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 ��	�� (!2�) 
 �����"�����# �������
����� 
�
�����	� �����$��� �
�������-��
������� 	
������� ����%�	�, ��������	����� 
������
�� � 
������&
�������� ����
 ������� 
 ���	�#�
�, ��������� � ������	
��� �����#, �"��"������� 
����
���� ����� �
�������-�
�����	��# �����, 
��
#��#�
 ���-&
�
����
� &�������, 
����������� � 
�
�������-�
�����	��� �����

. 

�������� 	�
��: �����������
���� 
������
�, ���
���� &���� �
�����	�, ���-&
�
����
� 
&�����, �
�������-�
�����	��
 �����

. 

 

���������!"#�"$� %��"$ 
S!�%�"#' -#��R��U, �!'/�$$�' � 

)��;�'$$U� ���+�!���;�� !�V��;! ��:(� 
:#!�Q # $�:#!�Q )�#��(�Q, ���V��;!%'�;�' 
� �K��;#�� ��/%#K$�+� !#(� R#/#K���#� 
)�%�Q. ���(# $#� !�(�V�� ���;� /�$#���; # 
W%��;����+$#;$U� #/%�K�$#' (S��) 
��/%#K$U� K��;�;$U� (#�)�/�$�!. 

���(��#� �.�. ���$�(��#Q ! 1926 +. 
�;��;#%, K;� «���+�� $��, ! $�� ���#�, !��(� 
# !�/(�, -�/ )����U!�, !�K$� ���$''�&, 
��!)�(�' # �;�%�#!�'�&, #(�; #/%�K�$#' 
��/$�Q (%#$U !�%$U...». 


�Q�;!#;�%&$�, �)��;� K��;�; W%��;��-
��+$#;$U� !�%$ (S��) �K�$& Y#��� # 
��!�;U!��; (#�)�/�$ �; ���Q$� $#/��-
K��;�;$�+� ��(#�!�%$�!�+� (� #�$#/#-
���V�+� Z-#/%�K�$#'. 

�/!��;$� [3], K;� #�;�K$#�# #/%�K�$#', 
��/(��V#� ! -#��R��� W%��;����+$#;$UQ 
R�$, )�(��/(�%'�;�' $� ��;��;!�$$U� # 
#�����;!�$$U�. � )��!�Q +��))� �;$��';�' 
#�;�K$#�# ����#K����+� )��#���:(�$#' 
(��(#�#/%�K�$#� ��%$"�, )%�$�;, ��%#�;�!�� 
#/%�K�$#�) # Y��U #/-/� �;���R��$U� 
'!%�$#Q (��/�'(U ��%$#Q, W%��;�#/�"#' 
K��;#" # (�.). 

���U� ��V$U� ��;��;!�$$U� 
#�;�K$#��� S�� '!%'�;�' ��%$"�, )�( 
!%#'$#�� ��;���+� �R���#��!�%��& :#/$& $� 
���%�. 

������;!�$$U� #�;�K$#�# S�� 
�!'/�$U � ��/(�$#�� +�$���;���! ��/%#K$U� 
(#�)�/�$�! (%#$ !�%$ # #� )�#��$�$#�� ! 
��(#"#$� # -#�%�+## (;�-%.1). 

 
 
 
 
 
 
 
 
 
 
 
 

         �����	-
�J����� 	��	��                 PHYSICS FND ENGINEERING IN   
�	
	��	�	��f 
� �	
	��
�����         PHOTOBIOLOGY AND PHOTOMEDICINE 



�������� �	
	��
�����                                                               CLINICAL PHOTOMEDICINE  

�	
	��	�	��� � �	
	��
�����, 1 ’2009 74

         �����	-
�J����� 	��	��                 PHYSICS FND ENGINEERING IN   
�	
	��	�	��f 
� �	
	��
�����         PHOTOBIOLOGY AND PHOTOMEDICINE  

'�"�
*� 1 
��
 # #& '�#��"�"#� % ��(#)#"� # *#���!## 

 
�/%�K�$#� 


#) �#( 

%#$�  

!�%$U, j, � 
���;�;�, 

f, �" 
��(#��--#�%�+#K����� 

)�#��$�$#� 

Z-#/%�K�$#� 10-13–10-10 3·1021–3·1018 	$��%�+#' 
��$#/#-
���V�� v�$;+�$�!���� 10-10–10-7 3·1018–3·1015 
#�+$��;#�� # ;���)#' 

8%&;��R#�%�; (8�) 10-8–4·10-7 3·1016–7,5·1014 ��$�"#',  
8�-;���)#' 

�#(#��� 4·10-7–7,6·10-5 7,5·1014–3,95·1014 �!�;�;���)#', 
%�/���;���)#' 

�!�;�!�� 
#%# 
�);#K����� 

�$R������$�� 7,6·10-5–10-3 3,95·1014–3·1011 
����+��R#',  
%�/���;���)#' 

���Q$�!U����K��;�;$U� 
(���), �#%%#��;��!U� 
!�%$U (���) 

10-3–10-2 3·1011–3·1010 ��� (��)-;���)#',  
(#�+$��;#�� 

�!���!U����K��;�$U� 
(���), ��$;#��;��!U� 
!�%$U (���) 

10-2–10-1 3·1010–3·109 C��- +#)��;���#', 
(#���;�#' 

8%&;p�!U����-K��;�;$U� 
(8��), (�"#��;p�!U� 
!�%$U (
��) 

10-1–1 3·109–3·108 
��- +#)�;���#', 
(#���;�#' 

	K�$& !U���#�  
K��;�;U (	��) 1–10 3·108–3·107 

�U���#� K��;�;U (��) 10–102 3·107–3·106 

���($#� K��;�;U (��) 102–103 3·106–3·105 
�#/�#� K��;�;U (��) 103–104 3·105–3·104 
	K�$& $#/�#�  
K��;�;U (	H�) 104–105 3·104–3·103 

�$R��$#/�#�  
K��;�;U (�H�) 105–106 3·103–3·102 

�!��� $#/�#�  
K��;�;U (�H�) 106–107 3·102–30 

v�(#�-
!�%$�!�� 

���Q$� $#/�#�  
K��;�;U (�H� ) 107–108 30–3 


#�;�p�#' 

 
	)U; )�#��$�$#' $#/��#$;�$�#!$�+� 

S�� [1, 5, 8, 9] )���/U!��;, K;� ��$�!$U� 
WRR��;U, �!'/�$$U� � ���)���;��$�$#�� # 
!/�#��(�Q�;!#�� !�%$ � -#�%�+#K���#�# 
�-w��;��#, �-��%�!%�$U #� !�%$�!U�# # 
�!�$;�!U�# �!�Q�;!��#. 

� !�%$�!U� �!�Q�;!�� �;$��';�': 
1. ������;& ���)���;��$�$#' S��, ! 

�!�-�($�� )���;��$�;!� (!������ #%# 
�;���R���) ��!$�' � = 3 × 108 �/�, ��;���' 
���$&Y��;�' ! ;��$'� ;�%� K�%�!��� # 

:#!�;$U� ! ���;!�;�;!## � #� (#W%��;�#-
K����Q )��$#"�����;&�. 

2. 4�+%�V�$#�, �;��:�$#�, )��%��-
%�$#�, (#R���"#' # #$;��R���$"#'. 

3. 4%�;$��;& )�;��� W$��+## (44S), 
#/���'���' ! �;/��2 #%# ! 103 ��;. 

�!�$;�!U� �!�Q�;!� S�� �����-
;��#/��;�' !�%#K#$�Q W%��;����+$#;$�+� 
�!�$;� #/%�K�$#', #/���'���Q ! W%��;��$$�-
!�%&;�� (S!) # �)��(�%'���Q )� R����%�: + 
= h/, +(�: h – )��;�'$$�' 4%�$��, � / – 
K��;�;� S��. 
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S�� )� �����;��� !�/(�Q�;!#' $� 
�;��$�-��%���%'�$U� �;���;��U )�(��/(�-
%'�;�' $� #/%�K�$#' #�$#/#���V#� # $�#�-
$#/#���V#�. � )��!�� �%�K�� S�� ��:�; 
!U/!�;& #�$#/�"#� �;���! #%# ��%���%, K;� 
)�#!�(#; � �#%&$��� ($��-��;#����) !�/-
(�Q�;!#� $� -#�%�+#K���#� �-w��;U. �� !;�-
��� �%�K�� !�/(�Q�;!#� �%�-�� # �-��;#���. 

��%# S��, ���)���;��$''�& ! 
�;���R��� )�# �;��;�;!## !%�+#, ��/(��; ! 
;�K�� )�#��� $�)�':�$$��;& W%��;����+$#;-
$�+� )�%' (S�4) �0, ;� )�# )����:(�$## 
K���/ ���(�# )�;# L, $�)�':�$$��;& S�4 

�-U!��; )� /���$�: 20
0 10

L�
�

� ���� , +(� N – 
��WRR#"#�$; )�+%�V�$#', (�/��. 

�� (�:� )�# �;��;�;!## ���(��! 
��%���%'�$�-��/�$�$�$�� )�+%�V�$#� #���; 
���;� )�# j0 < 15 ��, ��+(� W$��+#' S�� 
!�/(�Q�;!��; $� !$�Y$#� W%��;��$$U� �-�-
%�K�# ��%���% !�(U # �#�%���(�. 4�# W;�� 
W$��+#' !$�Y$�+� )�%' /�;��K#!��;�' $� ��-
%�-�$#� �;���! # !��V�$#� ��%���%, $� ;. �. 
-�%&Y#$�;!� W$��+�;#K���#� ���!$�Q $��#; 
(#����;$UQ �����;��, ;� )�����( W%��;��$� � 
�($�+� ���!$' $� (��+�Q )�# )�+%�V�$## #� 
!$�Y$�Q W$��+## $��#; (#����;$UQ (��/�-
$�$�$UQ) �����;��.  

 

#"!���"�-�#+����("�, ����'#, 
�#$+%�;$�-�#�%���($�' ;���)#' (��
) 

���%#/��;�' )�;�� )�#��$�$#' �#$+%�;$�-
�#�%���($U� �����Q (���), ! ��$�!� 
��;��U� %�:#; �#$+%�;$UQ �#�%���( (1	2), 
)��(�;�!%'�V#Q W%��;��$$�-!�/-�:(�$$U� 
��%���%U 	2, $���('V#��', � �K�;�� �)#$� 
W%��;��$�, ! �($�� #/ (!�� �#$+%�;$U� 
���;�'$#Q 1�g #%# 1�g. ��%# ! ��$�!� 
���;�'$#� ��%���% �#�%���(� – ;�#)%�;$�� 
(3�g ), � (!��' $� �)���$$U�# W%��;��$��#, 
���)�%�:�$$U�# $� $�#!U�Y#� /�)�%$�$-
$U� ��-#;�%'�, ;� )�# )�+%�V�$## W$��+## 
��%���%U 	2 �)���-$U $���(#;&�' ! )��!�� 
#%# !;���� !�/-�:(�$$�� ���;�'$##, ;. �. 
1	2 ! �;���R��� �;%#K��;�' �; (��+#� R��� 
��;#!$�+� �#�%���(� (#�$#/#��!�$$UQ 
�#�%���( – ��)�����#($UQ ��(#��%, �2	2 
#%# (��+#� )�����#(U, �!�-�($�-��(#-
��%&$U� K��;#"U ��(��:�V#� �#�%���($U� 
��;�;�#) ;��, K;� (%' �+� )�%�K�$#' ! 
�;���R��� ;��-��;�' )�+%�V�$#� �!�$;� 
W$��+## -�/ �#�#K����Q ����$�;���"## 
�#�%���($U� ��%���%. 

� ��$�!� R#/#��-�#�#K����Q ��$"�)-
"## ��
 %�:#; R�;��#�#K����' # 

R�;�W$��+�;#K����' ��$�#-#%#/�"#' �#�%�-
��(� !�/(��� # )���! !�(U � 8� #/%�K�$#� � 
�-��/�!�$#�� 1	2. �;��#K$�� )���-��/�-
!�$#� )���!�('$�Q ����# # �� ;��$�R��-
��"#' ! ��� ���V��;!%'�;�' ! )��"���� 
)����:(�$#' �| K���/ �)�"#�%&$UQ ��;#-
!�;��, +(� �$� )�(!��+��;�' !�/(�Q�;!#� 8� 
#/%�K�$#'. 4�( (�Q�;!#�� :��;��+� 8� 
S�� )��#���(#; !�/-�:(�$#� �;���! # 
��%���% 	2 � )�����(�� #� ! �#$+%�;$�� 
���;�'$#�, ��;���� �����;��#/��;�' )�����-
(�� W%��;��$$U� �-%���! ��%���%U �#�%�-
��(� � $#/�#� $� -�%�� !U���#� W$��+�;#-
K���#� ���!$#. � ��/�%&;�;� W;�+� !�/���;��; 
�#$�;#K����' W$��+#', �, �%�(�!�;�%&$�, # 
��)%#;�(� ��%�-�;�%&$U� (!#:�$#Q ��:��-
%���%'�$U� # !�(���($U� �!'/�Q.  

4�# W;�� ��%���%� !�(U )�#�-��;��; 
�$#��%&$�� �!�Q�;!� – ��%���%��;��$�� 
���;�'$#�. ����' )��-U!�$#' ! W;�� 
���;�'$## $�)��(�%:#;�%&$� (~10-6 �), # 
��%���%� �#�%���(� !�(U !$�!& !�/!��-
V��;�' ! #���($�� ���;�'$#� � �-��/�!�$#�� 
�%��;���! �2	. �$�!& �-��/�!�$$�' !�(� 
#���; �;���;��#��!�$$�� ���;�'$#�, �$�%�-
+#K$�� )� �!�#� �!�Q�;!�� ���;�'$#� !�(U 
! -#�%�+#K���#� �;���;����.  


�)�%$#;�%&$�� )�#��$�$#� ��+$#;-
$�+� )�%' (�4) �)���-�;!��; �)#$�!�Q 
)�%'�#/�"## W%��;��$$U� �-%���!, K;� 
(�%��; ��%���%� !�(U -�%�� W$��+�����Q, � 
!�(�, ���;!�;�;!�$$� – �$#��%&$�Q. S;�; 
)��"��� �#$+%�;$�-;�#)%�;$�+� (#)�%&$�+� 
)�����(� ��)��!�:(��;�' !U(�%�$#�� 
�!�$;�! S�� ! 8�-(#�)�/�$�, ���;�!%'-
�V#� W$��+�#$R����"#�$$�� ��$�!� ���, 
)��;�)%�$#� ��;���Q ! ��+�$#/� K�%�!��� 
���/U!��; (�Q�;!#� $� ���-��$$�-�-��$$U� 
)��"���U # -#�W$��+�;#K���#� )���-��/�-
!�$#' !$�;�# �%�;�#, ��/�%&;�;�� ��;��U� 
'!%'�;�' $����%#/�"#' �$;#���#(�$;$U� 
R�$�"#Q 	4, 6, 7
. 

� W;��� �%�(��; (�-�!#;&, K;� )�( 
!�/(�Q�;!#�� :��;��+� 8� #/%�K�$#' ! 
)���!�('$�Q ����# #/ �/�;� (N2) !�/(��� 
�-��/��;�' ��;#!$UQ �+� ���#( (NO), )�%�-
K#!Y#Q $�/!�$#� «W$(�;�%#�%&$UQ ��%���#-
���V#Q R��;��», ��;��UQ ���/U!��; !%#'-
$#� $� �$�+#� R#/#��-�#�#K���#� )��"���U 
! ��+�$#/��. 

4��;�)%�$#� ��� ! ��+�$#/� K�%�!���, 
!�%�K�' ���#( �/�;�, ���V��;!%'�;�' )�;�� 
#$+�%'"#Q, )�#��� ��;#!#��!�$$�Q !�(U, 
!�($U� ���;!���!, ���;�Q%�Q # )�$��  
(��. "!�;$. !�%�(UY). 
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� ��/�%&;�;� )�#��$�$#' ;���Q ����# 
)��#���(';, ��� )��()�%�+��;�', �%�(��V#� 
��$�!$U� -#�R#/#K���#� # -#��#�#K���#� 
)��"���U: 
� ��;#!�"#' -#��#�#K���#� # -#�R#-

/#K���#� ����"#Q; 
� �;�-#%#/�"#' �W��-$�+� �-��$�; 
� $����%#/�"#' ��;��#�%&$�+� (�!%�$#', 

-#��#�#K���#� )���/�;�%�Q # �$;#-
���#(�$;$U� R�$�"#Q ��+�$#/��; 

� �%�KY�$#� ���%�+#K���#� �!�Q�;! 
���!#, ����$��$�+� # ��/+�!�+� ���!�-
�-��V�$#', ;��$�!�+� (U��$#'; 

� �$#:�$#� +#)���## ;��$# # ���!$' 
��%�K$�Q �#�%�;U ! �UY"��; 

� !���;�$�!%�$#� #�$$�Q )��$#"�����;# 
���-��$ �%�;��; 

� �;#��%'"#' ��+�$���;#!$U� # ���$&-
Y�$#� !��)�%#;�%&$U� )��"����!; 

� (�/#$;���#��"#' ��+�$#/��; 
� #$+#-#��!�$#� �)���%�!�+� )��"����; 
� )�!UY�$#� #���$#;�;� ��+�$#/��. 

��
 ������$(�!�$� (%' %�K�$#', 
)��R#%��;#�# # ��(#"#$���Q ���-#%#;�"##: 
� /�-�%�!�$#Q -��$��-%�+�K$�Q �#�;��U 

(-��$�#�%&$�' ��;��, -��$�#;U); 
� /�-�%�!�$#Q ���(�K$�-����(#�;�Q �#�-

;��U (��!��;#/�, +#)��;�$#K����' 
-�%�/$&, ���, ���(�K$�' $�(��;�-
;�K$��;& # (�.); 

� $�!��%�+#K���#� -�%�/$�Q ()�;�%�+#' 
����(�! +�%�!$�+� ��/+�, !�+�;���-
��(#�;�' (#�;�$#', $�!��/U, ��;�$#-
K���#� ���;�'$#', ;��!��;#K����' 
-�%�/$& ��/+� # (�.); 

� �����$�+� (#�-�;�; 
� �#�;��$U� /�-�%�!�$#Q ���(#$#;�%&-
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Resonance frequency of electromagnetic wave maximum absorption by molecular oxygen and water vapors 

in atmosphere is compared with molecular oxygen capability to create singlet-triplet dipole transitions. These 
transitions are a source of electromagnetic radiation in ultraviolet part of spectrum which form together with water-
vapor mixture (treated by magnetic field, singlet-oxygen mixture that is eco-physical factor used in singlet-oxygen 
therapy. 

Key words: electromagnetic radiation, active forms of oxygen, eco-physical factor, singlet-oxygen therapy.  
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