? American Chemical Society, 100(4), pp. 

1073–1078. 

Woolley, R. G., & Sutcliffe, B. (2012). Atoms and Molecules in Classical Chemistry and 

Quantum Mechanics. In A. Woody, R. F. Hendry, & P. Needham, Handbook of the 

Philosophy of Science (pp. 387–426). Oxford: Elsevier. 

  


