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�
��������� ���� �����������. % :��0 ! �-�0�0 . �;)!� �*6*"2� ��!/ "+2 

 .� (/05 (�2*�!�34/05 �6*�9 ! ��!� 8+2 � 9 34<!( )*3 �*)*"�!( :*�2��(. %  8�//0( 

"2�2!"2!)*"�!� !""3*8 ��/!5, � � ""!! � 2020 . 8� ��+( 5 1� / (!)*"�!5 �6*�9  2 � :�� � 

" "2��!3 9 3** 19.4 (!33!��8 � ��93*5, � � 3!)*"2�  2���(!� ��//0� ! � .!9<!� � � :���� 

" "2��!3  9 3** 8.5 ! 8.3 20"+) )*3 �*� "  2�*2"2�*// . % 12 (� ��:/ 5 �� 93*( 5 +�3+*2"+ 

��-��9 2�� / �0� ! " �*�<*/"2� ��/!* "�6*"2��;6!� "�*8"2� ! (*2 8 � 9 �490 " � :���(! ! 

�-�0��(!. � 2��!�  2��"3+� �� (0<3*// "2! ��� /*,2*-, .�- -, �.3*- 8 90��;6!*, � 2��:* 83+ 

�*�"�*�2!�/ 5  93�"2! �342*�/�2!�/ 5 1/*�.*2!�! - � 8 � 8/ 5, 8�//�+ �� 93*(� � :�� - ! 

�-�0� 9*- ��"/ "2! "2 !2 /�!9 3**  "2� . �3+ 1,,*�2!�/ .  �*<*/!+ 12 5 �� 93*(0 

/* 9� 8!(  8*2�34/ * � /!(�/!* ,!-!� -�!(!)*"�!� (*��/!-( � � -8*5"2�!+  ./*2�<�6!� 

�*6*"2� /� �� 7*""0 . �*/!+, �  "/ �* � 2 �0� 3*:�2 ��-�*2�3*//0* 7*�/0* �!(!)*"�!* 

�*��7!!. 	8/!( !- !/2*�*"/*5<!� ,*/ (*/ � � /���*   . �*/!! +�3+*2"+ !/.!9!� ��/!* 

�!(!)*"�!� �*��7!5  �!"3*/!+ 2 �3!�� /*9 34<!(! 8 9����(! /*� 2 �0� �*6*"2�. ��24 12 .  

,*/ (*/� -��3;)�*2"+ � -�(*83*/!! !3! � 8��3*/!! �!(!)*"� 5 �*��7!!  �!"3*/!+ 2 �3!�� 

�*6*"2��(! - !/.!9!2 ��(! ��2*( 93 �!� ��/!+ ��2!�/0� 7*/2� � !3! 8*-��2!��7!! ��2!�/0� 

)�"2!7 – ��8!��3 � "  9��- ��/!*( (�3 ��2!�/0� " *8!/*/!5. ��:/ 5  " 9*// "24; +�3+*2"+ 

2 , )2  !/.!9!2 � �� 8!2"+ � "!"2*(� � "�6*"2�*//  (*/4<!� � /7*/2��7!+�, )*( 

� /7*/2��7!+  "/ �/0� �*�.*/2 �, )2  � -� 3+*2 1,,*�2!�/  �����3+24 �� 7*""�(! . �*/!+ ! 

� "�3�(*/*/!+. ��!(  9��- (, !""3*8 ��/!* ,!-!� -�!(!)*"�!� (*��/!-( � � -8*5"2�!+ 

!/.!9!2 � � ! �3�(*.�"!2*3*5 /�  �!"3*/!* 2 �3!�� +�3+*2"+ ��2��34/ 5 2*( 5 !""3*8 ��/!5, 

2�� ��� 8�*2 �3;) � �����3*/!; �� 7*""�(! . �*/!+ - � -� 3+*2 �� ./ -!� ��24 �3!+/!* 

!/.!9!2 � � ! �3�(*.�"!2*3*5 /� �� 7*""0 . �*/!+ � <!� � ( 8!���- /* �"3 �!5, 

 "�6*"2�3+24 2* �*2!)*"�!5 � !"� 1,,*�2!�/0� !/.!9!2 � � ! �3�(*.�"!2*3*5, !� ��-3!)/0� 

� (9!/�7!5, (*2 8 � !� ��!(*/*/!+ " 7*34; ��*8 2���6*/!+ � :�� � ! �-�0� �. 

 ������� ������������ ���� �����������. � � ""!! ! -� ��9*: ( " /�)�3� 

�� <3 .  �*�� 903  �0� 3/*/  9 34< * � 3!)*"2�  !""3*8 ��/!5 �  93�"2! !/.!9!� ��/!+ 

�� 7*"" � . �*/!+. ��:/05 ��3�8 � !""3*8 ��/!+ 7*�/0� .�- ,�-/0� �� 7*"" �, � 2 ( )!"3* " 

�)�"2!*( �!(!)*"�! ��2!�/0� !/.!9!2 � �, ��!/�83*:!2 � ""!5"�!(! �)*/0(!, 

+�3+;6!(!"+ �� 8 3:�2*3+(! /��)/ 5 <� 30 3���*�2� � 9*3*�"� 5 ��*(!! �.�.�*(*/ ��, 

" -8��<*.  2* �!; ��-�*2�3*//0� 7*�/0� �!(!)*"�!� �*��7!5, 2��!� ��� )3.-� ��. ��� �.�. 

�-�2+/, ���8. �.�. =((�/�134, � 2��:* �� ,. 	.%. � � 9*5/!)*�, �� ,. �.�. ��*(!/, �� ,. 

�.�. ����2 � ! 8�. � 7*3 (, !/.!9!2 ��(! �� 7*"" � . �*/!+ +�3+*2"+ 8 "2�2 )/  <!� �!5 
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���. ��-3!)/0� �!(!)*"�!� " *8!/*/!5,  8/��  1,,*�2!�/ "24 12!� �*6*"2� -/�)!2*34/  

���4!��*2"+. � /�"2 +6** ��*(+ �"2�/ �3*/ , )2  /�!9 3** 1,,*�2!�/0(! !/.!9!2 ��(! 

+�3+;2"+ " *8!/*/!+, � 2 �0* " 8*�:�2 � "� *( " "2��* �2 (0 .�3 .*/ �, 6*3 )/0� (*2�33 �, 

, ", ��. % "3*8/!5 �3�"" !/.!9!2 � � ��*8"2��3*/ ���  �.�/!)*"�!(!, 2�� ! 

/* �.�/!)*"�!(! �*6*"2��(! !  "/ �/�+ )�"24 8�// 5 ��9 20 � "�+6*/�  �  "/ �/ ( 

!""3*8 ��/!; !/.!9!��;6*.  1,,*�2� 12!� " *8!/*/!5.  

 �"2 �!)*"�! !/2*�*" � (*��/!-(� �*��7!5 �0" � 2*(�*��2��/ .  �!� 3!-� 

, ", � �.�/!)*"�!� " *8!/*/!5 (�	�) 903 "�+-�/ " /* 9� 8!( "24;  9*-��*:!��/!+  

�!(!)*"� .   ��:!+, 2�� .  ��� /*��/ ����3!2!)*"�!*  2���3+;6!* �*6*"2�� (	�),  ��"/ .  

��� 83+ 3;8*5, 2�� ! 83+  ���:�;6*5 "�*80. � �#� ��*��0* 903  !"� 34- ��/   

 9*-��*:!��/!* 	� ":!.�/!*( � "�*7!�34/0� �*)��, � -�2*( 12� 2*�/ 3 .!+ 903� �*�3!- ��/� 

/� � *// 5 9�-* /� �2 33* �: /"2 /. %�! ��-��9 2�* 2*�/ 3 .!! ":!.�/!+ 	� ��:/0( 

� �� " ( 903 (*��/!-( 8*"2���7!! � �3�(*/! "3 :/0� , ", � �.�/!)*"�!� ( 3*��3. % 8 

«8*"2���7!*5» !(**2"+ ��!8� ��� 2*�(!)*"� * ��-3 :*/!* (�!� 3!-) �*6*"2�� 2�� ! *.  

��*���6*/!* ��! �-�!( 8*5"2�!! " 8��.!(! " *8!/*/!+(!,  9��-�;6!(!"+ � �3�(*/!. � 

� ( 64; !""3*8 ��/!+ ( 8*34/0� " *8!/*/!5, ��*8"2��3+;6!� 9*- ��"/0* !(!2�2 �0 	� 

(2�!(*2!3, ",�2 (��3	)3�	 (��), 8!(*2!3(*2!3, ", /�2 (����) (��3	)2(��3)�	 ! 

8!!-�� �!3(*2!3, ", /�2 (i-�3�7	)2(��3)�	 (����)) 903! � 3�)*/0 �!(!� -�!/*2!)*"�!* 

(*��/!-(0 8*"2���7!! �	� � �"3 �!+� . �*/!+. % 3�)*//0* � � 8* 12!� !""3*8 ��/!5 

�*-�342�20 �� +�!3! !/2*�*"/0* "� 5"2�� �	� ��� !/.!9!2 � � . �*/!+, � 2 �0*, �  23!)!* 

 2 ,�* / � (/���!(*�, 2��!� ��� CF3Br), /* ��-��<�;2  - / �05 "3 5 $*(3! ! � 12 (� �	� 

( .�2 ��""(�2�!��24"+ ��� 1� 3 .!)*"�! )!"20* �3�(*.�"!2*3!.  % (!(  , ", �" 8*�:�6!� 

" *8!/*/!5, 1,,*�2!�/0(! !/.!9!2 ��(! +�3+;2"+ (/ .!* (*2�33" 8*�:�6!* " *8!/*/!+ 

(���  �.�/!)*"�!*, 2�� ! /* �.�/!)*"�!*), �  "/ �/ ( 12  " *8!/*/!+ 6*3 )/0� ! 

6*3 )/ -*(*34/0� (*2�33 �, � 2��:* /*� 2 �0* �!(!)*"�!* 13*(*/20 �*�*� 8/ 5 .����0. � 

8�// 5 ��9 2* �� �*8*/   9 96*/!* 1�"�*�!(*/2�34/0�  ! 2* �*2!)*"�!� 8�//0� �  

(*��/!-(� ! �!/*2!�* �!(!)*"�!� �� 7*"" � � �3�(*/�� " 8 9����(! , ", �- ! 

(*2�33" 8*�:�6!� !/.!9!2 � � ! �3�(*.�"!2*3*5, ��� � 3�)*//0� ��2 � ( 8!""*�2�7!!, 2�� !  

�-+20� !- 3!2*��2��0. 

  ��� � ��!� �����. &*34; 8!""*�2�7! // 5 ��9 20 +�3+3 "4 �"2�/ �3*/!* 

(*��/!-(� ! �!/*2!�! �!(!)*"�!� �*��7!5 � �3�(*/�� .�-  9��-/0� . �;)!� "(*"*5 " 

8 9����(! �!(!)*"�! ��2!�/0� , ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � � . �*/!+ � <!� � ( 

8!���- /* �"3 �!5.  

"�!�� ����������� ��������: 

1. �""3*8 ��/!* �3!+/!+ 8 9�� � , ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � � . �*/!+ /� 
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�!(!)*"��; ! 2*�3 ��; "2���2��� ��*8���!2*34/  �*�*(*<�//0� ! 8!,,�-! //0� �3�(*/. 

2. �""3*8 ��/!* �3!+/!+ 8 9�� � , ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � � . �*/!+ /� 

"� � "24 ��"�� "2��/*/!+  ��*8���!2*34/  �*�*(*<�//0� �3�(*/.  

3. �-�)*/!* �3!+/!+ 8 9�� � , ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � � . �*/!+ /� 

� /7*/2��7! //0* ��*8*30 ��*8���!2*34/  �*�*(*<�//0� ! �"3 �!+ .�<*/!+ 8!,,�-! //0� 

�3�(*/. 

4. �-�)*/!*  " 9*// "2*5 . �*/!+ �0" � "� � "2/0� "2��5 � 8 � 8�, !"2*��;6!� !- 

(!�� " �*3 � � -8��, �"2�/ �3*/!* �*:!( � �"2 5)!� .  . �*/!+ (!�� "2��5 � 8 � 8�, 

�3!+/!* /� 12! �*:!(0 8 9�� � ��-3!)/0� .�- � � � 8 � 8 !3! � � -8��.  

5. % !"� 1,,*�2!�/0� � (9!/!� ��//0�  ./*2�<�6!� " "2�� � /�  "/ �* �!(!)*"�! 

��2!�/0�  !/.!9!2 � � . �*/!+ ! !/*�2/0� ��-9��!2*3*5. 

 ��!�� ������. 	"/ �/0( !"2 )/!� ( !/, �(�7!!   �!(!! ! ,!-!�* �� 7*"" � � 

�3�(*/�� "3�:�2 �*-�342�20 !-�)*/!+ "2���2��0 �3�(*/. % 8 "2���2�� 5 �3�(*/ � /!(�*2"+ 

�� "2��/"2�*// * ��"��*8*3*/!* 2*(�*��2��0 ! � /7*/2��7!! " *8!/*/!5 � � 3/* . �*/!+. 

��//0* �  2*�3 � 5 ! �!(!)*"� 5 "2���2��* �3�(*/ " 8 9����(! , ", �- ! 

(*2�33" 8*�:�6!� " *8!/*/!5 ��! �2( ",*�/ ( 8��3*/!!, � 3�)*//0* � 8�// 5 ��9 2*, 

+�3+;2"+ / �0(! !  �!.!/�34/0(!. �*-�342�20 !8*/2!,!��7!! �2 ( � � ! ��8!��3 � 	�, � 

2��:* � 3!)*"2�*// * !-(*�*/!*  � /7*/2��7!! 12!� )�"2!7 � �3�(*/�� ��! �2( ",*�/0� 

8��3*/!+�, /� /*"� 34�  � �+8� � ��*�0<�;6!* 2*�( 8!/�(!)*"�! ���/ �*"/0* -/�)*/!+, 

+�3+;2"+ ��+(0( � 82�*�:8*/!*( 7*�/ 5 ��!� 80 . �*/!+ � !""3*8 ��//0� .�- �0� "(*"+�, 

� ��*�! /*� 2 �0( ��*:/!( ��*8"2��3*/!+(. ��:* �3!+/!* 8 9�� � , ", �-  ! 

(*2�33" 8*�:�6!� !/.!9!2 � � /� "� � "24 ��"�� "2��/*/!+ �3�(*/! � ��*8���!2*34/  

�*�*(*<�//0� . �;)!� "(*"+�, ��*8*30 ��"�� "2��/*/!+ ��*8���!2*34/  �*�*(*<�//0� ! 

8!,,�-! //0� �3�(*/, �"3 �!+ !� .�<*/!+ 903  !-�)*/  ��*��0*. ��  "/ �* � (�3*�"� 

� 3�)*//0� 1�"�*�!(*/2�34/0� �*-�342�2 � 903  �� �*8*/  �2 )/*/!* 8*2�34/ .  �!(!� -

�!/*2!)*"� .  (*��/!-(� !/.!9!� ��/!+ �3�(*/ , ", �" 8*�:�6!(! " *8!/*/!+(!, � 2��:* 

��*83 :*/0 "�*3*2/0* (*��/!-(0 !/.!9!� ��/!+ � 8 � 8/0� ! (*2�/ �0� �3�(*/ 8 9��� 5 

��. � �!-/� ��9 20 2��:* -��3;)�*2"+ � 1�"�*�!(*/2�34/ ( !-�)*/!! � (9!/!� ��//0� 

�3�(*.�"!2*3*5, " "2 +6!� !- �!(!)*"�! ��2!�/0� !/.!9!2 � � ! !/*�2/0� ��-9��!2*3*5, 

�*-�342�2 ( )*.  +�3+*2"+ /�� :8*/!* 1,,*�2!�/0� � (9!/!� ��//0� �3�(*.�"!2*3*5, � 

� 2 �0� �� +�3+*2"+ "!/*�.*2!)*"�!5 1,,*�2 ��-3!)/0� �  (*��/!-(� 8*5"2�!+ � (� /*/2 �. 

% (!(  12 . , � 8�// 5 ��9 2* ��*��0* !-�)*/� "2���2��� 8!,,�-! //0� �3�(*/ (!�� "2��5 

� 8 � 8�, !"2*��;6!� � � -8�� "  � 3 -��� � 5 "� � "24; !  9/���:*/� 8���- //�+ 

"2���2��� 2��!� �3�(*/, � 2 ��+  9�"3��3!��*2 9 34< 5 8!���- / "� � "2*5 � 2 � � 

. �;)*. , � � 2 � ( � -( :/� "2�9!3!-�7!+ 8�//0� �3�(*/. ��:* ��*��0* 903  !-�)*/  
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�3!+/!* 8 9�� � !/*�2/0� ! �*�.!��;6!� .�- � � � 8 � 8 !3! � � -8�� /� 8!���- / 

"2�9!34/ .  . �*/!+ �0" � "� � "2/0� (!�� "2��5 2��!� .�- �0� "(*"*5.  

 #������!��
� � ��
��!��
� ��!������ �����. * �*2!)*"��+ -/�)!( "24 

�0� 3/*// 5 ��9 20 "�+-�/� " � 3�)*/!*( 9 34< .  � 3!)*"2�� 8�//0� �  �!(!)*"� 5 ! 

2*�3 � 5 "2���2��*, ��*8*34/0( +�3*/!+( � �3�(*/�� " 8 9����(! , ", �- ! 

(*2�33" 8*�:�6!� !/.!9!2 � �. =2! 8�//0* /* 9� 8!(0 83+ �� �*��! ! �2 )/*/!+ �!(!� -

�!/*2!)*"�!� (*��/!-( � �� 7*"" � � �3�(*/�� " 8 9����(! �!(!)*"�! ��2!�/0� 

�3�(*.�"!2*3*5 ! !/.!9!2 � �. 	9- � �*-�342�2 � )!"3*// .  ( 8*3!� ��/!+ �� 7*"" � � 

�3�(*/�� " 8 9����(! , ", �- ! (*2�33" 8*�:�6!� �*6*"2� ���-0��*2 /� /*8 "2�2 )/�; 

2 )/ "24 ��*8"��-�/!5 ��:/0� ����(*2� � �� 7*"" � . �*/!+, 2��!� ��� "� � "24 

��"�� "2��/*/!+ �3�(*/!, � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+, �"3 �!+ .�<*/!+, " 

� ( 64; "�6*"2��;6!� �!(!� -�!/*2!)*"�!� ( 8*3*5 � <!� � ( 8!���- /* �"3 �!5. �� 

 "/ �* � 3�)*//0� � 8�// 5 ��9 2* 8�//0� 903  �� �*8*/  �2 )/*/!* �+8� � /"2�/2 

"� � "2*5 13*(*/2��/0� �!(!)*"�!� �*��7!5 ��*���6*/!+ , ", �" 8*�:�6!� �*6*"2� � 

�3�(*/!, � 2��:* ��-��9 2�/0 " ���6*//0* (*��/!-(0 !/.!9!� ��/!+ �3�(*/ 8 9����(! 

�	�. % 3�)*//0* �2 )/*//0* (*��/!-(0 !/.!9!� ��/!+ (8*2�34/0* ! " ���6*//0*) ( .�2 

9024 !"� 34- ��/0 83+ )!"3*//0� ��")*2 � ����(*2� � . �*/!+ �3�(*/, " 8*�:�6!� 8 9���! 

, ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � �, � 2 ( )!"3* ��! 3D ( 8*3!� ��/!! �� 7*"" � � 

����2!)*"�! ��:/0� �"2� 5"2��� – ��(*��� ". ��/!+, 8�!.�2*3+�, 2 ����, � 2��:* 83+ 

( 8*3!� ��/!+ �� 7*"" � ��"�� "2��/*/!+ ! 2�<*/!+ � :�� �. 

��  "/ �* �� �*8*//0� !""3*8 ��/!5 �!(!)*"�!� ! ,!-!)*"�!� �� 7*"" � � �3�(*/��, 

��3;)�+ "!"2*(0 " 8 9����(! ��-3!)/0� , ", �- ! (*2�33" 8*�:�6!� " *8!/*/!5,  � 3�)*/0 

4 ��2*/2� /� !- 9�*2*/!+: 

1. %�2*/2 �� 2363509  «� "2�� 83+  9?*(/ .  � :�� 2�<*/!+», ����2 � �. �., � �03 � �. �., 

�!.�/ � �. �., � � 9*5/!)*� 	. %., #(�� � �. 
., #���79*�. �. �., 	��93!� ��/ : 

10.08.2009 �;3. A 22. 

2. %�2*/2 �� 2396095  «�� " 9 2�<*/!+ � :���», � � 9*5/!)*� 	. %., #(�� � �. 
., �*�/ � 

�. �., ��7*/ .!5 �. %., ����� � �. �., � �03 � �. �., ����2 � �. �., 	��93!� ��/ : 

10.08.2010, �;3. A 22.  

3. %�2*/2 �� A 2719680 "	./*2�<�6!5 � � < � (/ . 7*3*� .  /�-/�)*/!+ ! "� " 9 *.  

� 3�)*/!+" #(�� � �. 
., �*�/ � �. �., � � 9*5/!)*� 	. %., #���79*�. �. �., 

�!8*34/!� � �. �., 	��93!� ��/ : 21.04.2020, �;3. A 12. 

4. %�2*/2 �� A 2680534  «�� " 9 "2�9!3!-�7!! 8!,,�-! // .  . �*/!+ � 8 � 8� � .�- � 5 

(!�� . �*3�*»    � -3 � �. �.,   
�*� 
. �.,   #(�� � �. 
.,   � � 9*5/!)*� 	. %., 

�!2�!/*/�  �. �. 	��93!� ��/ : 22.02.2019 �;3. A 6. 
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 $�������%�� � ������ �����������. � ��9 2* ��!(*/+3!"4 ��-3!)/0* 

1�"�*�!(*/2�34/0* (*2 80 83+ 8!�./ "2!�! 2*�3 � 5 ! �!(!)*"� 5 "2���2��0 �3�(*/, 

!-(*�*/!+ "� � "2! ��"�� "2��/*/!+ ! !-�)*/!+ �"3 �!5 .�<*/!+ �3�(*/, ��-��9 2�//0* ! 

�" �*�<*/"2� ��//0* � ��9 ��2 �!! �!/*2!�! �� 7*"" � . �*/!+ �/"2!2�2� �!(!)*"� 5 

�!/*2!�! ! . �*/!+ !( �.�. � *� 8"� .  �	 ���. ��:* � ��9 2* !"� 34- ��/0 " ��*(*//0*  

)!"3*//0* (*2 80 83+ ( 8*3!� ��/!+ �� 7*"" � . �*/!+ ��-3!)/0� .�-  9��-/0� 2 �3!� ! 

 7*/�! �3!+/!+ /� /!� �+8� , ", �" 8*�:�6!� ! (*2�33" 8*�:�6!� !/.!9!2 � �. 

 &���'����, ��������� � �(���. 

 1. �*��/!-( 8*5"2�!+ �!(!)*"�! ��2!�/0� , ", �- ! (*2�33" 8*�:�6!� !/.!9!2 � � 

. �*/!+ /�: 

 - 2*�3 ��; ! �!(!)*"��; "2���2��� ��*8���!2*34/  �*�*(*<�//0� ! 8!,,�-! //0� 

�3�(*/ "(*"*5 � 8 � 8� ! �.3*� 8 � 8 � " �!"3 � 8 (; 

- "� � "24 ��"�� "2��/*/!+ �3�(*/! ��*8���!2*34/  �*�*(*<�//0� "(*"*5 � 8 � 8� ! 

�.3*� 8 � 8 � " �!"3 � 8 (; 

- � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ ��*8���!2*34/  �*�*(*<�//0� ! �"3 �!+ 

.�<*/!+ ��*8���!2*34/  /*�*�*(*<�//0� �3�(*/ �.3*� 8 � 8 � " �!"3 � 8 (. 

2. �*��/!-( 8*5"2�!+ 8 9�� � !/*�2/0� ! �!(!)*"�! ��2!�/0� !/.!9!2 � � . �*/!+ /� 

�"2 5)!� "24 . �*/!+ �3�(*/ �0" � "� � "2/0� (!�� "2��5 � 8 � 8�, !"2*��;6!� !- 

(!�� " �*3 � � -8��, ��! ��*8*/!! !/.!9!2 � � � � 8 � 8 !3! � � -8��. 

3. � �0*  ./*2�<�6!* "�*8"2�� /�  "/ �* �1� - 3*5 ��"2� � � (*2�33" 8*�:�6!� 

" *8!/*/!5, .�-  9��-/0� "(*"*5 , ", �" 8*�:�6!� !/.!9!2 � � . �*/!+ ! !/*�2/0� 

��-9��!2*3*5, "� " 9 ��!(*/*/!+ 12!�  ./*2�<�6!� " "2�� � 83+ 2�<*/!+  )�. � � :�� �. 

 ������� ������������� ����������. � 8!""*�2�7! // 5 ��9 2* 8 "2 �*�/ "24 

��*8"2��3*//0� �0� 8 � ! �*-�342�2 �  9�"3 �3*/� � (�3*�"/0( � 8� 8 ( � !""3*8 ��/!+( " 

!"� 34- ��/!*( " ��*(*// .  1�"�*�!(*/2�34/ .   9 ��8 ��/!+ ! (*2 8 � )!"3*// .  

( 8*3!� ��/!+. %�!-/�/!* -/�)!( "2!  "/ �/0� �0� 8 � ��9 20 (!� �0( /��)/0( 

"  96*"2� (  "/ ��/  /� ��93!��7!+� �*-�342�2 � !""3*8 ��/!5 � �*7*/-!��*(0� 

-���9*:/0� :��/�3�� ! ��*8 "2��3*/!! �"2/0� 8 �3�8 � /� � ""!5"�!� ! (*:8�/�� 8/0� 

� /,*�*/7!+�.  

 �����)�� �����.  �*-�342�20 ��9 20 8 �3�80��3!"4 /� 29 (*:8�/�� 8/0�  ! 17 

�"*� ""!5"�!� /��)/ -2*�/!)*"�!� � /,*�*/7!+�: �*:8�/�� 8/0* �!(� -!�(0 �  . �*/!;: 

29 (���� � , �� /!+, 2002), 30 (�!��. , �#�, 2004), 31 (
*58*349*�., 
*�(�/!+, 2006), 32 

(� /�*�34, ��/�8�, 2008), 33 (%*�!/, �!2�5, 2010), 34 (���<���, % 34<�, 2012), 36 (�*�3, 

�:/�+ � �*+, 2016), 37 (��93!/, ��3�/8!+, 2018); *�/!)*"�!* ��9 )!* � /,*�*/7!! �  

-�(*/* �3�8 / � (�349��*��*, �#�, 2002, 2003, 2004, 2005, 2006); �*:8�/�� 8/�+ 
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� /,*�*/7!! �  . �*/!; ! 8*2 /�7!! - �*( �!�3 $*348 �!)� II (� "���, � ""!+, 2004); 4 

�-!�2"� -2!�  �*�/"��+ � /,*�*/7!+ �  . �*/!; (��/�!/, �!2�5, 2003); �*:8�/�� 8/05 

"!(� -!�( "
 �*/!* ! �2( ",*�/ * -�.�+-/*/!*" (��/�2-%*2*�9��., � ""!+, 2003); 5-�+ 

�*:8�/�� 8/�+ � /,*�*/7!+ "%�!� 8/0* � :��0: � -/!�/ �*/!*, ��"�� "2��/*/!*, 2�<*/!* 

! 1� 3 .!)*"�!* � "3*8"2�!+" ( ("�, � ""!+, 2003); 2, 3 ! 4 �*:8�/�� 8/0* � /,*�*/7!!-

<� 30 �  ��!(*/*/!; (�""-"�*�2� (*2�!! � �!(!)*"� 5 ,!-!�*, 9! ,!-!�* ! 1� 3 .!! 

($�*/!. � 8, � ""!+, 2004, 2007, 2010); ��� �*5"�!5 "*(!/�� �  . �*/!; (���*/-3�-�*�, 

�*34.!+, 2005); 5, 6, 7, 8, 9  �*:8�/�� 8/05 �*(!/�� �  "2���2��* �3�(*/! (� � "!9!�"�, 

� ""!+, 2005; ��;""*34, �*34.!+, 2008; � � "!9!�"�, � ""!+, 2011; �*�3!/, 
*�(�/!+, 2014; 

� � "!9!�"�, � ""!+,  2017); 7- 5 �*:8�/�� 8/05 "!(� -!�( �   ��"/ "2!, ��*8 2���6*/!; 

! � 8��3*/!; �� (0<3*//0� �-�0� � ((��/�2-%*2*�9��., � ""!+, 2008), �"*� ""!5"��+ 

� /,*�*/7!+ " (*:8�/�� 8/0( �)�"2!*( «% :��0 � 3*"/0� 1� "!"2*(�� �!9!�!» 

(���"/ +�"�, � ""!+, 2011); 10 �-!�2"� -!�  �*�/"�!5 "!(� -!�( �  /���*   � :���� ! 

2*�/ 3 .!! (&���9�, �� /!+, 2015); 7- 5 �*:8�/�� 8/05 �!(� -!�( �  «�*���/ �*"/0( 

�� 7*""�(, �3�-(*, . �*/!; ! �2( ",*�/0( +�3*/!+(» (� )!, � ""!+, 2016); XIII 

�"*� ""!5"�!5 "!(� -!�( �  . �*/!; ! �-�0�� (�*�/ . 3 ���, � ""!+, 2005); ���)/ -

����2!)*"��+ � /,*�*/7!+ «%� 93*(0 " �*�<*/"2� ��/!+ ��!� 8/ 5, 2*�/ .*// 5 ! 

� :��/ 5 9*- ��"/ "2! /�"*3*/!+ ! 2*��!2 �!5 (�/!7!��34/0�  9��- ��/!5 "�9?*�2 � 

� ""!5"� 5 �*8*��7!! �!9!�"� .  ,*8*��34/ .   ���.�"  (� � "!9!�"�, � ""!+, 2008); V 

�*:8�/�� 8/05 /��)/05 � /.�*""  «
�	-������-2009» (� � "!9!�"�, � ""!+, 2009); 

���)/ -����2!)*"�!5 (*:8�/�� 8/05 � /.�*"" «� �*�<*/"2� ��/!* "!"2*(0 �����3*/!+, 

��*8 2���6*/!+ ! 8*(�,!� ��/!+ � "3*8"2�!5 )�*-�0)�5/0� "!2��7!5 �*.! / � ! �� 93*(0 

9*- ��"/ "2! :!-/*8*+2*34/ "2! /�"*3*/!+» (� � "!9!�"�, � ""!+, 2010); XVII ��9 )�+ 

.����� «�1� - 3! �!9!�!» ( ("�, � ""!+, 2010), �"*� ""!5"��+ /��)/�+ � /,*�*/7!+ «XXX 

�!9!�"�!5 2*�3 ,!-!)*"�!5 "*(!/��» (� � "!9!�"�, � ""!+, 2012); VII �*:8�/�� 8/�+ 

/��)/�+ � /,*�*/7!+ "�!"2�/7! //0* (*2 80 - /8!� ��/!+ -*(3! ! , 2 .��((*2�!+, 

( /!2 �!/.  ���:�;6*5 "�*80, .* 1� 3 .!+" (� � "!9!�"�, � ""!+, 2012); �*:8�/�� 8/05 

/��)/05 � /.�*"" «�����$	%���	��-�%�����-2012» (� � "!9!�"�, � ""!+, 2012); 24-

 5 �*:8�/�� 8/�+ /��)/ -����2!)*"��+ � /,*�*/7!! �  �� 93*(�( � :��/ 5 9*- ��"/ "2! 

(��3�<!��, � ""!+, 2012); 2-�+ �*:8�/�� 8/�+ � /,*�*/7!+ "�!/�(!�� ! "2���2��� � 3/ 

. �*/!+" (�3�8!� "2 �, � ""!+, 2014); �*:8�/�� 8/05 /��)/05 � /.�*"" 

«�����$	%���	��-�%�����-2013» (� � "!9!�"�, � ""!+, 2013); �*:8�/�� 8/05 

/��)/05 � /.�*"" «�����$	%���	��-2015» (� � "!9!�"�, � ""!+, 2015); IX 

�"*� ""!5"��+ � /,*�*/7!+ " (*:8�/�� 8/0( �)�"2!*( "
 �*/!* 2 �3!��: 2* �!+, 

1�"�*�!(*/2, ��!3 :*/!+" (� � "!9!�"�, � ""!+, 2015); �"*� ""!5"��+ /��)/ -2*�/!)*"��+ 
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� /,*�*/7!+ «�������
���� XXI ����» (� "���, � ""!+, 2015); �"*� ""!5"��+ <� 3�-

� /,*�*/7!+ «�!(!+ ! ,!-!�� . �*/!+ ! 8!"�*�"/0� "!"2*(» (� � "!9!�"�, � ""!+,  2016); 

XXXIII �!9!�"�!5 2*�3 ,!-!)*"�!5 "*(!/�� (� � "!9!�"�, � ""!+, 2017); XXXIV �!9!�"�!5 

2*�3 ,!-!)*"�!5 "*(!/�� (� � "!9!�"�, � ""!+, 2018); � �"*� ""!5"��+ � /,*�*/7!+ 

"
 �*/!* 2 �3!��: 2* �!+, 1�"�*�!(*/2, ��!3 :*/!+" (� � "!9!�"�, � ""!+, 2018). 

 &����
)��. �*-�342�20 !""3*8 ��/!5, � 2 �0* ��*8"2��3*/0 � 8!""*�2�7! // 5 

��9 2*,  ��93!� ��/0 � 111 �*)�2/0� ��9 2��, !- /!� 43 � :��/�3�� (�"* �� 8+2 � "!"2*(� 

Scopus), �*� (*/8 ��//0� ���, � 2��:* � 3�)*/0 4 ��2*/2� /� !- 9�*2*/!+. 

 ��!��� �
�� ����
����. ��//0*, ��*8"2��3*//0* � ��9 2*, � 3�)*/0 #(�� �0( 

�.
. � " "2��* ��-3!)/0� ��2 �"�!� � 33*�2!� �. ��2 � ��!/!(�3 /*� "�*8"2�*// * �)�"2!* � 

� 8. 2 ��* ! �� �*8*/!! 1�"�*�!(*/2 �. �� (* 2 . , ��2 � ��!/+3 �)�"2!* � � "2�/ ��* -�8�) 

�  )!"3*// (� ( 8*3!� ��/!; "2���2��0, "� � "2! ��"�� "2��/*/!+, ��*8*3 � 

��"�� "2��/*/!+ ! �"3 �!5 .�<*/!+ !""3*8 ��//0� �3�(*/,  9"�:8*/!! �*-�342�2 � 83+ �"*� 

!""3*8 ��//0� � ��*8"2��3*// 5 ��9 2* "!"2*(, , �(�3!� ��* �0� 8 � ! � 8. 2 ��* 

��93!��7!5 �  2*(* 8!""*�2�7! // 5 ��9 20.  

 ������������ ���)�������� 1.3.17 – *���!��
� +���
, %������ � �����, +���
 

,
���������* ��������� ��(����. �!""*�2�7! //�+ ��9 2� "  2�*2"2��*2 �. 1 

"1�"�*�!(*/2�34/0* (*2 80 !""3*8 ��/!+ �!(!)*"� 5 "2���2��0 ! 8!/�(!�! �!(!)*"�!� 

��*���6*/!5 ! �. 6 ""2� */!*, "2���2��� ! �*��7! //�+ "� " 9/ "24 !/2*�(*8!�2 � 

�!(!)*"�!� �*��7!5" ��"� �2� "�*7!�34/ "2! 1.3.17 - �!(!)*"��+ ,!-!��, . �*/!* ! �-�0�, 

,!-!�� 1�"2�*(�34/0� " "2 +/!5 �*6*"2��. 

 ��-�� � �����'��� �����. �!""*�2�7! //�+ ��9 2� " "2 !2 !- ��*8*/!+, "*(! .3��, 

-��3;)*/!+, "�!"�� "2�2*5 �  2*(* 8!""*�2�7!!, "�!"�� " ���6*/!5, "�!"�� !"� 34- ��// 5 

3!2*��2��0, ! " 8*�:!2 371 "2��/!7� 2*�"2�, 189 �!"�/� �,  34 2�93!70 ! "�!" � 

!"� 34- ��//0� !"2 )/!� � !- 311 /�!(*/ ��/!5.  

 .�%��������. ��2 � !"��*//* 93�. 8��*/ .3��/ (� /��)/ (� " 2��8/!�� 

3�9 ��2 �!! �!/*2!�! �� 7*"" � . �*/!+ ���
 !(. �.�. � *� 8"� .  �	 ��� 8.,.-(./. 

�� ,*"" �� � � 9*5/!)*�� 	. %. -� /��)/ * ��� � 8"2�  ��9 2 5,  9"�:8*/!* ! 

!/2*���*2�7!; �*-�342�2 �; -��. 3�9 ��2 �!*5 A8 �%� !(. �.�. ��!"2!�/ �!)� �	 ���, 

.3��/ (� /��)/ (� " 2��8/!��, 8.,.-(./. �� ,*"" �� � -3 �� �. �. -� " 2��8/!)*"2�  ! 

��� � 8"2�  ��9 2 5 �  !""3*8 ��/!; . �*/!+ �0" � "� � "2/0� (!�� "2��5 .�- �; 

93�. 8��!2 " 2��8/!� � 3�9 ��2 �!! �%
 ���
 �	 ���: �.,.-(./. ��59!8� �. �., �.�./. 

#���79*�.� �. �., �.,.-(./. �*�/ �� �. �., 8.,.-(./. %�3*7� .  �. �. -� � ( 64 � �� �*8*/!! 

1�"�*�!(*/2 � /� ��2 (�2!-!� ��//0� (�""-"�*�2� (*2�!)*"�!� � (�3*�"��,  9"�:8*/!* 
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�*-�342�2 �; �.,.-(./. � 34< �� . �. -� ��*8 "2��3*//0* 8�//0* �  ( 8*3!� ��/!; 

"2���2��0 �3�(*/; �.,.-(./. *�*6*/�  �. 
. -� � ( 64 � �� �*8*/!! 1�"�*�!(*/2 �, 

!-. 2 �3*/!* ����7*�0� �� 9  29 �/!� � ! (!�� 2*�( ���; �.,.-(./. �/+-4� �� �. �., �.,.-(./. 

���2 < �� (�09!7��;) �. �., �.,.-(./. ��!( �� �. �., �.,.-(./. 
*��"!( �� �. �. -� �)�"2!* � 

�� �*8*/!! 1�"�*�!(*/2 �,  9"�:8*/!* �*-�342�2 �; " 2��8/!� � 3�9 ��2 �!! A8 �%� !(. 

�.�. ��!"2!�/ �!)� �	 ��� �!2�!/*/�  �. �., 
�*� 
. �. -� � ( 64 � �� �*8*/!! 

1�"�*�!(*/2 � �  !""3*8 ��/!; . �*/!+ �0" � "� � "2/0� (!�� "2��5 .�- �.  

 	" 9�+ ��!-/�2*34/ "24 ��8*:8* �3�8!(!� �/* #(�� � 5, �//* �/8�**�/* #(�� � 5 

! $��*(* �,�/�"4*�/* #(�� � 5 -� -�9 2� ! � /!(�/!*.  

=2� ��9 2� �0� 3/+3�"4 ��! � 88*�:�* , /8� ���� �  .��/2� A 03-51-4724,  , /8� 

�RDF �  .��/2� A RC1-2386-NO-02, , /8� ���� �  .��/2� A 07-03-11005, �� .��((0 �	 

��� � ��(��� .��/2 � 83+ ( 3 80� �)*/0� A76, !/2*.��7! // (� �� *�2� �	 ��� A 37, 

� /8� " 8*5"2�!+  2*)*"2�*// 5 /���*, � ""!5"� .  /��)/ .  , /8� �  .��/2� A  16-19-

10330. 
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����� 1 

��#�/�#0/�12 �."�/ 

 

 

 

1.1. ��%������� %������ � ����%������ 

 

 

 

� -( :/ "24 �����3*/!+ �� 7*""�(! . �*/!+ " � ( 64; ,!-!)*"�!� !3! �!(!)*"�!� 

� -8*5"2�!5 8 "2�2 )/  8��/  !-�*"2/� ! <!� �  !"� 34-�*2"+ � 2*�/!�*. �  23!)!*  2 

,!-!)*"� .  � -8*5"2�!+, "�!(!)*"�! ��2!�/0* �*6*"2�� "� " 9/0  ��-�24 8 � 34/  "!34/ * 

�3!+/!* /� �� 7*""0 . �*/!+ 8�:* ��! 8 "2�2 )/  (�30� � /7*/2��7!+�, � 12 (� !� 

!"� 34- ��/!* 83+ �����3*/!+ . �*/!*( /�!9 3** 1,,*�2!�/ " [1]. �*��/!-( 8*5"2�!+ 

�!(!)*"�! ��2!�/0� !/.!9!2 � � . �*/!+ "�+-�/ /* " ��-9��3*/!*( �*��7! // 5 "�*80 ! 

� /!:*/!! -� ")*2 12 .  2*(�*��2��0 � �3�(*/! (/���!(*�, ��� � "3�)�* ��*8*/!+ � . �;)�; 

"(*"4 !/*�2/0� .�- �, 2��!� ��� N2, CO2 ! 2.8.), �  9�"3 �3*/, .3��/0(  9��- (, !� 

�-�!( 8*5"2�!*( " �2 (�(! ! ��8!��3�(! � �3�(*/!. % 12 (� ��! /*9 34<!� � /7*/2��7!+� 

!/.!9!2 �� *.  1,,*�2 �  "/ �/ ( "�+-�/ " (*��/!-( ( .!9*3! �3;)*�0� / "!2*3*5 7*�/0� 

�*��7!5 � �3�(*/�� – �, 	 ! 	�,  8/��  ��! -/�)!2*34/ ( � �0<*/!! � /7*/2��7!! 

2*�3 ,!-!)*"�!5 1,,*�2 8 9���! !/.!9!2 �� "2�/ �!2"+ "�6*"2�*//0(. %�!(*� ( 2��!� 

�� 7*"" � +�3+*2"+  �!"3*/!* "(*"*5 � 8 � 8� ! �.3*� 8 � 8 � " 8 9����(! ��!(*/+*(0� � 

� :�� 2�<*/!! ,2 �-, 9� (- ! �3 ��3��/ �. 
�3 !8�34�!34/0* ��8!��30,  9��-�;6!*"+ � 

�*��!)/0� �*��7!+� 12!� 8 9�� �, �)�"2��;2 � �*��7!+� �*� (9!/�7!! �2 ( � �, 2.*. ��!� 8+2 

�  9�0�� 7*�*5 [1]. % (!(  .�3 .*/" 8*�:�6!� �.3*� 8 � 8 � � ��)*"2�* !/.!9!2 � � 

. �*/!+ 2��:* ( .�2 �0"2���24 /*��*8*34/0* �.3*� 8 � 80 ! !� "(*"!. � ����� � ��)*"2�* 

!/.!9!2 �� 903� ��*83 :*/� ! !"�02�/� "(*"4 ����, " "2 +6�+ !- 17% �� �!3*/�, 41% 

9�2�/� ! 42% �� ��/�. �*-�342�20 !""3*8 ��/!5 � ��-0��;2, )2  (!/!(�34/�+ � /7*/2��7!+ 

����, /* 9� 8!(�+ 83+ ��*8 2���6*/!+ � "�3�(*/*/!+ "(*"*5 H2/� -8�� 3;9 .  " "2���, 2.*. 

«�!� ��+ � /7*/2��7!+» !/.!9!2 ��, " "2��3+*2 9.5 %  9., � 2  ��*(+ ���, /���!(*�, 83+ Ar  /� 

" "2��3+*2 9 3** 85%  9. � 9���� �"*.  2.5%  9. !/.!9!2 �� ���� � "(*"! H2/� -8�� 

��!� 8!2 � "/!:*/!; �*��/*.  � /7*/2��7! // .  ��*8*3� 83+  " 75 8  45%, � ��! 2�� 5 :* 

8 9���* Ar �*��/!5 ��*8*3 "/!:�*2"+ 3!<4 8  73%. � 3** �0" ��+ 1,,*�2!�/ "24 !/.!9!2 � � 

�  "���/*/!; " !/*�2/0(! ��-9��!2*3+(!, � 2��:* -��!"!( "24 1,,*�2!�/ "2!  2 �!(!)*"�!� 

"� 5"2� !/.!9!2 �� +�3+;2"+ /*� "�*8"2�*//0( ! ��+(0( � ��-�2*3*( 2 . , )2  !/.!9!2 �0 

�*�.!��;2 " / "!2*3+(! 7*�*5, � �*-�342�2* )*.  12! )�"2!70 -�(*/+;2"+ /� 8��.!* 

" *8!/*/!+, /*"� " 9/0* �*.*/*�!� ��24 ��2!�/0* 7*/2�0 [1].  
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� /�"2 +6** ��*(+ !-�*"2/  ! !-�)*/  9 34< * � 3!)*"2�  �!(!)*"�! ��2!�/0� 

!/.!9!2 � � . �*/!+, 1,,*�2!�/ "24 � 2 �0� ( :*2 ��-3!)�24"+ 9 3** )*( � �+8 � !---� 

��-3!)!+ �!(!! !� ��*���6*/!+ � �"3 �!+� . �*/!+ [2]. *( /* (*/**, !�  96�+ )*�2� – 

"� " 9/ "24 �(*/4<�24 � /7*/2��7!; ��2!�/0� )�"2!7 � - /* �*��7!5 . �*/!+ ��2*( !� 

"�+-0��/!+ 3!9  " ( 3*��3 5 !"� 8/ .  !/.!9!2 ��, 3!9  " *.  �*��7! //0(! �� 8��2�(!. 

!�!)/0( ��!(*� ( +��  �0��:*// .  �!(!)*"� .  (*��/!-(� !/.!9!� ��/!+ 

+�3+*2"+ 8*5"2�!* �3�8 /� CF3Br (halon 1301) ! �/�3 .!)/0� *(� �*6*"2�   /� . �*/!* 

�.3*� 8 � 8 �, � �� 7*""* � 2 � .  �� !"� 8!2 7*� )�� �*��7!5 ( 3*��30 ,�* /� " 

�2 (�(! � "  9��- ��/!*( HBr: CF3Br+H→HBr+CF3 [3-6]. $�2*( 12� 7*�4 ��*���6*/!5 

�� 8 3:�*2"+ - HBr �*�.!��*2 " �2 ( ( � "  9��- ��/!*( �2: HBr+�→�2+Br, � 

 9��- ���<!5"+ �2 ( Br �*�.!��*2 " �2 (�(! �,  9��-�+ "/ �� HBr, � �*-�342�2* )*.  7*� )�� 

��*���6*/!5 9� (" 8*�:�6!� �*6*"2�, /�)��<�+"+ " CF3Br, -�(0��*2"+ � 7!�3* 

HBr→Br→HBr. ��� ( :/  �!8*24, � 12 ( "3�)�* �� !"� 8!2 ��2�3!2!)*"��+ �*� (9!/�7!+ 

�2 ( � � 8 � 8� "  9��- ��/!*( ( 3*��3+�/ .  � 8 � 8� H+H→�2, 2.*. �� 8��20 �*��7!5 

9� (" 8*�:�6!� !/.!9!2 � � ��2�3!-!��;2  9�0� 7*�/0� ��-�*2�3*//0� �!(!)*"�!� 

�*��7!5. 

�*"( 2�+ /� "�0" ��; !/.!9!��;6�; "� " 9/ "24 ! 1�"�3��2�7! //0* "� 5"2��, 

�� !-� 8"2�  �3�8 / � 2!�� CF3Br 903  -���*6*/  � /�*�34"� 5 � /�*/7!*5 � 1990 ..  � 

"�+-! " !� ��*8/0( � -8*5"2�!*( /�  - / �05 "3 5 �2( ",*�0 $*(3!" [7]. =2  !/!7!!� ��3  

� !"� �0* !""3*8 ��/!+ �  -�(*/* -���*6*//0� �3�8 / � /� / �0* 1,,*�2!�/0* ! 

1� 3 .!)*"�! 9*- ��"/0* �3�(*.�"!2*3!. ��!* �*6*"2�� 8 3:/0 �8 �3*2� �+24 /�9 �� 

2�*9 ��/!5 �  ,!-!� -�!(!)*"�!( "� 5"2��( ! 1� 3 .!)*"� 5 9*- ��"/ "2!. � ��9 2* [8] 

��!�*8*/  9- � � 2*/7!�34/0� �3�(*.�"!2*3*5, (/ .!* !- � 2 �0� !(*;2 "���/!(�; " CF3Br 

(!3! �0<*) 1,,*�2!�/ "24 �3�(*.�<*/!+, /!-��;  - / ��-��<�;6�; "� " 9/ "24, (�3�; 

2 �"!)/ "24 !"� 8/ .  �3�(*.�"!2*3+ ! �� 8��2 � *.  ��"��8� � �3�(*/!, � � <�; 

" �(*"2!( "24 " 9 34<!/"2� ( � /"2���7! //0� (�2*�!�3 �. 	8/��  /* �"* �3�(*.�"!2*3! 

�8 �3*2� �+;2  8/ ��*(*//  � 3/ (� � (�3*�"� 12!� 2�*9 ��/!5. ����!(*�, ,2 �- ! 

5 8" 8*�:�6** �3��/0  (�F4, CF3H, CF3I, C2F6, C2HF5 ! 2.8.) /*  ��-0��;2 ��*8/ .  

� -8*5"2�!+ /�  - / �05 "3 5. %  (*��/!-(� 8*5"2�!+  /! "� :! " CF3Br  – � �3�(*/! 

�� !"� 8!2 !� ��-3 :*/!* /� HF (HI) ! F2 (I2), � 2 �0* -�2*( �*�.!��;2 " �3;)*�0(! 

/ "!2*3+(! 7*�/0� �*��7!5 � - /* . �*/!+ ! "/!:�;2 !� � /7*/2��7!; ! 2*( "�(0( 

�0-0��;2 2�<*/!* �3�(*/! [9]. 	8/��  �3�(*.�"!2*3! !- 12 .  �3�""� �*6*"2� !(*;2 

 2/ "!2*34/  �0" ��;  ./*2�<�6�; � /7*/2��7!; [10-13],  � 2��:* !� 1,,*�2!�/ "24 

!/.!9!� ��/!+ (*2�/ -� -8�</0� �3�(*/ -/�)!2*34/  (*/4<*, )*( � 9� (" 8*�:�6!� 

�3�8 / � [14-15]. ���  2(*)*/  � ��9 2* [8], ,2 �" 8*�:�6!* �3�*/0 (/���!(*�, 
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CF3CF=CFCF3, CF2=CFCF3), �3 �" 8*�:�6!* �3��/0 (/���!(*�, CHCl2�F3, CHClF2), 9� (- ! 

,2 �" 8*�:�6!* 1,!�0 (/���!(*�, CHF2-O-CF3, CHF2-O-CH2CF3, CH3-O-C4F9, 

CF3CHOHCH2Br, CF3CHOHCH2Br, CH2=CBr(OCF)3CFCF3, CH3-O-CF2CHBrF,), "*� " 8*�:�6!* 

" *8!/*/!+ (/���!(*�, SF6, SF5Br, SF5Cl, SF5SF5) !(*;2  2/ "!2*34/  �0" ��;, �  "���/*/!; 

" CF3Br,  ./*2�<�6�; � /7*/2��7!; ! � 12 (� (�3 �*�"�*�2!�/0 ��� �3�(*.�"!2*3!. 

� ( / .��,!! ����2 �� [16] ���-�/ , )2  /�!9 3** �*�"�*�2!�/0(! +�3+;2"+ 

 ./*2�<�6!* �*6*"2��, 1,,*�2!�/  -�(*83+;6!* �!(!)*"�!* �*��7!! � �3�(*/!, 2.*. 

!/.!9!2 �0 �*��7!5  �!"3*/!+ 2 �3!��. � 12 (� �3�""�  ./*2�<�6!� �*6*"2�  2/ "+2"+ "(*"! 

/�  "/ �* )�"2!)/  !3! � 3/ "24; .�3 .*/!� ��//0� �.3*� 8 � 8 �. =,,*�2!�/ "24 

.�3 .*/!� ��//0� �.3*� 8 � 8 � ���  ./*2�<�6!� �.*/2 � ��*3!)!��*2"+ ��! �*�*� 8*  2 

,2 �!� ��//0� � 5 8!� ��//0( �� !-� 8/0( � � "3*8 ��2*34/ "2! F<Cl<<Br<I.  ��:* � 

12 5 ( / .��,!!  2(*)*/ , )2  9 3** 1,,*�2!�/0� !/.!9!2 � � (�  "���/*/!; " �:* 

!-�*"2/0(! 9� (-, 5 8- ! ,2 �-�(*6*//0(! �.3*� 8 � 8�(!) "�*8! .�3 .*/!� ��//0� 

�.3*� 8 � 8 �, � -�!8!( (�, /* "�6*"2��;2 ! /* 9� 8!(  !"��24 !/.!9!2 �0 "�*8! 8��.!� 

2!� � �!(!)*"�!� " *8!/*/!5. 	��*8*3*//�; �*�"�*�2!�� � 12 (  2/ <*/!! !(*;2 

/*� 2 �0* (*2�33 �.�/!)*"�!* �*6*"2��,  93�8�;6!* �/2!8*2 /�7! //0(! "� 5"2��(!, 

/���!(*�, 2��!* ��� ���9 /!30 /!�*3+ !  :*3*-�, 2*2��12!3"�!/*7. � 2+ � 8 9/0* �*6*"2�� /* 

��!(*/+;2"+ ���  ./*2�<�6!* �*6*"2��, 2*( /* (*/**, !-�)*/!* �!(!)*"� .  (*��/!-(� !� 

!/.!9!��;6*.  1,,*�2� ��*8"2��3+*2"+ 8 "2�2 )/  ��:/0( ��� " 2* �*2!)*"� 5 2 )�! -�*/!+, 

2�� ! " ����2!)*"� 5 "2 � /0 � �3�/* � !"�� /�!9 3** 1,,*�2!�/0� � (9!/!� ��//0� 

 ./*2�<�6!� "�*8"2� [16]. 

	8/!( !- 1,,*�2!�/0� !/.!9!2 � � . �*/!+ +�3+*2"+ �*/2����9 /!3 :*3*-� Fe(CO)5 [2, 

17-21], *.  1,,*�2!�/ "24 /� 2 � �+8�� �0<*, )*( CF3Br. ���+ �0" ��+ 1,,*�2!�/ "24 

Fe(CO)5  9?+"/+*2"+ 9 34<!( )!"3 ( � -( :/0� "2*�*/*5  �!"3*/!+ :*3*-�, )2  ��!� 8!2 � 

 9��- ��/!; � �3�(*/! 9 34< .  )!"3� ��-3!)/0�  �!"3 � :*3*-�, �"2���;6!� � �*��7!! " 

�2 (�(! ! ��8!��3�(! � �3�(*/! (�, 	 ! 	�), � �*-�342�2* 12 .  �� !"� 8!2 !� �*� (9!/�7!+ 

[20]. ���.�/*7- !  3 � " 8*�:�6!* " *8!/*/!+ !-�)*/0 "3�9 , /  !- !(*;6!�"+ 

3!2*��2��/0� 8�//0� "3*8�*2, )2   /! 2�� :* +�3+;2"+ 1,,*�2!�/0(! �3�(*.�"!2*3+(! [19, 

22-23]. ��, /���!(*�, 8 9���� �7*2!3�7*2 /�2� (��.�/7� (��3�	��=�(��3)O)2Mn � 

��*8���!2*34/  /* �*�*(*<�// * �3�(+ 12�/ 3-� -8��, "2�9!3!-!� ��// * /� . �*3�* "  

�"2�*)/0(! � 2 ��(!, ��!� 8!2 � 9 3** "!34/ (� !/.!9!��;6*(� 1,,*�2�, )*( � "3�)�* 

8 9���! �*/2����9 /!3� :*3*-� [23]. *( /* (*/**, (��.�/*7- !  3 � " 8*�:�6!* " *8!/*/!+, 

��� ! �*/2����9 /!3 :*3*-�,  93�8�;2 �0" � 5 2 �"!)/ "24; ! � 12 (� (�3 �*�"�*�2!�/0 

83+ ����2!)*"� .  ��!(*/*/!+ [8]. 
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��!* �*6*"2��, ��� NaHCO3, KHCO3, K2SO4, � 2��:* TiCl4, SnCl4, SbCl3 �� +�3+;2 

�0" ��; 1,,*�2!�/ "24 [24-26] ! !(*;2 /!-��; 2 �"!)/ "24,  8/�� , /���!(*�, TiCl4, SnCl4, 

SbCl3 ��! �-�!( 8*5"2�!! " H2O ( .�2 .!8� 3!- ��24"+ ! �08*3+24 HCl, � 12 (� 2��!* 

" *8!/*/!+ (�3 �*�"�*�2!�/0 83+ ����2!)*"� .  ��!(*/*/!+. 

� �+8* ��9 2 �   ��*8*3*/!; 1,,*�2!�/ "2! .�<*/!+ �3�(*/ " � ( 64; �1� - 3*5 

� 8/0� ��"2� � � ��-3!)/0� " 3*5 903! !""3*8 ��/0 NaCl, NaHCO3, MgCl2, CaCl2, MnCl2, 

FeCl2, CoCl2, NiCl2, KCl, LiI, CH3COOK, NaOH ! 8��.!* [13, 27-37]. ��� � ��-�3! 12! ��9 20, 

/*� 2 �0* !- �0<*�*�*)!"3*//0� �*6*"2�  93�8�;2 9 3** "!34/0( !/.!9!��;6!( 

1,,*�2 (, )*( CF3Br. �*��/!-( � -8*5"2�!+ �1� - 3+ ��"2� � � 12!� " *8!/*/!5 /� �3�(+ 

-��3;)�*2"+ � 2 (, )2  "/�)�3� �� !"� 8!2 !"���*/!* � 80 !- �1� - 34/0� )�"2!7, � -�2*( 

� /8*/"!� ��//0* �*6*"2�� ��-3�.�;2"+ � �3�(*/! "  9��- ��/!*( 3�9!34/0� " *8!/*/!5 

( �"!8 � ! .!8� �"!8 � (*2�33 �), �-�!( 8*5"2��;6!� " ��8!��3�(! 	� ! �2 (�(! �, 	, )2  

��!� 8!2 � � /*)/ ( !2 .* � !� .!9*3! (�*� (9!/�7!!). �� ��� 12! ��8!��30 +�3+;2"+ 

�3;)*�0(! � 7*�/0� �*��7!+� . �*/!+ 2 �3!�, 2  ��! "/!:*/!! !� � /7*/2��7!! � - /* 

�3�(*/! �� !"� 8!2 -�(*83*/!* "� � "2!  �!"3*/!+ 2 �3!�� ("� � "2! 2*�3 �08*3*/!+) ! 

� -( :/  8 "2!:*/!* ( (*/2� � 3/ .  � .�"�/!+ �3�(*/!. %*�"�*�2!�/0(! !/.!9!2 ��(! 

+�3+;2"+ " *8!/*/!+, !(*;6!* �0" � * " 8*�:�/!* ��3!+, /���!(*�, :*32�+ �� �+/�+ " 34 

(K4[Fe(CN)6],  ��3!+ .*�"�7!�/ ,*���2(II)),  8/��  *.  1,,*�2!�/ "24 � �!8* � 8/ .  ��"2� �� 

��/** /* !""3*8 ��3�"4. 

��"� 2 ! " ��2. � ��)*"2�* �*�"�*�2!�/0� �3�(*.�"!2*3*5 ��*83 :!3! ��""( 2�*24 

"9� (" 8*�:�6!* �3�*/0 (/���!(*�, CH2=CBrCF3, CHBr=CHCF3, CH2=CHCBrF2), ,2 �- ! 

9� (,2 ��(!/0 (/���!(*�, N(CF3)2(CF2CHF2), N(CF3CF2)3 ! 2.�.), � 2��:* , ", � �.�/!)*"�!* 

" *8!/*/!+ (8�3** - �	�)" [8].  

��*8! �	� /�!9 3** !/2*�*"/0 ��� � 2*/7!�34/0* �3�(*.�"!2*3!  �.�/!)*"�!* 1,!�0 

 �2 , ", �/ 5 �!"3 20  - 2�!(*2!3, ",�2 (��, (OCH3)3PO), 8!(*2!3(*2!3, ", /�2 

(����, (OCH3)2(CH3)PO), � 2��:* PCl3 ! POCl3.  �"!)/ "24 9 34<!/"2�� 

, ", � �.�/!)*"�!� 1,!� � 8 "2�2 )/  /!-��+. �� (* 2 . , �	� /* �3!+;2 /�  - / �05 "3 5 

�2( ",*�0, � 2��:* /� � 2*�3*/!* �3!(�2� $*(3!. 	�.�/!)*"�!* , ",�20 +�3+;2"+ 

" �(*"2!(0(! " 9 34<!/"2� ( � /"2���7! //0� (�2*�!�3 � �  2"�2"2�!! .!8� 3!-�. 

	�.�/!)*"�!* 1,!�0 , ", �/ 5 �!"3 20 !(*;2 8 "2�2 )/  �0" �!* 2*(�*��2��0 

�!�*/!+, -/�)*/!+ � 2 �0� 83+ /*� 2 �0� �	� ��*8"2��3*/0 � �93!7* 1 [38]. �(*/4<!24 

2*(�*��2��� �!�*/!+ �	� ( :/  ��2*( ,2 �!� ��/!+ [8]. ����!(*�, 2*(�*��2��� �!�*/!+ 

P(OC2H5)3 " "2��3+*2 157.9 
0
C, � )�"2!)/ * ,2 �!� ��/!* �3�!34/0� -�(*"2!2*3*5 � -� 3+*2 

� )2! /� 30  
0
C �(*/4<!24 2*(�*��2��� �!�*/!+, � 2 ��+ 83+  P(OCH2CF3)3 " "2��3+*2 131

0
C. 
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��34/*5<** -�(*6*/!*  "2��<!�"+ �2 ( � � 8 � 8� ,2 � (, 2* �*2!)*"�! � -� 3!2 *6B 

"!34/** �(*/4<!24 2*(�*��2��� �!�*/!+.  

�""3*8 ��/!+ 9 34< .  � 3!)*"2�� ��-3!)/0� ", ", �" 8*�:�6!� " *8!/*/!5 

� ��-�3 , )2  !� /*9 34<�+ 8 9���� "� " 9/� "�6*"2�*//  �(*/4<�24 "� � "24 "� 9 8/ .  

��"�� "2��/*/!+ �3�(*/!" [19, 20, 39, 40] ! 1,,*�2!�/  .�"!24 �3�(+ [41, 42]. 

 

�93!7� 1. *(�*��2��0 �!�*/!+ /*� 2 �0�  �.�/!)*"�!� 1,!� � , ", �/0� �!"3 2 

 

 

 

 

 

 

 

 

 

 

 

��"� ! ��./*� [19] ��2*( !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/! .*�"�/ -

� -8�</ 5 "(*"!  ��*8*3!3! � /7*/2��7!! , ", �" 8*�:�6!� �*6*"2�, 2��!� ��� (CH3O)3PO, 

(C2H5O)3PO, PCl3, PBr3, PSCl3, PSBr3,  ��! 8 9���* � 2 �0�  2/ "!2*34/ * �(*/4<*/!* 

"� � "2! . �*/!+ " "2��3+*2 30 %, )2  � -� 3!3  ��/:!� ��24 �0<*�*�*)!"3*//0* �*6*"2�� 

�   2/ "!2*34/ 5 1,,*�2!�/ "2!, � 2��:* �� 8*( /"2�!� ��3 , )2  8�//0* " *8!/*/!+ 

+�3+;2"+ 9 3** 1,,*�2!�/0(! !/.!9!2 ��(!, )*( Cl2, Br2 ! CCl4. ��:* � ��9 2* [8]  903  

� ��-�/ , )2   2/ "!2*34/�+ 1,,*�2!�/ "24 POCl3 ��� !/.!9!2 �� � 10 ��- �0<*, )*( � Cl2. 

%  8�//0( ��9 2 ���8 /�348� ! " ��2. [43-45],  � 2��:* ��5/*�� ! " ��2. [46]  8 9���! 

���� ! �� � 2-4 ��-� 9 3** 1,,*�2!�/  8*5"2��;2 � ��*8���!2*34/  /* �*�*(*<�//0� 

(*2�/ - ! �� ��/ -� -8�</0� �3�(*/��, )*( ��*8*/!* CF3Br. ��2 �0 " !"� 34- ��/!*( 

. �*3�! /� �"2�*)/0� � 2 ��� . �;)*.  !  �!"3!2*3+ � ��-�3!, )2  "2*�*/4 ��"2+:*/!+ 

�3�(*/! /� ��*8*3* .�<*/!+ �(*/4<�*2"+ /� 35 % ��! ��*8*/!! 8 9���! 0.15 %  9. ��� � 12!� 

" *8!/*/!5. %  8�//0( ��"� 2� ! " ��2. [47-48], 1,,*�2!�/ "24 ���� ! �� 

��!93!-!2*34/  � 40 ��- 9 34<*, )*( � N2, ! � 2-4 ��-� �0<*, )*( � CF3Br.  

��*��, %!2- ! �*"29���  "���/!3! �3!+/!* 8 9�� � .�3 .*/ " 8*�:�6!� (HBr, CF3Br) 

! , ", �" 8*�:�6!� 8 9�� �  (����, -��!/) /� "� � "24 ��"�� "2��/*/!+ 

"2*�! (*2�!)*"� .  ��*8���!2*34/  �*�*(*<�// .  �� ��/ -� -8�</ .  �3�(*/! ��! 

�2( ",*�/ ( 8��3*/!! [40]. % 3�)*//0* � 12 5 ��9 2* �*-�342�20 � 82�*�8!3! "8*3�//0* 

��-��/!*  � �(�3� *(�*��2��� �!�*/!+, 

��! 760 ((. �2. �2., °C 

�!(*2!3, ",�2, �� 	=P(OCH3)3 197 

�!(*2!3(*2!3, ", /�2, 

���� 

O=P(CH3)(OCH3)2 181 

�!(*2!3, ",!2 P(OCH3)3 111.5 

�!12!3(*2!3, ", /�2 O=P(C2H5)(OCH3)2 194 

�!12!312!3, ", /�2 O=P(C2H5)(OC2H5)2 198 

�!12!3, ",!2 P(OC2H5)3 157.9 



 20 

��/** �0� 80   2 (, )2  �	� � ��*8���!2*34/  �*�*(*<�//0� �3�(*/�� +�3+;2"+ 9 3** 

1,,*�2!�/0(! !/.!9!2 ��(! �  "���/*/!; " .�3 .*/ " 8*�:�6!(! �*6*"2��(!. 

�/2*�*"/  2 , )2  9 34<!/"2�  , ", � �.�/!)*"�!� " *8!/*/!5 !(*;2 8 "2�2 )/  

93!-�!5 !/.!9!��;6!5 1,,*�2. %�! !-�)*/!! �3!+/!+ 8 9�� � ����, ��, � 2��:* 

(C2H5O)3PO ! H3PO4 � ��*8���!2*34/  /* �*�*(*<�// * (*2�/ -� -8�</ * �3�(+ /� 

�"2�*)/0� � 2 ��� 903  � ��-�/ , )2  12! �*6*"2�� � ��-0��;2 ����2!)*"�!  ���/05 

!/.!9!��;6!5 1,,*�2 [40]. �"� 8+ !- !(*;6!�"+ 3!2*��2��/0� 8�//0�, !/.!9!��;6�+ 

1,,*�2!�/ "24 ����2!)*"�! /* -��!"!2  2 "2���2��0 ( 3*��30 !"� 8/ .  �*6*"2��, � 

 9�"3 �3!��*2"+ /�3!)!*( � /B( �2 ( � , ", �� [49]. 

�*��/!-( !/.!9!��;6*.  8*5"2�!+ , ", �" 8*�:�6!� �*6*"2� � �3�(*/��, ��� 903  

� ��-�/  � �+8* !""3*8 ��/!5, " "2 !2 � !� ��2�3!2!)*"� ( �3!+/!! /� �� 7*""0 

�*� (9!/�7!! �2 ( � ! "� 9 8/0� ��8!��3 �, � !(*//  �  �-�!( 8*5"2�!! ��8!��3 � (	�, 

�, 	) "  �"!8�(! , ", �� ! , ", �/0(! �!"3 2�(! (PO, PO2, HOPO, HOPO2), +�3+;6!�"+  

� /*)/0(! �� 8��2�(! 8*"2���7!! !"� 8/0� �	�. 	9- � �!(!� -�!/*2!)*"�!� (*��/!-( � 

83+ ��-3!)/0� 2 �3!�/0� "!"2*( " 8 9����(! , ", �" 8*�:�6!� " *8!/*/!5 ��!�*8*/ � 

� "3*8�;6*( ��-8*3*. 

 ��� 903   2(*)*/  � �� (+/�2 5 �0<* ( / .��,!! ����2 �� [16], � !"� 

��!/7!�!�34/  / �0�  ./*2�<�6!� " "2�� �,  93�8�;6!� !/.!9!��;6!(! "� 5"2��(!, - 

-�8�)� )�*-�0)�5/  "3 :/�+. �(*"2* " 2*( "�6*"2��;6!*  ./*2�<�6!* "�*8"2�� �:* /* 

" �"*( "  2�*2"2��;2 �� �/; ��-�!2!+ " ��*(*// 5 !/8�"2�!!, ��*8� 3�.�;6*.  

-/�)!2*34/0* �3 6�8! ( 9?*(0) �� !-� 8"2�*//0� -8�/!5, ��!(*/*/!* ��-3!)/0�  

� :��  ��"/0� (�2*�!�3 �, � 2��:* "� �3*/!* /� (�3 5 �3 6�8!  .� (/ .  !� � 3!)*"2��. 

% 12 (� �� 93*(� � !"�� / �0� "�*8"2� � :�� 2�<*/!+, �  (/ .  ��- 9 3** 1,,*�2!�/0� 

)*( "�6*"2��;6!*, +�3+*2"+ )�*-�0)�5/   "2� 5. ��� �:* ��!-/�/ , /�!9 3** 

�*�"�*�2!�/05 ��24 �*<*/!+ 12 5 �� 93*(0 -��3;)�*2"+ � !-�)*/!! ! ��!(*/*/!! 

� (9!/!� ��//0�  ./*2�<�6!� "�*8"2�, 2.*. "(*"*5 !/.!9!2 � � ��-3!)/ 5 �!(!)*"� 5 

��!� 80. �� 5 � 8� 8  9 "/ ��/ 2*(, )2  � -8*5"2�!* /� �� 7*""0 . �*/!+ ��-3!)/0� 

!/.!9!��;6!� � (� /*/2 �  ./*2�<�6*.  " "2��� �-�!(/  8 � 3/+*2"+ ! �"!3!��*2"+, � 

2��:* �3�)<�;2"+ �"3 �!+ !� 8 "2���! �  )�. � :��� [16].  

 ��*��0* " -8�/!* � 8 9/0� � (9!/�7!5 �3�(*.�"!2*3*5 � /�<*5 "2��/* 903  

��*8��!/+2  *6* � 70-� . 8�� ��2*( "(*<*/!+ 9� (" 8*�:�6!� �3�8 / � " 8! �"!8 ( 

�.3*� 8� ! �- 2 (.  � �!-/� 12!� ��-��9 2 � -��3;)�*2"+ � " )*2�/!! ,3*.(�2!-!��;6!� ! 

!/.!9!��;6!� . �*/!* �*6*"2�, � �*-�342�2* )*.  �*�3!-�*2"+ 1,,*�2 "!/*�.!-(� ! 

 9*"�*)!��*2"+ � �0<*/!* 1,,*�2!�/ "2! 2��!� � (9!/!� ��//0� " "2�� � [50]. ��� 

� ��-�3! �� �*8*//0* !"�02�/!+, ��! 2�<*/!! � 8 � 8� 1� / (!+ �3�8 /� 114�2 (C2F4Br2) 
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8 "2!.�*2 � )2! 15 ���2 ��! ��-9��3*/!! � -8��� �- 2 ( ��!(*�/  � 2�! ��-�, � ��! 2�<*/!! 

/*,2*�� 8��2 � – � )2! /� � �+8 � ��! �(*/4<*/!! " 8*�:�/!+ �!"3 � 8� � � -8��* �"*.  

��!(*�/  /� 1.5%. �*��/!-( "2 34 "!34/ .  � �0<*/!+ 1,,*�2!�/ "2! !/.!9!2 � � ��! 

"���/!2*34/  �(*�*// ( ��-9��3*/!! � -8���  9�"3 �3*/ 2*(, )2  . �;)�+ "�*8� "2�/ �!24"+ 

9 3** 9 .�2 5 ! !/.!9!� ��/!* �*-�  �"!3!��*2"+ 8�:* ��! /*9 34< (  9 .�6*/!! . �;)*5 

"�*80 [16].  

� 8�34/*5<*( � (9!/!� ��//0* .�- �0*  ./*2�<�6!* " "2��0 � 3�)!3! ��-�!2!* ! 

-� ��9*: (. � ��9 2* � 22� ! " ��2. [51] !""3*8 ��3 "4  ./*2�<�6�+ "� " 9/ "24 "(*"*5, 

" 8*�:�6!� 8  90% ( 9.) �	2 !3! N2 ! 8  10% ( 9.) CF3Br !3! CF2ClBr. �-(*�*/!* 

 ./*2�<�6*5 � /7*/2��7!! 12!� "(*"*5 (*2 8 ( «cup burner» � ��-�3 , )2  ��! ���-�//0� 

"  2/ <*/!+� � (� /*/2 � 8 "2!.�*2"+ �(*/4<*/!* ��"� 8� �3�8 /� � 3-4 ��-� ! 8! �"!8� 

�.3*� 8� ��!(*�/  � 3 ��-�. � ��9 2* [52] 903� )!"3*//  !-�)*/� !/.!9!��;6�+ 

1,,*�2!�/ "24 9!/��/0� "(*"*5 CF3Br ! CF3� " !/*�2/0(!  ./*2�<�6!(! � (� /*/2�(!. � 

"3�)�* "(*"*5 !/*�2/0� .�- � (�	2+N2) !3! CF3� ! N2 "!/*�.!-( /*  9/���:!��*2"+, � 83+ 

"(*"! CF3Br+N2 "!/*�.!-( !(**2 (*"2 . ����2 � �.�. "�+-0��*2 1,,*�2 "!/*�.!-(� � 

� 8 9/0� "!"2*(�� " 2*(, )2  ��! ��-9��3*/!! � -8��� ! �(*/4<*/!! 2*(�*��2��0 �3�(+ 

"2�/ �!2"+ ��� 90 9 3** «�!(!)*"�!(», � /7*/2��7!+ ��2!�/0� 7*/2� � "2�/ �!24"+ 9 3** 

"�*�����/ �*"/ 5 ! �3�(+ 9 3** )��"2�!2*34/  � �3!+/!; �!(!)*"�! ��2!�/ .  !/.!9!2 �� 

[16]. � " :�3*/!;, � -���9*:/0� ��9 2��  2"�2"2��;2 ""03�! /�  2*)*"2�*//0* ��9 20, 

� 2 �0( �  ����� ��!/�83*:!2 ��! �!2*2 � " -8�/!! � (9!/!� ��//0�  ./*2�<�6!� 

" "2�� �. �  ����%	 ��� � ""!! 903 ��-��9 2�/ � (9!/!� ��//05  ./*2�<�6!5 " "2�� 

��-18�, " "2 +6!5 !- 90% ((�"".) CF3H ! 10% ((�"".) CH3I, � � 2 � ( 8 9���� 

5 8" 8*�:�6*.  !/.!9!2 ��  9*"�*)!��*2 "!/*�.*2!)*"�!5 1,,*�2 [16]. 

� ( / .��,!! �-�2+/� ! �*/!" �� [1]  2(*)*/ , )2  (*��/!-( 8*5"2�!+ 

"!/*�.*2!)*"�!� "(*"*5 !/.!9!2 � � ( :*2 "  2�*2"2� ��24  8/ (� !- 3-� ���!�/2 �: 1. 

	8!/ !- !/.!9!2 � � ��!� 8!2 �  9�0�� �*��7! //0� 7*�*5, � �2 � 5 �(*/4<�*2 "� � "24 

!� !/!7!!� ��/!+; 2. �"� 8/0* � (� /*/20 (!/.!9!2 �0 !3! /* !/.!9!2 �0), 

�-�!( 8*5"2��;2 (*:8� " 9 5 ! 8�;2 1,,*�2!�/05 !/.!9!2 �; 3. %� (*:�2 )/0* �� 8��20 

��*���6*/!+ !/.!9!2 � � �"2���;2 � �*��7!; (*:8� " 9 5 ! �-�!(/  �"!3!��;2 8*5"2�!* 

8��. 8��.�. � �*�34/ "2! (*��/!-( 8*5"2�!+ "!/*�.*2!)*"�!� "(*"*5 �*8�   2/ "!2"+ 2 34�  

�  8/ (� !- ���-�//0� �0<* ���!�/2 � � 3/ "24;, ��� ����!3 ,  / ��*8"2��3+*2  

� (9!/�7!; ��-3!)/0� (*��/!-( � �-�!( 8*5"2�!+ [1] .  

 �/2*�*"/   2(*2!24, )2  � ��9 2* [53] +�3*/!* "!/*�.!-(� 903  9/���:*/  /� ��!(*�* 

" �(*"2/ .  8*5"2�!+ .�3 /� 114�2  (C2F4Br2) ! 2�*��3 �!"2 .  �- 2� /� "� � "24 . �*/!+ 

� 8 � 8 -� -8�</0� "(*"*5 ��! / �(�34/ ( 8��3*/!!. �/2*���*2�7!+ ��2 �� -��3;)�*2"+ � 
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2 (, )2  ��8!��3,  9��- ��//05  2 .�3 /� 114�2, �*�*���20��*2 ��8!��30  2 2�*��3 �!"2 .  

�- 2� (/*3!/*5/05  9�0� 7*�*5), � 2 �0* �  2"�2"2�!! .�3 /� )�"2!)/  �� 8 3:�;2 

�*��7! //0* 7*�!. �  28*34/ 5 "*�!! 1�"�*�!(*/2 � !""3*8 ��3�"4 2��:* � -( :/ "24 

�/2�. /!-(� !/.!9!2 � �, ��*8"��-�// .  ��2 ��(! � ��9 2* [54] /�  "/ �* �/�3!-� �3!+/!+ 

8! �"!8� �- 2� ! �� ��/� /� �*��05 ��*8*3 "�( � "�3�(*/*/!+ � 8 � 8� " �!"3 � 8 (. ��� 

903  �:* ���-�/  �0<*, "!/*�.!-( " �(*"2/ .  8*5"2�!+ ��!"�8 � /� /*��-�*2�3*// -

7*�/0* �� 7*""0, ��� ����!3 ,  9?+"/+;2 �-�!( 8*5"2�!*( ��!"�8 � ! �� 8��2 � !� 

��*���6*/!+ (*:8� " 9 5 [55]. 	8/��  � ��-�*2�3*/ -7*�/0� �� 7*""�� /*�88!2!�/05 

�����2*� " �(*"2/ .  �3!+/!+ ��!"�8 � /� �!/*2!�� �� 7*""� ! /� � /7*/2��7! //0* 

��*8*30 � -( :*/ 2��:* 9*- �*��7!5 (*:8� ��!"�8��(! !3! �� 8��2�(! !� ��*���6*/!5, 

)2  � 82�*�:8�*2"+ � �+8* ��9 2  �  !-�)*/!; �3!+/!+ "(*"*5 !/*�2/0� .�- � ! �!(!)*"�! 

��2!�/ .  !/.!9!2 �� (CF3H) /� . �*/!* (*2�/ -� -8�</0� "(*"*5 [56-59]. � 12!� ��9 2��  

+�3*/!* "!/*�.!-(� 903  !"� 34- ��/  83+ ����2!)*"� .  �(*/4<*/!+ (!/!(�34/0� 

� /7*/2��7!5 !/.!9!2 ��, ��*8 2���6�;6!� � "�3�(*/*/!* (*2�/ -� -8�</0� "(*"*5. 

��!(  9��- (, � !"� ! !-�)*/!* � (9!/!� ��//0�  ./*2�<�6!� " "2�� �, � � 2 �0� !� 

� (� /*/20 �� +�3+;2 �-�!(/05 "!/*�.!-(, ��*8"2��3+*2 !/2*�*" ��� " 2 )�! -�*/!+ 

,�/8�(*/2�34/0� !""3*8 ��/!5 �!(!! �� 7*"" � !/.!9!� ��/!+, 2�� 83+ ����2!)*"� .  

!"� 34- ��/!+ 83+ ��*8 2���6*/!+ �-�0� � ! ��! 2�<*/!! � :�� �.   
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1.2. 3���� � 
�����
 ��
)�� ��%��������� ����� ����
�� 

+��+�������'(�* ���������� 

 

 

 

��� �:* 903  �� (+/�2  � ��*808�6*( ��-8*3*, , ", � �.�/!)*"�!* " *8!/*/!+ 

(�	�) +�3+;2"+  8/!(! !- � -( :/0� -�(*/!2*3*5 ,�* / �, -���*6*//0� � /�*�34"� 5 

� /�*/7!*5. =2! �*6*"2�� 8*( /"2�!��;2 �0" ��; !/.!9!��;6�; 1,,*�2!�/ "24 � 

��-3!)/0� �3�(*/��, /* ��-��<�;2  - / �05 "3 5 -*(/ 5 �2( ",*�0, � 2��:* (/ .!* !- /!� 

����2!)*"�! /* 2 �"!)/0. % !"� (*2 8 � �/!)2 :*/!+ /*��/ ����3!2!)*"�!�  2���3+;6!� 

�*6*"2� (	�), ��!(*/+�<!�"+ � ��)*"2�* �!(!)*"� .   ��:!+ (�	) "2�3 ��!)!/ 5 !/2*�*"� � 

!""3*8 ��/!+( (*��/!-(� 2*�(!)*"� .  ��-3 :*/!+ ! . �*/!+ �	�. % (!(  (*2 8 � 

�!"3 2/ .  ! 6*3 )/ .  .!8� 3!-� � ��"2� ���, 903 ��*83 :*/ (*2 8  9*-��*:!��/!+ 	� 

��2*( ":!.�/!+ � "�*7!�34/0� �*)��-!/"!/*��2 ���. %�*83 :*//05 (*2 8 ":!.�/!+ 	� 903 

�"*"2 � //* !-�)*/ � 9 34< ( � 3!)*"2�* ��9 2,  9- � � 2 �0� ��*8"2��3*/ � 8!""*�2�7!! 

�34!/� �.�. [60]. ��*��0* ����2!)*"� * ����/ (�"<2�9/ * �/*8�*/!* 2*�/ 3 .!! 

�/!)2 :*/!+ 	� ":!.�/!*( 903  �*�3!- ��/  /� �2 33* �: /"2 / �  �#� [61, 62]. 	8/��  

�*�*8 ����2!)*"� 5 �*�3!-�7!*5 12 .  (*2 8� /* 9� 8!(  903  �0+"/!24 8*2�34/05 (*��/!-( 

8*"2���7!! � �3�(*/�� ( 8*34/0� , ", � �.�/!)*"�!� �*6*"2�, +�3+;6!�"+ /*2 �"!)/0(! 

!(!2�2 ��(! 	�. � � 8* 12!� !""3*8 ��/!5 903! � 3�)*/0 ��-/  9��-/0* 1�"�*�!(*/2�34/0* 

8�//0*, "�!8*2*34"2��;6!*   !/.!9!��;6*( �3!+/!! �	� /� �� 7*""0 . �*/!+, )2  "2�3  

��*8� "03� 5 !� !-�)*/!+ ��� � -( :/0� �3�(*.�"!2*3*5. 

��*8! ��9 2 �  !-�)*/!; (*��/!-(� !/.!9!� ��/!+ �3�(*/ 8 9����(! �	�, � � 2 �0� 

��*��0* 903! 1�"�*�!(*/2�34/  �"2�/ �3*/0  "/ �/0* �� 8��20 !� 8*"2���7!!, /* 9� 8!(  

�08*3!24 ��9 2� �1"2! ! � //*33� [63]. =2! !""3*8 ��2*3! (*2 8�(! ( 3*��3+�/ -��)� � 5 

(�""-"�*�2� (*2�!! !  �2!)*"� 5 "�*�2� "� �!! !-(*�!3! �(*/4<*/!* � /7*/2��7!5 

�3;)*�0� ��8!��3 � ��! ��*8*/!! � �3�(+ 8 9���! 2�!(*2!3, ",�2� (��). ��:* � 

�3�(*/! 903 !8*/2!,!7!� ��/ �+8 , ", �" 8*�:�6!� " *8!/*/!5, 2��!� ��� �	, �	2, HPO 

! �O�	2. 	8/��  ��2 �0 /* �� � 8!3! ��+(0* ��3!9� ��! �  12!( �*6*"2��( ! � 12 (� 

"( .3! 2 34�   7*/!24 !� � /7*/2��7!;, !"� 34-�+ 3!2*��2��/0* 8�//0* �  "*)*/!+( 

! /!-�7!!. 
3��/0(! �*-�342�2�(! ��9 20 �1"2! ! � //*33� +�3+*2"+ "�"2�/ �3*/!* "�+-! 

(*:8� ��*8*/!*( 8 9���! �� ! �(*/4<*/!*( � /7*/2��7!5 ��2!�/0� " *8!/*/!5 � 

�3�(*/!" [63], � 2��:* ��*83 :*//05 12!(! ��2 ��(! /�9 � !- 10 �!(!)*"�!� �*��7!5 " 

�)�"2!*( PO, PO2, HOPO ! HPO, � 2 �05 /� ��)*"2�*// ( �� �/* � -� 3!3 !/2*���*2!� ��24 

1,,*�2 8 9���! �� /� �*� (9!/�7!; H ! 	� � �3�(*/�� (*2�/� ! � 8 � 8�. 

% "3*8�;6!* 8 "2!:*/!+ � !""3*8 ��/!! (*��/!-(� 8*5"2�!+ 8 9�� � �	� � �3�(*/�� 

903! "8*3�/0 ��� �"�! [64-67]. �8*+ *.  ��9 2 -��3;)�3�"4 � �� �*��* � -( :/ "2! 
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��*3!)*/!+ 1,,*�2!�/ "2! �*��2!�/ .  ��+( 2 )/ .  8�!.�2*3+ " � ( 64; 8 9��3*/!+ � 

2 �3!�  (�2) , ", �" 8*�:�6!� " *8!/*/!5. ��� �"�! " � ( 64; (*2 8� 3�-*�/ -

!/8�7!� ��// 5 ,3� �*"7*/7!! (���) !""3*8 ��3 �3!+/!* 8 9���! , ",!/� (PH3) � � 8 � 8-

�!"3 � 8/�; "(*"4 /� "� � "24 �*� (9!/�7!! � ! 	� � �3�(*/!. �03  �"2�/ �3*/ , )2  

8 9���� 0.06 %  9. , ",!/� ��!� 8!2 � �(*/4<*/!; � /7*/2��7!! ��8!��3� OH � �3�(*/! -� 

��*(+ /� � �+8 �  (*/4<**, )*( 12  /�93;8�*2"+ � �/�3 .!)/0� �"3 �!+� 9*- 8 9���! 

, ",!/�. ��  "/ ��/!! 12!� ,��2 � ��� �"�! ��*8� 3 :!3, )2  �� 8��20 . �*/!+ , ",!/�, 

2��!* ��� �	, �	2, �	�	, �	�	2, +�3+;2"+ ��2�3!-�2 ��(! �*� (9!/�7!! �, 	, 	�, ! 

��*83 :!3 (*��/!-( ��2�3!2!)*"� 5 �*� (9!/�7!! 12!� ��8!��3 � � �*��7!+� "  �"!8�(! ! 

 �"!�!"3 2�(! , ", �� [64]. � "3*8�;6!� "� !� ��9 2�� ��� �"�! 8 � 3/!3 !-/�)�34/  

��*83 :*//05 (*��/!-( / �0(! �*��7!+(! ! � /"2�/2�(! !� "� � "2! [65-67], � �*-�342�2* 

)*.  903 " -8�/ " "2 +6!5  !- 162 �*��7!5 ! 17 , ", �" 8*�:�6!� " *8!/*/!5 (PH3, PH2, PH, 

P, P2, P4, HOPO, HOPO2, HPO, P2O, P2O2, H2PO, H3PO, PO, PO2, PO3, P2O3) 8*2�34/05 �!(!� -

�!/*2!)*"�!5 (*��/!-( [66]. ��-��9 2�//�+ ��� �"�! �!(!� -�!/*2!)*"��+ "�*(� " "2��3+*2 

 "/ �� �"*� � "3*8�;6!� ( 8*3*5 " �)�"2!*( �	�. 

���+8� " !/ "2��//0(! !""3*8 ��2*3+(!, � ""!5"�!* �)*/0* 2��:* �/*"3! 9 34< 5 

��3�8 � !-�)*/!* (*��/!-( � !/.!9!� ��/!+ �� 7*"" � . �*/!+ , ", �" 8*�:�6!(! 

" *8!/*/!+(!. � 3�9 ��2 �!! �%
 ���
 �	 ���  (� � "!9!�"�) 903! "!"2*(�2!)*"�! 

!-�)*/ (*��/!-( 8*"2���7!! �+8� �	�, 2��!� ��� ��, ����, 8!!- �� �!3(*2!3, ", /�2 

(����), � ��-3!)/0� �3�(*/�� [60, 68-75]. 

� � 9*5/!)*� ! " ��2 �0 "!-(*�!3! �� ,!3! � /7*/2��7!5 �� (*:�2 )/0� ! 

� /*)/0� �� 8��2 � 8*"2���7!! ���� � ��*8���!2*34/  �*�*(*<�// ( H2/O2/Ar �3�(*/! " 

8 9��� 5 0.2 % ���� ��! 8��3*/!+� 6.27 ! 10.13 �%� (47 ! 76 2 ��)" [68, 69]. � 12!� ��9 2�� 

903   9/���:*/ , )2  �3;)*�0(! �� (*:�2 )/0(! �� 8��2�(! 8*"2���7!! ���� +�3+;2"+ 

(*2!3, ", / ��+ �!"3 2� (HO)2(CH3)PO ! (*2!3(*2!3, ", /�2 (CH3O)(HO)(CH3)PO, � 2��:* 

903! !8*/2!,!7!� ��/0 � /*)/0* , ", �" 8*�:�6!* �� 8��20 . �*/!+ ���� - �	, �	2, 

�	�	, �	�	2 ! PO(OH)3. ��  "/ �* 1�"�*�!(*/2�34/  !-(*�*//0� �� ,!3*5 � /7*/2��7!5 

, ", �" 8*�:�6!� �*6*"2� 903 ��*83 :*/  96!5 (*��/!-( ��*���6*/!5 �	� � 

!""3*8 ��//0� �3�(*/��, � � 2 � ( �*��!)/0(! �*��7!+(! ��*���6*/!+ �	� +�3+;2"+  

�*��7!! -�(*6*/!+ ��3- ! ��3	- .���� ��8!��3�(! � ! 	� [68].  

%*��05 �!(!� -�!/*2!)*"�!5 (*��/!-( 8*"2���7!! ���� � H2/O2/Ar �3�(*/! ��! 

"�9�2( ",*�/ ( 8��3*/!! (6.3 �%� (47 2 ��)) [69] 903 ��-��9 2�/ /�  "/ �* �*-�342�2 � 

1�"�*�!(*/2�34/0� !-(*�*/!5 �� ,!3*5 � /7*/2��7!5 , ", �" 8*�:�6!� " *8!/*/!5 � 12 ( 

�3�(*/! [68] ! �0� 3/*//0� �*3!�" ( ��")*2 � 1/2�34�!5  9��- ��/!+ �3;)*�0�  

, ", �" 8*�:�6!� �*6*"2� [76]. � .3�"/  12!( ��9 2�(, � "3*8 ��2*34/ "24 /�)�34/0� 
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"2�8!5 8*"2���7!! ���� "3*8�;6�+: ���� → (CH3)PO(OH)(OCH3) → (��3)�	(	�)(	�) → 

�3�	4 → � /*)/0* �� 8��20. �*2�34/�+ "�*(� ��*���6*/!+ ���� � �3�(*/! � ��-�/� /� 

�!"�/�* 1 [69]. �� 12 ( �!"�/�* �+8 ( " , �(�3�(! �*6*"2� ��!�*8*/0 !� ( 3*��3+�/0* 

(�""0 ! �+8 ( "  "2�*3��(! �*3!)!/0 1/2�34�!! �*��7!5 (� "� 9���, � ��:/( 34) [76]. 

% ��-�//05 /� �!"�/�* 1 (*��/!-( � 8�34/*5<*( 903 8 � 3/*/ ��*83 :*//0(! 

��� �"�! �*��7!+(! [65-67], � -�2*( " � ( 64; 2�� .  (*��/!-(� 903� ��"")!2�/� 

�!(!)*"��+ "2���2���  8/ (*�/ .  3�(!/��/ .  �3�(*/! ��*8���!2*34/  �*�*(*<�// 5 "(*"! 

H2/O2/Ar " 8 9��� 5 0.2% ���� ! " � "2��3*/� " � 3�)*//0(! � ��9 2* [69] 

1�"�*�!(*/2�34/0(! 8�//0(!. �/�3!- � 3�)*//0� 8�//0� ��")*2� ! 1�"�*�!(*/2� � ��-�3, 

)2  !"� 34- ��/!* � (*��/!-(* �*� (*/8 ��//0� ��� �"�! [64] �*3!)!/ � /"2�/2 "� � "2! 

 

�!"�/ � 1. ��*(� �*��7!5 ��*���6*/!+ ���� � �3�(*/! [69]. 
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�*��7!5 ��!� 8+2 � ��"� :8*/!; �  �� ,!3+( � /7*/2��7!! PO, PO2, HOPO ! HOPO2.  

��  "/ �* �*-�342�2 � �/�3!-� � 1,,!7!*/2 � )��"2�!2*34/ "2! � /"2�/2 "� � "2! 

�*��7!5 � � /7*/2��7!! , ", �/0� �!"3 2 !  �"!8 �, 903! �"2�/ �3*/0 �*��7!! (*��/!-(� 

��� �"�!, � /"2�/20 "� � "2! � 2 �0� /* 9� 8!(   2� ��*�2!� ��24 83+ 8 "2!:*/!+ 

�8 �3*2� �!2*34/ .  " .3�"!+ �*-�342�2 � ( 8*3!� ��/!+ ! !-(*�*/!5. 

	8/ 5 !- ��:/0� ��9 2, "�+-�//0� " � /!(�/!*( (*��/!-(� ��*���6*/!+ �	� � 

�3�(*/��, +�3+;2"+ !""3*8 ��/!+ �*�/*�� ! ��3� [77]. ��2 �0 ��-��9 2�3! �!(!� -

�!/*2!)*"��; ( 8*34 8*"2���7!! ���� � 9 .�2 ( H2/O2 �3�(*/! " 8 9��� 5 0.1 % ���� /� 

 "/ �* 1�"�*�!(*/2�34/0� !-(*�*/!5 �+8� , ", �" 8*�:�6!� " *8!/*/!5 " � ( 64; 

"( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! (�%��) " 3�-*�/ 5 , 2 ! /!-�7!*5. � � ( 64; 

12 .  (*2 8� ��2 �0 !8*/2!,!7!� ��3! � �3�(*/! �+8 ��:/0� �� (*:�2 )/0� �� 8��2 � 

/�)�34/0� "2�8!5 ��*���6*/!+ ����: ��3�	2, ��3	�	, (��3)(��3	)(	��2)�	, 

(	�)2(��3)�	 ! �O(	�)(��3)(	��3)" [77]. ��!(  9��- (, � 12 5 ��9 2* 903  

1�"�*�!(*/2�34/  8 ��-�/ , )2   "/ �/0(! ��/�3�(! �*��!)/0� �*��7!5 8*"2���7!! ( 3*��3 

���� � �3�(*/! +�3+;2"+ �*��7!! " ��8!��3�(! 	� ! �, � �*-�342�2* � 2 �0� �� !"� 8!2 

-�(*6*/!* �3�!34/0� ! �3� �"!34/0� .���� � !"� 8/ 5 ( 3*��3* /� .����� 	�. ��:* � 12 5 

��9 2* 903�  ��*8*3*/� � /"2�/2� "� � "2! �*��7!! ( / ( 3*��3+�/ .  ��"��8� ����, 

!(*;6*5 1/*�.!; ��2!��7!! 365 ��:/( 34. %�! 2�� 5 �0" � 5 �*3!)!/* 1/*�.!! ��2!��7!! 

�� 7*""�(! �!� 3!-� ���� � �3�(*/! 8 ��"2!(  ��*/*9�*)4. ��2 �0 /� " "/ ��/!! 

� 3�)*//0� 1�"�*�!(*/2�34/0� 8�//0�, � 2��:* �*-�342�2 � ��9 2 [68] ! ���/2 � �!(!)*"�!� 

��")*2 � �*3!�"� [76] ��*83 :!3! 8*2�34/05 �!(!� -�!/*2!)*"�!5 (*��/!-( ��*���6*/!+ 

���� � �3�(*/!, " "2 +6!5 !- 128 �*��7!5, !- � 2 �0� 20  �!"0��;2 /�)�34/0* "2�8!! 

8*"2���7!! ���� ! *.  �� (*:�2 )/0� �� 8��2 �, 11 �*��7!5 903! �-+20 !- (*��/!-(� 

��� �"�!" [66] 83+  �!"�/!+ �-�!( 8*5"2�!+ PO, PO2, HOPO, HOPO2 " H, OH ! O,  31 �*��7!+ 

 �!"0��*2 ��*���6*/!+ H- ! O- " 8*�:�6!� �*6*"2�, ! 66 �*��7!5 !"� 34- ��/0 83+  �!"�/!+ 

��*���6*/!5 C-, H-, O- " *8!/*/!5. �*8 "2�2� ( ��9 20  �*�/*�� ! ��3� +�3+*2"+ 2 , )2  "� 

/*5 /* 903! � 3!)*"2�*//  !-(*�*/0 � /7*/2��7!! �� (*:�2 )/0� ! � /*)/0� 

, ", �" 8*�:�6!� �� 8��2 � ��*���6*/!+ ����" [77], � 12 (� ��2 �0 �� !-� 34/  

��!���/+3! -/�)*/!+ (��"!(�( � /� �� ,!3+� � /7*/2��7!5 12!� " *8!/*/!5 � ��"")!2�//0( 

�  ��-��9 2�// 5 ( 8*3! �*3!)!/�(. %  12 5 ��!)!/* ��*83 :*//�+ �*�/*� ( ! ��3 ( 

( 8*34 ��*���6*/!+ ���� 903� �� 2*"2!� ��/� 3!<4 ��)*"2�*// . 

��9�< � ! &1/. ( 8*�/!-!� ��3! ��*83 :*//�; � ��9 2�� [66, 77] ( 8*34 ��*���6*/!+ 

���� � �3�(*/! ! !"� 34- ��3! ** 83+  7*/�! 1,,*�2!�/ "2! !/.!9!� ��/!+ (*2�/ -

� -8�</ .  �3�(*/! 8 9��� 5 ���� [39]. ��-��9 2�//05 (*��/!-( " "2 +3 !- 169 �*��7!5 " 

�)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5, !- � 2 �0� 79 �*��7!5, ��3;)�+ �*��7!! PO3, 
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HPOH, HPO, PH, P, 903! �-+20 !- (*��/!-(� ��� �"�! [66]. ��:* � (*��/!-( 903! 

��3;)*/0 �*��7!! (*2!34/ .  ��8!��3� " PO2, HOPO, HOPO2, PO3, HPO, ! (*2 �"!34/ .  

��8!��3� " PO2 ! PO. � "3*8�;6*5 ��9 2* ��9�< � ! " ��2. [46] !"� 34- ��3! ��-��9 2�//05 

!(! (*��/!-( 83+ ( 8*3!� ��/!+ �"3 �!5 .�<*/!+ ��*8���!2*34/  /* �*�*(*<�// .  

�� ��/ -� -8�</ .  �3�(*/!, "2�9!3!-!� ��// .  /� . �*3�* " �� 2!� 2 ��(!, ��! 

8 9��3*/!! ����. �*-�342�20 �/�3!-� � 1,,!7!*/2 � )��"2�!2*34/ "2! "� � "2! 

��"�� "2��/*/!+ �3�(*/! � � /"2�/2�( "� � "2! �*��7!5 !- (*��/!-(� ��� �"�! � ��-�3!, 

)2  "/!:*/!* � /7*/2��7!! ��8!��3 � � ! 	� � �3�(*/! �� !"� 8!2 93�. 8��+ "3*8�;6!( 

�*��7!+(: 

 

PO2+OH+M=HOPO2+M  PO2+H+M=HOPO+M  HOPO+	=PO2+	� 

HOPO2+H= PO2+H2O  HOPO+OH=PO2+H2O  HOPO+H=PO2+�2 

 

�!<*� ! � .�*5�� " � ( 64; (*2 8� (!�� - /8 � .   29 �� �� 90 ! ��-���4* 

"�*�2� "� �!! !-�)!3! "2���2��� ��*8���!2*34/  �*�*(*<�// .  (*2�/ -�!"3 � 8/ .  

�3�(*/! " 8 9��� 5 ���� [78]. �""3*8 ��3!"4 �3�(*/� 9 .�20� (ϕ=1.13) ! 

 � 3 "2*�! (*2�!)*"�!� (ϕ=0.95) "(*"*5 CH4/O2/N2, "2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* 

��! 8��3*/!! 93 �%�. � 12!� �3�(*/�� 903! !-(*�*/0 "�� ,!3! � /7*/2��7!! ��2	, ��3	�, 

� 2��:* �2 - �.3*� 8 � 8 �,  8/��   29 � �� 90 " � ( 64; (!�� - /8� /* � -� 3!3 !-(*�!24  

� /7*/2��7!; �� (*:�2 )/0� �� 8��2 � ��*���6*/!+ ����" [78]. ��")*2 "2���2��0 

�3�(*/! " � ( 64; (*��/!-( � !- ��9 2 [46] ! [79] � ��-�3, )2  /!  8!/ !- /!� /*  �!"0��*2 

�� ,!3! � /7*/2��7!5 !-(*�*//0� " *8!/*/!5. 

 =,,*�2 8 9���! ���� /� "2���2��� "2�9!3!-!� ��// .  /� . �*3�* �3�(*/! 

��*8���!2*34/  �*�*(*<�// 5 . �;)*5 "(*"! H2/O2/Ar ��! 8��3*/!+� 47 ! 76 2 �� 903 !-�)*/ 

� ��9 2* [68]. � 12 5 ��9 2* 903! 1�"�*�!(*/2�34/  !8*/2!,!7!� ��/0  "/ �/0* 

�� (*:�2 )/0*  �� 8��20 ��*���6*/!+ ���� � 2��:* !-(*�*/0 � /7*/2��7!! � /*)/0� 

, ", �" 8*�:�6!� �� 8��2 �  �!"3*/!+ ����, 2��!* ��� �	�	2, �	�	, �	2, �	. =2! 

�*-�342�20 � -� 3!3! ��2 ��( ��9 20 [68] ��*��0* ��-��9 2�24 �!(!� -�!/*2!)*"�!5 

(*��/!-( 8*"2���7!! ���� � �3�(*/!, � 2 �05 � � "3*8"2�!! "!"2*(�2!)*"�! 

8 ��9�20��3"+ ! �2 )/+3"+, "(. /���. [69].  

�3+ 8��. .  ��*8"2��!2*3+ , ", � �.�/!)*"�!� " *8!/*/!5 - ��, (*��/!-( 

��*���6*/!+ 903 2��:* 26�2*34/  !""3*8 ��/ ��2*( !-(*�*/!+ �!(!)*"� 5 "2���2��0 �3�(*/ 

"(*"*5 H2/O2/Ar ! �H4/O2/Ar " 8 9��� 5 �� " � ( 64;  - /8 � 5 ( 3*��3+�/ -��)� � 5 

(�""-"�*�2� (*2�!!, � 2��:* (*2 8 ( )!"3*// .  ( 8*3!� ��/!+ � ��9 2�� [69-75]. ��  "/ �* 

� 3�)*//0� �*-�342�2 � 903� ��*83 :*/� "�*(� ��2*5 �*��7!5 �� � �3�(*/!, ��!�*8*//�+ 
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/� �!"�/�* 2 [69]. �� 12 ( �!"�/�* �+8 ( " , �(�3�(! �*6*"2� ��!�*8*/0 !� ( 3*��3+�/0* 

(�""0 ! �+8 ( "  "2�*3��(! �*3!)!/0 1/2�34�!! �*��7!5 (� "� 9���, � ��:/( 34) [76]. ��� 

� ��-�3 �/�3!- ��2*5 �*��7!5  �� ! *.  "�� (*:�2 )/0� �� 8��2 � ��*���6*/!+, "2�8!+ 

 9��- ��/!+ (��2	)(��3	)2�	 +�3+*2"+ �3;)*� 5 � 12 5 "�*(*. � 12 5 "2�8!! �� !"� 8!2 

��"� 8 ��/!* 9 3** 70% /�)�34/ .  � 3!)*"2�� ��, � 2��:*  9��-�;2"+ *.  .3��/0* 

�� (*:�2 )/0* �� 8��20 8*"2���7!!" [69]. %�*8"2��3*//05 "(*��/!-( ��*���6*/!+ �� 

903 !"� 34- ��/ 83+ )!"3*// .  ( 8*3!� ��/!+ "2���2��0 �3�(*/ H2/O2/Ar" [69] ! CH4/O2/Ar 

[74] � "3�)�* ��*8*/!+ � /!� 8 9���! ��. � � "2��3*/!* ��")*2/0� ! 1�"�*�!(*/2�34/0�  

8�//0� � ��-�3  �8 �3*2� �!2*34/ * " .3�"!* �� ,!3*5 � /7*/2��7!5 !"� 8/0� �*6*"2� ! 

� /*)/0� �� 8��2 � . �*/!+ (H2, O2, H2O), �3;)*�0� �2 ( � ! ��8!��3 � (H, OH, O), � 2��:* 

 

�!"�/ � 2. ��*(� �*��7!5 ��*���6*/!+ �� � �3�(*/! [69]. 
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�� ,!3*5 � /7*/2��7!5 , ", �" 8*�:�6!� " *8!/*/!5 (PO, PO2, HOPO2, HOPO ! (�	)3�	). 

��:/  � 8)*��/�24, )2  � ��-�2*3*( 8 "2 �*�/ "2! �!(!� -�!/*2!)*"� .  (*��/!-(� 

+�3+*2"+ *.  "� " 9/ "24 ��*8"��-0��24 � /7*/2��7!; �� 8��2 � ��*���6*/!+ �	� " 

8 "2�2 )/ 5 2 )/ "24;. � 12 5 "�+-! ��9 20, � � 2 �0� � 3!)*"2�*//  !-(*�*/0 

� /7*/2��7!! 2��!� " *8!/*/!5 ���  �	, �	2, �	�	 ! �	�	2, +�3+;2"+ )�*-�0)�5/  

7*//0(!.  

 ��:/0( 12�� ( � � /!(�/!! (*��/!-(� . �*/!+ �	� +�3+*2"+ � 3!)*"2�*// * 

!-(*�*/!* � ��*8���!2*34/  �*�*(*<�//0� �3�(*/�� � /7*/2��7!! , ", �" 8*�:�6!� 

�� 8��2 � ��*���6*/!+ �	�, )2  8�3  � -( :/ "24 ��2*( "���/*/!+ ��")*2/0� ! 

1�"�*�!(*/2�34/0� 8�//0� �� 2*"2!� ��24 ! �" �*�<*/"2� ��24 ��*83 :*//0* (*��/!-(0 

8*"2���7!! �	� [80]. "%�+(�+ ��3!9� ��� �  �	, �	2, �	�	 ! �	�	2 /*� -( :/� !---� !� 

�!(!)*"� 5 /*�"2 5)!� "2!, � 12 (� � 1,,!7!*/20 )��"2�!2*34/ "2! 83+  12!� )�"2!7 

 ��*8*3+3!"4 /�  "/ �* (�2*�!�34/ .  9�3�/"� �  , ", ��" [80]. �3+ 12 .  � 

"2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* ��! 8��3*/!! 47 2 �� �3�(*/�� H2/O2/Ar ��-3!)/ .  

"2*�! (*2�!)*"� .  " "2���, " 8 9����(! ���� !3! �� � - /* � /*)/0� �� 8��2 � . �*/!+ 

�� � 8!3!"4 !-(*�*/!+ !/2*/"!�/ "2! �!� � m/z 40 (Ar), 47 (�	), 63 (�	2), 64 (�	�	) ! 80 

(�	�	2). "� 1,,!7!*/20 )��"2�!2*34/ "2! k�	, k�	2, k�	�	 ! k�	�	2 /�� 8!3!"4 (*2 8 ( 

"!/.�3+�/ .  ��-3 :*/!+ (�2�!70 "!"2*(0 �� "20� ����/*/!5 [81]: αj
/αAr

j
=Σ(ki×Ii

j
/I40

j
), .8* αj

 - 

!"� 8/�+ � /7*/2��7!+ ���� !3! �� � j-2 ( �3�(*/!, ki - � 1,,!7!*/2 )��"2�!2*34/ "2! i-

 .  " *8!/*/!+; Ii
j
 - !/2*/"!�/ "24 (�2*�!/"� .  �!�� i- .  " *8!/*/!+ � j-2 ( �3�(*/!. �)*2 

1�"�*�!(*/2�34/ 5  <!9�! !-(*�*/!+ !/2*/"!�/ "2! (�"" � .  �!�� 83+ !""3*8�*(0� 

" *8!/*/!5, � 2��:* !"� 34- ��/!* 8�//0�, !-(*�*//0� � �3�(*/�� ��-3!)/ .  

"2*�! (*2�!)*"� .  " "2���, � -� 3!3 /�52! � .�*</ "24 � 1,,!7!*/2 � )��"2�!2*34/ "2! 

�	�	, �	�	2, �	 ! �	2 ! �0)!"3!24 � �3�(*/! H2/O2/Ar " 8 9��� 5 ���� ��"��*8*3*/!* !� 

� /7*/2��7!!"[80]. 

� 34< �� .�. �� �*3� � 8� 9/05 �/�3!- �!(!� -�!/*2!)*"� .  (*��/!-(� �*��7!5 

��, ��-��9 2�// .  83+ �3�(*/ H2/O2/Ar ! CH4/O2/Ar ��! "�9�2( ",*�/0� 8��3*/!+� [82]. 

��//0* )!"3*// .  ( 8*3!� ��/!+ "2���2��0 ! "� � "2! ��"�� "2��/*/!+ H2/O2/Ar ! 

CH4/O2/Ar �3�(*/ " 8 9����(! �� 903! " � "2��3*/0 " 8�//0(! 1�"�*�!(*/2�34/0� 

!-(*�*/!5 ! 903  �"2�/ �3*/ , )2  " -8�//05 �!/*2!)*"�!5 (*��/!-( �8*���2/   �!"0��*2 

�� ,!3! � /7*/2��7!! � �3�(*/! " 8 9��� 5 �� ��! /!-�!� 8��3*/!+�, /  83+ �3�(*/ ��! 

�2( ",*�/ ( 8��3*/!! /* 9� 8!(� � ��*�2!� ��� /*� 2 �0� � /"2�/2 "� � "2! �*��7!5 " 

�)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5 !- (*��/!-(� ��� �"�! [67].  

 �/2*�*"/0( ! ��:/0( ,��2 ( +�3+*2"+ � -( :/ "24 �	� ��� !/.!9!� ��24, 2�� ! 

�� ( 2!� ��24 . �*/!*. ��")*20 "� � "2! ��"�� "2��/*/!+ �3�(*/! � 8 � 8-�!"3 � 8/0� 
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"(*"*5 ��! 8��3*/!! 6.33 �%� (47.5 2 ��) � ��-�3!, )2  ��*8*/!* � /!� /*9 34<!� 8 9�� � 

�� (<0.5%) ��*3!)!��*2 "� � "24 �3�(*/!, 2.*. /�93;8�*2"+ �� ( 2!��;6** 8*5"2�!* 

��. %�! 8�34/*5<*( ��*3!)*/!! � /7*/2��7!! 8 9���! ��  (>0.5%)  /�93;8�*2"+ 

�(*/4<*/!* "� � "2! �3�(*/!, 2.*.  8/  ! 2 :* " *8!/*/!* � -��!"!( "2!  2 �� 8!( 5 

� /7*/2��7!! ( :*2 +�3+24"+ �� ( 2 � ( !3! !/.!9!2 � (. ��:* ��")*20 � ��-�3!, )2  

��! � �0<*/!! 8��3*/!+ 8  �2( ",*�/ .  �� ( 2!��;6!5 1,,*�2 �� !")*-�*2 ! 

/�93;8�*2"+ 2 34�  !/.!9!� ��/!*. 	9?+"/*/!* (*��/!-(� �� ( 2!��;6*.  1,,*�2� 

8 9�� � �� ��!�*8*/  �  ��9 2�� � 34< � 5 ! � � 9*5/!)*�� [82, 83]. � 12!� ��9 2�� /� 

 "/ ��/!! �/�3!-� �!(!� -�!/*2!)*"� .  (*��/!-(� ��*���6*/!+ �� 903  � ��-�/ , 

��*3!)*/!* � /7*/2��7!! 8 9���! �� 8  0.5-0.6% ��!� 8!2 � ��*3!)*/!; "� � "2! 

��2�3!2!)*"� 5 �*� (9!/�7!! H, O ! 	H ��! !� �-�!( 8*5"2�!! " �� 8��2�(! ��*���6*/!+ 

��, )2  �0-0��*2 � �0<*/!* 2*(�*��2��0 �3�(*/!. � �*-�342�2* 12 .  ��*3!)!��*2"+ 

� /"2�/2� "� � "2! �*��7!! ��-�*2�3*/!+ 7*�*5 H+O2=OH+O, "� � "24 � 2 � 5 +�3+*2"+ 

3!(!2!��;6*5 "2�8!*5 � 8�//0� �"3 �!+�. %�! � /7*/2��7!! 8 9���! �� 8  0.5 % 

��*3!)*/!* "� � "2! �*��7!! ��-�*2�3*/!+ 7*�! "�6*"2�*//  ��* 93�8�*2 /�8 ��*3!)*/!*( 

"� � "2! �*��7!5  9�0��, � 12 (� " ��*8*/!*( /*9 34< 5 8 9���! �� �� !"� 8!2 

��*3!)*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/!, 2.*. �� !"� 8!2 �� ( 2!� ��/!* . �*/!+. 

��34/*5<** ��*3!)*/!* � /7*/2��7!! 8 9���! �� (>0.6 %) ��!� 8!2 � 2 (�, )2  

2*(�*��2��� � �3�(*/! ��!93!:�*2"+ � 2*�( 8!/�(!)*"�! ���/ �*"/ 5 �*3!)!/* ! �  (*�* 

8�34/*5<*.  ��*3!)*/!+ � /7*/2��7!! 8 9���! �� � "2 "� � "2! �*��7!! ��-�*2�3*/!+ 

-�(*83+*2"+, � 2  ��*(+ ��� "� � "24 �*��7!5  9�0�� 7*�*5 �� 8 3:�*2 ��"2! " ��*3!)*/!*( 

� /7*/2��7!! ��, � �*-�342�2* �� ( 2!��;6** 8*5"2�!* 8 9���! "(*/+*2"+ 

!/.!9!��;6!(. 

 � �3�(*/�� ��! �2( ",*�/ ( 8��3*/!!, �  "���/*/!; " "�9�2( ",*�/0( 8��3*/!*(, 

� /7*/2��7!+ �2 ( � ! ��8!��3 � �, 	, 	� ��!93!-!2*34/  � 100 ��- /!:*. ��:* 

�8!�9�2!)*"��+ 2*(�*��2��� �3�(*/! ��! / �(�34/ ( 8��3*/!! 93!-�� � 2*�( 8!/�(!)*"�! 

���/ �*"/ 5. � 2��!� �"3 �!+� (2.*. ��! �2( ",*�/ ( 8��3*/!!) 8 9���� �	� � 3;9 5 

� /7*/2��7!! �"*.8� !/.!9!��*2 �3�(+. ��:* �� ( 2!��;6!5 1,,*�2 �	� -��!"!2  2 

" "2��� !"� 8/ 5 . �;)*5 "(*"!, /���!(*� �  ��9 2* [74] 903  �"2�/ �3*/ , )2  8 9���� �� 

� (*2�/ -�!"3 � 8/ * �3�(+ ��! 8��3*/!! 10 �%� (75 2 ��)  ��-0��*2 2 34�  !/.!9!��;6** 

�3!+/!*, � 2  ��*(+ ��� � � 8 � 8 -�!"3 � 8/ ( �3�(*/! � -( :/  �� ( 2!� ��/!* 8 9��� 5 

12 .  :* " *8!/*/!+. 

 � ��9 2* � 34< � 5 [82] 903  �"2�/ �3*/ , )2   8!/ ! 2 2 :* /�9 � ��2�3!2!)*"�!� 

�*��7!!, � � 2 �0� , ", �" 8*�:�6!* �*6*"2�� - PO2, HOPO, HOPO2 �-�!( 8*5"2��;2 " 

�2 (�(! ! ��8!��3�(! H, 	H ! O,  2�*)�*2 ��� -� �� ( 2!��;6!5 ! !/.!9!��;6!5 1,,*�2 
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8 9���! TM� � �3�(*/! H2/O2/Ar,  2�� ! -� *.  !/.!9!��;6!5 1,,*�2 � �3�(*/�� "(*"*5 

CH4/O2/Ar, CH4/O2/N2 ! C3H8/O2/N2. � ���-�//0� �3�(*/�� "(*"*5 "2*�! (*2�!)*"� .  " "2��� 

83+ !/.!9!� ��/!+ /�!9 3** ��:/ 5 +�3+*2"+ �*��7!+ H+PO2+M=HOPO+M. 

 � �!�*�( �"� 5 /�7! /�34/ 5 3�9 ��2 �!! (�#�) .���� 5 �� ,. �*"29���� 903! 

��-��9 2�/0 �!(!� -�!/*2!)*"�!* (*��/!-(0 ��*���6*/!+ ��,  ����, ����, � 2��:* 

-��!/� [84]. � 8*3! ��*���6*/!+ 12!� �	� 903!  "/ ��/0 /� ��/** " -8�//0� �!(!� -

�!/*2!)*"�!� (*��/!-(�� [46, 77, 79, 85-87], � 2��:* /� �*-�342�2�� ��")*2� � /"2�/2 

"� � "2*5 �+8� �*��7!5 ! 2*�( �!(!)*"�!� "� 5"2� , ", �" 8*�:�6!� �*6*"2� (*2 8�(! 

���/2 � 5 �!(!!. � ( 8*3! �*"29���� 903  ��3;)*/  (��"!(�34/  � -( :/ * )!"3  

��-/  9��-/0� �� (*:�2 )/0� �� 8��2 � ��*���6*/!+ �	� � �3�(*/!. � /"2�/20 

"� � "2*5 �"*� �3;)*�0� �!(!)*"�!� �*��7!5 � 12!� (*��/!-(�� 903! � 82�*�:8*/0 

���/2 � -�!(!)*"�!(! ��")*2�(! ab initio ((*2 8 ( BAC-G2). *�( �!(!)*"�!* ����(*2�0 

9 34< .  )!"3� , ", �" 8*�:�6!� " *8!/*/!5, 8 9��3*//0� � / �0* ( 8*3! [79, 86] 2��:* 

903! �2 )/*/0 " � ( 64; 12!� ��")*2 �. � !"� 34- ��/!*( (*2 8� ���! (Mackie) [88] 903! 

��"")!2�/0 � 2*/7!�34/0* � �*��/ "2! 1/*�.!! 83+ 13*(*/2��/0� �*��7!5 

HOPO2+H=PO2+H2O ! HOPO+H=PO+H2O, � �*-�342�2* )*.  �8�3 "4 �"2�/ �!24, )2  12! 

�*��7!! �� 2*��;2 � /*"� 34�  "2�8!5 "  9��- ��/!*( �*�*� 8/0� ��2!�!� ��//0� 

� (�3*�" �: 

 

HOPO + H ↔ PH(OH)O ↔ P(OH)2 → PO + H2O 

HOPO2 + H ↔ HPO(OH)O ↔ PO(OH)2 → H2O + PO2 

 

 %�*83 :*//05 �*"29��� ( ! " ��2 ��(! (*��/!-( ��*���6*/!+ �	� � �3�(*/�� 

��3;)�*2 210 �!(!)*"�!� �*��7!5 ! 41 " *8!/*/!* [84]. � (*��/!-( ��3;)*/0 �*��7!! " 

�)�"2!*( �*6*"2� 2!�� �2	n, � 2��:* �)2*/  �-�!( 8*5"2�!* �3�!34/0� ��8!��3 � 2!�� ��3 

! �2�5 "  �"!8�(! , ", ��. �*�!,!��7!+ ��-��9 2�//0� ( 8*3*5 �� � 8!3�"4 �  

�*-�342�2�( !-(*�*/!+ "� � "2! ! "2���2��0 �3�(*/ " 8 9����(! �	� ��! �2( ",*�/ ( 

8��3*/!!. 

 �� �!"�/�* 3 � ��-�/0  "/ �/0* ��2! ��*���6*/!5 �� ! ���� � (*��/!-(* 

�*"29���� [85], � /"2�/20 "� � "2! "  2�*2"2��;6!� "2�8!5  ��*8"2��3*/0 � �93!7* 2.  

 ��-��9 2�//0* �!(!� -�!/*2!)*"�!* (*��/!-(0 ��*���6*/!+ �� ! ����  [84] 

903! !"� 34- ��/0 83+ ( 8*3!� ��/!+ � �*��2 �* !8*�34/ .  �*�*(*<!��/!+ "� � "2! !� 

��"� 8 ��/!+ ��!  �!"3*/!! � "(*"! CH4/O2/N2. ��� 903  �"2�/ �3*/  � [85], -��!"!( "2! 

"� � "2! ��"� 8 ��/!+ �� ! ����  2 ��*(*/! ��*90��/!+ ! 2*(�*��2��0 � �*��2 �* 

83+ 12!� �*6*"2�  ��-�3!"4 ����2!)*"�!  8!/�� �0.  



 32 

 

��     ���� 

 

�!"�/ � 3. 	"/ �/0* ��2! ��*���6*/!+ �� ! ���� � �3�(*/! [85]. 

 

 

�93!7� 2. � /"2�/20 "� � "2! �*��7!5  "/ �/0� "2�8!5 ��*���6*/!+ �� ! ���� 

(kf=AT
n
exp(-E/RT)) 

 

4 /�
)�� ������
)�� #$5 A* n E* 

1 ��+H=PO(O��3)2(OCH2)+H2 2.2·10
9
 1.5 7140 

2 ��+OH=PO(O��3)2(OCH2)+H2O 1.1·10
7
 2 750 

3 PO(O��3)2(OCH2)=PO(O��3)2+CH2O 2·10
13

 0 38950 

4 PO(O��3)2=CH3OPO2+CH3 4·10
13

 0 36000 

5 CH3OPO2+H2O=PO(OH)2(O��3) 1.47·10
9
 0.67 30 

6 PO(OH)2(O��3)=HOPO2+CH3OH 2.5·10
13

 0 46000 
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4 /�
)�� ������
)�� 	$$5 A* n E* 

1 ����+H=PO(CH3)(OCH3)(OCH2)+H2 1.44·10
9
 1.5 7140 

2 ����+OH=PO(CH3)(OCH3)(OCH2)+H2O 7.2·10
6
 2 750 

3 PO(CH3)(OCH3)(OCH2)=PO(CH3)(OCH3)+CH2O 2·10
13

 0 38950 

4 PO(CH3)(OCH3)=CH3OPO+CH3 1·10
14

 0 32100 

5 CH3OPO+H2O=P(OH)2(OCH3) 1·10
12

 0 2000 

6 P(OH)2(OCH3)=HOPO+CH3OH 2.5·10
13

 0 43000 

 *- *8!/!70: ( 34, "(3
, ", ��3/( 34 

 

 �*-�342�20 ��")*2 � "� � "2! . �*/!+ "(*"! CH4/� -8�� " 8 9��� 5 �� � ��-�3!, 

)2  (��"!(�34/05 1,,*�2 12 .  !/.!9!2 �� /�  2/ "!2*34/ * �(*/4<*/!* "� � "2! 

. �*/!+ /�93;8�*2"+ � �3�(*/�� " !-902� ( 2 �3!�� [82]. ��*8*/!* 8 9���! �� � 

(*2�/ -� -8�</�; "(*"4 �(*/4<�*2 (��"!(�34/0* � /7*/2��7!! �3;)*�0� �2 ( � ! 

��8!��3 � �, 	 ! 	� � �3�(*/!.  	2/ "!2*34/ * �(*/4<*/!* � /7*/2��7!! 12!� 

��8!��3 � � �3�(*/! ��! ��*8*/!! � . �;)�; "(*"4 8 9���! �� � ��*3!��*2 " 

�/�3 .!)/ 5 -��!"!( "24;  2/ "!2*34/ .  �(*/4<*/!+ "� � "2! ��"�� "2��/*/!+ 83+ 

12!� �3�(*/. �!"3*//05 ��")*2 � ��-�3, )2  � 9 .�2 ( �3�(*/! 8 9���� �	� "/!:�*2 

� /7*/2��7!; � "!34/**, )*( � 9*8/ (, � 12 (� !/.!9!��;6!5 1,,*�2 -��!"!2  2 

"  2/ <*/!+ . �;)**/ �!"3!2*34 � �3�(*/!, )2  "�+-�/  " !-(*/*/!*( " "2��� 

, ", �" 8*�:�6!� �� 8��2 � . �*/!+ ����, � 2 �0* !(*;2 ��-3!)/�; 

��2�3!2!)*"��; ��2!�/ "24 � �*��7!+� �*� (9!/�7!! �2 ( � ! ��8!��3 � �, 	 ! 	�. �� 

�!"�/�* 4 ��!�*8*/0 " "/ �/0* �*��7!!, !(*;6!* /�!9 34<!5 ��3�8 � "� � "24 

 9��- ��/!+/��"� 8 ��/!+ �2 ( � ! ��8!��3 � �, 	 ! 	� � 9*8/ ( (�) ! 9 .�2 ( (9) 

�� ��/ -� -8�</0� �3�(*/��" [82]. %�*8"2��3*//0* 8�//0* "  2�*2"2��;2  93�"2! � 

�3�(*/! /� �0" 2* 1.07 ((  2 � �*��/ "2! . �*3�!, "� � "24 ��"� 8 ��/!+  ��!�*8*/� � 

( 34/"(3C".  

 ��� �:* 903  �� (+/�2  �0<*, � ��!�*8*//0� /� �!"�/�* 4 "�*(�� ��*���6*/!+ 

 �"!80 , ", �� ! , ", �/0*  �"!�!"3 20 +�3+;2"+ ��2�3!-�2 ��(! �*��7!5 

�*� (9!/�7!! �, 	 ! 	�. 	"/ �/0* ��2�3!2!)*"�!* �*��7!! 12!� ��8!��3 � � 9 .�20� 

�3�(*/�� - �	2+�=�	�	 !  HO�	+	�= �	2+�2	, � � 9*8/0� - �	2+	�=�	�	2 ! 

�	�	2+�=�	2+�2	. %  (/*/!; ��2 � �, ��2�3!2!)*"�!5 7!�3 " �)�"2!*( �	�	 

1,,*�2!�/** � �3�/* �*� (9!/�7!! �, 	 ! 	� � "���/*/!! " 7!�3 (, � � 2 � ( �)�"2��*2 

�	�	2, � 12 (� !/.!9!��;6** 8*5"2�!* 8 9���! �	� 9 3** �0��:*/  � �3�(*/�� " 

!-902� ( . �;)*. , .8* � /7*/2��7!+ �	�	 �0<*, )*( �	�	2. 
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                              . 

   

                              �. 

 

�!"�/ � 4. %�2! ��*���6*/!+ PO2  � 9*8/ ( (�) ! � 

9 .�2 ( (9) ��*8���!2*34/  �*�*(*<�// ( �� ��/ -

� -8�</ ( �3�(*/! /� ��""2 +/!! 1.07 ((  2 

� �*��/ "2! . �*3�! [89]. 

 

 � � 9*5/!)*� ! " ��2 �0  2(*2!3!, )2  �  "� *(� 8*5"2�!; �	�  )*/4 "� 8/0 " 

.!� 2*2!)*"�!( «!8*�34/0(» !/.!9!2 � (,  �!"�//0( � ��9 2* ��((!/8:*�� ! " ��2. [90], � 

� 2 � 5 /�  "/ ��/!! ��")*2 � "2���2��0 ! "� � "2! ��"�� "2��/*/!+ "2*�! (*2�!)*"� .  

CH4/O2/N2 �3�(*/! ��! / �(�34/ ( (�2( ",*�/ () 8��3*/!!, � 2��:* ��")*2 � "� � "2! 

��*���6*/!5 ��8!��3 � �"2�/ �3*/ , )2  1,,*�2!�/ "24 !/.!9!� ��/!+ 8 "2!.�*2 (��"!(�(� 

��! " ���8*/!! � �� "2��/"2�* (��"!(�(� "� � "2! �*��7!5  9�0�� 7*�! " �)�"2!*( 

!/.!9!2 �� ! (��"!(�(� � /7*/2��7!! H, O ! OH. % 12 (� 1,,*�2!�/05 !/.!9!2 � 8 3:*/ 

/�)�24 "��9 2�24" ��! 2*(�*��2��* �0<* 1700 �, )2  �����2*�/  83+ �3�(*/ �.3*� 8 � 8 � ! 

H2, ! /* 2*�+24 ��2!�/ "2! ��! 8�34/*5<*( � "2* 2*(�*��2��0. � "3�)�* *"3! !/.!9!2 � 

8*5"2��*2 � /!-� 2*(�*��2��/ 5 - /* �3�(*/!, 2   / (�3 1,,*�2!�*/. ��:* � 12 5 ��9 2* 

� ��-�/ , )2  ""� � "24 ��"�� "2��/*/!+ �3�(*/! )��"2�!2*34/� � 8*5"2�!; 8 9���! 
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1,,*�2!�/ .  !/.!9!2 �� �  2/ "!2*34/  �-� 5 �� "2��/"2�*// 5  93�"2!" [82]. 

�3*8 ��2*34/ , 83+ �3�(*/, "� � "24 . �*/!+ � 2 �0�  ��*8*3+*2"+ �*��7!*5 H+O2=OH+O, 

��!2*�!*( �0" � 5  !/.!9!��;6*5 1,,*�2!�/ "2! �*6*"2�� +�3+*2"+ " ���8*/!* � 

�� "2��/"2�* (��"!(�(� "� � "2!  9��- ��/!+ � � �*��7!! � H+O2=O+OH ! (��"!(�(� 

"� � "2! ��"� 8 ��/!+ � � �*��7!+� " �)�"2!*( !/.!9!2 �� !3! " *.  �� 8��2�(! 

��*���6*/!+. � "3�)�* 2!�!)/0� , ", �" 8*�:�6!� !/.!9!2 � � (��"!(�34/�+ 

1,,*�2!�/ "24 .!9*3! �3;)*�0� �2 ( � ! ��8!��3 � � ��2�3!2!)*"�!� �*��7!+� " �� 8��2�(! 

��*���6*/!+ �	� /�93;8�*2"+ � - /* . �*/!+ " �0" � 5 2*(�*��2�� 5 (>1600K), � � 2 � 5  

"2�/ �!24"+ 8 "2�2 )/  �0" � 5 � /7*/2��7!+  �"!8 � !  �"!�!"3 2 , ", ��, 

�-�!( 8*5"2��;6!� " �, 	 ! 	�. 
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1.3. &���� � ���������
* %��6!�%� � �
�������� � ����
�� 

+��+�������'(�* ���������� 

 

 

 

 � ����2!)*"� 5 2 )�! -�*/!+ �!(!� -�!/*2!)*"�!* (*��/!-(0 !/.!9!� ��/!+ . �*/!+ 

8 9����(! �	� ��*8"2��3+;2 9 34<�; 7*// "24 � "�+-! " 2*(, )2   /! � -� 3+;2 )!"3*//  

( 8*3!� ��24 93!-�!* � �*�34/0( "!2��7!! 2�<*/!+ � :�� � " !"� 34- ��/!*( �!(!)*"�! 

��2!�/0� �3�(*.�"!2*3*5 12 .  �3�""� " *8!/*/!5. 	8/��  �� �*��� 2��!� ( 8*3*5 8 3:/� 

�� � 8!24"+ � �"3 �!+�, !8*/2!)/0� �*�34/0( �"3 �!+( ��! 2�<*/!! � :�� �. %�! !-�)*/!! 

(*��/!-( � !/.!9!� ��/!+ -�)�"2�; ��!(*/+;2"+ �� "20* 3�9 ��2 �/0* �"2�/ ��! " 

. �*3��(! � 2�-�� 38!/.�, ��/-*/�, � 2 �0* �3 �  ( 8*3!��;2 �*�34/0* �"3 �!+ ��! 

2�<*/!! � :���, � � 2 �0� . �;)** !  �!"3!2*34 � "2���;2 � - /� �*��7!! 93�. 8��+ 

� /�*�7!! ! !� "(*<*/!* �� !"� 8!2 -� ")*2 8!,,�-!!; ��! "2�9!3!-�7!! �3�(*/! /� 

. �*3��� 2!�� � 2�-�� 38!/.� !(*;2"+ -�(*2/0* 2*�3 � 2*�! � . �*3��, )2  "�6*"2�*//  

-�2��8/+*2  7*/�� ��3�8� �!(!)*"� .  1,,*�2� � !/.!9!� ��/!* ��! ��*8*/!! � . �;)�; 

"(*"4 �3�(*.�"!2*3*5. 

 �3+ ( 8*3!� ��/!+ �"3 �!5 2�<*/!+  )�. � �3�(*/! � NIST (�#�) � ��(��� 

%� .��((0 " -8�/!+ �3�(*.�"!2*3*5 / � .  � � 3*/!+, � 2��:* � 8��.!� -���9*:/0� 

!""3*8 ��2*34"�!� 7*/2��� 83+ 12!� 7*3*5 903 ��*83 :*/ �+8 "�*7!�3!-!� ��//0� 

1�"�*�!(*/2�34/0� �"2�/ � � [10, 12, 13, 36, 91-95]. ��*8!  2*)*"2�*//0� !""3*8 ��/!5, 

"3*8�*2  2(*2!24 ��9 20 �"*� ""!5"� .  /��)/ -!""3*8 ��2*34"� .  !/"2!2�2� 

�� 2!� � :��/ 5  9 � /0 (����%	) ��� � ""!!. � ����%	 ��-��9 2�/� (*2 8!�� ! 

3�9 ��2 �/�+ �"2�/ ��� 83+  7*/�! 1,,*�2!�/ "2! �3�(*.�"!2*3*5, ( 8*3!��;6�+ .�<*/!* 

 )�.� � :��� � -���02 ( � (*6*/!! [11]. 	8/��   �0<*�*�*)!"3*//0* (*2 80 ( .�2 9024 

!"� 34- ��/0 2 34�  83+ !-(*�*/!+  2/ "!2*34/ 5 1,,*�2!�/ "2! �3�(*.�"!2*3*5 ! /* 

. 8+2"+ 83+ ,�/8�(*/2�34/0� !""3*8 ��/!5 8*2�34/ .  (*��/!-(� 8*5"2�!+ !/.!9!2 � �, 2�� 

��� !---� � /�*�7!! � 2��!� "!"2*(�� �� �*8*/!* )!"3*// .  3D ( 8*3!� ��/!+ 2�*9�*2 

9 34<!� �0)!"3!2*34/0� �*"��" �, � 12 (� �/�3!- ,!-!�! ! �!(!! �� 7*"" � � 2��!� 

"!"2*(��  )*/4 -�2��8/*/. 

 *( /* (*/**, 83+ 8*2�34/ .  !""3*8 ��/!+ �� 7*"" �, �� !"� 8+6!� � �3�(*/�� 

��*8���!2*34/  /* �*�*(*<�// 5 "(*"!, 903� ��*83 :*/� � /"2���7!+ . �*3�! "  �"2�*)/0(! 

� 2 ��(! . �;)*.  !  �!"3!2*3+ ("(. /���. [96]), � � 2 � 5 � -�- �* (*:8� "  "/  

��"� 3 :*//0(! " �3�(!, " -8�*2"+ - /� 2 �( :*/!+ "2�3�!��;6!�"+ � 2 � �, ����33*34/  

� 2 � 5  9��-�*2"+ �3 "�!5 ,� /2 �3�(*/! (�!"�/ � 5). ��//05 2!� . �*3 � �"�*</  

��!(*/+*2"+ 83+ !-�)*/!+ �3!+/!+ 8 9�� � ��-3!)/0� !/.!9!2 � � /� �3�(*/� 

��*8���!2*34/  /* �*�*(*<�//0� .�- �, "(. /���!(*� [25, 97-100]. 
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 $*348 �!) [101] ! �� 38!/. [102] � ��-�3!, )2  � "2*�*// * � �0<*/!* "� � "2! 

"2�3�!��;6!�"+ 8��. " 8��. ( � 2 � � . �;)*.  !  �!"3!2*3+ 8   ��*8*3*// 5 ��!2!)*"� 5 

�*3!)!/0 ��!� 8!2 � ��*���6*/!; �!(!)*"�!� �*��7!5 !---� (�3 .  ��*(*/! ��*90��/!+ 

�*�.*/2 � � - /* ��*8���!2*34/ .  � 8 .�*��, � 12 (� �3�(+ /* ( :*2 "�6*"2� ��24 ��! 

"� � "2! � 2 � � �0<* ��!2!)*"� 5. �� 38!/. ��-��9 2�3 12� 2* �!; /�  "/ �* !-�)*/!+ 

�"3 �!5 .�<*/!+ �3�(*/! ���3! :!8� .  2 �3!�� � � 2 �* � -8���. % 22*� ! " 2�. ��*��0*  

1�"�*�!(*/2�34/  !""3*8 ��3! �3�(*/� /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ [103, 104]. �� 

��� 2��8!7! //  !"� 34-�*(0* �����2*�!"2!��( 83+ ��*8���!2*34/  �*�*(*<�//0� . �;)!� 

"(*"*5 ("� � "24 ��"�� "2��/*/!+ �3�(*/!, (!/!(�34/�+ 1/*�.!+ -�:!.�/!+, ��*(+ -�8*�:�! 

� "�3�(*/*/!+, �8!�9�2!)*"��+ 2*(�*��2��� �3�(*/! ! 2.�.) 903  /*� ��*�2/  !"� 34- ��24 

83+ ��*8���!2*34/  /* �*�*(*<�//0� "(*"*5, 2  % 22*� ! " 2�. ��*83 :!3! � ��)*"2�* 

�����2*�/ .  ����(*2�� !"� 34- ��24 -/�)*/!* (��"!(�34/ 5 "� � "2! � 2 ��  �!"3!2*3+ (!3! 

2 �3!��), ��! � 2 � ( /�"2���*2 .�<*/!* �3�(*/!. �/�3!- .�- 8!/�(!�! 2*)*/!+ .�-� � 2�� 5 

"!"2*(* � ��-�3, )2  "��"�2*34/�+ � ,� /2� �3�(*/! " "2��3+;6�+ "� � "2! � 2 �� !-(*/+*2"+ 

�8 34 � �*��/ "2! �3�(*/!, 2  *"24 "�6*"2��*2 .��8!*/2 "� � "2! � 2 �� �  ,� /2* �3�(*/!" 

[105]. =2  . � �!2   ""�6*"2� ��/!! � /�*�2!�/0� � 2 � � 2*�3� ! �*6*"2�� (*:8� 

��-3!)/0(! - /�(! �93!-! � �*��/ "2! �3�(*/!. � "3�)�*  "*"!((*2�!)/ .  /*�+-� .  

"2�7! /��/ .  � 2 �� /*":!(�*( .  .�-� �*<*/!* ����/*/!5 ���4*-�2 �"� � -� 3+*2 

� 3�)!24 -��!"!( "2! "� � "2! �93!-! �3 "� "2! "2 3�/ �*/!+ � 2 � �" ("(. �!"�/ � 5) [106]: 

v = (1/2)ar,    u = -ax,     (1.1) 

.8* v ! u – ��8!�34/�+ ! ��"!�34/�+ � (� /*/20 "� � "2!, a – � "2 +//�+ (.��8!*/2 "� � "2!). 

��!(  9��- (, "*8!/"2�*//0( ����(*2� (, � 2 �05 +�3+*2"+  8/ -/�)/ 5 �����2*�!"2!� 5 

� 3+ "� � "2*5 �93!-! �3 "� "2! "2 3�/ �*/!+ � 2 � � (� -/�)!2, � �3�(*/!), +�3+*2"+ 

.��8!*/2 "� � "2! a. %�! ��*3!)*/!! ��8!�34/ 5 � (� /*/20 "� � "2! v ��*3!)!��*2"+ 

 

�!"�/ � 5. ��*(� . �*3�! /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+. 

���������� 

 	�
���� 

� �3� 

. �*3�! 

%3�(+ 

%3 "� "24 

"2 3�/ �*/!+ 

� 2 � � 

�/!! 2 �� 
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2*�3  2� 8 � /�����3*/!! ��*3!)*/!+ "� � "2!, � 2��:* � -��"2�*2 � 2 � . �;)*.  �*6*"2��. 

%�! 12 ( <!�!/� (!�*34" / �"� 5 - /0 � 8 .�*�� �(*/4<�*2"+, 2.*. �� !"� 8!2 

«��"2+:*/!*» �3�(*/!, ! (*/+*2"+ "  2/ <*/!* "� � "2! � "2��3*/!+ �*�.*/2 � � - /� 

�!(!)*"�!� ��*���6*/!5 ! .��8!*/2�(! � /7*/2��7!! ! 2*(�*��2��0 � 12 5 - /*. � ��9 2�� 

�  !-�)*/!; �"3 �!5 .�<*/!+ �3�(*/ /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ .��8!*/2 

"� � "2! �93!-! �3 "� "2! "2 3�/ �*/!+ � 2 � � � ( (*/2 � .�"�/!+ �3�(*/! (!3! 

��"2+:*/!* �3�(*/! ��! .�<*/!!) ��!/+2 � ��)*"2�*  "/ �/ 5 �����2*�!"2!�! �3�(*/" [106]. 

=2� �*3!)!/� " 9��2/  �� � �7! /�34/� ��*(*/! ��*90��/!+ �*�.*/2 � � �3�(*/!, ! � 12 (� 

"�+-�/� " �����2*�/0( ��*(*/*( �� 2*��/!+ �!(!)*"�!� �*��7!5, 2  *"24 " �!/*2!� 5 

�!(!)*"�!� �� 7*"" � �  ,� /2* �3�(*/!" [107]. =2  � -� 3+*2 /�  "/ �* 1�"�*�!(*/2�34/0� 

8�//0� �  �"3 �!+( .�<*/!+ �� 2!� /�����3*//0� �3�(*/ � 3�)�24 ��:/�; !/, �(�7!; ��� 

  �!/*2!�* �!(!)*"�!� �*��7!5 � �3�(*/!, 2�� !   (*��/!-(* .�<*/!+, ��� 12  903  ��/** 

� ��-�/  � ��9 2�� [108-110]. 

� �#� � ��7! /�34/ 5 3�9 ��2 �!! ��/8!! /�  "/ �* 1�"�*�!(*/2�34/0� ! 

2* �*2!)*"�!� ��9 2 [108,  111-113 ! 8�.] 903� " -8�/� " 8/ (*�/�+ ( 8*34 �3�(*/! /� 

�� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ ! /� **  "/ �* ��-��9 2�/� � (�4;2*�/�+ �� .��((� 

OPPDIF, � -� 3+;6�+ �� � 8!24 ��")*20 "2���2��0 (�� ,!3*5 � /7*/2��7!! �*6*"2� ! 

2*(�*��2��0) ! �"3 �!5 .�<*/!+ 12!� �3�(*/" [114]. 

 �!3/ ! " ��2. [97] � )!"3* �*��0� !-�)!3! 8*5"2�!* 8 9�� � ��-3!)/0�  !/*�2/0� 

�*6*"2�, � 2��:* �!(!)*"�!� !/.!9!2 � �, � �3�(*/�� /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+. 

�03  �"2�/ �3*/ , )2  " � "2 ( � /7*/2��7!! 8 9���! !/*�2/0� .�- � (CO2, N2)  !3! 

!/.!9!2 � � (CF3Br, CH3Br ! 8�.) � � 2 �* � -8���,  �*3!)!/� "� � "2! "2�3�!��;6!�"+ 

� 2 � �, ��! � 2 � 5 �� !"� 8!2 .�<*/!* �3�(*/!, "�6*"2�*//  �(*/4<�*2"+, 2  *"24 12! 

8 9���! -�(*83+;2 "� � "24 �!(!)*"�!� ��*���6*/!5 � �3�(*/!. � ��)*"2�* (*�0 

1,,*�2!�/ "2! 12!� 8 9�� � 903  ��!/+2   2/ "!2*34/ * �(*/4<*/!* "� � "2! � 2 � � ��! 

� .�"�/!! �3�(*/. 
 �*3�� /� �"2�*)/0� � 2 ��� . �;)*.  !  �!"3!2*3+ ��!(*/+3�"4 83+ 

��/:!� ��/!+ ��-3!)/0� �3�(*.�"!2*3*5 �  !� 1,,*�2!�/ "2!, � ��)*"2�* � 3!)*"2�*// .  

� ��-�2*3+ 1,,*�2!�/ "2! !"� 34- ��3 "4 ""  2/ <*/!* .��8!*/2� "� � "2! (�93!-! 

�3 "� "2! "2 3�/ �*/!+ � 2 � �) ��! .�<*/!! �3�(*/! " 8 9��� 5 - aq � *.  -/�)*/!; ��! 

.�<*/!! �3�(*/! 9*- 8 9���! - aq,0 (!/8*�" q  -/�)�*2 «quenching» - .�<*/!*)" [20, 115].  

=�"�*�!(*/2�34/  !-(*�*//�+ -��!"!( "24 aq/aq,0  2 � /7*/2��7!! !/.!9!2 �� � -� 3+3� 

"���/!24 1,,*�2!�/ "24 ��-/0� !/.!9!2 � � – ��!  8/ 5 ! 2 5 :* � /7*/2��7!! !� 8 9�� �, 

9 3** "!34/05 !/.!9!2 � !(*3 (*/4<�; �*3!)!/� aq/aq,0. %� 7*8��� 12 .  1�"�*�!(*/2� 903� 

"3*8�;6�+: � � 2 �  �!"3!2*3+ (� -8�� !3! "(*"4 O2 ! Ar) �� 8!3�"4 ,!�"!� ��//�+ 

� /7*/2��7!+ !/.!9!2 ��, � -�2*( � 2 �! . �;)*.  !  �!"3!2*3+ � "2*�*//  ! "!/�� //  
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��*3!)!��3!"4 (12  /* 9� 8!(  )2 90 �3�(+  "2���3 "4 � 7*/2�* -�- �� (*:8� " �3�(! 

. �*3�!) 8  ( (*/2� � .�"�/!+ �3�(*/!. �*3!)!/0 "� � "2! � 2 � � � ( (*/2 .�<*/!+ 

!"� 34- ��3!"4 83+ ��")*2� .��8!*/2� "� � "2! "  "2 � /0  �!"3!2*3+ �93!-! �3 "� "2! 

"2 3�/ �*/!+ � 2 � � �  , �(�3*: 

, 1
2

�
�

�

�

�
�

�

�
+=

ox

fuel

ox

fuelox

V

V

L

V
a

ρ

ρ
       (1.2) 

.8* V - "� � "24 .�- � .  � 2 �� /� "�*-* " �3�, L – ��""2 +/!* (*:8� " �3�(!, D – �3 2/ "24 

.�- � 5 "(*"!, !/8*�"0 «ox» ! «fuel»  2/ "+2"+ � ����(*2��( � 2 ��  �!"3!2*3+ ! . �;)*.  

"  2�*2"2�*// . =2� , �(�3� ��*��0* ��*83 :!3! �*<�8�! ! �!34+(" 83+ " 7*/�! .��8!*/2� 

"� � "2! !- «�/!�*�"�34/0�» ����(*2� � (global parameters)" [116]. =2� , �(�3� "����*83!��, 

*"3! �� 7*""0  �!"3*/!+, 8!,,�-!!, !-(*/*/!+ �+-� "2! �� 2*��;2 2 34�  � �-� 5 - /* 

�93!-! � �*��/ "2! "2 3�/ �*/!+ � 2 � �. ��:* /� �0� 8* !- " �*3 . �*3�! 83+ .�- � .  

� 2 �� 8 3:/0 �0� 3/+;2"+ .��/!)/0* �"3 �!+ � �</*� .  2*)*/!+ ("(. �. 2.8.3). � ��9 2* 

%���"� ! " ��2. [117]  9"�:8�*2"+, )2  "�0<* �!"�//05 (*2 8  ��*8*3*/!+ .��8!*/2� 

"� � "2! ��! .�<*/!! /* � � 3/ 5 (*�* � ��*�2*/, � "� 34�� " .3�"/  ��9 2�( [118, 119] 

�*3!)!/� .��8!*/2� "� � "2!, �0)!"3*//�+ �  , �(�3* (1.2), /* " ���8�*2 " �*�34/0( 

-/�)*/!*(, 1�"�*�!(*/2�34/  !-(*�*//0( " � ( 64; 3�-*�/ .  8 �3*� �"� .  !-(*�!2*3+ 

"� � "2! (���C)" [117]. �-�*"2/ , )2  (*2 8 ���� � -� 3+*2  )*/4 2 )/  !-(*�!24 .��8!*/2 

"� � "2! ��! .�<*/!!, � 12 (� � ��9 2* %���"� ! " ��2. [117] 12 2 (*2 8 ��!/+2 ��� /�!9 3** 

8 "2 �*�/05 !  "/ �/ 5. �(*"2* " 2*( (*2 8 ���� 2��:* !(**2  ��*8*3*//0* /*8 "2�2�!: 

2�*9�*2"+ 9 34< * ��*(+ /� �� �*8*/!* !-(*�*/!5, /*� 2 �0* !/.!9!2 �0 -�2��8/+;2 

�� �*8*/!*  �2!)*"�!� !-(*�*/!5. % 12 (� � ��)*"2�* 9 3** 8*<*� .  �342*�/�2!�/ .  (*2 8� 

E.M. �!<*� ! " ��2.  9 "/ ��3! !"� 34- ��/!* ""� " 9�  7*/�! 1,,*�2!�/ "2! !/.!9!2 � � 

�  !-(*/*/!; .��8!*/2� "� � "2!,  ��*8*3*// .  !- �/!�*�"�34/0� ����(*2� �, ! � ��-�3!, 

)2  �*3!)!/0 .��8!*/2� "� � "2!,  ��*8*3*//0* " � ( 64; (*2 8� ���� !  7*/*//0* �  

, �(�3* (1.2) �� � �7! /�34/0 8��. 8��.�, � 12 (�  2/ <*/!* aq/aq,0 /* -��!"!2  2 (*2 8� 

 ��*8*3*/!+" [120]. 

 � ��9 2�� 
 38!/� ! " ��2 � � [43-45, 49, 121] 903  � ��-�/ , )2  (*2 8 . �*3�! /� 

�� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ � � <  � 8� 8!2 83+  ��*8*3*/!+ 1,,*�2!�/ "2! 

8 9�� � :!8�!� ! "3�9 3*2�)!� !/.!9!2 � �, ���!(! +�3+;2"+ 9 34<!/"2�  �	�. � "� !� 

��9 2�� 
 38!/ ! " ��2 �0 �� 8!3! !""3*8�*(0* :!8�!* �	� (��, ���� ! 8�.) � � 2 � 

. �;)*.  !3!  �!"3!2*3+ " � ( 64; �/*�(�2!)*"� 5 , �"�/�! ! <��!7*� .  /�" "�, )2  

 9*"�*)!��3  � "2 +//05 (�"" �05 ��"� 8 �� 8!( 5 8 9���! �	�. 	8/��  2�� 5 (*2 8 

��*8*/!+ 8 9�� � �	� ( :*2 ��!�*"2! � /*� 2 � 5  <!9�*  ��*8*3*/!+ !� � /7*/2��7!!, 2�� 
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��� ( (*/2 .�<*/!+ �3�(*/! 8 "2!.�*2"+ 93�. 8��+ 2 (�, )2  � 1�"�*�!(*/2* /*��*�0�/  ! 

� "2*�*//  ��*3!)!��;2 ��"� 8  �!"3!2*3+ ! . �;)*.  ��! ,!�"!� ��// ( ��"� 8* 

!/.!9!2 ��. �3+ !"�3;)*/!+ 12 .  1,,*�2� 903� ��*83 :*/� (*2 8!�� [121], � � 2 � 5 

!-(*/+;2 2 34�  � 2 � .�-�, � � 2 �05 /* 8 9��3+*2"+ �	�, ��! 12 ( ��"� 8 � 2 �� " 

8 9��� 5 �	� /* !-(*/+;2. %�! 12 ( �� "2��/"2�*// * � 3 :*/!* �3�(*/! (*:8� " �3�(! 

. �*3�! /*(/ .  !-(*/+*2"+,  8/��  ��2 �0 1�"�*�!(*/2�34/  �"2�/ �!3!, )2  �*3!)!/� 

.��8!*/2� "� � "2! ��! .�<*/!! �3�(*/! (*/+*2"+ (*/** )*( /� 2% ��! *.  "(*6*/!! 8  5 (( 

�8 34  "! . �*3�! ��! ��""2 +/!! (*:8� " �3�(! . �*3�! 9.5 ((. � ��9 2* [44] � �3�(*/� /� 

�� 2!� 2 ��� CH4/N2 – O2/N2 �� 8!3�"4 8 9���� ���� ! 903  �"2�/ �3*/ , )2   /� 9 3** 

1,,*�2!�/  !/.!9!��*2 �3�(+, � .8� �� 8!2"+ � � 2 �  �!"3!2*3+, � /* � � 2 � 2 �3!��. � 

"3�)�* �!(!)*"�! !/*�2/ 5 8 9���!, 2�� 5 ��� N2, ** 1,,*�2!�/ "24 ��! �� 8* � � 2 � 

 �!"3!2*3+ !3! . �;)*.  /* ��-3!)�*2"+. ��:* �"2�/ �3*/ , )2  � !-�)*//0� �3�(*/�� 

1,,*�2!�/ "24 !/.!9!� ��/!+ ��! ��*8*/!! 8 9���! ���� �(*/4<�*2"+ ��! ��*3!)*/!! 

(��"!(�34/ 5 2*(�*��2��0 �3�(*/!. ��*�� !""3*8 ��3� �3!+/!* 8 9�� � ��, ����, 

2�!12!3, ",�2� !  �2 , ", �/ 5 �!"3 20 � �3�(+ /� �� 2!� 2 ��� ��4/� -8�� ! �"2�/ �!3�, 

)2  �"* �0<*�*�*)!"3*//0* , ", �" 8*�:�6!* �*6*"2��  8!/�� �0(  9��- ( �3!+;2 /� 

�"3 �!+ *.  .�<*/!+, � 12 (�  /� ��!<3� � �0� 8�, )2  1,,*�2!�/ "24 !/.!9!� ��/!+ 

�3�(*/! 12!(! �*6*"2��(!  ��*8*3+*2"+ 2 34�  � 3!)*"2� ( �2 ( � , ", �� � !� ( 3*��3�� ! 

/* -��!"!2  2 !� �!(!)*"� 5 "2���2��0 [49]. � .3�"/  � 3�)*//0( � ��9 2�� 
 38!/� ! ��*�0 

�*-�342�2�(, "��! ��*3!)*/!! � /7*/2��7!! 8 9�� � !""3*8�*(0� �	�  2 0 8  0.15 % 

 2/ <*/!* aq/aq,0 �(*/4<�*2"+ "2� .  3!/*5/ , ��! 8 9���* �	� � � 2 � � -8��� ~ 0.15% 

�*3!)!/� aq/aq,0 " "2��3+*2 ~0.65  " [45, 49]. % 12 (� 12! ��2 �0 ��*83 :!3!  ��*8*3+24 

1,,*�2!�/ "24 .�<*/!+ �3�(B/ /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ ��! ��*8*/!! 8 9�� � 

!/.!9!2 � � �  8!/ !- � 2 � � �  , �(�3*: 

Iq

qq

a

aa
��������	
����	����

χ
1

0,

0, −
= ,    (1.3) 

.8* χI – ( 34/�+ 8 3+ 8 9���! !/.!9!2 ��. � ��9 2�� [45, 49, 121] 903  � ��-�/ , )2  83+ 

8 9�� � ���� ! �� 1,,*�2!�/ "24 .�<*/!+ �3�(*/ /� �� 2!� 2 ���,  ��*8*3*//�+ �  12 5 

, �(�3*, ��!(*�/  � 40 ! 4 ��-� �0<*, )*( 83+ 8 9�� � N2 ! CF3Br "  2�*2"2�*// . 

� �+8* ��9 2 �0"��-0��3 "4 ��*8� 3 :*/!*, )2  �!(!)*"�! ��2!�/0* !/.!9!2 �0 ! 

�3�(*.�"!2*3! (/���!(*�, , ", �- ! .�3 .*/" 8*�:�6!* " *8!/*/!+) �(*/4<�;2 

� /7*/2��7!;  "/ �/0� / "!2*3*5 7*�*5 � �3�(*/! -� ")*2 ��2�3!2!)*"�!� �*��7!5 

�*� (9!/�7!! �3;)*�0� ��8!��3 �, 2��!� ��� �, 	 ! 	�, )2  � �*-�342�2* ��!� 8!2 � 

�(*/4<*/!; "� � "2!  �!"3!2*34/0� �� 7*"" � � �3�(*/!, /�93;8�*( (� �  !-(*/*/!; �+8� 

(��� �!/*2!)*"�!� ����(*2� �. 	8/��  ��9 2 �  ��+( (� 1�"�*�!(*/2�34/ (� 
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� 3!)*"2�*// (� !-(*�*/!; 1,,*�2� �3!+/!+ 8 9�� � ��-3!)/0� !/.!9!2 � � /� 

� /7*/2��7!; ��8!��3 � (�, 	, 	�) � "2�9!3!-!� ��//0� /� �� 2!� 2 ��� �3�(*/�� 

8 "2�2 )/  (�3 . ��*8! /!� *"24 /*"� 34�  ��9 2 [46, 122-126], � � 2 �0� " � ( 64; (*2 8� 

��� � �3�(*/�� /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ !-�)*/  �3!+/!* 8 9�� � 

, ", �" 8*�:�6!� !/.!9!2 � � /� �� ,!34 � /7*/2��7!! 	�. �"2�/ �3*/ , )2  8 9���! 

, ", �" 8*�:�6!� !/.!9!2 � � �(*/4<�;2 (��"!(�34/�; � /7*/2��7!; 	�, � 2�� :* 

��!� 8+2 � "�:*/!; �� ,!3+ *.  � /7*/2��7!!. =2 2 1,,*�2 ( :/  ��!8*24 /� �!"�/�* 6, .8* 

� ��-�/  "���/*/!* ��� !-(*�*//0� 2�� ! ��"")!2�//0� �� ,!3*5 � /7*/2��7!! 	� � �3�(*/! 

/� �� 2!� 2 ��� ��4/� -8�� � "3�)�* ��*8*/!+ 8 9���! ���� ! 9*- /** [123]. �03  

��*83 :*/  � ��)*"2�* "����(*2�� 83+  7*/�! 1,,*�2!�/ "2! !/.!9!� ��/!+ !"� 34- ��24 

!-(*/*/!* !/2*.��34/ 5 �  - /* �3�(*/! � /7*/2��7!! 	�, 2�� ��� 12 2 ����(*2� �)!20��*2 

!-(*/*/!* /* 2 34�  (��"!(�34/ 5 � /7*/2��7!! 	�, /  ! <!�!/� �� ,!3+ *.  � /7*/2��7!! 

��! ��*8*/!! 8 9���!  !/.!9!2 ��" [124]. 

 � ��9 2* [123] !-�)*/  �3!+/!* (��"!(�34/ 5 2*(�*��2��0 �3�(*/! ��4/	2-N2/O2 /� 

�� 2!� 2 ��� /� 1,,*�2!�/ "24 !/.!9!� ��/!+ 8 9��� 5 ����. ���"!(�34/�+ 2*(�*��2��� 

�3�(*/! ���4!� ��3�"4 ��2*( !-(*/*/!+ " "2��� � 2 � �. � ��)*"2�* 1,,*�2!�/ "2! 
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!/.!9!� ��/!+ 903  �-+2  �(*/4<*/!* !/2*.��34/ 5 � /7*/2��7!! 	�. �-(*�*/!+ � ��-�3!, )2  

��*3!)*/!* � /7*/2��7!! ���� � �3�(*/! ��!� 8!2 � 3!/*5/ (� �(*/4<*/!; !/2*.��34/ 5 

� /7*/2��7!+ 	�. � �3�(*/! CH4/� -8�� 8 9���� ���� � � /7*/2��7!! 572 ppm �(*/4<�*2 

� /7*/2��7!; 	� /� 23% �  "���/*/!; " *.  � /7*/2��7!5 � �3�(*/! 9*- 8 9���!. �03  

� 3�)*/ , )2  "1,,*�2!�/ "24 !/.!9!� ��/!+ �3�(*/! 8 9��� 5 ���� �(*/4<�*2"+ " � "2 ( 

2*(�*��2��0 �3�(*/!" [123], )2  " .3�"�*2"+ " �*-�342�2�(! ��9 2 [45, 49]  � � 2 �0� .�<*/!* 

�3�(*/ 12 .  :* " "2��� �� !"� 8!3  -� ")*2 1,,*�2� ��"2+:*/!+. 

 �� (* ����, � �3�(*/�� /� �� 2!� 2 ��� CH4/N2-� -8�� 83+ /*� 2 �0� 8��.!� �	� 

(��, .�3 .*/" 8*�:�6!� �	� ! 8�.) 2��:* 903   9/���:*/  �(*/4<*/!* !/2*.��34/ 5 

� /7*/2��7!! 	�, �� � �7! /�34/ * � /7*/2��7!! 8 9���! 12!� " *8!/*/!5 [126]. 

	9/���:*//�+ � ��*3+7!+ (*:8� -��!"!( "2+(! .��8!*/2� "� � "2! ��! .�<*/!! �3�(*/ /� 

�� 2!� 2 ��� ! !/2*.��34/ 5 � /7*/2��7!*5 	� � -� 3!3�  9 "/ ��24 (*2 8  ��*8*3*/!+ 

1,,*�2!�/ "2! !/.!9!2 � � [123-126] �  !-(*�*/!;  2/ "!2*34/ .  �(*/4<*/!+ � /7*/2��7!! 

.!8� �"!3�, � 2��:* !"� 34- ��24 12  83+ 2*"2!� ��/!+ �!(!� -�!/*2!)*"�!� (*��/!-( � 

!/.!9!� ��/!+ �3�(*/ ��-3!)/0(! 8 9����(!. %�!(*� ( !"� 34- ��/!+ 2�� .  � 8� 8� +�3+*2"+ 

��9 2� [124], � � 2 � 5  �*-�342�20 !-(*/*/!+ ��"��*8*3*/!+ � /7*/2��7!! 	� � 8!,,�-! // ( 

�3�(*/! CH4/N2- � -8�� ��! ��*8*/!! 8 9���! ���� " � "2��3+3!"4 " �*-�342�2�(! )!"3*// .  

( 8*3!� ��/!+ "2���2��0 12 .  " � ( 64; �� .��((0 OPPDIF ! ��-��9 2�// .  ��9�<� ( 

(*��/!-(� ��*���6*/!5 ���� [46]. � � "2��3*/!* � ��-�3 , )2  � 1�"�*�!(*/2* /�93;8�*2"+ 

9 3** "!34/ * �(*/4<*/!* � /7*/2��7!! 	� ��! ��*8*/!! ����, )*( � ��")*2��, � 12 (� 

��2 �0 [124] "�+-�3! 12  " /*8 "2�2��(! !"� 34- ��// .  �!/*2!)*"� .  (*��/!-(�. 

 �*2 8 )!"3*// .  ( 8*3!� ��/!+ "2���2��0 ! �"3 �!5 .�<*/!+ �3�(*/ " !"� 34- ��/!*( 

8*2�34/ 5 �!/*2!�! 903 ��!(*/*/ � ��9 2�� [25, 127-130] 83+ !-�)*/!+ �� 7*"" � !/.!9!� ��/!+ 

! /�� :8*/!+ ��!2!)*"�!� �"3 �!5 � .�"�/!+ � �3�(*/�� /� �� 2!� 2 ��� /����/* " 

1�"�*�!(*/2�34/0(! (*2 8�(!. *"2!� ��/!* �!(!� -�!/*2!)*"�!� (*��/!-( � 83+  �!"�/!+ 

�"3 �!5 .�<*/!+ �3�(*/ /� �� 2!� 2 ��� " 8 9����(! ��-3!)/0� !/.!9!2 � � 903  2�� :* 

�� �*8*/  � ��9 2�� [46, 49]. ��9�< � ! " ��2 �0 [46] " 7*34; �� �*��! ��!(*/!( "2! 

��*83 :*// .  !(! :* � 12 5 ��9 2* �!(!� -�!/*2!)*"� .  (*��/!-(� ��*���6*/!+ ���� 

(*2 8 ( )!"3*// .  ( 8*3!� ��/!+ ��"")!2�3! !-(*�*/!* �*3!)!/0 .��8!*/2� "� � "2! ��! 

.�<*/!! �3�(*/! CH4/� -8�� ��! ��*8*/!! 8 9���! ����, ! " � "2��!3! " 1�"�*�!(*/2�34/0(! 

8�//0(! !- ��9 20 [45]. �*-�342�20 " � "2��3*/!+ � ��-�3!, )2   ��*83 :*//05 � ��9 2* [46] 

(*��/!-( " � � <*5 2 )/ "24;  �!"0��*2 1�"�*�!(*/2, � � 2 � ( 8 9���� 0.15% ���� � � 2 � 

� -8��� �(*/4<�*2 .��8!*/2 "� � "2! ��! .�<*/!! �3�(*/! /� ~35%.  
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1.4. $�*���� ��%��������� ����� ����
�� ����
������ '���� Fe(CO)5 

 

 

 

�!(!+ �� 7*"" � ��*���6*/!+ :*3*- " 8*�:�6!� " *8!/*/!5, � )�"2/ "2!, 

�*/2����9 /!3� :*3*-� Fe(CO)5, � �3�(*/�� ��*8"2��3+*2 -/�)!2*34/05 !/2*�*" " ��-3!)/0� 

2 )*� -�*/!+. �  8/ 5 "2 � /0, �*/2����9 /!3 :*3*-� !-�*"2*/ ��� 1,,*�2!�/05 !/.!9!2 � 

�� 7*"" � . �*/!+ [19, 20, 36, 127, 131-135] !, "3*8 ��2*34/ , � 2*/7!�34/  +�3+*2"+ 

� -( :/0( � (� /*/2 ( � :�� 2�<�6!� " "2�� �. � ��9 2�� [19, 131] 903  � ��-�/ , )2  

!/.!9!��;6** �3!+/!* " *8!/*/!5 :*3*-� /� �� 7*"" . �*/!+  9�"3 �3*/  !� "� " 9/ "24; 

�(*/4<�24 � �3�(*/! � /7*/2��7!; �2 ( � ! ��8!��3 � (H, O, OH),  2�*2"2�*//0� -� *.  

��"�� "2��/*/!*. ��  "/ �* 8�//0� �  !/.!9!� ��/!; ��*8���!2*34/  �*�*(*<�//0� ! 

8!,,�-! //0� �3�(*/ CH4/O2/N2 (φ=0.9, 1.0, 1.1) �*/2����9 /!3 ( :*3*-� (0-1000 ppm) � 

��9 2�� [20, 127] 903 ��*83 :*/ 8*2�34/05 (*��/!-( ��*���6*/!+ Fe(CO)5 � �3�(*/!, 

��3;)�;6!5 "2�8!! ��2�3!2!)*"� 5 �*� (9!/�7!!  "/ �/0� / "!2*3*5 ��-�*2�3*// -7*�/0� 

�!(!)*"�!� �*��7!5. ��2 �0 [127] ��*8� 3 :!3!, )2   "/ �/ 5 ��!)!/ 5 �(*/4<*/!+ 

"� � "2! ��"�� "2��/*/!+ �3�(*/! ��! ��*8*/!! � /*.  8 9���! Fe(CO)5 +�3+*2"+  9��- ��/!* 

FeO ! FeOH, � 2 �0* ��2�3!-!��;2 �*� (9!/�7!; H ! OH. �/.!9!��;6** �3!+/!* 8 9���! 

,*�� 7*/� (9!"7!�3 �*/2�8!*/!3:*3*- (II), Fe(C5H5)2) /� "� � "24 ��"�� "2��/*/!+ �3�(*/, 

�/�3 .!)/  �3!+/!; Fe(CO)5, 2�� ��� �!(!)*"�!* �� 7*""0, �� !"� 8+6!* ��! . �*/!! 12!� 

��*8"2��!2*3*5 :*3*- " 8*�:�6!� �*6*"2�, ����2!)*"�!  8!/�� �0 [21]. 

� 8��. 5 "2 � /0, ��! 8 9��3*/!! � "�:!"20* �3�(*/� (" 9 34<!( !-902� (  . �;)*. ) 

:*3*- " 8*�:�6!� " *8!/*/!5, ��3;)�+ �*/2����9 /!3 :*3*-� ! ,*�� 7*/, ��!  ��*8*3*//0� 

�"3 �!+� /�93;8�*2"+ �(*/4<*/!* � 3!)*"2�� "�:! � �� 8��2�� ". ��/!+ [136-139]. =2  

"� 5"2�   )*/4 ��:/  " ����2!)*"� 5 2 )�! -�*/!+. �  8/ ( !- � "3*8/!� !""3*8 ��/!5 903  

!-�)*/  8*5"2�!* :*3*- " 8*�:�6!� " *8!/*/!5 /� �� 7*""0 "�:* 9��- ��/!+ [136] � 

�3�(*/! "(*"! !-  �2�/+�!"3 � 8 " 8 9��� 5  Fe(CO)5 (4000 ppm) " � ( 64;  �2!)*"�!� 

(*2 8 � ! �� "�*)!��;6*5 13*�2� // 5 (!�� "� �!!. ��2 �0 [136] ��*8� 3 :!3! 8�� 

� -( :/0� (*��/!-(� �3!+/!+ " *8!/*/!5 :*3*-� /� �� 7*"" "�:* 9��- ��/!+. �  8/ 5 

"2 � /0, ��//++ /��3*�7!+ )�"2!7 :*3*-� !  �"!8 � :*3*-� ( :*2 ��!� 8!24 � ��*3!)*/!; 

� �*��/ "2!, 8 "2��/ 5 83+  "�:8*/!+ �.3*� 8�, )2  �3*)B2 -� " 9 5 �"� �*/!*  9��- ��/!+ 

"�:!, " 8��. 5 – � /8*/"!� ��//0*  �"!80 :*3*-� "3�:�2 ��2�3!-�2 � (  �!"3*/!+ �.3*� 8�, 

!, ��! /�3!)!! 8 "2�2 )/ .  � 3!)*"2�� �!"3 � 8� � �3�(*/!,  9��- ��/!* )�"2!7 "�:! 

-/�)!2*34/  �(*/4<�*2"+. ��!(  9��- (, � ��-3!)/0� "!"2*(�� " ��-/0( 2!� ( . �;)*. , 

� 1,,!7!*/2 ( !-902�� . �;)*.  ! 8��.!� ����(*2� �, 8 9���� " *8!/*/!5 :*3*-� "� " 9/� 

�0-0��24 ��� �"!3*/!*, 2�� !  "3�93*/!* �� 7*"" � "�:* 9��- ��/!+. 
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� � "3*8/** ��*(+  " 9  !/2*/"!�/  ��-�!��;2"+ (*2 80 "!/2*-� (�2*�!�3 � � .�- � 5 

,�-* !, � )�"2/ "2!, "!/2*- /�/ )�"2!7 � �3�(B/�� [140-142]. %*�"�*�2!�/ "24 8�// .  

/�����3*/!+ "�+-�/� " � -( :/ "24; �3!+24 /� "� 5"2�� � 3�)�*(0� )�"2!7, 2��!* ��� 

�!(!)*"�!5 ! ,�- �05 " "2��, ��!"2�33!)*"��+ "2���2��� ! ��"��*8*3*/!* �  ��-(*�� ��2*( 

!-(*/*/!+ " "2��� !"� 8/ 5 . �;)*5 "(*"! ! � /7*/2��7!! �*6*"2��-��*8<*"2�*//!��. � 

��9 2�� [143, 144] 903 �� �*8B/ �/�3!- "� 5"2� )�"2!7 Fe2O3, � 3�)*//0� ��! /!-� ( 

8��3*/!! � �3�(*/! "(*"! H2/O2/Ar (φ=0.845) " 8 9��� 5 Fe(CO)5 (500-2100 ppm) " 

��!(*/*/!*( ��-3!)/0� (*2 8 �. ��2 ��(! 12!� ��9 2 � 3�)*/0 -��!"!( "2! ��-(*��, 

( �, 3 .!! ! "2���2��0 )�"2!7  2 � /7*/2��7!! 8 9���! Fe(CO)5.  

��!(  9��- (, ( :/  -��3;)!24, )2  !-�)*/!* �!/*2!�! ! (*��/!-(� �!(!)*"�!� 

�*��7!5 ��*���6*/!+ :*3*- " 8*�:�6!� " *8!/*/!5 � �3�(*/�� ��*8"2��3+*2 9 34< 5 

!/2*�*". $/�/!* 12 .  (*��/!-(� � -� 3!2 � /2� 3!� ��24 �� 7*""0  9��- ��/!+ 

� /8*/"!� ��// 5 ,�-0 ("�:!, /�/ )�"2!7  �"!8 � ! 2.�.) � �3�(*/!. 	"/ �/0( � 8� 8 ( � 

!""3*8 ��/!;  12 .  (*��/!-(� +�3+*2"+ !-�)*/!* "2���2��0 �3�(*/ (!-(*�*/!* �� ,!3*5 

2*(�*��2��0 ! � /7*/2��7!! " *8!/*/!5 � �3�(*/��) " 8 9��� 5 :*3*- " 8*�:�6!� 

" *8!/*/!5 ! "���/*/!* � 3�)*//0� 1�"�*�!(*/2�34/0� �*-�342�2 � " 8�//0(! )!"3*//0� 

��")*2 � /�  "/ �* ��*8� 3�.�*( 5 ( 8*3! �!(!)*"�!� ��*���6*/!5. %�!(*/++ 2�� 5 � 8� 8 

( :/  � �*�!24  9 "/ ��// "24 !"� 34-�*( 5 ( 8*3!, �0+�!24 /*8 "2�2�! ! ��! 

/* 9� 8!( "2! �" �*�<*/"2� ��24 *B. � /�"2 +6*(� ��*(*/! � 12 ( /�����3*/!! �:* 

�� �*8*/ �+8 !""3*8 ��/!5 [145, 146]. ��, � ��9 2* [145] (*2 8�(! ( 3*��3+�/ -��)� � 5 

(�""-"�*�2� "� �!! (�%��) ! 3�-*�/ -!/8�7!� ��// 5 ,3; �*"7*/7!! (���), � 2��:* " 

� ( 64; ( 8*3!� ��/!+ !-�)*/� "2���2��� �3�(*/! "(*"! �� �!3*//�!"3 � 8/��. / 

(C/O=0.77) " 8 9��� 5 ,*�� 7*/� (42 ppm), "2�9!3!-!� ��// ( /� �3 "� 5 . �*3�* ��! 

8��3*/!! 53 2 ��. � � ( 64; �%�� 903! !-(*�*/0 �� ,!3! � /7*/2��7!! �� (*:�2 )/0� 

�.3*� 8 � 8/0� " *8!/*/!5, ��3;)�+ /*� 2 �0* �� (�2!)*"�!* " *8!/*/!+ - 

��*8<*"2�*//!�!  9��- ��/!+ "�:!. � � ( 64; 12 .  (*2 8� ��2 �0 �02�3!"4 !-(*�!24 

�� ,!3! � /7*/2��7!! :*3*- " 8*�:�6!� � (� /*/2 � � �3�(*/!, 2��!� ��� Fe, FeO ! FeOH, 

 8/��  !( /* �8�3 "4 � 3�)!24 �8 �3*2� �!2*34/0*  �*-�342�20. %�!)!/ 5 12 . , �  (/*/!; 

"�(!� ��2 � �, +�!3 "4  �3�:8*/!* �3�(*/! �93!-! ����7*� .  �� 9  29 �/!�� !, ��� 

"3*8"2�!*,  9��- ��/!* )�"2!7 � /8*/"!� ��// 5 ,�-0 ! "/!:*/!* � /7*/2��7!! 12!� �*6*"2� 

� .�- � 5 ,�-* /!:* � � .� )��"2�!2*34/ "2! (�""-"�*�2� (*2��. � ��9 2* [145] ��!�*8*/0 

�*-�342�20 !-(*�*/!5 " � ( 64; ��� ��"��*8*3*/!+ �9" 3;2/ 5 � /7*/2��7!! �2 (��/ .  

:*3*-� –  "/ �/ .  ��*8� 3�.�*( .  �� 8��2� 8*"2���7!! ,*�� 7*/� ! � ��-�/ , )2  

� 3�)*//0* 1�"�*�!(*/2�34/0* 8�//0* " 2 )/ "24; 30-50% "  2�*2"2��;2 �*-�342�2�( 

��")*2�. 
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� ��9 2* [146] (*2 8 ( ��� 903 !-(*�*/ �� ,!34 � /7*/2��7!! Fe � H2/O2 (φ=0.37) 

�3�(*/! ��! /!-� ( 8��3*/!! ��! ��-/0� � /7*/2��7!+�  8 9���! Fe(CO)5 (35, 70, 170 ppm), � 

2��:* �0� 3/*/  )!"3*// * ( 8*3!� ��/!* "2���2��0 �3�(*/! " � ( 64; ��*83 :*// .  

��/** � ��9 2* [127] (*��/!-( �*��7!5 83+ �*/2����9 /!3� :*3*-�. � � "2��3++ � 3�)*//0* 

1�"�*�!(*/2�34/0* 8�//0* " �*-�342�2�(! ��")*2 �, ��2 �0 ��*83 :!3! " ���6*//05 

(*��/!-( �*��7!5 83+ ��*���6*/!+ Fe(CO)5 � �3�(*/�� ��! /!-� ( 8��3*/!!, " "2 +6!5 !- 12 

�*��7!5 " �)�"2!*( 6 :*3*- " 8*�:�6!� " *8!/*/!5 (Fe(CO)5, Fe, FeO, FeO2, Fe(OH), Fe(OH)2).  

��!(  9��- (, �/�3!- 3!2*��2��0 � ��-0��*2, )2  *6* /*8 "2�2 )/  � � <  !-�)*/� 

"2���2��� �3�(*/ " 8 9����(! :*3*- " 8*�:�6!� " *8!/*/!5 ��! �2( ",*�/ ( 8��3*/!!. 

��!* !""3*8 ��/!+ +�3+;2"+ ��:/0(! 83+ � /!(�/!+ (*��/!-(� �!(!)*"�!� �*��7!5 ! 

�!/*2!�! ��*���6*/!5 :*3*- " 8*�:�6!� " *8!/*/!5 � �3�(*/��. 
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1.5. ��%��������� ����� ������-%� ����
�� ��%�������� 

 

 

 

 
 �*/!* "(*"*5 "!/2*--.�-� " � -8�� ( !-�)*/  8 "2�2 )/  � 8� 9/  " � ( 64; 

��-3!)/0� 1�"�*�!(*/2�34/0� ! )!"3*//0� (*2 8 � [147-160]. �� 8�//05 ( (*/2 �:* 

��-��9 2�/ �+8 ( 8*3*5  �!"3*/!+ "!/2*--.�-� [148-155, 157-160]. �*� 2 �0* !- /!� 903! 

��-��9 2�/0 "���/!2*34/  8��/  ! �:* �"2��*3!. � �*5<!* (*��/!-(0  �!"3*/!+ "!/2*--.�-� 

[155, 157, 160] �8 �3*2� �!2*34/  ��*8"��-0��;2 "� � "24 ��"�� "2��/*/!+ �3�(*/ � <!� � ( 

8!���- /* " "2�� � ��! �2( ",*�/ ( ! � �0<*//0� 8��3*/!+�, � 2��:* ��! � �0<*// 5 

/�)�34/ 5 2*(�*��2��*.  

�/.!9!� ��/!* �3�(*/ "!/2*--.�-� !-�)*/  /*8 "2�2 )/ . ��,!� ! 8�. [161] !-�)!3! 

�3!+/!* 8 9���! CF3Br /� �!(!)*"��; "2���2��� �3�(*/! CO/H2/O2/Ar ��! 8��3*/!! 50 2 ��. 

�-(*�*//0* �� ,!3! � /7*/2��7!! "2�9!34/0� ! 3�9!34/0� � (� /*/2 � � "2�9!3!-!� ��// ( 

/� �3 "� 5 . �*3�* �3�(*/! ��*8���!2*34/  �*�*(*<�// 5 "(*"! � -� 3!3! "8*3�24 �0� 8   

/�3!)!! 8��� �����2*�/0� - / �*��7!5 � �3�(*/! " 8 9��� 5 CF3Br. � �*�� 5, ��!3*.�;6*5 � - /* 

��*8���!2*34/ .  � 8 .�*��, �� !"� 8!2 �-�!( 8*5"2�!* ��8!��3 � H ! OH " !/.!9!2 � ( ! 

�� 8��2�(! *.  . �*/!+. �  �2 � 5 - /* �� !"� 8!2 �  "/ �/ (  �!"3*/!* CO. 

��/8  �*/ ! 8�. [162] (*2 8 ( ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! !-�)!3! 

�3!+/!* (�3 ��2!�/ .  !/.!9!2 �� CF3H /� "2���2��� �3�(*/! CO/H2/O2/Ar. �03! 

!8*/2!,!7!� ��/0 �� 8��20 . �*/!+ !/.!9!2 ��,  2�*2"2�*//0* -� �8�3*/!* !- �3�(*/! 

��8!��3 � OH. �03  � ��-�/ , )2  �� 7*""  9��- ��/!+ � 8 � 8� � �*��7!! CF3H+H=CF3+H2 

�� 2*��*2 /�(/ .  (*83*//**, )*(  9��- ��/!* HBr � �3�(*/! " 8 9��� 5 CF3Br. =2  +�3+*2"+ 

 8/ 5 !- ��!)!/ /!-� 5 1,,*�2!�/ "2! CF3H. % -8/** �!/2*�!" [163] ��-��9 2�3 9 3** 

" �*�<*//�; ( 8*34 !/.!9!� ��/!+ �3�(*/ CO/H2/O2Ar/ 8 9��� 5 CF3H. 

��/. ! " ��2. [164] ��-��9 2�3! ( 8*34 !/.!9!� ��/!+ �3�(*/ CO 8 9����(! �3 ��. 

����/*/!* 8�//0� ( 8*3!� ��/!+ " 1�"�*�!(*/2�34/0(! 8�//0(! [165] �0+�!3  /*� 2 �0* 

��-/ .3�"!+. 	8/!( !- /�!9 3** !/2*�*"/0� �0� 8 �, "8*3�//0� ��2 ��(!, -��3;)�*2"+ � 

"3*8�;6*(. %�! (�3 (  2/ <*/!! Cl/H � �3�(*/! !/.!9!� ��/!* �� !"� 8!2 �  "/ �/ ( 

93�. 8��+ �*� (9!/�7!! �2 ( � � 8 � 8� � H2, � 2 ��; ��2�3!-!��*2 HCl. %�! �0" � ( 

"  2/ <*/!! Cl/H  ��*8*3+;6*5 "� � "24 �3�(*/! "2�/ �!2"+ 2�!( 3*��3+�/�+ �*��7!+ 

�*� (9!/�7!! H ! OH " �)�"2!*( " *8!/*/!5 �3 ��. 

��!(  9��- (, !/.!9!� ��/!* . �*/!+ "!/2*--.�-� 8 9����(! , ", �" 8*�:�6!� 

�*6*"2� � 3!2*��2��* /* !""3*8 ��/ . % "� 34�� "!/2*--.�- +�3+*2"+ �� (*:�2 )/ 5 "!"2*( 5 

(*:8� �3�(*/�(! � 8 � 8� ! �.3*� 8 � 8 �, 2  � /!(�/!* �3!+/!+ , ", �" 8*�:�6!� 

!/.!9!2 � � . �*/!+ /� 2���; "!"2*(� ��*8"2��3+*2 ��� /��)/05, 2�� ! ����2!)*"�!5 !/2*�*".   
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1.6. ��%��������� ������ ����
�� ����������!�* ���������� 

 

 

 

 	�.�/!)*"�!* � 3!(*�0 � 9 34<!/"2�* "3�)�*� !(*;2 �/!��34/0* �����2*�!"2!��(! � 

"���/*/!! " 8��.!(! (�2*�!�3�(!, /  � /!� *"24 "�6*"2�*//05 /*8 "2�2 �, "�+-�//05 " !� 

. �;)*"24;. �3+ "/!:*/!+ . �;)*"2! � 3!(*�/0� (�2*�!�3 � � !� " "2�� �� 8+2 /*. �;)!* 

/�� 3/!2*3! - �!(!)*"�! ��2!�/0* " *8!/*/!+ (�/2!�!�*/0). �*��/!-( 8*5"2�!+ �/2!�!�*/ � 

( :*2 9024 ��-3!)/0(. ����!(*�, �/2!�!�*/0 ( .�2 "� " 9"2� ��24  9��- ��/!; /� 

� �*��/ "2! � 3!(*�� /*�� /!7�*( .  83+ �!"3 � 8� � -8��� "3 + (!3! � �" � .   "2�2��), � 

2��:* !/.!9!� ��24 �*��7!!  �!"3*/!+ .�-  9��-/0� �� 8��2 � �!� 3!-� � �3�(*/!. �3+ 

1,,*�2!�/ .  ��!(*/*/!+ !-�*"2/0� �/2!�!�*/ �, � 2��:* 83+ ��-��9 2�!  / �0�, /* 9� 8!(  

� /!(�24 (*��/!-( !� 8*5"2�!+.  

 ��8!7! //05 � 8� 8 � !""3*8 ��/!! (*��/!-(� 8*5"2�!+ �/2!�!�*/ � -��3;)�*2"+ � 

!-�)*/!! !� �!� 3!-� (*2 8�(! 2*�(!)*"� .  �/�3!-�, � 2��:* !8*/2!,!��7!! .�-  9��-/0� 

�� 8��2 � ��-3 :*/!+ �/2!�!�*/ � " � ( 64; ��-3!)/0� �/�3!2!)*"�!� (*2 8 � [166-169]. 

	8/��  9 34<!/"2�  2��8!7! //0� (*2 8 � � -� 3+;2 �"2�/ �!24 2 34�  8 "2�2 )/  

�"2 5)!�0* �� 8��20 �!� 3!-� �/2!�!�*/ � ! /* � 8� 8+2 83+ !-�)*/!+  9��- ��/!+ 

��8!��3 � ! 8��.!�, ��:/0� 83+ � /!(�/!+ (*��/!-(� 8*5"2�!+ �/2!�!�*/ �, 3�9!34/0� 

�� (*:�2 )/0� �*6*"2�. ��:* 8 "2�2 )/  " ��*(*//0* ,!-!)*"�!* (*2 80 /* �"*.8� 

� -� 3+;2 � 3�)!24 /* 9� 8!(�; !/, �(�7!;   2��!� �� 7*""��. ����!(*�, ��! !-�)*/!! 

1,,*�2� 8 9���! !/.!9!2 � � � �3�(*/! " � ( 64; 3�-*�/ -!/8�7!� ��// 5 ,3; �*"7*/7!! 

(���) � ��9 2* [126] �8�3 "4 !-(*�!24 2 34�  � /7*/2��7!; 	�. 	��-�3 "4, )2  � 12 5 

"!"2*(* /*� -( :/  !-(*�!24 � /7*/2��7!; 8��.!�, ��:/0� 83+ � /!(�/!+ (*��/!-(� 

8*5"2�!+ !/.!9!2 ��, " *8!/*/!5. � 12 (  2/ <*/!! -/�)!2*34/05 �� .�*"" � � /!(�/!! 

(*��/!-(� 8*5"2�!+ �/2!�!�*/ � ( :*2 9024 8 "2!./�2 ��! !-�)*/!! �!(!)*"� 5 "2���2��0 

�3�(*/ � 3!(*� � " ��*8*//0(! � /!� !/.!9!2 ��(!. =2  � -� 3+*2 �"2�/ �!24, � ��� ( 

� /��*2/ ( (*"2* (� .�- � 5 !3! � /8*/"!� ��// 5 ,�-*) 8*5"2��;2 12! 8 9���!, � 2��:* 

� /+24 -� ")*2 ���!� �� 7*"" � �(*/4<�*2"+ . �;)*"24  � 3!(*�� – !---� !/.!9!� ��/!+ 

7*�/0� �!(!)*"�!� �*��7!5  �!"3*/!+ �� 8��2 � �!� 3!-� � 3!(*� � !3! � �*-�342�2* 

!-(*/*/!+ 2*�3 - ! (�""  9(*/�. � /�"2 +6** ��*(+ �0"��-0��*2"+ (/*/!*, )2  "/!:*/!* 

. �;)*"2! �3�"2!� � -� ")*2 ��*8*/!+ � !� " "2�� /*� 2 �0� �/2!�!�*/ � "�+-�/  " 

�-�!( 8*5"2�!*( � .�- � 5 ,�-* �� (*:�2 )/0� �� 8��2 � �!� 3!-� �/2!�!�*/ � !3! !� 

��� � " ��8!��3�(! � ! 	�. � .3�"/  12 5 .!� 2*-*, 8 9���� �/2!�!�*/� 8 3:/� ��!� 8!24 � 

�(*/4<*/!; � /7*/2��7!! � ! 	� � �3�(*/!, ! )*( 9 3** 1,,*�2!�*/ �/2!�!�*/, 2*( "!34/** 

 / "/!:�*2 � /7*/2��7!; 12!� ��8!��3 �. �3+ �� �*��! 12 .  ��*8� 3 :*/!+ � /�"2 +6*5 
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��9 2* �� � 8!3!"4 !""3*8 ��/!+ �!(!)*"� 5 ! 2*�3 � 5 "2���2��0 �3�(*/! ��4/O2/N2 " 

8 9����(! 2��8/ 3*2�)!� !/.!9!2 � �, � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+�, (*2 8 ( 

( 3*��3+�/ -��)� � 5 (�"" "�*�2� (*2�!! (�%��), � -� 3+;6*( !-(*�+24 � /7*/2��7!! 

�2 ( � ! ��8!��3 � � �3�(*/!. �09 � "2�9!3!-!� ��// .  /� . �*3�* ����-�*9�� �3�(*/! ��� 

 9?*�2� !""3*8 ��/!5 903 �0-��/ /*"� 34�!(! ��!)!/�(!. %���2!)*"�!  2"�2"2�!* 2*�3 �0� 

� 2*�4 � 2�� ( �3�(*/!, �  23!)!*  2  �3�(*/!, "2�9!3!-!� ��// .  /� �3 "� 5 . �*3�*, 

-/�)!2*34/  ��� 6�*2 "���/*/!* �*-�342�2 � 1�"�*�!(*/2 � ! 8�//0� ( 8*3!� ��/!+  

"2���2��0 �3�(*/!. �� (* 2 . , �� �*8*//0* ��2 ��(! !""3*8 ��/!+ � ��-�3!,  )2  � "3�)�* 

�3�(*/!, "2�9!3!-!� ��// .  /� . �*3�* ����-�*9��, !"��:*/!+ *.  �!(!)*"� 5 ! 2*�3 � 5 

"2���2��0, �/ "!(0* �� 9  29 �/!� (, -/�)!2*34/  (*/4<* !---� 9 3** �0" � 5 "� � "2! 

� 2 �� /�9*.�;6*.  .�-�, )*( � "2�9!3!-!� ��// ( /� �3 "� 5 . �*3�* �3�(*/!. 	2"�2"2�!* 

�*�, �!� ��// .  (!3! � �!"2 . ) 8!"��, ��� 12  !(**2 (*"2  ��! !"� 34- ��/!! �3 "� 5 

. �*3�!, ��� 6�*2 �� 7*8��� ��*8*/!+ 8 9�� � 2�*�80� !3! (�3 3*2�)!� !/.!9!2 � � � 

.�- �05 � 2 � ! �(*/4<�*2 !� � 2*�! /� "2*/���. 

� /�"2 +6** ��*(+ � 3!2*��2��*  2"�2"2��;2 1�"�*�!(*/2�34/0* 8�//0* �  "2���2��* 

�3�(*/ � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+( " 8 9����(! !/.!9!2 � � ! �/2!�!�*/ �, 

!-�)*//0� " � ( 64; �%��. � ��9 2* �1"2! ! � /*33� [63] (*2 8 ( �%�� 3!<4 

��)*"2�*//  903� !-�)*/� "2���2��� �3�(*/ "(*"*5 H2/O2/N2 ! CH4/O2/N2 " 8 9����(! CF3Br  

!3! ��, "2�9!3!-!� ��//0� /� . �*3�* ��/-*/� ��! �2( ",*�/ ( 8��3*/!!. ��2 �0 /* 

� 3�)!3! �9" 3;2/0� � /7*/2��7!5 9 34<!/"2�� ��2!�/0� " *8!/*/!5 � �3�(*/!, 2�� ��� 

��3!9� ��� 83+ /!� /* �� � 8!3�"4. ��� ����!3 , ��! �2( ",*�/ ( 8��3*/!! �3�(*/� !(*;2 

�-��; - /� . �*/!+ (� �+8�� 1 (() ! �0" ��; 2*(�*��2��� � /*)/0� �� 8��2 � . �*/!+, )2  

"!34/  -�2��8/+*2 !""3*8 ��/!+ 2��!� �3�(*/.  

��!(  9��- (, �/�3!- 3!2*��2��0 � ��-0��*2, )2  !/, �(�7!!   (*��/!-(* 8*5"2�!+ 

2��8/ 3*2�)!� �/2!�!�*/ � ! �� 8��2 � !� ��*���6*/!5 /� �!(!; .�- ,�-/0�  �� 7*"" � 

 �!"3*/!+ 2 �3!� � �3�(*/�� � 3!(*� �  2"�2"2��*2.  
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1.7. /���)������� �������* *���
�-
�����!��
�* ��*������ ��%��������� 

 

 

 

 "� ��*(*//0* (*2 80 � (�4;2*�/ .  ( 8*3!� ��/!+ � -� 3+;2 ��*8"��-0��24 

8!/�(!�� � -/!�/ �*/!+, ��"�� "2��/*/!+ ! .�<*/!+ � :�� �, ��3;)�+ �� 7*""0 

� -8*5"2�!+ �3�(*.�"!2*3*5 "  )�. ( � :���. �  "/ �* 2��!� ( 8*3*5 3*:�2 ����/*/!+ 

8�!:*/!+ "�*80, � 2��:* ,�- �0� ! �!(!)*"�!� ��*���6*/!5, 9*- � 2 �0� /*� -( :/  

� 3�)!24 8 "2 �*�/0* �*-�342�20 ��")*2 �" [170]. �3+  �!"�/!+ �!(!)*"�!� �� 7*"" � 

��!(*/+;2 ��-3!)/ 5 "3 :/ "2! �!(!� -�!/*2!)*"�!* ( 8*3!  �!"3*/!+ 2 �3!�. ��!* 

( 8*3! . �*/!+, /���!(*�, 83+ �1–�8 �.3*� 8 � 8 � ( .�2 " "2 +24 !- " 2*/ ! 20"+) 

13*(*/2��/0� �*��7!5 ! ��3;)�24 8*"+2�! ! " 2/! �*6*"2� [170]. �3+ �*�34/0� 

( 2 �/0� 2 �3!� (*��/!-(  �!"3*/!+ *6* 9 3** "3 :/05, � 2 (� )2 , /���!(*�, 

8!-*34/ * 2 �3!�  ! �*� "!/ " 8*�:�2 9 3** 2+:*30* �.3*� 8 � 80, )*( �1–�8. ��!( 

 9��- (, !"� 34- ��/!* 83+ 3D ( 8*3!� ��/!+ .� ( -8�!� (*��/!-( � . �*/!+ 2 �3!� 

2�*9�*2  .� (/0� �0)!"3!2*34/0� �*"��" � ! � 12 (� ( :*2 -�/!(�24 (/ .  ��*(*/!. 

�2 90 �0� 3/+24 2��!* ��")*20 " 2�*9�*( 5 �� !-� 8!2*34/ "24; ! 8 "2�2 )/ 5 

2 )/ "24;, !"� 34-�;2 �*8�7!� ��//0* (" ���6*//0*), � 2��:* "�*3*2/0* (*��/!-(0 

. �*/!+ 2 �3!�. � /�"2 +6!5 ( (*/2 2��!* (*��/!-(0 �:* ��-��9 2�/0 83+ 8 "2�2 )/  

9 34< .  )!"3� ��-3!)/0� �.3*� 8 � 8/0� 2 �3!�, /  /�!9 3** <!� �  !"� 34-�;2"+ 

�*8�7!� ��//0* ! "�*3*2/0* ( 8*3! . �*/!+ � 8 � 8� ! (*2�/� [171, 172]. �3+ . �*/!+ 

H2 ��-��9 2�/� /�!9 3** � (���2/*5<�+ ( 8*34, " "2 +6�+ !� 4-� �*��7!5 [173], /� 9�-* 

� 2 � 5 2��:* ��-��9 2�/ ! 4-� "2�8!5/05 (*��/!-( . �*/!+ "!/2*--.�-� [174]. �� (* 

� (���2/0� (*��/!-( �  �!"3*/!+ /!-� ( 3*��3+�/0� 2 �3!�, !(*;2"+ 

�*8�7!� ��//0* (*��/!-(0 "�( � "�3�(*/*/!+ ! . �*/!+ /-.*�2�/�, !-  �2�/� ! *.  

"(*"*5 " /-.*�2�/ ( ! /-�*/2�/ ( [175-180]. % "� 34�� /� ����2!�* !/ .8� 2�*9�*2"+ 

!(*24 � -( :/ "24 )!"3*//   �!"�24 �� 7*""0 . �*/!+ 8 "2�2 )/  "3 :/0� 2 �3!�/0� 

"!"2*(, /���!(*�, 2��!� ��� �� 8��20 .�-!,!��7!! ��"2!2*34/0� . �;)!� (�2*�!�3 � 

(�� +, 3!"2��, 8�*�*"!/� ! 8��.!* 7*33;3 - " 8*�:�6!* (�2*�!�30), 2  ! 83+ /!� �:* 

!(*;2"+ "�*3*2/0*, " ���6*//0* ! .3 9�34/0* �!(!� -�!/*2!)*"�!* (*��/!-(0 

 �!"3*/!+ [181-182]. �3+ !� ��-��9 2�! 903! !"� 34- ��/0 8�//0* !-(*�*/!5 " "2��� 

.�-  9��-/0� �� 8��2 � �!� 3!-� ��"2!2*34/0� . �;)!� (�2*�!�3 �, �!/*2!�! 

 �!"3*/!+ �� 8��2 � !� �!� 3!-� � �*��2 �* !8*�34/ .  �*�*(*<!��/!+, � 2��:* 

!-(*�*/!5 ��"��*8*3*/!+ � /7*/2��7!5 �*6*"2� � �3�(*/�� �� 8��2 � �!� 3!-� 

��"2!2*34/0� . �;)!� (�2*�!�3 �. ��58*//0* � �*-�342�2* 2��!� !""3*8 ��/!5 

� (���2/0* (*��/!-(0 . �*/!+ �� 8��2 � �!� 3!-� 3*"/0� . �;)!� (�2*�!�3 � !(*;2 
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�*�34/�; �*�"�*�2!�� !"� 34- ��/!+ ��! )!"3*// ( ( 8*3!� ��/!! �� 7*"" � 

� -/!�/ �*/!+, ��"�� "2��/*/!+ ! � .�"�/!+ ��!� 8/0� � :�� �.  

 ��� �:* 903  ���-�/  �0<*, � /�"2 +6** ��*(+ 83+ )!"3*// .  ( 8*3!� ��/!+ 

����(*2� � ��-3!)/0� �3�(*/ <!� �  ��!(*/+;2"+  " ���6*//0* (*��/!-(0 . �*/!+ 

� 8 � 8� ! �+8� 3*.�!� �.3*� 8 � 8 �,  8/��  � 3!2*��2��* ����2!)*"�! /*2 /!���!� 

"�*8*/!5   " ���6*//0� (*��/!-(�� !/.!9!� ��/!+ ! .�<*/!+ �3�(*/ ��! ��*8*/!! � 

/!� �!(!)*"�! ��2!�/0� !/.!9!2 � �. � )�"2/ "2!, � 3!2*��2��*  2"�2"2��;2 "�*3*2/0* 

(*��/!-(0 !/.!9!� ��/!+ �3�(*/! 8 9����(! , ", � �.�/!)*"�!� !/.!9!2 � �. ��!* 

(*��/!-(0 ��*8"2��3+*2 9 34< 5 ����2!)*"�!5 ! /��)/05 !/2*�*" 83+ ��-��9 2�!  

( 8*3*5 .�<*/!+ � :�� � " !"� 34- ��/!*( , ", � �.�/!)*"�!� �3�(*.�"!2*3*5.  
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1.8 �,�������� ��*����%�� ��7���� ����� �������� ��%�������� 

 

 

 

  /� ��"�03*//�+ � 8� <!� �  !"� 34-�*2"+ 83+ 2�<*/!+ � :�� � [183-197]. 

	"/ �/0( ,��2 � (,  9*"�*)!��;6!( 2�<*/!* �3�(*/! ��! � -8*5"2�!! /� /*.  � 2 �� 

(*3�!� ���*34 � 80, +�3+*2"+ � /!:*/!* 2*(�*��2��0 � - /* . �*/!+ -� ")*2 !"���*/!!  

:!8� "2!. 	8/��  12 2 (*2 8 2�<*/!+ � :��� 2�*9�*2 8 "2�2 )/  9 34< .  �8*34/ .  ��"� 8� 

� 80. =,,*�2!�/ "24 2�<*/!+ � :��� � 8 ���*34/0(  93�� (  ��*8*3+*2"+ 8!"�*�"/ "24; 

���*34 � 80. �(*;6!*"+ � 3!2*��2��* 1�"�*�!(*/2�34/0* 8�//0* �  2�<*/!; � :�� � 

(*3� 8!"�*�"/0( � 2 � ( � 80 8�;2 8 "2�2 )/  <!� �!5 ! � "2 +//05 "�*�2� ��-(*� � 

� 8+/0� ���*34, � � 2 � (  "/ �/�+ (�""� :!8� "2! ��!� 8!2"+ /� )�"2!70 ����/** 0.1 ((. � 

2  :* ��*(+ /�:/   2(*2!24, )2  ��!(*� � 2�<*/!+ � :�� � " � ( 64; �1� - 3*5 ��"2� � � 

!/.!9!2 � � !-�*"2/  8 "2�2 )/  (�3 . 

 %*�"�*�2!�/ "24 ��!(*/*/!+ ��-3!)/0� " *8!/*/!5 6*3 )/0� (*2�33 � (Na, K !3! Rb) 

� �!8* � � <� � !3! ��"2� � � 903�  �!"�/� � ��9 2* [8]. ��� ����!3 , " *8!/*/!+ 6*3 )/0� 

(*2�33 � (" 3! K, Na) ��!(*/+;2"+  83+ 2�<*/!+ �3�(*/! � �!8* (*3� 8!"�*�"/0� � � <� �, 

)2  /��3�80��*2  ��*8*3*//0* 2*�/!)*"�!*  .��/!)*/!+ /� �"3 �!+ !� ��!(*/*/!+. % "� 34�� 

 8/!( !- ,��2 � �,  ��*8*3+;6!� 1,,*�2!�/ "24 .�<*/!+ �3�(*/!, +�3+*2"+ 8!"�*�"/ "24 

��!(*/+*( .  � � <��, 2  /* 9� 8!(  !"� 34- ��24 � � <�! " ��� ( :/  9 3** (*3�!(! 

��-(*��(! )�"2!7. 	8/��  (*3� 8!"�*�"/0* � � <�! "�3 //0 � "3*:!��/!; ! �.3 (*��7!!, 

)2  -�2��8/+*2 !� ����2!)*"� * ��!(*/*/!*. �� (* 2 . , (*3� 8!"�*�"/0* )�"2!70  93�8�;2 

(�3 5 !/*�7!*5, !---� )*.   /! �� /!��;2 �  ,� /2 �3�(*/! /�  2/ "!2*34/  /*9 34<�; 

.3�9!/�, � 12 (� /* 9� 8!(  !"� 34- ��24 � � <�! "  �2!(�34/0( ��-(*� ( )�"2!7. � "�+-! 

c 12!( ��!(*/*/!* �1� - 3*5 � 8/0� ��"2� � � " 3*5 � ��)*"2�* �3�(*.�"!2*3*5 ��*8"2��3+*2 

-/�)!2*34/05 !/2*�*". 

� � "3*8/** ��*(+ 9 34< * )!"3  !""3*8 ��/!5 903  �� �*8*/  " 7*34; ��*3!)!24 

1,,*�2!�/ "24 2�<*/!+ � 8/0(! �1� - 3+(! ��2*( 8 9��3*/!+ � � 8� ��-3!)/0� �*6*"2� [27-

37]. �*� 2 �0* " *8!/*/!+ 6*3 )/0� ! �*�*� 8/0� (*2�33 � +�3+;2"+ 1,,*�2!�/0(! 

!/.!9!2 ��(! . �*/!+, � /*� 2 �0� "3�)�+� /� � �+8 � 9 3** "!34/0(!, )*( CF3Br ! � 12 (� 

 /! �*�"�*�2!�/0 � ��)*"2�* 8 9�� � � � 8* 83+ !"� 34- ��/!+ 2��!� ��"2� � � ��! 

�1� - 34/ ( 2�<*/!! � :�� �.  
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1.9. ������� ����
6(�* � �����* ����
��
�������* ��
������� %��������* ������ 

 

 

 

 �!�� . �*3 )/0* �"2� 5"2�� ��*8"2��3+;2 !/2*�*" " 2 )�! -�*/!+ !� ��!(*/*/!+ � 

��-3!)/0� (�3 .�9��!2/0� !"2 )/!��� 2*�3�, � (���2/0� 2*�( � 342�!)*"�!� 

��* 9��- ��2*3+� 1/*�.!!, 8�!.�2*3+� �/�2�*//*.  ". ��/!+ ! 8��.!� ��!9 ���. ��:/*5<!( 

13*(*/2 ( 2��!� (!�� . �*3 )/0� �"2� 5"2� +�3+*2"+ " �3 ,  9*"�*)!��;6**  9��- ��/!* 

. �;)*5 "(*"! ! "2�9!3!-�7!; �3�(*/!. � 8��. 5 "2 � /0, �� 7*""0 (!�� . �*/!+ 2��:* 

2*"/  "�+-�/  " �� 93*(�(!  9*"�*)*/!+ � :�� - ! �-�0� 9*- ��"/ "2!, 2�� ��� (!�� 2*)! 

. �;)!� .�- �,  9��-�;6!*"+ /� 8*,*�2�� 2��9 �� � 8 � �0" � .  8��3*/!+, ��*8"2��3+;2 

� 2*/7!�34/�;  ��"/ "24. % 12 (� ��:/  -/�24 �"3 �!+, � � 2 �0�  � -( :/0 �"2 5)!�0* 

�*:!(0 . �*/!+ !"2*��;6!� � � -8�� (!�� "2��5 . �;)!� .�- �, � 2��:* � /!(�24 (*��/!-( 

"2�9!3!-�7!! �3�(*/ � 2��!� �"3 �!+�. 

%�! . �*/!! � � -8��* "2��5 .�-  9��-/ .  2 �3!��  8/ ��*(*//  �� 2*��;2 ��� 

,!-!)*"�!* �� 7*""0 ((�"" - ! 2*�3 �*�*/ ") 2�� ! �!(!)*"�!* ��*���6*/!+, � 2��:* 

 9��-�;2"+ ! ��-�!��;2"+ � .*�*/2/0* "2���2��0, � -/!��;2 8��.!* "3 :/0* 1,,*�20. ��*8! 

12!� �� 7*"" �,  9�"3��3!��;6!� �*:!( . �*/!+ ��*8���!2*34/  /* �*�*(*<�//0� �3�(*/ 

(,��*3 �), �*�� "2*�*//0(! +�3+*2"+ 8!,,�-!+ ! �*�*(*<!��/!* . �;)*.  !  �!"3!2*3+. ��� 

�2�*�:8�*2 � "� *5 ( / .��,!! ��(�.�! [198], � . ( .*// 5 .�- � 5 . �;)*5 "(*"! "� � "24 

. �*/!+  ��*8*3+*2"+ � �*���;  )*�*84 �� 7*""�(! 2*�3 �*�*8�)! ! 8!,,�-!!,  ! � (*/4<*5 

"2*�*/!  �!/*2!� 5 �!(!)*"�!� �*��7!5  �!"3*/!+.   

 %� 7*""0 8!,,�-! // .  (� 2 ( )!"3* "2��5/ . ) . �*/!+ 903! !""3*8 ��/0 � 

(/ . )!"3*//0� 1�"�*�!(*/2�34/0� ! 2* �*2!)*"�!� ��9 2��, /���!(*� [199-202]. � ��9 2*  

[199] ")!2�*2"+, )2  � ��!� 8/+20� �3�(*/�� � -8�� ! . �;)** � 3/ "24; �*�*(*<!��;2"+ 

*6* 8  ( (*/2� � "�3�(*/*/!+ . �;)*5 "(*"!, "2�9!3!-�7!+ �3�(*/! �� !"� 8!2 � 2 )�*, .8* 

3 ��34/�+ "� � "24 � 2 �� �8 34 3!/!! "2*�! (*2�!)*"� 5 � /7*/2��7!! ! "� � "24 

��"�� "2��/*/!+ 2��9�3*/2/ .  �3�(*/! 9�8�2 ���/0. 	8/��  � ��9 2* [200] �2�*�:8�*2"+, )2  

� -8�� ! . �;)** /* �*�*(*<!��;2"+ � 3/ "24; � - /* "2�9!3!-�7!! �3�(*/! ! )2  �"3 �!+ 

*.   2�0�� ( :/   7*/!24 !"� 8+ !- "� 5"2� 3�(!/��/ .  �3�(*/!. � 2  :* ��*(+ � ��9 2* 

[201] ���-0��*2"+, )2  "2�9!3!-�7!+ ��!� 8/+2 .  �3�(*/! �� !"� 8!2 ��! ���*/"2�* 

3 ��34/ 5 "� � "2! � 2 �� ! "� � "2! ��"�� "2��/*/!+ �3�(*/! 2 �3!�/ 5 "(*"!, � � 2 � 5 

� -8�� " . �;)!( � 3/ "24; �*�*(*<�/0 /� ( 3*��3+�/ ( �� �/* � "2*�! (*2�!)*"� ( 

"  2/ <*/!!. ��� ( :/  �!8*24 !- �� (+/�20� �0<* ��9 2, /� "*. 8/+</!5 8*/4 "�6*"2��*2 

8 "2�2 )/  (/ .  ��-3!)/0� 2* �!5 "2�9!3!-�7!! �3�(*/! "2��! 2 �3!�� � � -8��*. ��� 

� ��-�3! 1�"�*�!(*/2�34/0* !""3*8 ��/!+ [202], "  2/ <*/!* . �;)*.  !  �!"3!2*3+, � 2��:* 
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!/2*/"!�/ "24 2��9�3*/2/ "2! � 3 ��34/ 5 2 )�* �3�(*/!, � /* �� 7*""0 8!""!��7!!, 

+�3+;2"+  "/ �/0(! ,��2 ��(! "2�9!3!-�7!! ,��*3�. =2  � 82�*�:8�*2"+ 8�//0(! ��9 20  

[203], � � 2 � 5 �"2�/ �3*/ , )2  "� � "24 2��9�3*/2/ .  �3�(*/! /�(/ .  �0<* "� � "2! 

. �*/!+ 3�(!/��/ .  �3�(*/!. �*��/!-( "2�9!3!-�7!! 2��9�3*/2/ .  ,��*3� "�+-�/ " 

 9��- ��/!*( � � 2 �* � .*�*/2/0� "2���2��. ��:* 903  � ��-�/ , )2  7*/2��34/�+ "2��+ 

.*/*�!��*2 ����/ (�"<2�9/0* � .*�*/2/0* "2���2��0, � 2 �0* �-�!( 8*5"2��;2 

/*� "�*8"2�*//  " - / 5 �3�(*/!.  

 =�"�*�!(*/2�34/  �"2�/ �3*/  [204], )2  �0" 2�  2�0�� 2��9�3*/2/ .  8!,,�-! // .  

�3�(*/!  2 "�*-� " �3� ��*3!)!��*2"+ " � "2 ( "� � "2! "2��! 2 �3!�� ! "��2/ .  � 2 �� 

� -8���. � ��*3!)*/!*( �0" 20  2�0�� ,��*3� ! 8!�(*2�� "2��! � -��"2�*2 �(�3!2�8� 

� 3*9�/!5 �0" 20  2�0�� ,��*3�. =2  "3�:!2 8 ��-�2*34"2� ( 2 . , )2  (*��/!-(  2�0�� 

,��*3� 8!,,�-! // .  �3�(*/!  ��*8*3+*2"+ � -/!�/ �*/!*( ! 1� 3;7!*5  

����/ (�"<2�9/0� �!��*�0� "2���2��.  

 �-�)*/!* 8!,,�-! // .  . �*/!+ "2��! � 8 � 8� � � -8��* +�3+*2"+ ��:/0( 83+ 

� /!(�/!+ �"3 �!5 "2�9!3!-�7!! 2�� .  �3�(*/!, � 2��:* 83+ � !"�� "� " 9 � �(*/4<*/!+ 

�09� " � NOx. ��:* ��:/0( � �� " ( +�3+*2"+ � -( :/ "24 �����3+24 12!(! �� 7*""�(! " 

� ( 64; ��-3!)/0� ,!-!)*"�!� � -8*5"2�!5, /���!(*�, " � ( 64; �/*</!� ���"2!)*"�!� 

� 3*9�/!5. ��� 903  � ��-�/  � ��9 2* [205], � -8*5"2�!* -��� �0� � 3*9�/!5 ��-3!)/ 5 

)�"2 20 /� ��!� 8/+2 * 8!,,�-! // * �3�(+ !"2*��;6*5 � � -8�� 2��9�3*/2/ 5 "2��! 

� 8 � 8�, ��!� 8!2 � /*( / 2 // 5 (!(*;6*5 �*- /�/"/05 �����2*�) -��!"!( "2! 

� /7*/2��7!! NOx � �� 8��2�� . �*/!+  2 )�"2 20 -����. � -8*5"2�!* -���� �3�)<�*2 

�*�*(*<!��/!* 2 �3!�� " � -8�� (, )2  ��!� 8!2 � �(*/4<*/!; 2*(�*��2��0 � �3�(*/!,  

� 12 (� � /7*/2��7!! NOx � �� 8��2�� . �*/!+ -�(*2/  "/!:�*2"+. � ��9 2* [206] 903  

� ��-�/ , )2  )�"2 2� ���"2!)*"�!� � 3*9�/!5 -/�)!2*34/  �3!+*2 /� � �*8*/!* 2��9�3*/2/ .  

�3�(*/! "2��! � 8 � 8�. %�! )�"2 2* -����, " ���8�;6*5 " �*- /�/"/ 5 )�"2 2 5 � 2 �� 

� -8���, � "3 * "(*<*/!+ � ��"!�34/ .  � 2 �� � -8���  9��-�*2"+ 2 � !8�34/05 �!��4, ��! 

12 ( ��!3 :*// * �� 8 34/  ���"2!)*"� * � -8*5"2�!* �0-0��*2  � 3*9�/!+ "� � "2! ��� 

"2��! � -8���, 2�� ! � 8 � 8�. 	9��-�;6!5"+ ��! ���"2!)*"� ( � -8*5"2�!! 2 � !8�34/05 

�!��4 !/2*/"!,!7!��*2 �*�*(*<!��/!* � -8��� " � 8 � 8 (, )2  ��!� 8!2 � �(*/4<*/!; /� 

15% �0" 20 �3�(*/!, �3�)<*/!; "2�9!3!-�7!! �3�(*/!, � 2��:* � �(*/4<*/!; /�  25% 

� /7*/2��7!! NOx � "���/*/!! "  "3�)�*( 9*- � -8*5"2�!+ -����. %�! � -8*5"2�!! 

� �*�*)/ .  ���"2!)*"� .  � 3+ /� �3�(+ ���.3 5 !3! �3 "� 5 (!�� "2��! � 8 � 8� 

/�93;8�*2"+ ��-8� */!* ,��*3� [207], �/�3 .!)/  2 (�, ��� �� !"� 8!2 ��-8� */!* �3�(*/! � 

"3�)�* ���.3 5 ! �3 "� 5 (!�� "2��! �� ��/� [208]. ��:/   2(*2!24, )2  � ��9 2* [207] 903  

 9/���:*/  !/2*�*"/ * +�3*/!*, �0��:*// * � 3 ��34/ ( �(*/4<*/!! � �*�*)/ .  "*)*/!+ 
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�3�(*/!, 2�� /�-0��*(�+ “�*�*2+:��” !3! "9�203 )/ * . �30<� ". �/�3 .!)/ * +�3*/!* 

/�93;8�3 "4 � ��9 2* [209] 83+ �3�(*/! � 8 � 8/ 5 "2��!, !"2*��;6*5 � � -8�� !- ���.30� 

" �*3 0.3–2.7 ((,  8/��  � 12 5 ��9 2* /* �� � 8!3!"4 !""3*8 ��/!+ �3!+/!+ ��-3!)/0� 

����(*2� � (8!�(*2�� " �3�, "� � "2! !"2*)*/!+ ! 2.8.) /� /�3!)!* �*�*2+:�!. ��� 903  

�"2�/ �3*/  � ��9 2* [207], .* (*2�!)*"�!* ����(*2�0 �*�*2+:�!  ��*8*3+;2"+ "� � "24; 

!"2*)*/!+ � 8 � 8/ 5 "2��!, � 2��:* !/2*/"!�/ "24; ! )�"2 2 5 -����. �/2*�*"/   2(*2!24, 

!/2*/"!�/ "24 -����, .*/*�!��*(�+ . �+6*5 "2��*5 � 8 � 8�, �"!3!��3�"4 " � �0<*/!*( 

"� � "2!  *.  � 2 ��. �*2�34/0* !""3*8 ��/!+ �� 7*"" � . �*/!+ (!�� "2��5 � 8 � 8� 

��*8"2��3*/0 � "*�!!  ��9 2, �� �*8*//0� � �%� �	 ��� ! ���
 �	 ��� [207, 210-215].  

 	8/ 5 !- �� 93*( . �*/!+ �0" � "� � "2/0� (!�� "2��5 � 8 � 8� +�3+*2"+ �3!+/!* 

" "2��� ��� �/*</*5 "�*80, 2�� ! " "2��� 2 �3!�� /� �� 7*"" "2�9!3!-�7!! �3�(*/! /� 

(!�� . �*3�*. �-�)*/!* 2��!� �� 7*"" � � -� 3+*2 /�52! "� " 90 �����3*/!+ �*:!(�(! 

. �*/!+ � 12!� �"3 �!+�. ����!(*�, " � ( 64; 8 9���! CH4 � � 2 � H2 ( :/  � 3�)!24 

��-3!)/0* �*:!(0 . �*/!+, � 2��:* !-9*:�24 )�*-(*�/ .  /�.�*�� ! ��-��<*/!+ (!�� " �3�. 


�  ! " ��2 �0 [216] )!"3*//  ��"")!2�3! � 3* 2*(�*��2��0 � �3�(*/! (!�� "2��! � 8 � 8�, 

!"2*��;6*.  !- 2 /� "2*// .  (0.2 (() (*2�33!)*"� .  " �3� (8!�(*2� ( 0.8 (() "  "� � "24; 

1-2 (/". % 3�)*//0* 8�//0* ��")*2 � � ��-�3!, )2  " "2�� . �;)*5 "(*"! �3!+*2 /� 

2*(�*��2��� (!�� " �3�, )2  , �(� �3�(*/! 93!-�� � ",*�!)*"� 5, �93!-! 2 )�! � /2��2� 

(!�� " �3� ! �3�(*/! /�93;8�*2"+ «�*8�6�+ �� (�� �3�(*/!», �����2*�/�+ 83+ «2� 5/ .  

�3�(*/!». 	"/ �/0( �� 7*"" (,  2�*)�;6!( � 12!� �"3 �!+� -� "2�9!3!-�7!; �3�(*/! /� 

" �3*, +�3+*2"+ 2*�3  9(*/ (*:8� «�*8�6*5 �� (�! �3�(*/!» ! 9 � � 5 � �*��/ "24 

(!�� " �3�. *�3 ��+ ! �!(!)*"��+ "2���2��� �3�(*/ (!�� "2��5 � 8 � 8� ��! !� !"2*)*/!! 

� � -8�� !- " �*3 " 8!�(*2� ( 0.2 ! 0.48 (( "� � "24; 16.48 ! 7.16 (/" "  2�*2"2�*// , 

1�"�*�!(*/2�34/  !""3*8 ��/� " � ( 64; "�*�2� "� �!)*"�!� (*2 8 � � ��9 2* [217]. 

� � "2��3*/!* � 3�)*//0� 8�//0� " �*-�342�2�(! )!"3*// .  ��")*2� " !"� 34- ��/!*( 

8*2�34/ .  �!(!� -�!/*2!)*"� .  (*��/!-(� . �*/!+ � 8 � 8� � ��-�3 , )2  !"� 34- ��//�+ 

( 8*34 /*  �!"0��*2 �� 7*"" "(*<*/!+ � -8��� " � 2 � ( � 8 � 8� �  93�"2! "�*-� " �3�, ��� 

12  !(**2 (*"2  � 1�"�*�!(*/2*. % 12 (� ( 8*34 2�*9�*2 -/�)!2*34/ 5 8 ��9 2�!,  " 9*//  

�2 )/*/!+ �!/*2!�! �!(!)*"�!� �*��7!5, � 2��:* �*�!,!��7!! ����(*2� � ( 3*��3+�/ 5 

8!,,�-!!. ��!(  9��- (, /*"( 2�+ /� ��-�!2!* (*2 8 � � (�4;2*�/ .  ( 8*3!� ��/!+, 

 �!"�24 " � ( 64; )!"3*//0� ��")*2 �  " 9*// "2! �� "2��/"2�*// 5 "2���2��0 

8!,,�-! // .  �3�(*/! � 8 � 8�, +�3+;6*. "+  8/!( !- "�(0� �� "20� 2 �3!� � �3�/* 

��-(*�� *.  �!(!� -�!/*2!)*"� .  (*��/!-(�  �!"3*/!+, �8�*2"+ 8�3*�  /* �"*.8�. � 8��. 5 

"2 � /0, �  ��*8*3*// ( 8!���- /* �"3 �!5 �*-�342�20 ��")*2 � "2���2��0 8!,,�-! //0� 

�3�(*/ ( .�2 ����2!)*"�! /* -��!"*24  2 !"� 34- ��// 5 �!(!� -�!/*2!)*"� 5 ( 8*3! 
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 �!"3*/!+ 2 �3!��. � ��)*"2�* �����2*�/ .  ��!(*�� ( :/  ��!�*"2! ��9 2� [218], � � 2 � 5 

(*2 8 (  �2!)*"� 5 "�*�2� "� �!! 903! !-(*�*/0 �� ,!3! 2*(�*��2��0 ! � /7*/2��7!! 

�*6*"2� � �3�(*/! ��! !"2*)*/!! � � -8�� "2��! � 8 � 8� "  "� � "24; 36 ! 3.3 (/" !- " �3� 

8!�(*2� ( 1 (( (2 36!/� "2*/�! 0.17 ((). ��")*2 �� ,!3*5 2*(�*��2��0 ! � /7*/2��7!! 

�*6*"2� " !"� 34- ��/!*( 5-! ��-3!)/0� �!(!� -�!/*2!)*"�!� (*��/!-( � . �*/!+ � 8 � 8� 

� � <  " ���3 " 1�"�*�!(*/2�34/0(! 8�//0(! ��2 � �. ��!(  9��- (, �  ��*8*3*// ( 

8!���- /*  �"3 �!5 (��!  2/ "!2*34/  9 34< ( 8!�(*2�* " �3� ! �*3!)!/* "� � "2! "2��! H2) 

�*-�342�20 ��")*2 � �� ,!3*5 2*(�*��2��0 ! � /7*/2��7!! �*6*"2� � �3�(*/!  ����2!)*"�! 

/* -��!"+2  2 �09 �� (*��/!-(� �*��7!5  �!"3*/!+ H2, )2  +�3+*2"+ 8 "2�2 )/  !/2*�*"/0( 

,��2 (.  

 �* 9� 8!(   2(*2!24, )2  8*2�34/0� ! � "3*8 ��2*34/0� !""3*8 ��/!5 1,,*�2� 

8 9�� � ��-3!)/0� .�- � � 2 �3!�  !3! � � 2 �  ���:�;6*.  � -8��� ��! . �*/!! � 8 � 8/0� 

(!�� "2��5 /*2 � 3!2*��2��*. �3+ � 8 � 8/ 5 1/*�.*2!�! ��:/ 5 �� 93*( 5 +�3+*2"+ � :�� - 

! �-�0� 9*- ��"/ "24, � "� 34�� � 8 � 8 � ":�2 ( �!8* ��*8"2��3+*2 "*�4*-/�;  ��"/ "24 

��! *.  2��/"� �2!� ��* ! ���/*/!!, -��3;)�;6�;"+ � � -( :/ "2! *.  � "�3�(*/*/!+ ! 

. �*/!+ � "3�)�* �2*)*� ��! /*<2�2/0� "!2��7!+�. % 12 (�  9*"�*)*/!* �-�0� 9*- ��"/ "2! ! 

� !"� (*2 8 � 2�<*/!+  )�. � �3�(*/! � "3�)�* /*��*8�!8*//0� �2*)*� � 8 � 8� +�3+*2"+ 

��:/ 5 ! ��2��34/ 5 /��)/ 5 �� 93*( 5.  
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����� 2 

89�&�/�$��#��:��; <��#: 

 

 

 

2.1. ����������� ��(���� 

 

 

 

 � ��)*"2�* !/.!9!2 � �, �3!+;6!� /� "� � "24 ��"�� "2��/*/!+, 2*�3 ��; ! 

�!(!)*"��; "2���2���, � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ �3�(*/ ��-3!)/0� 

2 �3!�, � 2��:* /� �"3 �!+ .�<*/!+ �0" � "� � "2/ 5 (!�� "2��! � 8 � 8� � � -8��*, 903! 

!-�)*/0 ��-3!)/0* , ", �-, 9� (-, 5 8- ! (*2�33" 8*�:�6!* �*6*"2��. 

 =,,*�2!�/ "24 .�<*/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 )/ 5 . �*3�*, (*2 8 ( 

)�<*)/ 5 . �*3�!, (*2 8 ( "7!3!/8��", 2��9�3*/2/ .   )�.� �3�(*/! 903�  ��*8*3*/� 83+ 

8 9�� � ��-3!)/0� , ", �-, 9� (-, 5 8- ! (*2�33" 8*�:�6!� " *8!/*/!5. ��!" � 

!""3*8 ��//0� !/.!9!2 � �, � 2��:* 2*(�*��2��0 !� �!�*/!+ ��*8"2��3*/0 � �93!7* 3.  

 

�93!7� 3. �""3*8�*(0* !/.!9!2 �0 ! !� ,!-!)*"�!* "� 5"2�� 

� �(�3�, /�-��/!* ! �99�*�!�2��� " *8!/*/!5 
*(�*��2���  �!�*/!+ [

0�] 

(��! 8��3*/!! [2 ��]) 

(CH3O)3PO (2�!(*2!3, ",�2, TM�) 197(760) 

(CH3O)2P(O)CH3 (8!(*2!3(*2!3, ", /�2, �MM�) 181(760) 

(CF3CH2O)3PO (2,2,2 - 2�!,2 �12!3, ",�2) 187(760) 

(HCF2CF2CH2O)3PO 90(0.5) 

(C3F7CH2O)3PO 97(2.5) 

(C2H5O)2P(O)CH3 194(760) 

(CF3CH2O)2P(O)CH3 193(760) 

(C3F7CH2O)2P(O)��3 92(9) 

(C3F7)3PO 144(760) 

(CH3O)3P (2�!(*2!3, ",!2) 111(760) 

(C2H5O)2P(O)H (8!12!3, ", /�2) 204(760) 

(CF3CH2O)2P(O)H 194(760) 

(CF3CH2O)3P (2,2,2 - 2�!,2 �12!3, ",!2) 131(760) 

(HCF2CF2CH2O)3P 95(3) 

Fe(CO)5 (�*/2����9 /!3 :*3*-�) 103(760) 

K3PO4  (, ",�2 ��3!+) >1640(760 *) 
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CH3�OOK (�7*2�2 ��3!+) >230(760 *) 

K2C2O4•H2O ( �"�3�2 ��3!+) >160(760 *) 

K4[Fe(CN)6] (:*32�+ �� �+/�+ " 34) 
>650(760 *) 

CF3Br (2�!,2 �9� ((*2�/, .�3 / 13�1) -57.77(760) 

CH3I (5 8!"205 (*2!3) 42(760) 

F6P3N3 (.*�"�,2 � 7!�3 2�!, ",�-*/, 
�&�) 50.9(760) 

(C6H5)3PO (2�!,*/!3, ",!/ �"!8, ��	)  360(760) 

C12H18Br6, (.*�"�9� (7!�3 8 8*��/, 
�&�) >220(760 *)                 

C2H5Br (9� (!"205 12!3, �=) 38.4(760) 

(C2H5O)3PO (2�!12!3, ",�2) 215(760) 

(C2H5O)3P (2�!12!3, ",!2) 158(760) 

POCl3 ( �"!�3 �!8 , ", ��) 105.5(760) 

H3PO4 ( �2 , ", �/�+ �!"3 2�) 
%�*���6�*2"+ � 

� 3!, ", �/0* �!"3 20 

��! /�.�*��/!! 

 *  - " ��-3 :*/!*( 

  

 ��� ( :/  �!8*24 !- �93!70 3, 9 34<!/"2�  , ", �" 8*�:�6!� " *8!/*/!5 

(�3 3*2�)!,  8/��  !� ,2 �!� ��//0* �� !-� 8/0* !(*;2 /*"� 34�  9 3** /!-��; 

2*(�*��2��� �!�*/!+ �  "���/*/!; �/�3 .!)/0(! /*,2 �!� ��//0(! " *8!/*/!+(!. 

 �3+ " � "2��3*/!+ 1,,*�2!�/ "2! 8*5"2�!+ 8 9�� � �	�, 1�"�*�!(*/20 �  .�<*/!; 

�3�(*/ /� �� 2!� 2 ��� ! �+8� 8��.!� !-�)*//0� �3�(*/ 903! 2��:* �� �*8*/0 " 8 9����(! 

CF3Br, 1,,*�2!�/ "24 � 2 � .  ��� !/.!9!2 �� ! �3�(*.�"!2*3+, �  3!2*��2��/0( 8�//0(, 

903� � � <  !""3*8 ��/� � "�(0� ��-3!)/0� �"3 �!+�. 
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2.2. &���
� %����
 � ������ ���!� �����
 '��
�* 5�� 

 

 

 

%3�(*/� ��*8���!2*34/  �*�*(*<�//0� "(*"*5 H2/O2/Ar, CH4/O2/Ar, CO/H2/O2/Ar,  

C3H8/O2/Ar "2�9!3!-!� ��3!"4 /� �3 "� 5 . �*3�*. �B "�*(�, � 2��:* "!"2*(� � 8�)! :!8�!� �	� 

(��, ���� ! 8�.) � . �;)�; "(*"4 ��*8"2��3*/� /� �!"�/�* 7. � 3!2*��2��* � ��-�//�+ /� "�*(* 

. �*3�� / "!2 /�-��/!* . �*3�! � 2�-�� 38!/.�. �3+ �0���/!��/!+ ��"��*8*3*/!+ "� � "2! 

.�- � .  � 2 �� . �;)*5 "(*"! . �*3�� !(**2 �*�, �!� ��//05 8!"� (,!342�), � 2��:* �/�2�*//;; 

� 3 "24 "  "2�34/0(! <��!��(! (8!�(*2� 3 ((). %*�, �!� ��//05 8!"� . �*3�! !-. 2 �3*/ !- 

3�2�/! "�*�3*/!*(  2�*�"2!5 8!�(*2� ( 0.5 (( " <�. ( 0.7 (( (� .*�"�. /�34/ 5 "*2�*), !(**2 

8!�(*2� 16 (( ! 2 36!/� 3 ((. 
 �*3�� 2�� 5 � /"2���7!! 9 3** �� "2� ! �8 9/�, )*( . �*3�� 

����*//�, ��!(*/+*(�+ 83+ !-�)*/!+ "2���2��0 �3 "�!� .�- �0� �3�(*/. %�! !""3*8 ��/!! " 

� ( 64; . �*3�! ����*/� �3�(*/ " 8 9����(! �	�, /� ** � �*��/ "2! ( .�2 /����3!��24"+ 

�� 8��20 /*� 3/ 5 8*"2���7!! �	� � �3�(*/!, )2  ��! �� 8 3:!2*34/ 5 ��9 2* ��!� 8!2 � 

/*!-9*:/ (� -�.�+-/*/!; !-. 2 �3*// .  !- � �!"2 5 /*�:��*;6*5 "2�3! ,!342�� . �*3�! ! 

�0� 8� ** !- "2� +. � /"2���7!+ !"� 34- ��// 5 � 8�// 5 ��9 2* . �*3�! � -� 3+*2 !-9*:�24 12 5 

"!2��7!!, 2�� ���  /� !(**2 "?B(/05 ,!342�, � 2 �05 ��*�!2"+ � . �*3�* " � ( 64; �*-490, 

� 12 (� . �*3�� 3*.�   )!6�*2"+  2  9��-�;6!�"+ /� ** � �*��/ "2! �� 8��2 � . �*/!+ �� (0�� 5 

!3! (*��/!)*"�!. 
 �*3�� -���*�3*/� /� �*�2!��34/0� /�����3+;6!�, � 2 �0* " � ( 64; 

�!/2 � 5 ���0 � -� 3+;2 �*�*(*6�24 ** " 2 )/ "24; 8  0.01 ((  2/ "!2*34/  /*� 8�!:/ .  

�� 9  29 �/!�� !  29!��24  �� 9� .�-� !- ��-3!)/0� - / �3�(*/!. 

*�( "2�2 

�2�34/0* 

<��!�! 

�!342� 

. �*3�! 


 �;)�+ 

"(*"4 

���9 2*� 

" �	� *�( "2�2 

 

�!"�/ � 7. ��*(� �3 "� 5 . �*3�! ! "!"2*(� � 8�)! 

:!8�!� �	� � . �;)�; "(*"4. 
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�3+ ��*8*/!+ 8 9���! �	� � . �;)�; "(*"4 !"� 34- ��3"+ 9��9 2*�, -�� 3/*//05 

"2*�3+//0(! 9�"�(! 83+ ��*3!)*/!+ � �*��/ "2! !"���*/!+ �	� ! �3�)<*/!+ /�"06*/!+ 

. �;)*5 "(*"! *.  ����(!. � /7*/2��7!+ ��� � �	� -�8���3�"4 2*(�*��2�� 5 2*�( "2�2�, � 

� 2 �05 � (*6�3"+ 9��9 2*�. ����!(*�, ��! 2*(�*��2��* 9��9 2*�� ���/ 5 47 ±0.2
 � 

� /7*/2��7!+ �� " "2��3+3� 0.2  9.%. �3+ � /2� 3+ � /7*/2��7!! �	� � . �;)*5 "(*"! 

9��9 2*� �-�*<!��3! )*�*- -�8�//05 �� (*:�2 � ��*(*/!, � 2*)*/!* � 2 � .  �� � 8!3! 

�� 8���� 9��9 2*�� 2 )/  !-�*"2/0( � 2 � ( . �;)*5 "(*"!. % .�*</ "24  ��*8*3*/!+ 

� /7*/2��7!! �	� � . �;)*5 "(*"!  ��*8*3+3�"4 2 )/ "24; �"2�/ ��! 2*(�*��2��0 

9��9 2*�� ! " "2��3+3�  � 3  ±0.005  9. %. 
 �*3�� !(**2 � 8+/�; ��9�<��, )*�*- � 2 ��;  

7!���3!��*2 � 8�  2  28*34/ .  2*�( "2�2� " 2*(�*��2�� 5 95 
 �. =2  � -� 3+*2 !"�3;)!24 

� /8*/"�7!; ��� � �	� � . �*3�*, � 2��:* �(*/4<�*2  "�:8*/!* �� 8��2 � . �*/!+ /� ** 

� �*��/ "2!.  

� "2�� ! ��"� 8 . �;)!� "(*"*5 �"2�/��3!��3"+ " � ( 64; �*.�3+2 � � (�"" � .  

��"� 8� .�-� (���),  � -� 3+;6!� " 2 )/ "24; /* ��:* 1% -�8���24 ��"� 8 ��:8 .  !- 

!/8!�!8��34/0� � (� /*/2 � .�- � 5 "(*"!, � 2 �0* "(*<!��;2"+ � 3!/!! � 8�)! .�-� ! 12� 

"(*"4 � 8�*2"+ � . �*3�� )*�*- 9��9 2*� " !/.!9!2 � (. �3+ . �*3�! 8!�(*2� ( 16 ((  

2!�!)/05  9?*(/05 ��"� 8 . �;)*5 "(*"! " "2��3+3 25 "(3
/" (/.�.). 
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2.3. 0�����
 ��� ����������� ������ � �����!��* ����
*  � ������  ���!� 

�����
 '��
�* 5�� 

 

 

 

	"/ � 5 1�"�*�!(*/2�34/ 5 �"2�/ ��! 83+ !""3*8 ��/!+ �3�(*/! /� �"2�*)/0� � 2 ��� 

+�3+*2"+ . �*3�� " "!"2*( 5 � 8�)! 8 9�� � !/.!9!2 � �, � 2 ( )!"3* :!8�!� �	�, � � 2 � 

.�- �. �"2�/ ��� 903� ��-��9 2�/� " �(*"2/  " �/+-4� �0( �.�. [219], ** "�*(� ��*8"2��3*/� 

/� �!"�/�* 8. 
 �*3�� " "2 !2 !- ���0 "  "/0� 2��9 �, . �;)** !  �!"3!2*34 � 8�*2"+ �  

�/�2�*//!( 2��9��(, � -�- � (*:8� �/�2�*//!(! ! �/*</!( 2��9��(! � 8�*2"+ !/*�2/05 .�- 

(N2) 83+ ��*8 2���6*/!+ � 8(*<!��/!+  ���:�;6*.  � -8��� � - /� . �*/!+. ��*(� . �*3�!  

� ��-�/� /� �!"�/�* 9. �/�2�*//!* 2��9�! . �*3�! !(*;2 8!�(*2� 6.8 ((, � ��""2 +/!* (*:8� 

!� 2 �7�(! " "2��3+*2 6.7 ((. ��"� 8 .�- � -�8���3"+ � "�*8"2� ( �*.�3+2 � � (�"" � .  

��"� 8� .�-�,  � 2 �0* )*�*- "�*7!�34/05 � /2� 33*� �����3+;2"+  2 � (�4;2*��. ��3!9� ��� 

�*.�3+2 � � �� � 8!3�"4 ��! � ( 6! !-(*�!2*3+ ��"� 8� .�- � 9���9�// .  2!�� Ritter TG5. 

 )/ "24 -�8�/!+  9?*(/ .  ��"� 8� .�- � " "2��3+3� /* ��:* 1 %. 

 � "2�� . �;)*5 "(*"! ��3;)�*2 20  9.% CH4+80  9.% N2, � " "2��  �!"3!2*34/ 5 "(*"! 

-  40  9.% O2+60  9.% N2. �""3*8�*(0* �	� �� 8!3! � .�- �05 � 2 � " � ( 64; 

�/*�(�2!)*"� 5 , �"�/�! ! <��!7�, � �<*/4 � 2 � .  ��!� 8!3"+ " � ( 64; �!/2 � 5 ���0 

! <�. � .  13*�2� 8�!.�2*3+, )2  � -� 3+3  ���4!� ��24 ��"� 8 �	� � <!� � ( 8!���- /*. 

         

�!"�/ � 8. �"2�/ ��� 83+ !""3*8 ��/!+ �3�(*/! /� �"2�*)/0� � 2 ���. 

1-4 – �*.�3+2 �0 (�"" � .  ��"� 8� .�- �. 

N2 

� �"�/�� 

#��!7 

#�. �05 8�!.�2*34 

2 
N2 

 

PC 

O2 

N2 

CH4 

1 

3 

4 

� 8�, 

90
 � 

=3*�2�!)*"�!5 
/�.�*��2*34 
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� 9���� �	� �� 8!3! � � 2 �  �!"3!2*3+, 2�� ��� 12  "  2�*2"2��*2 �*�34/ 5 "!2��7!! 

2�<*/!+ � :��� /� ����2!�*, � .8�  )�. � :��� 2�<�2 � 8�)*5 �3�(*.�"!2*3+ "  "2 � /0 

� "2��3*/!+  ���:�;6*.  � -8���. �"2� 5"2�  �/*�(�2!)*"� 5 , �"�/�! ��!�*8*/  /� 

�!"�/�* 10. �/�2�*//!5 8!�(*2� 7*/2��34/ 5 2��9�! 83+ � 8�)! �	� " "2��3+*2 0.1 ((, 

2 36!/� ** "2*/ � – 0.04 ((, <!�!/� � 347*� .  -�- �� 83+ � 8�)! .�-� " "2��3+*2 0.05 ((.  

 ��"� 8 .�-� )*�*- , �"�/�� ! *.  8��3*/!* " "2��3+3! 15±1 "(3
/" ! 0.4 �%� "  2�*2"2�*// , 

)2   9*"�*)!��3  � � <** 8!"�*�.!� ��/!* �� 8!( 5 � , �"�/�� :!8� "2!. �!"�*�"/05 " "2�� 

 9��-�;6*. "+ !- 8�// 5 , �"�/�! �1� - 3+ 903 !-(*�*/ " � ( 64; �+2!��"��8/ .  !(���2 �� 

83+ � 8/0� ��"2� � � .3!7*�!/� (30  9.% ! 80  9.%), �+-� "24 � 2 �0� "  2�*2"2� ��3� �+-� "2! 

�� ! (HCF2CF2CH2O)3PO [221]. �3+ 12!� ��"2� � � "�*8/*(�"" �05 8!�(*2� )�"2!7 

 9��-�;6*. "+ �1� - 3+ " "2��3+*2 0.01-0.02 ((. �3+ ��*8 2���6*/!+ � /8*/"�7!! ��� � �	� � 

. �*3�* ! � 3/ .  !"���*/!+ )�"2!7 �1� - 3+ �	�, � 2 �  �!"3!2*3+ /�.�*��3"+ 8  2*(�*��2��0 

90
 �. ��""2 +/!*  2 �0� 8� , �"�/�! 8  �0� 8/ .  " �3� 2��9�! "  �!"3!2*3*( " "2��3+*2 22 "(. 

 ��*(+, /* 9� 8!( * 83+ � 3/ .  !"���*/!+ ���*34 �1� - 3+ E,  7*/!��3 "4 �  !-�*"2/ 5 

-��!"!( "2!  [222]:  

Ktdtd o −= 22 )( , .8* 
ρ
Dc

K
8

=  ,       (2.1) 

 

�!"�/ � 9. ��*(� . �*3�! "  �"2�*)/0(! � 2 ��(!. 
 

                     

�!"�/ � 10. � /"2���7!+  �/*�(�2!)*"� 5  , �"�/�! [220]. 

� ���"  " �3   ���!33+�  

�� 8  
�	�  �� 8 .�-�  

40   ((  25   ((  

��*3!)*//05  
�!8 "�*-� " �3� , �"�/�!  

CH4 
 + 
 N2 

  O2 
  + 
  N2 
  + 
�� 

����� 

N2 
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.8*  d0 - /�)�34/05 8!�(*2� ���3! :!8� "2!, D – � 1,,!7!*/2 8!,,�-!! ��� � :!8� "2!, " – 

�3 2/ "24 /�"06*//0� ��� � :!8� "2!, D - �3 2/ "24 :!8� "2!. � 1,,!7!*/2 8!,,�-!! ��� � 

�� 903 ��!/+2 ���/0( 0.1 "(/". ��")*2 � ��-�3, )2  ��*(+ !"���*/!+ ���*34 �1� - 3+ �� ��! 

90 
 � (/ .  (*/4<* ��*(*/! 8 "2���! � - /� . �*/!+, � 12 (� �� 8!(0* " *8!/*/!+ � "2���;2 �  

�3�(+ ����2!)*"�! � 3/ "24; � �!8* ��� �. � /7*/2��7!+ ��� � �	� � � 2 �*  �!"3!2*3+ 

-�8���3�"4 " 2 )/ "24;  � 3  ±0.0040  9. % !  ��*8*3+3�"4 � .�*</ "24; �"2�/ ��! "� � "2! 

���6*/!+ <�. � .  8�!.�2*3+. *(�*��2��� � 2 ��  �!"3!2*3+ !-(*�+3�"4 " � ( 64; (*84-

� /"2�/2�/ � 5 2*�( ���0, �"2�/ �3*// 5 /�  "! �/�2�*//*5 2��9�! . �*3�! /� ��""2 +/!! 50 (( 

 2 ** �0� 8/ .  2 �7�. 

%�! !-�)*/!! �"3 �!5 .�<*/!+ �3�(*/! ("(. �. 2.4.)  "4 . �*3�! 903�  �!*/2!� ��/� 

�*�2!��34/  (��� � ��-�/  /� �!"�/��� 8 ! 9), � ��! !-(*�*/!! �!(!)*"� 5 "2���2��0 �3�(*/! 

" � ( 64; (*2 8� �%�� - . �!- /2�34/ . � "3�)�* �*�2!��34/ 5  �!*/2�7!!  "! . �*3�! 

 2"�2"2��*2 (*<�;6** �3!+/!* � /�*�2!�/0� � 2 � �, � 2  ��*(+ ��� ��! . �!- /2�34/ ( ** 

��"� 3 :*/!! � -( :/  /���<*/!* "!((*2�!! �3�(*/! ! !"��:*/!* *.  �!(!)*"� 5 ! 

2*�3 � 5 "2���2��0. *( /* (*/**, �*-�342�20 1�"�*�!(*/2 � � ��-�3!, )2  ��! 

. �!- /2�34/ 5  �!*/2�7!!  "! . �*3�! !"��:*/!+ �3�(*/! -� ")*2 � /�*�7!! � �*�2!��34/ 5 

�3 "� "2! /*"�6*"2�*//0. �� (* 2 . , "���/*/!* �� ,!3*5 2*(�*��2��0 �8 34  "! . �*3�!, 

!-(*�*//0� (!�� 2*�( ����(! ��! �*�2!��34/ ( ! . �!- /2�34/ ( ��"� 3 :*/!! . �*3�!, 

� ��-�3  !� � � <** " ���8*/!*, � 12 (� " � "2��3*/!* �*-�342�2 �, � 3�)*//0� ��! 

�*�2!��34/ ( ! . �!- /2�34/ ( ��"� 3 :*/!! . �*3�!, +�3+*2"+  9 "/ ��//0(. 
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2.4. $�����
 ����������� ,++�
�������� ��%�������� ��� %7���� ������ � 

�����!��* ����
* 

 

 

 

=,,*�2!�/ "24 .�<*/!+ �3�(*/! /� �� 2!� 2 ��� 8 9����(! !/.!9!2 � �, 

 ��*8*3+3�"4 " � ( 64; . �*3�!, � /"2���7!+ � 2 � 5 ��!�*8*/� � ��-8*3* 2.3 ! �� � 8!3�"4  

" �(*"2/  " �/+-4� �0( �.�. [219]. �3+ 12 .  !-(*�+3�"4 -��!"!( "24  2/ "!2*34/ .  

.��8!*/2� "� � "2! ��! .�<*/!! �3�(*/! (aq/aq,0)  2  9?*(/ 5 � /7*/2��7!! ��� � 8 9�� � 

!/.!9!2 � � � � 2 �* � -8���. �*3!)!/� .��8!*/2� "� � "2! ��! � .�"�/!! �3�(*/! 

��"")!20��3�"4 �  , �(�3* (1.2) !"� 8+ !- -�8�//0� �*3!)!/ "� � "2! � 2 �� .�- � ��! 

� .�"�/!! �3�(*/!, �3 2/ "2! .�- �0� "(*"*5 ! ��""2 +/!+ (*:8� 2 �7�(! 2��9 �. �*3!)!/� 

.��8!*/2� "� � "2! aq,0 ��! � .�"�/!! �3�(*/! CH4+N2/O2+N2 9*- 8 9���! " "2��3+3� 750 "-1
. 


�<*/!* �3�(*/! 8 "2!.�3 "4 ��2*( � "2*�*// .  ��*3!)*/!+ "� � "2*5 � 2 � � . �;)*5 ! 

 �!"3!2*34/ 5 "(*"*5 ��! " ���/*/!! � 3 :*/!+ �3�(*/! � 7*/2�* -�- �� (*:8� "�*-�(! 

" �*3 . �*3�!. � /�)�3* 1�"�*�!(*/2� �"2�/��3!��3!"4 � 2 �! . �;)*5 !  �!"3!2*34/ 5 

"(*"*5  � 3  20 "(3
/" (/.�.) ! -�:!.�3 "4 �3�(+, � "3* )*.  "� � "2! � 2 � �  �!"3!2*3+ ! 

. �;)*.  ��*3!)!��3!"4 /� 0.5 "(3
/" (/.�.). �� ��� �� 8 :!8�!� !/.!9!2 � � /* 903 

"!/�� /!-!� ��/ " "!"2*( 5 �����3*/!+ ��"� 8�(!  28*34/0� � (� /*/2 � .�- �0� "(*"*5, 2  

12  ��!� 8!3  � �(*/4<*/!; � /7*/2��7!! 8 9���! �	� � � 2 �* (��! ,!�"!� ��// ( *.  

(�"" � ( ��"� 8*) ��! ��*3!)*/!! � 2 ��  �!"3!2*3+, � 12 (�, �  �/�3 .!! " ��*83 :*// 5 � 

��9 2* [121] (*2 8!� 5 �� �*8*/!+ 12!� 1�"�*�!(*/2 �, ��! ��!93!:*/!! � �"3 �!+( .�<*/!+ 

�3�(*/! � 2 �  �!"3!2*3+ /* !-(*/+3!, � � 2 � . �;)*5 "(*"! (*83*//  ��*3!)!��3! ��3 24 

8  ( (*/2� .�<*/!+ �3�(*/!. %�! 2�� 5 �� 7*8��*  ��*8*3*/!+ �*3!)!/0 .��8!*/2� "� � "2! 

"(*6*/!* � 3 :*/!+ �3�(*/! 903  /*"�6*"2�*//0(. �3+ ��")*2� aq !"� 34- ��3! 

(��"!(�34/0* �*3!)!/0 � 2 � � . �;)*5 !  �!"3!2*34/ 5 "(*"*5, ��! � 2 �0� �3�(+ *6* 

"�6*"2��*2. �3+ �(*/4<*/!+   <!9 �, ��! ��!93!:*/!! � �"3 �!+( .�<*/!+ �3�(*/!, ��:805 

� "3*8�;6!5 <�. ��*3!)*/!+ "� � "2! � 2 �� . �;)*5 "(*"! �� !-� 8!3! )*�*- 15 "*��/8. 

%�! -�8�// 5 � /7*/2��7!! 8 9���! !/.!9!2 �� !-(*�*/!* �*3!)!/0 .��8!*/2� "� � "2! 

�0� 3/+3"+ /* (*/** 3 ��-. % .�*</ "24 !-(*�*/!+ -/�)*/!5 aq/aq0 ��! -�8�// 5 � /7*/2��7!! 

8 9���! !/.!9!2 ��  83+ �0<* �!"�// .  (*2 8� " "2��3+*2 10%. 
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2.5. ����������� ����
���� ����� ������� �������� ���-���
��������� 

 

 

 

2.5.1. �"2�/ ��� - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! �3�(*/ 

 

 

 

�"2�/ ��� 83+ - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! " -8�/� � 1989 . 8� 

� 33*�2!� ( " 2��8/!� � 3�9 ��2 �!! �%
 ���
 �	 ��� �  !/!7!�2!�*  ! � 8 

��� � 8"2� ( 8.,.-(./., �� ,*"" �� � � 9*/!)*�� 	.%. �� 12 5 �"2�/ ��* �� �*8*/� 9 34<�+ 

"*�!+ !""3*8 ��/!5 �!(!)*"� 5 "2���2��0 �3�(*/ ��-3!)/0� ��*8���!2*34/  �*�*(*<�//0� 

"(*"*5 8 �!� ��//0� ��-3!)/0(! �*6*"2��(!, ��3;)�+ , ", �" 8*�:�6!*. ��*(� 12 5 

�"2�/ ��! ��!�*8*/� /� �!"�/�* 11. �3+ �/�3!-� " "2��� .�-  9��-/0� �� 8��2 � � �"2�/ ��* 

!"� 34-�*2"+ ���8��� 34/05 (�""-"�*�2� (*2� ��-7302 " ( 8*�/!-!� ��//0( ! //0( 

!"2 )/!� ( 13*�2� // .  �8��� " (�30( ��-9� " ( 1/*�.!! 13*�2� / � ("(+.��+" ! /!-�7!+).  

	29 � �� 90 .�-� �� !-� 8!2"+ � /*��*�0�/ ( �*:!(* " � ( 64; � /!)*"� .  

 

�!"�/ � 11. ��*(� �"2�/ ��! 83+ !""3*8 ��/!+ "2���2��0 

.�- �0� �3�(*/ (*2 8 ( - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-

"�*�2� (*2�!!. 
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�� 9  29 �/!��. %�! ��"<!�*/!! .�-� � �� 9  29 �/!�*  9��-�*2"+ "�*��-��� ��+ "2��+, 

!"2*��;6�+ � 1-�; �����(/�; ��(*��, � 2 ��+  2��)!��*2"+ ��� (�"3+/0( 8!,,�-! //0( 

/�" " ( " �� !-� 8!2*34/ "24; 1100 3/". ��9 )** 8��3*/!* � 1- 5 �����(/ 5 ��(*�* ��! /���"�* 

�� 90 .�-� " "2��3+*2 1×10
-3

 2 ��. � 1- 5 �����(/ 5 ��(*�* /� ��""2 +/!! 20 ((  2  2�*�"2!+ 

�� 9  29 �/!�� "  "/  " /!( ��"� 3 :*/ "�!((*� (� /�" !- /*�:��*;6*5 "2�3!) "  2�*�"2!*( 

8!�(*2� ( 0.64 ((, �/�2�*//!( �.3 ( ��! �*�<!/* 40
0
, �/*</!( �.3 ( 60

0
. ��!((*� �08*3+*2 

7*/2��34/�; )�"24 .�- � .  � 2 ��, � 2 �05 )*�*- *.   2�*�"2!* � "2���*2 �  2-�; �����(/�; 

��(*��,  2��)!��*(�; 2��9 ( 3*��3+�/0( /�" " ( ��-500 �� !-� 8!2*34/ "24; 500 3/". �3+ 

�(*/4<*/!+ � -(�6*/!5 "�*��-��� � 5 "2��! ���+  2�*�"2!+ "�!((*�� 903! (*��/!)*"�! 

 9��9 2�/0 8  (!/!(�34/  � -( :/ 5 2 36!/0 *.  "2*/ �. �  2- 5 �����(/ 5 ��(*�* 

��"� 3�.�*2"+ � 33!(�2 � 8!�(*2� ( 4 ((. ��9 )** 8��3*/!* � 12 5 ��(*�* " "2��3+*2 3×10
-5

 2 ��. 

� 3*��3+�/05 � 2 � � "3* �� � :8*/!+ � 33!(�2 �� � "2���*2 � 3-�; �����(/�; 

��(*��,  2��)!��*(�; 2��9 ( 3*��3+�/0( /�" " ( ��-500 �� !-� 8!2*34/ "24; 500 3/", .8* 

��"� 3 :*/ ! //05 !"2 )/!� (�""-"�*�2� (*2��.  ��9 )**  8��3*/!*  �  12 5  ��(*�*  " "2��3+*2 

2×10
-8

 2 ��. �����2*�/0* ��""2 +/!+ (*:8�  2�*�"2!+(! �� 9  29 �/!�� ! "�!((*�� –  20 ((, 

"�!((*�� ! � 33!(�2 �� – 350 ((, � 33!(�2 �� ! ! //0( !"2 )/!� ( – 50 ((. �  2- 5 �����(/ 5 

��(*�* ��-(*6*/ 8!"� �05 ( 8�3+2 � ( 3*��3+�/ .  ��)��. %�! ���6*/!! 12 .  8!"�� 

�� !"� 8!2 �*�! 8!)*"� * �*�*��0��/!* ( 3*��3+�/ .  ��)�� (( 8�3!� ��/!* .�- � .  � 2 ��), 

)2  � -� 3+*2 !"� 34- ��24 (*2 8 "!/�� // .  8*2*�2!� ��/!+ 83+ �0)*2� , / � .  "�*�2�� 

 "2�2 )/0� .�- � � 3-*5 �����(/ 5 ��(*�* !- !-(*�+*( .  "!./�3�.  

%� 9  29 �/!� +�3+*2"+  8/!( !- "�(0� �3;)*�0� 13*(*/2 � "!"2*(0  29 �� �� 90, 

2.�.  /  9*"�*)!��*2 «-�( ��:!��/!*» �!(!)*"�!� �*��7!5 � .�- 8!/�(!)*"� 5 "2��*, � 2��:* 

 2 *.  ����(*2� � -��!"+2 �����2*� ! �*3!)!/� � -(�6*/!5, � 2 �0*  / �/ "!2 � �3�(+. � 

�3 "� "2! �� 8/ .   2�*�"2!+ �� 9  29 �/!�� 8�// 5 � /"2���7!! "� � "24 "2��! .�-� 

"  2�*2"2��*2 "� � "2! -����, � 12 (� 12 2 2!� �� 9  29 �/!�� 2��:* /�-0��;2 «-��� �0(» 

- /8 (. � ��)*"2�* «-��� � . » - /8� � 8�// 5 ��9 2* !"� 34- ��3"+ 2 /� "2*//05 � /�" !- 

����7*� .  "2*�3� " �/�2�*//!( ! �/*</!( �.3�(! ��"2� �� 40
o
 ! 50

o
 "  2�*2"2�*// . $ /8 

!(**2  2�*�"2!* 8!�(*2� ( 0.08 ((, 2 36!/� "2*/ � �  2�*�"2!+ - 0.08 ((, �0" 2� - 25 ((. 

� 3!)*"2�*// *  9 "/ ��/!* (*2 8� - /8 � 5 (�""-"�*�2� (*2�!! �3�(*/, ��3;)�+ 

� /"2���7! //0*  " 9*// "2! �"2�/ ��! ��!�*8*/  � ��9 2* [223]. �� �!"�/�* 12 ��!�*8*/� 

� /"2���7!+ �� 9  29 �/!�� ! �-3� *.  ��*�3*/!+ � �"2�/ ��*. ��*�3*/!* �� 9  29 �/!�� � 

3�2�// 5 <�59* �0� 3/*/  " � ( 64; 1� �"!8/ .  �3*+ =�-20. ��2�//�+ <�59� " 

�� 9  29 �/!� ( ,!�"!��*2"+ (*:8� 8��(+ � 8  �3�:8�*(0(! ,3�/7�(! !- /*�:��*;6*5 

"2�3! " � ( 64; �*-!/ �0� �� �3�8 �. 
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�!"2*(� "9 �� 8�//0� (�""-"�*�2� (*2�� �"2�/��3!��*2 (�""-"�*�2� (*2� /� �09��//0* 

�!�! (�"", -�8�*2 1/*�.!; ! /!-!��;6!� 13*�2� / � ! // .  !"2 )/!��,  9*"�*)!��*2 

�*.!"2��7!; (�""-"�*�2�� � �*:!(* "!/�� // .  8*2*�2!� ��/!+. �!./�3 (! //05 2 �) 

�*.!"2�!��*2"+ " � ( 64; �2 �!)/ .  13*�2� // .  �(/ :!2*3+ (�=�-6), � "3* )*.  

��* 9��-�*2"+ �"!3!2*3*(-, �(!� ��2*3*( � 8!"��*2/05 �!8 ! � 8�*2"+ /� ")*2)!� !(��34" �. 

�3+ �)*2� ��3�8�  "2�2 )/0� .�- � � �*.!"2�!��*(05 (�""-"�*�2� ��!(*/+*2"+ "!"2*(� 

"!/�� // .  8*2*�2!� ��/!+ " (*��/!)*"� 5 ( 8�3+7!*5 ( 3*��3+�/ .  ��)�� ���6�;6!("+ 

8!"� ( " �� �*-+(!. �08*3*/!* �*�*(*// 5 " "2��3+;6*5 �*.!"2�!��*( .  "!./�3� 

�� !-� 8!2"+ �� .��((/ . �09 � !-(*�+*( .  �!�� (�""0 �� !-� 8!2"+ �� .��((/  � 8�)*5 

 ��*8*3*// .  /���+:*/!+ " � ( 64; 7!,� -�/�3 . � .  ��* 9��- ��2*3+ (&�%) /� �� 8 

�����3*/!+ �(�3!2�8 5 �0" � )�"2 2/ .  .*/*��2 �� (�""-"�*�2� (*2��. � � ( 64; 8��. .  

&�% -�8�*2"+ 1/*�.!+ ! /!-!��;6!� 13*�2� / � � ! // ( !"2 )/!�* (�""-"�*�2� (*2�� � 

8!���- /*  2 8 8  20 1� " 2 )/ "24; 0.0025 1�.  

%�! !-(*�*/!+� 1/*�.!+ ! /!-!��;6!� 13*�2� / � �09��*2"+ 2��!(  9��- (, )2 90 �  

� -( :/ "2! 3!9  !"�3;)!24 ��3�80  2  "� 3 )/0� ! / � � !-(*�+*(0* �!�! (�""  2 8��.!� 

" *8!/*/!5, 3!9  � 3!)*"2�*//   ��*8*3!24 �*3!)!/� ��3�8 �  2 8��.!� " *8!/*/!5 83+ 

� "3*8�;6*.  !� �0)*2�. $/�)*/!+ 1/*�.!! ! /!-!��;6!� 13*�2� / � ! � 2*/7!�30 

! /!-�7!! 83+ !-(*�*//0� � 8�//0� !""3*8 ��/!+� " *8!/*/!5 903! �-+20 !- 3!2*��2��0 

[224], � 2��:* ��/**  9 "/ ��/0 � ��9 2* [70] ! ��*8"2��3*/0 � �93!7* 4.  

 

 

   

2 5   

40 0   

0, 08   

�2�34/ 5   

,3�/*7   

� 8�   

����7*�05  
- /8  

��2�//05 

,3�/*7 

 

�!"�/ � 12. � /"2���7!+ ����7*� .  �� 9  29 �/!�� 83+  29 �� .�-� !- �3�(*/. 
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�93!7� 4. % 2*/7!�30 ! /!-�7!! ! 1/*�.!+ ! /!-!��;6!� 13*�2� / � 83+ !-(*�+*(0� � 

�3�(*/! �*6*"2� 

�*6*"2�  m/e % 2*/7!�3 

! /!-�7!!, 1� 

=/*�.!+ 

! /!-!��;6!� 

13*�2� / �, 1� 

H 1 13.6
*
 16.2 

H2 2 15.4
*
 16.65 

CH4 15 12.98
*
 14.35 

OH 17 12.9
*
 16.2 

H2O 18 12.6
*
 16.2 

CO 28 14.0
*
 14.35 

O2 32 12.07
*
 18 (14.35) 

CO2 44 13.79
*
 17.5 (15.4) 

C3H8 44(43) 10.94
*
 12.3 

PO 47 8.2
*
, 8.3

**
 12.8 

PO2 63 10.6
**

 12.8 

HOPO 64 10.3
**

 12.8 

HOPO2 80 12.4
**

 14.5 

OP(OH)3 98 11.4
 **

 17.5 

TM� 140 9.76
*
 20 

*
 ����� )/0* 8�//0* [224] 

**
 ��//0* !- ��9 20 [70] 
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2.5.2. �!�� - /8 ��+ (*2 8!��  29 �� �� 90 !- �3�(*/! 

 

 

 

 � ��)*"2�* (!�� - /8 � .  �� 9  29 �/!�� !"� 34- ��3�"4 2��9�� !- ����7*� .  "2*�3� 

8!�(*2� ( 6 (( ! 2 36!/ 5 "2*/ � 1 ((, 83!/ 5 70 ((.  ��  8/ ( !- � /7 � 2��9�� 

� /�"  9��-/  "�:�*2"+ " �.3 ( 20 .��8�" � /� 83!/* 12 (( ! !(**2  2�*�"2!* 8!�(*2� ( 

0.04 ((, 2 36!/� "2*/ � �93!-!  2�*�"2!+ – 0.08 ((. �!�� - /8 " � ( 64; .!9� 5 �����(/ 5 

2��9�! ! ���/� " *8!/+*2"+ " "!"2*( 5 �� 8� �� 90 � ! //05 !"2 )/!� ���8��� 34/ .  (�""-

"�*�2� (*2�� �� 7302. �3+ !-(*�*/!+ �� ,!3*5 � /7*/2��7!! " *8!/*/!5 � �3�(*/!, 

(!�� - /8 �*�*(*6�3! " � ( 64; "��/!��;6*.  �"2� 5"2�� " 2 )/ "24; ±0.01 ((. 

%�*!(�6*"2� ( (!�� - /8 � 5 (*2 8!�! +�3+*2"+ (*/4<!* 2*�3 �0* ! �1� 8!/�(!)*"�!* 

� -(�6*/!+ !""3*8�*( .  �3�(*/! �  "���/*/!; "  29 � ( �� 90 " � ( 64; «-��� � . » 

- /8�, � /*8 "2�2� ( – /*� -( :/ "24 �� � 8!24 !8*/2!,!��7!; ! !-(*�*/!+ � /7*/2��7!! 

� � 2� :!��6!� 3�9!34/0� " *8!/*/!5 !---� !� .!9*3! /� �/�2�*//!� "2*/��� 3!/!! 

8 "2���!. 

 

 

 

2.5.3. ��3!9� ��� ( 3*��3+�/ -��)� � 5 (�""- "�*�2� (*2�!)*"� 5 "!"2*(0 � 

��*8���!2*34/  �*�*(*<�//0� �3�(*/�� 

 

 

 

��")*2 ( 34/ 5 8 3! " *8!/*/!+ �i � �3�(*/! �� � 8!3! �  �*-�342�2�( !-(*�*/!5 

!/2*/"!�/ "2! "  2�*2"2��;6!� �!� � (�"" � (�""-"�*�2�* �� 90 .�-� " !"� 34- ��/!*( 

��3!9� � )/0� � 1,,!7!*/2 �: 

�
=

j

jj

ii

i
Ik

Ik
C  ,      (2.2) 

.8* ki, kj  - ��3!9� � )/0* � 1,,!7!*/20 83+ i ! j –  .  " *8!/*/!5, Ii ! Ij – 

!/2*/"!�/ "2! �!� �, "  2�*2"2��;6!* i � j –  (� " *8!/*/!+( "  2�*2"2�*// . 

��3!9� � )/0* � 1,,!7!*/20 83+ "2�9!34/0� .�- �0� � (� /*/2 � �3�(*/!, 2��!� 

��� H2, 	2, H2O, �O, CO2 ! 2.8.,  ��*8*3+3! �  " "2��� !"� 8/ 5 . �;)*5 "(*"! !3! ��2*( 

��+( 5 ��3!9� �� 5 �  .�- �0( "(*"+( !-�*"2/ .  " "2���. =2� ��9 2� �� � 8!3�"4 " �(*"2/  " 

�/+-4� �0( �.�. [219] ! ���2 < � 5 �.�. [249]. ��3!9� � )/0* .�- �0* "(*"! . 2 �!3! !- 

)!"20� .�- � (/* ��:* 99.9% )!"2 20) � "2�34/ ( 9�33 /* �  ���7!�34/0( 8��3*/!+(.  � ��)*"2�* 

�*�*�/ .  .�-� � " "2��*  ��3!9� � )/0� "(*"*5, � 2��:* � . �;)!� "(*"+� � 1�"�*�!(*/2��, 
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!"� 34- ��3! ��. /. ��3!9� � )/05 � 1,,!7!*/2 (ki)  2/ "!2*34/  ��. /� �0)!"3+3"+ �  

, �(�3*: 

ki = Ci×I40/CAr×Ii,        (2.3) 

 

.8* Ii, I40 - !/2*/"!�/ "2! (�2*�!/"� .  �!�� " *8!/*/!+ i ! Ar "  2�*2"2�*// , Сi, СAr – ( 34/�+ 

8 3+ ��3!9��*( .  " *8!/*/!+ ! Ar "  2�*2"2�*// . �3+ :!8�!� � (� /*/2 �, 2��!� ��� H2O 83+ 

��3!9� ��! �� � 8!3! !-(*�*/!* "  2�*2"2��;6!� �!� � (�"" ((/* 18) � /�.�*2 ( 8  200 
0�  

� 2 �* "(*"! ��� � � 80 ! Ar. 

	"/ �/0(! � /*)/0(! �� 8��2�(! ��*���6*/!+ �	� � �3�(*/! +�3+;2"+ PO, PO2, 

HOPO, HOPO2 ! OP(OH)3. ��3!9� � )/0* � 1,,!7!*/20 83+ 12!� �*6*"2� "!34/  -��!"+2  2 

2 )/ "2! /�"2� *� ! // .  !"2 )/!�� ! ���8��� 34/ .  ,!342�� (�""-"�*�2� (*2��, � 12 (� !� 

/* 9� 8!(  �� � 8!24 /*� "�*8"2�*//  �*�*8 !-(*�*/!+(! "2���2��0 �3�(*/! !/!3! � "3* /!�. 

� /7*/2��7!+ , ", �" 8*�:�6!� " *8!/*/!5 � (*2�/ -�!"3 � 8/0� �3�(*/�� " 8 9��� 5 �� 

��! 1 �2(, !-(*�*//�+ /� ��""2 +/!! 5 ((  2 . �*3�!, " 2 )/ "24;  <!9�! 1�"�*�!(*/2� " ���8�*2 

" !� 2*�( 8!/�(!)*"�! ���/ �*"/ 5 � /7*/2��7!*5 [82]. =2! 8�//0* 903! !"� 34- ��/0 83+ 

��3!9� ��! �   "/ �/0( , ", �" 8*�:�6!( �� 8��2�( . �*/!+ ��  - PO2, PO, HOPO2, HOPO ! 

H3PO4. � 3+ ��. /� ��� .�-�-��-9��!2*3+ � " "2��* !""3*8 ��//0� . �;)!� "(*"*5 " "2��3+3� 

� �+8�� 80  9.%, � 12 (� � 1,,!7!*/20 )��"2�!2*34/ "2! 83+ 12!� , ", �" 8*�:�6!� 

�� 8��2 �   ��*8*3+3!"4  2/ "!2*34/  /*.  " !"� 34- ��/!*( , �(�30 (2.3). 

 �3+ � �0<*/!+ 2 )/ "2!  ��*8*3*/!+ � 1,,!7!*/2 � )��"2�!2*34/ "2!, !-(*�*/!+ 

!/2*/"!�/ "2*5 �!� � (�"" �� � 8!3!"4 � - /* � /*)/0� �� 8��2 � . �*/!+ (5 ((  2  . �*3�!) � 

CH4/O2/Ar �3�(*/�� " 8 9��� 5 0.2% ��  8��� " "2�� �: " !-902� (  �!"3!2*3+ (0.06/0.15/0.79, 

> = 0.8) ! " !-902� ( . �;)*.  (0.075/0.125/0.8, > = 1.2). *�( 8!/�(!)*"�! ���/ �*"/�+ 

� /7*/2��7!+ , ", �" 8*�:�6!� �� 8��2 � . �*/!+ �� 903� �0)!"3*/� � �� .��((* EQUIL 

[225]. % 3�)*//0* -/�)*/!+ � 1,,!7!*/2 � )��"2�!2*34/ "2! 83+ , ", �" 8*�:�6!� �� 8��2 � 

. �*/!+ �� ��*8"2��3*/0 � �93!7* 5. 

 

�93!7� 5. ��3!9� � )/0* � 1,,!7!*/20 83+  "/ �/0� , ", �" 8*�:�6!� �� 8��2 � 

. �*/!+ �� 

 

 

 

 

 

 

 

 kPO kPO2 KHOPO kHOPO2 k OP(OH)3 

ki 0.15 2.5 0.8 0.35 0.2 

% .�*</ "24 35 % 35 % 20 % 35 % 35% 
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� � ( 64; � 3�)*//0� ��3!9� � )/0� � 1,,!7!*/2 � ��"")!20��*2"+ � /7*/2��7!+ 83+ 

, ", �" 8*�:�6!� �*6*"2�: 

��
=

j

jj

ii

n

P

n

P

i

Ik

Ik

C

C
,        (2.4) 

.8* �
n

P

iC  - "�((� � /7*/2��7!5 �"*� , ", �" 8*�:�6!� �*6*"2�. 

�3+ ��3!9� ��! �  � /7*/2��7!! � ! 	� � �3�(*/! !"� 34- ��/ � � <  !-�*"2/05 � 

3!2*��2��* � 8� 8,  "/ ��//05 /� 2 (, )2  "� �.3*� 8 � 8 -�!"3 � 80� �3�(*/��  

� /7*/2��7!+ ��8!��3 � �, 	 ! 	� � - /* �� 8��2 � . �*/!+ -/�)!2*34/  �0<* !� 

���/ �*"/ 5 � /7*/2��7!!" [226]. ��*�����/ �*"/�+ � /7*/2��7!+ �, 	 ! 	� �"2�/��3!��*2"+ 

93�. 8��+ 8*2�34/ (� ���/ �*"!; �  3 "90"2�0(" �*��7!+(: 

 

�2 + 	�F�2	 + �  �1=0.113×0.0839×*7680/     
(2.5) 

�2 + 	 F � + 	�  �2 = 1.8×0.027×*-917/
      (2.6) 

	2 + � F 	� + 	  �3=302×-0.374×*-8620/
     (2.7) 

 

"$��!"!( "2! � /"2�/2 "� � "2! 12!� 2�*� �*��7!5  2 2*(�*��2��0 !-�*"2/0 " � � <*5 

2 )/ "24;" [227]. �"� 34-�+ ��!/7!� 8*2�34/ .  ���/ �*"!+  �  «90"2�0(» �*��7!+( ! 

��!93!:*/!* ���-!"2�7! /��/0� � /7*/2��7!5 ��8!��3 � �, 	 ! 	�, ( :/  �/�3!2!)*"�! 

�0��-!24 � /7*/2��7!; 12!� ��8!��3 �: 

[OH] = ][][ 2232 HOKK ×××         (2.8) 

[O] = 
][

][][

2

2231

OH

OHKK ×××
         (2.9) 

[H] = 
][

][][

23 OK

OOH

×
×

                  (2.10) 

�- ��!�*8*//0� �0��:*/!5 �!8/ , )2  83+  ��*8*3*/!+ � /*)/0� � /7*/2��7!5 ��8!��3 � � ! 	� 

� !""3*8�*( ( �3�(*/! 2�*9�*2"+ -/�24 � /*)/�; � /7*/2��7!; �2, 	2, �2	 ! 2*(�*��2���. 	8/��  

� - /* � /*)/0� �� 8��2 � !-(*�!24 " 8 "2�2 )/ 5 2 )/ "24; � /*)/0* � /7*/2��7!! �2, 	2 

8 "2�2 )/   2��8/ , 2�� ��� � 9*8/ ( �3�(*/! � /7*/2��7!+ H2 8 "2�2 )/  /!-��+, � �  9 .�2 ( 

�3�(*/! � /7*/2��7!+ O2 2��:* /*-/�)!2*34/�+, � 12 (� !-(*�!24  8/ ��*(*//  � /7*/2��7!! �2 

! 	2 � 9*8/ ( !3! 9 .�2 ( �3�(*/! " 8 "2�2 )/ 5 2 )/ "24; 8 � 34/  2��8/ , )2  �3*)*2 -� " 9 5 

9 34<�; � .�*</ "24 � !-(*�*/!! � /7*/2��7!! 12!� �*6*"2�. �3+ �*<*/!+ 12 5 �� 93*(0 

� /7*/2��7!+ �2, 	2 ! �2	 � � /*)/0� �� 8��2�� . �*/!+ 903� ��"")!2�/� " � ( 64; �� .��((0 

PREMIX ("(. �. 2.8.1) ! (*��/!-(  �!"3*/!+ (*2�/� GRI 3.0 [228]. � ��")*2�� !"� 34- ��3"+ 
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1�"�*�!(*/2�34/  !-(*�*//05  2*�( ��� 5  �� ,!34 2*(�*��2��0 ("(. �. 2.6). �� 5 � 8� 8 83+ 

��3!9� ��! �  ��8!��3�( " !"� 34- ��/!*( 2 34�  ��")*2/0� 8�//0� �  � /7*/2��7!! �!"3 � 8�, 

� 8 � 8� ! � 80 � �3�(*/! +�3+*2"+ /*� 2 �0( ��!93!:*/!*(. 	8/��  � ��)*"2�* � -( :/ .  

 9 "/ ��/!+ ���� ( )/ "2! ��!(*/*/!+ 2�� .  � 8� 8� ( :/  ���-�24, )2  !"� 34- ��//05 83+ 

12!� 7*3*5 �!(!� -�!/*2!)*"�!5 (*��/!-(  �!"3*/!+ (*2�/� GRI 3.0 903 �� 2*"2!� ��/ /� 

9 34< ( � 3!)*"2�* ��-3!)/0� 1�"�*�!(*/2�34/0� 8�//0�, ��3;)�+ "2���2��� �3�(*/!, � 12 (� 

*.  ��!(*/*/!*  � -� 3+*2 " 8 "2�2 )/ 5 2 )/ "24; ��"")!2�24 � /7*/2��7!; "2�9!34/0� 

� /*)/0� �� 8��2 � . �*/!+.  

�"� 34-�+ �*-�342�20 �0<* �!"�// 5 �� 7*8��0 ��3!9� ��! �  ��8!��3�( �, 	 ! 	�, 

!� � /7*/2��7!+ �i � �� !-� 34/ 5 2 )�* � �3�(*/! ��"")!20��3�"4 �  , �(�3* 0

0

C
I

I
C i

i = , 

.8* Ii  - !/2*/"!�/ "24 �!�� (�"" "  2�*2"2��;6�+ ��8!��3�, � �� !-� 34/ 5 2 )�*, I0 ! �0 – 

!/2*/"!�/ "24 �!�� ! � /7*/2��7!+ ��8!��3 � � - /* � /*)/0� �� 8��2 � . �*/!+. 

 

 

 

2.5.4. ��3!9� ��� � �3�(*/! /� �� 2!� 2 ��� 

 

 

 

%3�(+ /� �� 2!� 2 ��� ��*8"2��3+*2, " 2 )�! -�*/!+ � 3!)*"2�*// .   ��*8*3*/!+ �� ,!3*5 

� /7*/2��7!! �*6*"2�, 9 3** "3 :/�; "!"2*(�, 2�� ��� " "2�� �-�!(/  /�����3*//0� .�- �0� 

� 2 � � ( :*2 -�(*2/   23!)�24"+ 8��.  2 8��.�. � 8�// 5 ��9 2* 83+ /�� :8*/!+ ��"��*8*3*/!+ 

� /7*/2��7!! CH4 ! O2  � �3�(*/! /� �� 2!� 2 ��� !"� 34- ��3! �� ,!3! !/2*/"!�/ "2! 

"  2�*2"2��;6!� �!� � (�"" Ii "�+-�//0* " � /7*/2��7!*5 Ci "  2/ <*/!*(: 

Ci=Ii·C0/I 0 ,        (2.11) 

.8* I0 ! �0 – !/2*/"!�/ "24 �!�� ! � /7*/2��7!+ CH4 ! O2 � "(*"! !-�*"2/ .  " "2���. 

� /7*/2��7!+ �0 "  2�*2"2� ��3� !"� 8/ (� " "2��� "(*"*5 . �;)*.  (83+ CH4) !  �!"3!2*3+ 

(83+ O2). 

�3+ � 3�)*/!+ ��"��*8*3*/!+ � /7*/2��7!5 �, 	� ! CO2 � �3�(*/! /� �� 2!� 2 ��� 

!/2*/"!�/ "24 "  2�*2"2��;6!� �!� � (�"" � 2 )�* !� (��"!(�(� "  2/ "!3! " !� 

(��"!(�34/ 5 � /7*/2��7!*5 /� ��"")!2�//0� �� ,!3+� !� � /7*/2��7!5 � �3�(*/! 9*- 

8 9���! ��. 	��*8*3*//0* 2��!(  9��- ( � 1,,!7!*/20 )��"2�!2*34/ "2! 83+ �, 	� ! CO2 

� �3�(*/! 9*- 8 9���! �� � 8�34/*5<*( !"� 34- ��3! 83+ ��")*2� � /7*/2��7!! 12!� 

" *8!/*/!5 � �3�(*/! " 8 9��� 5. ���+ �� 7*8���  9��9 2�! 1�"�*�!(*/2�34/0� 8�//0� 

� -� 3!3� 8 "2�2 )/  2 )/  !-(*�!24  2/ "!2*34/05 1,,*�2 8 9���! �� /� �� ,!3! 

� /7*/2��7!5 � ! 	�.  =2� ��9 2� �� � 8!3�"4 " �(*"2/  " �/+-4� �0( �.�. [219]. 
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%�! !-(*�*/!! �� ,!3*5 � /7*/2��7!! PO, PO2, HOPO2, HOPO � �3�(*/! /� 

�� 2!� 2 ��� ��*8� 3�.�3!, )2  � - /* " (��"!(�34/ 5 2*(�*��2�� 5 � /7*/2��7!+ 12!� 

�*6*"2� "  2�*2"2��*2 2*�( 8!/�(!)*"�! ���/ �*"/ (� " "2���, �/�3 .!)/  2 (�, ��� 12  

!(**2 (*"2  � "2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* ��*8���!2*34/  �*�*(*<�//0� 

�3�(*/��. ��  "/ �* ��")*2 � ���/ �*"/ .  " "2��� �� 8��2 � . �*/!+ � �3�(*/! /� 

�� 2!� 2 ��� 903! ��"")!2�/0 ��3!9� � )/0* � 1,,!7!*/20 83+ �0<*�*�*)!"3*//0� 

, ", �" 8*�:�6!� �*6*"2�. % 3�)*//0* 83+ , ", �" 8*�:�6!� �*6*"2� 8�//0( (*2 8 ( 

��3!9� � )/0* � 1,,!7!*/20  ��-�3!"4 �� � �7! /�34/0 � 1,,!7!*/2�(, !-(*�*//0( � 

��*8���!2*34/  �*�*(*<�//0� �3�(*/��. 

 

 

 

2.5.5. % .�*</ "24 !-(*�*/!+ � /7*/2��7!5 �*6*"2� � �3�(*/�� 

 

 

 

% .�*</ "24 !-(*�*/!+ � /7*/2��7!5 �*6*"2� (*2 8 ( ( 3*��3+�/ -��)� � 5 (�""-

"�*�2� (*2�!!  ��*8*3+*2"+ �+8 ( ,��2 � �,  "/ �/0( !- � 2 �0� +�3+*2"+  <!9��  

!-(*�*/!+ !/2*/"!�/ "2! �!�� � (�""-"�*�2�*.  )/ "24 !-(*�*/!+ !/2*/"!�/ "2! �!�� (�"" 

-��!"!2  2 � /7*/2��7!! "  2�*2"2��;6*.  " *8!/*/!+ � �3�(*/!, � 2��:*  2 !/2*/"!�/ "2! 

12 .  �!�� � , / � ( "�*�2�*. � �93!7* 6 ��!�*8*/�  2/ "!2*34/�+ � .�*</ "24  ��*8*3*/!+ 

� /7*/2��7!5 /*� 2 �0� " *8!/*/!5 (*2 8�(! �%��, � 2��:* (!�� - /8 � 5 (�""-

"�*�2� (*2�!! (83+ "2�9!34/0� " *8!/*/!5). �- �93!70 6 ( :/  �!8*24, )2  83+ 

� � 2� :!��6!� " *8!/*/!5, 2��!� ��� �2 (0 �, � .�*</ "24 !-(*�*/!+ !� � /7*/2��7!! 

8 � 34/  "�6*"2�*//�+, � 12 (� !-(*�*/!+ � �2 �+3! /*"� 34�  ��- !, ��� ����!3 , 

�*-�342�20 �"�*8/+3! �  5-6 1�"�*�!(*/2�(. 

 

�93!7� 6. 	2/ "!2*34/0* � .�*</ "2! !-(*�*/!+ � /7*/2��7!! " *8!/*/!5 � �3�(*/�� 

� *8!/*/!* 	2/ "!2*34/�+ 
� .�*</ "24, % 

� *8!/*/!* 	2/ "!2*34/�+ 
� .�*</ "24, % 

H 
~50 

PO 
~35 

OH 
~30 

PO2 ~35 
CH4 ~14 

HOPO 
~35 

H2O 
~14 

HOPO2 ~35 
O2 ~14 

�3PO4 ~35 
CO2 ~14 

TM� 
~35 
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2.6. $�����
 ��������� ���������� � ������ � ����(�6 ��
��������� 

 

 

 

 ��"��*8*3*/!* 2*(�*��2��0 � �3�(*/�� !-(*�+3! " � ( 64; (!�� 2*�( ��� 

!(*;6!� %- 9��-/�; , �(�. *�( ���0 !-. 2��3!��3!"4 !- �� � 3 �! 8!�(*2� ( 0.02-

0.05 ((. �3+ !-. 2 �3*/!+ 2*�( ���  2�*-�! �3�2!/ � 5 (Pt 100%) ! �3�2!/ -� 8!*� 5 

(Pt90%Rh10%) �� � 3 �! 83!/ 5  � 3  15 (( "���!��3! 2 )*)/ 5 13*�2�!)*"� 5 "���� 5. 

�3+ � /2� 3+ ��)*"2�� "��+ !"� 34- ��3! (!�� "� � ���-10. �-. 2 �3*//�; 2*�( ���� 

��!���!��3! � �0� 8�( 2 36!/ 5 0.2 ((, !-. 2 �3*//0� !- "  2�*2"2��;6!� "�3�� �. 

	96�+ � /"2���7!+ (!�� 2*�( ���0 ��!�*8*/� /� �!"�/�* 13. �3+ ��*8 2���6*/!+ 

8*, �(�7!! 2*�( ���0 ��! /�.�*�* !  �3�:8*/!!, � � /"2���7!! 8*�:�2*3+ 2*�( ���0 

��*8�"( 2�*/0 ���:!/0, -���*�3*//0*  8/!( � /7 ( /� 2 /�!� �*��(!)*"�!� 2��9���, � 

8��.!( – /� � 8� 8+6!� �0� 8��. % �*��/ "24 2*�( ���0 � ��0��3! 2 /�!( "3 *( SiO2 

83+ �(*/4<*/!+ ��2�3!2!)*"�!� 1,,*�2 �. �3+ 12 .  2*�( ���� �/ "!3! � �3�(+ 

"�!�2 ��!, � � 2 � * � 8���3! /*9 34< * � 3!)*"2�  ��� � "!3!� / � .  (�"3� %��-200. 

� -��!"!( "2!  2 2!�� !"� 34-�*( 5 . �*3�! 83!/� �3*)� 2*�( ���0 83+ !-(*�*/!+ 

�� ,!3*5 2*(�*��2��0 " "2��3+3� 6 ! 12 (( 83+ �3 "� 5 . �*3�! ! . �*3�! /� 

�� 2!� 2 ��� "  2�*2"2�*// . *�( ���� " 2�� 5 83!/ 5 �3*)� �/ "!2 � �3�(+ (!/!(�34/0* 

�1� 8!/�(!)*"�!* � -(�6*/!+ ! � 2  :* ��*(+ " 8 "2�2 )/ 5 2 )/ "24; � -� 3+*2 

� -!7! /!� ��24 (*"2  "��+ � �� "2��/"2�* (*:8� " �3�(! . �*3�!. �)*2 � 2*�4 2*�3� /� 

!-3�)*/!*  �� � 8!3"+ " � ( 64; , �(�30 �*"�*/�: 

 

 

∅3.5  

��
��������� 
�
���� 

. 
Pt, ∅0.2 

PtRh(10%), 

∅0.02  

Pt, 

∅0.02  

PtRh(10%), 

∅0.2 

 

�!"�/ � 13. � /"2���7!+ (!�� 2*�( ���0. 

10 �� 
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    (2.12) 

 

.8* " gT  - 2*(�*��2��� .�-�, cT  - 2*(�*��2��� 2*�( "��+, wT  - 2*(�*��2���  ���:�;6*5 "�*80, 

ε  - "2*�*/4 )*�/ 20 2*�( ���0, σ  - � "2 +//�+ �2*,�/�-� 347(�/�, d  - 8!�(*2� 2*�( ���0, 

λ , η  - � 1,,!7!*/20 2*�3 �� � 8/ "2! ! �+-� "2! .�-�, ρ , v  – �3 2/ "24 ! "� � "24 .�-�" 

[229]. % .�*</ "24 !-(*�*/!+ 2*(�*��2��0  �!"�//0( (!�� 2*�( ���0( (*2 8 ( " "2��3+*2 

 � 3  ±40 �.  
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2.7. $�����
 ��������� 
��)����)�����* �������� ������������� ����� 

%��6!�* ������ � ����
�� ��%�������� 

 

 

 

2.7.1 	9 "/ ��/!* 1�"�*�!(*/2�34/ 5 (*2 8!�! 

 

 

 

	8/!( !- /�!9 3** ��"�� "2��/*//0� (*2 8 � � /�<*5 "2��/* !-(*�*/!+ 

� /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/ . �;)!� "(*"*5 .�-  9��-/0� ! :!8�!� 

2 �3!� +�3+*2"+ (*2 8 7!3!/8�!)*"� 5 ��(*�0,  �!"�//05 � 
	� 12.1.044-89 [230]. � 12 ( 

(*2 8* 7!3!/8�!)*"�! ��(*�� -�� 3/+*2"+ . �;)*5 "(*"4; " � /7*/2��7!*5 . �;)*. , ��! 

� 2 � 5 *6* � -( :/  ��"�� "2��/*/!* �3�(*/!. % 8:!.�/!* . �;)*5 "(*"! �� !-� 8!24"+ 

13*�2�!)*"� 5 !"�� 5 ! ,!�"!��*2"+ ,��2 ��"�� "2��/*/!+ �3�(*/!. $�2*( ��(*�� -�� 3/+*2"+ 

. �;)*5 "(*"4; " 8��. 5 � /7*/2��7!*5 . �;)*.  (�0<* !3! /!:* � -��!"!( "2!  2 

 ��*8*3+*( .  ��*8*3� – �*��/*.  !3! /!:/*. ) ! "/ �� �� !-� 8!2"+ � 8:!.�/!*. ��!( 

 9��- (, � "*�!! /*"� 34�!� 1�"�*�!(*/2 � !-(*�+*2"+ (!/!(�34/ * !3! (��"!(�34/ * 

" 8*�:�/!* . �;)*. , ��! � 2 � ( � -( :/  ��"�� "2��/*/!* �3�(*/!. � 8�// ( (*2 8* 

�*-�342�20 !-(*�*/!5 ( .�2 -��!"*24, /���!(*�,  2 ��-(*� � �*��7! // .  " "�8�, , �(0 ! 

��-(*� � 13*�2� 8 �, 1/*�.!! !"�� � .  ��-�+8� ! 8�. 

���. 5 (*2 8  ��*8*3*/!+ � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! 

 "/ ��/ /� !"� 34- ��/!! 7!3!/8�!)*"� 5 . �*3�! (tubular burner) [231, 232]. =2� . �*3�� 

" "2 !2 !- !-. 2 �3*// .  !- 3�2�/! � �!"2 .  7!3!/8��, � � 2 �05 "/���:! )*�*- *.  "2*/�! 

� 8�*2"+ . �;)�+ "(*"4. 
 �;)�; "(*"4 � 8:!.�;2 �/�2�! . �*3�! 2��, )2 90 �3�(+ 

"2�9!3!-!� ��3 "4 /� �/�2�*//*5 � �*��/ "2! � �!"2 .  7!3!/8��. �3+ !-(*�*/!+ �*��/*.  

!3! /!:/*.  � /7*/2��7! // .  ��*8*3� � /7*/2��7!; 2 �3!�� � . �;)*5 "(*"! ��*3!)!��;2 

!3! �(*/4<�;2 8  ( (*/2� � .�"�/!+ �3�(*/!. �*-�342�2 !-(*�*/!5 ��*8*3 � -��!"!2  2 

��"� 8� . �;)*5 "(*"! ! �� 8 3:!2*34/ "2! 1�"�*�!(*/2�, 2�� ��� !---� �� .�*�� . �*3�! 

2*(�*��2��� . �;)*5 "(*"! "  ��*(*/*( ��*3!)!��*2"+. 

� 8*5"2�!2*34/ "2! 12! ! 8��.!* (*2 80 8�;2 ��-3!)�;6!*"+ -/�)*/!+ ��*8*3 � 

��"�� "2��/*/!+ �3�(*/! 83+ . �;)*5 "(*"!  8/ .  ! 2 .  :* " "2���. �� (* 2 . , 

�*-�342�20 !-(*�*/!5 /� 1�"�*�!(*/2�34/0� �"2�/ ����  8/ .  2!��  23!)�;2"+ � 

-��!"!( "2!  2 !� � /��*2/0� ����(*2� �. �"24 �+8 ��!)!/, � 2 �0* "!34/  �3!+;2 /� 

�*-�342�20 !-(*�*/!5 � /7*/2��7! //0� ��*8*3 � ! � 12 (� �"3 :/+;2 �� 7*8��� !� 

 ��*8*3*/!+. 	"/ �/0(! +�3+;2"+ ��8!�7! //0* ! � /�*�2!�/0* 2*�3 � 2*�!, � 2��:* 

1,,*�20 ��"2+:*/!+ �3�(*/! [231, 233]. �3+ !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � 

��"�� "2��/*/!+ �3�(*/ (*2 8 . �*3�! "  �"2�*)/0(! � 2 ��(! ��*8"2��3+*2"+ 8 "2�2 )/  
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�8 9/0(, 2�� ��� � -� 3+*2 �(*/4<!24 2*�3 �0* � 2*�! !- �3�(*/! ! �)!20��*2 1,,*�20 

��"2+:*/!+ �3�(*/!. ��/** 12 2 (*2 8 ��!(*/+3"+ 83+ !-(*�*/!+ � /7*/2��7! //0� 

��*8*3 � ��"�� "2��/*/!+ �3�(*/ "(*"*5 ,2 ��3 ��.3*� 8 � 8 � " � -8�� ( [91-93], � 

2��:* 83+ (*2�/ - ! �� ��/ -� -8�</0� "(*"*5 [234]. �*2 8!�� !-(*�*/!+ ��*8*3 � " 

� ( 64; . �*3�! /� �� 2!� 2 ��� -��3;)�*2"+ �  ��*8*3*/!! -��!"!( "2! .��8!*/2� 

"� � "2! (Kext) ��! � .�"�/!! �3�(*/!  2 � 1,,!7!*/2� !-902�� 2 �3!�� � . �;)*5 "(*"! 

(>). 

 �*3!)!/� Kext ��"")!20��*2"+ ���  2/ <*/!* "�((0 "� � "2*5 � 2 � � /� "�*-* " �*3 

. �*3�! � ��""2 +/!; (*:8� ** " �3�(!. �� �!"�/�* 14 � ��)*"2�* ��!(*�� ��!�*8*/� 

-��!"!( "24 Kext  2 >, � 3�)*//�+ � ��9 2* [234] 83+ "(*"! CH4/� -8��.  

� /7*/2��7! //0* ��*8*30  ��"�� "2��/*/!+ �3�(*/! (� 1,,!7!*/2 !-902�� 2 �3!�� � 

. �;)*5 "(*"!) � �"3 �!+� (!/!(�34/0� 2*�3 � 2*�4 !  2"�2"2�!! 1,,*�2� ��"2+:*/!+ 

�3�(*/! /�� 8+2 ��2*( 1�"2��� 3+7!! -��!"!( "2! .��8!*/2� "� � "2!  2 > � /�3*� (� 

-/�)*/!; .��8!*/2� "� � "2!. ��!8� �� "2 20 �*�3!-�7!! ! � � <*5 � "�� !-� 8!( "2! 

(*2 8 . �*3�! "  �"2�*)/0(! � 2 ��(! 903 !"� 34- ��/ 83+ !-�)*/!+ �3!+/!+ 8 9�� � �� 

/� � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ �3�(*/! ��4/� -8��. 

 

 

 

 
 

 

� 8*�:�/!* CH4 � � -8��*, % 



��
8.

 "
� 
� 

"2
! 
��

! 
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<
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!!
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� 1,,!7!*/2 !-902�� 2 �3!��, > 
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2.7.2. =�"�*�!(*/2�34/�+ �"2�/ ��� 83+ !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � 

��"�� "2��/*/!+ �3�(*/ 

 

 

 

�3+ !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! "  !"� 34- ��/!*( 

1�"2��� 3+7!! 1�"�*�!(*/2�34/  !-(*�*// 5 -��!"!( "2! Kext(>) /* 9� 8!(  � 3�)!24 8�//0* 

2 34�  83+ 2 .  8!���- /� -/�)*/!5 >, � 2 �0* "  2�*2"2��;2 (�30( -/�)*/!+( Kext (�!"�/ � 14). 


 �*3�� "  �"2�*)/0(! � 2 ��(!, � 2 ��+ ��!(*/+3�"4 � 1�"�*�!(*/2�� �  .�<*/!; �3�(*/! /� 

�"2�*)/0� � 2 ��� . �;)*.  !  �!"3!2*3+ 8 9����(! �	� (� "8!,,�-! // (" �3�(*/!, "(. �. 2.3), !--

-� (�3 .  8!�(*2�� " �*3 . �*3�! (6.8 (() /* � 8� 8!2 83+ !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � 

��"�� "2��/*/!+ ��*8���!2*34/  �*�*(*<�// .  �3�(*/! ��4/� -8��. %�! 2�� ( 8!�(*2�* " �*3 

. �*3�! (!/!(�34/�+ �*3!)!/� .��8!*/2� "� � "2!, ��! � 2 � ( "2�9!3!-!��*2"+ 8� 5/ * �3�(+ /� 

�"2�*)/0� � 2 ��� "(*"*5 ��4/� -8��, " "2��3+*2  � 3  180 "-1
. %�! (*/4<!� -/�)*/!+� .��8!*/2� 

"� � "2!, �3�(+ /� 2�� 5 . �*3�* /* �8�*2"+ "2�9!3!-!� ��24 � 7*/2�* -�- �� (*:8� " �3�(! !  /  

�*�*(*6�*2"+ �  8/ (� !- " �*3 . �*3�!, )2  ( :*2 !"��:�24 �*-�342�20 !-(*�*/!5 !---� � 2*�4 

2*�3� !- �3�(*/! � 2��9�! . �*3�!. % 12 (�  �!"�//�+ � �. 2.3. . �*3�� � -� 3+3� ��9 2�24 " 

�3�(*/�(! (*2�/ -� -8�</0� "(*"*5 � !/2*���3* > 3!<4  2 0.6 8  1.4,  8/�� , ��� ( :/  �!8*24 !- 

�!"�/�� 14, 83+ !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! /* 9� 8!(  

�� � 8!24 !-(*�*/!+ Kext ��! ><0.6 ! >>1.5. � .3�"/  !(*;6!("+ � 3!2*��2��* 8�//0(, 83+ 

� 3�)*/!+ �3�(*/ " (*/4<!( ��"2+:*/!*( (" (*/4<!( .��8!*/2 ( "� � "2!) /* 9� 8!(  ��*3!)!24  

8!�(*2� ( " �*3 . �*3�! 8  10÷30 (( [92, 93], � 12 (� 83+  ��*8*3*/!+ � /7*/2��7! //0� ��*8*3 � 

��"�� "2��/*/!+ !"� 34- ��3�"4 . �*3�� " 8!�(*2� ( " �*3 16 (( ! -�- � ( (*:8� !- 2 �7�(! 10 ((. 

�(*"4 ��4/� -8�� � 8�*2"+ �  �/�2�*//!( 2��9��( "�*��� ! "/!-�. �3+ !- 3+7!! - /0 . �*/!+  2 

� 8(*<!��/!+ � -8���, � -�- � (*:8� 2��9��(! � 8�*2"+ �- 2. ��*(� 1�"�*�!(*/2�34/ .  "2*/8� 

� ��-�/� /� �!"�/�* 15.  =2 2 "2*/8 903 "8*3�/ " �(*"2/  " �/+-4� �0( �.�. [219] ! ��!( �0( �.�. 

��:* /� 12 ( �!"�/�* � ��-�/  2!�!)/05 �!8 2�� /�-0��*( .  8� 5/ .  �3�(*/! («twin flame») /� 

�� 2!� 2 ��� ��*8���!2*34/  �*�*(*<�//0� "(*"*5 ��4/� -8��. 

�!"2*(� � 8. 2 ��! .�- � 5 "(*"! " �*.�3+2 ��(! (�"" � .  ��"� 8� .�- � 

 9*"�*)!��3� ��"� 8 "(*"! ��4/� -8�� -�8�// .  " "2��� 8  180 "(3
/" (/.�.). %��0 �� � 

2�*9�*( 5 � /7*/2��7!! �� 8!3!"4 � � 2 �! . �;)*5 "(*"! " � ( 64; 8��� 9��9 2B� �, 

2*(�*��2��� � 2 �0� � 88*�:!��3�"4 " � ( 64; :!8� "2/ .  2*�( "2�2� " 2 )/ "24; ±0.5 
 �. 

%�*!(�6*"2�  ��!(*/*/!+ 9��9 2B� � �*�*8 "!"2*( 5 � 8�)! :!8�!� �	� " � ( 64; 

, �"�/�! � .�- �05 � 2 � -��3;)�*2"+ � 2 (, )2  12   9*"�*)!��*2 � "2 +/"2�  � /7*/2��7!! 

��� �  8 9���! � . �;)*5 "(*"! ��! !-(*/*/!! �*3!)!/0 ** � 2 �� )*�*- 9��9 2*�, )2  

 93*.)�*2 �� �*8*/!* 1�"�*�!(*/2 � �  .�<*/!;, � � 2 �0� 2�*9�*2"+ (*/+24 ��"� 8  9*!� 

� 2 � � . �;)*5 "(*"! )*�*- " �3� . �*3�!. 
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�  �!"�// 5 �"2�/ ��* !"� 34- ��/!* 9��9 2B� �  9*"�*)!3  � /7*/2��7!; 8 9���! ��� � 

�� 8  0.5  9.% � . �;)*5 "(*"! �  �"*( 8!���- /* ** ��"� 8�  (8  180 "(3
/"). �3+ !"�3;)*/!+ 

� /8*/"�7!! ��� � �� �/�2�! . �*3�!,  98���;6!5 � 2 � �- 2� /�.�*��3! 8  95
 � " � ( 64; 

13*�2�!)*"�!� /�.�*��2*3*5. ��.�*205 � 2 � �- 2� � "� ;  )*�*84 � 8 .�*��3 �/�2�*//* 2��9�! 

. �*3�! ! � "2���;6�; �  /!( . �;)�; "(*"4. *(�*��2��� . �;)*5 "(*"!, !"2*��;6*5 !- 

" �*3, !-(*�+3�"4 8��(+ 2*�( ����(!, �"2�/ �3*//0(! /� ��""2 +/!! 50 ((  2 !� �0� 8�. 

�*��/++ )�"24 . �*3�! (�/*</++ 2��9��) 83+ ��*8 2���6*/!+ ** �*�*.�*��  2 �3�(*/! 

 �3�:8�3�"4 " � ( 64; /��!2 5 /� /** (*8/ 5 2��9�!, �  � 2 � 5 7!���3!� ��3� � 8�. 

%� 7*8��� !-(*�*/!+ .��8!*/2� "� � "2! ��! .�<*/!! ��*8���!2*34/  �*�*(*<�// .  

�3�(*/! /� �� 2!� 2 ��� �/�3 .!)/� 2 5, � 2 ��+ !"� 34- ��/� ��! .�<*/!! �3�(*/! /� 

�� 2!� 2 ��� . �;)*5 !  �!"3!2*34/ 5 "(*"*5 (�. 2.4). %�! � "2* "� � "2! � 2 � � . �;)*5 

"(*"! �� !"� 8!2 ""93!:*/!*" 8��� �3�(*/, � 2 �0* ��! 8�34/*5<*( ��*3!)*/!! ��"� 8� 

"(*"*5 ����2!)*"�! ""3!��;2"+" �  8/  �3�(+. =2  ���-0��3  /� ��!93!:*/!* �3�(*/! � 

�"3 �!+( � .�"�/!+ ! � ( .�3   ��*8*3!24 ( (*/2, � "3* � 2 � .  903  /* 9� 8!(  9 3** 

�3��/  ��*3!)!��24 "� � "24 � 2 � � 83+ 9 3** �0" � 5 2 )/ "2!  ��*8*3*/!+ �*3!)!/0 !� 

��*8*34/ 5 "� � "2!. % .�*</ "24 !-(*�*/!+ � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ 

�3�(*/! 83+ ��*8���!2*34/  �*�*(*<�// 5 "(*"! ��4/� -8�� " � ( 64; 12 .  (*2 8� 

" "2��3+*2 8   0.4%  9. ��4. 

 

�!"�/ � 15. =�"�*�!(*/2�34/05 "2*/8 83+ !-�)*/!+ 1,,*�2� 8 9���! �� /� 
� /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ �3�(*/! . �;)*5 "(*"! ��4/� -8��. 

 

N2 

CH4 

� -8��  

��� 

��� . �;)�+ "(*"4 
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2.8. $�����
 !�������%� ������������ �
������ �������������, *���!��
�� � 

�������� ����
���� ����� � �
��� ���%��� CHEMKIN 

 

 

 

�!"3*// * ( 8*3!� ��/!* <!� �  !"� 34-�*2"+ 83+ �0)!"3*/!+ "� � "2! 

��"�� "2��/*/!+, 2*�3 � 5 ! �!(!)*"� 5 "2���2��0 (/ . � (� /*/2/0� 3�(!/��/0� 

�3�(*/ ��*8���!2*34/  �*�*(*<�//0� "(*"*5, � 2��:* �3�(*/ /� �� 2!� 2 ��� . �;)*.  ! 

 �!"3!2*3+. ��*8! �� .��(( /�!9 3** ��"�� "2��/*/ ���*2 �� .��(( CHEMKIN, 

" -8�//05 � ��7! /�34/ 5 3�9 ��2 �!! ��/8!+ (�#�) [235-239]. %� .��((0 ���*2� 

CHEMKIN ��3;)�;2 9�-0 8�//0� ! � 8�� .��((0 83+ �*<*/!+ ��-3!)/0� 

.�- 8!/�(!)*"�!� -�8�)! " �)*2 ( �!/*2!�! 13*(*/2��/0� �!(!)*"�!� �*��7!5, 

2*�( �!(!! ! 8!,,�-!! �*6*"2�. �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ �� 7*"" � � 

�3�(*/��, ��*8"2��3*//0* � 8�// 5 ��9 2*, 903! � 3�)*/0 " !"� 34- ��/!*( ���*2� 

�� .��(( CHEMKIN –II [238]. 

 

 

 

2.8.1. % 8�� .��((� PREMIX. � 8*3!� ��/!* "� 9 8/  ��"�� "2��/+;6!�"+ ! 

"2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* �3�(*/ 

 

 

 

% 8�� .��((� PREMIX (premixed flame) !- ���*2� �� .��(( CHEMKIN-II "3�:!2 83+ 

)!"3*// .  ( 8*3!� ��/!+ 3�(!/��/0� ��*8���!2*34/  �*�*(*<�//0� �3�(*/ .�-  9��-/0� 

. �;)!� "(*"*5 �  8/ (*�/ 5 � "2�/ ��*. � ** � ( 64; ��"")!20��*2"+ "� � "24 

��"�� "2��/*/!+, �� ,!3! 2*(�*��2��0 ! � /7*/2��7!5 �*6*"2� � "� 9 8/  

��"�� "2��/+;6!�"+ !3! "2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* �3�(*/��. % 8�� .��((� 

OPPDIF (opposed diffusion flame) !- 2 .  :* ���*2� �� .��(( "3�:!2 83+ )!"3*// .  

( 8*3!� ��/!+ �3�(*/ /� �"2�*)/0� � 2 ��� .�- �0� . �;)!� !  �!"3!2*34/0� "(*"*5, � 

2��:* �3�(*/ /� �"2�*)/0� � 2 ��� ��*8���!2*34/  �*�*(*<�//0� "(*"*5 . �;)*.  ! 

 �!"3!2*3+. %�!  ��*8*3*//0� �"3 �!+� � 1�"�*�!(*/2�� ( :/  " -8�24 ���-! 8/ (*�/0* 

�3�(*/�, )2  8�*2 � -( :/ "24 " � "2��3+24 �*-�342�20 !-(*�*/!5 " )!"3*//0(!  ��")*2�(!, 

�� � 8!24 �/�3!- ! �� �*��� �!(!� -�!/*2!)*"�!� (*��/!-( � �*��7!5, !""3*8 ��24 �!/*2!�� 

13*(*/2��/0� �!(!)*"�!� �*��7!5  � �"3 �!+� . �*/!+. 

�3+ )!"3*//0� ��")*2 � "2���2��0 ! "� � "2! . �*/!+ �3�(*/ " � ( 64; ���*2� 

�� .��(( CHEMKIN /* 9� 8!(  -�8�24 !"� 8/0* 8�//0* - /�9 � 13*(*/2��/0� �!(!)*"�!� 

�*��7!5 ! � /"2�/2 !� "� � "2*5 � ���*/!�" �"� ( �!8*, 2*�( �!(!)*"�!* ! 2��/"� �2/0* 

"� 5"2�� �"*� �*6*"2�. % 8�� .��((�-!/2*���*2�2 � , �(!��*2 !- 12 5 !/, �(�7!! 9�-0 
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8�//0�, � 2 �0* -�2*( /*� "�*8"2�*//  !"� 34-�;2"+  "/ �/ 5 �� .��(( 5 83+ ��")*2� 

�����2*�!"2!� �3�(*/. � -��!"!( "2!  2 2!�� ��")*2/ 5 -�8�)!, � "�*7!�34/05 �� 8/ 5 

2*�"2 �05 ,�53 ��3;)�;2"+ ����(*2�0 ( 8*3!��*( 5 "!"2*(0 ! .��/!)/0* �"3 �!+. 

% 8�� .��((� PREMIX ��*8/�-/�)*/� 83+ ( 8*3!� ��/!+ 8��� 2!� � �3�(*/: "� 9 8/  

��"�� "2��/+;6*. "+ !3! "2�9!3!-!� ��// .  /� �3 "� 5 . �*3�*. � �*�� ( "3�)�* "� � "24 

��"�� "2��/*/!+ �3�(*/!, 2*(�*��2��� ! � /7*/2��7!! " *8!/*/!5 ��"")!20��;2"+ !- -�� / � 

" ���/*/!+. �  �2 � ( "3�)�* � ��)*"2�* .��/!)/ .  �"3 �!+ -�8�*2"+ "� � "24 (�"" � .  

��"� 8� . �;)*5 "(*"!, ��"��*8*3*/!* 2*(�*��2��0 � �3�(*/! 3!9  ��"")!20��*2"+ !- -�� /� 

" ���/*/!+ 1/*�.!!, 3!9  -�8�*2"+ � 34- ��2*3*(. ��� ����!3 , �  !-9*:�/!* /* 9� 8!( "2! 

 ��*8*3*/!+ 2*�3 �0� � 2*�4 !- �3�(*/! � . �*3��, � ��)*"2�* �� 8/ .  ����(*2�� � ��")*2�� 

!"� 34-�;2 1�"�*�!(*/2�34/  !-(*�*//05 �� ,!34 2*(�*��2��0. 

 

 

 

2.8.1.1. ��2*(�2!)*"��+ � "2�/ ��� -�8�)! 83+ � 8�� .��((0 PREMIX 

 

 

 

�  "/ �* (*2 8� )!"3*// .  ( 8*3!� ��/!+ ����(*2� � !- 9��!)*"� .  

���-! 8/ (*�/ .  �3�(*/! � ���*2* �� .��(( CHEMKIN 3*:!2 �*<*/!* "!"2*(0 ����/*/!5 

" "2 +/!+, " ���/*/!+  1/*�.!!, � (� /*/2 �, /*��*�0�/ "2!: 

 

 ,
W

RT
p

ρ
=            (2.14)  

0
1

11

=++�
�

�
�
�

�− ��
==

K

k

kkk

p

K

k

pkkk

pp

Wh
c

s

dx

dT
CVY

c

s

dx

dT
s

dx

d

cdx

dTM
ωρλ �

�

,   (2.15) 

0)( =−+ kkkk WsVsY
dx

d

dx

dYM
ωρ �

�

 (k=1…K) ,    (2.16) 

UsM ρ=�   ,         (2.17) 

.8* " R - �/!�*�"�34/�+ .�- ��+ � "2 +//�+, x  - �� "2��/"2�*//�+ �  �8!/�2�, T – 

2*(�*��2���, p - 8��3*/!*, U - "� � "24 .�- � 5 "(*"!, λ - 2*�3 �� � 8/ "24 .�- � 5 "(*"!, kY  

- (�"" ��+ 8 3+ k-.  � (� /*/2� ( 96** )!"3  � (� /*/2 � � "!"2*(* �), �
=

=
K

k

kkWCW
1

 - 

"�*8/!5 ( 3*��3+�/05 �*" "(*"!, kC , kW  - ( 34/�+ 8 3+ ! ( 3*��3+�/05 �*" k-.  � (� /*/2�, 

M�  - "� � "24 (�"" � .  � 2 ��, ρ  - (�"" ��+ �3 2/ "24, pc  - 2*�3 *(� "24 ��! � "2 +// .  

8��3*/!!, pkc  - 2*�3 *(� "24 ��! � "2 +// .  8��3*/!! k-.  � (� /*/2�, 
kω�  - "� � "24 
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�� !-� 8"2�� k-.  � (� /*/2� � �!(!)*"� 5 �*��7!! /� *8!/!7�  9?*(�, kh - �8*34/�+ 

1/2�34�!+ k-.  � (� /*/2�, kV  - 8!,,�-! //�+ "� � "24 k-.  � (� /*/2�, s  - �3 6�84 

� �*�*)/ .  "*)*/!+ 2��9�! 2 ��,  .��/!)!��;6*5 �3�(+ (�  �( 3)�/!; �3 6�84 2��9�! 2 �� 

��!/+2� � "2 +// 5)" [235].  

�3+ �"*� �)�"2��;6!� � �� 7*""* . �*/!+ �*6*"2� "2*�( �!(!)*"�!* ����(*2�0 

-�8�;2"+ � �!8* � 3!/ ( � )*2�*�2 5 "2*�*/! �  2*(�*��2��*: 

40

5,

30

4,

20

3,

0

2,

0

1,

0 / TcTcTcTccRc pppppp ++++=   

�
=

+=
T

T

ppT dTcRcH
298

00

6,

0

 

 

! ��3;)�;2"+ � �!8* 2�93!7 8�//0� ( 0

7,

0

1, pp cc − ) �  �� 8/ 5 ,�53" [237]. "�/8*�" “ 0 ”  -/�)�*2 

"2�/8��2/ * " "2 +/!* !8*�34/ .  .�-� ��! �=1 �2(; �*6*"2�  9*�*2"+ � � 3!)*"2�* 1 ( 34; 

!/8*�" “T”  -/�)�*2, )2  2*�( �!(!)*"�!* ����(*2�0 �-+20 ��! 2*(�*��2��* T" [237]. 

�!,,�-! //�+ "� � "24 � (� /*/2� -�8�*2"+ !3! �  ( 8*3! (/ . � (� /*/2/ 5 

8!,,�-!!: 

dx

dT

TY

D

dx

dC
DW

WC
V

k

T

k

K

j

j

kjj

k

k

11

1 ρ
−= �

=

, 

!3! �"�*8/*// 5 �  "(*"!: 

dx

dT

TY

D

dx

dC

C
DV

k

T

kk

k

kmk

11

ρ
−−=  ,  

.8* 

�
≠

−
=

K

kj jk

j

k
km

D

C

Y
D

1
   - � 1,,!7!*/2 8!,,�-!! 83+ �"�*8/*// 5 "(*"!, Djk ! Dkj - 9!/��/0*

 

� 1,,!7!*/20 8!,,�-!!, D
T

k - � 1,,!7!*/20 2*�( 8!,,�-!!, Yk ! Ck, - (�"" ��+ ! ( 34/�+ 

8 3+  k-.  � (� /*/2�. 

� /"2�/2� "� � "2! i- 5 �!(!)*"� 5 �*��7!! � ��+( ( /�����3*/!! -�8�*2"+ � 
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E
TAk in

ifi
i exp  , .8* Ei  - 1/*�.!+ ��2!��7!!, ni  

- � ��-�2*34 "2*�*/! 2*(�*��2��/ .  (/ :!2*3+ Ai - ��*81�"� /*/7!�34/05 (/ :!2*34. � 

CHEMKIN � /"2�/2� "� � "2! �*��7!! ( :/  -�8�24 � ��*8*3* /!-�!� ! �0" �!� 8��3*/!5, � 

2��:*  ��*8*3!24 ����(*2�0 �*�*� 8/ 5 ��!� 5 �  8��3*/!;. � /"2�/2� "� � "2! i- 5 

�!(!)*"� 5 �*��7!! �  9��2/ ( /�����3*/!! kri �� 8!2"+ 3!9  � 34- ��2*3*(, 3!9  

��2 (�2!)*"�! ��"")!20��*2"+ !- � /"2�/20 ���/ �*"!+ " � ( 64; 2*�( �!(!)*"�!� 8�//0�. 
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� -��!"!( "2!  2 2!�� �*<�*( 5 ��")*2/ 5 -�8�)! -�8�;2"+  ��*8*3*//0* .��/!)/0* 

�"3 �!+. � "3�)�* "2�9!3!-!� ��// .  /� . �*3�* �3�(*/! -�8�*2"+ ,!�"!� ��//05 (�"" �05 

� 2 � . �;)*5 "(*"! M� . *(�*��2��� ! (�"" ��+ "� � "24 � (� /*/2 � )(
M

sVY
Y kk

kk �

ρ
ε +=  /� 

«� 3 8/ 5» .��/!7*  ��*8*3+;2"+ !- /�)�34/0� �"3 �!5. 
��8!*/20 � /7*/2��7!5 �"*� 

� (� /*/2 � ! 2*(�*��2��0 /� «. �+)*5 .��/!7*» �3�(*/!  9��6�;2"+ � /�34. % "3*8/** 

�"3 �!* /* 9� 8!(  83+ 2 . , )2 90 /� «. �+)*5 .��/!7*»  2"�2"2� ��3! 8!,,�-! //0* 

� 2*�! 1/*�.!! ! (�""0. 

� "3�)�* ��")*2� "� 9 8/  ��"�� "2��/+;6*. "+ �3�(*/! "� � "24 (�"" � .  � 2 �� 

. �;)*5 "(*"! 
⋅

M  +�3+*2"+ " 9"2�*//0( -/�)*/!*( "!"2*(0 ����/*/!5 (2.14-2.17), � 12 (� 

83+ /�� :8*/!+ �*<*/!+ /* 9� 8!(  8 � 3/!2*34/ * .��/!)/ * �"3 �!*. � ��)*"2�* 2�� .  

�"3 �!+ -�8�;2 2*(�*��2��� �  8/ 5 2 )�* 2��, )2 90 /� � 3 8/ 5 .��/!7* .��8!*/20 

� /7*/2��7!5 � (� /*/2 � ! 2*(�*��2��0 903! ��*/*9�*:!(  (�30 (2.*.  2"�2"2� ��3 

2*�3 � 5 � 2 � � . �*3��). 

�!"2*(� ����/*/!5 " ���/*/!+ " "2 +/!+, 1/*�.!!, � (� /*/2 �, /*��*�0�/ "2! (2.14-

2.17) � " � ���/ "2! " -�8�//0(! .��/!)/0(! �"3 �!+(! "��*8"2��3+*2 � 3/�; ���*��; 

-�8�)�, � 2 ��+ � ���*2* �� .��(( CHEMKIN ��-8*3+*2"+ (*2 8 ( � /*)/0� ��-/ "2*5 /� 

"!"2*(� �3.*9��!)*"�!� ����/*/!5, �*<*/!* � 2 �0� /�� 8!2"+ " � ( 64; 

( 8!,!7!� ��// .  (*2 8� �4;2 /�" [237]. 

 

 

 

2.8.2. % 8�� .��((� OPPDIF. � 8*3!� ��/!* �3�(*/ /� �� 2!� 2 ��� 

 

 

 

� 12 ( ��-8*3* ��!�*8*/   �!"�/!* � 8�� .��((0 OPPDIF !  �!"�/0 ����/*/!+,  

-�3 :*//0* �  "/ �� ** (�2*(�2!)*"� 5 ( 8*3!. 

% 8�� .��((� OPPDIF ��*8/�-/�)*/� 83+ )!"3*// .  ( 8*3!� ��/!+ �3�(*/!, 

"2�9!3!-!� ��// .  /� �"2�*)/0� � 2 ��� .�- �, � 2 �0* , �(!��;2"+ " � ( 64; "  "/0� 

" �*3, /�����3*//0� /��"2�*)� 8��. 8��.� (�!"�/ � 5). � 12 5 � /,!.���7!!  9��-�*2"+ 

 "*"!((*2�!)/ * � 3* 2*)*/!+ .�- �0� � 2 � � " �3 "� "24; 2 �( :*/!+ � �� "2��/"2�* 

(*:8� 2 �7�(! " �*3. %� "2��/"2�*// * � 3 :*/!* �3 "� "2! 2 �( :*/!+ (*:8� " �3�(! 

 ��*8*3+*2"+ -�� / ( " ���/*/!+ !(��34"� �� 2!� /�����3*//0� � 2 � �. � "3�)�* 

��*8���!2*34/  �*�*(*<�//0� . �;)!� "(*"*5 (*:8� " �3�(!  9��-�;2"+ 8�� �3�(*/!, 

��"� 3 :*//0� �  ��-/0* "2 � /0  2 �3 "� "2! 2 �( :*/!+. �"3!  8!/ !- � 2 � � +�3+*2"+ 

2 �3!�/ 5 "(*"4;, � 8��. 5  �!"3!2*34/ 5, 2  (*:8� " �3�(!  9��-�*2"+  8/  �3�(+, � 2 � * 
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!/ .8� 2��:* /�-0��;2 «8!,,�-! //0(». �"3! � �� 2!� 2 )/ 5 . �*3�* � ��)*"2�* 2 �3!�� 

!"� 34-�;2"+ �.3*� 8 � 80 (� 8�// 5 ��9 2* ��4), 2  83+  9��- ��/!+ "2*�! (*2�!)*"� 5 

"(*"! (�"" �05 ��"� 8  �!"3!2*3+ 8 3:*/ 9024 �0<*, )*( 2 �3!��, � 12 (� � 2�� ( "3�)�* 

�� !"� 8!2 "2�9!3!-�7!+ �3�(*/! "  "2 � /0 � 2 ��  �!"3!2*3+  2/ "!2*34/  �3 "� "2! 

2 �( :*/!+. %�! 12 ( �� !"� 8!2 8!,,�-!+ 2 �3!�� )*�*- �3 "� "24 2 �( :*/!+ ! �3�(+ 

 9��-�*2"+ � (*"2*, .8* 8 "2!.�*2"+ "2*�! (*2�!)*"� * "  2/ <*/!* 2 �3!� / �!"3!2*34. 

%3�(+ /� �� 2!� 2 ��� +�3+*2"+ !/2*�*"/0(  9?*�2 ( ��� 83+ 1�"�*�!(*/2�34/0� 

!""3*8 ��/!5, 2�� ! 83+ )!"3*// .  ( 8*3!� ��/!+, � "� 34��  /  ( :*2 ��""(�2�!��24"+ ���  

���-! 8/ (*�/ * ! �8!�9�2!)*"� * (2.*. � .8� � 2*�+(! 2*�3� � . �*3�� � -( :/  ��*/*9�*)4), 

)2  � -� 3+*2 ��2*( !-�)*/!+ *.  "2���2��0 !""3*8 ��24 (*��/!-( �� 7*"" �  �!"3*/!+ ! 

. �*/!+ ��-3!)/0� �*6*"2�. � 8*5"2�!2*34/ "2! � 3* 2*)*/!+ � �� 2!� 2 )/ 5 . �*3�* 

+�3+*2"+ 8��(*�/0(,  8/��  � ��*8� 3 :*/!!, )2  ��8!�34/�+ " "2��3+;6�+ "� � "2! � 2 �� 

.�-� 3!/*5/  !-(*/+*2"+ � ��8!�34/ ( /�����3*/!!,  /  ( :*2 9024 "�*8*/  �  8/ (*�/ (� 

"3�)�;. �� 5 � 8� 8 ���8!/�34/  ��� 6�*2 -�8�)�, � "� 34�� ��! 12 ( "�"* -��!"!(0* 

�*�*(*//0* +�3+;2"+ ,�/�7!+(! 2 34�   "*� 5 �  �8!/�20" [106]. %*�*� 8  2 "8��(*�/ .  

� 3+ 2*)*/!+ " - / 5 2 �( :*/!+ �  8/ (*�/ (�  "/ ��/ /� ��""( 2�*/!! -�8�)!   � 3* 

2*)*/!+ (�93!-! �3 "� "2! 2 �( :*/!+) (*2 8 ( � 8 9!+, ��! � 2 � ( � 2 � /*":!(�*( 5 

"�*80 /�����3*/ /� �3 "��; "2*/��, �*��*/8!��3+�/�; � /�����3*/!; 2*)*/!+" [106]. 

% 8�� .��((� OPPDIF � -� 3+*2 /�� 8!24 �*<*/!* 83+ "!"2*(0 ���-! 8/ (*�/0� 

����/*/!5,  �!"0��;6!�  "*"!(*2�!)/ * 3�(!/��/ * �3�(+ /� �� 2!� 2 ���. =2� ( 8*34 

903� ��*��0* ��*83 :*/� �! ! " ��2. 83+ " �!"�/!+ �����2*�!"2!� �3�(*/ /� �� 2!� 2 ��� 

��*8���!2*34/  �*�*(*<�// 5 . �;)*5 "(*"!" [240]. % -8/** 12� ( 8*34 903� �8��2!� ��/� 

83+ ( 8*3!� ��/!+ �3�(*/ /� �� 2!� 2 ��� . �;)*.  !  �!"3!2*3+ [119]. 

 

 

 

2.8.2.1. ��2*(�2!)*"��+ � "2�/ ��� -�8�)! 83+ � 8�� .��((0 OPPDIF 

 

 

 

� "3�)�* !"� 34- ��/!+ ��!93!:*/!+ %��/823+ 83+ � .��/!)/ .  "3 +, ( :/  

��*/*9�*)4 8!,,�-!*5 � �*��*/8!��3+�/ ( � � 2 �� /�����3*/!! (/� �!"�/�* 5 12  

/�����3*/!* �8 34  "! r). � 12 ( "3�)�* !- ��""(�2�!��*(0� ����/*/!5 ( :/  !"�3;)!24  

.��8!*/20 2*(�*��2��0 ! � /7*/2��7!! �*6*"2� � ��8!�34/ ( /�����3*/!!, � 2��:* 

� (� /*/2� "� � "2! � 2 �� v ("(. �!"�/ � 5). �2�7! /��/ * ����/*/!* /*��*�0�/ "2! � 
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7!3!/8�!)*"�!� �  �8!/�2�� 83+  "*"!((*2�!)/ 5 � /,!.���7!! �0.3+8!2 "3*8�;6!( 

 9��- (: 

( ) ( ) 0
1

=
∂
∂

+
∂
∂

vr
rr

u
x

ρρ         (2.18) 

.8* u  ! v  – ��"!�34/�+ ! ��8!�34/�+ � (� /*/20 "� � "2!, ρ  – �3 2/ "24 .�- � .  � 2 ��. � 

��*8� 3 :*/!!, )2  rv  ! 8��.!* �*�*(*//0* +�3+;2"+ ,�/�7!*5  2 �  �8!/�20 x, ��*8*/0 

"3*8�;6!* ����(*2�0: 

( )
r

v
xG

ρ
−=   !  ( )

2

u
xF

ρ
= ,         

"�+-4 (*:8� � 2 �0(! -�8�/�: 

( ) ( )
dx

xdF
xG =           (2.19) 

����/*/!* " ���/*/!+ !(��34"� !(**2 �!8: 
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dGFG
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H ,      (2.20) 

.8* const
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r
H =

∂
∂

=
1

 - �� � �7! /�34/05 .��8!*/2� 8��3*/!+ � ��8!�34/ ( /�����3*/!! 

����(*2�. 

$�� / " ���/*/!+ 1/*�.!! ! � (� /*/2 � -�8�/ ����/*/!+(!: 

0
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=++�
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pk

kkpk
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p h
cdx

dT
VYc

cdx

dT
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d
c
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u ω

ρ
λρ     (2.21) 

( ) KkWVY
dx

d

dx

dY
u kkkk

k ...1,0 ==−+ ωρρ ,      (2.22) 

.8* "T  – 2*(�*��2���, pc  – �8*34/�+ 2*�3 *(� "24 ��! � "2 +// ( 8��3*/!!, µ  –�+-� "24 

.�- � 5 "(*"!, λ  –2*�3 �� � 8/ "24 .�- � 5 "(*"!, kh  - �8*34/�+ 1/2�34�!+ k-.  � (� /*/2�, 

kY  - (�"" ��+ 8 3+ k-.  � (� /*/2� (!(**2"+ K � (� /*/2 �), kω  - "� � "24  9��- ��/!+ k-.  

� (� /*/2� � �!(!)*"� 5 �*��7!! � *8!/!7*  9?*(�, kW  – ( 3+�/�+ (�""� k-.  � (� /*/2�, 

kV – 8!,,�-! //�+ "� � "24 k-.  � (� /*/2� -�8�*2"+ !3! �  ( 8*3! (/ . � (� /*/2/ 5 

8!,,�-!!: 
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dx
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!3! �"�*8/*// 5 �  "(*"!: 
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,   (2.24) 

Dkm, Dkj, Djk � D
T

k  -  � 1,,!7!*/20 (/ . � (� /*/2/ 5 8!,,�-!!, �"�*8/*//0* �  "(*"!, 

9!/��/0* ! � 1,,!7!*/20 2*�( 8!,,�-!!, "  2�*2"2�*// , Xk – ( 34/�+ 8 3+ k-.  

� (� /*/2�" [240]. % "� 34�� ".��8!*/2 8��3*/!+ � .�- � ( � 2 �* � "2 +/*/, 2  �*3!)!/� H 

+�3+*2"+ " 9"2�*//0( -/�)*/!*( "!"2*(0 ����/*/!5 (2.19-2.22), 2  *"24 ��! �"2�/ �3*//0� 

.��/!)/0� �"3 �!+� H 8 3:/  !(*24  ��*8*3*// * -/�)*/!*, 2�� *, )2 90 "�6*"2� ��3  

�*<*/!* -�8�)!" [240].  

�3+ -�(0��/!+ "!"2*(0 8!,,*�*/7!�34/0� ����/*/!5 (2.19-2.22) -�8�;2"+ .��/!)/0* 

�"3 �!+ /� "�*-�� " �*3 . �*3�! 83+ . �;)*.  (F), x=0, !  �!"3!2*3+ (O), x=L: 

 

x=0: 
2

FF u
F

ρ
= ,  G=0,  T=TF ,   ( )

Fkkkk uYVYuY ρρρ =+ ;   (2.25) 

x=L: 
2

OOu
F

ρ
= ,  G=0,  T=TO ,  ( )

Okkkk uYVYuY ρρρ =+ .    (2.26) 

� "3�)�* *"3! �  93�"2! �0� 8/ .  "*)*/!+ " �*3 "�6*"2��*2 .��8!*/2 "� � "2! � ��8!�34/ ( 

/�����3*/!!, 2  *"24 v/r G 0, 2  2 .8� G /� .��/!7�� ��!/!(�*2 /*/�3*�0* -/�)*/!+. 

����/*/!+ (2.19-2.22) ! .��/!)/0* �"3 �!+ (2.25-2.26)  ��*8*3+;2 ���*��; -�8�)� " 

" 9"2�*//0( -/�)*/!*( H 83+ /�9 �� -��!"!(0� �*�*(*//0� (F,G,T,Yk). �3+ "8!"��*2!-�7!! 

8!,,*�*/7!�34/0� ����/*/!5 !"� 34-�*2"+ (*2 8 � /*)/0� ��-/ "2*5 ! �*<*/!* "!"2*(0 

8!"��*2!-!� ��//0� ����/*/!5 !"� 34-�*2"+ (*2 8 �4;2 /�, 2*�( �!(!)*"�!* 8�//0* 83+ 

� (� /*/2 � "!"2*(0 !-�3*��;2"+ !- 9�- 8�//0�, ", �(!� ��//0� " � ( 64; � 8�� .��(( 

!- ���*2� CHEMKIN" [240]. 

 

 

 

2.8.3. $�8�/!* .��/!)/0� �"3 �!5 

 

 

 

 �/�3 .!)/  ��� � PREMIX, � � 8�� .��((* OPPDIF �� 8/0* ����(*2�0 83+ ��")*2� 

-�8�;2"+ �  �� 8/ ( ,�53* 2*�"2 � .  , �(�2�. 
3��/0(! ����(*2��(! +�3+;2"+ .��/!)/0* 
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�"3 �!+ (� �0� 8/0� "*)*/!+� " �*3 . �*3�!), 2��!* ��� "3!/*5/0* "� � "2! � 2 � �  - VOXI, 

VFUE, /�)�34/�+ 2*(�*��2��� � 2 � �  - TOXI, TFUE, "  2/ <*/!* � (� /*/2 � � � 2 ��� 

 �!"3!2*3+ ! . �;)*. , -�- � (*:8� "�*-�(! " �*3 . �*3�!  - XEND, �*3!)!/0 .��8!*/2 � 

"� � "2*5 � 2 � �  �!"3!2*3+ ! . �;)*.  (AOXI, AFUE) � ��8!�34/ ( /�����3*/!!" [240]. 

�!,,�-! //0* "� � "2! /�� 8+2"+ !- �"�*8/*//0� 2��/"� �2/0� "� 5"2� � (� /*/2 � "(*"! 

(MIX). �*3!)!/0 TOXI, TFUE ! XEND "  2�*2"2� ��3! -/�)*/!+( � 1�"�*�!(*/2��. 

 % "� 34�� � 8�// 5 ��9 2* !"� 34- ��3�"4 . �*3�� �� "2 5 � /"2���7!!, � � 2 � 5 � 

��)*"2�* " �*3 !"� 34- ��3!"4 7!3!/8�!)*"�!* 2��9�! �(*"2  " �*3 "  "3 :/0( "�:�;6!("+ 

�� ,!3*(, 2  8*5"2�!2*34/ * ��"��*8*3*/!* "� � "2! .�-� /� �0� 8* !- 2��9 � 903  

/*!-�*"2/ . =2  /*"� 34�  -�2��8/+3  -�8�/!* �� 8/0� ����(*2� � VOXI, VFUE ! AOXI, 

AFUE. ��6*"2��;2 8��  "/ �/0� 2!�� .��/!)/0� �"3 �!5 83+ 12 5 "!"2*(0: � �</*� * ! 

� 2*/7!�34/ * 2*)*/!* (�!"�/ � 16). %*��05 ���!�/2 �*�3!-�*2"+ ��! �0" �!� -/�)*/!+� 

)!"*3 �*5/ 348"� ! �����2*�!-�*2"+ �-� 5 - / 5 �*�*(*<!��/!+ � 2 � �, � 12 (� �3�(+ /* 

 ��-0��*2 �3!+/!+ /� � 2 �, ��8!�34/�+ " "2��3+;6�+ "� � "2! � 2 � � 93!-�� � /�3;,  

.��8!*/2 "� � "2! � -/!��*2 !"�3;)!2*34/  �93!-! �3 "� "2! 2 �( :*/!+ � 2 � �. �  �2 � (  

 "3�)�*  "*��+ "� � "24 !(**2 ���-*53*�"� * ��"��*8*3*/!* �  ��8!�"� " �3� ! ( / 2 //  

�(*/4<�*2"+ �  "*� ( /�����3*/!! 8  /�3*� .  -/�)*/!+ /� �3 "� "2! 2 �( :*/!+. 	9�  

���-�//0� ���!�/2� -�8�/!+ .��/!)/0� �"3 �!5 83+ ��"��*8*3*/!+ "� � "2! .�- � .  � 2 ��, � 

 96*(, � )!"2 ( �!8* ����2!)*"�! /* �*�3!-�;2"+. �*33�� ! " ��2. �� �*3! "" � "2��3*/!* 

� 3�)*//0� " � ( 64; ���� �*-�342�2 � !-(*�*/!5  "*� 5 "� � "2! � 2 �� " �*-�342�2�(! 

)!"3*// .  ( 8*3!� ��/!+,  � 3�)*//0� ��! -�8�/!! ��-3!)/0� 2!� � 2*)*/!+ � 2 � � ! 

� ��-�3!, )2  8*5"2�!2*34/0* .��/!)/0* �"3 �!+ /* "  2�*2"2��;2 /! � �</*� (�, /! 

� 2*/7!�34/ (� 2!�� 2*)*/!5, � +�3+;2"+ !� /*� 5 "��*�� -!7!*5" [119]. 

 % 12 (� � 8�// 5 ��9 2* )!"3*//05 ��")*2 ��"��*8*3*/!+ 2*(�*��2��0 ! � /7*/2��7!5 

�*6*"2� � �3�(*/! 903 �0� 3/*/ 83+  9 !� 2!� � 2*)*/!5 .�- � .  � 2 ��. � "3�)�* 

� �</*� .  2!�� 2*)*/!+ � 2 � �, -/�)*/!+ ����(*2� � VOXI ! VFUE 903!  ��*8*3*/0 � �!8* 

 

%3 "� "24 2 �( :*/!+  

 

 
 

(1) 

(2) 
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 2/ <*/!+  9?*(/0� ��"� 8 �  �!"3!2*34/ 5 ! 2 �3!�/0� "(*"*5 � �3 6�8! �0� 8/ .  

"*)*/!+ " �*3 . �*3�!, � ����(*2�0 AOXI ! AFUE 903! ���/0 /�3;.  

 � "3�)�* � 2*/7!�34/ .  2*)*/!+ -/�)*/!+ "� � "2! � 2 � �  �!"3!2*34/ 5 ! 

2 �3!�/ 5 "(*"*5 /� �0� 8* !- " �*3 . �*3�! 903! � 8�� ��-� �0<*, )*( "�*8/!* �  "*)*/!;, 

��� 12  903  ��/** "8*3�/ , /���!(*�, � ��9 2* [123]. �� 5 � 8� 8 � ��9 2* [123] � -� 3!3 

8 9!24"+ �8 �3*2� �!2*34/ .  " .3�"!+ (*:8� !-(*�*//0( ! ��"")!2�//0( �� ,!3+(! 

� /7*/2��7!! .!8� �"!34/ .  ��8!��3� � �3�(*/! ��2*( 8�����2/ .  ��*3!)*/!+ "� � "2! 

� 2 � � �  "���/*/!; "  "�*8/!(! �  "*)*/!; 2��9 � . �*3�!. ��2 �0 12 5 ��9 20 � 

 9 "/ ��/!* !"� 34- ��// .  � 8� 8� ���-�3!, )2  3!/*5/�+ "� � "24 .�- � .  � 2 �� /�  "! 

" �3� � 2 ��-� �0<*, )*( �"�*8/*//�+ �  "*)*/!; " �3� 3!/*5/�+ "� � "24 � "3�)�* ** 

���-*53*�"� .  �� ,!3+. �3+ � 2*/7!�34/ .  2!�� 2*)*/!+ � ��9 2* [120] ��*83 :*/  

�0��:*/!* 83+ ��")*2�  .��8!*/2�  "*� 5 "� � "2! ("  "2 � /0 � 2 ��  �!"3!2*34/ 5 "(*"!), 

-��!"+6*.   2 (*"2� ��"� 3 :*/!+ �3 "� "2! 2 �( :*/!+ � 2 � �, �  «�/!�*�"�34/0(» 

����(*2��(: 

�
�

�

�

�
�

�

�
+=

ox

fuel

ox

fuelox

V

V

L

V
a

ρρρρ

ρρρρ
2

2

1
2

, 

 

.8* V – "�*8/++ �  "*)*/!; " �3� "� � "24 � 2 �� (2V – "� � "24 � 2 �� /�  "! . �*3�!), D – 

�3 2/ "24 .�-�, L – ��""2 +/!* (*:8� " �3�(!. �/8*�"0 «fuel» ! «ox»  2/ "+2"+ � � 2 ��( 

2 �3!�/ 5 !  �!"3!2*34/ 5 "(*"*5. �"� 34-�+ 12� , �(�3� ! 8 ��6*/!*   2 (, )2  .��8!*/2 

��8!�34/ 5 "� � "2! � 2 ��-� /!:* .��8!*/2� ��"!�34/ 5 "� � "2! (12  "3*8�*2 !- �0��:*/!+ 

1.1), � 8�// 5 ��9 2* 903! � 3�)*/0 �*3!)!/0 .��8!*/2 � ��8!�34/ 5 "� � "2! � 2 � � 

2 �3!�/ 5 (AFUE) !  �!"3!2*34/ 5 (AOXI) "(*"*5. 

 

 

 

2.8.4. � 8*3!� ��/!* �"3 �!5 � .�"�/!+ �3�(*/! /� �� 2!� 2 ��� 

 

 

 

�*/8*33 ��*��0* � ��-�3, )2  8!���- / �"3 �!5, "� � 2 �0� � -( :/  "�6*"2� ��/!* !3! 

� .�"�/!* �3�(*/! /� �� 2!� 2 ��� ��*8���!2*34/  �*�*(*<�//0� "(*"*5, ( :*2 9024  �!"�/ «S-

 9��-/ 5 ��!� 5»" [241]. � 8�34/*5<*( �!/�/ /�<*3, )2  12� ��!��+  �!"0��*2 "!-(*/*/!* 

(��"!(�34/ 5 2*(�*��2��0 �3�(*/  2 )!"3� ��(�B3*�� (Da)" [242]. �!"3  ��(�B3*�� "�+-0��*2 

�����2*�/0* ��*(*/� ��*90��/!+ .�-� � - /* . �*/!+ ! �� 2*��/!+ �!(!)*"� 5 �*��7!!. ��*(+ 

��*90��/!+  9��2/  �� � �7! /�34/  .��8!*/2� "� � "2!, � 12 (� «S- 9��-/�; ��!��;» 

��*8"2��3+;2 ��� ,�/�7!; (��"!(�34/ 5 2*(�*��2��0 � �3�(*/!  2 .��8!*/2� "� � "2! (�!"�/ � 
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17). � �(� «S- 9��-/ 5 ��!� 5»  9�"3 �3*/� !-(*/*/!*( "� � "2!  �!"3*/!+ 2 �3!��, !(*;6*5 

/*3!/*5/05 �����2*� -��!"!( "2!  2 2*(�*��2��0. �"3 �!+ "�6*"2� ��/!+ �3�(*/! "  2�*2"2��;2 

�)�"2�� «�» /� ��!� 5, � ��-�// 5 /� �!"�/�* 17.  �)�"2 � «�» "  2�*2"2��*2 �*:!(� (*83*// .  

 �!"3*/!+ 2 �3!�� (9*- �3�(*/!). �)�"2 � «B» – 12  �� (*:�2 )/05 �*:!(, � 2 �05 � 

8*5"2�!2*34/ "2! /* �*�3!-�*2"+. %�! � "2* .��8!*/2� "� � "2! " "2 +/!* "!"2*(0 !-(*/+*2"+ � 

"  2�*2"2�!! " �)�"2� ( «�» /� �0<*���-�// 5 ��!� 5 ! (��"!(�34/�+ 2*(�*��2��� �3�(*/! 

� "2*�*//  �(*/4<�*2"+. 

� 2 )�* �*�*.!9� ��!� 5 �� !"� 8!2 �/*-��/05 �*�*� 8 /� /!:/;;  **  )�"24 (/� 

�)�"2 � «�»), )2  "  2�*2"2��*2 � .�"�/!; �3�(*/!. �� �!"�/�* 17 ( (*/2 2�� .  

�/*-��/ .  �*�*� 8�  2(*)*/ ��/�2!� (, !  / /�93;8�*2"+ ��� 1�"�*�!(*/2�34/ , 2�� ! � 

)!"3*//0� ��")*2��. % � :�+ -��!"!( "24 /�93;8�*2"+ ! � "3�)�* "�( � "�3�(*/*/!+ 

. �;)*5 "(*"!. %�! �(*/4<*/!! .��8!*/2� "� � "2!, 8�!.�+"4 �8 34 ��!� 5 �  �)�"2�� 

«�», /�93;8�*2"+ /*9 34< 5 � "2 2*(�*��2��0, /  8�3**, ��! � 8� 8* � 2 )�* �*�*.!9� /� 

��!� 5,  /� /�)!/�*2  )*/4 90"2�  ��*3!)!��24"+. %�! 8 "2!:*/!! /*� 2 � .  

��!2!)*"� .  -/�)*/!+ .��8!*/2� "� � "2! /� �)�"2�* (*:8� «�» ! «�» �� !"� 8!2 

�*-�!5 � 8?*( 2*(�*��2��0 ! �*�*� 8 /� �*��/!5 �)�"2 � «�», (!/�+  93�"24 «�». 

�3+ ��")*2� .��8!*/2� "� � "2! � ( (*/2 � .�"�/!+ �3�(*/! /� �� 2!� 2 ��� 

�!<! ��  ��*83 :!3 (*2 8 �� 8 3:*/!+ [243], � 2 �05 � -� 3+*2  ��*8*3!24 /* 2 34�  

�*��/!5 �)�"2 � «�» /� S- 9��-/ 5 ��!� 5,  2�*)�;6!5 �"3 �!+( "�6*"2� ��/!+ �3�(*/!, 

/  ! �)�"2 � «�», � 2 �05 /*� -( :/  �*�3!- ��24 � 1�"�*�!(*/2*. �� 5 � 8� 8 

� -� 3+*2 9 3**  8/ -/�)/  ! 2 )/  �0)!"3!24 2 )�� �*�*.!9� /� S- 9��-/ 5 ��!� 5, 

 ��*8*3+;6�; �"3 �!+ .�<*/!+ �3�(*/!. 

 

 
 

�!"�/ � 17. �!�.��((� �"3 �!5 

"�6*"2� ��/!+-� .�"�/!+ �3�(*/ 

��*8���!2*34/  �*�*(*<�//0� . �;)!� 

"(*"*5 /� �� 2!� 2 ���. 
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�(*"2* " 2*( 12 2 (*2 8 /* ( :*2 9024 �*�3!- ��/ 83+ ��")*2� �"3 �!5 .�<*/!+ 

�3�(*/! " � ( 64; �� .��((0 OPPDIF (CHEMKIN). % 12 (� � /�"2 +6*5 ��9 2* 

��!(*/+3"+ ��+( 5 (*2 8 -  � "3*8 ��2*34/ .  ��*3!)*/!+ "� � "2! � 2 � � .�- � 8  

( (*/2�, � .8� ��"")!2�//�+ � �*��7! // 5 - /* 2*(�*��2��� 3!9  9�8*2 93!-�� � 

/�)�34/ 5, 3!9  )!"3*// * �*<*/!* ��� 2�� � * 9�8*2 �  96*  2"�2"2� ��24. �3+ 

�(*/4<*/!+ ��*(*/! ( 8*3!� ��/!+, ��")*2 ��:8 .  � "3*8�;6*.  �*<*/!+, 

"  2�*2"2��;6*.  ��*3!)*// 5 "� � "2! .�- �0� � 2 � �, �0� 3/+3"+ /�  "/ �* 8�//0� 

��*808�6*.  ��")*2� ��2*( !"� 34- ��/!+ � (�/80 RSTR � �����3+;6*( ,�53*. 

� 8*3!� ��/!* �0� 3/+3 "4 83+ �"3 �!5 � �</*� .  2*)*/!+, 2�� ��� ��! ��!93!:*/!! � 

�"3 �!+( .�<*/!+ �3�(*/! �9" 3;2/0* �*3!)!/0 "� � "2! � 2 � � 8 � 34/  9 34<!*, )2  

8�*2  "/ ��/!+ ��*8� 3�.�24 � �</*� 5 �����2*� 2*)*/!+ .�- �0� � 2 � �. %*��!)/ * 

�*<*/!* /�� 8!2"+ 83+ /!-�!� -/�)*/!+ "� � "2*5 � 2 � �, � 2 �0* 8 "2 �*�/   2�*)�;2 

�"3 �!+( "�6*"2� ��/!+ �3�(*/! ! � 2 �0*  ��*8*3+3!"4 �  �*-�342�2�( 1�"�*�!(*/2 �. 

�3+ �� "2 20 ��! ��")*2�� /�)�34/0* -/�)*/!+ "� � "2! � 2 � �, � 2��:* <�.! !� 

��*3!)*/!+, 903! �09��/0  8!/�� �0(! 83+  9 !� � 2 � � .�- �0� "(*"*5, !"2*��;6!� !- 

" �*3 . �*3�!. 

��� � ��-�3! 8�//0* ( 8*3!� ��/!+, �0)!"3*//0* -/�)*/!+ "� � "2*5 � 2 � � ��! 

.�<*/!! �3�(*/! -��!"+2  2 �+8� ,��2 � �, 2��!� ��� <�. ��*3!)*/!+ "� � "2! � 2 � �, 

����(*2�0 ��")*2/ 5 "*2�! GRAD ! CURV. �3+ ��*3!)*/!+ 2 )/ "2! ��")*2 � ��! 

��!93!:*/!! � �"3 �!+( � .�"�/!+ �3�(*/! ����(*2�0 �8��2�7!! ��")*2/ 5 "*2�! 

�(*/4<�3!"4 8  -/�)*/!5 � �+8�� 0.5, � <�. ��*3!)*/!+ "� � "2*5 � 2 � � �(*/4<�3"+ 8  

0.05 "(/". �� ��� � ��")*2* -��!"!( "2! (��"!(�34/ 5 2*(�*��2��0 �3�(*/!  2 "� � "2! 

� 2 � � . �;)*5 "(*"! ��! ��!93!:*/!! � �"3 �!+( .�<*/!+ �3�(*/! /��3 / ��!� 5 

8 "2�2 )/  �*-�  (*/+*2"+, 2  12  � -� 3+*2 "�8!24   ��!93!:*/!! ( (*/2� .�<*/!+ 

�3�(*/!. 

��� "3*8�*2 !- ��!�*8*// .  �0<*  �!"�/!+ �� 7*8��0 ��")*2 �, ( 8*3!� ��/!* 

�"3 �!5 � .�"�/!+ 8 "2�2 )/  2��8 *(��+ -�8�)� !---� /* 9� 8!( "2! " (�30( <�. ( 

!-(*/+24 ���)/�; �*3!)!/0 "� � "2*5 � 2 � � . �;)*5 "(*"! �  �� 8/ ( 2*�"2 � ( ,�53* 

� 8�� .��((0 OPPDIF. � 2��8/!� ( 3�9 ��2 �!! �%
 ���
 �	 ��� ��!( �0( �.�. 

903� " -8�/� /� +-0�* Perl ! ��!(*/*/� � 8�// 5 ��9 2* "�*7!�34/�+ � (�4;2*�/�+ 

�� .��((�, � -� 3+;6�+ ��2 (�2!)*"�! �/ "!24 !-(*/*/!+ �  �� 8/ 5 2*�"2 �05 ,�53, 

-���"��24 ��")*2 ! � �2 �+24 12� !2*��7!; 8  � 3�)*/!+ � /*)/ .  �*-�342�2�.  
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2.8.5. �!(!� -�!/*2!)*"�!* (*��/!-(0  �!"3*/!+ ! . �*/!+ " *8!/*/!5, !"� 34-�*(0* ��! 

( 8*3!� ��/!! ����(*2� � �3�(*/ 

 

 

 

�!(!� -�!/*2!)*"�!* (*��/!-(0  �!"3*/!+ ! . �*/!+ " *8!/*/!5, ��!(*/+*(0* � 

8�// 5 ��9 2* 83+ )!"3*// .  ( 8*3!� ��/!+ �� 7*"" � . �*/!+ ��-3!)/0� 2 �3!�/0� "(*"*5, 

" "2 +2, ��� ����!3 , !- /*"� 34�!� � 8(*��/!-( � (�93!7� 7). �8� ( �"*� ��!(*/*//0�  

(*��/!-( � +�3+*2"+ /�9 � �*��7!5  �!"3*/!+  "/ �/0� 2 �3!�/0� � (� /*/2 � . �;)!� 

"(*"*5, 2.*. �!(!� -�!/*2!)*"�!* (*��/!-(0 . �*/!+ � 8 � 8� ! �.3*� 8 � 8 �. ���.�+ )�"24 

(*��/!-( � ��*8"2��3+*2 /�9 � �*��7!5 ��*���6*/!+ !/.!9!2 � �, /���!(*� �	�, � ��)*"2�* 

� 2 � .  !"� 34- ��/ ��-��9 2�//05 � �!�*�( �"� 5 /�7! /�34/ 5 3�9 ��2 �!! (�#�) 

�*"29��� ( ! " ��2. 8*2�34/05 �!/*2!)*"�!5 (*��/!-(  ��*���6*/!+ ��-3!)/0� 

, ", �" 8*�:�6!� �*6*"2� ! !� �� 8��2 � [89, 84]. =2 2 (*��/!-( ��3;)�*2 210 

13*(*/2��/0�  �*��7!5 ! 41 " *8!/*/!5, " 8*�:�6!� �!(!)*"�!* 13*(*/20  P, H, O, �, N.  

�3+  �!"�/!+ �� 7*"" �  �!"3*/!+ 2 �3!�� !"� 34- ��3!"4 2�! ��-3!)/0� (*��/!-(�:  

�����/� [244], � // �� [245] ! GRI 3.0 [228]. 

�*��/!-( �����/� " 8*�:!2  469 �*��7!5  �!"3*/!+ � 8 � 8� ! �.3*� 8 � 8 � 8   �3�8 

! ��3;)�*2 � "*9+ 77 " *8!/*/!5, " 8*�:�6!� �2 (0 �, �, 	. 

�*��/!-( � // �� " 8*�:!2 1207 �*��7!5  �!"3*/!+ � 8 � 8� ! �.3*� 8 � 8 � 8  �6 ! 

��3;)�*2 � "*9+ 127 " *8!/*/!5, " 8*�:�6!� �2 (0 H, O, C, N. � 12 ( (*��/!-(* ��3;)*/0 

�*��7!5,  �!"0��;6!* �!(!; ��*���6*/!+ 3*.�!� �- 2" 8*�:�6!� " *8!/*/!5.  

 

�93!7� 7. �!(!� -�!/*2!)*"�!* (*��/!-(0  �!"3*/!+ ! . �*/!+ " *8!/*/!5, ��!(*/+*(0* 

83+ )!"3*// .  ( 8*3!� ��/!+ �� 7*"" � . �*/!+ 2 �3!�/0� "(*"*5 � 8�// 5 ��9 2* 

 
�*��/!-(0  �!"3*/!+ � 8 � 8� ! �.3*� 8 � 8 � �*��/!-(  ��*���6*/!+ �	�  

A  9 -/�)*/!* �����2*�!"2!�� �"03�!  9 -/�)*/!* �����2*�!"2!�� �"03�! 

1 �����/� 
77 " *8!/*/!5 (H, O, C)  

469 �*��7!5   (8  �3�8) 
[244] 

2 � // �� 
127 " *8!/*/!5 (H, O, C, N) 

1207 �*��7!5  (8  �6�6) 
[245]  

3 GRI 3.0 
53  " *8!/*/!+ (H, O, C, N) 

325  �*��7!5 (8  �2�6) 
[228] 

�*"29���� 

! " ��2. 

41 " *8!/*/!* 

(P ! H,O,C,N)  

 210 �*��7!5  

[89, 84] 
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2.9. ��������� �
������ ������������� ������ ������� %����
� $*-3��� 

 

 

 

	8/!( !- 8 "2�2 )/  ��"�� "2��/*//0� (*2 8 �  ��*8*3*/!+ "� � "2! 

��"�� "2��/*/!+ �3�(*/ ��*8���!2*34/  �*�*(*<�//0� . �;)!� "(*"*5 +�3+*2"+ (*2 8 

. �*3�! ����-�*9�� [246]. =2 2 (*2 8 903 !"� 34- ��/ � 8�// 5 ��9 2* 83+ !-(*�*/!+ 

/ �(�34/ 5 "� � "2! ��"�� "2��/*/!+ �� ��/ -� -8�</0� �3�(*/ " 8 9����(! �	�. �� 

�!"�/�* 18 ��!�*8*/� "�*(� 1�"�*�!(*/2�34/ 5 �"2�/ ��! " . �*3� 5 ����-�*9��, ��3;)�+ 

"!"2*(� � 8�)! � . �;)�; "(*"4 ��� � :!8�!� �	�. �""3*8 ��/!+ �� � 8!3!"4 " �(*"2/  " 

���2 < � 5 �.�. [249]. 

	"/ �� . �*3�! " "2��3+*2 2��9�� " � /!)*"�!( "�:*/!*( /� � /7*. � /!)*"� * 

"�:*/!* /* 9� 8!(  83+ � 3�)*/!+ ���/ (*�/ .  ��"��*8*3*/!+ "� � "2! � 2 �� .�-� �  

"*)*/!; " �3� /� *.  �0� 8*, )2   9*"�*)!��*2 ����!34/05 � /!)*"�!5 ,� /2 �3�(*/!. 

�!�(*2� 2��9�! - 2 "(, 83!/� - 27 "(,  8!�(*2� "*)*/!+ "�*-� " �3�  - 1 "(. �� � "24 

��"�� "2��/*/!+ �3�(*/! ��"")!20��*2"+ �  , �(�3*: SL=Q/Sc !- 1�"�*�!(*/2�34/0� 8�//0�  

�   9?*(/ (� ��"� 8� . �;)*5 "(*"! Q ! �3 6�8! � �*��/ "2! � /�"� �3�(*/! Sc. 

� "2�� . �;)*5 "(*"!, " "2 +6*5 !- . �;)*.  .�-� ! "�� .  � -8���, -�8���3"+ " 

� ( 64; (/ . ��/�34/ .  �*.�3+2 �� (�"" � .  ��"� 8� .�- �. 	9?*(/05 ��"� 8 . �;)*5 

"(*"! " "2��3+3 50 ! 55 "(3
/". *(�*��2��� . �*3�! � 88*�:!��3�"4 ��! 95

0� � 8�)*5 � ** 

��9�<�� � 80 !- 2*�( "2�2�. 

 

 
 

��
���� 	�� 



 92 

��*8*/!* 8 9�� � �	� � . �;)�; "(*"4  "�6*"2�3+3 "4 " � ( 64; �/*�(�2!)*"� 5 

, �"�/�! (�!"�/ � 10). �!8�!* �	� � 8���3�"4 � /** <��!7 ( " ��*7!-! //0( 13*�2�!)*"�!( 

��!� 8 (, )2  � -� 3+3  -�8���24 � /7*/2��7!; ��� � 8 9���! � . �;)*5 "(*"! � <!� � ( 

8!���- /* �*3!)!/. ��"24  2  96*.  � 2 ��  �!"3!2*3+ (15±1 "(3
/") � "2���3� � , �"�/��, )2  ��! 

8��3*/!! .�-� /� �� 8* � , �"�/�� 0.4 �%� 903  8 "2�2 )/  83+  9��- ��/!+ (*3� 8!"�*�"/ .  

�1� - 3+ �	�. � �"�/�� �/�3 .!)/ 5 � /"2���7!! ��!(*/+3�"4 � ��9 2* [221]. 	9��-�;6!5"+ " 

� ( 64; 8�// 5 , �"�/�! �1� - 34 903  �����2*�!- ��/ " � ( 64; �+2!��"��8/ .  !(���2 �� ! 

30% ! 80% ��"2� � � .3!7*�!/� � � 8*, �+-� "24 � 2 �0� "  2�*2"2� ��3� �+-� "2! )!"2 .  �� ! 

(HCF2CF2CH2O)3PO "  2�*2"2�*//  [221]. �-(*�*/!+ � ��-�3!, )2  "�*8/*(�"" �05 8!�(*2� 

�1� - 34/0� )�"2!7 " "2��3+*2  2 10 8  20 (�(. %�! 2�� ( 8!�(*2�* )�"2!7 �1� - 3+ �	� � 

. �*3�* �� !"� 8!2 !� � 3/ * !"���*/!* ! �*�*(*<!��/!* " � (� /*/2�(! . �;)*5 "(*"!. 

 )/ "24  ��*8*3*/!+ / �(�34/ 5 "� � "2! ��"�� "2��/*/!+ �3�(*/! 8�//0( (*2 8 ( 

" "2��3+*2 ± 5% 83+ "2*�! (*2�!)*"�!� . �;)!� "(*"*5 ! ± 15-20% 83+ 9*8/0� ! 9 .�20� 

. �;)!� "(*"*5. � 8 "2 !/"2��( 12 .  (*2 8� "2 !2  2/*"2! *.  �� "2 2� ! 8 "2��/ "24, )2  

��:/  83+ �� �*8*/!+ ��*8���!2*34/0� !  7*/ )/0� 1�"�*�!(*/2 �,  8/��  /*8 "2�2� ( 12 5 

(*2 8!�! +�3+*2"+ /*�0" ��+ 2 )/ "24 � "���/*/!! " 8��.!(!. 
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2.10. �������)�� ������ � ����
�� %����
� � ����������� �
������ �%� ��������%� 
������������� ������� ���� ����
 ���� � �����*����� %����
� 

 

 

 

	8/!( !- (*2 8 � "!-(*�*/!+ / �(�34/ 5 "� � "2! ��"�� "2��/*/!+ �3�(*/!, 

� 3�)!�<!( <!� � * ��"�� "2��/*/!* � � "3*8/!* 8*"+2!3*2!+ ! +�3+;6*. "+ /�!9 3** 

2 )/0(, +�3+*2"+ (*2 8 9�3�/"� � 2 �� 2*�3� /� � �*��/ "2! . �*3�! (Heat Flux Method)" [247, 

248]. 

��*(� �"2�/ ��! " �3 "� 5 . �*3� 5, "!"2*( 5 � 8�)! 8 9���! :!8�!� �	� 83+ 

!-(*�*/!+ / �(�34/ 5 "� � "2! ��"�� "2��/*/!+ �3�(*/! (*2 8 ( 9�3�/"� � 2 �� 2*�3� 

� ��-�/ /� �!"�/�* 19. �"2�/ ��� 903� ��-��9 2�/� " �(*"2/  " ���2 < � 5 (�09!7� 5) �.�. 

[249]. 
 �*3�� " "2 !2 !- 2��90, /� �*��/*5 )�"2! � 2 � 5 �"2�/ �3*/ �*�, �!� ��//05 8!"� 

!- 3�2�/!. �3!/� 2��90 " "2��3+*2 35 "(, 8!�(*2� ! 2 36!/� 8!"�� - 24 ! 3 (( "  2�*2"2�*// . 

� 8!"�* �� "�*�3*/0  2�*�"2!+ 8!�(*2� ( 0.5 (( /� ��""2 +/!! 0.7 (( 8��.  2 8��.�. 

*(�*��2��� 8!"�� . �*3�! " "2��3+*2 60
0� ! 95

0�  � "3�)�* !-(*�*/!+ "� � "2! . �*/!+ 

�.3*� 8 � 8/0� ! � 8 � 8/0� �3�(*/ "  2�*2"2�*//  ! � 88*�:!��*2"+ " � ( 64; � 8+/ .  

2*�( "2�2�. �3+ ��*8 2���6*/!+ � /8*/"�7!! ��� � �� � . �*3�*, ** � ���" /�.�*��*2"+ 

2*�( "2�2 ( 8  35
0�. 
 �;)�+ "(*"4 )*�*- � ���" . �*3�! 2��:* /�.�*��*2"+ 8  12 5 

2*(�*��2��0. �  2/ <*/!* � (� /*/2 � . �;)*5 "(*"! ! **  9?*(/05 ��"� 8 -�8���3!"4 " 

                                   

                                             

 

�!"�/ � 19. ��*(� �"2�/ ��! " �3 "� 5 . �*3� 5 83+ 

!-(*�*/!+ "� � "2! . �*/!+ (*2 8 ( 9�3�/"� � 2 �� 2*�3�. 

3
5

 "
(

 

24 (( 

*�( ���0 

((*84-� /"2�/2�/) 

N2 

H2, C3H8, CH4 

O2 

���9 2*� " 

�� 

��� 

��� 

��� 

*�( "2�2 

*�( "2�2 

T=35
0� 

*�( "2�2 
=60

0� 
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� ( 64; (/ . ��/�34/0� ��*7!-! //0� �*.�3+2 � � (�"" � .  ��"� 8� .�- �. �3+ !-(*�*/!+ 

��"��*8*3*/!+ 2*(�*��2��0 �  ��8!�"� 8!"�� . �*3�!, � /*( �"2�/ �3*/0 6 (*84-

� /"2�/2�/ �0� 2*�( ���. *�( ���0 903! ���/ (*�/  ��"��*8*3*/0 �  �3 6�8! 8!"�� ! 

��"� 3�.�3!"4 /� ��""2 +/!+� 0, 2.4, 4.5, 7, 10 ! 11.5 ((  2  "! . �*3�!.  

�� 8 8 9���! �� � � 2 � . �;)*5 "(*"!  "�6*"2�3+3"+ ��! � ( 6! 9��9 2*��. � 

��)*"2�* 9��9 2*�� !"� 34- ��/ "2*�3+//05 7!3!/8�!)*"�!5 " "�8, /�� 3/*//05 � � 2�!(! 

 2�*-��(! "2*�3+//0� ���!33+� � 83+ ��*3!)*/!+ �8*34/ 5 � �*��/ "2! !"���*/!+ :!8� "2!. 

� /7*/2��7!+ ��� � �� � � 2 �* . �;)*5 "(*"! -�8���3�"4 �"2�/ �� 5 /* 9� 8!( .  

-/�)*/!+ 2*(�*��2��0 9��9 2*�� " :!8�!( �	�  " � ( 64; 2*�( "2�2�, � � 2 �05  / 

� (*6�3"+, ! " "2��3+3� 22, 24.5 ! 28.5±0.2 
0� 83+ � /7*/2��7!! ��� � �� 0.03, 0.04 ! 0.06 

% "  2�*2"2�*// . �3+ �� �*��! -�8�//0� � /7*/2��7!5 �	� 9��9 2*� �-�*<!��3! )*�*- 

!-(*�*//05 !/2*���3 ��*(*/!, � 2*)*/!* � 2 � .  9��9 2*� �� 8���3! �"2�/ �3*//0( 

� 2 � ( . �;)*5 "(*"!. % .�*</ "24 �"2�/ ��! �*3!)!/0 � /7*/2��7!! 8 9���! �	� � 

. �;)*5 "(*"! " "2��3+3�  � 3  0.005  9. % !  ��*8*3+3�"4 2 )/ "24; � 88*�:�/!+ 

2*(�*��2��0 9��9 2*��.  

%�!/7!� (*2 8� !-(*�*/!+ / �(�34/ 5 "� � "2! . �*/!+ �3�(*/ (*2 8 ( "9�3�/"� 

� 2 �� 2*�3� /� � �*��/ "2! . �*3�! " "2 !2 � � (�*/"�7!! 2*�3 � 2*�4, /* 9� 8!(0� 83+ 

"2�9!3!-�7!! �3�(*/! /� �3 "� 5 . �*3�* ��2*( � 8 .�*�� "�*:*5 . �;)*5 "(*"!, � 8���*( 5 

� . �*3��" [247]. �� �!"�/�* 20 "�*(�2!)/  � ��-�/ � �!"205 8!"� . �*3�!, !(*;6!5 ��8!�" 

r0 ! 2 36!/� h. %�! �� � :8*/!! )*�*- . �*3�� . �;)�+ "(*"4 /�.�*��*2"+  2 ** /�)�34/ 5 

2*(�*��2��0 T0 8  2*(�*��2��0, 93!-� 5 � 2*(�*��2��* ���*� 8!"�� . �*3�! Tb. �* 9� 8!(0(  

! ��:/0( �"3 �!*( +�3+*2"+ T0 < Tb [247].  �3�. 8��+ 12 (�  9*"�*)!��*2"+ "2�9!3!-�7!+ 

�3�(*/! /� . �*3�* ��� ��! "� � "2! � 2 �� . �;)*5 "(*"!, (*/4<*5 "� � "2! 

��"�� "2��/*/!+ �3�(*/! (� 12!� �"3 �!+� "2�9!3!-�7!+ �3�(*/! �� !"� 8!2 -� ")*2 

                         

�!"�/ � 20. ��*(� � 2 � � 2*�3� /� � �*��/ "2! 8!"�� . �*3�! [248]. 

 

r 

h 

r0 

 

q+ 

q- 

(Tb) 

x 
����� 

	�
���� ����� (T0)  ↑↑↑↑ 

���� 	�
���� 
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2*�3 � 2*�4 � . �*3��), 2�� ! ��! "� � "2! � 2 ��,  ��*�0<�;6*( "� � "24 ��"�� "2��/*/!+ 

�3�(*/!. � � "3*8/*( "3�)�* 93�. 8��+ .��8!*/2� 2*(�*��2��0 �8 34 8!"�� . �*3�!, � 2 � 

. �;)*5 "(*"! �93!-! ���+ . �*3�! �� .�*��*2"+ 8  9 3** �0" � 5 2*(�*��2��0, )*( � ** 

7*/2�*, 2�� ��� � 12 ( (*"2* 8!"� . �*3�! "!34/**  �3�:8�*2"+ �� � 8+6*5 )*�*- /*.  . �;)*5 

"(*"4; " 9 3** /!-� 5 2*(�*��2�� 5. % 12 (� "3 ��34/�+ "� � "24 . �*/!+ �3�(*/! /� 

�*�!,*�!! . �*3�! /*(/ .  �0<*, )*( � ** 7*/2�*, � �*-�342�2* )*.   9*"�*)!��*2"+ 

"2�9!3!-�7!+ �3�(*/!"  [247]. 

�� �!"�/�* 20 ��!�*8*/� "�*(� 2*�3 �0� � 2 � � /� � �*��/ "2! 8!"�� . �*3�!, .8* q+ - 

2*�3 � 5 � 2 � !- �3�(*/! � . �*3�� /� �*��/*5 ** .��/!7*;  q- - 2*�3 � 5 � 2 � � . �;)�; 

"(*"4 !- . �*3�! /� /!:/*5 ** .��/!7*; q = q+ - q- - � 3/05 2*�3 � 5 � 2 � !- �3�(*/! � 

. �*3��. 

%�! ""� � "2! � 2 �� . �;)*5 "(*"! ��*�0<�;6*5 "� � "24 "� 9 8/ .  

��"�� "2��/*/!+ �3�(*/! � 3/05 2*�3 � 5 � 2 � !- �3�(*/! � . �*3�� q < 0, � 12 (� 

2*(�*��2��� � 7*/2�* 8!"�� . �*3�! (*/4<*, )*( /� *.  ���+�" [247]. %�! ""� � "2! � 2 �� 

. �;)*5 "(*"! /!:* "� � "2! "� 9 8/ .  ��"�� "2��/*/!+ �3�(*/! "�((��/05 2*�3 � 5 

� 2 � !- �3�(*/! � . �*3�� !(**2 � 3 :!2*34/�; �*3!)!/� (q > 0)" [247]. � 12 ( "3�)�* 

"2*(�*��2��� 7*/2�� 8!"�� . �*3�! �0<*, )*( � ** ���*�. � "3�)�*, � .8� ��8!�34/ * 

��"��*8*3*/!* 2*(�*��2��0 /� � �*��/ "2! 8!"�� . �*3�! ���/ (*�/ *, "�((��/05 2*�3 � 5 

� 2 � 2*�3 � 5 � 2 � !- �3�(*/! � . �*3��  2"�2"2��*2 (q = 0). =2! �"3 �!+ � 2 )/ "2! 

"  2�*2"2��*2 ���*/"2�� "� � "2! "� 9 8/ .  ��"�� "2��/*/!+ �3�(*/!  ! "� � "2! � 2 �� 

. �;)*5 "(*"!, �3�(+ /�� 8!2"+ � �"3 �!+�, 93!-�!� � �8!�9�2!)*"�!(" [247]. �� (* 2 . , � 

8�// 5 � "2�/ ��* ""� � "24 ��"�� "2��/*/!+ ! �8!�9�2!)*"��+ 2*(�*��2��� �3�(*/! -��!"+2 

2 34�   2 /�)�34/ .  " "2��� ! 2*(�*��2��0 . �;)*5 "(*"! (T0=35
0�), � 2  ��*(+ ��� 

2*(�*��2��� 8!"�� . �*3�! /!��� /* �3!+*2 /� 12! ����(*2�0" [247]. �* 
 5 ! " ��2. � ��-�3!, 

)2  "� �8!�9�2!)*"�!� �"3 �!+� ��"��*8*3*/!* 2*(�*��2��0 � "2�9!3!-!� ��// ( /� �3 "� 5 

. �*3�* ! "� 9 8/  ��"�� "2��/+;6*("+ �3�(*/! � 3/ "24; " ���8�;2 � - /* �3�(*/! ! 

 23!)�;2"+ 2 34�  �/�2�! 8!"�� . �*3�!" [247]. % "� 34�� . �*3�� !(**2  2/ "!2*34/  

/!-��;  2*(�*��2��� (~400�), 2  �/�2�! /** �!(!)*"�!* �*��7!! /* �� 2*��;2, )2  � -� 3+*2 

!-�)�24 �3�(*/� � �"3 �!+�,   �����2*�/0� 83+ !� "� 9 8/ .  ��"�� "2��/*/!+. 

� ��9 2* � ")��2 ! �* 
 5 ��*83 :*/� , �(�3� 83+ ��"��*8*3*/!+ 2*(�*��2��0 /� 

� �*��/ "2! . �*3�! )(rTp  
  2 ��8!�"� � �!8* � 3!/ (� �2 � 5 "2*�*/!: 

)
4

1
1()( 22

rTrT cp α−=         (2.28) 

.8* 
cT - 2*(�*��2��� � 7*/2�* 8!"�� . �*3�!, 2

4

1
α - ����9 3!)*"�!5 � 1,,!7!*/2" [250]. 
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!�!)/0* -��!"!( "2! 2*(�*��2��0 /� � �*��/ "2! . �*3�!  2 ��8!�34/ .  � 3 :*/!+ 

! !� ���� �"!(�7!! �  , �(�3* (2.28) ��! ��-/0� �*3!)!/�� "� � "2*5 � 2 �� . �;)*5 "(*"! 

CH4/� -8�� (ϕ=1.0) ��*8"2��3*/0 /� �!"�/�* 21. %�!�*8*//05 �!"�/ � � ��-0��*2, )2  

��"��*8*3*/!* 2*(�*��2��0 /� � �*��/ "2! . �*3�! ( :*2 9024 � � <   �!"�/  " � ( 64; 

, �(�30 (2.28). *( /* (*/**, !---� 2 .  )2  2 )/ * �*�2!��34/ * � 3 :*/!* "��*� 2*�( ��� 

�/�2�! 8!"�� . �*3�! ( :*2  23!)�24"+, ��:8�+ 2*�( ���� 8�*2 /*� 2 �0* "!"2*(�2!)*"�!* 

 2�3 /*/!+, " "2��3+;6!* 0.5-1.5 �. 

$��!"!( "24 �*3!)!/0 ����9 3!)*"� .  � 1,,!7!*/2� 2α   2 "� � "2! � 2 �� 

2 �3!�/ 5 "(*"! � -� 3+*2 8 "2�2 )/  2 )/   ��*8*3!24 �*3!)!/� "� � "2! ��"�� "2��/*/!+ 

�3�(*/! ��2*( /�� :8*/!+ 2 )�! �*�*"*)*/!+ 12 5 -��!"!( "2! "  "4; �9"7!"". ��� �!8/  !- 

��!�*8*//0� /� �!"�/�* 22 8�//0�, "� � "24 ��"�� "2��/*/!+ �3�(*/! CH4/� -8�� (ϕ=1.0, 

T0=35
0
C, p=1 �2(.) " "2��3+*2  SL = 37.5 "(/", )2  � � <  " ���8�*2 " 8�//0(! !- 3!2*��2��0. 

 )/ "24 !-(*�*/!+ "� � "2! . �*/!+ " � ( 64; (*2 8� 9�3�/"� � 2 �� 2*�3� 

 ��*8*3+*2"+ 2 )/ "24; !-(*�*/!+ ����9 3!)*"� .  � 1,,!7!*/2� 2α  ! "� � "2! � 2 �� 

. �;)*5 "(*"!. ����!(*�, 83+ �3�(*/! CH4/� -8�� (ϕ=1.0, �=1 �2() 8�//05 (*2 8 8�*2 

2 )/ "24 "� � "2! ��"�� "2��/*/!+ �3�(*/! /* ��:* 1.5 % [250]. 

% .�*</ "24 !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/! !---�  <!9�! !-(*�*/!+ 
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2*(�*��2��0 . �*3�! 2*�( ����(! 903�  ��*8*3*/� � ��9 2* [250]:  

,  

 .8*
 0

2

2 =
=

α

α
β

LdS

d
 , 

tσ - ��-9� " 2*�( ���/0� !-(*�*/!5, 
br - � 3 :*/!* /�!9 3** 

�8�3*// 5  2 7*/2�� . �*3�! 2*�( ���0. 

%�! 
tσ =1.5 �, 

br =10 ((,  = 0.0454  

c

cm
mm

K
2  � .�*</ "24 !-(*�*/!+ "� � "2! �3�(*/! 

" "2��3+*2 
LSσ = 0.44 "(/c 83+ "2*�! (*2!)*"� 5 (*2�/ -� -8�</ 5 "(*"!. � 9*8/ ( (ϕ=0.8) ! 

9 .�2 ( (ϕ=1.5) (*2�/ -� -8�</0� �3�(*/�� � .�*</ "24 !-(*�*/!+ " "2��3+*2 
LSσ =1.2 "(/c. 

	9?*(/05 ��"� 8 � 2 � � . �;)*.  ! � -8��� !-(*�+3"+ " � ( 64; .�- � .  ")*2)!�� 

9���9�// .  2!�� (Ritter TG 05),  2 2 )/ "2! � 2 � .  -��!"!2  <!9�� !-(*�*/!+ "� � "2! 

��"�� "2��/*/!+ !""3*8�*(0� �3�(*/. =2 2 ")*2)!� � -� 3+*2 !-(*�+24  9?*( .�-� " 

2 )/ "24; 
V

V∆
= 0.2 %. %�! 12 ( ��*(+ !-(*�*/!+ ��"� 8� .�- � " "2��3+3  1.5-2 (!/�20, 

 ��*8*3+*( * " 2 )/ "24; 
t

t∆
~0.1%. ��!(  9��- (,  2/ "!2*34/�+ � .�*</ "24 !-(*�*/!+ 

 9?*(/ .  ��"� 8� " "2��3+*2 
t

t

V

V

Q

Q ∆
+

∆
=

∆

  
0.3%,  ��!  Qmax=100 (3/c  ! HQ=0.3 (3/c.  
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�������� 	����
 ������ ����и, ��/�  
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�� � "24 � 2 �� . �;)*5 "(*"! /� . �*3�*:
 bs

QQQ
U 321 ++

= , .8*  Q1, Q2 ! Q3 - 

 9?*(/05 ��"� 8 	2, N2 ! ��4 (!3! �3�8, �2) "  2�*2"2�*// , Sb - �3 6�84 � �*��/ "2! 

. �*3�!, " "2��3+;6�+ 83+ 8�// .  1�-*(�3+�� �"2�/ ��! 4.52 "(2
. 	<!9��  ��*8*3*/!+ 

"� � "2! � 2 �� . �;)*5 "(*"! " "2��3+*2: 

U

Q
SL

∆
=∆

3
=0.2 "(/c  

��!(  9��- (, �*3!)!/�  <!9�! !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/! 

�H4/� -8�� (ϕ=1.0) ��! �*3!)!/* 50.37=LS
 "(/" " "2��3+*2 ±0.64 "(/c !3! ~2 %.   

 )/ "24 -�8�/!+ � 1,,!7!*/2� !-902�� . �;)*.  (ϕ) � . �;)*5 "(*"! 2��:* 

 ��*8*3+*2"+  <!9� 5 !-(*�*/!+  9?*(/ .  ��"� 8� .�- � " � ( 64; 9���9�// .  ")*2)!��:  

2
)(209.0 21

3 ⋅
+⋅

=
QQ

Q
ϕ  

213

2

QQ

Q

Q

Q

+
∆

+
∆

=
∆
ϕ
ϕ

  

� �"3 �!+� /�<*.  1�"�*�!(*/2� ��! ϕ =1 �*3!)!/� ϕ∆  " "2��3+*2  � 3  0.018,  

 9?*(/05 ��"� 8 ��4 ( 3Q ) ��!(*�/  � 5 ��- (*/4<*  9?*(/ .  ��"� 8� � -8��� (
1Q ! 

2Q ), 

� 2 (�  "/ �/ 5 ��3�8 �  <!9��  ��*8*3*/!+ ϕ  �/ "!2 2 )/ "24 !-(*�*/!+ 3Q , ! 

"3*8 ��2*34/ ,  2/ "!2*34/�+  <!9�� 
ϕ
ϕ∆

 83+ 9*8/0� . �;)!� "(*"*5 9 34<* )*( 83+ 

9 .�20�.  
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2.11. ���������� ����� $&$� ��� ����������� ����
���� �����, �*���(�*�� 

� ����
�* 
 �����!��
�� �������* 

 

 

 

2.11.1. *�3 �0* � -(�6*/!+ �3�(*/! �� 9  29 �/!� ( 

 

 

 

 � 7*34;  9 "/ ��/!+ (*2 8� - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! 83+ 

!-(*�*/!+ "2���2��0 �3�(*/ � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+�, 903! !-(*�*/0 �� ,!3! 

2*(�*��2��0 � �3�(*/! 9*8/ 5 (ϕ=0.8) �� ��/ -� -8�</ 5 "(*"! � ��!"�2"2�!! ����7*� .  

�� 9  29 �/!��. �� � "24 � 2 �� . �;)*5 "(*"!,  9*"�*)!��;6�; 93!-�!* � �8!�9�2!)*"�!( 

�"3 �!+, 903! � 8 9��/0 (*2 8 ( 9�3�/"� � 2 �� 2*�3� /� � �*��/ "2! �3 "� 5 . �*3�!, 

 �!"�//0( � ��-8*3* 2.10. ����7*�05 �� 9  29 �/!� ��-(*6�3"+ /� ��-3!)/0� ,!�"!� ��//0� 

��""2 +/!+�  2 � �*��/ "2! . �*3�!, 83+ � 2 �0� ��2*( �*�*8�!:*/!+ (!�� 2*�( ���0 (*:8� 

� �*��/ "24; . �*3�! ! � /)!� ( �� 9  29 �/!�� �� � 8!3!"4 !-(*�*/!+ �� ,!3*5 2*(�*��2��0. 

�-(*�*/!+ �� ,!3*5 2*(�*��2��0 �� � 8!3!"4 83+ 8��� 2!� � �� 9  29 �/!� � - «-��� � . » 

- /8� ! (!�� - /8�, ����(*2�0 � 2 �0� ��!�*8*/0 � ��-8*3�� 2.5.1 ! 2.5.2 "  2�*2"2�*// . 

�""3*8 ��/!+ �� � 8!3!"4 " �(*"2/  " ���2 < � 5 �.�. [249]. 

 �� �!"�/�* 23 (�) ��!�*8*/0 �� ,!3! 2*(�*��2��0 � �3�(*/! � ��!"�2"2�!! 

«-��� � . » �� 9  29 �/!��, ��"� 3 :*// .  /� ��""2 +/!+� 0.5, 1, 1.6 ! 2.5 ((  2 . �*3�!. �- 

12 .  �!"�/�� �!8/ , )2  ��! ��""2 +/!! 0.5 (( (*:8� - /8 ( ! . �*3� 5, �� ,!34 
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2*(�*��2��0 /*  23!)�*2"+  2 �� ,!3+ � /*� -(�6*// ( �3�(*/!, 2.*. �  2"�2"2�!! - /8� 

 %�! ��*3!)*/!! ��""2 +/!+ (*:8� . �*3� 5 ! - /8 ( 8  1, 1.6 ! 2.5 ((, 2*(�*��2��� 

/*� "�*8"2�*//  �93!-! � *.  � /)!�� �(*/4<�*2"+  2/ "!2*34/  2*(�*��2��0 � 

/*� -(�6*// ( �3�(*/!, (��"!(�34/ * �(*/4<*/!* " "2��3+*2 130-160 K. ��!(  9��- (, 

� -(�6*/!+ 2*�3 � 5 "2���2��0 �3�(*/! «-��� �0(» - /8 ( "2�/ �+2"+ "�6*"2�*//0(! /� 

��""2 +/!! 9 3** ~ 0.5 ((  2 � �*��/ "2! . �*3�!.  

�� �!"�/�* 24 (�) � ��-�/0 �� ,!3! 2*(�*��2��0, !-(*�*//0* � /*� -(�6*// ( (� 

 2"�2"2�!* �� 9  29 �/!��) 9*8/ ( �� ��/ -� -8�</ ( �3�(*/! (ϕ=0.75), � 2��:* � 

��!"�2"2�!! �� 9  29 �/!�� � "3�)�* ��""2 +/!+ 0.3 ((  2 "��+ 2*�( ���0 8  � /)!�� 

«-��� � . » - /8�. �� 12 ( :* �!"�/�* 2��:* ��!�*8*/0 8�//0* )!"3*//0� ��")*2 � "� � "2! 

"� 9 8/ .  ��"�� "2��/*/!+ �3�(*/! �  (*��/!-(�( �����/� [244] ! � // �� [245]. �---� 

 " 9*// "2*5 � /"2���7!! (!�� 2*�( ���0 � 8�*"2! ** /� ��""2 +/!* (*/** 0.4 (( � 

� �*��/ "2! . �*3�! 903  8 "2�2 )/  2��8/ , � 12 (� !-(*�*/!+ �� ,!3*5 2*(�*��2��0 903! 

�0� 3/*/0 /� ��""2 +/!+� 9 3** 0.5 ((  2 � �*��/ "2! . �*3�! 8  "��+ 2*�( ���0. �3+ 12!�  

�"3 �!5  1�"�*�!(*/2 �  ��"")!2�//�+  �  (*��/!-(� [244]  "� � "24  ��"�� "2��/*/!+  

�3�(*/! " "2��3+*2 27.9 "(/", )2  �8 �3*2� �!2*34/  " ���8�*2 " !-(*�*// 5 " � ( 64; 

(*2 8� 9�3�/"� � 2 �� 2*�3� �*3!)!/ 5, ���/ 5 28.5 "(/". 
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 ��")*2 �  (*��/!-(� �����/� [244] 8�*2 /*"� 34�  (*/4<�; �*3!)!/� "� � "2! 

. �*/!+, " "2��3+;6�; 25.9 "(/". �� * " � "2��3*/!* � ��-0��*2, )2  �3�(+ 8*5"2�!2*34/  

/�� 8!2"+ � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+�. � ��!"�2"2�!! �� 9  29 �/!�� 2*(�*��2��� � 

� /*)/ 5 - /* �3�(*/! � /!:�*2"+ /� ~110 �. %�! 12 ( -/�)!2*34/ .  "(*6*/!+ � 3 :*/!+ 

- /0 " (��"!(�34/0( .��8!*/2 ( 2*(�*��2��0, !-(*�*// .  � ��!"�2"2�!! �� 9  29 �/!��, 

 2/ "!2*34/  8�//0� !-(*�*/!5 9*- �� 9  29 �/!��, /* /�93;8�*2"+.  

�� �!"�/�* 24 (9) ��!�*8*/0 �� ,!3! 2*(�*��2��0, !-(*�*//0* � 2 ( :* �3�(*/! � "3�)�*, 

� .8� "� � "24 � 2 �� . �;)*5 "(*"! " "2��3+3� 26 "(/", )2  (*/4<* "� � "2! "� 9 8/ .  

��"�� "2��/*/!+ �3�(*/! /� 9%. � 2��!� �"3 �!+� �3�(+ ��"� 3 :*/  93!:* � � �*��/ "2! . �*3�! 

! "�6*"2��*2 -/�)!2*34/05 � 2 � 2*�3� � ** � �*��/ "24 !- - /0  "/ �/0� �*��7!5. � 12!� 

�"3 �!+� ��!"�2"2�!* �� 9  29 �/!�� /* 2 34�  ��!� 8!2 � �(*/4<*/!; � /*)/ 5 2*(�*��2��0 

�3�(*/! /� ~160 �, /  ! �0-0��*2 "8�!. �� ,!3+ 2*(�*��2��0  2/ "!2*34/  !-(*�*/!5 � 

/*� -(�6*// ( �3�(*/! /� ~ 0.5-0.6 ((. ��!(  9��- (, � 8�// ( "3�)�* ��!"�2"2�!* 

�� 9  29 �/!�� � �3�(*/! �0-0��*2 �<!�*/!* - /0 . �*/!+, )2  ( :/  !/2*���*2!� ��24 ��� 

-�(*83*/!* �� 7*"" � . �*/!+ � �*-�342�2*  2� 8� 2*�3� !- �*��7! // 5 - /0.  

 �� :!* �*-�342�20 903! � 3�)*/0 ��! !""3*8 ��/!! �3!+/!+ «-��� � . » - /8� /� 

�� ,!34 2*(�*��2��0 � �3�(*/! 9*8/ 5 (ϕ=0.8) "(*"! CH4/O2/Ar [251]. � 12!� �"3 �!+� "� � "24 

� 2 �� . �;)*5 "(*"! 903� � 2 ��-� /!:* "� � "2! . �*/!+ ! " "2��3+3� 12.5 "(/". ��� � ��-�3! 

�*-�342�20 !-(*�*/!+ " � ( 64; ��"� 3 :*// 5 /� ��""2 +/!! 0.13 ((  2 � /)!�� - /8� 

2*�( ���0, ��*8*/!* �� 9  29 �/!�� � �3�(+  ��!� 8!2 � "(*6*/!; �� ,!3+ 2*(�*��2��0 /� 0.5 

(( � � �*��/ "2! . �*3�! ! "/!:*/!; � /*)/ 5 2*(�*��2��0 �3�(*/! /� 180 �.  

 % 12 (� ��!  ( 8*3!� ��/!! "2���2��0 �3�(*/! 83+ �)*2� �/ "!(0� �� 9  29 �/!� ( 

2*�3 �0� � -(�6*/!5 � [252] 903  ��*83 :*/  !"� 34- ��24 �� ,!34 2*(�*��2��0, !-(*�*//05 � 

��!"�2"2�!! �� 9  29 �/!�� !  ��*8*3*// ( ��""2 +/!! (*:8� - /8 ( ! "��*( 2*�( ���0. 

 

 

 

2.11.2. � -(�6*/!+ �!(!)*"� 5 "2���2��0 �3�(*/! 

 

 

 

 %� 9  29 �/05 - /8 +�3+*2"+ /* 2 34�  "2 � ( 2*�3�, /  2��:* ! �*6*"2�� [223, 253]. 

% 12 (� *.  ��!"�2"2�!* � �3�(*/! �0-0��*2 2*�3 �0* ( �3�:8*/!* !3! /�.�*� �3�(*/!) ! 

".!8� 8!/�(!)*"�!* (��*3!)*/!* "� � "2! � 2 �� .�-� �93!-! �� 9  29 �/ .   2�*�"2!+) 

� -(�6*/!+ �3�(*/!" [223, 253]. 
!8� 8!/�(!)*"�!* � -(�6*/!+ ��!� 8+2 � "8�!.� "3!/!5 

���/0� � /7*/2��7!5 �*6*"2�, � 12 ( "3�)�* " "2�� �� 90 .�-� "  2�*2"2��*2 2 )�* � 

/*� -(�6*// ( �3�(*/!, "8�!/�2 5 /� /*� 2 ��; �*3!)!/� Z0 (2�� /�-0��*(05 «"8�!.»)  2 

 2�*�"2!+ �� 9  29 �/!�� 93!:* � � �*��/ "2! . �*3�!" [223, 253].   
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 � � ( 64; ����7*� .  (!�� - /8� ! «-��� � . » - /8� " � "3*8�;6!( (�""-

"�*�2� "� �!)*"�!( �/�3!- ( " "2��� .�-� 903� !-(*�*/� �!(!)*"��+ "2���2��� �3�(*/! 

9*8/ 5 (ϕ=0.75) �� ��/ -� -8�</ 5 "(*"!. �*-�342�20 !-(*�*/!5 �� ,!3*5 � /7*/2��7!! 

�*�.*/2 � (	2 ! �3�8), �� 8��2 � . �*/!+ (�	2 ! �2	) � 2��:* ��8!��3� 	� � ��-�/0 /� 

�!"�/�* 25 (�, 9) ! �!"�/�* 26. ��:* /� 12!� �!"�/��� ��!�*8*/0 �*-�342�20 ( 8*3!� ��/!+ 

�� ,!3*5 � /7*/2��7!5 �0<*�*�*)!"3*//0� " *8!/*/!5 " � ( 64; (*��/!-(� � // �� 

[245].  

 �3+ �)*2� 1,,*�2� "/!:*/!+ 2*(�*��2��0 ��! ��*8*/!! � �3�(+ «-��� � . » - /8� 

903! ��"")!2�/0 � /7*/2��7! //0* �� ,!3! " *8!/*/!5 " !"� 34- ��/!*( !-(*�*// .  

� 8 � /)!� ( �� 9  29 �/!�� �� ,!3+ 2*(�*��2��0. ��� �!8/  !- ��*8"2��3*//0� /� 

�!"�/�* 25 �� ,!3*5 � /7*/2��7!5 "2�9!34/0� " *8!/*/!5, ��")*2 "2���2��0 �3�(*/! �  

�� ,!3; 2*(�*��2��0, ��"")!2�// (� � "� 9 8/  ��"�� "2��/+;6*("+ �3�(*/!, � 2��:* 

�  !-(*�*// (� � 8 � /)!� ( �� 9  29 �/!��, 8�*2 ����2!)*"�! /*  23!)�;2"+ 8��.  2 

8��.� �*-�342�20. �)*2 �(*/4<*/!+ 2*(�*��2��0 �3�(*/! � - /* � /*)/0� �� 8��2 � 

. �*/!+ !---� ��!"�2"2�!+ �� 9  29 �/!�� 8�*2 �(*/4<*/!* �!� � 5 � /7*/2��7!! 

��8!��3� 	� /� 5%.   

��� ( :/  �!8*24 /� �!"�/�* 25, �� ,!3! � /7*/2��7!5 "2�9!34/0� " *8!/*/!5, 

!-(*�*//0* " � ( 64; (!�� - /8�, /�� 8+2"+ � � � <*( " .3�"!! " �*-�342�2�(! 

)!"3*//0� ��")*2 �. �� ��� (!�� - /8 �/ "!2 /*9 34<!* � -(�6*/!+ � 2*(�*��2��/ * 

��"��*8*3*/!* � �3�(*/!, 2  ( :/  ��*8� 3 :!24, )2   / 2��:* "3�9  �3!+*2 /� 

��"��*8*3*/!* � /7*/2��7!5 "2�9!34/0� " *8!/*/!5. �-(*/*/!* �� ,!3*5 � /7*/2��7!5 

" *8!/*/!5 9 3** -�(*2/  83+ «-��� � . » - /8�, )*( � "3�)�* !"� 34- ��/!+ (!�� - /8� - 

!-(*�*//0* �� ,!3!  ��-0��;2"+ "8�!/�20 �/!- �  � 2 ��  2/ "!2*34/  �*-�342�2 � 

��")*2� 83+ �"*� � (� /*/2 � �3�(*/!. =2  �3!+/!* «-��� � . » - /8� � � <  �!8/  /� 

�� ,!3* � /7*/2��7!! 	�, � 2 �05 !(**2 (��"!(�(0 /� ��""2 +/!! 1.7 ! 1.3-1.4 (( � 

1�"�*�!(*/2�� ! � ��")*2�� "  2�*2"2�*// , 2.*. "8�!. 12!� �� ,!3*5 " "2��3+*2 0.4-0.3 ((. 

�3+ �)*2� .!8� 8!/�(!)*"�!� � -(�6*/!5 (��")*2� «"8�!.�» Z0), �/ "!(0� 

�� 9  29 �/!� (, � � 9*5/!)*�0( ! " ��2. 903� ��*83 :*/� � 3�1(�!�!)*"��+ , �(�3�: 

 

 000 37.0 αdZ = ,         (2.29) 

.8* " 
Ud

Q 14
2

0

0
0 ⋅=

π
α

 
 - � 1,,!7!*/2  29 �� �� 90, ���/05  2/ <*/!; "� � "2! .�- � .  

� 2 �� �  2�*�"2!! - /8�, � "� � "2! /�9*.�;6*.  /� /*.  .�- � .  � 2 ��, 
0d - 8!�(*2� 

 2�*�"2!+ �� 9  29 �/!��, Q0 - ��"� 8 .�-� )*�*-  2�*�"2!* �� 9  29 �/!��, U - "� � "24 

/�9*.�;6*.  /� �� 9  29 �/!� .�- � .  � 2 ��" [223]. 
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�342*�/�2!�/05 (*2 8 �)*2� �3!+/!+ �� 9  29 �/!�� /� �1� 8!/�(!�� 

8!�./ "2!��*( .  �3�(*/! 903 ��*83 :*/ �/�2 ( [254]. � 12 ( (*2 8*  ��*8*3+;2"+ 

����(*2�0 2*)*/!+  � 3  � /!)*"� .  �� 9  29 �/!�� "  2�*�"2!*( /� *.  �*�<!/* 83+  29 �� 

.�-� ��2*( �*<*/!+ -�8�)!   "2 )*)/ (" "2 �* 83+ /*":!(�*( 5 :!8� "2!. � � 3�)*// ( 

�*<*/!! �)!20��3"+ 1,,*�2 ":!(�*( "2! "�*80 " � ( 64; "  2�*2"2��;6!� � ���� �. 

�-(*/*/!* � /7*/2��7!5 � /�58*// ( .�- 8!/�(!)*"� ( � 3* ��""(�2�!��3 "4 ��� 

8!,,�-! //05 �� 7*"". %�2*( " � "2��3*/!+ � 3*5 � /7*/2��7!5 � �3�(*/! " 

�� 9  29 �/!� ( ! 9*- /*.  �/�2 ! " ��2. ��*83 :!3! , �(�3� 83+ �0)!"3*/!+ «"8�!.�» (I):  

 

kmD

dU
Sc

d

00

0

19.0Re19.0
⋅

=⋅=
δ

                                         (2.30) 

.8* " Re - )!"3  �*5/ 348"�, "  2�*2"2��;6** ����(*2��( .�-� � �3 "� "2!  2�*�"2!+ 

�� 9  29 �/!�� ! *.  8!�(*2�� d0, Dkm - � 1,,!7!*/2 8!,,�-!!, Sc - )!"3  #(!82�, U0 – 

"� � "24  29 �� �� 90" [254].  

 �� �!"�/�* 27 (�-.) � ��-�/0 9*-��-(*�/0* �� ,!3! � /7*/2��7!5 	2, C3H8, CO2 ! H2O, 

� �!8* 
0

i

��

i

i

��

i

�C

�C

−

−
 .8*  0

iC , ! iC  /�)�34/�+, � /*)/�+ ! 2*��6�+ � /7*/2��7!! i-.  " *8!/*/!+, 
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"  2�*2"2�*// . �"� 34-�+ 12! 8�//0*, 903!  ��*8*3*/0 �*3!)!/0 «"8�!.�» Z0 (*:8� 

��"")!2�//0(! ! !-(*�*//0(! �� ,!3+(! � /7*/2��7!5 O2, C3H8, CO2 ! H2O /� ��-3!)/0� 

��""2 +/!+�  2 � �*��/ "2! . �*3�! (�!"�/ � 28). $8*"4 2��:* ��*8"2��3*/0 �*-�342�20 

��")*2� «"8�!.�»  �  , �(�3�( (2.29) ! (2.30). ��� ( :/  �!8*24 /� 12 ( �!"�/�*, �*3!)!/� Z0 

-��!"!2  2 � /��*2/ .  �*6*"2��. ��!(*/4<�; �*3!)!/� «"8�!.�» � /7*/2��7!5 !(**2 �	2, 

" "2��3+;6�; (*/** 0.2 ((. �- �!"�/�� 28 �!8/ , )2  83+ �"*� �*6*"2� �*3!)!/� «"8�!.�» Z0 

� -��"2�*2 " ��*3!)*/!*( ��""2 +/!+ (*:8� �� 9  29 �/!� ( ! . �*3� 5. 

�� :!5 �*-�342�20 903 ��/** � 3�)*/ 83+ �3�(*/! CH4/O2/Ar � ��9 2* [255], � � 2 � 5 

903  ��"")!2�/  2*)*/!* .�-� �93!-!  2�*�"2!+ "-��� � . " �� 9  29 �/!��. � 12 5 ��9 2* 

��2*( �*<*/!+ "!"2*(0 /*"2�7! /��/0� ����/*/!5 ���4*-�2 �"� [256] 903! ��"")!2�/0 � 3+ 

� /7*/2��7!5  "/ �/0� � (� /*/2 � (O2, CH4, CO2 ! H2O) � �3�(*/!. 

��� �!8/  /� �!"�/�* 28, ��"")!2�//�+ �  , �(�3* (2.29) �*3!)!/� Z0 � 2-3 ��-� �0<* 

��"")!2�// 5 �  , �(�3* �/�2� (2.30) �*3!)!/0 I,  8/��  ��)*"2�*//  2*/8*/7!+ !-(*/*/!+  

Z0  ! I  !8*/2!)/� - 12! �*3!)!/0  9��2/  �� � �7! /�34/0 ��""2 +/!;  2 � �*��/ "2! 

. �*3�!. ��� ( :/  �!8*24 !- , �(�30 (2.29), �*3!)!/� Z0  9��2/  �� � �7! /�34/� � �/; !- 

"� � "2! /�9*.�;6*.  /� �� 9  29 �/!� .�- � .  � 2 ��. ��!8� � "2� 2*(�*��2��0 � �3�(*/! 

" ��*3!)*/!*( ��""2 +/!+  2 � �*��/ "2! . �*3�! "� � "24 � 2 �� .�-� 2��:* ��*3!)!��*2"+ 
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�� � �7! /�34/  2*(�*��2��*. � 8��. 5 "2 � /0 �*3!)!/� I !(**2  9��2/�; -��!"!( "24  2 

� �/+ !- �*3!)!/0 � 1,,!7!*/2� 8!,,�-!!. � 1,,!7!*/2 8!,,�-!! " � "2 ( 2*(�*��2��0 

��*3!)!��*2"+, � 12 (� �*3!)!/� "8�!.� " ��*3!)*/!*( ��""2 +/!+  2 � �*��/ "2! . �*3�! 

�(*/4<�*2"+. ��!(  9��- (, �*3!)!/� «"8�!.�», ��"")!2�// .  �  , �(�3�( (2.29) ! (2.30) 

�93!-! � �*��/ "2! . �*3�! � 3�)�*2"+ 9 34<*, )*( �8�3!  2 /**.  

�� �!"�/��� 29 ! 30 ��*8"2��3*/0 !-(*�*//0* �� ,!3! � /7*/2��7!! " �)*2 ( !�  

"8�!.� /� ��"")!2�//0* �*3!)!/0 Z0 ! I. ��� �!8/  !- ��*8"2��3*//0� 8�//0�, ��")*2 �  

, �(�3�( (2.29) ! (2.30) � -� 3+*2  " .3�" ��24 �*-�342�20  !-(*�*/!5  "  8�//0(!  )!"3*//0�  

��")*2 � " �8 �3*2� �!2*34/ 5 2 )/ "24;. �*3!)!/� «"8�!.�», ��"")!2�//�+ �  , �(�3* (2.29) 

� -� 3+;2 � 3�)!24 3�)<** " .3�"!* 1�"�*�!(*/2� " ��")*2 (, )*( �  , �(�3* �/�2� (2.30).  

=2  ( :/  �!8*24 /� �!"�/�* 30 - (��"!(�( /� !-(*�*// ( �� ,!3* � /7*/2��7!! 	� " 

�)*2 ( "8�!.� /� �*3!)!/� Z0 " � � <*5 2 )/ "24; " .3�"�*2"+ " �*-�342�2�(! ��")*2� �  

(*��/!-(� � // �� [245]. 

	8/��  /�:/   9��2!24 2��:* �/!(�/!* /� 2 , )2  83+ !-(*�*//0� �� ,!3*5 

� /7*/2��7!! �*6*"2� �)*2 �*3!)!/0 «"8�!.�» �(*/4<�*2 .��8!*/20 !� � /7*/2��7!5 � 

� �*��/ "2! . �*3�!, )2  �0-0��*2 /*� 2 � * ��"" .3�" ��/!* 8�//0� ��")*2� " !-(*�*/!+(! � 

12 5 - /* �3�(*/!. *( /* (*/**, ��*83 :*//05 (*2 8  7*/�! - /8 �0�  � -(�6*/!5  �3�(*/!, 
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" "2 +6!5, � -�*��0�, � �)*2* 2*�3 � .  � -8*5"2�!+ �� 9  29 �/!�� ��2*( ��")*2� "2���2��0 

�3�(*/! �  !-(*�*// (� �93!-! � /)!�� - /8� 2*(�*��2��/ (� �� ,!3;, !, � -�2 �0�, � 

�)*2* .�- 8!/�(!)*"� .  � -8*5"2�!+ �� 9  29 �/!�� " � ( 64; "(*6*/!+ ��*�� �  � 2 �� (� 

� �*��/ "2! . �*3�!) /� �*3!)!/� Z0 !-(*�*//0� �� ,!3*5 � /7*/2��7!5 �*6*"2�, � -� 3+*2 " 

�8 �3*2� �!2*34/ 5 2 )/ "24; �� !-� 8!24  " � "2��3*/!* �*-�342�2 � )!"3*//0� ��")*2 � " 

1�"�*�!(*/2�34/0(! 8�//0(!, )2  /* 9� 8!(  83+ 2*"2!� ��/!+ �!(!� -�!/*2!)*"�!� 

( 8*3*5 . �*/!+ 2 �3!�.  

�3*8�*2 "��-�24, )2  �3 "��+ . �*3�� ��! "2�9!3!-�7!! /� ** � �*��/ "2! �3�(*/! 

(*2 8 ( 9�3�/"� � 2 �� 2*�3� � -� 3+*2 3*.�  � 8 9��24 2��!* �"3 �!+, � � 2 �0� . �*/!* 

�� !"� 8!2 � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+(, )2  -/�)!2*34/   93*.)�*2 �/�3!- ! 

" � "2��3*/!* �*-�342�2 � !-(*�*/!+ ! ( 8*3!� ��/!+ �!(!)*"� 5 ! 2*�3 � 5 "2���2��0 

�3�(*/!, 2�� ��� 12! �"3 �!+ /�!9 3** "  2�*2"2��;2 "3�)�; "� 9 8/ .  ��"�� "2��/*/!+ 

�3�(*/!. 
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2.12. ��������� ,++�
�������� ��%�������� ������� !7�!��� %����
� 

 

 

 

=,,*�2!�/ "24 .�<*/!+ 8!,,�-! // .  �3�(*/! /-.*�2�//� -8�� ! (!/!(�34/0* 

.�"+6!* � /7*/2��7!! " *8!/*/!5  ��*8*3+3!"4 (*2 8 ( )�<*)/ 5 . �*3�!. 
 �*3�� 

��*8"2��3+3� " 9 5 �(*/4<*//05 ���!�/2 "2�/8��2/ 5 )�<*)/ 5 . �*3�! " /*9 34<!(! 

� /"2���2!�/0(! !-(*/*/!+(! (�!"�/ �  31).  

� ��)*"2�* 2 �3!�� !"� 34- ��3"+ /-.*�2�/. �/!-� � � ���" . �*3�! (2��9� �/*</!( 

8!�(*2� ( 55 (( ! �0" 2 5 650 ((, !-. 2 �3*//�; !- �!�*�"�) � 8���3�"4 "(*"4 � -8���, ��� � 

(!3! �1� - 3+) �3�(*.�"!2*3*5 ! �	2. �!:/++ )�"24 2��90 "/�9:*/� 13*�2�!)*"�!( /�.�*��2*3*( 

83+ ��*8 2���6*/!+ � /8*/"�7!! (�3 3*2�)!� " *8!/*/!5 �/�2�! � ���"� . �*3�!. ��"� 8 

� -8��� " "2��3+3 10 3/(!/ (��! / �(�34/0� �"3 �!+�) � 2*)*/!* �"*.  1�"�*�!(*/2�. �!8�!* 

" *8!/*/!+ ! ��"2� �0 " 3*5 �� 8!3!"4 � � 2 � � -8��� � �!8* �1� - 3+ " � ( 64; 

�/*�(�2!)*"� 5 , �"�/�! ("(  �!"�/ � 10). �!8� "24 � 8���3�"4 � , �"�/�� " � ( 64; 

� �</*� .  /�" "� " ��*7!-! //0( 13*�2�!)*"�!( ��!� 8 (, � -� 3+;6*( ���4!� ��24 ** 

 9?*(/05 ��"� 8 � <!� � ( 8!���- /*. ��"� 8 � -8��� )*�*- , �"�/�� " "2��3+3 1.0-0.95 3/(!/, 

8��3*/!* � -8��� /� �� 8* � , �"�/�� 903   � 3  0.6 �%�, )2   9*"�*)!3   9��- ��/!* 
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�!"�/ �  31. ��*(� )�<*)/ 5 . �*3�!. 
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(*3� 8!"�*�"/ .  �1� - 3+ "  "�*8/*(�"" �0( 8!�(*2� ( )�"2!7 10-20 (�(. % 2 � � -8��� " 

��*8*//0( � /*.  �1� - 3*( �3�(*.�"!2*3*5 � "2���3 � /!:/;; )�"24 � ���"�,   /�.�*��3"+   �   

/*5   !   � 8/!(�3"+   �   �*��/;;  )�"24,  .8*  ��"� 3 :*/�  )�<*)��. %�! 12 ( �� !"� 8!3  

!"���*/!* 3*2�)!� �*6*"2� !  9��- ��/!* "(*"! !� ��� � " � -8�� ( ! �	2. ��<*)��, � � 2 ��; 

� 8���3"+ .*�2�/, 2��:* 903� !-. 2 �3*/� !- �!�*�"� ! ��"<!�+3�"4 ��*��� " �.3 ( ≈30
0
. �!�(*2� 

** �*��/*.  "�*-� 13 ((. �!/*5/�+ "� � "24 � 2 �� �93!-! �3�(*/! 10 "(/". �� �*/4 . �;)*.  � 

)�<*)�* � 89!��3"+ 2��!(  9��- (, )2 90 �0" 2� �3�(*/! " "2��3+3� 4-5 "( )*�*- 2 (!/ � "3* *.  

-�:!.�/!+. % "3* 12 .  � � 2 � � -8��� � 8���3"+ �3�(*.�"!2*34 � -�8�// 5 � /7*/2��7!!. $�2*( 

�  96!5 � 2 � � -8��� �� 8!3"+ �3��/  ��*3!)!��;6!5"+ � 2 � �	2 8  8 "2!:*/!+ .�<*/!+ 

�3�(*/!. �� (* " 9"2�*//  !-(*�*/!+ �
�  28*34/ .  � (� /*/2� �  8�// 5 (*2 8!�* ( :/  

 ��*8*3!24 2��:* -��!"!( "24 .�"+6*5 � /7*/2��7!! �	2  2 � /7*/2��7!! �3�(*.�"!2*3+, 2.*. 

�
� "(*"! �	2 " 8��.!( �3�(*.�"!2*3*( [257]. �"� 34-�*(�+ (*2 8!�� � -� 3+*2 "���/!24 

1,,*�2!�/ "24 .�<*/!+ �3�(*/! 83+ ��-3!)/0� " *8!/*/!5 � <!� � ( 8!���- /* !� 

� /7*/2��7!5, � 2��:* 9 3** 2 )/   ��*8*3!24 �
� 83+ 12!� �3�(*.�"!2*3*5.  

� 8/0* ��"2� �0 !""3*8�*(0� " 3*5 �� 8!3!"4 � /�.�*205 � 2 � � -8��� " � ( 64; 

�/*�(�2!)*"� 5 , �"�/�! �/�3 .!)/  2 (�, ��� 12  8*3�3 "4 83+ �	� ! ��. ��*8/*(�"" �05 

8!�(*2� )�"2!7 �1� - 3+ ��"2� � � " 3*5 " "2��3+3 10-20 (�(, � "3* !"���*/!+ � 80  / 

�(*/4<�3"+ 8  2-5 (�(. ��*8/*(�"" �05 8!�(*2� )�"2!7 �1� - 3+, � 3�)*//0� " � ( 64; 8�// 5 

, �"�/�!, 903  ��*8*3*/ " � ( 64; �+2!��"��8/ .  !(���2 �� [221]. � /7*/2��7!+ �*6*"2�� 

�93!-! (*"2� ��"� 3 :*/!+ )�<*)�!  ��*8*3+3�"4 ��2*(  29 �� � 2 �� � -8��+�1� - 34 )*�*- 

�1� - 34/05 ,!342� !  ��*8*3*/!+ (�""0  "�:8*// .  /� /*( �1� - 3+. %�! ��")*2* �
� 

!""3*8�*(0� " *8!/*/!5 �)!20��3 "4 �3!+/!* ��� � � 80, " 8*�:�6*5"+ � ��"2� �*. 

 	"/ �/�+ )�"24 1�"�*�!(*/2 � �0� 3/+3�"4 ��! � "2 +// 5 2*(�*��2��* � 2 �� � -8��� 75 

0�. � 12!� �"3 �!+� /�93;8�3 "4 � 3/ * !"���*/!* �1� - 34/0� )�"2!7 :!8�!� �*6*"2�. �3+ 

 ��*8*3*/!+ -��!"!( "2! �
�  2 2*(�*��2��0 �� � 8!3�"4 "*�!+ !-(*�*/!5 � 8!���- /* 

2*(�*��2�� � -8�</ .  � 2 �� 25-85 
0�. � 12!� 1�"�*�!(*/2�� � 8�)� (�3 3*2�)!� " *8!/*/!5 � 

� 2 � � -8���  "�6*"2�3+3�"4 " � ( 64; .*/*��2 �� �0" � 8!"�*�"/ .  �1� - 3+  �!.!/�34/ 5 

� /"2���7!!, � 2 �05  9*"�*)!��3  9��- ��/!* )�"2!7 "�9(!�� // .  ��-(*�� [258]. %�! 

/* 9� 8!( "2! � 2 � � -8��� � 8 .�*��3"+ " � ( 64; /�.�*��2*3+, ��"� 3 :*// .  /� � ���"* 

. �*3�!. %�! � /!:*// 5 2*(�*��2��* �)!20��3!"4 � 2*�! �3�(*.�"!2*3+ /� �/�2�*//!� "2*/��� 

. �*3�!. �3+ 12 .   8/ ��*(*//  " � 8�)*5 �3�(*.�"!2*3+ �� � 8!3"+  29 � "(*"! � -8��� " 

��*8*//0( �3�(*.�"!2*3*( !-  93�"2! �93!-! )�<*)�!. 	2 9��//�+ �� 9� �� ��"��3�"4 )*�*- 

�1� - 34/05 ,!342� ! �- 2/�; 3 ��<��. � � "2��3*/!* � 3!)*"2�� �3�(*.�"!2*3+, ��*8*// .  � 

� 2 � � -8��� !  "�:8*// .  � �- 2/ 5 3 ��<�* ! /� �1� - 34/ ( ,!342�*, � -� 3!3   7*/!24 *.  

� 2*�! /� "2*/��� . �*3�! ! ��"")!2�24 8*5"2�!2*34/�; � /7*/2��7!; � ( (*/2 .�<*/!+.  
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2.13. ��������� ,++�
�������� ��%�������� ������� ")������" 

 

 

 

 ��:* 1,,*�2!�/ "24 �3�(*.�"+6!� � (� -!7!5 /�  "/ �* �	� 903� !-�)*/� " 

� ( 64; (*2 8� «7!3!/8��», "�*(� 1�"�*�!(*/2�34/ 5 �"2�/ ��! � ��-�/� /� �!"�/�* 32, 

(*2 8!�� 1�"�*�!(*/2� ! ** � 8� 9/ *  �!"�/!* ��!�*8*/  � ��9 2* [11].   

=�"�*�!(*/20 903! �� �*8*/0 /� 8��� ���!�/2�� �"2�/ � �,  23!)�;6!�"+  9?*( ( 

��(*�. �"2�/ ��� A1 !(*3� !"�02�2*34/�; ��(*��  9?*( ( 22.4 8(3
 (8!�(*2� ��(*�0 0.25 () 

! "3�:!3� 83+ ��*8���!2*34/ .  !-(*�*/!+  ./*2�<�6*5 1,,*�2!�/ "2! !/.!9!2 � � � ���
 

�	 ���. ���.�+ "*�!+ 1�"�*�!(*/2 � 903�  �� �*8*/� /� �"2�/ ��*  9?*( ( 53 8(3
 (8!�(*2� 

��(*�0 0.38 () �  ����%	 (�"2�/ ��� A2). ��(*�� �"2�/ ��! !(**2 7!3!/8�!)*"��; , �(� 

! !-. 2 �3*/� !- "2�3!. �"2�/ ��� !(**2 "!"2*(� ��!. 2 �3*/!+ .�- �0� "(*"*5 ! �����(/�; 

"!"2*(�  2��)�!. �*9�*(05 " "2�� .�- � 5 "(*"! , �(!��*2"+  �  ���7!�34/ (� 8��3*/!; � 

!"�02�2*34/ 5 ��(*�*, � 2 ��+ ��*8���!2*34/   2��)!��*2"+ 8  8��3*/!+ 1-2 ((.�2."2. �	� ! 

CH3I �� 8+2"+ � ��(*�� )*�*- �����(/ * ��3 2/*/!* " � ( 64;  <��!7�. � -!� ��� �	� ! 

 

 

 

�!"�/ � 32. ��*(� 1�"�*�!(*/2�34/ 5 �"2�/ ��! 83+ !-(*�*/!+ 

 ./*2�<�6!� � /7*/2��7!5 !/.!9!2 � � (*2 8 ( «7!3!/8��». 

1 – � �2 83+ �� 8�  )�.� �3�(*/!; 2 – �����((*2�; 3 – .*�( �� 8 83+ 

� 8�)! :!8� "2*5;             4 – !"�02�2*34/�+ ��(*��; 5 – �����(/05 

/�" "; 6 – �*/2!3+7! // *  2�*�"2!* (83+ �� 8���! ��(*�0); 7 – 

"( 2� � *  �/ ; 8 – 9�33 / " �.3*�!"3 2 5 !3! �- 2 (. 
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CH3I �� !-� 8!3�"4 �   9?*(� (�*"�) :!8� "2!, ��*8*// 5 � ��(*��. $�2*( � ��(*�� � 8+2"+ 

.�-  9��-/0* " *8!/*/!+ � � �+8�* ��*3!)*/!+ !� 8 3! � � /*)/ 5 "(*"!. 

 =�"�*�!(*/20 903! �� �*8*/0 /� 8��� ���!�/2�� �"2�/ � �,  23!)�;6!�"+  9?*( ( 

��(*�. �"2�/ ��� A1 !(*3� !"�02�2*34/�; ��(*��  9?*( ( 22.4 8(3
 (8!�(*2� ��(*�0 0.25 () 

! "3�:!3� 83+ ��*8���!2*34/ .  !-(*�*/!+  ./*2�<�6*5 1,,*�2!�/ "2! !/.!9!2 � � � ���
 

�	 ���. ���.�+ "*�!+ 1�"�*�!(*/2 � 903�  �� �*8*/� /� �"2�/ ��*  9?*( ( 53 8(3
 (8!�(*2� 

��(*�0 0.38 () �  ����%	 (�"2�/ ��� A2). ��(*�� �"2�/ ��! !(**2 7!3!/8�!)*"��; , �(� 

! !-. 2 �3*/� !- "2�3!. �"2�/ ��� !(**2 "!"2*(� ��!. 2 �3*/!+ .�- �0� "(*"*5 ! �����(/�; 

"!"2*(�  2��)�!. �*9�*(05 " "2�� .�- � 5 "(*"! , �(!��*2"+  �  ���7!�34/ (� 8��3*/!; � 

!"�02�2*34/ 5 ��(*�*, � 2 ��+ ��*8���!2*34/   2��)!��*2"+ 8  8��3*/!+ 1-2 ((.�2."2. �	� ! 

CH3I �� 8+2"+ � ��(*�� )*�*- �����(/ * ��3 2/*/!* " � ( 64;  <��!7�. � -!� ��� �	� ! 

CH3I �� !-� 8!3�"4 �   9?*(� (�*"�) :!8� "2!, ��*8*// 5 � ��(*��. $�2*( � ��(*�� � 8+2"+ 

.�-  9��-/0* " *8!/*/!+ � � �+8�* ��*3!)*/!+ !� 8 3! � � /*)/ 5 "(*"!.  

� ��(*�* �"2�/ ��! A 1 83+ 3�)<*.  �*�*(*<!��/!+ � (� /*/2 � "(*"! �"2�/ �3*/ 

13*�2�!)*"�!5 �*/2!3+2 �. � ��)*"2�*  )�.� �3�(*/! 903� !"� 34- ��/� "2�34/�+ )�<*)�� " /-

.*�2�/ ( 8!�(*2� ( 40 (( ! �0" 2 5 23 ((. 	)�. �3�(*/! -�:!.�3"+ ! �� 8!3"+ � 

1�"�*�!(*/2�34/�;  ��(*�� " ��!. 2 �3*// 5 .�- � 5 "(*"4;. � (*/2 .�<*/!+ �3�(*/! 

 ��*8*3+3"+ �!-��34/ . =�"�*�!(*/2�34/0* �*-�342�20  90)/  ��*8"2��3+;2"+ � �  �8!/�2�� 

«��*(+ .�<*/!+ – � /7*/2��7!+ �3�(*.�"+6*.  �.*/2�» (2!�!)/�+ -��!"!( "24 � ��-�/� /� 

�!"�/�* 147). �!/!(�34/�+ .�"+6�+ � /7*/2��7!+ "  2�*2"2��*2 ��*(*/! .�<*/!+ �3�(*/! 

~10 "*�. 
�<*/!* �3�(*/! � ��(*�*, /�� 3/*// 5 � -8�� ( (�  2"�2"2�!! �3�(*.�"!2*3*5) 

�� !"� 8!2 /* ��/** )*( )*�*- 2 (!/ � "3* �/*"*/!+  )�.� (83+ �"2�/ ��! A1).  
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2.14. ��������� ,++�
�������� ��%�������� ��� %7���� �����������%� 

������ (TARPF) 
 

 

 

 �3+ !""3*8 ��/!+ .�<*/!+ 2��9�3*/2/ .  �3�(*/! ��! ���2� ��*(*// ( ���0"�* 

�3�(*.�"!2*3+ � � 2 � � -8��� !"� 34- ��3�"4 �"2�/ ���, �/�3 .!)/�+ �"2�/ ��* 
� "��/83*�� [94] ! 

!(*;6�+ 2* :* ��-(*�0. �"2�/ ��� ( 8*3!��*2 �"3 �!+ 2�<*/!+ � :��� ��!�7! // .  8�!.�2*3+. �B 

"�*(� ��!�*8*/� /� �!"�/�* 33. � ���" �"2�/ ��! ��*8"2��3+*2 " 9 5 (*2�33!)*"��; 2��9� 

���8��2/ .  "*)*/!+, �/�2�! � 2 � 5 /�� 8!2"+ �3 "��+ � �!"2�+ . �*3��, -�6!6*//�+ "2��*/)�20( 

"2�9!3!-�2 � ( �3�(*/!, � 2��:* �"2� 5"2�� 83+ ���2� ��*(*// 5 � 8�)! .�-  9��-/0� ! :!8�!� 

�3�(*.�"!2*3*5. �3+ � 8�)! � � 2 � � -8��� :!8�!� �3�(*.�"!2*3*5 903 !"� 34- ��/ "�*7!�34/05 

�1� - 34/05 .*/*��2 �  �!.!/�34/ 5 � /"2���7!!, � 2 �05  9*"�*)!��3 �0" ��; � /7*/2��7!; (8  

10% (�   9?*(�)) �1� - 3+ 8 9���! �3�(*.�"!2*3+ " ��-(*� ( )�"2!7 <1 (�(. �� 5 ��-(*� )�"2!7 

"!34/  �(*/4<�3 �*� +2/ "24  "�:8*/!+ �3�(*.�"!2*3+ /� �/�2�*//!� � �*��/ "2+� �"2�/ ��! ! 

 9*"�*)!��3 8 "2���� �1� - 3+ �3�(*.�"!2*3+ ����2!)*"�! 9*- � 2*�4. ��9�3*/2/ "24  "/ �/ .  

� -8�</ .  � 2 �� (Re≥10000)  9*"�*)!��*2 � � <** �*�*(*<!��/!* �3�(*.�"!2*3+ " � -8�� (. 

�!/*5/�+ "� � "24 � 2 �� .�-� /�8 . �*3� 5 " "2��3+3�  2 2÷6 (/". �"2�/ ��� "/�9:*/� "!"2*( 5 

� 8 .�*�� � 2 �� � -8���, � -� 3+;6*5 !-(*�+24 -��!"!( "24 .�"+6!� � /7*/2��7!5  2 2*(�*��2��0 

"(*"! � -8��+�3�(*.�"!2*34. � ��)*"2�* . �;)*.  83+ . �*3�! !"� 34- ��3"+ �� ��/ (��"� 8  � 3  40 

"(3
/"), � 2 �05 � 8:!.�3"+ " � ( 64; !"�� � 5 "�*)! -�:!.�/!+. ��� 903  � ��-�/  � [94], 

!-(*/*/!*  9?*(/ .  ��"� 8� �� ��/� )*�*- . �*3�� � 8!���- /* 10–100 "(3
/" /*  ��-0��*2 �3!+/!+ /� 

�� 7*"" .�<*/!+. %� 7*"" .�<*/!+ ,!�"!� ��3"+ " � ( 64; �!8* ��(*�0. � ��9 2* [94] /� ��!(*�* 

CF3Br 903  �"2�/ �3*/ , )2  *.  .�"+6�+ � /7*/2��7!+ -��!"!2  2 ��*(*/! � 8�)! �3�(*.�"!2*3+ ! 

8 "2!.�*2 (!/!(�34/ .  -/�)*/!+ /* (*/** )*( )*�*- 1 ". % 12 (�, /*"( 2�+ /� � -( :/ "24 

!-(*/*/!+ ��*(*/! � 8�)! �3�(*.�"!2*3+,  /   "2���3 "4 � "2 +//0( �  �"*� 1�"�*�!(*/2�� ! 

" "2��3+3  1 ". �-(*/*/!* � /7*/2��7!! �3�(*.�"!2*3+ � � 2 �* � -8��� 8 "2!.�3 "4 -� ")*2 

���4!� ��/!+ ��"� 8� � -8��� ��! � "2 +// ( ��"� 8* �3�(*.�"!2*3+. 

�����*

���6!��
���������� ����

%��(�%� 
��������

������
�����
�������
������

������!���
����������
������

9����� ������
�

&������
%����


���!
�'�%���

 

�!"�/ � 33. ��*(� �"2�/ ��! 83+  ��*8*3*/!+ 1,,*�2!�/ "2! .�<*/!+ 2��9�3*/2/ .   )�.� 

�3�(*/! ��! !(��34"/ ( �� 8* .�"+6*.  � (� /*/2�. 
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2.15. ��������� ,++�
�������� ��%��������� ��������-�����7��* �  �����-

�����7��*  ����� ,������� ������ ����� 

 

 

 

 �""3*8 ��/!* 1,,*�2� 8 9�� � �1� - 3+ ��"2� � � " 3*5 /� "� � "24 ��"�� "2��/*/!+ 

�3�(*/! "(*"! CH4/� -8�� �� � 8!3 "4 " � ( 64; �"2�/ ��! " . �*3� 5 ����-�*9�� [246]. 

��*(� 12 5 �"2�/ ��!, ��3;)�+ "!"2*(� � 8�)! � 8/ .  ��"2� �� :*32 5 �� �+/ 5 " 3! (��3!+ 

.*�"�7!�/ ,*���2(II), K4[Fe(CN)6]) � . �;)�; "(*"4, �/�3 .!)/� � ��-�// 5 /� �!"�/�* 18 

�"2�/ ��*, ��!(*/*// 5 83+ !-�)*/!+ 1,,*�2� 8 9�� � �	� /� "� � "24 ��"�� "2��/*/!+ 

�3�(*/ (*2�/� ! �� ��/�. 
* (*2�!)*"�!* ��-(*�0  "/ �/0� 13*(*/2 � . �*3�! "  2�*2"2��;2 

 �!"�//0( � ��-8*3* 2.9. %�! �� �*8*/!! 1�"�*�!(*/2 � " 8 9��� 5 �1� - 3*5 ��"2� � � " 3*5 

2*(�*��2��� . �*3�! � 88*�:!��3�"4 � "2 +// 5 " � ( 64; 2*�( "2�2� ! " "2��3+3� 93 
 �. 

	9?*(/05 ��"� 8 "2*�! (*2�!)*"� 5 . �;)*5 "(*"! CH4/� -8�� ��! ���-�// 5 �0<* 

2*(�*��2��* " "2��3+3 104 "(3
/". 

 
*/*��7!+ �1� - 3+ ��"2� �� :*32 5 �� �+/ 5 " 3! �� !-� 8!3�"4 " � ( 64; 

�/*�(�2!)*"� 5 , �"�/�! (�!"�/ � 10). �/�2�*//!5 8!�(*2� 7*/2��34/ 5 2��9�! 83+ � 8�)! 

�	� " "2��3+*2 0.1 ((, 2 36!/� ** "2*/ � – 0.04 ((, <!�!/� � 347*� .  -�- �� 83+ � 8�)! 

.�-� " "2��3+*2 0.05 ((. �3+ �)*2� � 2*�4 �1� - 34/0� )�"2!7 !/.!9!2 �� /�  "�:8*/!* �/�2�! 

. �*3�! �� � 8!3�"4 ��3!9� ���, ��! � 2 � 5 8 3+  "�:*// .  � �"2�/ ��* �*6*"2�� 

!-(*�+3�"4 ��2*( *.  "(0�� " �/�2�*//*5 � �*��/ "2! 8!"2!33!� ��// 5 � 8 5, ����!��/!+ 

��"2� �� !  ��*8*3*/!+ � 3!)*"2��  "�:8*// .  !/.!9!2 �� �*" �0( (*2 8 (. 

�"� 34- ��//�+ � 8�// 5 ��9 2* , �"�/�� � -� 3+*2 � 3�)!24 � 2 � �1� - 3+ � 8/0� 

��"2� � � " (*8!�// -(�"" �0( 8!�(*2� ( )�"2!7 10-20 (�(. % "3* !"���*/!+ � 80 8!�(*2� 

)�"2!7, � -��!"!( "2!  2 � /7*/2��7!! ��"2� � �, �(*/4<�*2"+ 8  1-6 (�(.  

 �3+ !-(*�*/!+ / �(�34/ 5 "� � "2! ��"�� "2��/*/!+ �3�(*/ � 8 � 8 -� -8�</0� !  

(*2�/ -� -8�</0�  "(*"*5 " 8 9����(! �1� - 3*5 ��"2� � � " 3*5 !"� 34- ��3"+ (*2 8 PIV 

(particle image velocity) [259-261], � � 2 � ( ��*8*//0* � . �;)�; "(*"4 )�"2!70 ��"2� �� 

!/.!9!2 �� "3�:!3! � ��)*"2�* 2��""*� �. �3+  9��9 2�! !- 9��:*/!5 �3�(*/ ! � 3�)*/!+ !- 

/!� 8��(*�/0� � 3*5 "� � "2! � - /* . �*/!+, !"� 34- ��3!"4 "2�/8��2/0* �� .��((0 /� 

 "/ �* �� ""� ��*3+7! //0� �3. �!2( � [262]. 
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2.16. ����������� ,++�
�������� %7���� ������* �!%�� ������ ,������� 

������ ����� 

 

 

 

 �-�)*/!* 1,,*�2!�/ "2! 2�<*/!+ � :��� " � ( 64; �1� - 3+ ��"2� �� " 3*5 

�� � 8!3!"4 /� 8��� ( 8*34/0�  )�.��: 1) /!- � .  3*"/ .  � :���; 2) � :��� �3�""� 0.5� 

(. �+6�+ 8�*�*"!/�). �3+ ��:8 .  �!8� � :��� 1�"�*�!(*/20 �� � 8!3!"4 " !"� 34- ��/!*(: 

1) )!"2 5 � 80 9*- 8 9�� �; 2) ��"2� �� " 3! � � 8*. 

 �1� - 34/05 � 2 � ��"2� �� !/.!9!2 �� " -8���3"+ �*�*8�!:/0( �1� - 34/0( 

.*/*��2 � ( �*.�3!��*( 5 8!"�*�"/ "2! (
��) [263], �"2�/ �3*// ( /� 9�-* ��2 ( 9!3+ $��-

131. 	"/ �� 
�� " "2��3+*2 !"2 )/!� ":�2 .  � -8��� /� 9�-* �"� ( .�2*34/ 5 "!3 � 5 

"�( 3*2/ 5 �"2�/ ��! �-6�, !(*;6*5  2/ "!2*34/  (�305 �*". ��:* /� ��2 ( 9!3* 

�"2�/ �3*/0 9��! 83+ ��"2� �� !/.!9!2 �� ! 2 �3!��, /�" "0 83+ !� � 8�)! � .�- 2��9!// (� 

8�!.�2*3; ! , �"�/��( �/*�( 8!"�*�.�2 ��. %/*�( 8!"�*�.�2 � !(**2 "(*//0* " �3� 83+ 

� -8��� ! :!8� "2!, "!"2*(� !-(*�*/!+ ! �*.�3!� ��/!+ ��"� 8� 2 �3!�� ! ��9 )!� 

:!8� "2*5, )2  � -� 3+*2 ���4!� ��24 � <!� � ( 8!���- /* ��-(*� �1� - 34/0� )�"2!7. 

	"/ �/0* 2*�/!)*"�!* ����(*2�0 �1� - 34/ .  .*/*��2 ��:  "� � "24 � -8��� /� �0� 8* !- 

" �3� - 330 (/", "� � "24 "2��! /� ��""2 +/!! 6 (*2� �  2 " �3� - 8  20 (/", 8!�(*2� "2��! /� 

��""2 +/!! 6 (*2� �  2 " �3� -  � 3  1.2 (, (�"" �05 ��"� 8 � -8���  - 8  0.8 �./"*�,  9?*(/05 

��"� 8 :!8� "2! - 8  20 3/(!/, (*8!�// (�"" �05 8!�(*2� �1� - 34/0� )�"2!7 -  10-20 (�( 

[264]. 

� ��)*"2�* ( 8*34/ .   )�.� /!- � .  3*"/ .  � :��� 903� !"� 34- ��/� 

. �!- /2�34/�+ �3 6�8�� ��-(*� ( 3�4 (*2�� " 2���+/!"2 5 ��"2!2*34/ "24;. %3 6�8�� 

 ���:*/� �� 2!� � :��/ 5 � 3 " 5 <!�!/ 5 1 (. ��""� ��"2!2*34/ .  . �;)*.  (�2*�!�3� 

(�0" �<�+ 2����, "��!* �*2�! 8*�*�4*� 8!�(*2� ( 8  2 "() ��! *"2*"2�*// 5 �3�:/ "2! 

" "2��3+3� 2 �./(2 
. 
 �!- /2�34/�+ "� � "24 ��"�� "2��/*/!+ �3�(*/! �  � �*��/ "2! 8�// .  

( 8*34/ .   )�.� � :��� " "2��3+3� � �+8�� 25 "(/(!/. � ( (*/2 �� �*8*/!+ 1�"�*�!(*/2 � 

"� � "24 �*2�� � � �*��/ "2! -*(3! " "2��3+3� 0-2 (/", 2*(�*��2��� � -8��� +14 
0�.  

� 8*34/05  )�. � :��� �3�""� 0.5� 903 !-. 2 �3*/ !- 45 9��"� � ���8��2/ .  "*)*/!+ 

40�40 (( ! 83!// 5 40 "(, ! "  2�*2"2� ��3 
	� 27586-88. ��2*�!�3 9��"� � – 8�*�*"!/� 

�� 5/0� � � 8, �3�:/ "24 /* 9 3** 12-14%. ���"�! ��"� 3�.�3!"4 "3 +(!, � ��:8 ( "3 * 

9��"�! ��"� 3 :*/0 �*��*/8!��3+�/  ��*808�6*(�, ��""2 +/!* (*:� 9��"��(! � 

. �!- /2�34/ ( "3 * " "2��3+*2 40 ((. ����:/0* 9��"�! "��*�3+;2"+ (*2�33!)*"�!(! 

"� 9��(! !3! .� -8+(! 83+ �� )/ "2!. $�:!.�/!*  )�.� �� !-� 8!2"+ " � ( 64; /�3!2 .  � 

(*2�33!)*"�!5 � 88 / (300�300�100 (() 9*/-!/�. % 88 / ��-(*6�;2 � 8  )�. ( /� 

��""2 +/!! 50 "(  2 *.  /!:/!� 9��"� �. %*�*8 1�"�*�!(*/2 ( � � 88 / -�3!��;2 3 8(3
 � 80 ! 
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0.6 8(3
 ��2 ( 9!34/ .  9*/-!/�, -�:!.�;2 2 �3!�  ! )*�*- 7 (!/�2 �� !-� 8+2 2�<*/!*  )�.�. 

% 88 / ��! 2�<*/!! /* �9!��;2,  )�. ���/ (*�/  � � ��)!��;2 "  "� � "24; 10  9/(!/ 

� ���. *.  �*�2!��34/ 5  "!. ��*(� �� �*8*/!+ 1�"�*�!(*/2� � ��-�/� /� �!"�/�* 34.  

=�"�*�!(*/20 �  2�<*/!; ( 8*34/ .   )�.� � :��� �3�""� 0.5� �� � 8!3!"4 � 

 2"�2"2�!! �*2�� ! 2*(�*��2��* � -8��� +18 
0�. �!"2�/7!+ (*:8� �1� - 34/0( .*/*��2 � ( ! 

 )�. ( � :��� " "2��3+3� 6 (, 8!�(*2� �1� - 34/ .  � 2 �� �  93�"2! ��"� 3 :*/!+  )�.� 

" "2��3+3  � 3  1.2 (*2��. � .3�"/  ����!3�( �� �*8*/!+ !"�02�/!5  ./*2�<�6!� "�*8"2�, 

2��!* !"�02�/!+ ")!2�;2"+ �"�*</0(!, *"3! /* (*/** )*( � 8��� !- 2�*� 1�"�*�!(*/2 � -� 

��*(+ /* 9 3** 180 "*��/8 �� !"� 8!2 � 3/ * .�<*/!*  )�.� � :���, � 2 �05 � �2 �/  /* 

� -. ��*2"+ � 2*)*/!* � "3*8�;6!� 10 (!/�2 [265].  

 %�! 2�<*/!! ( 8*34/ .   )�.� /!- � .  3*"/ .  � :��� � -8*5"2�!*( �1� - 34/ .  

� 2 �� !/.!9!2 �� �� � 8!3! !-(*�*/!+ ��-(*�� �1� - 34/0� )�"2!7 ! !� (�"" � 5 

� /7*/2��7!! " � ( 64; /*,*3 (*2�� � �*:!(* �*�34/ .  ��*(*/! [266]. �� (* 2 . , " 

� ( 64; 7!,� � .  2*�3 �!- �� �*.!"2�!� ��3 "4 ��"��*8*3*/!* 2*(�*��2��0 �  93�"2! 

 )�.� � :���, � 2��:* �� � 8!3�"4 7!,� ��+ "2*�* , 2 .��((*2�!)*"��+ �!8* "?*(�� , �(0 

�1� - 34/ .   93��� !  )�.� � :���. 

6 ( 

φ 1.2 ( 

����
���
 
��
������ 

 

�!"�/ � 34. ��*(� 1�"�*�!(*/2� �  2�<*/!;  )�.� �3�""� 0.5� �1� - 3*( ��"2� �� 

" 3*5 " � ( 64; ( 9!34/ .  �1� - 34/ .  .*/*��2 ��. 
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2.17. ����������� %������ ��
������� ������� � �����*� 
 

 

 


 �*/!* �0" � "� � "2/0� (!�� "2��5 � 8 � 8� !-�)�3 "4 " � ( 64; (!�� . �*3�! " 

8!�(*2� ( " �*3  2 0.03 8  5 ((. ��*(� 1�"�*�!(*/2� � ��-�/� /� �!"�/�* 35. � �3� 903! 

!-. 2 �3*/0 !- /*�:��*;6*5 "2�3! !3! ����7�. �� � "24 � 2 �� � 8 � 8� /� "�*-* " �3� 

 ��*8*3+3�"4 !- �*3!)!/0  9?*(/ .  ��"� 8� .�-�, -�8�// .  " � ( 64; �*.�3+2 �� (�"" � .  

��"� 8� (���) ! �3 6�8! �0� 8/ .  "*)*/!+ " �3�. ��"� 8  � 8 � 8�  )*�*-  " �3   . �*3�! 

" "2��3+3  2 5 8  1600 "(3
/" (��! /.�.) ! -�8���3"+ " � ( 64; ���, � 8" *8!/*// .  )*�*- 

.�- �05 �*8��2 � � 9�33 /� "  ":�20( � 8 � 8 (. �2���2��� �3�(*/! "2��! � 8 � 8� 

�*.!"2�!� ��3�"4 2*/*�0( (*2 8 ( " � ( 64; ��!9 �� B�3*�� " / :*� 5 �!-��3!-!��;6*5 

! 6*3*�0(!  "�*2!2*34/0(! 8!�,��.(�(! (, 2 (*2�!)*"�!5 (*2 8). =2� (*2 8!�� � -� 3+*2 

�!-��3!-!� ��24  9?*�20 "  93�"2+(! � "2 +// .  !3! (*83*//  !-(*/+;6*. "+ .��8!*/2� 

�3 2/ "2! "�*80, 2��!* ��� "��)�! ��3 2/*/!+, �8��/0* � 3/0,  93�"2! ":�2!+ ! ��-�*:*/!+, � 

2�� :* !-(*�+24 ��"��*8*3*/!* �3 2/ "2! 8�!:�6*5"+ .�- � 5 "�*80. %�! !-�)*/!! "2���2��0 

�3�(*/ (!�� "2��5 � 8 � 8� � � -8��* 2*/*��; ���2!/� �� 7*""� . �*/!+ �*.!"2�!� ��3! " 

� ( 64; 7!,� � 5 �!8* ��(*�0, � -�2*(  29!��3! !- �!8* ,!34(�  28*34/0* ��8�0 83+ 

8�34/*5<*5 � (�4;2*�/ 5  9��9 2�!.  

 

�!"�/ � 35. ��*(� 1�"�*�!(*/2� ! ���2!/0 �3�(*/! ��! . �*/!! 

� 8 � 8�: � – /*� "�*8"2�*//�+ "?*(��; b – 2*/*��+ ���2!/� 

8!,,�-! // .  . �*/!+ ���.3 5 (!�� "2��! � 8 � 8�. 
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2.17.1. *(�*��2��/05 �*:!( (!�� " �3� ��! 8!,,�-! // ( . �*/!! ���.3 5 

(!�� "2��! � 8 � 8� 

 

 

 

 �3+ �"2�/ �3*/!+ -�� / (*�/ "2*5 "2�9!3!-�7!! �3�(*/! �0" � "� � "2/ 5 

(!�� "2��! � 8 � 8�, !"2*��;6*5 !- ���.3 .  (!�� " �3�, /* 9� 8!(  903  !-�)!24 

!-(*/*/!*  2*(�*��2��0 *.  "2*/ � � ��-3!)/0� �*:!(��. �3+ 12 .  /� " �3 , ��*8"2��3+;6** 

2��9�� " �/�2�*//!( 8!�(*2� ( 0.5 (( !- /*�:��*;6*5 "2�3!, � /2��2/ 5 13*�2�!)*"� 5 

"���� 5 903� ��!���*/� 2 /��+ 2*�( ���� Pt – Pt 10 % Rh. *�( ����  903� "8*3�/� !- 

�� � 3 �! 8!�(*2� ( 0.05 ((.  )�� !-(*�*/!+ 2*(�*��2��0 ("��5 2*�( ���0) ��"� 3�.�3"+ 

/�  ��""2 +/!! 0.2 ((  2 "�*-� " �3�. � 2 .��,!+ " �3� " ��!���*// 5 2*�( ��� 5 � ��-�/� /� 

�!"�/�* 36. �3+ �(*/4<*/!+ 2*�3 � .  � 2 �� �8 34 �0� 8 � 2*�( ���0  /! 903! ��-(*6*/0 

����33*34/  � �*��/ "2! 2��9�! (!�� " �3� /� (!/!(�34/  � -( :/ ( ��""2 +/!!  2 /** 

(0.01-0.02 (().  

 

 

 

2.17.2. �-(*�*/!* � /7*/2��7!! �*6*"2� ! 2*(�*��2��0 � �3�(*/! (!�� "2��5 � 8 � 8� 

 

 

 

�-(*�*/!* ��"��*8*3*/!+ � /7*/2��7!5 �*6*"2� � �3�(*/! (!�� "2��! � 8 � 8� 

�� � 8!3 "4 " � ( 64; (!�� - /8 � .   29 �� �� 90 ! (�""-"�*�2� (*2�!)*"� .  �/�3!-� 

" "2��� .�-  9��-/0� �� 8��2 �. �!�� - /8  ��*8"2��3+*2 " 9 5 ����7*��; 2��9�� " �/*</!( ! 

�/�2�*//!( 8!�(*2� ( 6 ! 4 (( "  2�*2"2�*// , 83!/ 5 120 ((. �� � /7* 2��9�! �0� 3/*/  

� /!)*"� * "�:*/!* " �.3 ( 20 .��8�" �, 83!/� � /!)*"� 5 )�"2! " "2��3+*2 12 ((, 2 36!/� 

"2*/ � � "2*�*//  �(*/4<�*2"+ � � /7� 2��9�!. �� � /7* � /!)*"� 5 )�"2! !(**2"+  2�*�"2!* 

 

�!"�/ � 36. ��*(� ��"� 3 :*/!+ 2*�( ���0 /� �/*</*5 

� �*��/ "2! (*2�33!)*"� .  (!�� " �3� 8!�(*2� ( 0.5 ((. 

���5 

2*�( ���0 

�0� 80 

2*�( ���0 

(∅=0.05 (() 

�*2�33!)*"� * 

(!�� " �3  

(∅=0.5 (() 
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8!�(*2� ( 0.06 ((, )*�*- � 2 � *  29!��*2"+ �� 9� .�-� !- �3�(*/! 83+ �/�3!-� *.  " "2��� � 

�*:!(* �*�34/ .  ��*(*/!.  36!/� "2*/ � �93!-!  2�*�"2!+ " "2��3+*2 0.06 ((. � � ( 64; 

���)�� � 5 �����(/ 5 2��9�! (83+ (*��/!)*"� 5 ��-�+-�! " (�""-"�*�2� (*2�!)*"� 5 �"2�/ �� 5) 

(!�� - /8 " *8!/+*2"+ " �����(/ 5 "!"2*( 5 /���"�� �� 90 � ! //05 !"2 )/!� (�""-

"�*�2� (*2�� Hiden HPR-60. ���3*/!* � 3!/!! 8 "2���! �� 90 " "2��3+*2  � 3  4*10
2
 %�. 

�*�"2��*/)�2�+ "!"2*(� �����(/ 5  2��)�! 8�// .  (�""-"�*�2� (*2�� 903� "�6*"2�*//  

( 8*�/!-!� ��/�: /� �*�� 5 "2��*/!  2��)�! �(*"2  , ������(/ .  /�" "� 903 �"2�/ �3*/ 

2��9 ( 3*��3+�/05 /�" " ���-500 " �� !-� 8!2*34/ "24; 500 3/"*�, )2   9*"�*)!��*2 8��3*/!* 

� � 8* 1�"�*�!(*/2� � �*�� 5 "2��*/! /� �� �/* 2.7*10
-1

 %�. � 2�*24*5 "2��*/! (��(*�� ! // .  

!"2 )/!�� (�""-"�*�2� (*2��) 903� �"2�/ �3*/� �- 2/�+ 3 ��<��, )2  � -� 3+*2 "/!-!24 8��3*/!* 

� 12 5 )�"2! �����(/ 5 "!"2*(0 8  �*3!)!/0 1.0*10
-5

 %�, � 2��:* -/�)!2*34/  �(*/4<!24 

!/2*/"!�/ "24 �!� � , / � .  (�""-"�*�2��. ���3*/!* �  �2 � 5 "2��*/!  2��)�! " "2��3+*2 

 � 3  6.6*10
-3

 %�.  

�3+ - /8!� ��/!+ �3�(*/! (!�� "2��! � 8 � 8� (!�� - /8 903 -���*�3B/ /� 

"��/!��;6*( 3-� �  �8!/�2/ ( (*��/!-(* " <�. �0(! 8�!.�2*3+(! ! �����3*/!*(  2 

�*�" /�34/ .  � (�4;2*��, � 2 �05 � -� 3+3 � -!7! /!� ��24 �� 9  29 �/!� " 2 )/ "24; 8  

0.1 ((  2/ "!2*34/  /*� 8�!:/  -���*�3*// .  (!�� " �3�. 	"4 (!�� - /8� 903� 

�"2�/ �3*/� �*��*/8!��3+�/   "! (!�� " �3�, ��""2 +/!*  2  "! " �3� 8  �� 9  29 �/!�� 

���4!� ��3 "4  2  0 8  12 ((. �!�� " �3  " �/�2�*//!( 8!�(*2� ( 0.5 (( �"2�/��3!��3 "4 � 

(*2�33!)*"�!5 <2�2!�.  

% -!7! /!� ��/!* (!�� - /8� �� !-� 8!3 "4 �  ��*8���!2*34/  -�3 :*// 5 � � (�4;2*� 

2��*�2 �!! 8�!:*/!+. �3+ "!/�� /!-�7!! �*-�342�2 � !-(*�*/!5 " "2��� �� 8��2 � . �*/!+ " 

� 3 :*/!*( �� 9  29 �/!�� !"� 34- ��3"+ "!/�� /!-!��;6!5 "!./�3 !- 93 �� �����3*/!+ 

<�. �0(! 8�!.�2*3+(! 3-� �  �8!/�2/ .  "��/!��;6*.  (*��/!-(� �*�*(*6*/!+ (!�� - /8�. 

=2 2 "!./�3 ,!�"!� ��3"+  8/ ��*(*//  " !-(*�*/!*( (�""-"�*�2�� /� 8 � 3/!2*34/0� 

!-(*�!2*34/0� ��/�3�� (�""-"�*�2� (*2��, )2  � -� /!3   8/ -/�)/  "�+-�24 !-(*�*//05 " "2�� 

�� 8��2 � . �*/!+ ! � 3 :*/!* (!�� - /8�  2/ "!2*34/  (!�� " �3�.  

% .�*</ "24  ��*8*3*/!+ � /7*/2��7!5 �*6*"2� � �3�(*/! �  "/ �/ ( -��!"!2  2 

2 )/ "2! !-(*�*/!+ !/2*/"!�/ "2*5 �!� � (�"", � 2��:*  2 2 )/ "2! ��!. 2 �3*/!+ 

��3!9� � )/0� .�- �0� "(*"*5. 	<!9�� !-(*�*/!+ !/2*/"!�/ "2! �!�� -��!"!2  2 � /7*/2��7!! 

"  2�*2"2��;6*.  � (� /*/2� � �3�(*/! ! !/2*/"!�/ "2! "!./�3� �!�� � , / � ( (�""-"�*�2�*. 

%� �*8*//0*  7*/�! � ��-0��;2, )2   2/ "!2*34/�+ � .�*</ "24 !-(*�*/!+ � /7*/2��7!! 

 "/ �/0� .�- �0� � (� /*/2 " "2��3+*2 ±5÷20%.  

��� � ��-�3! �� �*8*//0* ��3!9� ��! �  "(*"! .�- � !-�*"2/ .  " "2���, , / �05 (�""-

"�*�2� /* -��!"!2  2 8��3*/!+ � �*�� 5 ! �2 � 5 "2��*/+�  2��)�! (�""-"�*�2� (*2��. =2  
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� -� 3+*2 �  !-(*/*/!; !/2*/"!�/ "2! �!� � (�"" !-(*�+*(0� " *8!/*/!5  ��*8*3!24 !-(*/*/!* 

!� ���7!�34/ .  8��3*/!+ �  29!��*( 5 �� 9*, � -�2*( !- �*3!)!/ ���7!�34/0� 8��3*/!5 

��"")!2�24 ( 34/�; � /7*/2��7!; � (� /*/2 �. �� (* 2 . , � ��*8� 3 :*/!!, )2  "�*8/!5 

( 3*��3+�/05 �*" � (� /*/2 � � ��-3!)/0� - /�� �3�(*/! "3�9  (*/+*2"+, ( :/  �  !-�*"2/ 5 � 

3!2*��2��* -��!"!( "2! ��"� 8� .�-� )*�*-  2�*�"2!* �� 9  29 �/!��  ��*8*3!24 2*(�*��2��� 

 29!��*( .  (!�� - /8 ( .�-�. 

� �93!7* 8 ��!�*8*/0 �*6*"2�� ! �!�! (�"", �  � 2 �0( �� � 8!3 "4 !-(*�*/!* 

� /7*/2��7!! 12!� " *8!/*/!5 � �3�(*/! (!�� "2��! � 8 � 8�, � 2��:*  2/ "!2*34/�+ 

� .�*</ "24 !-(*�*/!+. � /7*/2��7!+ N2, O2, H2, H2O !-(*�+3�"4 �  !/2*/"!�/ "2! �!� � 

(�2*�!/"�!� (�"" m/e 28, 32, 2, 18 "  2�*2"2�*// . ��� ( :/  �!8*24, � .�*</ "2! !-(*�*/!+ 

� /7*/2��7!5 �*6*"2� "�6*"2�*//0, � 12 (� ��! ��")*2* �� ,!3*5 � /7*/2��7!5 �*6*"2� 

!"� 34- ��3! ".3�:!��/!* 8�//0�. � 8�//0� 1�"�*�!(*/2�� !/2*/"!�/ "24 �09��//0� �!� � (�"" 

!-(*�+3!"4 6 ��- � "*��/8�, 2.*. ��*(+  !-(*�*/!+ � /7*/2��7!!  8/ 5 2 )�! � �3�(*/! " "2��3+*2 

~0.17 "*�.  

��3!9� ��� �  � /7*/2��7!! !-(*�+*(0� �*6*"2�  "�6*"2�3+3�"4 �  .�- �0( "(*"+( 

!-�*"2/ .  " "2���: N2+O2, H2+N2+O2, H2O+N2+O2. %��7!�34/ * 8��3*/!* � (� /*/2� � �� 9* iP  

/�� 8+2"+ �  , �(�3*: 

.8* iI  ! 
fon

iI - !/2*/"!�/ "24 �!�� i- .  " *8!/*/!+ � (�""-"�*�2�* �/�3!-!��*( 5 �� 90 ! 

, / � ( (�""-"�*�2�*, Ki  - � 1,,!7!*/2 )��"2�!2*34/ "2! �  i- (� " *8!/*/!;,  ��*8*3+*(05 

��� Ki=∆Pi/∆Ii � ��3!9� � )/0� "(*"+�. $/�)*/!+ � 1,,!7!*/2 � )��"2�!2*34/ "2! 83+ 

!-(*�*//0� � �3�(*/! (!�� "2��! � 8 � 8� " *8!/*/!5 ��!�*8*/0 � �93!7* 9. 

� /7*/2��7!+ .�-  9��-/0� �*6*"2� � �3�(*/!, �0��:*//�+ � ( 34/0� 8 3+�,  

��"")!20��3�"4 ���  2/ <*/!* ���7!�34/ .  8��3*/!+ !-(*�+*( .  � (� /*/2� iP  � "�((* 

���7!�34/0� 8��3*/!5 �"*� !-(*�*//0� � (� /*/2 � .�- � 5 "(*"! " .3�"/  , �(�3*: 

�
=

j

j

i

i
P

P
C  

�3+ !-(*�*/!+ ��"��*8*3*/!+ 2*(�*��2��0 !"� 34- ��3"+ (*2 8 �/*�(�2!)*"� .  - /8�. 

��24 (*2 8� -��3;)�*2"+ � 2 (, )2  (�"" �05 ��"� 8 .�-� )*�*- �� 9  29 �/!� " �3 6�84; 

 2�*�"2!+ S ��! 8��3*/!! p0   ! 2*(�*��2��* T0  ��*8*3+*2"+ "  2/ <*/!*( [267]: 

b

RT

M
Spw ��

�

�
��
�

�

+��
�

�
��
�

�
=

1

22

1

0

0 γ
γ

 

)(
fon

iiii IIKP −⋅=
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.8* 
( )12

1

−

+
=

γ
γ

b  ,  
v

p

c

c
=γ , 

M – ( 3*��3+�/05 �*" .�-�, "p, "v – !- 9��/�+ ! !- � �/�+ 2*�3 *(� "24 .�-�, R - 

�/!�*�"�34/�+ .�- ��+ � "2 +//�+.  

%�! (�30� !-(*/*/!+� 2*�3 *(� "2! ! "�*8/*.  ( 3*��3+�/ .  �*"� .�-� ( :/  �0��-!24 

-��!"!( "24 *.  (�"" � .  ��"� 8� )*�*- �� 9  29 �/!�  2 2*(�*��2��0 "3*8�;6*5 , �(�3 5: 

1

2

2

2

1

T

T
a

w

w
=��

�

�
��
�

�
 

.8* w1 ! w2 – (�"" �05 ��"� 8 .�-� ��! 2*(�*��2���� T1 ! T2 "  2�*2"2�*// , a – 

� 1,,!7!*/2 �� � �7! /�34/ "2! ( ~1). �� ��� � �3�(*/! (!�� "2��! � 8 � 8� � " "2��* 

�� 8��2 � . �*/!+  "/ �/�; 8 3; (~50-79%) " "2��3+*2 N2, 2  (��"!(�34/ * !-(*/*/!* 

"�*8/*.  ( 3*��3+�/ .  �*"� �� 8��2 � . �*/!+ �  - /* . �*/!+ " "2��3+*2 /* 9 3** 20%. 

��!(  9��- (, 12  � -� 3+*2 � ��*8*3�� ���-�// 5 � .�*</ "2! !"� 34- ��24 ��!�*8*//�; 

�0<* , �(�3� 83+  7*/�! ��"��*8*3*/!+ 2*(�*��2��0 � �3�(*/!. 

�-(*/*/!* (�"" � .  ��"� 8� .�-�, /�2*��;6*.  � �����(/�; ��(*�� )*�*-  2�*�"2!* 

�� 9  29 �/!��, �� � �7! /�34/  !-(*/*/!; 8��3*/!+ � ��(*�* ! // .  !"2 )/!�� (�""-

"�*�2� (*2�� ! ( :*2 9024 !-(*�*/  �  !-(*/*/!; !/2*/"!�/ "2! "  2�*2"2��;6!� �!� � 

(�"" � (�""-"�*�2�*  29!��*( 5 �� 90. .*. ∆wi ∝ ∆Pi ∝ ∆Ii. ��!(  9��- (, " � ( 64; (�""-

"�*�2� (*2�� ( :/  �  8/ ( 1�"�*�!(*/2* � 3!)*"2�*//  !-(*�!24 /* 2 34�  " "2�� �� 90, /  

! 2*(�*��2���  29!��*( .  �� 9  29 �/!� ( .�-�: 

 

 .8* iP  ! 0T

iP  - ���7!�34/0* 8��3*/!+ " *8!/*/!5 �  29!��*( 5 �� 9* ��! 2*(�*��2���� 

T ! T0 "  2�*2"2�*// , � – ��3!9� � )/05 � 1,,!7!*/2 ��!9 �� (∼1.25).  

%��7!�34/0* 8��3*/!+ � (� /*/2 � � �� 9* iP  /�� 8+2"+ �  , �(�3*: 

 

.8* iI  ! 
fon

iI - !/2*/"!�/ "24 �!�� i- .  " *8!/*/!+ � (�""-"�*�2�* �/�3!-!��*( 5 �� 90 

! , / � ( (�""-"�*�2�*, Ki  - � 1,,!7!*/2 )��"2�!2*34/ "2! �  i- (� " *8!/*/!;, 

 ��*8*3+*(05 ��� Ki=∆Pi/∆Ii  ��! ��3!9� ����. � ��)*"2�* /�)�34/0� �"3 �!5 83+  ��*8*3*/!+ 

/*!-�*"2/ 5 2*(�*��2��0  29!��*( 5 �� 90 �  ���-�// 5 �0<* , �(�3* �8 9/  !"� 34- ��24 

" "2�� � -8��� ��! T0=300�. 

2
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�
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i
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%/*�(�2!)*"�!5 - /8 +�3+*2"+ !"2 )/!� ( � -(�6*/!5 �3�(*/!, 2�� ��� +�3+*2"+ 

"2 � ( 2*�3� ! .�-  9��-/0� �*6*"2�. % 12 (� �*-�342�20 !-(*�*/!5 2*(�*��2��0 " � ( 64; 

8�// .  (*2 8�, ��� ����!3 , !(*;2 -�/!:*//0*, �  "���/*/!; " 8*5"2�!2*34/0(! 

-/�)*/!+(!, �*3!)!/0 ! � "�+-! " 12!( ( :/  ")!2�24 12! �*-�342�20 "� �** ��)*"2�*//0(!, 

)*( � 3!)*"2�*//0(! ����(*2��(! �3�(*/!. % 82�*�:8*/!*( 12 .  ( :/  ")!2�24 2 2 ,��2, 

)2  ����7*�05 (!�� - /8 " 2 36!/ 5 "2*/ � 0.06 (( ! 8!�(*2� (  2�*�"2!+ 0.06 (( � -� 3+*2 

!-(*�!24 � 3* 2*(�*��2�� � !""3*8�*( ( �3�(*/!, � 2  :* ��*(+ ��! ��*8*/!! � 12  �3�(+ 

2*�( ���0 S-2!�� 2 36!/ 5 0.1 (( �� !"� 8!2 ** �3��3*/!*, 2.*. 8*5"2�!2*34/�+ 2*(�*��2��� 

� - /* . �*/!+ " "2��3+*2 9 3** 1600-1750
o
C. �"3! !"� 34- ��24 83+ - /8!� ��/!+ �3�(*/! 

(!�� - /8 " 9 3** 2 /�!(! "2*/��(! ~0.02 (( (2.*. "3�9** !"��:�;6*.  2*(�*��2��/ * 

��"��*8*3*/!* � �3�(*/!), 2  2��:* �� !"� 8!2 !�  �3��3*/!*, 2.*. 2*(�*��2��� 8 "2!.�*2 

-/�)*/!+ �0<* 1700
o
C. % 12 (� 83+ � 3�)*/!+ ��)*"2�*//0� 8�//0� �  ��"��*8*3*/!; 

2*(�*��2��0 � �3�(*/! !"� 34- ��3"+ 9 3** (�""!�/05 (!�� - /8 (" 2 36!/ 5 "2*/ � 0.06 

((), � 2 �05 � 2+ ! �/ "!3 2*�3 �0* � -(�6*/!+, /  " ���/+3, 2*( /* (*/**, "� ; 

��9 2 "� " 9/ "24 � 2*)*/!! �"*� 1�"�*�!(*/2 �.  

 

�93!7� 8. ��!" � �*6*"2� ! "  2�*2"2��;6!* !( �!�! � (�""-"�*�2�*, � 2��:*  2/ "!2*34/�+ 

� .�*</ "24 (%) !-(*�*/!+  � /7*/2��7!! " *8!/*/!5 � �3�(*/! (!�� "2��! � 8 � 8� 

 

�*6*"2�  H2O N2 O2 �2 

�-(*�+*(05 �!� (�""0, (/* 18 28 32 2 

% .�*</ "24, % ~10 ~5 ~5 ~20 

 

�93!7� 9. � 1,,!7!*/20 )��"2�!2*34/ "2! 83+ !-(*�*//0� � �3�(*/! (!�� "2��! � 8 � 8� 

" *8!/*/!5 

 

� *8!/*/!* Ki 

H2O 4.73⋅10
-6 

N2 8.47⋅10
-7 

O2 1.06⋅10
-6 

�2 2.32⋅10
-6 

 

 �3+ !-�)*/!+ �3!+/!+ 8 9�� � ��-3!)/0� .�- � /� "� � "24  2�0�� �3�(*/! 

�0" � "� � "2/ 5 (!�� "2��! H2 903� " -8�/� "�*7!�34/�+ �"2�/ ���, "�*(� � 2 � 5 

��*8"2��3*/� /� �!"�/�* 37. � 9���! .�- � �� 8!3!"4 3!9  � � 2 � � 8 � 8�, 3!9  � "��2/05 

� 2 � � -8���. �3+ "2�9!3!-�7!! �3�(*/! !"� 34- ��3 "4 !-. 2 �3*// * !- "2�3! 

7!3!/8�!)*"� * (!�� " �3  " �/�2�*//!( 8!�(*2� ( 0.5±0.01 ((, 2 36!/ 5 "2*/�! 0.1±0.01 

(( ! 83!/ 5 30 ((. � �3  903  �"2��3*/  � (*8/�; 2��9�� 8!�(*2� ( 3 ((, "/�9:*//�; 
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13*�2�!)*"�!( /�.�*��2*3*(, )2  � -� 3+*2 /�.�*24 8  90-100
o
C �� � 8+6!5 )*�*- /** � 2 � 

� 8 � 8�. �3+ " -8�/!+ "��2/ .  � 2 �� � -8��� 903  !"� 34- ��/� 7!3!/8�!)*"��+ ��(*��, 

!(*;6�+ � /!)*"� * " �3  " 8!�(*2� ( �0� 8/ .  "*)*/!+ 44 ((. ��(*�� !  � /!)*"� * 

" �3  !(*;2 8� 5/0* "2*/�!, (*:8� � 2 �0(! �� ��)!��*2"+ /�.�*2�+ � 8� (=86
 �), 83+ 

��*8 2���6*/!+ � /8*/"�7!! ��� � :!8� .  !/.!9!2 ��. �/�2�! ��(*�0  /� ��""2 +/!! 100 

! 150 ((  2 �0� 8� " �3� �"2��3*/0 � �!"20* 8!�,��.(0 83+ �0���/!��/!+ � 2 �� � -8���.  

�""3*8�*(0* �*6*"2��: !/.!9!2 �0 . �*/!+ CF3Br (,�* / 13B1, �!�=-58
 �), 

2�!(*2!3, ",�2 (��, (CH3O)3PO, �!�=197
 �), !/*�2/0* .�-0 (He, N2, Ar, CO2) �� 8!3!"4 !3! � 

� 2 � �2, !3! � � -8�</05 � 2 �. �*�.!��;6!* .�-0  (O2  !3! �H4) 8 9��3+3!"4 2 34�  � � 2 � �2. 

%*�*(*<!��/!* � (� /*/2 � .�- � 5 "(*"! �� !"� 8!3  � 3!/!! � 8�)! (2��9�� 8!�(*2� ( 6 (() 

83!/ 5  � 3  1.5 (*2��. � /7*/2��7!+ .�-  9��-/0� 8 9�� � (CF3Br, He, N2, Ar, CO2, �H4, O2) � 

� 2 �* �2 !3! � -8��� -�8���3�"4 � "�*8"2� ( �"2�/ ��! " � ( 64;  �*.�3+2 � � (�"" � .  

��"� 8� .�- � 2�*9�*(0� !�  9?*(/0� ��"� 8 �. % 8�)� .�- � � �*.�3+2 �0 (�"" � .  ��"� 8� 

 "�6*"2�3+3�"4 )*�*- .�- �0* �*8��2 �0 !- 9�33 / �. 	2/ "!2*34/�+ � .�*</ "24 -�8�/!+ 

� /7*/2��7!! .�-  9��-/0� 8 9�� � " "2��3+*2 ±1%. 

%��0 �� � � 2 � � 8 � 8� !3! � -8��� �� 8!3!"4 " � ( 64; !"���!2*3+, 

��*8"2��3+;6*.  *(� "24 !- "2*�3�  9?*( (  � 3  25 "(3
, -�� 3/*// .  (*2�33!)*"�!(! 

 

�!"�/ � 37. ��*(� . �*3�! 83+ !-(*�*/!+ "� � "2! 

 2�0�� �3�(*/! �0" � "� � "2/ 5 (!�� "2��! H2 

��! ��*8*/!! � /** (!3! � "��2/05 � 2 � � -8���) 

8 9�� � ��-3!)/0� .�- �. 

H2+8 9���� (!3! H2) 

� -8�� (!3! 

� -8��+8 9����) 

�!�� " �3  (d=0.5 (() 

% 2 � � -8��� 

( "

% �!"20* 
8!�,��.(0  

� 8� 
o

13*�2�!)*"�!5 

/�.�*��2*34 

(T=90-100oC) 

�!,,�-! // * �3�(+ 

�0" � "� � "2/ 5 

(!�� "2��! �2 

������� 
����
������ 
������� 
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<��!��(! 8!�(*2� ( 3 ((, " 8��(+  2� 8�(! 83+ � 8�)! ! �0� 8� .�-� ! �� 8 ( 83+ � 8�)! 

��. *(�*��2��� !"���!2*3+ " "2��3+3� 200-220
 � ! � 88*�:!��3�"4 " � ( 64; 

13*�2�!)*"� .  /�.�*��2*3+. �� � 8���3"+ � !"���!2*34 " � ( 64; <��!7� ! <�. � .  

8�!.�2*3+ )*�*- 2��9�� 8!�(*2� ( 1 ((, )2   9*"�*)!��3  � -( :/ "24 ���4!� ��24 

� /7*/2��7!! ��� � �� � .�- � 5 "(*"! � <!� � ( 8!���- /*.  )/ "24 -�8�/!+ 

� /7*/2��7!! ��� � �� � "(*"! " "2��3+3� ±2%. �!/!! � 8�)! .�- �  2 !"���!2*3+ 8  

. �*3�! 83+ ��*8 2���6*/!+ � /8*/"�7!! ��� � �� /�.�*��3!"4 8  90 
 � " � ( 64; 

13*�2�!)*"� .  /�.�*��2*3+.  

%� 7*8��� !-(*�*/!+ "� � "2!  2�0�� �3�(*/! " "2 +3� � �"2�/ �3*/!! /*� 2 � .  

,!�"!� ��// .  ��"� 8� H2 )*�*- (!�� " �3 , -�:!.�/!! �3�(*/! ! � "2*�*// .  ��*3!)*/!+ 

� /7*/2��7!! �� 8!( 5 8 9���! !""3*8�*(0� .�- � � � 8 � 8 !3! � � -8�� 8  ( (*/2� 

� .�"�/!+ �3�(*/! ( 2�0�� �3�(*/!). � (*/2  2�0�� �3�(*/!  2 (!�� " �3� �*.!"2�!� ��3! " 

� ( 64; 2*/*� .  (*2 8�, � -/�)*/!* "� � "2! � 2 �� .�- � 5 "(*"!  ��*8*3+3! !- ** 

 9?*(/ .  ��"� 8� ! �3 6�8!  "*)*/!+ " �3�. 	�!"�//�; �0<* �� 7*8��� � �2 �+3! " / � 5 

,!�"!� ��// 5 �*3!)!/ 5 ��"� 8� H2. 	9?*(/05 ��"� 8 � ��2/ .  � 2 �� � -8��� �  �"*� 

12!� 1�"�*�!(*/2�� 903 � "2 +//0( ! "  2�*2"2� ��3 *.  "� � "2! /� "�*-* " �3� 0.15 (/". 

���-�//�+ �*3!)!/� "� � "2! � 2 �� � -8��� � -� 3+*2, "  8/ 5 "2 � /0, ")!2�24 �"3 �!+ 

. �*/!+ 1��!��3*/2/0(! . �*/!; �0" � "� � "2/ 5 (!�� "2��! �2 � /*� 8�!:/ ( � -8��*, � 

" 8��. 5 "2 � /0,  9*"�*)!24 � "2 +//�; � /2� 3!��*(�; � /7*/2��7!; 8 9�� � .�- � � 

� 2 �* � -8���. 
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2.18. ���!���� ����
���� � �
������ ������������� ����� H2/O2/N2 � ����
�� 

����
������ '���� Fe(CO)5 

 

 

 

�""3*8�*( * �3�(+ H2/O2/N2 (0.2355/0.107/0.6575) " � 1,,!7!*/2 ( !-902�� 

. �;)*.  φ=[H2]/[H2]"2*�! (.=1.1 "2�9!3!-!� ��3 "4 /� �3 "� 5 . �*3�*. 
 �*3�� 

��*8"2��3+*2 " 9 5 8!"� 8!�(*2� ( 16 (( !- � �!"2 5 3�2�/! (��-(*� � �  � 3  50 (�(), 

-���*�3*//05 � 3�2�// ( � ���"*, !(*;6*( � 8+/�; ��9�<��.  *(�*��2��� � ���"� 

. �*3�! � 88*�:!��3�"4 ��! 60
 � " � ( 64; " *8!/*// .  " � 8+/ 5 ��9�<� 5 

2*�( "2�2�. 
 �;)�+ "(*"4 ��!. 2��3!��3�"4 "(*<*/!*( � 2 � � .�- � /*� "�*8"2�*//  � 

.�- � 5 3!/!!, " *8!/*// 5 " . �*3� 5. � "2�� . �;)*5 "(*"! -�8���3"+ " � ( 64; 

��*7!-! //0� (2 )/ "24 ∼0.1%) �*.�3+2 � � (�"" � .  ��"� 8� .�-�. �� � "24 � 2 �� 

. �;)*5 "(*"! /� � �*��/ "2! . �*3�! " "2��3+3� 107 "(/" (75%  2 / �(�34/ 5 "� � "2! 

��"�� "2��/*/!+) ��! 2*(�*��2��* 60
 �. � 9���� �*/2����9 /!3� :*3*-� � � 2 � . �;)*5 

"(*"! �� 8!3�"4 " � ( 64; 9��9 2*��, -�� 3/*// .  :!8�!( Fe(CO)5  ! � (*6*// .  � 

" "�8 " � 8 5 ��! 2*(�*��2��* 0
 �. � /7*/2��7!+ Fe(CO)5 � "(*"! " "2��3+3� 0.01±0.001% 

!3! 0.023±0.001% �   9?*(� ! ��"")!20��3�"4 !"� 8+ !- �(*/4<*/!+ �*"� 9��9 2*�� -� 

 ��*8*3*//05 �� (*:�2 � ��*(*/! ��! -�8�// ( � 2 �* .�-� )*�*- /*. . ���4!� ��/!* 

� /7*/2��7!! Fe(CO)5 � . �;)*5 "(*"! � ��-3!)/0� 1�"�*�!(*/2�� �� !-� 8!3 "4 ��2*( 

!-(*/*/!+ "  2/ <*/!+ ��"� 8� �- 2� )*�*- 9�5��" ! � 8���*( .  � 9��9 2*�. 

 

 

 

2.18.1. �-(*�*/!* "2���2��0 �3�(*/! H2/O2/N2 " 8 9��� 5 �*/2����9 /!3� :*3*-� Fe(CO)5 

 

 

 

�2���2��� !""3*8�*( .  �3�(*/! " 8 9��� 5 Fe(CO)5 !-�)�3�"4 (*2 8 ( - /8 � 5 

�%��. ��� ��/** 903   2(*)*/  � ��9 2�� [145, 146], ��!(*/*/!* 8�// .  (*2 8� " ��+:*/  

" �+8 ( 2*�/!)*"�!� 2��8/ "2*5. ��(! 903  �"2�/ �3*/ , )2  � �*-�342�2* �-�!( 8*5"2�!+ 

 �"!8 � :*3*-� " ����7*�0( �� 9  29 �/!� ( ��! �0" �!� 2*(�*��2���� �� !"� 8!2 

8 "2�2 )/  90"2� * *.  ��-��<*/!*. �� (* 2 . , !---� � /8*/"�7!! :*3*- " 8*�:�6!� 

" *8!/*/!5 � �3�(*/!, �� !"� 8!2 -�9!��/!*  2�*�"2!+ �� 9  29 �/!�� )�"2!7�(! 

� /8*/"!� ��// 5 ,�-0, � 2��:* �� !"� 8!2 "/!:*/!* !� � /7*/2��7!! � .�- � 5 ,�-* /!:* 

� � .� )��"2�!2*34/ "2! �/�3!-�2 ��, *"3! 2*(�*��2��� !""3*8�*( .  �3�(*/! (*/** 1400
o
C. 

% 12 (�, 83+ ��*3!)*/!+ "� �� "3�:90 �� 9  29 �/!��, " "2�� . �;)*5 "(*"! �09��/ 2��!( 

 9��- (, )2 90 2*(�*��2��� �3�(*/! 903� (��"!(�34/ 5 (/  /* ��!� 8+6*5 � ��"�3��3*/!; 

����7*� .  �� 9  29 �/!��), � � /7*/2��7!+ 8 9���! Fe(CO)5 (!/!(�34/ 5 " 2*(, )2 90 
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 9*"�*)!24 � /7*/2��7!;  �"!8 � :*3*-� � �� 8��2�� . �*/!+, /* ��!� 8+6�; � -�9!��/!; 

�� 9  29 �/!�� -� ��*(+ �� �*8*/!+ 1�"�*�!(*/2�.  

%� ,!3! � /7*/2��7!! �� 8��2 � . �*/!+ 903! !-(*�*/0 /� 8��� �"2�/ ����, 

 9 ��8 ��//0� ��-3!)/0(! 2!��(! (�""-"�*�2� (*2� �. %� ,!3! � /7*/2��7!5 H2, O2 ! H2O 

� �3�(*/! " 8 9��� 5 0.023% Fe(CO)5 ! 9*- /** 903! !-(*�*/0 /� �"2�/ ��*,  9 ��8 ��// 5 

��*(+�� 3*2/0( (�""-"�*�2� (*2� ( ���-4 [268]. � 7*34;  ��*8*3!24 �3!+/!* Fe(CO)5  /� 

<!�!/� ,� /2� �3�(*/! ! /� �����2*� �� ,!3*5  "/ �/0� � (� /*/2 �3�(*/! (H2, O2, H2O), 

� /7*/2��7!+ 8 9���! 903� �09��/� ���/ 5 0.023%. 	29 � �� 90  "�6*"2�3+3"+ ����7*�0( 

�� 9  29 �/!� ( " 8!�(*2� ( �� 8/ .   2�*�"2!+ ~0.06 ((, 2 36!/ 5 "2*/�! ~0.06 (( ! 

�/�2�*//!( �.3 ( 40
 
. �3+ ��*8 2���6*/!+ -�9!��/!+  2�*�"2!+ - /8� � /8*/"!� ��//0(! 

�� 8��2�(! ��*(+ �� �*8*/!+ 1�"�*�!(*/2� " "2��3+3   � 3  40 "*�. ��)�34/ * ��""2 +/!* 

(*:8� - /8 ( ! � �*��/ "24; . �*3�! " "2��3+3  0.07 ((. % "3* -�:!.�/!+ �3�(*/! - /8 

/�� 8!3"+ /� 12 ( ��""2 +/!! � 2*)*/!! 10-15 "*� 83+ �� .�*��. % "3* 12 .  . �*3�� 

 2� 8!3�"4  2 - /8� "  "� � "24; ~0.125 ((/"*� /� ��""2 +/!* 2-3 ((. ��*(*// 5 !/2*���3 

(*:8� !-(*�*/!+(! " "2��3+3 0.12 "*�. % .�*</ "24 !-(*�*/!+ � /7*/2��7!! H2, O2, H2O 

" "2��3+3� ±5%. 

%� ,!3! � /7*/2��7!! :*3*- " 8*�:�6!� " *8!/*/!5 � �3�(*/! " 8 9��� 5 0.01% 

Fe(CO)5 !-(*�*/0 " � ( 64; �"2�/ ��!,  9 ��8 ��// 5 ���8��� 34/0( (�""-"�*�2� (*2� ( 

��-7302 [80]. 	29 � �� 90  "�6*"2�3+3"+ ����7*�0( �� 9  29 �/!� ( " 8!�(*2� ( 

�� 8/ .   2�*�"2!+ ~0.08 ((, 2 36!/ 5 "2*/�! ~0.08 (( ! �/�2�*//!( �.3 ( 40
 
. � //05 

!"2 )/!� 8�// .  (�""-"�*�2� (*2�� " «(+.� 5» ! /!-�7!*5 13*�2� //0( �8�� ( !(**2 

��-9� " 1/*�.!! ! /!-!��;6!� 13*�2� / � ±0.12 1�, )2  � -� 3+*2 �(*/4<!24  9��- ��/!* 

 "� 3 )/0� ! / �. %� 7*8��� !-(*�*/!5 " � ( 64; �"2�/ ��! " ���8��� 34/0( (�""-

"�*�2� (*2� ( 2�*9�*2 "�6*"2�*//  9 34<*.  ��*(*/!, )*( " ��*(+�� 3*2/0(. % 12 (� 83+ 

��*3!)*/!+ "� �� "3�:90 �� 9  29 �/!�� � /7*/2��7!+ 8 9���! �*/2����9 /!3� :*3*-� � 

12 5 "*�!! 1�"�*�!(*/2 � 903� "/!:*/� 8  0.01%  9. �03! !-(*�*/0 �� ,!3! !/2*/"!�/ "2! 

�!� � (�"" 56, 73, 88 ! 90, "  2�*2"2��;6!� " *8!/*/!+( Fe, FeOH, FeO2 ! Fe(OH)2 

"  2�*2"2�*// . =/*�.!+ ! /!-!��;6!� 13*�2� / � " "2��3+3� 20 1�. �3+  7*/�! � -( :/0� 

��3�8 �  2  "� 3 )/0� ! / � ��!�*8*//0� �0<* " *8!/*/!5, 903  !-(*�*/  "  2/ <*/!* 

!/2*/"!�/ "2*5  "/ �/0� �!� � 12!� (�"" � �3�(*/! /� ��""2 +/!! 2-3 ((  2 . �*3�!. 

�"2�/ �3*/ , )2  "  2/ <*/!* !/2*/"!�/ "2*5 �!� � (�"" 56, 73, 88 ! 90  "2�*2"+ 

� "2 +//0(  ��! !-(*/*/!! 1/*�.!! ! /!-!��;6!� 13*�2� / � 12, 18 ! 20 1�, � 12 (� ��3�8 

 2  "� 3 )/0� ! / � �  "/ �/0* �!�! (�"" ��*/*9�*:!(  (�3 (/* ��*�0<�*2 � .�*</ "24 

!-(*�*/!+ !/2*/"!�/ "2! �!� � (�""). � 8*3!� ��/!* /�  "/ �* 8*2�34/ 5 �!/*2!�! (" 

� ( 64; ���*2� �� .��(( CHEMKIN II [238] ! PREMIX [235] �� ,!3*5 � /7*/2��7!! 
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:*3*- " 8*�:�6!� " *8!/*/!5 � � /*)/ 5 - /* �3�(*/! � ��-�3!, )2  � /7*/2��7!+ 

�*�*)!"3*//0� �0<* " *8!/*/!5 !(**2  8!/ � �+8 � �*3!)!/0. % 12 (� 903  "8*3�/  

��*8� 3 :*/!*, )2  ��! 1/*�.!! ! /!-!��;6!� 13*�2� / � 20 1� ��3�8 �  "/ �/0* �!�! (�"" 

 2  "� 3 )/0� ! / � /*-/�)!2*34/05 ! !( ( :/  ��*/*9�*)4.  )/ "24 !-(*�*/!+ 

� /7*/2��7!! :*3*- " 8*�:�6!� �*6*"2�,  7*/*//�+ !- �*��!)/0� 1�"�*�!(*/2�34/0� 

8�//0� " "2��3+*2  � 3  ±50%. �"* ��*8"2��3*//0* /� .��,!��� 1�"�*�!(*/2�34/0* 8�//0* 

903! � 3�)*/0 �"�*8/*/!*( �*-�342�2 � /*"� 34�!� /*-��!"!(0� !-(*�*/!5. % "3* ��:8 .  

2�� .  !-(*�*/!+ ����7*�05 �� 9  29 �/!� -�(*/+3"+ / �0( !---� /* 9��2!(0� !-(*/*/!5 

� �*��/ "2! ����7� � 8 8*5"2�!*( � /8*/"!� ��//0� :*3*- " 8*�:�6!� �� 8��2 � . �*/!+ 

Fe(CO)5. ��""2 +/!+ (*:8� . �*3� 5 ! �� 9  29 �/!� ( !-(*�+3 "4 " � ( 64; ��2*2 (*2��, 

!(*;6*.  2 )/ "24 ±0.01 ((. 

	8/!( !-  "/ �/0� � �� " � ��!(*/*// .  (*2 8� - /8 � 5 �%�� +�3+*2"+ 

��3!9� ��� �  � /7*/2��7!! :*3*- " 8*�:�6!� " *8!/*/!5. �3*8�*2  2(*2!24, )2  ��+(�+ 

��3!9� ��� �  12!( �*6*"2��( /*� -( :/� !---� !� ,!-!)*"�!� "� 5"2�. � � "2��3*/!* 

�*-�342�2 � ( 8*3!� ��/!+ "2���2��0 �3�(*/! " 8 9��� 5 �*/2����9 /!3� :*3*-� 

(�0� 3/*//0� " !"� 34- ��/!*( � ��)*"2�* �� 8/ .  ����(*2�� 1�"�*�!(*/2�34/  

!-(*�*// .  �� ,!3+ 2*(�*��2��0) " �*-�342�2�(! ��")*2� 2*�( 8!/�(!)*"�! ���/ �*"/ .  

" "2��� � - /* � /*)/0� �� 8��2 � �3�(*/! � ��-�3 , )2  � /7*/2��7!! :*3*- " 8*�:�6!� 

�*6*"2� (Fe, FeOH, Fe(OH)2) /� ��""2 +/!!  2.5-3 ((  2 � �*��/ "2! . �*3�! 93!-�! � 

2*�( 8!/�(!)*"�! ���/ �*"/0(. =2 2 ,��2 � -� 3!3, !"� 34-�+ �*-�342�20 ( 8*3!� ��/!+, 

 7*/!24 ��3!9� � )/0* � 1,,!7!*/20 83+ :*3*- " 8*�:�6!� " *8!/*/!5. 

 

 

 

2.18.2. �-(*�*/!* "� � "2! ��"�� "2��/*/!+  H2/O2/N2 " 8 9��� 5 �*/2����9 /!3� 

:*3*-� Fe(CO)5 

 

 

 

�� � "24 ��"�� "2��/*/!+ �3�(*/! � 8 � 8 -�!"3 � 8/ 5 "(*"! " 8 9��� 5 

Fe(CO)5 !-(*�+3�"4 " � ( 64; . �*3�! ����-�*9�� [246] (*2 8 (  ��*8*3*/!+ � 3/ 5 

�3 6�8! � �*��/ "2! �3�(*/! " � ( 64; 2*/*� .  (*2 8� [269]. 
 �*3�� ��*8"2��3+*2 

2��9�� !- �!�*�"� 83!// 5 60 "( " � /!)*"�!( "�:*/!*( /� � /7* (/� 83!/* 15 (( 

�3 6�84 "*)*/!+ 2��9�! �(*/4<�*2"+ � 7.4 ��-) �0� 8/ 5 8!�(*2� " �3� . �*3�! 

" "2��3+*2 5.5 ((. � /2�� " �3� �09��/ 2��!(  9��- (, )2 90 � 3�)!24 �3�(+ ����!34/ 5 

� /�"  9��-/ 5 , �(0. 	7*/!��*(�+ 2 )/ "24 !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ 

�3�(*/! " "2��3+*2 5%.  



 127 

�*-�342�20 !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ " � ( 64; ��!(*/*// 5 . �*3�! 

"���/!��3!"4 " 3!2*��2��/0(! 8�//0(!, � 3�)*//0(! " � ( 64; 8��. .  (*2 8� [270]. � 

8!���- /* � 1,,!7!*/2 � !-902�� 2 �3!�� (ϕ=0.6-1.2) � 3�)*/  � � <** " ���8*/!* " 

3!2*��2��/0(! 8�//0(!. 	9?*(/05 ��"� 8 .�- � -�8���3"+ " � ( 64; (/ . ��/�34/0� 

��*7!-! //0� �*.�3+2 � � (�"" � .  ��"� 8� .�- � (2 )/ "24 �"2�/ ��! ��"� 8� ±1%). 

��)�34/�+ 2*(�*��2��� . �;)*5 "(*"! " "2��3+3�  25
o
C. 

*/*��+ , 2 .��,!+ � /�"� �3�(*/! �� !-� 8!3�"4 " � ( 64; "!"2*(0, " "2 +6*5 

!- !"2 )/!�� "�*2�, 3!/-0, 8!�,��.(0 ! � 3��� -��)/ .  1���/�. 
 �*3�� � (*6�3�"4 

(*:8� 8!�,��.( 5 ! 1���/ (, 2*/*� * !- 9��:*/!* � /�" �3�(*/! , 2 .��,!� ��3 "4 " 

 9��2/ 5 "2 � /0 1���/�.  

 

 

 

2.18.3. �-(*�*/!* ��"��*8*3*/!+ 2*(�*��2��0 � �3�(*/! H2/O2/N2 " 8 9��� 5 

�*/2����9 /!3� :*3*-� Fe(CO)5 

 

 

 

%� ,!3! 2*(�*��2��0 � �3�(*/ 903! !-(*�*/0 2*�( ��� 5 (Pt-Pt+10%Rh) 8!�(*2� ( 

0.02 ((. �� 2*�( ���� 903  /�/*"*/  �/2!��2�3!2!)*"� * � ��02!* /�  "/ �* Al2O3 

(Ceramobond 569 [271]). 	96!5 8!�(*2� 2*�( ���0 " 2��!( � ��02!*( " "2��3+3 0.04-0.05 ((. 

=2  � ��02!*, �  23!)!*  2 � ��02!+ /�  "/ �* SiO2, �"2 5)!�  � � -8*5"2�!;  �"!8 � :*3*-� 

��! �0" �!� 2*(�*��2���� (��*(+ "3�:90 " "2��3+*2  � 3  1 (!/�20) ! � -� 3+*2 �� �*"2! 

/*"� 34�  !-(*�*/!5 � �3�(*/! " 8 9��� 5 0.01% Fe(CO)5. %�! �� �*8*/!! !-(*�*/!5 . �*3�� 

�*�*(*6�3�"4 " � "2 +// 5 "� � "24;  2/ "!2*34/  2*�( ���0 " � ( 64; "��/!��;6*.  

(*��/!-(� " <�. �0( 8�!.�2*3*(. �!./�3 2*�( ���0 �*.!"2�!� ��3"+ " � ( 64; �/�3 . -

7!,� � .  ��* 9��- ��2*3+ ! � (�4;2*��. % ������ /� � 2*�! 2*�3� 2*�( ��� 5 !-3�)*/!*( 

 7*/!��3�"4 (*2 8 (, ��*83 :*//0( ��/** � ��9 2* [229]. 

 

 

 

2.18.4. �*2 8!�� ( 8*3!� ��/!+ �3�(*/! H2/O2/N2 " 8 9��� 5 �*/2����9 /!3� :*3*-� Fe(CO)5 

 

 

 

�3+ )!"3*// .  ( 8*3!� ��/!+ "2���2��0 !""3*8�*( .  �3�(*/! " � ( 64; 

�� .��((0 PREMIX !"� 34- ��3"+ (*��/!-( �!(!)*"�!� �*��7!5, " "2 +6!5 !- �*��7!5 

 �!"3*/!+ �2+CO (92 �*��7!5 " �)�"2!*( 26 " *8!/*/!5) ! . �*/!+ �*/2����9 /!3� :*3*-� (59 

�*��7!5 " �)�"2!*( 12 :*3*- " 8*�:�6!� �*6*"2�) [135]. � �93!7* 10 ��!�*8*/0 �*��7!! ! 

-/�)*/!+ !� � /"2�/2 "� � "2! 83+ (*��/!-(� ��*���6*/!+ :*3*- " 8*�:�6!� " *8!/*/!5. 
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�93!7� 10. �*��7!! ��"� 8 ��/!+ �*/2����9 /!3� :*3*-� ! ��*���6*/!+ :*3*- " 8*�:�6!� 

" *8!/*/!5  � �3�(*/! ! !� � /"2�/20 "� � "2! �0��:*//0* � �!8* k =A⋅e-E/RT
 (( 34, "(3

, ", 

�:) [127]. 

�*��7!+ � � 

Fe(CO)5=>Fe(CO)4+CO 2.0⋅10
15

 167200 

Fe(CO)4=>Fe(CO)3+CO 3.0⋅10
15

 20900 

Fe(CO)3=>Fe(CO)2+CO 3.0⋅10
15

 133760 

Fe(CO)2=>FeCO+CO 3.0⋅10
15

 96140 

FeCO+M=>Fe+CO+M 6.0⋅10
14

 85690 

Fe(CO)4+CO=>Fe(CO)5 3.5⋅10
10

 0 

Fe(CO)3+CO=>Fe(CO)4 1.3⋅10
13

 0 

Fe(CO)2+CO=>Fe(CO)3 1.8⋅10
13

 0 

FeCO+CO=>Fe(CO)2 1.5⋅10
13

 0 

Fe+CO+M=>FeCO+M 1.0⋅10
15

 0 

FeCO+O=>Fe+CO2 1.0⋅10
14

 0 

Fe+H+M=FeH+M 1.0⋅10
15

 0 

Fe+OH+M=FeOH+M 1.0⋅10
17

 0 

Fe+O+M=FeO+M 1.0⋅10
17

 0 

Fe+O2=FeO+O 1.2⋅10
14

 83600 

Fe+O2(+M)=FeO2(+M) 2.0⋅10
13

 0 

          Low pressure limit: 1.5⋅10
18

 16720 

FeO2+OH=FeOH+O2 1.0⋅10
13

 50160 

FeO2+O=FeO+O2 1.5⋅10
14

 6270 

FeOH+H=Fe+H2O 1.2⋅10
12

 5016 

FeOH+H=FeO+H2 1.5⋅10
14

 6688 

FeOH+OH=Fe(OH)2 6.0⋅10
11

 0 

FeOH+OH=FeO+H2O 3.0⋅10
12

 8360 

FeOH+O+M=FeOOH+M 1.0⋅10
18

 0 

FeOH+O=Fe+HO2 3.0⋅10
13

 87780 

FeOH+O=FeO+OH 5.0⋅10
13

 6270 

FeOH+CH3=FeO+CH4 5.0⋅10
13

 6270 

FeO+H=Fe+OH 1.0⋅10
14

 25080 

FeO+H+M=FeOH+M 1.0⋅10
17

 0 
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FeO+OH+M=FeOOH+M 5.0⋅10
17

 0 

FeO+O+M=FeO2+M 1.0⋅10
16

 0 

FeO2+H=FeO+OH 1.0⋅10
14

 62700 

FeO2+H+M=FeOOH+M 1.0⋅10
17

 0 

FeOOH+H=FeO+H2O 2.0⋅10
13

 0 

FeOOH+H=FeO2+H2 5.0⋅10
13

 4180 

FeOOH+H=FeOH+OH 4.0⋅10
13

 8360 

FeOOH+H+M=Fe(OH)2+M 1.0⋅10
16

 0 

FeOOH+OH=FeOH+HO2 3.0⋅10
13

 83600 

FeOOH+OH=FeO2+H2O 5.0⋅10
13

 0 

FeOOH+O=FeOH+O2 5.0⋅10
13

 0 

FeOOH+O=FeO+HO2 1.0⋅10
13

 58520 

FeOOH+O=FeO2+OH 5.0⋅10
13

 0 

FeO+H2O=Fe(OH)2 1.6⋅10
13

 0 

Fe(OH)2+H=FeOH+H2O 2.0⋅10
14

 2508 

Fe(OH)2+OH=FeOOH+H2O 1.0⋅10
13

 75240 

Fe(OH)2+CH3=FeOH+CH3OH 1.0⋅10
13

 96140 

FeOOH+CH3=FeO+CH3OH 2.0⋅10
13

 16720 

FeO+H2=Fe+H2O 1.0⋅10
13

 20900 

FeO+CH3=Fe+CH3O 1.0⋅10
14

 50160 

FeH+H=Fe+H2 5.0⋅10
13

 0 

FeH+OH=Fe+H2O 1.0⋅10
14

 0 

FeH+O=Fe+OH 1.0⋅10
14

 0 

FeH+O+M=FeOH+M 1.0⋅10
15

 0 

FeH+CH3=CH4+Fe 1.0⋅10
14

 0 

FeH+O2=FeOH+O 1.0⋅10
14

 41800 

FeH+O2+M=FeOOH+M 1.0⋅10
15

 0 

FeO+CO=Fe+CO2 6.0⋅10
12

 20900 

Fe+HO2=FeO+OH 2.5⋅10
13

 16720 

FeO+HO2=FeOH+O2 3.0⋅10
12

 8360 

FeOH+HO2=Fe+O2+H2O 2.0⋅10
10

 45980 
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2.19. ���!���� ������� ����
�  #$5 � �
������ ������������� ����� ������ 

������-%� � �����*�� 

 

 

 

2.19.1. �-(*�*/!* "� � "2! ��"�� "2��/*/!* �3�(*/! "!/2*--.�-� " 8 9��� 5 �� 

� ��)*"2�*  9?*�2� !""3*8 ��/!+ 903� �09��/� "(*"4 "!/2*--.�-� " � -8�� ( ��! 

/�)�34/ 5 2*(�*��2��* 298±2 � ! �2( ",*�/ ( 8��3*/!!. �  2/ <*/!*  9?B(/0� 8 3*5 

� (� /*/2 � H2 ! CO " "2��3+3  5:95. �� � "24 ��"�� "2��/*/!+ �3�(*/! !-(*�+3�"4 " 

� ( 64; . �*3�! ����-�*9�� [246] (*2 8 ( �3 6�8! � 3/ 5 � �*��/ "2! �3�(*/! �  

2*/*� (� (*2 8� [269] , �/�3 .!)/  2 (�, ��� 12  903  "8*3�/  �!/2*�!" ( ! ��*2 ( [272]. 


 �*3�� ��*8"2��3+*2 " 9 5 ����7*��; 2��9�� 83!/ 5 27 "( " "�:*/!*( /� � /7* (�(*/4<*/!* 

�3 6�8! � �*�*)/ .  "*)*/!+ � 4.7 ��-� /� 83!/* 3 "() ! 8!�(*2� ( �0� 8/ .  " �3� 0.9 "(.  

� /2�� " �3� 903 �09��/ 2��!(  9��- (, )2 90 � 3�)!24 ����!34/�; � /�"  9��-/�; , �(� 

�3�(*/!. �� � "24 ��"�� "2��/*/!+ �3�(*/!  ��*8*3+3�"4 !- 2*/*�0� !- 9��:*/!5 �3�(*/!, 

� 3�)*//0� " � ( 64; 7!,� � 5 , 2 ��(*�0 (�!"�/ �  38).  

��"� 8 .�- � !-(*�+3"+ " � ( 64; 7!,� � .  �*.�3+2 �� (�"" � .  ��"� 8� .�-�, 

��*8���!2*34/   2��3!9� ��// .  " � ( 64; 12�3 // .  !-(*�!2*3+  9?*(� .�- � 

9���9�// .  2!��.  	9?*(/05 ��"� 8 . �;)*5 "(*"! " "2��3+3  2 0.9 8  6.6 3/(!/ (/.�.). 

�!(*2!3, ",�2 (��) (300±25 ppm)  �� 8!3"+ � . �;)�; "(*"4 ��! � ( 6! 9��9 2*�� " 

:!8�!( ��, � (*6*// .  � 2*�( "2�2 " 2*(�*��2�� 5 22±1 
o
C. 

% 3�)*//0* -/�)*/!+ "� � "2! �3�(B/ 9*- 8 9���! �� 903! " � "2��3*/0 " 

 

 

�!"�/ � 38. */*� * !- 9��:*/!* � /�"� �3�(*/! /� 
� 3��� -��)/ ( 1���/*, � 3�)*// * " � ( 64; 7!,� � 5 

, 2 ��(*�0. �3*�� � ��-�/� (�"<2�9/�+ "*2��.   
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3!2*��2��/0(! 8�//0(! [157-159, 273] (�!"�/ � 39). ���"!(�34/ * ��"� :8*/!* (*:8� 

� 3�)*//0(! � 8�// 5 ��9 2* �*-�342�2�(! ! 8�//0(! !- ��9 2  [157-159] /�93;8�*2"+ �  

 93�"2! 9 .�20� �3�(*/ ! " "2��3+*2  � 3  8%. ��!(  9��- (,  7*/!��*(�+ � .�*</ "24 

!-(*�*/!+ "� � "2! ��"�� "2��/*/!+ � 8�// 5 ��9 2* " "2��3+*2 ±6-8%.  

%�!  7*/�* 2 )/ "2! !-(*�*/!5 "� � "2! ��"�� "2��/*/!+ �3�(*/ "!/.�-� �)!20��3! 

� .�*</ "24 !-(*�*/!+  9?*(/ .  ��"� 8� . �;)*5 "(*"! ((��"!(�34/�+  2/ "!2*34/�+ 

� .�*</ "24 " "2��3+*2 ±0.6%) ! � .�*</ "24 !-(*�*/!+ �3 6�8! � /�"� �3�(*/! 

((��"!(�34/�+  2/ "!2*34/�+ � .�*</ "24 " "2��3+*2 ±5%). ���"!(�34/�+  2/ "!2*34/�+ 

� .�*</ "24 !-(*�*/!+ � 1,,!7!*/2� !-902�� 2 �3!�� " "2��3+*2 ±1.4%. 

 

 

 

2.19.2. �*2 8!�� ( 8*3!� ��/!+ "� � "2! ��"�� "2��/*/!+ ! "2���2��0 �3�(*/! "!/2*--.�-� " 

8 9��� 5 �� 

 

 

 

�� � "24 ��"�� "2��/*/!+ ! "2���2��0 �3�(*/! "!/2*--.�-� " 8 9��� 5 ��  ��! 

8��3*/!! 1 �2( ��"")!20��3�"4 " � ( 64; (*��/!-(�  �!"3*/!+ "!/2*--.�-�  [157] ! 

(*��/!-(� !/.!9!� ��/!+ . �*/!+ �3�(*/ 8 9����(! ��  [89]. %� ,!3! "� � "2! �*��7!5 

 9��- ��/!+  "/ �/0� ��8!��3 � � �*��7!+� " , ", �" 8*�:�6!(! �*6*"2��(! ! �� ,!3! 

� 3/0� "� � "2*5 �*��7!5 � !""3*8�*(0� �3�(*/�� 903! ��"")!2�/0 " � ( 64; �� .��((0 

KINALC [274], +�3+;6*5"+ � "2�� 7*"" �/ 5 �� .��(( 5 83+ �0� 8/0� 8�//0� �� .��((0 

PREMIX [235, 238]. �� ��� 83+ 12 .  ��")*2� /* 9� 8!( (*��/!-(, ��3;)�;6!5 2 34�  

φ� � � � �

�

��

��

��

��

	�


����������

�����������	

������������

��������	

��������

 

 

�!"�/ � 39. �-(*�*//�+ � 8�// 5 ��9 2* "� � "24 

��"�� "2��/*/!+ �3�(*/! "(*"*5 "!/2*--.�-/� -8�� � 

"���/*/!! " 3!2*��2��/0(! 8�//0(! !- ��-3!)/0� 

!"2 )/!� �.  

������ ���� ���!��� ������� 

�
��


�
�
��

  


�
�
�


�
�
�

�
�
�
�
�
�
 

�
�
�
�
�
�
�
, 
�
�

/�
 

������ 
����� 

[273] 

[159] 

[158] 

[157] 
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/* 9��2!(0* �*��7!!, !"� 8/0* (*��/!-(0  [157, 89] 903! ��* 9��- ��/0 � , �(�2 /�9 �� 

/* 9��2!(0� �*��7!5 " � ( 64; �� .��((0 MECHMOD [275]. ��:/   2(*2!24, )2  � 2+ 

"� � "24  9��- ��/!+ 83+  28*34/0�  �*��7!5 903� ��"")!2�/� 83+ "3�)�+ !� /* 9��2!( .  

�� 2*��/!+, 8�3** ��!�*8*/0 8�//0* 83+ � 3/ 5 "� � "2! �*��7!! � "3�)�* **  9��2!( .  

�� 2*��/!+. 

%�! ��")*2* "� � "2! ��"�� "2��/*/!+ !"� 34- ��/0 ����(*2�0 .3�8� "2! ! 

"2��*/)�2 "2! �� ,!3*5 � /7*/2��7!! GRAD=0.1 ! CURV < 0.2  �  �� 8/ ( ,�53* �� .��((0 

PREMIX. =2! �*3!)!/0  9*"�*)!��;2 ��")*2 "� � "2! ��"�� "2��/*/!+ �3�(*/!, ��! � 2 �0� 

** �*3!)!/� /* -��!"!2  2 � 3!)*"2�� 2 )*� � ��")*2/ 5 "*2�* (2�*9�*2"+ J200-250). %�! �"*� 

��")*2�� ��!/!(�*2"+ (�342!� (� /*/2/�+ ! 2*�( 8!,,�-!+, �)!20��*2"+ ����/*/!* 

" ���/*/!+ 1/*�.!! (�8!�9�2!)*"�!5 "3�)�5). 
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2.20. ���!���� ������� ����
�  ����������!�* ����������  �  ����
���� 

������������� ������7���%� ��4/�2/N2 ������ 

 

 

 

� 8�// 5 ��9 2* !-�)�3�"4 "2���2��� ��*8���!2*34/  �*�*(*<�// .  ��4/	2/N2 

�3�(*/!, "2�9!3!-!� ��// .  /� . �*3�* ����-�*9�� ��! �2( ",*�/ ( 8��3*/!! " "2��� 

9.18/15.54/75.28 (�3�(+ A1) " 8 9����(! 2�!,*/!3, ",!/ �"!8� ((C6H5)3PO, ��	)  ! 

.*�"�9� (7!�3 8 8*��/� (C12H18Br6, 
�&�) ! 9*- /!�, � 2��:* �3�(*/! ��4/	2/N2 " "2��� 

8.6/14.2/77.2 (�3�(+ A2) 9*- 8 9���! ! " 8 9��� 5 9� (!"2 .  12!3� (C2H5Br, �=). 

��)�34/�+ 2*(�*��2��� . �;)*5 "(*"! " "2��3+3� 368 �. � "2�� . �;)*5 "(*"! � 89!��3"+ 

2��!(  9��- (, )2 90 � /*)/�+ 2*(�*��2��� �3�(*/! 903� /* �0<* 1700 
	�, � � 1,,!7!*/2 

!-902�� 2 �3!�� " "2��3+3 ϕ~1.2. �09 � �3�(*/! " 2�� 5 � /*)/ 5 2*(�*��2�� 5 903 

 9�"3 �3*/ � -( :/ "24; !"� 34- ��/!+ ����7*� .  - /8� 83+  29 �� �� 90 !- �3�(*/!. 


 �*3�� ��*8"2��3+3� ����7*��; 2��9�� " "�:*/!*( /� � /7*. ��:*/!* ��*8/�-/�)*/  83+ 

� 3�)*/!+ ���/ (*�/ .  ��"��*8*3*/!+ "� � "2! � 2 �� �  "*)*/!; 2��9�! /� ** �0� 8* ! 

����!34/ 5 , �(0 � /�"� �3�(*/! (2�� /�-0��*(�+ . �*3�� ����-�*9��, �/�3 .!)/�+ 

!"� 34- ��// 5 � [272]). ����7*��+ 2��9�� !(**2 83!/� 27 "( ! "/�9:*/� � 8+/ 5 

��9�<� 5, " *8!/*// 5 " 2*�( "2�2 (. � /!)*"� * "�:*/!* /� � /7* 2��9�!  9*"�*)!��*2 

�(*/4<*/!* �3 6�8! � �*�*)/ .  "*)*/!+ � 4.7 ��-� /� 83!/* 3 "( ��! �0� 8/ ( 8!�(*2�* 

" �3� . �*3�! 1 "(. �3+ �8 9"2�� !-(*�*/!5  "4 . �*3�! 903� /��3 /*/� /� �. 3 ~ 45
o
  2 

 "! "!((*2�!! � /�"� - /8�. =2  � -� 3!3  �� � 8!24 !-(*�*/!+ �� ,!3*5 � /7*/2��7!5 

" *8!/*/!5 � �*��*/8!��3+�/ ( � ,� /2� �3�(*/! /�����3*/!!. � /7*/2��7!+ 8 9�� � 

��	, 
�&� ! �= � . �;)*5 "(*"! � 89!��3�"4 2��!(  9��- (, )2 90 "� � "24 

��"�� "2��/*/!+ �3�(*/! ��! !� ��*8*/!! �(*/4<�3�"4 8 "2�2 )/  "3�9  (/* 9 3** )*( � 

1.2-1.8 ��-�). � /7*/2��7!+ 8 9���! !/.!9!2 � � ���4!� ��3�"4 !-(*/*/!*( "� � "2! *.  

� 8�)! � � 2 � . �;)*5 "(*"! � �!8* ��� �. � "3�)�* ��	 ! 
�&� !"� 34- ��3"+ 

"�*7!�34/05 !"���!2*34, ��"� 3 :*//05 �/�2�! � ���"� . �*3�! �  **  "!. �"���!2*34 

��*8"2��3+*2 " 9 5 ����7*��; 2��9�� " �/�2�*//!( 8!�(*2� ( 3.6 ((, " "2 +6�; !� 8��� 

"*�7!5. ��:8�+ !- "*�7!5 "/�9:*/�  28*34/0( /�.�*��2*3*( ! 2*�( ��� 5 83+ � /2� 3+ 

2*(�*��2��0. �/�2�! 2��9�! ��"� 3 :*/ � �<*/4 !- ,2 � �3�"2�, � 2 �05 �*�*(*6�3"+ " 

� ( 64; �!/2 � 5 ���0 ! <�. � .  8�!.�2*3+, /�� 8+6!�"+ "/���:! . �*3�!. 

�""3*8�*(05 �/2!�!�*/ � (*6�3! � 2��9�� ! /�.�*��3! 8  2*(�*��2��0 �3��3*/!+. � 

� ( 64; � �</+ ��"�3�� � 8���3"+ �  �2 ��; "*�7!;, 2*(�*��2��� � 2 � 5 " "2��3+3� 

300 
 � !3! 220 

 � (83+ ��	 ! 
�&� "  2�*2"2�*// ), .8* �/2!�!�*/ !"���+3"+. �� � "24 

!"���*/!+ �/2!�!�*/� �  �2 � 5 "*�7!! !"���!2*3+ 903� �0<* "� � "2! � 8�)! ��"�3���, 

� 12 (� *.  � /7*/2��7!+ � .�- � 5 "(*"!  ��*8*3+3�"4 "� � "24; � 8�)! ��"�3��� !- 
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�*�� 5 "*�7!! !"���!2*3+. ��""2 +/!*  2 �2 � 5 "*�7!! !"���!2*3+ 8  �0� 8/ .   2�*�"2!+ 

" �3� . �*3�! � 89!��3 "4 2��!(  9��- (, )2 90  9*"�*)!24 ���/ (*�/ * �*�*(*<!��/!* 

��� � !3! �� 8��2 � ��-3 :*/!+ �� 8!( 5 8 9���! � � 2 �* . �;)*5 "(*"! ! 

(!/!(!-!� ��24 !�  "�:8*/!* /� �/�2�*//!� "2*/��� . �*3�! ! " "2��3+3   � 3  140 ((. 

��*(� 1�"�*�!(*/2�34/ 5 �"2�/ ��! ��*8"2��3*/� /� �!"�/�* 40. % 2*�! �/2!�!�*/� (83+ 

��	 ! 
�&�) �/�2�! . �*3�!  ��*8*3+3!"4 �*" �0( (*2 8 ( � ��:8 ( 1�"�*�!(*/2* ! 

" "2��3+3! 4-16%  2 (�""0 !"���*// .  �  �2 � 5 "*�7!! !"���!2*3+ �/2!�!�*/�.   
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�!"�/ � 40.  ��*(� �"2�/ ��! 83+ !""3*8 ��/!+ "2���2��0 CH4/O2/N2 �3�(*/! " 

8 9����(! �/2!�!�*/ �. 

�3+ ��*8*/!+ 8 9���! �=, � 2 �05 +�3+*2"+ 3*.� �!�+6*5 :!8� "24; (�!�=38.4
 �), � 

. �;)�; "(*"4 !"� 34- ��3! <��!7 " ��!� 8 (  2 <�. � .  8�!.�2*3+. � 12 ( "3�)�* �= 

� 8���3"+ )*�*- 2 /�!5 (*2�33!)*"�!5 ���!33+� � /�.�*205 � 2 � . �;)*5 "(*"! /� ** �� 8*  � 

. �*3��. �0" 2� � /�"� �3�(*/! " "2��3+3�  � 3  10 (( ! �*.�3!� ��3�"4 !-(*/*/!*( ��"� 8� 

. �;)*5 "(*"!. � 1�"�*�!(*/2* ��"� 8 . �;)*5 "(*"! 83+ �3�(*/! 9*- 8 9���! " "2��3+3  � 3  

36 "(3
/"*� (��! /.�.). %�! ��*8*/!! !/.!9!2 �� � �3�(+ �(*/4<�3�"4 / �(�34/�+ "� � "24 *.  

��"�� "2��/*/!+, )2  ��!� 8!3  � ��*3!)*/!; �0" 20 � /�"� �3�(*/!. �2 90 .* (*2�!+ � /�"� 

�3�(*/! 9*- 8 9���! ! " 8 9��� 5 !/.!9!2 ��  "2���3�"4 /*!-(*// 5, ��! ��*8*/!! !/.!9!2 �� 

��"� 8 . �;)*5 /*"� 34�  �(*/4<�3! "(*"! 8  2�� 5 �*3!)!/0, )2 90 8 "2!)4 �0" 20 � /�"� 

�3�(*/!  � 3  10 ((. % "� 34�� ,� /2 �3�(*/! ����2!)*"�! "  2�*2"2��*2 ,� /2� "� 9 8/  
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��"�� "2��/+;6*. "+ �3�(*/!, 2  ��"� 8 . �;)*5 "(*"! /*"�6*"2�*//  �3!+*2 /� *.  

"2���2���.  

�-(*�*/!* ��"��*8*3*/!+ 2*(�*��2��0 ��� /*� -(�6*// . , 2�� ! � -(�6*// .  - /8 ( 

�3�(*/! �� � 8!3 "4 " � ( 64; 2*�( ���0 (Pt–Pt+10%Rh) 8!�(*2� ( 0.02 ((, � ��02 5 

�/2!��2�3!2!)*"�!( "3 *( !- SiO2 2 36!/ 5 ∼0.005 ((. � /"2���7!+ 2*�( ���0 83+ 

��*8 2���6*/!+ "�� �!"�/!+" ** ��9 )*5 )�"2! � �3�(*/!  9*"�*)!��*2 � "2 +// * /�2+:*/!* 

** �� � 3 )*�. %� ,!3! 2*(�*��2��0 � �3�(*/! " �� 9  29 �/!� ( !-(*�+3!"4 ��! ��""2 +/!! 

 2 2*�( ���0 8  � /)!�� �� 9  29 �/!�� ���/ ( 0.25 ((. % 3 :*/!* "��+ 2*�( ���0 

� /2� 3!� ��3 "4 " � ( 64; ��2*2 (*2�� " 2 )/ "24; ±0.01 ((.  *�3 �0* � 2*�! 2*�( ���0 

/� !-3�)*/!* �)!20��3!"4 �  , �(�3*, ��!�*8*// 5 � [229].  )/ "24 !-(*�*/!5 2*(�*��2��0 � 

�3�(*/! " "2��3+3� ±30 
 �. ����/*/!* 2*(�*��2�� � � -(�6*// ( - /8 ( ! /*� -(�6*// ( 

�3�(*/! 9*- 8 9���! �/2!�!�*/� � ��-�3 , )2  ��*8*/!* - /8� � �3�(+ ��!� 8!2 � 

/*-/�)!2*34/ (� "/!:*/!; 2*(�*��2��0, /�� 8+6*(�"+ � ��*8*3�� 1�"�*�!(*/2�34/ 5  <!9�!. 

%� ,!3! � /7*/2��7!5 �*6*"2� !-(*�+3!"4 " � ( 64; (*2 8� - /8 � 5 �%�� " (+.� 5 

! /!-�7!*5 13*�2� //0( �8�� (. =�"�*�!(*/2�34/�+ �"2�/ ��� 83+ !""3*8 ��/!+ "2���2��0 

�3�(*/ (*2 8 ( �%��  �!"�/� � [68]. 	29 � �� 90 !- �3�(*/! �� !-� 8!3"+ " � ( 64; 

-��� � .  ����7*� .  �� 9  29 �/!�� " 8!�(*2� (  2�*�"2!+ 0.08 ((, 2 36!/ 5 "2*/ � 0.05 (( 

! �/�2�*//!( �.3 ( 40°. �0" 2� � /�"� �� 9  29 �/!�� " "2��3+*2 ~20 ((. 
 �*3�� ��! 12 ( 

��"� 3�.�3�"4 � 8 �.3 (  � 3  45
 
  2/ "!2*34/  �*�2!��3! 2��!(  9��- (, )2 90  "4 

�� 9  29 �/!�� 903� �*��*/8!��3+�/� ,� /2� �3�(*/!. �-(*�*/!* �� ,!3*5 � /7*/2��7!5 

" *8!/*/!5 � �3�(*/! �� � 8!3 "4 " !"� 34- ��/!*( �*�*(*6*/!+ . �*3�!  2/ "!2*34/  

/*� 8�!:/ 5 �"2�/ ��! " � ( 64; "��/!��;6*.  (*��/!-(�,  9*"�*)!��;6*.  2 )/ "24 

�*�*(*6*/!+ ±0.01 ((. ���8��� 34/05 (�""-"�*�2� (*2� " ( 8*�/!-!� ��//0( ! //0( 

!"2 )/!� ( " (+.� 5 ! /!-�7!*5 13*�2� //0( �8�� ( ! (�30( ��-9� " ( 13*�2� / � �  

1/*�.!! !"� 34- ��3"+ 83+ !-(*�*/!+ (�""-"�*�2� � �� 90. %�! !-(*�*/!! !/2*/"!�/ "2*5 

�!� � (�"" 1 (�) ! 17 (	�) 1/*�.!+ ! /!-!��;6!� 13*�2� / � ���/+3�"4 16.2 1�, ��! � 2 � 5 

/*� -( :/   9��- ��/!*  "� 3 )/0� ! / � " 2��!(! :* (�""�(! !- 8��.!� � (� /*/2 � 

�3�(*/!. ��3!9� � )/0* � 1,,!7!*/20 83+ � ! 	�  ��*8*3+3!"4 ��2*( " � "2��3*/!+ !� 

� /*)/0� � /7*/2��7!5 � - /* � /*)/0� �� 8��2 � . �*/!+ 9*- 8 9���!, ��"")!2�//0� � 

��!93!:*/!!  ���-!"2�7! /��/ .  ���/ �*"!+ �  2�*( “90"2�0(” �*��7!+( (�2+	�=�2	+�; 

�2+	=�+	�; 	2+�=	�+	) [226], " !/2*/"!�/ "2+(! "  2�*2"2��;6!� �!� � (�"". �-(*�*/!* 

!/2*/"!�/ "2*5 �!� � "2�9!34/0� " *8!/*/!5 (O2, CH4, H2O) �� � 8!3 "4 ��! 1/*�.!! 

! /!-!��;6!� 13*�2� / � 18-20 1�. � 1,,!7!*/20 )��"2�!2*34/ "2! 83+ 12!� " *8!/*/!5 

903!  ��*8*3*/0 !- ��3!9� � � �  !/8!�!8��34/0( " *8!/*/!+( ! !� "(*"+( !-�*"2/ .  
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" "2���. �3+ "2�9!34/0� �*6*"2�  <!9�� !-(*�*/!+ !� � /7*/2��7!! " "2��3+*2 ±2%, � 83+ 

��8!��3 � ! 8��.!� ��2!�/0� " *8!/*/!5   -   ±25%, 

�!"3*// * ( 8*3!� ��/!* "2���2��0 �3�(*/! 9*- 8 9���! !/.!9!2 � � �� � 8!3 "4 " 

!"� 34- ��/!*( �� .��((/ .  ���*2� PREMIX ! CHEMKIN (SANDIA National Laboratories, 

USA) ! �!/*2!)*"� .  (*��/!-(� 83+ . �*/!+ �� ��/ -�!"3 � 8/0� �3�(*/ (77 " *8!/*/!5 (H, 

O, C, N), 469 �*��7!!) [89, 276], ��-��9 2�// .  ��2 ��(! " �(*"2/  " .���� 5 �� ,*"" �� �. 

�*"29���� (LLNL, USA). =2 2 (*��/!-( 9 3** 2 )/   �!"0��*2 "2���2��� ! "� � "24 

��"�� "2��/*/!+ "2*�! (*2�!)*"� .  ! 9 .�2 .  (*2�/ -� -8�</ .  �3�(*/!, )*( /*� 2 �0* 

8��.!* !-�*"2/0* (*��/!-(0. =2 2 (*��/!-( 8 "2��*/ /� �*9-"�52* [84]. 
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��� ��������������* � ����
�� %����
� ����� 

 

 

 

3.1.1. H2/O2/N2 

� 12 5 .3��* ��!�*8*/0 �*-�342�20 !-�)*/!+ "2���2��0 �3�(*/ "(*"*5 �2/O2/N2 

"2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* ��! 8��3*/!! 1 �2( � 93!-�!� � �8!�9�2!)*"�!( �"3 �!+�. 

�""3*8 ��/!+ �� � 8!3!"4 " �(*"2/  " ���2 < � 5 �.�. [249]. �3!-�!* � �8!�9�2!)*"�!( 

�"3 �!+ "2�9!3!-�7!! �3�(*/! 8 "2!.�3!"4 ! � /2� 3!� ��3!"4 " � ( 64; (*2 8� 9�3�/"� � 2 �� 

2*�3� [247, 248]. ��//05 (*2 8  9*"�*)!��*2 �0" ��; 2 )/ "24 !-(*�*/!+ "� � "2! "� 9 8/ .  

��"�� "2��/*/!+ �3�(*/ (��-8*3 2.10), � 2��:* � -� 3+*2 !-(*�+24 "2���2��� �3�(*/ � 93!-�!� � 

�8!�9�2!)*"�!( �"3 �!+� (��-8*3 2.11). �-(*�*/!* �!(!)*"� 5 "2���2��0 �3�(*/ (-��!"!( "24 

� /7*/2��7!! �*6*"2� � �3�(*/!  2 ��""2 +/!+ 8  � �*��/ "2! . �*3�!) �� � 8!3 "4 " � ( 64; 

��2 (�2!-!� ��// .  (�""-"�*�2� (*2�!)*"� .  � (�3*�"� " ( 3*��3+�/ -��)� � 5 "!"2*( 5 

 29 �� �� 90. 	"/ �� 12 .  � (�3*�"� " "2��3+*2 ���8��� 34/05 (�""-"�*�2� (*2� ��-7302, 

 "/�6*//05 ( 8*�/!-!� ��//0( ! //0( !"2 )/!� ( " (+.� 5 ! /!-�7!*5 13*�2� //0( �8�� (. 

	29 � �� 90 !- �3�(*/! �� !-� 8!3"+ � /!)*"�!( ����7*�0( �� 9  29 �/!� ( " 8!�(*2� ( 

�� 8/ .   2�*�"2!+ 0.1 (( ! �/�2�*//!( �.3 ( 40
0
. %� ,!3!  2*(�*��2��0 � �3�(*/! !-(*�+3!"4 " 

� ( 64; 2*�( ���0 Pt/Pt+10%Rh " 8!�(*2� ( �� � 3 )*� 0.02 (( ! � ��02 5 �/2!��2�3!2!)*"�!( 

"3 *( !- SiO2. $ /8 �0* � -(�6*/!+ 2*�3 � .  ��"��*8*3*/!+ � �3�(*/! �)!20��3!"4 ��2*( 

!"� 34- ��/!+ � ��)*"2�* �� 8/0� ����(*2� � 83+ ��")*2� �� ,!3*5 � /7*/2��7!! " *8!/*/!5 

!-(*�*// .  � �3�(*/! � ��!"�2"2�!! �� 9  29 �/!�� �� ,!3+ 2*(�*��2��0, � 2��:* ��2*( 

"(*6*/!+ � /�����3*/!! � � �*��/ "2! . �*3�! !-(*�*//0� �� ,!3*5 � /7*/2��7!5 " *8!/*/!5  /� 

�*3!)!/�,  ��*8*3*//�; �  , �(�3* (2.29).  

 

 

 

3.1.1.1. �2���2��� H2/O2/N2 �3�(*/ 9*- 8 9�� � 

 

 

 

�2���2��� �3�(*/ H2/O2/N2 903� !""3*8 ��/� 83+ 9 .�2 5 (D=7.7%, >=2), 9*8/ 5 

(D=20.9%, > =0.47) !  � 3 "2*�! (*2�!)*"� 5 (D=9%, > =1.1) . �;)*5 "(*"! (�93!7� 11). 
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�� � "24 ��"�� "2��/*/!+ �3�(*/ !-(*�+3�"4 (*2 8 ( 9�3�/"� � 2 �� 2*�3� /� � �*��/ "2! 

. �*3�! ! ��"")!20��3!"4 " !"� 34- ��/!*( 2�*� ��-3!)/0� (*��/!-( � . �*/!+ � 8 � 8�. 

�� � "2! � 2 � � .�- � 83+  � 3 "2*�! (*2�!)*"� 5 ! 9 .�2 5 "(*"*5 (> = 1.1 ! 2.0) 

�"2�/��3!��3! /*(/ .  /!:* "� � "2! "� 9 8/ .  ��"�� "2��/*/!+ 12!� �3�(*/, !-(*�*//0� 

(*2 8 ( 9�3�/"� � 2 �� 2*�3� /� 8�// 5 . �*3�*. �3+  � 3 "2*�! (*2�!)*"� .  �3�(*/! (> = 

1.1) ��! !-(*�*// 5 "� � "2! "� 9 8/ .  ��"�� "2��/*/!+ 46.7 "(/"  � 1�"�*�!(*/2* 

�"2�/��3!��3! "� � "24 � 2 �� "(*"! ���/�; 42.5 "(/". �3+ 9*8/ 5 "(*"! (> =0.47) !---� 

 9��- ��/!+ +)**� � �3�(*/! "� � "24 ** � 2 �� �"2�/��3!��3! /� 40% (*/4<* "� � "2! 

"� 9 8/ .  ��"�� "2��/*/!+.  

 

�93!7� 11. � "2�� . �;)!� "(*"*5 H2/O2/N2 �3�(*/ ! �"3 �!+ 1�"�*�!(*/2� 

 

� "2�� . �;)*5 "(*"! ! �"3 �!+ 1�"�*�!(*/2� 
� .�2 * 

�3�(+ 

	� 3 "2*�! (*2-

�!)*"� * 

(��3!9� � )/ *) 

�3�(+ 

�*8/ * 

�3�(+ 

�	��

O

�	��

H

O

H

�

C

C

C

2

2

2

2

=ϕ  2 1.1 0.47 

%100

22

2 ⋅
+

=
NO

O

CC

C
D  7.7 9 20.9 

[H2] 0.2355 0.1653 0.1642 

[O2] 0.0589 0.0751 0.1747 

[N2] 0.7056 0.7596 0.6611 

�� � "24 .�-� /� � �*��/ "2! . �*3�! � 

1�"�*�!(*/2*, "(/" 
43.2 42.5 34.24 

�-(*�*//�+ "� � "24 ��"�� "2��/*/!+ 

 �3�(*/!, "(/" 
44.2 46.7 55 

�� � "24 ��"�� "2��/*/!+ �3�(*/!, 

��"")!2�//�+ �  (*��/!-(� �����/� [244], "(/" 
39.6 34.1 36.2 

�� � "24 ��"�� "2��/*/!+ �3�(*/!, 

��"")!2�//�+ �  (*��/!-(� � // �� [245], "(/" 
46.1 38.3 35.45 

�� � "24 ��"�� "2��/*/!+ �3�(*/!, 

��"")!2�//�+ �  (*��/!-(� GRI 3.0 [228], "(/" 
29.6 31.3 30.6 
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3.1.1.2. �2���2��� �3�(*/! H2/O2/N2 " D=9% >=1.1. ��3!9� ��� (�""-"�*�2� (*2�� �  

� /7*/2��7!! �2 ( � � ! ��8!��3 � 	�. 

 

 

 

%� ,!34  2*(�*��2��0 

�� �!"�/�* 41 ��!�*8*/0 !-(*�*//0* �� ,!3! 2*(�*��2��0 � �3�(*/! H2/O2/N2 (D=9%, > 

=1.1), � 2��:* ��"")!2�//0* " � ( 64; 2�*� �!(!� -�!/*2!)*"�!� (*��/!-( �: �����/� [244],  

� // �� [245]  !  GRI 3.0 [228]. ��� �!8/  !- 12 .  �!"�/��, �*-�342�20 ( 8*3!� ��/!+ �  2�*( 

��-3!)/0( (*��/!-(�( ����2!)*"�! " ���8�;2 (*:8� " 9 5 ! � /*� -(�6*// ( �3�(*/! � � <  

" .3�"�;2"+ " 1�"�*�!(*/2 (. =2  � 82�*�:8�*2, )2  �3�(+ 8*5"2�!2*34/  /�� 8!2"+ � 93!-�!� � 

�8!�9�2!)*"�!( �"3 �!+�. ��� 903  �� (+/�2  �0<*, �� 9  29 �/!� � -(�6�*2 �!(!)*"��; ! 

2*�3 ��; "2���2��� �3�(*/ ("(. ��-8*3 2.11), � 12 (� 83+ � 3!)*"2�*// .  �)*2� � -(�6*/!5 

903! !-(*�*/0 �� ,!3! 2*(�*��2��0 /� ��""2 +/!! 0.2 ((  2 �� 9  29 �/!��. ��� �!8/  !- 

�!"�/�� 41, ��*8*/!* �� 9  29 �/!�� � �3�(+ ��!� 8!2 � "8�!.� � 3 :*/!+ (��"!(�34/ .  

.��8!*/2� /� �� ,!3* 2*(�*��2��0 /� �*3!)!/� ~0.2 ((, � 2��:* � �(*/4<*/!; � /*)/ 5 

2*(�*��2��0 �3�(*/! /� 40
 
K.  �-(*�*//05 � ��!"�2"2�!! �� 9  29 �/!�� �� ,!34 2*(�*��2��0 

!"� 34- ��3"+ � ��)*"2�* �� 8/ .  ����(*2�� � ��")*2�� "2���2��0 �3�(*/!. 
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� /7*/2��7!+ "2�9!34/0� � (� /*/2 � �3�(*/! 

�� �!"�/�* 42 � ��-�/0 !-(*�*//0* �� ,!3! � /7*/2��7!! "2�9!34/0� " *8!/*/!5 H2, 

	2 ! �2	, � 2��:* ��"")!2�//0* �  2�*( ��-3!)/0( (*��/!-(�(. � :/  �!8*24, )2  �*-�342�20 

��")*2 � � � <  " ���8�;2 " 1�"�*�!(*/2 (. �93!-! � �*��/ "2! . �*3�! /�93;8�;2"+ /*9 34< * 

��"� :8*/!* (*:8� 1�"�*�!(*/2 ( ! ��")*2�(! 83+ �� ,!3+ � /7*/2��7!! �2	, � 2 �0* "�+-�/0 " 

!-(*/*/!*( � 1,,!7!*/2� )��"2�!2*34/ "2! 83+ 12 .  �*6*"2�� " � "2 ( 2*(�*��2��0 � �3�(*/!. 

�� * !-(*/*/!* � 1,,!7!*/2� )��"2�!2*34/ "2! 83+ �2	 "�+-�/  "  9��- ��/!*( �3�"2*� � !- 

( 3*��3 � 80 � ( 3*��3+�/ ( ��)�*. % 12 (� -��0<*//�+ � /7*/2��7!+ �2	 �93!-! � �*��/ "2! 

. �*3�! "�+-�/� " � .�*</ "24;  ��*8*3*/!+ � 1,,!7!*/2� )��"2�!2*34/ "2! 83+ 12 .  " *8!/*/!+. 

� 7*34;  ��*8*3*/!+ ��3!9� � )/0� � 1,,!7!*/2 � (�""-"�*�2� (*2�� �  � /7*/2��7!! 

�2 ( � �, 	 ! ��8!��3 � 	�, � ��3!9� � )/ ( �3�(*/! (*2 8 ( .�- � 5 �� (�2 .��,!! 903� 

 ��*8*3*/� � /7*/2��7!+ �2. 	29 � �� 90 �� � 8!3! � - /* �3�(*/! /� ��""2 +/!! 2.5 ((  2 

. �*3�!. %� 8��20 . �*/!+  29!��3! " � ( 64; "-��� � . " ����7*� .   - /8� �  2��)�//�; 8  1 

2 �� � 39� 8  ( (*/2� 8 "2!:*/!+ � /*5 8��3*/!+ 301 2 ��. %��0 �2O !-  29!��*( 5 �� 90 

�0( ��:!��3! " � ( 64; ��"� 3 :*// 5 (*:8� - /8 ( ! � 39 5 �- 2/ 5 3 ��<�!. % "3* 

8 "2!:*/!+ 8��3*/!+ � � 39* 301 2 ��, �� 9� ��-9��3+3! �- 2 ( 8  8��3*/!+ 756 2 ��. � 34/�+ 8 3+ 

� 8 � 8� �  2 9��// 5 �� 9*, !-(*�*//�+ (*2 8 ( .�- � 5 �� (�2 .��,!!,  " "2��!3� 0.0177 

("�*2305 � (9 /� �!"�/�* 42). 
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��3!9� ��� (�""-"�*�2� (*2�� �  � /7*/2��7!! � ! 	� 

� 1,,!7!*/20 )��"2�!2*34/ "2! �"2�/ ��! 83+ !-(*�*/!+ � /7*/2��7!! � ! 	� 

903!  ��*8*3*/0 �  (*2 8� 8*2�34/ .  ���/ �*"!+ (��-8*3 2.5.3) " !"� 34- ��/!*( 

1�"�*�!(*/2�34/0� 8�//0� �  �� ,!3+( 2*(�*��2��0 ! � /7*/2��7!! H2, O2, H2O � 

�3�(*/!.  

����/*/!* �*-�342�2 � ��")*2� ���-!"2�7! /��/0� � /7*/2��7!5 �2 ( � � (�), 

	 (9) ! ��8!��3� 	� (�) " 8�//0(! )!"3*// .  ( 8*3!� ��/!+ �  (*��/!-(� �����/� 

[244] � ��-�3 , )2  ���-!"2�7! /��/ * ���/ �*"!* /* � 3/ "24; 8 "2!.�*2"+ 

(�!"�/ � 43), ��-3!)!* " "2��3+*2  � 3  50%. % 12 (� ��! ��")*2* ��3!9� � )/0� 

� 1,,!7!*/2 � 12 2 1,,*�2 �)!20��3"+ ��*8*/!*( � , �(�3� � ���� )/0� 

� 1,,!7!*/2 �  ! . �*-�342�20 ��")*2� ��3!9� � )/0� � 1,,!7!*/2 � 83+ � ! 	� 

��*8"2��3*/0 � �93!7* 12. � 12 5 2�93!7* ��*8"2��3*/0 �*-�342�20 !-(*�*/!5 

2*(�*��2��0 �3�(*/!, � /7*/2��7!5 "2�9!34/0� � (� /*/2 � (H2, O2, H2O) ! 

!/2*/"!�/ "2! �!� � � ! 	�, � 2��:* !/2*/"!�/ "2! �*�*�/ .  �!�� (�"" 83+ Ar, 83+ 

<*"2! ��-3!)/0� ��""2 +/!5  2 � �*��/ "2! . �*3�!. 
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�93!7� 12. ��")*2 ��3!9� � )/0� � 1,,!7!*/2 � 83+ � ! 	� 
 

��""2 +/!*  2 � �*��/ "2! . �*3�!, (( %���(*2� 

2.5 3 3.5 4 4.5 5 

T , K 1366 1366 1366 1366 1366 1366 

��2
1�"�

 0.0177 0.0177 0.0177 0.0177 0.0177 0.0177 

�O2
1�"�

 0.00097 0.0005 0.00039 0.00014 0.00021 0.0001 

��2O
1�"�

 0.1678 0.162 0.1615 0.161 0.162 0.163 

IH 100 77 62 53 43 35 

IOH 76 73 66 54 48 33 

IAr 4655 5031 5288 5317 5259 5220 

IH/IAr 0.0214 0.0153 0.0117 0.0099 0.0081 0.00670 

IOH/IAr 0.01637 0.0145 0.0124 0.0101 0.0091 0.00632 

K1 57.26 57.26 57.26 57.26 57.26 57.26 

K2 1.12 1.12 1.12 1.12 1.12 1.12 

K3 0.037 0.037 0.037 0.037 0.037 0.037 

��
���-

 5.08⋅10
-3

 3.78⋅10
-3

 3.35⋅10
-3

 2.01⋅10
-3

 2.45⋅10
-3

 1.68⋅10
-3

 

�	
���-

 2.16⋅10
-4

 1.15⋅10
-4

 9.03⋅10
-5

 3.25⋅10
-5

 4.85⋅10
-5

 2.29⋅10
-5

 

�O�
���-

 8.41⋅10
-4

 6.04⋅10
-4

 5.33⋅10
-4

 3.20⋅10
-4

 3.91⋅10
-4

 2.70⋅10
-4

 

����

�

���

H
H

�

C
=γ  0.663 0.570 0.550 0.540 0.530 0.520 

����

��

���

�H
�H

�

C
=γ  0.554 0.535 0.510 0.500 0.490 0.490 

��
�

�
��
�

�
⋅=

Ar

H

����

H
HH

I

I

C
k γ  

1.57⋅10
-1

 1.41⋅10
-1

 1.57⋅10
-1

 1.09⋅10
-1

 1.59⋅10
-1

 1.30⋅10
-1

 

��
�

�
��
�

�
⋅=

Ar

OH

����

OH
OHOH

I

I

C
k γ  

2.86⋅10
-2

 2.23⋅10
-2

 2.18⋅10
-2

 1.57⋅10
-2

 2.10⋅10
-2

 2.09⋅10
-2

 

� �*-�342�2* 12!� ��")*2 � 903! �0)!"3*/0 ��3!9� � )/0* � 1,,!7!*/20 83+ � ! 	� 

/� 6 ��-3!)/0� ��""2 +/!+�  2 � �*��/ "2! . �*3�!, "�*8/!* �*3!)!/0 � 2 �0� " "2��3+;2: 

kH=0.14  kOH=0.022 

 

��!(  9��- (, � /7*/2��7!+ �2 ( � � ��8!��3 � 	�  ��*8*3+3�"4 ���: 

 

Ar

H

HH
I

I
kC ⋅=         

Ar

OH

OHOH
I

I
kC ⋅=                      
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� /7*/2��7!+ � ! 	� 

�� �!"�/�* 44 � ��-�/0 !-(*�*//0* �� ,!3! � /7*/2��7!! � ! 	� � 

��3!9� � )/ ( �3�(*/! � " � "2��3*/!! " �*-�342�2�(! ��")*2 �. �- �!"�/�� 44 �!8/ , 

)2  1�"�*�!(*/2�34/0* 8�//0* " � � <*5 2 )/ "24; " .3�"�;2"+ " �*-�342�2�(! 

( 8*3!� ��/!+. �*-�342�20 ��")*2 � " � ( 64; 2�*� ��-3!)/0� (*��/!-( � 

��*8"��-0��;2 (��"!(�( � /7*/2��7!! � ! 	� � �3�(*/! /� ��""2 +/!! ~0.8 ! ~1 ((  2 

� �*��/ "2! . �*3�! ! 12! � 3 :*/!+ � � <  " .3�"�;2"+ " 1�"�*�!(*/2 (. 

�-(*�*//�+ (��"!(�34/�+ � /7*/2��7!+  � ! 	� " "2��3+*2 5.4C10
-3

 ! 6.8C10
-4

, 

"  2�*2"2�*// , )2  (*/4<* ��*8"��-�//0� ( 8*34; �*3!)!/ /� 20-45%. =2! 

��"� :8*/!+ /* ��*�0<�;2 �*3!)!/�  <!9�! !-(*�*/!5 � /7*/2��7!5 83+ � ! 	�. �- 

12 .  "3*8�*2, )2  " �)*2 ( 2 )/ "2!  ��*8*3*/!+ ��3!9� � )/0� � 1,,!7!*/2 �, 

� 3�)*//0* � 1,,!7!*/20 )��"2�!2*34/ "2! 83+ � ! 	� ( .�2 9024 !"� 34- ��/0 ��! 

1�"�*�!(*/2�34/ ( !-(*�*/!! � /7*/2��7!5 12!� ��8!��3 � � �3�(*/�� 8��. .  

" "2���. 
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3.1.1.3. �2���2��� H2/O2/N2 �3�(*/! D=7.7% > =2 

 

 

 

�*-�342�20 !-(*�*/!+ "2���2��0 �3�(*/! 9 .�2 5 "(*"! �2/O2/N2 "  "2*�*/4; 

��-9��3*/!+ D=7.7% ! > =2 � ��-�3!, )2  ��")*20 �  2�*( (*��/!-(�( �8 �3*2� �!2*34/  

" .3�"�;2"+ " !-(*�*//0( � �3�(*/! 9*- �� 9  29 �/!�� �� ,!3*( 2*(�*��2��0 (�!"�/ � 

45). �*3!)!/� "8�!.� �� ,!3+ 2*(�*��2��0 ��! ��*8*/!! �� 9  29 �/!�� � �3�(+ �  

"���/*/!; " /*� -(�6*//0( �� ,!3*( " "2��3+*2 ~0.4 ((, � �(*/4<*/!* � /*)/ 5 

2*(�*��2��0 �3�(*/! " "2��3+*2 ~35 K. 

 

 

 
 

 

�-(*�*//0*  �� ,!3! � /7*/2��7!5 83+ �2, 	2, �2	 ! � � " � "2��3*/!! " 

�*-�342�2�(! ��")*2 � ��!�*8*/0 /� �!"�/�* 46 ! �!"�/�* 47. � /7*/2��7!+ ��8!��3� 	� � 

9 .�2 ( �3�(*/! 8 "2�2 )/  (�3� ! � 12 (� !-(*�!24 ** " 8 "2�2 )/ 5 2 )/ "24; /* �8�3 "4. 

��� "3*8�*2 !- ��*8"2��3*//0� /� �!"�/��� 46 ! 47 8�//0�, � 9 .�2 ( �3�(*/! �2/O2/N2 !(**2 

(*"2  �8 �3*2� �!2*34/ * " .3�"!* �*-�342�2 � !-(*�*/!5 " ��")*2 (. ��-3!)!* (*:8� 
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�*-�342�2�(! !-(*�*/!5 ! ��")*2 � 83+ �*3!)!/0 (��"!(�34/ 5 � /7*/2��7!! � � 12 ( 

�3�(*/! " "2��3+*2 18-30%, )2  /�� 8!2"+ � ��*8*3��  <!9�! !-(*�*/!5. 
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3.1.1.4. �2���2��� H2/O2/N2 �3�(*/! D=20.9% > =0.47 

 

 

 

%� ,!3! � /7*/2��7!! " *8!/*/!5 � �3�(*/! 9*8/ 5 (>=0.47) "(*"! �2/O2/N2 " 

� 1,,!7!*/2 ( ��-9��3*/!+ D=20.9% ��*8"2��3*/0 /� �!"�/��� 48 ! 49. �*3!)!/� !-(*�*// 5 

(��"!(�34/ 5 � /7*/2��7!! 	� � 12 ( �3�(*/! /� ~30% (*/4<* ��"")!2�// 5 ! " "2��3+*2 2.0C10
-3

.  
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3.1.1.5. �2���2��� �3�(*/! H2/O2/N2 D=9 % ϕ=1.6 " 8 9��� 5 0.04 % ��. %� �*��� 

( 8*�/!-!� ��// .  (*��/!-(� !/.!9!� ��/!+ �3�(*/ 8 9����(! �� 

 

 

 

� �3�(*/! "(*"! �2/O2/N2 (> =1.6, D=9%) " 8 9��� 5 0.04% �� !-�)*/  ��"��*8*3*/!* 

2*(�*��2��0 ! � /7*/2��7!! 	2, �2	, �2 ( � � ��8!��3 � 	�, � 2��:* !-(*�*/0 �� ,!3! 

� /7*/2��7!! �� !  "/ �/0� �� 8��2 � *.  8*"2���7!! – HOPO ! PO. �!"3*// * 

( 8*3!� ��/!* �� ,!3*5 � /7*/2��7!5 �*6*"2� � �3�(*/! �0� 3/*/  " !"� 34- ��/!*( 

( 8*�/!-!� ��// .  ��*���� 1 (��-8*3 2.8.5, �93!7� 7), " !-(*/*//0(! �!/*2!)*"�!(! 

����(*2��(! 2�*� �*��7!5: �	(	��3)3+�=�	(	��3)2(	��2)+�2, 

�	(	��3)2(	��2)=�	(	��3)2+��2	, �	(	��3)2(	��2)+	=�	(	��3)2	+��2	  (��-8*3 3.2.3, 

�93!7� 18).  

�� �!"�/�* 50 ��*8"2��3*/0 !-(*�*//0* �� ,!3! � /7*/2��7!5 "2�9!34/0� �*6*"2� - 

O2, H2O, �� ! 8�//0* ��")*2 � �  !"� 8/ (� ! ( 8*�/!-!� ��// (� (*��/!-(� 1. 

%�!�*8*//0* /� �!"�/�* 50 �*-�342�20 � ��-0��;2, )2  ( 8*34 �8 �3*2� �!2*34/   �!"0��*2 

1�"�*�!(*/2. �-(*/*/!+ � /"2�/2 "� � "2! 2�*� �*��7!5 " �)�"2!*( �� ! �*��!)/0� 

�� 8��2 � *.  �*��7!5 (���-�//0� /!:* ��-8*3* 3.2.3 � �93!7* 18) � ��")*2�� ��!�*3! � 

�<!�*/!; - /0 ��"� 8 ��/!+ �� /� 20-30%. 
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�-(*/*/!* � /"2�/2 "� � "2! 2�*� �0<*���-�//0� �*��7!5 (��-8*3 3.2.3, �93!7� 18) 

/* � �3!+3  /� , �(� �� ,!3*5 � /7*/2��7!! � ! 	�,  8/��  �(*/4<!3  !� (��"!(�34/�; 

��"")!2�//�; � /7*/2��7!; /� ~10 % ! ~5 %, "  2�*2"2�*//  (�!"�/ � 51). 

�� �!"�/�* 52 ��!�*8*/0 �� ,!3! � /7*/2��7!5 � /*)/0� , ", �" 8*�:�6!� 

�� 8��2 � . �*/!+ �� � �3�(*/! " *.  8 9��� 5, � 2 �0* �8�3 "4 !8*/2!,!7!� ��24 ! 

!-(*�!24. �- ��*8"2��3*//0� 8�//0� �!8/ , )2   "/ �/0(! , ", �" 8*�:�6!(! 

�� 8��2�(! ��*���6*/!+ �� � � /*)/ 5 - /* �3�(*/! (2-15 ((  2 � �*��/ "2! . �*3�!) 

+�3+;2"+ PO ! HOPO. � - /*  "/ �/0� �*��7!5 /�93;8�*2"+ 8 "2�2 )/  �*-�!5 � "2 

� /7*/2��7!! PO. �.  (��"!(�34/�+ � /7*/2��7!+ /�93;8�*2"+ /� ��""2 +/!! 2 ((  2 

� �*��/ "2! . �*3�!. � - /* � /*)/0� �� 8��2 � . �*/!+ *.  � /7*/2��7!+ � "2*�*//  

�(*/4<�*2"+. �� ��""2 +/!!  6-8 ((  2 . �*3�! � /7*/2��7!+ �	 ����2!)*"�! 93!-�� � /�3;. 

% 3�)*//0* �� ,!3! � /7*/2��7!5 HOPO ! �	 � ��-0��;2, )2  � �3�(*/! /�93;8�*2"+ !� 

�-�!(/ * ��*���6*/!*. =3*(*/2/05 9�3�/" �  �2 (� , ", �� � - /* 1-15 ((  2 � �*��/ "2! 

. �*3�! 2��:* � "�*//  � 82�*�:8�*2 12  /�93;8*/!*. %� ,!34 � /7*/2��7!! HOPO � - /* 

�!(!)*"�!� �*��7!5 /� ��""2 +/!! 1.5 ((  2 � �*��/ "2! . �*3�! !(**2 � � <  -�(*2/05 

(��"!(�(, -�2*( *.  � /7*/2��7!+ /*(/ .  �(*/4<�*2"+ ! 8�3** � � /*)/ 5 - /* �3�(*/!  

"/ �� ( / 2 //  � -��"2�*2. �� ��""2 +/!! 13-14 ((  2 � �*��/ "2! . �*3�! � /7*/2��7!+ 
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HOPO 93!-�� � 2*�( 8!/�(!)*"�! ���/ �*"/ 5. =2  " .3�"�*2"+ " �*-�342�2�(! 83+ 9 .�20� 

�3�(*/ CH4/� -8�� ! C3H8/� -8�� " 8 9��� 5 ��, � � 2 �0�  "/ �/0( � /*)/0( 

�� 8��2 (  �!"3*/!+ �� +�3+*2"+ HOPO [251]. 

��!(  9��- (, /�  "/ �* " � "2��3*/!+ �*-�342�2 � !""3*8 ��/!+ �!(!)*"� 5 

"2���2��0 ! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2 (��-8*3 3.2.1) " 8 9��� 5 

�� ( :/  -��3;)!24, )2  �2 )/*/!* � /"2�/2 "� � "2*5 2�*� �*��7!5 �*��!)/0� 

��*���6*/!5 �� � -� 3!3  8 9!24"+ �3�)<*/!+ " .3�"!+ �*-�342�2 � ��")*2� "� � "2! 

. �*/!+ ! "2���2��0 �3�(*/  H2/O2/N2 " 8 9��� 5 �� " 1�"�*�!(*/2�34/0(! 8�//0(!.  

 

 

 

3.1.1.6. �2���2��� H2/O2/Ar �3�(*/! " 8 9��� 5 Fe(CO5) 

 

 

 

�� �!"�/�* 53 � ��-�/0 !-(*�*//0* ! ��"")!2�//0* �� ,!3! 2*(�*��2��0 � �3�(*/ 

H2/O2/Ar (0.236/0.107/0.657) " � 1,,!7!*/2 ( !-902�� . �;)*.  φ=[H2]/[H2]"2*�! (.=1.1 9*- 

8 9���! ! " 8 9��� 5 0.01 %  9. Fe(CO)5. ��� �!8/  !- �!"�/�� 53,  � - /* � /*)/0� �� 8��2 � 
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. �*/!+  (/� 1-2 ((  2 � �*��/ "2! . �*3�!) !-(*�*//�+ ! ��"")!2�//�+ 2*(�*��2��0 �3�(*/! 

9*- 8 9���! ����2!)*"�! " ���8�;2.  

	8/�� , 83+ �3�(*/! " 8 9��� 5 Fe(CO)5 ( 8*3!� ��/!* ��*8"��-0��*2 -��0<*//�; /� 

150 � 2*(�*��2��� � - /* � /*)/0� �� 8��2 �, )2  ( :*2 9024 "�+-�/  " �(*/4<*/!*(  2� 8� 

2*�3� � . �*3�� !- - /0 �*��7!5. %  �*-�342�2�( 1�"�*�!(*/2 � �!8/ , )2  ��! ��*8*/!! � 

�3�(+ 8 9���! �*/2����9 /!3� :*3*-� 2*(�*��2��� � - /* � /*)/0� �� 8��2 � /* !-(*/+*2"+. 


��8!*/2 2*(�*��2��0 � . �*3�! �(*/4<�*2"+, 2.�. 8 9���� Fe(CO)5 "/!:�*2 "� � "24 

"� 9 8/ .  ��"�� "2��/*/!+ �3�(*/!, � �*-�342�2* )*.  ,� /2 �3�(*/!  28�3+*2"+  2 

� �*��/ "2! . �*3�!. ��:* ��!)!/ 5 /�93;8�*( .  ��-3!)!+ !-(*�*// 5 ! ��"")!2�// 5 

� /*)/ 5 2*(�*��2��0 �3�(*/! " 8 9��� 5 ( :*2 9024 ��� /*" �*�<*/"2�  !"� 34-�*( .  

(*��/!-(� ��*���6*/!+ Fe(CO)5 2�� ! � .�*</ "2! !-(*�*/!+ 2*(�*��2��0 �3�(*/!. � 

2*)*/!* 1�"�*�!(*/2� -�6!2/ * � ��02!* 2*�( ���0 ��*2*��*��*2 !-(*/*/!+ !---� 

�-�!( 8*5"2�!+ " �� 8��2�(! . �*/!+ Fe(CO)5, )2  ( :*2 ��!� 8!24 �  <!9�*  ��*8*3*/!+ 

2*(�*��2��/ 5 � �����! /� 2*�3 � 2*�! 2*�( ���0 -� ")*2 !-(*/*/!+ � 1,,!7!*/2� 

2*�3 � .  !-3�)*/!+ -�6!2/ .  � ��02!+. 	8/�� , ��� � ��-�3! �� �*8*//0*  7*/�!, 

� -( :/ * ��*3!)*/!* � 1,,!7!*/2� 2*�3 � .  !-3�)*/!+ -�6!2/ .  � ��02!+ 2*�( ���0 8  

ε=1 (83+ � ��02!+ Ceramobond 569 ε=0.84 [271]) ��!�*8*2 � ��*3!)*/!; � /*)/ 5 2*(�*��2��0 

�3�(*/! �"*.  /� 10-20 �. ��!(  9��- (,  8/ 5 !- � -( :/0� ��!)!/ ��"� :8*/!+ 

�*-�342�2 � !-(*�*/!+ 2*(�*��2��0 �3�(*/! " 8 9��� 5 F*(�	)5 � - /* � /*)/0� �� 8��2 � 
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� �������� Fe(CO)5, ����.

��� �������, ������

 

�!"�/ � 53. %� ,!3! 2*(�*��2��0 � �3�(*/! H2/O2/Ar 

(0.236/0.107/0.657) φ=1.1 " 8 9��� 5 0.01% Fe(CO)5 ! 9*- 
8 9���!, � 3�)*//0* 1�"�*�!(*/2�34/  ! " � ( 64; 

( 8*3!� ��/!+. 
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. �*/!+ " �*-�342�2�(! ( 8*3!� ��/!+ ( :*2 9024 /*" �*�<*/"2�  !"� 34-�*( .  (*��/!-(� 

�*��7!5. 

�3+  7*/�! �*3!)!/0 2*�3 �0� � -(�6*/!5, �/ "!(0� �� 9  29 �/!� ( � �3�(+, 903! 

!-(*�*/0 �� ,!3! 2*(�*��2��0 /� ��""2 +/!! 0.2 ((  2  2�*�"2!+ ����7*� .  

�� 9  29 �/!��. % 3�)*//05 �� ,!34 2*(�*��2��0 � ��*8*3��  <!9�! !-(*�*/!+ " ���3 " 

�� ,!3*(, !-(*�*//0( �  2"�2"2�!! �� 9  29 �/!�� (�!"�/ � 53). �3*8 ��2*34/ , 

�� 9  29 �/!� � 8�//0� �"3 �!+� 1�"�*�!(*/2 � "3�9  �3!+*2 /� ��"��*8*3*/!* 2*(�*��2��0 

� �3�(*/!, )2  "�+-�/  " 8 "2�2 )/  �0" � 5 "� � "24; /�9*.�;6*.  /� �� 9  29 �/!� � 2 �� 

. �;)*5 "(*"! (U=107 "(/" ��! 60
 �). �� ��� 2*�3 �0* � -(�6*/!+, �/ "!(0* 

�� 9  29 �/!� (, " .3�"/  � 3�)*//0( 8�//0( 8 "2�2 )/  (�30, 2  ��! ( 8*3!� ��/!! 

�!(!)*"� 5 "2���2��0 �3�(*/! �� ,!34 2*(�*��2��0 ��"")!20��3"+ �� .��(( 5 PREMIX !- 

�"3 �!+ " ���/*/!+ 1/*�.!!. 

  �� �!"�/�* 54 ��*8"2��3*/0 !-(*�*//0* �� ,!3! � /7*/2��7!5  "/ �/0� "2�9!34/0� 

� (� /*/2 � O2, �2 ! H2O � �3�(*/! H2/O2/Ar 9*- 8 9���! (�!"�/ �  54 (�)) ! " 8 9��� 5 

0.023% (�   9?*(�) Fe(CO)5, � 2��:* �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ (�!"�/ �  54(9)). 

�-(*�*//0* �� ,!3! � /7*/2��7!5 ��!�*8*/0 " �)*2 ( .�- 8!/�(!)*"� .  "8�!.� 

((��"!(�34/�+ *.  �*3!)!/� " "2��3+*2 0.1 (( �  /�����3*/!; � . �*3�*) �0-��// .  

� -(�6*/!*( � 2 �� .�- � �� 9  29 �/!� ( [277]. ��*8*/!* � �3�(+ 8 9���! Fe(CO)5 

��!� 8!2 � "(*6*/!; � /7*/2��7! //0� �� ,!3*5 "2�9!34/0� " *8!/*/!5  2 � �*��/ "2! 

. �*3�! ��!(*�/  /� 0.25 ((,  � 2 � * 903   7*/*/  � - /* �3�(*/! " (��"!(�34/0( 

.��8!*/2 ( � /7*/2��7!! �2	. �� �!"�/�* 54(9) ��/�2!�/ 5 3!/!*5 � ��-�/ �� ,!34 

� /7*/2��7!! �2	 � �3�(*/! 9*- 8 9���!. =2   8/ -/�)/  "�!8*2*34"2��*2  9 �(*/4<*/!! 

"� � "2! ��"�� "2��/*/!+ �3�(*/!, 2.*.  9 !/.!9!��;6*( 8*5"2�!! 8 9���!. ��//0* 

1�"�*�!(*/2� /�� 8+2"+ � �8 �3*2� �!2*34/ ( " .3�"!! " �*-�342�2�(! ��")*2�, 

"3*8 ��2*34/ , !"� 34-�*(05 (*��/!-( �*��7!5 �8 �3*2� �!2*34/  ��*8"��-0��*2 

��"��*8*3*/!* � /7*/2��7!5  "/ �/0� "2�9!34/0� " *8!/*/!5 � !""3*8�*( ( �3�(*/!. 

  �� �!"�/�* 55 ��!�*8*/0 ��"")!2�//0* �� ,!3! � /7*/2��7!5 :*3*- " 8*�:�6!� 

" *8!/*/!5 � �3�(*/! " 8 9��� 5 0.01 %  9. Fe(CO)5. � /7*/2��7!+ FeOOH ! FeH (�3�, 

� 12 (� �� ,!3! 8�//0� " *8!/*/!5 /* ��!�*8*/0 /� 12 ( �!"�/�*. �- ��!�*8B//0� /� 

�!"�/�* 55 8�//0� �!8/ , )2  ��"� 8 ��/!* Fe(CO)5 �� !"� 8!2 � 8 "2�2 )/  �-� 5 

�*��7! // 5 - /*, ��"� 3 :*// 5 /� ��""2 +/!!  0.2-0.3 ((  2 � �*��/ "2! . �*3�!, " 

 9��- ��/!*( FeO2, FeOH, Fe, FeO ! Fe(OH)2. � /7*/2��7!+ 12!� :*3*- " 8*�:�6!� 

�� 8��2 � "�6*"2�*//  (*/+*2"+ � - /* �3�(*/!, ��! 12 (  "/ �/0( :*3*- " 8*�:�6!( 

" *8!/*/!*( � - /* � /*)/0� �� 8��2 � . �*/!+ � �3�(*/! " 8�//0( "2*�! (*2�!)*"�!( 

" "2�� ( +�3+*2"+ .!8� �"!8 :*3*-� Fe(OH)2. �/2*�*"/ 5  " 9*// "24; �*-�342�2 � 



 

 

152 

( 8*3!� ��/!+ +�3+*2"+ 2 , )2  /� ��""2 +/!! 0.3-0.6 ((  2 � �*��/ "2! . �*3�! �2 (��/ * 

:*3*-  +�3+*2"+ ��* 93�8�;6!( :*3*- " 8*�:�6!( �� 8��2 ( ��*���6*/!+ Fe(CO)5. 

�� �!"�/��� 56-59 ��!�*8*/0 �*-�342�20 !-(*�*/!5 � "���/*/!! " 8�//0(! 

( 8*3!� ��/!+ �� ,!3*5 � /7*/2��7!5 Fe, FeOH, FeO2 ! Fe(OH)2, "  2�*2"2�*// , � �3�(*/! " 

8 9��� 5 0.01%  9. Fe(CO)5. �-(*�*//0* �� ,!3! � /7*/2��7!5 ��!�*8*/0  " �)*2 ( 

.�- 8!/�(!)*"� .  "8�!.� �0-��// .  ��!"�2"2�!*( �� 9  29 �/!�� � �3�(*/!.  

�� �!"�/�* 56 ��!�*8*/0 �� ,!3! � /7*/2��7!! �2 (��/ .  :*3*-� � �3�(*/!, 

� 3�)*//0* � 1�"�*�!(*/2* ! � ��")*2*. %�! � 3�)*/!! �� ,!3+ � /7*/2��7!! Fe 903  7*/*/ 

��3�8 � 56-�; (�""�  "� 3 )/ .  ! /� Fe
+
  2 Fe(CO)5. ��3�8 903 �)2*/ /�  "/ �* 
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��"")!2�// .  �� ,!3+ � /7*/2��7!! Fe(CO)5, � "� 34�� 1�"�*�!(*/2�34/0* !-(*�*/!+ 

�� ,!3+ � /7*/2��7!! Fe(CO)5 � �3�(*/! � 8�// 5 ��9 2* /* �� � 8!3!"4.  
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�!"�/ � 56. �-(*�*//0* ! ��"")!2�//0* 

�� ,!3! � /7*/2��7!! �2 (��/ .  :*3*-� � 

�3�(*/! " 8 9��� 5 0.01%  9. Fe(CO)5.  )�! – 

1�"�*�!(*/2, 3!/!+ – ( 8*3!� ��/!*. 
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�!"�/ � 55. ��"")!2�//0* �� ,!3! � /7*/2��7!!  "/ �/0� 

:*3*- " 8*�:�6!� �*6*"2� � �3�(*/! " 8 9��� 5 0.01 %  9. Fe(CO)5. 
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%  8�//0( 1�"�*�!(*/2� �� ,!34 � /7*/2��7!! �2 (��/ .  :*3*-� !(**2 (��"!(�( /� 

��""2 +/!! ��!(*�/  0.4 ((  2 � �*��/ "2! . �*3�!. � 8*3!� ��/!* 2��:* ��*8"��-0��*2 

� 8 9/�; -��!"!( "24, /  �  �*-�342�2�( ��")*2 � (��"!(�( � /7*/2��7!! Fe /�� 8!2"+ 

��!(*�/  /� ��""2 +/!! 0.6 ((  2 . �*3�!.  

%� ,!34 � /7*/2��7!! FeOH (�!"�/ � 57), � 3�)*//05 " � ( 64; ( 8*3!� ��/!+, 

!(**2 8�� (��"!(�(� � �3�(*/! ��!93!-!2*34/  /� 0.2 ! 1.5 ((  2 � �*��/ "2! . �*3�!. 

�-(*�*//05 1�"�*�!(*/2�34/  �� ,!34 2��:* !(**2 8�� (��"!(�(�,  8/��  !� � 3 :*/!* 

"(*6*/   2/ "!2*34/  ��"")!2�//0�. � 7*3 ( ( :/  "��-�24, )2  ��)*"2�*//  ��"")!2�//05 ! 

1�"�*�!(*/2�34/05 �� ,!3! � /7*/2��7!! FeOH �8 �3*2� �!2*34/  " .3�"�;2"+ (*:8� 

" 9 5. 
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�!"�/ � 57. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!! FeOH � �3�(*/! " 8 9��� 5 0.01%  9. 

Fe(CO)5.  )�! – 1�"�*�!(*/2, 3!/!+ – 

( 8*3!� ��/!*. 

� .3�"/  �*-�342�2�( )!"3*//0� ��")B2 �, FeO2 (�!"�/ � 58) +�3+*2"+ �� (*:�2 )/0( 

�� 8��2 (  �!"3*/!+ �*/2����9 /!3� :*3*-� � �3�(*/!: *.  ��"")!2�//05 �� ,!34 

� /7*/2��7!! !(**2 (��"!(�( �93!-! � �*��/ "2! . �*3�! (��!93!-!2*34/  /� ��""2 +/!! 0.2 

((  2 . �*3�!), a �  (*�* �8�3*/!+  2 � �*��/ "2! . �*3�! � /7*/2��7!+ FeO2 ( / 2 //  

�(*/4<�*2"+. =�"�*�!(*/2�34/0* 8�//0* ��)*"2�*//  � 7*3 ( �8 �3*2� �!2*34/  " .3�"�;2"+ 

" �*-�342�2�(! ��")*2�,  8/��  � 1�"�*�!(*/2* (��"!(�( /� �� ,!3* � /7*/2��7!! FeO2  

/�� 8!2"+ /� ��""2 +/!! 0.4 ((  2 . �*3�!.  
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�!"�/ � 58. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!! FeO2 � �3�(*/! " 8 9��� 5 0.01%  9. 

Fe(CO)5.  )�! – 1�"�*�!(*/2, 3!/!+ – 

( 8*3!� ��/!*. 

�� �!"�/�* 59 � ��-�/0 !-(*�*//05 ! ��"")!2�//05 �� ,!3! � /7*/2��7!! Fe(OH)2. 

� .3�"/  ( 8*3!� ��/!;, /� ��""2 +/!! ��!(*�/  0.2 ((  2 � �*��/ "2! . �*3�! �� ,!34 

� /7*/2��7!! 12 .  " *8!/*/!+ !(**2 /*9 34< 5 (��"!(�(, ! �  (*�* �8�3*/!+  2 . �*3�!, 

/�)!/�+ ��!93!-!2*34/  " 0.5 ((, � /7*/2��7!+ Fe(OH)2 ( / 2 //  ��*3!)!��*2"+ ��3 24 8  
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�!"�/ � 59. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!! Fe(OH)2 � �3�(*/! " 8 9��� 5 0.01% 

 9. Fe(CO)5.  )�! – 1�"�*�!(*/2, 3!/!+ – 

( 8*3!� ��/!*. 
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- /0 � /*)/0� �� 8��2 �, .8* *.  ( 34/�+ 8 3+  8 "2!.�*2 8×10
-5

, 2.*  � 3  80% �"*.  :*3*-� � 

�3�(*/! /�� 8!2"+ � , �(* Fe(OH)2. =�"�*�!(*/2�34/05 �� ,!34 2��:* !(**2 (��"!(�( � 

 93�"2! 0.2 ((  2 . �*3�!,  8/�� , � /7*/2��7!+ Fe(OH)2 � 12 5 - /* ��!(*�/  � 2 ��-� �0<* 

�  "���/*/!; " �*-�342�2�(! ( 8*3!� ��/!+. �� ��""2 +/!! 9 3** 0.5 ((  2 � �*��/ "2! 

. �*3�! �*-�342�20 !-(*�*/!5 � /7*/2��7!! Fe(OH)2 � � <  " .3�"�;2"+ " 8�//0(! 

( 8*3!� ��/!+, ��� �  �*3!)!/* � /7*/2��7!!, 2�� ! �  , �(* �� ,!3+.  

��!(  9��- (, � /7*/2��7! //0* �� ,!3! "2�9!34/0� " *8!/*/!5 ! 

:*3*- " 8*�:�6!� �� 8��2 � . �*/!+ Fe(CO)5, FeO2 ! Fe(OH)2 ��*8"��-�//0* ��/** 

��-��9 2�// 5 ( 8*34; [127], �8 �3*2� �!2*34/  " ���8�;2 " �*-�342�2�(! �� �*8*//0� 

!-(*�*/!5. 

��((��/0* � /7*/2��7!! �"*� !-(*�*//0� ! ��"")!2�//0� :*3*- " 8*�:�6!� 

" *8!/*/!5 � �3�(*/! ��� ,�/�7!! ��""2 +/!+  2 . �*3�! � ��-�/0 /� �!"�/�* 60. �- 

"���/*/!+ 12!� -��!"!( "2*5 �!8/ , )2  � 1�"�*�!(*/2* /� 0.5-1 ((  2 . �*3�! /�93;8�*2"+ 

-�(*2/05 (1/2  2  96*.  " 8*�:�/!+ :*3*-� � !"� 8/ 5 . �;)*5 "(*"!) /*8 "2�2 � :*3*-�. 

�*� +2/ 5 ��!)!/ 5 2�� .  ��"� :8*/!+ +�3+*2"+ 2 , )2  � 1�"�*�!(*/2* /* 903! 

!8*/2!,!7!� ��/0 /*� 2 �0* (2* �*2!)*"�! � -( :/0*)  :*3*- " 8*�:�6!* " *8!/*/!+ 

(/���!(*�, Fe2O3, Fe3O4, Fe(OH)3). ��:/  -�(*2!24, )2  12! �*6*"2�� 2��:*  2"�2"2��;2 � 
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�!"�/ � 60. ��((��/�+ � /7*/2��7!+ !-(*�*//0� 

:*3*- " 8*�:�6!� " *8!/*/!5 Fe, FeO2, FeOH, Fe(OH)2 � 

�3�(*/! " 8 9��� 5 0.01%  9. Fe(CO)5.  )�! – 1�"�*�!(*/2, 

"�3 </�+ 3!/!+ – ( 8*3!� ��/!* 9*- �)*2� ��3�8� Fe(CO)5, 

��/�2!�/�+ 3!/!+ – ( 8*3!� ��/!* " �)B2 ( ��3�8� Fe(CO)5 
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(*��/!-(* �*��7!5 [127], !"� 34- ��// ( 83+ ( 8*3!� ��/!+. % 12 (� *"3! 8�// * 

��*8� 3 :*/!* �*�/ , 2  " .3�"/  ��!�*8*//0( /� �!"�/�* 60 �*-�342�2�(, �� ,!34 

� /7*/2��7!! 2�� .  /* !8*/2!,!7!� ��// .  " *8!/*/!+ 8 3:*/ !(*24 (��"!(�( /� 

��""2 +/!! 0.5-1 ((  2 � �*��/ "2! . �*3�!. � 1�"�*�!(*/2* �!�! (�"" ( 3*��3+�/0� ! / �, 

"  2�*2"2��;6!� Fe2O3 ! Fe3O4 /* !-(*�+3!"4, 2�� ���  /! /�� 8+2"+ �/* ��9 )*.  8!���- /� 

!"� 34- ��// .  � 8�// 5 ��9 2* ���8��� 34/ .  (�""-"�*�2� (*2�� (1-145 m/z). �3+ 

��-�*<*/!+ 12 5 �� 93*(0 � 8�34/*5<*( /* 9� 8!(  �� �*"2! � !"� ! !8*/2!,!��7!; 

8��.!� � -( :/0� �� 8��2 � ��*���6*/!+ Fe(CO)5 � ���-�// 5 �0<* - /* �3�(*/!. *( /* 

(*/**, �8 �3*2� �!2*34/ * " ���8*/!* �*-�342�2 � ( 8*3!� ��/!+ ! 1�"�*�!(*/2� 83+ 

�� ,!3*5 � /7*/2��7!! :*3*- " 8*�:�6!� " *8!/*/!5 � - /* �93!-! � �*��/ "2! . �*3�! (0-

0.5 (() ! � - /* � /*)/0� �� 8��2 � . �*/!+ (/� ��""2 +/!! 1.2-2.0 (() � -� 3+*2 -��3;)!24, 

)2  � 12!� - /�� �3�(*/! (*��/!-( �8 �3*2� �!2*34/   �!"0��*2 1�"�*�!(*/2�34/0* 8�//0*.  

�/�3!- ��2*5 ��*���6*/!+ Fe(CO)5 � �3�(*/!, �0� 3/*//05 /�  "/ ��/!! �*-�342�2 � 

��")*2� " � ( 64; �� .��(( MECHMOD, KINALC, FluxViewer [274, 275, 278], � -� 3!3 

�0+�!24  "/ �/0* "2�8!!  �!"3*/!+ Fe(CO)5 !  9��- ��/!+  "/ �/0� �� 8��2 � *.  ��"��8� � 

��-3!)/0� - /�� �3�(*/!. �/�3!- �� � 8!3"+ � /*"� 34�!� "*)*/!+� �3�(*/! (/� ��""2 +/!! 

0.12, 0.15, 0.3, 1.0, 2.0  2 . �*3�!). �*-�342�20 �� �*8*// .  �/�3!-� 83+ /�.3+8/ "2! 

��*8"2��3*/0 "�*(�2!)*"�! /� �!"�/�* 61. �� 12 ( �!"�/�* � ��-�/0  "/ �/0* ��2! 

��*���6*/!+ Fe(CO)5  � �3�(*/! /� ��""2 +/!! 0.3 ((  2 . �*3�!. �/�3 .!)/0* "�*(0 903! 

� 3�)*/0 83+ �"*�  "2�34/0� ���-�//0� � 3 :*/!5  2 . �*3�!,  8/��   /!  23!)�;2"+  2 
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�!"�/ � 61. 	"/ �/0* ��2! ��*���6*/!+ :*3*- " 8*�:�6!� 

" *8!/*/!5 � �3�(*/! " 8 9��� 5 0.01%  9. Fe(CO)5 � - /* " 

(��"!(�34/ 5 � /7*/2��7!*5 �2 (� H (0.3 ((  2 � �*��/ "2! 

. �*3�!).  36!/� "2�*3 � �� � �7! /�34/� � 2 �� �*6*"2� � 

�*��7!+�. 
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��!�*8*// 5 /� �!"�/�* 61 3!<4 2*(, )2  � ��-3!)/0� - /�� �3�(*/! ��:/ "24 � ��-�//0� 

��2*5 ��*���6*/!+ :*3*- " 8*�:�6!� " *8!/*/!5 ��-3!)/�. 

� - /* ��*8���!2*34/ .  � 8 .�*�� (/� ��""2 +/!+� 8  0.2 ((  2 . �*3�!) !(**2 (*"2  

7*� )�� ��*���6*/!5, � � 2 �0� �� !"� 8!2 � "3*8 ��2*34/ *  26*�3*/!* CO  2 Fe(CO)5 " 

 9��- ��/!*( � � /*)/ ( !2 .* �2 (��/ .  :*3*-�. �2 (��/ * :*3*-  �"2���*2 � �*��7!; " 	2 

"  9��- ��/!*( FeO2:  

Fe+O2=FeO2          (3.1)  

 =2� �*��7!+ �� 2*��*2  )*/4 90"2�  ��!8� �0" � 5 �*��7! // 5 "� " 9/ "2! Fe ! 

�0" � 5 � /7*/2��7!! 	2, 2�� ��� � - /* ��*8���!2*34/ .  � 8 .�*�� ��"� 8 ��/!* � "3*8/*.  

����2!)*"�! /* �� !"� 8!2. ��!(  9��- (, � 8�// 5 7*� )�* ��*���6*/!5 3!(!2!��;6!(! 

"2�8!+(! +�3+;2"+ �*��7!!  2�0�� CO  2 ( 3*��30 Fe(�	)5. � �*-�342�2*, ��� �!8/  !- 

�!"�/�� 55 ! �!"�/�� 58, � 12 5 - /* !(**2 (*"2  /�� �3*/!* FeO2, � 2 �05 -�2*( 

� ""2�/��3!��*2"+ 8  FeO �  �*��7!!  

 

FeO2+O=FeO+O2           (3.2) 

 

 =2 2 ,��2 " .3�"�*2"+ " 2*(, )2  �  �*-�342�2�( ��")*2 � (�!"�/ � 55) � - /* 

��"� 8 ��/!+ Fe(�	)5 � �*���;  )*�*84 /�93;8�*2"+ � "2 � /7*/2��7!! FeO2, � -�2*( FeOH ! 

Fe(OH)2. 

� - /* �!(!)*"�!� �*��7!5 (/� ��""2 +/!+� 0.25-0.6 ((  2 . �*3�!), �  (*�* ��"� 8 ��/!+ 	2, 

�� !"� 8!2  9��- ��/!* Fe -� ")*2 � ""2�/ �3*/!+ FeO � �*��7!+� " �, O ! �2 : 

 

FeO+O=Fe+O2           (3.3) 

FeO+H=Fe+OH          (3.4) 

FeO+H2=Fe+H2O          (3.5) 

 

 �3*8�*2  2(*2!24, )2  "� � "2! 12!� �� 7*"" � 8 "2�2 )/  �*3!�!, � "� 34�� 

� /7*/2��7!! �2 ( � � ! 	, � 8�// 5 - /* �3�(*/! (��"!(�34/0 ("�*�����/ �*"/0*). ��� 

� ��-�3 �� �*8*//05 �/�3!-, ��3�8 �*��7!5 " �)�"2!*( ��8!��3� 	� �  9��- ��/!* ! 

��"� 8 ��/!* :*3*- " 8*�:�6!� " *8!/*/!5 /*-/�)!2*34/05, � 2+ *.  � /7*/2��7!+ � - /* 

 "/ �/0� �*��7!5 ��*�0<�*2 � /7*/2��7!; �2 (� 	. �3+ /�.3+8/ "2! ��"")!2�//0* �� ,!3! 

� /7*/2��7!! ��8!��3 � �, 	 ! 	� � ��-�/0 /� �!"�/�* 62.  

 �*��7!! (3.3)-(3.5) 8�;2 ��3�8 �  96�; "� � "24  9��- ��/!+ �2 (��/ .  :*3*-� � 12 5 

 93�"2! �3�(*/! 35%, 35% ! 23% "  2�*2"2�*// . � 12 5 - /* �3�(*/! ( :/  �08*3!24 2��:* 

7!�3 �-�!(/ .  ��*���6*/!+ FeO, Fe(OH)2 ! FeOH:  

 

FeO+H2O=Fe(OH)2          (3.6) 

Fe(OH)2+H=FeOH+H2O         (3.7) 
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FeOH+H=FeO+H2          (3.8) 

 

 � - /* � /*)/0� �� 8��2 � . �*/!+ �� !"� 8!2 � "2*�*// * ��*���6*/!* Fe � FeOH ! 

Fe(OH)2 -� ")*2 ��!�*8*//0� �0<* �*��7!5 " �)�"2!*( � ! �2	. 

 �- �!"�/�� 61 �!8/ , )2  FeO +�3+*2"+  8/!( !- ��:/0� " *8!/*/!5 � ��""( 2�*// 5 

"�*(* ��*���6*/!+ Fe(CO)5, 2�� ���  9*"�*)!��*2 �-�!(/ * ��*���6*/!* �2 (��/ .  :*3*-�, 

 �"!8 � ! .!8� �"!8 � :*3*-� 8��. � 8��.� � -��!"!( "2!  2 �"3 �!5 (�!(!)*"� .  " "2��� ! 

2*(�*��2��0) � � /��*2/ 5 - /* �3�(*/!. 

 � ��9 2* [132] !-�)�3"+ 1,,*�2 8 9���! Fe(CO)5 /� / �(�34/�; "� � "24 

��"�� "2��/*/!+ �3�(*/! � "(*"! CO/H2/O2/N2  "2*�! (*2�!)*"� .  " "2��� ��! 8��3*/!! 1 

�2(. %�2*( �/�3!-� ��2*5 �*��7!5, ��2 �0 [132] � ��-�3! /�3!)!* 8��� 7!�3 � �*� (9!/�7!! 

�2 ( � � ! 	 � �*��7!+� " :*3*- " 8*�:�6!(! " *8!/*/!+(! (�*��7!! (3.1)-(3.3) ! (3.6)-(3.8)), 

 2�*2"2�*//0� -� "� � "24 ��"�� "2��/*/!+ �3�(*/!. ��� � ��-�/  � /�"2 +6*5 ��9 2*, �� (* 

12!� �*��7!5 ��:/0(! � �!(!! ��*���6*/!+ �*/2���9 /!3� :*3*-� � �3�(*/! +�3+;2"+ 2��:* 

�*��7!! (3.4) ! (3.5). 

��!(  9��- (, � H2/O2/N2 �3�(*/! ��! �2( ",*�/ ( 8��3*/!! ��*��0* (*2 8 ( 

- /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! 903! � 3!)*"2�*//   ��*8*3*/0 

� /7*/2��7!!  "/ �/0� �� 8��2 �  �!"3*/!+ �*/2����9 /!3� :*3*-� -  Fe, FeO2, FeOH ! 

Fe(OH)2.  � � "2��3*/!* � 3�)*//0� 1�"�*�!(*/2�34/0� ! ��"")!2�//0� �� ,!3*5 

� /7*/2��7!! :*3*- " 8*�:�6!� � (� /*/2 � � ��-0��*2, )2 , /*"( 2�+ /�  2/ "!2*34/  

�0" ��; � .�*</ "24 !-(*�*/!5, !"� 34-�*(�+ � 8�// 5 ��9 2*, �!/*2!)*"��+ ( 8*34 

�8 �3*2� �!2*34/  ��*8"��-0��*2 ��"��*8*3*/!* � /7*/2��7!5 �� 8��2 �  �!"3*/!+ Fe(CO)5 - 

 

�!"�/ � 62. %� ,!3! � /7*/2��7!5 H, O ! O� � �3�(*/! " 

8 9��� 5 0.01 %  9. Fe(CO)5.  

#
�
�
�
�
�
�
 �
�
�
�
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OH 
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FeO2 ! Fe(OH)2 � � 8 � 8/ ( �3�(*/! ��! �2( ",*�/ ( 8��3*/!!.  � H2/O2/N2 - /* � /*)/0� 

�� 8��2 � �3�(*/! (φ=1.1) " 8 9��� 5 0.01% Fe(CO)5  "/ �/0(! �� 8��2�(! *.   �!"3*/!+ 

+�3+;2"+ .!8� �"!80 :*3*-� FeOH ! Fe(OH)2. �/2*�*"/ 5  " 9*// "24; +�3+*2"+ 2 2 ,��2, )2  

� �3�(*/! /� ��""2 +/!! 0.3-0.6 ((  2 � �*��/ "2! . �*3�!  "/ �/0( �� 8��2 ( ��*���6*/!+ 

F*(�	)5 +�3+*2"+ �2 (��/ * :*3*- ,  9��-�;6**"+ ��! � ""2�/ �3*/!!  �"!8 � ! .!8� �"!8 � 

:*3*-� � �*��7!+� " �2 (�(! H, 	 � 2��:* " H2. 

 

 

 

3.1.2. �2���2��� �3�(*/ CH4/O2/Ar " 8 9��� 5 �� 

 

 

 

 %3�(*/� ��*8���!2*34/  �*�*(*<�//0� . �;)!� "(*"*5 CH4/O2/Ar 9*8/ .  

(0.06/0.15/0.79, >=0.8) ! 9 .�2 .   (0.075/0.125/0.80, > =1.2) " "2�� � 903! "2�9!3!-!� ��/0 /� 

�3 "� 5 . �*3�* 2!�� � 2�-�� 38!/.�. �1� 8!/�(!)*"�!* � -(�6*/!+ - /8� �)!20��3!"4 " 

� ( 64; ��")*2� "8�!.� �� ,!3*5 � /7*/2��7!! �*6*"2� �  , �(�3* (2.29). �)*2  �/ "!(0� 

- /8 ( � �3�(+ 2*�3 �0� � -(�6*/!5 �� !-� 8!3"+ ��2*( !"� 34- ��/!+ � ��")*2�� � ��)*"2�* 

�� 8/ .  ����(*2�� 2*(�*��2��/ .  �� ,!3+, !-(*�*// .  2*�( ��� 5 /� ��""2 +/!! 0.25 (( 

 2 � /)!�� �� 9  29 �/!�� [252]. � 8*3!� ��/!* "2���2��0 �3�(*/! �� � 8!3 "4 " � ( 64; 

(*��/!-(�  �!"3*/!+ �.3*� 8 � 8 � �����/� [244] ! (*��/!-( � ��*���6*/!+ �	� �*"29���� 

! " ��2 � � [89, 84]. �""3*8 ��/!+ �� � 8!3!"4 " �(*"2/  " �/+-4� �0( �.�. [219]. 

��"��*8*3*/!* 2*(�*��2��0 � �3�(*/�� "(*"*5 CH4/O2/Ar ��-3!)/ .  

"2*�! (*2�!)*"� .  " "2��� 9*- 8 9���! ! " 8 9��� 5 0.22% TM� � ��-�/  /� �!"�/�* 63. 

%�*8"2��3*//0* /� 12 ( �!"�/�* 8�//0* � ��-0��;2, )2  ��*8*/!* 8 9���! TM�  ��!� 8!2 � 

��*3!)*/!; 2*(�*��2��0 � - /* � /*)/0� �� 8��2 � . �*/!+ ! <!�!/0 - /0 . �*/!+. =2  

"�+-�/  " ��*3!)*/!*( <!�!/0 - /0 ��*8���!2*34/ .  � 8 .�*�� ()2  2��:* � 82�*�:8�*2"+ 

�!-��34/0(! /�93;8*/!+(!), � 2��:*  

!---� �(*/4<*/!+ .��8!*/2� 2*(�*��2��0 � � �*��/ "2! . �*3�!. ��*3!)*/!* 2*(�*��2��0 � 

- /* � /*)/0� �� 8��2 � . �*/!+ ��! ��*8*/!! 8 9���! ��  9�"3 �3*/  �(*/4<*/!*( 

2*�3 �0�  � 2*�4 !- - /0 ��*8���!2*34/ .  � 8 .�*�� � . �*3��.  

 %� ,!3! � /7*/2��7!! "2�9!34/0� � (� /*/2 � ��4, 	2, �2	, ! �	2 � 9*8/0� 

(�!"�/ � 64) ! 9 .�20� (�!"�/ � 65) �3�(*/�� 903! !-(*�*/0 ! ��"")!2�/0 (*2 8 ( 

( 8*3!� ��/!+. ��93;8�*2"+ � � <** " .3�"!* (*:8� �*-�342�2�(! 1�"�*�!(*/2� ! 

( 8*3!� ��/!+.  

 ��� ( :/  �!8*24 !- �!"�/�� 64, ��*8*/!* 8 9���! 0.22%  9. �� � 9*8/ ( �3�(*/! 

��!�*3   �  ��*3!)*/!;  - /0  ��*���6*/!+  ��4  "  1  ((  8   ~2 ((.  �/�3 .!)/ *  !-(*/*/!*  
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<!�!/0 - /0  9��- ��/!+ /�93;8�*2"+ 83+ �2	 ! �	2. �� �!"�/�* 65 ( :/  �!8*24, )2  

��*8*/!* 8 9���! 0.22%  9. �� � 9 .�2 ( �3�(*/! ��!�*3  � ��*3!)*/!; - /0 ��*���6*/!+ 

��4 " 1 (( 8  ~3 ((. �/�3 .!)/ * !-(*/*/!* <!�!/0 - /0  9��- ��/!+ /�93;8�*2"+ 83+ �2	 

! �	2. ��!(  9��- (,  8/� ! 2� :* � /7*/2��7!+ 8 9���! �� ��!�*3� � 9 3** "!34/ (� 

��*3!)*/!; - /0 ��*���6*/!+ � 9 .�2 (, )*( � 9*8/ ( �3�(*/!, 2.*. 8 9���� �� �� +�3+*2 

9 3** "!34/05 !/.!9!��;6!5 1,,*�2 � 9 .�2 ( �3�(*/! . �;)*5 "(*"! CH4/O2/Ar 

 �� �!"�/�* 66 ��*8"2��3*/0 !-(*�*//0* ! ��"")!2�//0* ��"��*8*3*/!+ � /7*/2��7!! 

� ! 	� � 9*8/ ( �3�(*/! 9*- 8 9���! ! " 8 9��� 5 0.22% ��. =2! 8�//0* � ��-0��;2, )2  

��*8*/!* 8 9���! �� �(*/4<�*2 (��"!(�34/�; � /7*/2��7!; � ! 	� � ~3 ! ~2-2.5 ��-� 

"  2�*2"2�*// . %�! 12 ( �*3!)!/0 � /7*/2��7!5 � ! 	� � - /* � /*)/0� �� 8��2 � . �*/!+ 

(4 ((  2 . �*3�!) ��! ��*8*/!! 8 9���! �� ����2!)*"�! /* !-(*/+;2"+. �*-�342�20 ��")*2� 

��"��*8*3*/!+ � /7*/2��7!! � ! 	� � 9*8/ ( �3�(*/! CH4/O2/Ar /�� 8+2"+ � 

�8 �3*2� �!2*34/ ( " .3�"!! "  1�"�*�!(*/2 ( 
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�!"�/ � 65. ��"��*8*3*/!* � /7*/2��7!5 ��4, 	2, �2	, ! �	2 � 9 .�2 ( (>=1.2) 

�3�(*/! CH4/O2/Ar 9*- 8 9���! ("�*230* "!(� 30) ! " 8 9��� 5 0.22%  9. �� 

(2*(/0* "!(� 30); "!(� 30 –1�"�*�!(*/2, 3!/!! – )!"3*// * ( 8*3!� ��/!*. 
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�!"�/ � 64. ��"��*8*3*/!* � /7*/2��7!5 ��4, 	2, �2	, ! �	2 � 9*8/ ( (>=0.8) 

�3�(*/! CH4/O2/Ar 9*- 8 9���! ("�*230* "!(� 30) ! " 8 9��� 5 0.22%  9. �� 

(2*(/0* "!(� 30); "!(� 30 –1�"�*�!(*/2, 3!/!! – )!"3*// * ( 8*3!� ��/!*. 
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� 9 .�2 ( �3�(*/! CH4/O2/Ar ��*8*/!* 8 9���! �� ��!� 8!2 � !-(*/*/!; 

��"��*8*3*/!+ � /7*/2��7!5 � ! 	� (�!"�/ � 67), "�6*"2�*//   23!)�;6*(�"+  2 "!2��7!! 

��! *.  ��*8*/!! � 9*8/ * �3�(+. � 9 .�2 ( �3�(*/! 8 9���� �� � � /7*/2��7!! 0.22% 

�(*/4<�*2 � 4-4.5 ��-� � /7*/2��7!; � � - /* ** (��"!(�(�, � 2��:* -/�)!2*34/  �(*/4<�*2 

� /7*/2��7!; � ! 	� /� ��""2 +/!! 5-6 ((  2 . �*3�!, � - /* � /*)/0� �� 8��2 � . �*/!+. 

��  "/ �* 12 .  ( :/  -��3;)!24, )2  1,,*�2!�/ "24 !/.!9!� ��/!+ �� (2.*. �(*/4<*/!* 

� /7*/2��7!! � ! 	�) � 9 .�2 ( �3�(*/! "�6*"2�*//  �0<*, )*( � 9*8/ (. ���+ "!2��7!+ 

/�93;8�*2"+ ��� � - /* �� 2*��/!+  "/ �/0� �*��7!5 . �*/!+, 2�� ! � - /* � /*)/0� 

�� 8��2�� . �*/!+. �� ��� 2*�(!/ «- /� � /*)/0� �� 8��2 � . �*/!+» 8 "2�2 )/  �"3 �*/, 2  

� ��""(�2�!��*( 5 "!"2*(*  /  9 -/�)�*2 - /� �3�(*/!, ��"� 3 :*//�; /� ��""2 +/!! 9 3** 4 

((  2 � �*��/ "2! . �*3�!, .8* .��8!*/20 2*(�*��2��0 ! � /7*/2��7!! �*6*"2� 8 "2�2 )/  

(�30.  
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�!"�/ � 66. ��"��*8*3*/!* � /7*/2��7!5 � ! 	� � 

9*8/ ( (>=0.8) �3�(*/! CH4/O2/Ar 9*- 8 9���! ("�*230* 

"!(� 30) ! " 8 9��� 5 0.22%  9. �� (2*(/0* 

"!(� 30); "!(� 30 –1�"�*�!(*/2, 3!/!! – )!"3*// * 
( 8*3!� ��/!*. 
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%�*8"2��3*// * /� �!"�/�* 67 ��"��*8*3*/!* � /7*/2��7!5 � ! 	� � 9 .�2 ( 

�3�(*/! CH4/O2/Ar, ��"")!2�// * " � ( 64; 8*2�34/ 5 �!/*2!)*"� 5 ( 8*3!, 

� ��-0��*2, )2  12 2 (*��/!-(  " �8 �3*2� �!2*34/ 5 2 )/ "24;  �!"0��*2  �*-�342�20 

1�"�*�!(*/2 � � �3�(*/! 9*- 8 9���! ��,  8/��   /� /*(/ .  ��:*  �!"0��*2 

�*-�342�20 !-(*�*/!5 � 9 .�2 ( �3�(*/! " 8 9��� 5 ��. 	"/ �/�+ ��!)!/� 2�� .  

��"� :8*/!+ "�+-�/� " /*" �*�<*/"2� ( � 8(*��/!-(� ��*���6*/!5 , ", �" 8*�:�6!� 

" *8!/*/!5 � !"� 34- ��// ( 83+ )!"3*//0� ��")*2 � �!(!� -�!/*2!)*"� ( (*��/!-(* 

!/.!9!� ��/!+ �3�(*/ " 8 9����(! �	�.  

��:/   2(*2!24, )2  � 3�)*//0* �*-�342�20 !-(*�*/!+ �� ,!3*5 � /7*/2��7!! � 

! 	� � (*2�/ -� -8�</0� �3�(*/�� +�3+;2"+ ��+(0( /*� "�*8"2�*//0( 

� 82�*�:8*/!*( 7*�/ .  ��-�*2�3*// .  (*��/!-(� . �*/!+ (*2�/� ! 8��.!� 

�.3*� 8 � 8 � ��! �2( ",*�/ ( ! � �0<*//0� 8��3*/!+�, ��� 12  �� !"� 8!2 � 
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�!"�/ � 67. ��"��*8*3*/!* � /7*/2��7!5 � ! 	� � 

9 .�2 ( (>=1.2) �3�(*/! CH4/O2/Ar 9*- 8 9���! 

("�*230* "!(� 30) ! " 8 9��� 5 0.22%  9. �� 

(2*(/0* "!(� 30); "!(� 30 –1�"�*�!(*/2, 3!/!! – 

)!"3*// * ( 8*3!� ��/!*. 
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� 8 � 8 -�!"3 � 8/0� �3�(*/��. � .3�"/  � 3�)*//0( 8�//0(, (��"!(�34/�+ 

� /7*/2��7!+ � ! 	� � - /*  "/ �/0� �!(!)*"�!� ��*���6*/!5 � (*2�/ -�!"3 � 8/ ( 

�3�(*/! /� /*"� 34�  � �+8� � �0<* 2*�( 8!/�(!)*"�! ���/ �*"/ 5 � /7*/2��7!! 12!� 

" *8!/*/!5 ��! 2*(�*��2��*, "  2�*2"2��;6*5 � /*)/ 5 - /* . �*/!+. ���+ "!2��7!+ 

� -( :/� 3!<4 2 34�  � 2 ( "3�)�*, *"3!  �!"3*/!* (*2�/� �� 2*��*2 �  7*�/ (� 

(*��/!-(�. � ( / .��,!! [279], � "�+6*// 5  9- �� �*-�342�2 � !""3*8 ��/!5 7*�/0� 

�� 7*"" � . �*/!+ ��! �-�0�* ! 8*2 /�7!! .�- �0� "(*"*5, ��*8"2��3*/0 

(/ . )!"3*//0* 8 ��-�2*34"2�� 7*�/ .  ��-�*2�3*// .  (*��/!-(� . �*/!+ 

�.3*� 8 � 8 �. � ��)*"2�*  8/ .  !- 8 ��-�2*34"2� 7*�/ 5 ��!� 80 . �*/!+ 

�.3*� 8 � 8 � ��! �2( ",*�/ ( ! � �0<*//0� 8��3*/!+� � ��9 2�� �-�2+/� ! " ��2. [56, 

280, 281] ��!�*8*/0 �*-�342�20 1�"�*�!(*/2 � �  !-�)*/!; !/.!9!� ��/!+ . �*/!+ 

(*2�/� " � ( 64; �!(!)*"�! ��2!�/0� " *8!/*/!5, �"2���;6!� � �*��7!! " ��2!�/0(! 

�*��7! //0(! 7*/2��(!, +�3+;6!�"+ / "!2*3+(! 7*�/0� �*��7!5. ��!(  9��- (, � 

���-�//0� �0<* ��9 2�� !-�)*/!* 13*(*/2��/0� �!(!)*"�!� �*��7!5 �� � 8!3 "4 /� 

 "/ �* !-(*�*/!+ � "�*//0� ����(*2� � !""3*8�*( 5 "!"2*(0, � 2  ��*(+ ��� � 

��*8"2��3*// 5 8!""*�2�7!! /�  "/ �* !8*/2!,!��7!! ! � 3!)*"2�*// .  !-(*�*/!+ 

� /7*/2��7!+ � ! 	� � - /*  "/ �/0� �!(!)*"�!� ��*���6*/!5 "2�3  � -( :/0( 

� 3�)!24 8*2�34/�; !/, �(�7!; 83+ �� �*��! ! �2 )/*/!+ �!/*2!�! 13*(*/2��/0� 

�!(!)*"�!� �*��7!5.   

 � �93!7* 13 � ��-�/   2/ "!2*34/ * �(*/4<*/!* � /7*/2��7!5 ��8!��3 � � ! 	� 

��! ��*8*/!! 8 9���! 0.22% �� � 9*8/ * ! 9 .�2 * �3�(*/� CH4/O2/Ar � 8��� ��-3!)/0� 

- /�� – � (*"2* �� 2*��/!+  "/ �/0� �!(!)*"�!� ��*���6*/!5, � � 2 � 5 � /7*/2��7!! 

�0<*���-�//0� ��8!��3 � 8 "2!.�;2 (��"!(�34/0� -/�)*/!5, � 2��:* � - /* �� 8��2 � 

. �*/!+. 

 

�93!7� 13. 	2/ "!2*34/ * !-(*/*/!* � /7*/2��7!5 � ! 	� � 9*8/ ( ! 9 .�2 ( CH4/O2/Ar 

�3�(*/�� � - /*  "/ �/0� �!(!)*"�!� �*��7!5 ! � - /* � /*)/0� �� 8��2 � . �*/!+ ��! 

��*8*/!! 8 9���! 0.22% ��  

 

	2/ "!2*34/ * !-(*/*/!* � /7*/2��7!! � - /* 
�3�(+ ��8!��3 

 "/ �/0� �!(!)*"�!� �*��7!5 � /*)/0� �� 8��2 � . �*/!+ 

H 2.7 1.0 9*8/ * 

φ=0.8 OH 1.8 1.1 

H 3.2 2.5 9 .�2 * 

φ=1.2 OH 2.4 2.4 
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��� ( :/  �!8*24 !- 12 5 2�93!70, 8 9���� �� "�6*"2�*//  �(*/4<�*2 �!� ��; 

� /7*/2��7!; � ! 	� � - /*  "/ �/0� �*��7!5, ��� � 9*8/ (, 2�� ! � 9 .�2 ( �3�(*/��. � 

 93�"2! � /*)/0� �� 8��2 � . �*/!+ 1,,*�2 8 9���! ��  23!)�*2"+  2 *.  � -8*5"2�!+ � 

- /*  "/ �/0� �!(!)*"�!� �*��7!5. � 9*8/ ( �3�(*/! � � /*)/ 5 - /* . �*/!+ 

� /7*/2��7!! � ! 	� ��! ��*8*/!! �� "3�9  !-(*/+;2"+, � 2  ��*(+ ��� � 9 .�2 ( 

�3�(*/! 8 9���� �� �(*/4<�*2 � /7*/2��7!; � ! 	� ��!(*�/  � 2.5 ��-�.  �"3! 

 9��2!24"+ � �!"�/�� 63, 2  ( :/  ��*8� 3 :!24, )2  �(*/4<*/!* � /7*/2��7!! � ! 	� 

��! ��*8*/!! 8 9���! �� ( :*2 9024 "�+-�/  " /�93;8�*(0( � 1�"�*�!(*/2* � "2 ( 

� /*)/ 5 2*(�*��2��0 /� 100 � ! 200 � � 9*8/ ( !  9 .�2 ( �3�(*/�� "  2�*2"2�*// . ��� 

� ��-�3! �*-�342�20 ��")*2 �, ��! �(*/4<*/!! /� 100 � 2*(�*��2��0 � � /*)/ 5 - /* 

�3�(*/!, (��"!(�34/�+ � /7*/2��7!+ � ! 	� �(*/4<�*2"+ /� 40% ! 60% "  2�*2"2�*// . 

�"3! :* � /*)/�; 2*(�*��2��� �3�(*/!  CH4/O2/Ar " 8 9��� 5 �� �(*/4<!24 8  

-/�)*/!5 2*(�*��2��0 � �3�(*/! 9*- 8 9���!, 2  �!� �0* � /7*/2��7!! � ! 	� �  "/ �/ 5 

�*��7! // 5 - /* 9�8�2 . ��-8  /!:* 2*� -/�)*/!5, � 2 �0* 903! 1�"�*�!(*/2�34/  

!-(*�*/0. ��:* �� �*8*//0* ��")*20 � ��-�3!, )2  ��! ��*8*/!! � 9*8/ * ! 9 .�2 * 

(>=0.8 ! >=1.2) �8!�9�2!)*"� * (*2�/ -� -8�</ * �3�(+ 8 9���! 0.22% �� 2*(�*��2��� � 

- /* � /*)/0� �� 8��2 � . �*/!+ "3�9  !-(*/!2"+, /  ��! 12 ( (��"!(�34/0* 

� /7*/2��7!! � ! 	� "2�/�2 (*/4<* � 3.6-3.8 ��-�. � 12 5 "�+-!, � ��)*"2�* (*�0 

1,,*�2!�/ "2! 8 9���! !/.!9!2 �� ( :/  !"� 34- ��24 �*3!)!/� !-(*/*/!+ � /7*/2��7!5 

� ! 	� � �3�(*/! ��! ��*8*/!! !/.!9!2 ��. 

��/** �� �*8*//0* 1�"�*�!(*/2�34/0* ! )!"3*//0* !""3*8 ��/!+ "2���2��0 

�3�(*/! �2/	2/Ar ��! /!-� ( 8��3*/!! � ��-�3!, )2  � �3�(*/! " 8 9��� 5 0.2% �� ! 9*- 

/**, "� /7*/2��7!+ �, 	 ! 	� �  93�"2! � /*)/0� �� 8��2 � ". ��/!+  ��*8*3+*2"+ 

)�"2!)/0( ���/ �*"!*( �  2�*( 90"2�0( �*��7!+(" [70]. % 12 (� ��! � /!:*//0� 

8��3*/!+� "� � "24  9��- ��/!+ �, 	 ! 	� �  2�*( 90"2�0( �*��7!+( �0<* "� � "2! !� 

.!9*3! � �*��7!+� " �)�"2!*(  �"!8 � , ", ��. %�! "�9�2( ",*�/ ( ! �2( ",*�/ ( 

8��3*/!+�  9�0� 7*�*5 � �*-�342�2* �� 2*��/!+ 2�!( 3*��3+�/0� �*��7!5 2!�� 

H+	2+�=�	2+� �� 2*��*2 (*83*//  ! /*  ��-0��*2 -�(*2/ .  �3!+/!+. � �93!7* 14 

��*8"2��3*/0 � /7*/2��7!! � ! 	� � - /* � /*)/0� �� 8��2 � . �*/!+ � 9*8/ ( ! 9 .�2 ( 

�3�(*/�� CH4/O2/Ar 9*- 8 9���! ! " 8 9��� 5 0.22% ��, ��"")!2�//0* 83+ )�"2!)/ .  (�  

2�*( 90"2�0( �*��7!+()  ! � 3/ .  2*�( 8!/�(!)*"� .  ���/ �*"!+ " � ( 64; 8*2�34/ 5 

�!(!� -�!/*2!)*"� 5 ( 8*3!. � .3�"/  ��!�*8*//0( � �93!7* 14 8�//0( ( :/  "8*3�24 

�0� 8, )2  � �3�(*/�� 9*- 8 9�� � /* �"2�/��3!��*2"+ ���/ �*"!* �  ��8!��3�(, /  ��! 

��*8*/!! � /!� 0.22% �� � /7*/2��7!! ��8!��3 � � ! 	� "2�/ �+2"+ 93!:* � 

���/ �*"/0(. 
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�93!7� 14. � /7*/2��7!! ��8!��3 � � ! 	� � - /* � /*)/0� �� 8��2 � . �*/!+, 

��"")!2�//0* " � ( 64; �!(!� -�!/*2!)*"� 5 ( 8*3! [244, 89, 84], !- �"3 �!5 � 3/ .  

2*�( 8!/�(!)*"� .  (EQ) ! )�"2!)/ .  ���/ �*"!+ (!��. EQ), � �3�(*/�� CH4/O2/Ar (ϕ=0.8 ! 

1.2) 9*- 8 9�� � ! " 8 9��� 5 0.22%  9. �� 
 

 

� �3�(*/�� CH4/O2/Ar 9*- 8 9���! �� � /7*/2��7!! � ! 	�, ��"")!2�//0* !- 

�"3 �!5 )�"2!)/ .  ���/ �*"!+ ! " � ( 64; 8*2�34/ .  �!(!� -�!/*2!)*"� .  (*��/!-(�, 

����2!)*"�! " ���8�;2. � 9���� �� � �3�(+ ��!� 8!2 � -�(*2/ (� ��-3!)!; � /7*/2��7!5 

� ! 	�, ��"")!2�//0� ���-�//0(! �0<* "� " 9�(!. ��, � 9*8/ ( �3�(*/! ��"")!2�//0* �  

)�"2!)/ (� ���/ �*"!; ! 8*2�34/ (� (*��/!-(� �*3!)!/0 � /7*/2��7!! � ! 	�  23!)�;2"+ 

��!(*�/  � 1.5-2 ��-�. �3+ 9 .�2 .  �3�(*/! ��"")!2�//�+ " � ( 64; 8*2�34/ .  �!(!� -

�!/*2!)*"� .  (*��/!-(� � /7*/2��7!+ � � )2! /� 2 � �+8�� /!:* �0)!"3*// 5 !- �"3 �!5 

)�"2!)/ .  ���/ �*"!+. ��:/  2��:*  2(*2!24, )2  � 9 .�2 ( �3�(*/!  2/ "!2*34/ * 

�(*/4<*/!* � /7*/2��7!5 � ! 	� � - /* � /*)/0� �� 8��2 � . �*/!+  ��! ��*8*/!! 8 9���!  

�� "�6*"2�*//  9 34<*, )*( � 9*8/ (.  

�"* 12! ,��20 . � �+2   2 (, )2  ��! �2( ",*�/ ( 8��3*/!! � �3�(*/�� " 8 9��� 5 

�� "� � "24  9��- ��/!+ � ! 	� �  2�*( 90"2�0( �*��7!+( � �*��7!+� " 

, ", �" 8*�:�6!(! �� 8��2�(! . �*/!+ �� -�(*2/  (*/4<* "� � "2! !� .!9*3!. ��:* 

( :/   2(*2!24, )2  "� � "24 .!9*3!  "/ �/0� / "!2*3*5 7*�*5 � �*��7!+� " 

, ", �" 8*�:�6!(! " *8!/*/!+(! � 9 .�2 ( �3�(*/! /*"� 34�  �0<* �  "���/*/!; " 

9*8/0(. =2 2 ,��2 ( :/   9?+"/!24 2*(, )2  "� � "24 �*� (9!/�7!!  "/ �/0� / "!2*3*5 

7*�*5 � �*��7!+� " �)�"2!*( �	�	, ��* 93�8�;6*( � 9 .�20� �3�(*/��, -/�)!2*34/  �0<* �  

"���/*/!; " �*��7!+(! " �)�"2!*( �	�	2 [276]. % 12 (� 1,,*�2!�/ "24 !/.!9!� ��/!+, 

�0��:*//�+ ���  2/ "!2*34/ * �(*/4<*/!* � /7*/2��7!5 � ! 	� !3!  2/ "!2*34/ * 

��*3!)*/!* "� � "2!  9�0�� 7*�/0� �*��7!5  �!"3*/!+ 2 �3!�� ��! ��*8*/!! 8 9���! 

%3�(*/� " 8 9��� 5 0.22% ��  

��8!��30 � .�2 * �3�(+, Tf=1800K �*8/ * �3�(+, Tf=1690 K 

 EQ ( 8*34 !��. EQ EQ ( 8*34 !��. EQ 

H 6.00×10
-5

 5.78×10
-5

 2.3×10
-3

 5.40×10
-7

 3.88×10
-6

 6.5×10
-5

 

OH 1.60×10
-5

 2.13×10
-5

 9.9×10
-4

 2.00×10
-4

 3.59×10
-4

 5.8×10
-4

 

%3�(*/� 9*- 8 9�� � �� 

 � .�2 * �3�(+ T=1570K �*8/ * �3�(+ 1590 K 

 EQ ( 8*34 !��. EQ EQ ( 8*34 !��. EQ 

H 5.95×10
-6

 1.0×10
-3

 1.0×10
-3

 9.77×10
-8

 6.15×10
-6

 6.9×10
-6

 

OH 1.07×10
-6

 1.8×10
-4

 1.9×10
-4

 1.04×10
-4

 4.09×10
-4

 4.6×10
-4
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!/.!9!2 ��, ��*3!)!��*2"+ " � "2 ( 8��3*/!+. =2 2 � "2 � 9 .�20� �3�(*/�� 9 34<* �  

"���/*/!; " 9*8/0(!. 

�� �!"�/��� 68 ! 69 � ��-�/0 �� ,!3! � /7*/2��7!5 �� � 2��:* , ", �" 8*�:�6!� 

" *8!/*/!5 -  PO, PO2, HOPO, HOPO2, (HO)3PO � �3�(*/�� 9*8/0� ! 9 .�20� "(*"*5 CH4/O2/Ar 

"  2�*2"2�*// , !-(*�*//0* � 1�"�*�!(*/2�� ! � 3�)*//0* (*2 8 ( )!"3*// .  

( 8*3!� ��/!+. ��� �!8/  !- �!"�/� �, !-(*/*/!* "2*�! (*2�!)*"� .  " "2��� . �;)*5 "(*"! 

 )*/4 "!34/  �3!+*2 /� "  2/ <*/!* � /7*/2��7!5 , ", �" 8*�:�6!� " *8!/*/!5 � - /* 

� /*)/0� �� 8��2 � . �*/!+. � 9*8/ ( �3�(*/! � )2! 85% �"*.  , ", �� " 8*�:!2"+ � 

�	�	2. ��:* � 9*8/ ( �3�(*/! � � /*)/0� �� 8��2�� ��!"�2"2��*2  �2 , ", �/�+ �!"3 2� 

(�	)3�	. � �3�(*/! " !-902� ( 2 �3!��  "/ �/0( , ", �" 8*�:�6!( � (� /*/2 ( (~75%  2  
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�"*� , ", �" 8*�:�6!� �*6*"2�) +�3+*2"+ �	�	, �  �2 , ", �/�+ �!"3 2� ��!"�2"2��*2 

2 34�  � /*9 34<!� � 3!)*"2��� � - /*  "/ �/0� �*��7!5 ! � 3/ "24;  2"�2"2��*2 � � /*)/0� 

�� 8��2��. 

 � 9*8/ ( �3�(*/! CH4/O2/Ar <!�!/� - /0 ��"� 8 ��/!+ �� � 1�"�*�!(*/2* 

 23!)�*2"+  2 ��"")!2�// 5 ��!(*�/  /� 0.5 (( (�!"�/ � 68). =2  ��!� 8!2 � 2 (�, )2  

��"")!2�//0* �� ,!3! � /7*/2��7!5  "/ �/0� �� 8��2 � ��*���6*/!+ �� 2��:* "8�!/�20 

 2/ "!2*34/  !-(*�*//0� ��!(*�/  /� 12� :* �*3!)!/�. � 9 .�2 ( �3�(*/! �� ,!34 

� /7*/2��7!! �� (�!"�/ � 69) " �8 �3*2� �!2*34/ 5 2 )/ "24; " ���8�*2 " �*-�342�2�(!  

��")*2 �. � 9 .�2 ( �3�(*/! /�93;8�*2"+ 9 3** <!� ��+ (�  "���/*/!; " 9*8/0() - /� 

��*���6*/!+ ��, )2 , � -�!8!( (�, "�+-�/  " ��-3!)!*( <!�!/0 - /0 . �*/!+ � 12!�  
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�!"�/ � 69. ��"��*8*3*/!* � /7*/2��7!! �� ! 

, ", �" 8*�:�6!� �� 8��2 � *.  ��*���6*/!5 � �3�(*/! 

9 .�2 5 "(*"! CH4/O2/Ar " 8 9��� 5 0.22%  9. ��; "!(� 30 –

1�"�*�!(*/2, 3!/!! – )!"3*// * ( 8*3!� ��/!*. 
 



 

 

170 

�3�(*/�� ("(. �!"�/ � 63). �/2*�*"/0( +�3+*2"+ 2 , )2  � /*)/05 " "2�� , ", �" 8*�:�6!� 

" *8!/*/!5 , �(!��*2"+ � - /*, � � 2 � 5 2*(�*��2��� ����2!)*"�! "  2�*2"2��*2 

(��"!(�34/ 5 2*(�*��2��* �3�(*/!. 

����/*/!* � 3�)*//0� 1�"�*�!(*/2�34/0� 8�//0� �  ��"��*8*3*/!;  "/ �/0� 

�� 8��2 � ��*���6*/!+ �� � �3�(*/�� CH4/O2/Ar ��-3!)/ .  " "2��� " �*-�342�2�(! 

��")*2 � �  8*2�34/ (� �!(!� -�!/*2!)*"� (� (*��/!-(� �*"29���� [84, 89] � ��-0��*2, )2  

( 8*34 �8 �3*2� �!2*34/   �!"0��*2 �� ,!3! � /7*/2��7!! �	�	2 83+ 9*8/ .  ! �	�	 83+ 

9 .�2 .  �3�(*/. �(*"2* " 2*( �� ,!3! � /7*/2��7!5 8��.!� , ", �" 8*�:�6!� � (� /*/2 � 

" .3�"�;2"+ " 1�"�*�!(*/2 ( -�(*2/  ��:*. 

 

��!(  9��- (, � 3�)*//0* �*-�342�20 !-�)*/!+ "2���2��0 "2�9!3!-!� ��//0� /� 

�3 "� 5 . �*3�* ��! �2( ",*�/ ( 8��3*/!! 9*8/0� ! 9 .�20�  �3�(*/  "(*"*5 CH4/O2/Ar  

� -� 3!3! �"2�/ �!24, )2 : 

1. � 9���� 0.22% �� � �3�(*/� "(*"*5 CH4/O2/Ar -/�)!2*34/  �(*/4<�*2 (��"!(�34/�; 

� /7*/2��7!; � ! 	�, /�!9 34<!5 1,,*�2 /�93;8�*2"+ � 9 .�2 ( �3�(*/!. � - /* 

� /*)/0� �� 8��2 � . �*/!+ 8 9���� �� "3�9  �(*/4<�*2 � /7*/2��7!! � ! 	�,  8/��   

� 9 .�2 ( �3�(*/! � /7*/2��7!+ 12!� )�"2!7 �(*/4<�*2"+ 9 3** "!34/  - � ∼2.5 ��-�. =2  

� -� 3+*2 ")!2�24, )2  ��*8*/!*  8/ 5 ! 2 5 :* � /7*/2��7!! 8 9���! �� ��!� 8!2 � 

9 3** "!34/ (� !/.!9!� ��/!; 9 .�2 .  �3�(*/!, )*( 9*8/ . . 

2. � �3�(*/�� 9*8/0� "(*"*5 CH4/O2/Ar  " 8 9��� 5 0.22% ��  "/ �/0( � /*)/0( 

, ", �" 8*�:�6!( �� 8��2 ( *.  ��*���6*/!+ +�3+*2"+ HOPO2, � � 9 .�20�  - HOPO.  

3. �!(!� -�!/*2!)*"�!5 (*��/!-( ��*���6*/!+ �	� � �3�(*/�� [84, 89] �  96*( �8*���2/  

 �!"0��*2 !-(*�*//0* �� ,!3! � /7*/2��7!! "2�9!34/0�, � 2��:* 9 34<!/"2�� ��2!�/0� 

! 3�9!34/0� � (� /*/2 � �3�(*/!. 

 

 

 

3.1.3. �2���2���  �3�(*/! C3H8/O2/Ar " 8 9��� 5 �� 

 

 

 

 �3!+/!* 8 9���! �� /� �!(!)*"��; "2���2��� "2�9!3!-!� ��// .  /� �3 "� 5  

. �*3�* �� ��/ -�!"3 � 8/ .  �3�(*/! ��! �2( ",*�/ ( 8��3*/!! !-�)�3 "4 /� ��!(*�* 

8��� "(*"*5: C3H8/O2/Ar (2.5/13.6/83.9%) " � 1,,!7!*/2 ( !-902�� 2 �3!�� ϕ=0.9 ! 

C3H8/O2/Ar (2.92/12.08/85.0%) " � 1,,!7!*/2 ( !-902�� 2 �3!�� ϕ=1.2. � /7*/2��7!+ 

8 9���! �� " "2��3+3� 0.12%, /�)�34/�+ 2*(�*��2��� "(*"*5 " "2��3+3� 0=380 K. 
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�8!�9�2!)*"��+ 2*(�*��2��� �3�(*/ 83+ 9 .�2 5 ! 9*8/ 5 C3H8/O2/Ar "(*"! " "2��3+*2 b= 

2096 K !  b= 2229 K "  2�*2"2�*// .  

 � � "2��3*/!* !-(*�*//0� �� ,!3*5 � /7*/2��7!! C3H8, O2, H2O, CO2, H, 	H, � 

9*8/ ( C3H8/O2/Ar �3�(*/! 9*- 8 9���! ! ��"")!2�//0� " !"� 34- ��/!*( (*��/!-(� 

. �*/!+ �.3*� 8 � 8 � [245],  " 8*�:�6*.  127 � (� /*/2 � ! 1207 13*(*/2��/0� �*��7!5, 

� ��-0��*2, )2  12 2 (*��/!-( �8 �3*2� �!2*34/   �!"0��*2 1�"�*�!(*/2 (�!"�/�! 70 ! 

71). � �3�(*/! " 8 9��� 5 �� !"� 34- ��3"+ (*��/!-( ��*���6*/!+ �	� !- ��9 20 [82]. 

 �� �!"�/�* 72 ��!�*8*/0 !-(*�*//0* ! ��"")!2�//0* �� ,!3! 2*(�*��2��0 !  

� /7*/2��7!! � �3�(*/! 9*8/ 5 "(*"! C3H8/O2/Ar " 8 9��� 5 0.12% ��. �- 

��*8"2��3*//0� /� �!"�/�* 72 �� ,!3*5 �!8/ , )2  ��! ��*8*/!! 8 9���! �� � �3�(+ 

- /� ��"� 8 ��/!+  "/ �/0� � (� /*/2 � �3�(*/! ��*3!)!��*2"+  " ∼0.8 (( 8  ∼1.2 ((. 

 �� �!"�/��� 73 ! 74 � ��-�/0 �� ,!3! � /7*/2��7!! "2�9!34/0� � (� /*/2 � � 

9 .�2 ( �3�(*/! C3H8/O2/Ar 9*- 8 9���! ! " 8 9��� 5 0.12% ��. � �3�(*/! " 8 9��� 5 

�� /�93;8�*2"+ *.  !/.!9!��;6** 8*5"2�!*, �0��:*// * � -�(*2/ ( �8�3*/!! - /0 

�*��7!5  2 � �*��/ "2! . �*3�!, � 2 � * 2��:* " �� � :8�*2"+ �(*/4<*/!*( 2*�3 � .  

� 2 �� � . �*3��, ��� 12  /�93;8�3 "4 83+ CH4/O2/Ar �3�(*/. ���"!(�34/�+ 2*(�*��2��� 

�3�(*/! 9*- 8 9���! " "2��3+*2 ∼1500-1600 K, � � �3�(*/! " 8 9��� 5 0.12% ��  /� 

��*3!)!��*2"+ 8  ∼1700-1800K.  
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 �-(*�*//0* ! ��"")!2�//0* �� ,!3! � /7*/2��7!5 � /*)/0� , ", �" 8*�:�6!�  

�� 8��2 � 8*"2���7!! �� � 9*8/ ( �3�(*/! (PO, PO2, HOPO, HOPO2 ! OP(OH)3) � ��-�/0 

/�  �!"�/�* 75. �!/*2!)*"��+ ( 8*34 �-�!( 8*5"2�!+ �� ! 8��.!� , ", �" 8*�:�6!� 

� (� /*/2 � " 3*.�!(! ��8!��3�(! �3�(*/!, " ��+:*//�+ " (*��/!-( (  �!"3*/!+ �� ��/� 

[245]  9*"�*)!��*2 � � <** " .3�"!* 83+ !-(*�*//0� ! ��"")!2�//0� �� ,!3*5 � /7*/2��7!5 

"2�9!34/0� " *8!/*/!5.  

 �/�3 .!)/0* �*-�342�20 83+ 9 .�2 .  C3H8/O2/Ar �3�(*/! ��!�*8*/0 /�  �!"�/�* 76. 

%�! "���/*/!! 8�//0�, � 3�)*//0� 83+ 9*8/ .  ! 9 .�2 .  �3�(*/ C3H8/O2/Ar " 8 9��� 5 

��, ( :/  /�93;8�24 -�(*2/0* ��-3!)!+ (*:8� " "2�� ( � /*)/0� , ", �" 8*�:�6!�  

�� 8��2 � � 9*8/ ( ! 9 .�2 ( �3�(*/��. � �3�(*/! 9*8/ 5 "(*"! C3H8/O2/Ar " 8 9��� 5 �� 

 "/ �/0( , ", �" 8*�:�6!( �� 8��2 ( *.  ��*���6*/!+ � � /*)/ 5 - /* . �*/!+ +�3+*2"+ 

HOPO2, � � �3�(*/! 9 .�2 5 "(*"!  - HOPO. %�! 12 ( � /*)/�+ 2*(�*��2��� � 9*8/ ( ! 

9 .�2 ( �3�(*/��  23!)�*2"+ "3�9 .  

 �� �!"�/�* 77 � ��-�/ ��"")!2�//05 ���/ �*"/05 " "2�� , ", �" 8*�:�6!� 

� (� /*/2 � � �3�(*/�� 9*8/0� ! 9 .�20� "(*"*5 C3H8/O2/Ar + 0.12% �� ��! =1730 � ! 

�=1 �2(, !- � 2 � .  �!8/ ,  )2   "/ �/0( , ", �" 8*�:�6!( �� 8��2 ( . �*/!+ �� � 

9*8/ ( �3�(*/! +�3+*2"+ HOPO2, � � 9 .�2 ( - HOPO. 
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 %�! "���/*/!! ��")*2/0� ! !-(*�*//0� �� ,!3*5 � /7*/2��7!!  "/ �/0� 

, ", �" 8*�:�6!� � (� /*/2 � ( :/  /�93;8�24 �8 �3*2� �!2*34/ * " .3�"!* (*:8� 

�*-�342�2�(! 1�"�*�!(*/2 � ! ( 8*3!� ��/!+ 83+ 9*8/ .  C3H8/O2/Ar �3�(*/! " 8 9��� 5 

��. � /*)/0* � /7*/2��7!! , ", �" 8*�:�6!� � (� /*/2 � � ��*8���!2*34/  

�
��
�
�
�
��
�
�
�
�
�
 �
�
�
 
�
�
�

�
 
�
�
 

�
�
�
�
�


�
�
�
�


�
�
%
�
$
 �
�
�
�
�
�
�
�
�
�
, 
%

 

ϕ 

#
�
�
�
�
�
�
 �
�
�
�
 (
$
1
0

0
) 



 

 

176 

�*�*(*<�// ( C3H8/O2/Ar �3�(*/! 9*8/ 5 ! 9 .�2 5 "(*"*5, !-(*�*//0* � 1�"�*�!(*/2* ! 

� 3�)*//0*  � ��")*2��, ��!�*8*/0 � �93!7�� 15 ! 16 "  2�*2"2�*// .  

 

�93!7� 15. 	2/ "!2*34/�+ � /7*/2��7!+  "/ �/0� , ", �" 8*�:�6!� � (� /*/2 � (� % 

 2 "�((0 � /7*/2��7!5 �"*� , ", �" 8*�:�6!� � (� /*/2 �) � - /* � /*)/0� �� 8��2 � 

� 9*8/ ( (ϕ=0.9) �3�(*/! C3H8/O2/Ar " 8 9��� 5 0.12% ��, � 3�)*//0* � )!"3*//0� 

��")*2�� " !"� 34- ��/!*( 3
�
 (*��/!-( �, ��"")!2�//0* �  2*�( 8!/�(!)*"� (� 

���/ �*"!; ! !-(*�*//0* 1�"�*�!(*/2�34/  

 

� 8*3!� ��/!*, / (*� 

(*��/!-(� 

 

� (� /*/20 

"1" "2" "3" 

���/ �*"/0* 

� /7*/2��7!! 

��! 1760 K 

��//0* 

1�"�*�!(*/2� 

 

PO 0 0 0 0 0.1±0.1 

PO2 15.5 1.2 29.6 3.0 9±6 

HOPO 8.3 2.5 8.6 1.9 5.2±1.6 

HOPO2 73.0 96.0 59.4 91.3 80±20 

PO(OH)3 3.2 0.3 2.4 3.8 - 

 

�93!7� 16. 	2/ "!2*34/�+ � /7*/2��7!+  "/ �/0� , ", �" 8*�:�6!� � (� /*/2 � (� 

%  2  "�((0 � /7*/2��7!5 �"*� , ", �" 8*�:�6!� � (� /*/2 �) � - /* � /*)/0� 

�� 8��2 � . �*/!+ � 9 .�2 ( (ϕ=1.2) �3�(*/! C3H8/O2/Ar 8 9��� 5 0.12% ��, 

� 3�)*//0* ��! ( 8*3!� ��/!! " !"� 34- ��/!*( 3
�
 (*��/!-( �, ��"")!2�//0* �  

2*�( 8!/�(!)*"� (� ���/ �*"!; ! !-(*�*//0* 1�"�*�!(*/2�34/  

 

� 8*3!� ��/!*,  / (*� 

(*��/!-(� 

 

� (� /*/20 

"1" "2" "3" 

���/ �*"/0* 

� /7*/2��7!! 

��! 1700 K 

��//0* 

1�"�*�!(*/2� 

 

PO 4.3 0 0.2 0.8 1.3±1.6 

PO2 6.6 4.9 14.1 4.8 4.1±2.5 

HOPO 63.9 62.0 75.5 85.2 77±22 

HOPO2 23.8 33.0 9.6 8.7 16.6±4.9 

PO(OH)3 1.4 0.1 0.6 0.5 0 
 

 

� �93!7�� 15 ! 16 ��!�*8*/0  2/ "!2*34/0* � /7*/2��7!! , ", �" 8*�:�6!� 

� (� /*/2 � � - /* � /*)/0� �� 8��2 � ". ��/!+ �3�(*/ 9*8/0� ! 9 .�20� "(*"*5 C3H8/O2/Ar 

" 8 9��� 5 0.12% ��, � 3�)*//0* ��! ( 8*3!� ��/!! "2���2��0 �3�(*/! " � ( 64; 2�*� 

��-3!)/0� �!(!� -�!/*2!)*"�!� ( 8*3*5,  9 -/�)*//0� � 12 ( ��-8*3* ���: 1) - ( 8*34 «�» � 

��9 2* [82] ((*��/!-( "1"), 2) - ( 8*34 
3 8�-�*"29���� [79, 84] ((*��/!-( "2") ! 3) - ( 8*34 

��9�<��-&�/.� [46] ((*��/!-( "3"). �� (* 2 . , � �93!7�� 15 ! 16 ��*8"2��3*/0 

1�"�*�!(*/2�34/0* 8�//0* ! ���/ �*"/0* � /7*/2��7!! , ", �" 8*�:�6!� � (� /*/2 � ��! 
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2*(�*��2��*, "  2�*2"2��;6*5 - /* � /*)/0� �� 8��2 � . �*/!+. � �93!7* 17 ��!�*8*/0 

 "/ �/0* �*��7!! ! !� � /"2�/20 "� � "2! � (*��/!-(* «�» !- ��9 20 [82] .  

 

 

�93!7� 17. ��!9 3** ��:/0* �*��7!! ! !� � /"2�/20 "� � "2! � ( 8*3! "�" [82] 

 

k = A T
n∗exp(-E/RT)) 

�*��7!! 
A* n E* 

OH+PO2+M=HOPO2+M 1.6×10
24

 -2.28 1.19 

H+HOPO2=H2O+PO2 6.32×10
12

 0 49.92 

H+PO2+M=HOPO+M 9.73×10
24

 -2.04 2.70 

OH+HOPO=H2O+PO2 3.16×10
12

 0 0 

H+HOPO=H2+PO2 7.9×10
11

 0 0.18 

O+HOPO=OH+PO2 1.58×10
13

 0 0 

O+HOPO+M=HOPO2+M 1.3×10
23

 -2.11 4.16 

O+HOPO2=O2+HOPO 6.32×10
12

 0 34.46 

*  ��-(*�/ "24 -  ( 34, "(3
 , ", K ! ��:×( 34-1

 .  

 

%�! " � "2��3*/!! �*-�342�2 � ( 8*3!� ��/!+ " "2��� �� 8��2 � ��*���6*/!+ �� � 

9*8/0� ! 9 .�20� �3�(*/�� "(*"*5 C3H8/O2/Ar " 8 9��� 5 0.12% �� 903  �"2�/ �3*/ , )2  

�"* 3-! �� 2*"2!� ��//0* ( 8*3! ��!(*�/  �  8!/�� � 5 "2*�*/!  �!"0��;2 

1�"�*�!(*/2�34/0* 8�//0* (�93!7� 15 ! �93!7� 16). � .3�"/  �*-�342�2�( ( 8*3!� ��/!+, 

 "/ �/0( , ", �" 8*�:�6!( �� 8��2 ( � 9*8/ ( �3�(*/! +�3+*2"+ �	�	2, /�!3�)<** 

" .3�"!* " 1�"�*�!(*/2 ( 83+ � /7*/2��7!5 PO2, HOPO2 ! HOPO � 12 ( �3�(*/! 8�*2 

(*��/!-( "1" [82]. � 9 .�2 ( �3�(*/! ��* 93�8�*2 �	�	, /�!3�)<** " .3�"!* 83+ 

� /7*/2��7!5  PO2  8�*2 (*��/!-( "2". 	8/��  ! � 9*8/ ( ! � 9 .�2 ( �3�(*/! ��")*20, � 

 23!)!*  2 1�"�*�!(*/2 �, 8�;2 /*/�3*��; � /7*/2��7!; PO(OH)3. ���/ �*"/0* 

� /7*/2��7!!  �  �"*( , ", �" 8*�:�6!( � (� /*/2�( /* 8 "2!.�;2"+ �  9*!� �3�(*/��, 

� 2+ 83+ /*� 2 �0� �*6*"2�� !� � /7*/2��7!! 93!-�! � ���/ �*"/0(. 
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3.2. �
������ ��������%� ������������� ����� � ����
�� 5�� 

 

 

 

3.2.1. �3!+/!* 8 9���! �� /� "� � "24 ��"�� "2��/*/!+ �3�(*/ H2/O2/N2 

 

 

 

�� � "24 ��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2 ��-3!)/ .  " "2��� 9*- 8 9���! ! " 

8 9��� 5 �� !-(*�+3�"4 (*2 8 ( 9�3�/"� � 2 �� 2*�3� /� � �*��/ "2! . �*3�!, � 2��:* 

�� !-� 8!3"+ ** )!"3*//05 ��")*2 " !"� 34- ��/!*( 8*2�34/0� �!(!� -�!/*2!)*"�!� (*��/!-( �  

�*��7!5  �!"3*/!+ .�-  9��-/0� 2 �3!�  ! �	� ((*��/!-(0 A 1 ! A 2, �93!7� 7) [89, 84, 244, 

245].  �2*�*/4 ��-9��3*/!+ . �;)*5 "(*"! (8 3+ �!"3 � 8� � !"��""2�*// ( � -8��*) 

��"")!20��3�"4 �  , �(�3* %100

22

2 ⋅
+

=
NO

O

CC

C
D   ! � 8�// ( "3�)�* " "2��3+3� 7.7%, 9% ! 20.9%. 

�09 � �3�(*/ " 2�� 5 "2*�*/4; ��-9��3*/!+  9�"3 �3*/ �*��/*5 .��/!7*5 8 ��"2!( .  

8!���- /� "� � "2! ��"�� "2��/*/!+ �3�(*/! (60 "(/") 83+ !"� 34- ��// 5 � 8�//0� 

1�"�*�!(*/2�� . �*3�!. �""3*8 ��/!+ �� � 8!3!"4 " �(*"2/  " ���2 < � 5 �.�. [249]. 

�� �!"�/�* 78 ��*8"2��3*/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/! "(*"*5 

H2/O2/N2 (D=7.7% ! 9 %)  2 � 1,,!7!*/2� !-902�� 2 �3!��. ��:* /� �!"�/�* 78  

 

  
 

������ ���� ���!��� ������� 
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��*8"2��3*/0 �*-�342�20 !-(*�*/!5 "� � "2! . �*/!+ "(*"*5 H2/O2/N2, �� �*8*//0* 

=. 3, � 3 " ( [270] " � ( 64; . �*3�! /� �� 2!� 2 ��� !  2� ��*�2!� ��//0* � /�<!( 

1�"�*�!(*/2�34/0( �"3 �!+( (T0=35 
 �). ��� �!8/  !- �!"�/�� 78, � 3�)*//0* � 8�// 5 

��9 2* ! �-+20* !- 3!2*��2��/0� 8�//0* � � <  " .3�"�;2"+ (*:8� " 9 5, � 12 (� 

!"� 34- ��//�; /�(! 2*�/!�� !-(*�*/!+ "� � "2! . �*/!+ "(*"*5 H2/O2/N2 ( :/  ")!2�24 

�� 3/* � ��*�2/ 5. 

�*"( 2�+ /� 2 , )2  � /�"2 +6*5 ��9 2* 83+ )!"3*//0� ��")*2 � "� � "2! 

��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2 903! !"� 34- ��/0 (*��/!-(0, ��/** 

��*83 :*//0* 83+ �.3*� 8 � 8/0� �3�(*/, 2*( /* (*/** 12! ( 8*3! "� " 9/0 " 

�8 �3*2� �!2*34/ 5 2 )/ "24;  �!"0��24 1�"�*�!(*/2�34/0* 8�//0* 83+ �3�(*/ � 8 � 8-

�!"3 � 8/0� "(*"*5. ����!(*�, ��")*2 " � ( 64; (*��/!-(� A1 (�93!7� 7) 8�*2 /� 10-20 

% (*/4<�; �*3!)!/� "� � "2! ��"�� "2��/*/!+ �3�(*/ � 8!���- /* > =1–1.5, � (*��/!-( 

A2  (�93!7� 7) 8�*2 /� 8-30% 9 34<�; �*3!)!/�  "� � "2! . �*/!+  � 8!���- /* > =1.8–3, 

)2  ( :/  ")!2�24 �8 �3*2� �!2*34/0( " .3�"!*(.  

�� �!"�/�* 79 � ��-�/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"! 

H2/O2/N2, !(*;6*5 "2*�*/4 ��-9��3*/!+ 10 ! 20.9%,  2 � 1,,!7!*/2� !-902�� 2 �3!�� � 

. �;)*5 "(*"!. �*-�342�20 /�<!� !-(*�*/!5 � � <  " .3�"�;2"+ " !(*;6!(!"+ � 

3!2*��2��* 8�//0(! [270]. ��")*2 "� � "2! . �*/!+ " � ( 64; (*��/!-(� A 1 (�93!7� 

7) 8�*2 /� 20-50 % (*/4<!* -/�)*/!+ "� � "2! �  "���/*/!; " !-(*�*//0(! �*3!)!/�(!.  

  
������ ���� ���!��� ������� 
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� 9���� �� � �3�(*/� "(*"*5 H2/O2/N2 "!34/  �(*/4<�*2 "� � "24 . �*/!+. �� 

�!"�/�* 80 ��*8"2��3*/0 -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! H2/O2/N2, D=9% "  

8 9����(! 0.03 % ! 0.04 % ��  2 � 1,,!7!*/2� !-902�� . �;)*. , 1�"�*�!(*/2�34/  

!-(*�*//0* ! ��"")!2�//0* " � ( 64; (*��/!-(� A 1 (�93!7� 7). ��)*"2�*//  12! 

��!�0* 8*( /"2�!��;2  8!/�� ��; 2*/8*/7!;,  8/��  �9" 3;2/0* -/�)*/!+ ��")*2/ 5 ! 

!-(*�*// 5 "� � "2! ��"�� "2��/*/!+ �3�(*/  23!)�;2"+ � 1.3-2 ��-�. 

 

����!(*�, � 9 .�2 ( �3�(*/! (> =1.6) " 8 9��� 5 0.03 ! 0.04 % ��, !-(*�*//0* -/�)*/!+ 

"� � "2! . �*/!+ " "2��3+;2 31.5 ! 37.7 "(/", � ��")*2 8�*2 43.3 ! 48.2 "(/", "  2�*2"2�*// . 

�� �!"�/�* 81 ��!�*8*/0 �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ ! !-(*�*/!+ 

"� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2 " � /7*/2��7!*5 8 9���! �� 0.04 % ! 

��-3!)/0( ��-9��3*/!*( (D=7.7, 9 ! 10 %). ���  ( :/  �!8*24 /� 8�// ( �!"�/�*, � 

�3�(*/��  � 3 "2*�! (*2�!)*"�!� "(*"*5 ! "2*�*/4; ��-9��3*/!+ D=10 % �*-�342�20 

��")*2 � � � <   �!"0��;2 1�"�*�!(*/2�34/0* 8�//0*. �3+ �3�(*/ " D=7.7 ! 9 % ��")*2 

8�*2 9 3** �0" �!* -/�)*/!+ "� � "2! . �*/!+ �  �"*( 8!���- /* >=1.3-2.8. ��!* 

��"� :8*/!+ /* ( .�2 9024 "�+-�/0 " "!"2*(�2!)*"� 5  <!9� 5 !-(*�*/!5, � "� 34�� � 

)!"2 ( �3�(*/! ( 8*34 ��*8"��-0��*2 9 34<!*, � � �3�(*/! " 8 9��� 5 �� - (*/4<!* 

 

 

  
������ ���� ���!��� ������� 
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-/�)*/!+ "� � "2! ��"�� "2��/*/!+ �  "���/*/!; " 1�"�*�!(*/2�(! 83+ "  2�*2"2��;6!� 

. �;)!� "(*"*5. =,,*�2!�/ "24 8*5"2�!+ 8 9���! !/.!9!2 �� � �3�(*/! ( :/  �0��-!24 

���  2/ "!2*34/ * !-(*/*/!* "� � "2! *.  "� 9 8/ .  ��"�� "2��/*/!+ F=(SL -SL)/SL . 

�"� 34-�+ 12  �0��:*/!* ( :/  "���/!��24 1,,*�2 8 9�� � !/.!9!2 �� 83+ ��-3!)/05 

. �;)!� "(*"*5. 

 �� �!"�/�* 82 � ��-�/0 1�"�*�!(*/2�34/0* ! ��"")!2�//0* �  (*��/!-(� A 1 (�93!7� 7) 

-��!"!( "2! ����(*2�� F  2 � 1,,!7!*/2� !-902�� . �;)*.  ��! ��*8*/!! 8 9���! 0.04 % �� � 

�3�(*/�� "(*"*5  H2/O2/N2  "  "2*�*/+(! ��-9��3*/!+ D=7.7, 9, 10 %. �� 12 ( :* �!"�/�* ��!�*8*/� 

��"")!2�//�+ 1,,*�2!�/ "24 8*5"2�!+ 8 9���!  0.1% �� � �3�(+  "(*"! H2/O2/N2 " D=20.9 % 

(� 8 � 8 -� -8�</�+ "(*"4). �3+ �3�(*/! "(*"! H2/O2/N2 " D=20.9 % 1�"�*�!(*/2�34/0� 8�//0� 

/*2, � "� 34�� "� � "24 ��"�� "2��/*/!+ 2�� .  �3�(*/! (�!"�/ � 79) "!34/  � -��"2�*2 ( 2 20 8  50 

"(/") � 8 "2�2 )/  �-� ( 8!���- /* !-(*/*/!+ > ( 2 0.3 8  0.4), )2  /* � -� 3+*2 /�8*:/  �"2�/ �!24 

�����2*� -��!"!( "2! F  2 >. ��� ( :/  �!8*24 !- � ��-�//0� /� �!"�/�* 82 8�//0�, � H2/O2/N2 

�3�(*/�� 1,,*�2!�/ "24 8*5"2�!+ 8 9���! �� � -��"2�*2 " ��*3!)*/!*( >,  2.*. 8*( /"2�!��*2 

" �*�<*//  �� 2!� � 3 :/�; 2*/8*/7!; � "���/*/!! " �3�(*/�(! �.*� 8 � 8 -� -8�</0� "(*"*5 

(�!"�/�! 97 ! 101). � �3�(*/�� "(*"! H2/O2/N2 " D=20.9% ��! >=1.4 �  �*-�342�2�( ( 8*3!� ��/!+ 

/�93;8�*2"+ 3 ��34/05 (!/!(�( 1,,*�2!�/ "2! 8*5"2�!+ 8 9���! ��, � �  93�"2! 9 .�20� ! 

9*8/0� �3�(*/ 1,,*�2!�/ "24 ����2!)*"�! ( / 2 //  ��*3!)!��*2"+. � �3�(*/�� " D=7.7, 9, 10 % 

1,,*�2!�/ "24 !/.!9!� ��/!+ � ��")*2�� 2��:* ��*3!)!��*2"+ " � "2 ( >. �3+ �3�(*/ "(*"*5 

H2/O2/N2 " D=7.7 % � 1�"�*�!(*/2�� -��!"!( "24 F  2 > !(**2 2���; :* 2*/8*/7!;, ��� ! � ��")*2��. 

  
������ ���� ���!��� ������� 
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�- �!"�/�� 82 ( :/  2��:* �!8*24, )2  � ��")*2�� 1,,*�2!�/ "24 !/.!9!� ��/!+ ��*3!)!��*2"+ 

��! �(*/4<*/!! � 1,,!7!*/2� ��-9��3*/!+ D, 2���+ :* 2*/8*/7!+ /�93;8�*2"+ ! 83+ � 3�)*//0� 

1�"�*�!(*/2�34/0� 8�//0�. 

 

 

 

3.2.2. �/�3!- )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! � � /"2�/2�( "� � "2! 

13*(*/2��/0� �*��7!5 � "(*"+� �2/O2/N2 " 8 9��� 5 �� 

 

 

 

�3+ �0+"/*/!+ ��!)!/ ��-3!)/ .  � �*8*/!+ -��!"!( "2*5 1,,*�2!�/ "2! 

!/.!9!� ��/!+  2 "2*�! (*2�!)*"� .  " "2��� � �3�(*/�� "(*"*5 ����/� -8�� ! �2/� -8�� ��! 

��*8*/!! � /!� 8 9���! ��� � ��, 903 �� �*8*/ �/�3!- )��"2�!2*34/ "2! "� � "2! 

��"�� "2��/*/!+ �3�(*/! � � /"2�/2�( "� � "2! 13*(*/2��/0� �!(!)*"�!� �*��7!5 � 

� 8 � 8 -� -8�</0� (D=20.9%) . �;)!� "(*"+� " 8 9��� 5 0.1% ��, �/�3 .!)/  2 (�, ��� 

12   �!"�/  � ��-8*3* 3.2.8 � "3�)�* �3�(*/ �.3*� 8 � 8 �.  

�� �!"�/�* 83 (�) � ��-�/� -��!"!( "24 (��"!(�34/ 5 � /7*/2��7!! �2 ( � �  2 

� 1,,!7!*/2� !-902�� . �;)*.  � �3�(*/! "(*"*5 �2/O2/N2 9*- 8 9���! ! " 8 9��� 5 ��� � 

  
������ ���� ���!��� ������� 
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��, !- � 2 � .  �!8/ , )2  *.  ��*8*/!* -�(*2/  �(*/4<!3  (��"!(�34/�; � /7*/2��7!; 

�2 (� �. �� �!"�/�* 83 (9) ��!�*8*/� -��!"!( "24  2/ "!2*34/ .  �(*/4<*/!+ � /7*/2��7!! 

�2 (� � (
0

0

max

maxmax

max

H

HH

H
C

CC
C

−
=∆ )  2 ϕ, � 2 �05 � 3�)*/ /�  "/ �* �*-�342�2 � ��")*2� 

�!(!)*"� 5 "2���2��0 �8!�9�2!)*"� .  �3�(*/!  "(*"! �2/O2/N2 " 8 9��� 5 0.1 % �� ! 9*- 

/**. ��� ( :/  �!8*24 !- �!"�/� � 83 (9) ! 81, )2  -��!"!( "2! 
maxHC∆  ! F  2 ϕ 8*( /"2�!��;2 

 )*/4 "� :** � �*8*/!* - -/�)*/!+ 12!� ����(*2� � �  93�"2! 9 .�20� �3�(*/ � )2! 

( / 2 //  ��*3!)!��;2"+ " � "2 ( ϕ. 

�� �!"�/�* 84 (�, 9) � ��-�/0 -��!"!( "2!  2/ "!2*34/0� ��3�8 � � !-(*/*/!* "� � "2! 

��"�� "2��/*/!+ �3�(*/  2 � 1,,!7!*/2� !-902�� 2 �3!�� 83+ /�!9 3** ��:/0� 13*(*/2��/0� 

�*��7!5. 	2/ "!2*34/05 ��3�8 �*��7!!  ��*8*3+3"+ �  , �(�3*: ξ=(SL- SL
5�

)/SL×100%, .8* SL  ! SL
5� 

– ��"")!2�//�+ "� � "24 ��"�� "2��/*/!+ �3�(*/! �  !"� 8/ (� (*��/!-(� ! (*��/!-(�, � � 2 � ( 

��*81�"� /*/2 � /"2�/20 "� � "2! 12 5 �*��7!! ��*3!)*/ � 5 ��-, "  2�*2"2�*// .  

� �3�(*/�� "(*"*5 �2/O2/N2 �*3!)!/� 1,,*�2!�/ "2! !/.!9!� ��/!+ ��! 8 9���* 

�� � -��"2�*2 " ��*3!)*/!*( � 1,,!7!*/2� !-902�� 2 �3!��, )2  "�+-�/  " 

��*3!)*/!*( � 9 .�20� �3�(*/�� � /7*/2��7!! �	�	, +�3+;6*. "+, �  "���/*/!; " 

�	�	2, 9 3** 1,,*�2!�/0( ��2�3!-�2 � ( � 7!�3�� �*��7!5 �*� (9!/�7!! � " �)�"2!*( 

 �"!8 � !  �"!�!"3 2 , ", �� [89]. �*��7!+ HOPO2+H=PO2+H2O 8�*2  "/ �/ 5 ��3�8 � 

 96!5 !/.!9!��;6!5 1,,*�2 8 9���! �� � 9*8/0� (>=0.7-0.9) � 8 � 8 -� -8�</0�  

 

 
      ������ ���� ���!��� �������                  ������ ���� ���!��� ������� 
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�3�(*/��. �/�3 .!)/05 �*-�342�2 903 � 3�)*/ ! � �3�(*/�� �.3*� 8 � 8 -� -8�</0� 

"(*"*5, � � 2 �0� 12� �*��7!+ 2��:* !(**2 /�!9 34<!5 ��3�8 � 9*8/0� �3�(*/�� 

(�!"�/ � 102). 

 

 

 

 

  
                           ������ ���� ���!��� ������� 

 

�!"�/ � 84. $��!"!( "24  2/ "!2*34/ .  ��3�8� 13*(*/2��/0� �*��7!5 � 

�(*/4<*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! � 8 � 8 -� -8�</0� 

"(*"*5 (D=20.9%) " 8 9��� 5 0.1 % ��  2 � 1,,!7!*/2� !-902�� 
2 �3!��. 
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�  93�"2! 9 .�20� (>=1.1-2) � 8 � 8 -� -8�<//0� "(*"*5 ��3�8 �*��7!! 

HOPO+OH=PO2+H2O �  96!5 !/.!9!��;6!5 1,,*�2 �� "!34/  ��*3!)!��*2"+ ! 

"2�/ �!24"+ ��* 93�8�;6!(, /  12� :* "�(�+ �*��7!+  9�"3��3!��*2 �(*/4<*/!* 

1,,*�2!�/ "2! !/.!9!� ��/!+ � 9 .�20� �.3*� 8 � 8 -� -8�</0� �3�(*/�� (�!"�/ � 102). 

� ��*3!)*/!*( >  2 1.5 8  4.5 /� �*��05 �3�/ �0� 8!2 �*��7!+ HOPO+H=H2+PO2,           � 

2��:* �*��7!! �� ! *.  �*��!)/ .  �� 8��2� ��*���6*/!+ PO(OCH3)2(OCH2) (�!"�/ � 

84 (9)): 

 

PO(OCH3)3+H=PO(OCH3)2(OCH2)+H2        (3.9) 

PO(OCH3)2(OCH2)+H=PO(OCH3)3        (3.10) 

PO(OCH3)2(OCH2)=PO(OCH3)2+CH2O       (3.11) 

�* 9� 8!(   2(*2!24, )2  � �� ��/ -� -8�</0� �3�(*/�� ��3�8 12!� �*��7!5 (3.9-3.11) 

�  96!5 !/.!9!��;6!5 1,,*�2 8 9���! ��  " "2��3+*2 (*/4<* 0.2%.  

�!2��7!+ "  2/ "!2*34/0(! ��3�8�(! /�!9 3** ��:/0� 13*(*/2��/0� �*��7!5 � 

�3�(*/�� �2/O2/N2 "(*"*5 " D=9 % � 8!���- /* > 1.1-1.9 �/�3 .!)/� 2 5, )2  !(**2 (*"2  � 

� 8 � 8 -� -8�</0� �3�(*/�� (D=20.9%). �0<*���-�//0* �*��7!! ��*8"2��3+;2 

 "/ �/0* "2�8!! ��2�3!2!)*"�!� 7!�3 � �*� (9!/�7!! �2 ( � � "  9��- ��/!*( �2 � 

� 8 � 8 -�!"3 � 8/0� �3�(*/�� �  "/ �/ 5 - /* . �*/!+. �(*//  12! �*��7!! 

 9�"3 �3!��;2 ��*3!)*/!* !/.!9!��;6*.  1,,*�2� 8 9���! �� " � "2 ( >.  

�3+ �0+�3*/!+ �3;)*�0� �*��7!5, � 2 �0*  2�*)�;2 -� ��*3!)*/!* 1,,*�2!�/ "2! 

!/.!9!� ��/!+ F ��! �(*/4<*/!! "2*�*/! ��-9��3*/!+ D, 903 �0� 3/*/ �/�3!- 

� 1,,!7!*/2 � )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 �2/O2/N2 (> 

=1.6, D=7.7, 9 ! 20.9 %.) " 8 9��� 5 0.04% �� � � /"2�/2�( "� � "2! 13*(*/2��/0� 

�*��7!5 � (*��/!-(*  �!"3*/!+ � 8 � 8� (�!"�/ � 85 (�)), � 2��:* � � /"2�/2�( "� � "2! 

�*��7!5 " �)�"2!*( �� !  �� 8��2 � *.  ��*���6*/!+ (�!"�/ � 85 (9)).  

%�*8"2��3*//0* /� �!"�/�* 85 8�//0* � ��-0��;2, )2  � 34 �*��7!! ��-�*2�3*/!+ 

H+O2=O+OH  )*/4 -�(*2/  ��*3!)!��*2"+ " �(*/4<*/!*( � 1,,!7!*/2� ��-9��3*/!+ 

. �;)*5 "(*"! (�(*/4<*/!*( 8 3! O2 � "(*"! N2+O2).  	"/ �/�+ ��!)!/� 12 .  

-��3;)�*2"+ � �(*/4<*/!*( /� ~900 � �8!�9�2!)*"� 5 2*(�*��2��0 �3�(*/! ��! 

�(*/4<*/!! "2*�*/! ��-9��3*/!+ D  2 20.9% 8  7.7%. � 1,,!7!*/2 )��"2�!2*34/ "2! 

12 5 �*��7!! � 9 .�2 ( (>=1.6) �3�(*/! �2/O2/N2 � -��"2�*2 � 4 ��-� ��! !-(*/*/!! 

"2*�*/! ��-9��3*/!+ D  2 20.9% 8  7.7%. %�! �*�*� 8*  2 "(*"*5 " "!34/0( ��-9��3*/!*( 

(D =7.7% ! D =9%) � � -8�</0( (D =20.9%) � 1,,!7!*/2 )��"2�!2*34/ "2! �*��7!! 
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�*� (9!/�7!! H+O2(+M)=HO2(+M) (*/+*2 -/��  2  2�!7�2*34/0� -/�)*/!5 � 

� 3 :!2*34/ (�, )2  "�!8*2*34"2��*2   !-(*/*/!! � 3! 12 5 "2�8!! ��! !-(*/*/!! 

�8!�9�2!)*"� 5 2*(�*��2��0 � �*-�342�2* !-(*/*/!+ 8 3! !/*�2/ .  ��-9��!2*3+ � 

. �;)*5 "(*"!. 
 

�/�3!- � 1,,!7!*/2 � )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 

�2/O2/N2 " 8 9��� 5 0.04 % �� � � /"2�/2�( "� � "2! 13*(*/2��/0� �*��7!!  �!"3*/!+ 

� 8 � 8� ! � � /"2�/2�( "� � "2! �*��7!5 " �)�"2!*( �� ! �� 8��2 � *.  ��*���6*/!+ 

(�!"�/ � 85 (9)) � ��-�3, )2  " ��*3!)*/!*( 8 3! �!"3 � 8� � . �;)*5 "(*"! (��*3!)*/!! 

�*3!)!/0 "2*�*/! ��-9��3*/!+ D) �(*/4<�*2"+ ��:/ "24 �� 7*"" � �*� (9!/�7!! ��2!�/0� 

��8!��3 � � �*��7!+� " , ", �" 8*�:�6!(! " *8!/*/!+(!. ����!(*�, 83+ 13*(*/2��/0� 

�*��7!5 (3.10) ! (3.11) ��! ��*3!)*/!! D  2 7.7% 8  20.9%, � 1,,!7!*/20 )��"2�!2*34/ "2! 

�(*/4<!3!"4 � 8 ! 20 ��-, "  2�*2"2�*// . =2  !-(*/*/!* � /*"� 34�  ��- 9 34<*, )*( 

 

-0,2 0 0,2 0,4 0,6 0,8 1

Коэффициенты чувствительности

D = 20.9 % D = 9 % D = 7.7 %

HO2+OH=H2O+O2

HO2+O=OH+O2

HO2+H=OH+OH

HO2+H=H2+O2

H+O2(+M)=HO2(+M)

H2O+M=H+OH+M

H2+M=H+H+M

OH+H2=H+H2O

O+H2=H+OH

H+O2=O+OH

-0,15 -0,1 -0,05 0 0,05

Коэффициенты чувствительности

D = 20.9 % D = 9 % D = 7.7 %

HOPO+OH=PO2+H2O

HOPO2+H=PO2+H2O

HOPO+H=H2+PO2

HOPO+O=OH+PO2

PO(OCH3)3+OH=PO(OCH3)2(OCH2)+H2O

PO(OCH3)3+H=PO(OCH3)2(OCH2)+H2

PO(OCH3)2(OCH2)+H=PO(OCH3)3

PO(OCH3)3+OH=PO(OH)(OCH3)2+CH3O

PO(OCH3)2(OCH2)=PO(OCH3)2+CH2O

PO(OCH3)2(OCH2)+O=PO(OCH3)2O+CH2O

CH3+O=CH2O+H

CH3+H(+M)=CH4(+M)

 

 

   
 

a. �. 
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�(*/4<*/!* � 1,,!7!*/2 � )��"2�!2*34/ "2! 83+ �*��7!5 ��-�*2�3*/!+. ��!(  9��- (, 

!/.!9!��;6!5 1,,*�2 �� ��! *.  ��*8*/!! � �3�(*/� �2/O2/N2 � -��"2�*2 " �(*/4<*/!*( 

8 3! �!"3 � 8� � !"��""2�*// ( � -8��* (N2+O2), 2�� ���  ��! 12 ( "� � "24 �*� (9!/�7!! �, 

	�, 	 � �*��7!+� " , ", �" 8*�:�6!(! �� 8��2�(! ��*���6*/!+ �� ��*3!)!��*2"+ 

/�(/ .  "!34/**, )*( "� � "24 !�  9��- ��/!+ � �*��7!+� ��-�*2�3*/!+ 7*�*5. 

 

 

 

3.2.3. � 8*�/!-�7!+ (*��/!-(� !/.!9!� ��/!+ �3�(*/ 8 9����(! �� 

 

 

 

�/�3!- )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 �2/O2/N2 " 

8 9��� 5 �� � � /"2�/2�( "� � "2! 13*(*/2��/0� �*��7!5 " �)�"2!*( 

, ", �" 8*�:�6!� " *8!/*/!5 (��-8*3 3.2.2) � ��-�3, )2  �!/*2!�� �*��!)/0� "2�8!5 

��*���6*/!+ �� ! *.  �*��!)/0� �� 8��2 � (�93!7� 18) "!34/  �3!+*2 /� "� � "24 

��"�� "2��/*/!+ �3�(*/ 12!� "(*"*5. �� ��� � /"2�/20 "� � "2! 83+ 12!� 13*(*/2��/0� 

�*��7!5 /* !-(*�+3!"4 1�"�*�!(*/2�34/ , � 903! 2 34�   7*/*/0 [79], 2  83+ 3�)<*.  

" .3�" ��/!+ �*-�342�2 � !-(*�*/!5 "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 �2/O2/N2 " 

8 9��� 5 �� " 8�//0(! )!"3*//0� ��")*2 � /�(! 903! !-(*/*/0 -/�)*/!+ 

��*81�"� /*/2 � /"2�/2 "� � "2*5 12!� �*��7!5 � "  2�*2"2�!! "  -/���(! 

� 1,,!7!*/2 � )��"2�!2*34/ "2! 83+ "  2�*2"2��;6!� "2�8!5.  

 

�93!7� 18. �*��7!! �*��!)/0� ��*���6*/!5 �� � �3�(*/!, !(*;6!* /�!9 34<** 

�3!+/!* /� "� � "24 ��"�� "2��/*/!+ �3�(*/ "(*"*5 �2/O2/N2 

 

�*��7!+ A [79] A !-(*/*//�+ 

PO(OCH3)3+H=PO(OCH3)2(OCH2)+H2 2.2×10
9
 4.4×10

9
 

PO(OCH3)2(OCH2)=PO(OCH3)2+CH2O  2.0×10
13

 2.0×10
12

 

PO(OCH3)2(OCH2)+O=PO(OCH3)2O+CH2O  5.0×10
13

 1.0×10
13

 

 

�� �!"�/�* 86 ��*8"2��3*/0 �*-�342�20 ��")*2 � "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5  

H2/O2/N2 " 8 9��� 5 �� " !"� 34- ��/!*( (*��/!-(� A 1 (�93!7� 7), � � 2 � (  903! !-(*/*/0 

� /"2�/20 "� � "2! 2�*� �*��7!5 �*��!)/0� ��*���6*/!5 �� ! *.  �� 8��2 �, � 2��:* 

�*-�342�20 !-(*�*/!5. ��� ( :/  �!8*24, !-(*/*/!* 2 34�  2�*� � /"2�/2 "� � "2*5 �*��7!5  � 

(*��/!-(* � -� 3!3  " �8 �3*2� �!2*34/ 5  2 )/ "24;  �!"�24 1�"�*�!(*/2�34/0* 8�//0* �  

�3!+/!; �� /� "� � "24 ��"�� "2��/*/!+ �3�(*/ "(*"*5 �2/O2/N2. 
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������ ���� ���!��� ������� 
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%�! 12 ( �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ "� � "2! ��"�� "2��/*/!+ 

�3�(*/!  � 3 "2*�! (*2�!)*"� 5 (>=1.1) (*2�/ -� -8�</ 5 "(*"! c 8 9��� 5 0.06% 

��, � 3�)*//0* " !"� 34- ��/!*( !"� 8/ .  ! ( 8!,!7!� ��// .  (*��/!-(� A1 

 23!)�;2"+ (*:8� " 9 5 /* 9 3** )*( /� 0.2%. ��!(  9��- (,  �!"�//�+ �0<* 

( 8!,!��7!+ (*��/!-(� ��!�*3� � 9 3** 2 )/ (� ��*8"��-�/!; " *.  � ( 64; "� � "2! 

��"�� "2��/*/!+ �3�(*/ ��� 83+ �.3*� 8 � 8 - 2�� ! � 8 � 8 -�!"3 � 8/0� "(*"*5 " 

8 9����(! �� � <!� � ( 8!���- /* � 1,,!7!*/2 � !-902�� 2 �3!��. 

 

��!(  9��- (, �*-�342�2�(! �� �*8*//0� !""3*8 ��/!5 +�3+;2"+: 

 

1. �-(*�*/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/  2 � 1,,!7!*/2� 

!-902�� 2 �3!�� 83+ � 8 � 8 -�!"3 � 8/0� "(*"*5 " ��-3!)/ 5 "2*�*/4; 

��-9��3*/!+ (D = 7.7%, 9% ! 20.9%) 9*- 8 9���! ! " 8 9��� 5 ��. �"2�/ �3*/ , 

)2  �!(!� -�!/*2!)*"�!5 (*��/!-( !/.!9!� ��/!+ �3�(*/ 8 9����(! �� [79] 

/*�8 �3*2� �!2*34/   �!"0��*2 1�"�*�!(*/2�34/0* 8�//0* �  "� � "2! 

��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2 " 8 9��� 5 �� �  �"*( !-�)*// ( 

8!���- /* � 1,,!7!*/2 � !-902�� 2 �3!��. 

 

2. �0+�3*/0 /�!9 3** ��:/0* 13*(*/2��/0* �!(!)*"�!* �*��7!5, � 2 �0* 

 9�"3��3!��;2 ��-3!)!+ � � �*8*/!! 1,,*�2!�/ "2! 8*5"2�!+ 8 9���! �� � 

�3�(*/�� 9*8/0� ! 9 .�20� "(*"*5 H2/O2/N2 " � ( 64; �/�3!-� )��"2�!2*34/ "2! 

"� � "2! ��"�� "2��/*/!+ �3�(*/ � � /"2�/2�( "� � "2! �*��7!5. �"2�/ �3*/ , 

)2  !/.!9!��;6!5 1,,*�2 �� � �3�(*/�� "(*"*5 �2/O2/N2 ��*3!)!��*2"+ ��! 

�(*/4<*/!! "2*�*/! ��-9��3*/!+ (�(*/4<*/!! 8 3! �!"3 � 8� � !"��""2�*// ( 

� -8��*), � "� 34�� ��! 12 ( "� � "24 �*��7!5 �*� (9!/�7!! �3;)*�0� �2 ( � ! 

��8!��3 � �, 	�, 	 � �*��7!+� " , ", �" 8*�:�6!(! " *8!/*/!+(! 

��*3!)!��*2"+ 9 3** "!34/ , )*( "� � "24 !�  9��- ��/!+ � �*��7!+� 

��-�*2�3*/!+  7*�*5. 

 

3. %�*83 :*/  �2!(�34/05 �!(!� -�!/*2!)*"�!5 (*��/!-( !/.!9!� ��/!+ �3�(*/ 

8 9����(! ��, � -� 3+;6!5 " �8 �3*2� �!2*34/ 5 2 )/ "24;  �!"�24 

1�"�*�!(*/2�34/  !-(*�*//0* -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ 

� 8 � 8 -� -8�</0� ! �.3*� 8 � 8 -� -8�</0� "(*"*5 " 8 9����(! ��  2 

� 1,,!7!*/2� !-902�� 2 �3!��.  
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3.2.4. �� � "24 ��"�� "2��/*/!+ �3�(*/! H2/O2/N2  " 8 9��� 5 Fe(CO)5 

 

 

 

 �� �!"�/�* 87 � ��-�/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/!  2 

� 1,,!7!*/2� !-902�� 2 �3!�� 83+ "(*"! H2/� -8�� 9*- 8 9���! ! " 8 9��� 5 100 ppm 

�2 (��/ .  :*3*-� ��! 8��3*/!! 1 �2(. �2 (��/ * :*3*-  ��""(�2�!��3 "4 ��� 1��!��3*/2 

8 9���! Fe(CO)5. =�"�*�!(*/2�34/0* 8�//0* �  "� � "2! �3�(*/! 9*- 8 9���! [270] 2��:* 

��!�*8*/0 /� �!"�/�* 87. � � <** " .3�"!* (*:8� 3!2*��2��/0(! 8�//0(! ! 

�*-�342�2�(! ��")*2 � � 82�*�:8�;2 � ��*�2/ "24 !"� 34- ��// .  (*��/!-(� � 

��""(�2�!��*(0� �"3 �!+�. �*-�342�20 ( 8*3!� ��/!+ � ��-0��;2, )2  1,,*�2!�/ "24 

8*5"2�!+ !/.!9!2 �� -��!"!2  2 � 1,,!7!*/2� !-902�� 2 �3!��. �"� 34- ��//�+ 83+ 

)!"3*//0� ��")*2 � ( 8*34 ��*8"2��3+*2 � (9!/�7!; 8��� � 8(*��/!- �  -  [127] ! [228]. 

�� �!"�/�* 88 � ��-�/� -��!"!( "24 1,,*�2!�/ "2! !/.!9!� ��/!+ �3�(*/! 

8 9��� 5 Fe(CO)5  2 � 1,,!7!*/2� !-902�� 2 �3!��, �0��:*//�+ ���  2/ "!2*34/ * 

�(*/4<*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! ��! ��*8*/!! 8 9���! Fe (F = (u0-u)/u0, .8* 

u0 - "� � "24 �3�(*/! 9*- 8 9���! , u - "� � "24 �3�(*/! " 8 9��� 5 �2 ( � Fe).  �- 

��!�*8*//0� /� �!"�/�* 88 8�//0� "3*8�*2, )2  1,,*�2!�/ "24 !/.!9!� ��/!+ !(**2 

(!/!(�( ��! φ≈2  �  �*-�342�2�( ( 8*3!� ��/!+ ! ��! φ≈1.5 �  8�//0( 1�"�*�!(*/2 �. 

  

                    ������ ���� ���!��� ������� 

�!"�/ � 87. �� � "24 ��"�� "2��/*/!+ �3�(*/! H2/� -8�� ��! 

�2( ",*�/ ( 8��3*/!! 9*- 8 9���! ! " 8 9��� 5 100 ppm 

Fe(CO)5 � -��!"!( "2!  2 � 1,,!7!*/2� !-902�� 2 �3!��; 

"!(� 30 - 1�"�*�!(*/2, 3!/!! - ( 8*3!� ��/!*. 

 

  φ 
0 1 2 3 4 5 

  

0 

50 

100 

150 

200 

250 

300 

350 

��� �������, ����. 
 

� ��������, ����. 

 

� ��������, ���. 

��� ������� [270] 

��� �������, ���. 
 

�
��


�
�
��

 

�
�
�


�
�
�

�
�
�
�
�
�
 

�
�
�
�
�
�
�
, 
�
�

/�
 



 

 

191 

 ��:/  -�(*2!24, )2 , /*"( 2�+ /� � � <** " .3�"!* (*:8� !-(*�*//0(! ! 

��"")!2�//0(! �*3!)!/�(! "� � "2! ��"�� "2��/*/!+ �3�(*/!, " .3�"!* (*:8� 

��"")!2�//0(! ! !-(*�*//0(! �*3!)!/�(! 1,,*�2!�/ "2! !/.!9!� ��/!+ /* 8 "2�2 )/  

�8 �3*2� �!2*34/ *. =2  "�+-�/  "  <!9��(!  ��*8*3*/!+ �*3!)!/0 1,,*�2!�/ "2! 

!/.!9!� ��/!+ !---� /!-� 5  2 )/ "2! !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ ��� � �3�(*/�� 

9*- 8 9���!, 2�� ! " 8 9��� 5 Fe(CO)5. �-(*/*/!* " "2��� !"� 8/ 5 . �;)*5 "(*"! � 

9*8/�; !3! 9 .�2�;  93�"24 ��!� 8!2 � ��*3!)*/!; 1,,*�2!�/ "2! !/.!9!� ��/!+. ��� 

( :/  �!8*24 /� �!"�/�* 88, 8 9���� Fe(CO)5 "!34/** !/.!9!��*2 9*8/0* �3�(*/� 

H2/� -8�� �  "���/*/!; " 9 .�20(!. 

=,,*�2!�/ "24 !/.!9!� ��/!+ �3�(*/ H2/� -8�� 8 9��� 5 �2 (��/ .  :*3*-�, 

�0��:*//�+ ���  2/ "!2*34/ * �(*/4<*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! ��! 

��*8*/!! !/.!9!2 ��, "!34/  -��!"!2  2 � 1,,!7!*/2� !-902�� 2 �3!�� � !"� 8/ 5 

. �;)*5 "(*"!. ��� 1�"�*�!(*/2�34/0* �*-�342�20, 2�� ! 8�//0* )!"3*// .  

( 8*3!� ��/!+ � ��-0��;2, )2  (!/!(�34/�+ 1,,*�2!�/ "24 !/.!9!� ��/!+ /�93;8�*2"+ 

��! φ≈2 ! (��"!(�34/05 !/.!9!��;6!5 1,,*�2 !(**2 (*"2  � 9*8/0� . �;)!� "(*"+�.  

 

                  ������ ���� ���!��� ������� 

�!"�/ � 88. =,,*�2!�/ "24 !/.!9!� ��/!+ �3�(*/! 

H2/� -8�� ��! ��*8*/!! 8 9���! 100 ppm Fe(CO)5 ��! 

�2( ",*�/ ( 8��3*/!!, �0��:*//�+ ���  2/ "!2*34/ * 
�(*/4<*/!*  "� � "2! ��"�� "2��/*/!+ �3�(*/! ��! 

��*8*/!!  !/.!9!2 �� (u0-u)/u0 � -��!"!( "2!  2 

� 1,,!7!*/2� !-902�� 2 �3!��; "!(� 30 - 1�"�*�!(*/2, 

3!/!! - ( 8*3!� ��/!*.  
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3.2.5. �� � "24 ��"�� "2��/*/!+ �3�(*/! � "(*"! CO/H2/O2/N2 " 8 9��� 5 �� 

 

 

 

�� �!"�/�* 89 � ��-�/0 �*-�342�20 !-(*�*/!5 ! ��")*2� "� � "2! ��"�� "2��/*/!+ 

�3�(*/ "(*"*5 CO/H2/O2/N2 (H2/CO=5/95, O2/N2=21/79) 9*- 8 9���! ! " 8 9��� 5 0.03% �� � 

-��!"!( "2!  2 � 1,,!7!*/2� !-902�� . �;)*. . � 8*3!� ��/!* �� � 8!3 "4 " 

!"� 34- ��/!*( (*��/!-(�, ��3;)�;6*.  � 8(*��/!-( !/.!9!� ��/!+ �	� [84, 89]. 

=�"�*�!(*/2 ! ( 8*3!� ��/!* � ��-0��*2 � 7*3 ( �8 �3*2� �!2*34/ * �-�!(/ * " .3�"!* �  

"� � "2! . �*/!+ 12!� �3�(B/ 9*- 8 9���!. �3+ 9 .�20� �3�(*/ " φ=4 ! 5 ��"� :8*/!* 

��*�0<�*2 -�+�3*//�; � .�*</ "24 ��!(*/B// .  (*2 8� ±8% ! ���/+*2"+ 14 % (φ=4) ! 16% 

(φ=5).  

φ� � � � �

�
��
�
�
��
�
�
�
	

�
�
�
�
�

�

��

��

��

��

	�

 

                    ������ ���� ���!��� ������� 

�!"�/ � 89. $��!"!( "24 !-(*�*// 5 (���8��20) ! ��"")!2�// 5 

(���.!) "� � "2! ��"�� "2��/*/!+  �3�(*/! "!/.�-/� -8�� 9*- 
8 9���! ("�*230* "!(� 30) ! " 8 9��� 5 300 ��( �� ("*�0* 

"!(� 30)  2 � 1,,!7!*/2� !-902�� 2 �3!��. 

� "3�)�* �3�(B/ "!/.�-/� -8�� " 8 9��� 5 !/.!9!2 �� /�93;8�*2"+ 3�)<** " .3�"!* 

(*:8� �*-�342�2�(! ��")*2 � ! 1�"�*�!(*/2�34/0(! 8�//0(!, )*( � (*2�/ �0� �3�(*/�� 

[282]. ��)<** " .3�"!* 8�//0� !-(*�*/!5 ! ( 8*3!� ��/!+  9?+"/+*2"+ �0" � 5 

��*8"��-�2*34/ 5 "� " 9/ "24; (*��/!-(� !/.!9!� ��/!+ �3�(*/ , ", � �.�/!)*"�!(! 

" *8!/*/!+(!. ��:* !(**2 -/�)*/!* 9 3** �� "2�+ (�  "���/*/!; " �.3*� 8 � 8�(!) �!(!+ 

. �*/!+ 9 .�20� �3�(B/ "!/2*--.�-�, 2.*. ��! . �*/!! "!/2*--.�-� ����2!)*"�! /*  9��-�;2"+ 

2+:*30* �.3*� 8 � 80 ("�:!"20* ��*���" �0), �-�!( 8*5"2�!* � 2 �0� " " *8!/*/!+(! 

, ", �� ����2!)*"�! /* !-�)*/ . 
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�� �!"�/�* 90 ��!�*8*/0 -��!"!( "2! 1,,*�2!�/ "2! 8*5"2�!+ 8 9���! �� 

( %100
0

0 x
u

uu
E

−
= , .8* u0 – "� � "24 �3�(*/! 9*- 8 9���!, u – "� � "24 �3�(*/! " 8 9��� 5 

0.03% ��)  2 � 1,,!7!*/2� !-902�� . �;)*. , �0)!"3*//0* !- 8�//0� 1�"�*�!(*/2 � ! 

��")B2 �. 

 

�- �*-�342�2 � !-(*�*/!5 "3*8�*2, )2  -��!"!( "24 1,,*�2!�/ "2! !/.!9!� ��/!+  2 

� 1,,!7!*/2� !-902�� . �;)*.  !(**2 (!/!(�( ��! φ=1.5 (1,,*�2!�/ "24  � 3  5%), ��! 

12 ( � 9*8/ ( �3�(*/! 1,,*�2!�/ "24 8 "2!.�*2 11%, � � 9 .�20� �3�(*/�� ��! φ=5 8 "2!.�*2 

28%. ��//0* ( 8*3!� ��/!+ ��*8"��-0��;2 ( / 2 //05 � "2 1,,*�2!�/ "2! !/.!9!� ��/!+ " 

��*3!)*/!*( � 1,,!7!*/2� !-902�� . �;)*. . %�! 12 ( � 8!���- /* φ 0.7÷1.5 �*3!)!/� E 

!-(*/+*2"+ "3�9  � ��*8*3�� ±1%, � " φ=2 ! 9 3** 1,,*�2!�/ "24 !/.!9!� ��/!+ ��"2*2 90"2�  

! 8 "2!.�*2 41% ��! φ=4.5. �* 9� 8!(   2(*2!24, )2  ��! � /7*/2��7!! �� 0.03% �  

 9?*(� 1,,*�2!�/ "24 !/.!9!� ��/!+ �*"4(� �*3!�� �  "���/*/!; " �.3*� 8 � 8/0(! 

�3�(*/�(!,  " 9*//  � 8 "2�2 )/  9 .�20� �3�(B/��.  

� � <  !-�*"2/ , )2  !/.!9!� ��/!* �3�(*/! ��! ��*8*/!! , ", �" 8*�:�6!� 

�*6*"2�, � 2��:* 8��.!� �!(!)*"�! ��2!�/0� !/.!9!2 � �, �� !"� 8!2 � �*-�342�2* .!9*3! 

 

φ � � � � �

�

��

��

�� 

��

 

 

�!"�/ � 90. $��!"!( "24 1,,*�2!�/ "2! !/.!9!� ��/!+, �0��:*//�+ ��� 

 2/ "!2*34/ * �(*/4<*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! ��! 

8 9���* 300 ppm ��,  ��*8*3*//�+ ��� !- 8�//0� 1�"�*�!(*/2� ("*�0* 

"!(� 30), 2�� ! �  8�//0( )!"3*// .  ��")*2� ("�*230* "!(� 30).  
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��2!�/0� ��8!��3 � - / "!2*3*5 7*�/0� �*��7!5 � �3�(*/�� - � ��2�3!2!)*"�!� �*��7!+� 

�*� (9!/�7!!. �3+ � /!(�/!+ �� 7*"" �,  2�*2"2�*//0� -� ��-3!)/�; 1,,*�2!�/ "24 � 

�3�(*/�� " ��-3!)/0( � 1,,!7!*/2 ( !-902�� 2 �3!��, 903 " � "2��3*/ ! � 3!)*"2�*//  

 7*/*/ !/.!9!��;6!5 1,,*�2 83+ �3;)*�0� " *8!/*/!5 � �3�(*/! ��2*( !/2*.�!� ��/!+ 

�� ,!3*5 "� � "2! !�  9��- ��/!+ ��� ,�/�7!! ��""2 +/!+  2 ,� /2� �3�(*/!. =2 2 � 8� 8 

903 ��/** �"�*</  ��!(*/*/ � ��9 2* [283].   

�� �!"�/�*  91 ��!�*8*/� !/2*.��34/�+ "� � "24  9��- ��/!+ H, O, ! OH � �*��7!+� " 

�)�"2!*( , ", �" 8*�:�6!� �*6*"2� ��� ,�/�7!+ � 1,,!7!*/2� !-902�� 2 �3!�� � �3�(*/! " 

8 9��� 5 ��. � � <  �!8/  (�  -/��� "� � "2!  9��- ��/!+ �*6*"2�), )2  8 9���� �� 

��!� 8!2 � .!9*3! H ! �2 ( � O � �3�(*/! !  9��- ��/!; ��8!��3 � OH.  �!/!(�( /� ��!� 5 

83+ H  /�93;8�*2"+ ��! φ≈2, � 2  ��*(+ ��� 83+ O ! OH 1�"2�*(�(0 /�93;8�;2"+ ��! φ=1.5.  

�/2*.��34/�+ "� � "24  9��- ��/!+  O ! OH 93!-�� �  �9" 3;2/ 5 �*3!)!/*, /   9��2/�+ �  

"� *(� -/���,  " 9*//  ��! φ=2.5÷4.5.   

�� (* 2 . , 8 9���� ��  9*"�*)!��*2 8 � 3/!2*34/05 ��/�3 83+  9��- ��/!+ OH. =2  

8 "2�2 )/  /* :!8�//05 �*-�342�2, 2.�. ��/** ")!2�3 "4 �"2�/ �3*//0( ,��2 (, )2  

" *8!/*/!+ , ", �� �  "/ �/ ( ��2�3!-!��;2 �*� (9!/�7!; H ! OH. *�*�4 "2�3  +"/ , )2  

12  �� !"� 8!2 /* �  �"*� �3�(*/��. ��-�(**2"+, �*� (9!/�7!+ H ! OH �� !"� 8!2 � 

φ� � � �
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�!"�/ � 91. �/2*.��34/�+ "� � "24  9��- ��/!+ H, O, ! OH !  96�+ 

"� � "24  9��- ��/!+ �"*� 12!� " *8!/*/!5 � �*��7!+� " �)�"2!*( 

, ", �" 8*�:�6!� �*6*"2�  � �3�(*/! "!/.�-/� -8�� " 8 9��� 5 300 

ppm �� ��� ,�/�7!+ � 1,,!7!*/2� !-902�� 2 �3!��. 

 

������ ���� ���!��� ������� 



 

 

195 

 28*34/0� �*��7!+�, /  !/2*.��3 �*-�342!��;6*5 "� � "2!  9��- ��/!+ OH � 3 :!2*3*/ �  

�"*� !-�)*//0� �3�(*/��. � 12 5 "�+-! ��*8"2��3+*2 !/2*�*" ��!(*/!24 8�//05 � � 8 � 

 7*/�* "� � "2!  9��- ��/!+ / "!2*3*5 7*�! � �3�(*/�� �.3*� 8 � 8 � ! � 8 � 8� " 8 9��� 5 

�	�. �/2*�*"/   2(*2!24, )2  -��!"!( "2! /� �!"�/�* 90 !(*;2 /*� 2 �0*  96!* )*�20 " 

�/�3 .!)/0(! 8�//0(! 83+ �3�(*/! H2/� -8�� " 8 9��� 5 �2 (��/ .  :*3*-� [283]. %�!  12 ( 

"�((��/�+ "� � "24  9��- ��/!+ H, O, OH  !(**2 (!/!(�( ��!  φ=2, ��� ( :/  �!8*24 !- 

�!"�/�� 91.  ��� 903  � ��-�/  ��/** � ��9 2* [283] /*����!34/  ��*8� 3�.�24, )2  

1,,*�2!�/ "24 !/.!9!� ��/!+  ��*8*3+*2"+ 2 34�  "� � "24; .!9*3! ��2!�/0� 7*/2� � - 

/ "!2*3*5 7*�/0� �*��7!5 � �3�(*/!. =2  ��*8� 3 :*/!* /�� 8!2"+ � �� 2!� �*)!! " 

�*-�342�2�(! ( 8*3!� ��/!+, ��!�*8*//0(! /� �!"�/�* 90.  

 

�93!7� 19. �/2*.��34/�+ "� � "24 �*��7!! CO + OH = CO2 + H
**

 � �3�(*/! 9*- 8 9���! 

(I0) ! " 8 9��� 5 (I) 300 ��( �� !  2/ "!2*34/ * �(*/4<*/!* !/2*.��34/ 5 "� � "2! 

�*��7!! � �3�(*/! " 8 9��� 5 �� %100
0

0 ×
−

=∆
I

II
I  

φ I0 I ∆I, % 

0.7 1.60*10
-4

 1.52*10
-4

 5.03 

1 2.88*10
-4

 2.71*10
-4

 5.89 

1.5 4.20*10
-4

 3.94*10
-4

 6.24 

2 4.73*10
-4

 4.38*10
-4

 7.33 

2.5 4.72*10
-4

 4.14*10
-4

 12.21 

3 4.33*10
-4

 3.581*10
-4

 17.28 

4 2.99*10
-4

 2.10*10
-4

 29.72 

4.5 2.41*10
-4

 1.38*10
-4

 42.75 

**
 – � (*��/!-(* [157] 12� �*��7!5 ��*8"2��3*/� ��� 2�! /*-��!"!(0� ��/�3� 

��*���6*/!+ " ��-3!)/0(! � /"2�/2�(! "� � "2!; � 8�// ( "3�)�* 

��*8"2��3*/� "�((� "� � "2*5 �*��7!5 �  12!( 2�*( ��/�3�(. 

 

%  8�//0( ����!/� " " ��2 ��(! [158] �*��7!+ �	 + OH = CO2 + H !(**2 (��"!(�34/05 

� 1,,!7!*/2 )��"2�!2*34/ "2! �  "� � "2! ��"�� "2��/*/!+ � �3�(*/�� "!/2*--.�-/� -8�� (-� 

!"�3;)*/!*( "�(0� 9 .�20� "(*"*5), � 2 ��+ �  8�//0( ��.*3 � 3 "� ! " ��2. [284] ��*8"2��3+*2 

" 9 5  "/ �/ 5 ��24  �!"3*/!+ CO � CO2. % 12 (� 3 .!)/  ��*8� 3 :!24, )2  !-(*/*/!* 

"� � "2! 12 5 �*��7!! ��! ��*8*/!! � �3�(+ !/.!9!2 �� 8 3:/  � ��*3!� ��24 " .3�9!/ 5 

!/.!9!� ��/!+ E. �3+ �� �*��! 8�// .  ��*8� 3 :*/!+ (0 "���/!3! !/2*.�!� ��//0* 

�*-�342!��;6!* "� � "2! �*��7!! �	 + OH = CO2 + H � �3�(*/�� 9*- 8 9���! � �3�(*/�� " 

8 9����(! (�93!7� 19). $ /� !/2*.�!� ��/!+ ��3;)�*2 2 34�  �*��7! //�; - /�, /  /* �"; - /� 
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�3�(*/!, 2�� ��� 1,,*�2!�/ "24 !/.!9!� ��/!+ .3��/0(  9��- (  2/ "!2"+ � .!9*3! �3;)*�0� 

��8!��3 � �93!-! - /0 !� (��"!(�34/ 5 � /7*/2��7!! � �3�(*/!.  

�� �!"�/�* 92 ��!�*8*/0 -��!"!( "2! E ! ∆I  2 � 1,,!7!*/2� !-902�� . �;)*. . 	9* 

��!�0* �0��:�;2 1,,*�2!�/ "24 8*5"2�!+ 8 9���! �� /� ��-3!)/0* �����2*�!"2!�! 

�3�(B/: �  8/ ( "3�)�* /� "� � "24 ��"�� "2��/*/!+ �3�(*/!, � �  �2 � ( – /� 

�*-�342!��;6�; "� � "24 �3;)*� 5 �*��7!!. �*:8�  9*!(! -��!"!( "2+(! /�93;8�*2"+ 

�8 �3*2� �!2*34/�+ � ��*3+7!+. �3*8�*2  2(*2!24, )2  8�// * " ���8*/!* � 3�)*/  83+ 

�3�(B/ "!/2*--.�-� " "  2/ <*/!*( CO:H2 = 95:5, 2.*. � .8� � 2 �3!�/ 5 "(*"! ��* 93�8�*2 

�	. %�!(*/*/!* 8�// .  � 8� 8� 83+ . �;)!� "(*"*5 " 9 3** �0" �!( " 8*�:�/!*( � 8 � 8� 

� 2�*9�*2 8 � 3/!2*34/0� !""3*8 ��/!5. 

��!(  9��- (, !- "��-�// .  �0<* "3*8�*2, )2  (*��/!-( !/.!9!� ��/!+ �3�(*/ 

"!/2*--.�-/� -8�� " *8!/*/!+(! , ", ��  "/ ��/ /� "/!:*/!! "� � "2! �*��7!! CO + OH. ��� 

�!8/  !- �� ,!3*5 � /7*/2��7!! ��8!��3� OH � �3�(*/�� 9*- 8 9���! ! " 8 9��� 5 0.03% 

��, � ��-�//0� /� �!"�/�* 93, "/!:*/!* "� � "2! �� !"� 8!2 93�. 8��+ "/!:*/!; 

� /7*/2��7!! OH ��! ��*8*/!! � �3�(+ !/.!9!2 ��. %�! 12 ( �(*/4<*/!* � /7*/2��7!! OH 

φ� � � �

��
'
()
(�
(�
�
��
**
��
�(

�
�
�
��

�

��

��

��

��

��

+,!��&�#-��x���.

∆�,!��&�#-��/���.

 

 

�!"�/ � 92. $��!"!( "24 1,,*�2!�/ "2! !/.!9!� ��/!+ �3�(*/! 

"!/.�-/� -8�� " 8 9��� 5 300 ��( �� ��! �2( ",*�/ ( 8��3*/!! 

 2 � 1,,!7!*/2� !-902�� 2 �3!��, �0��:*// 5 ���  2/ "!2*34/ * 
�(*/4<*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! (2�*�. 34/!�!) ! 

 2/ "!2*34/ * �(*/4<*/!* !/2*.��34/ 5 "� � "2! �*��7!! 

CO+OH=CO2+H (���:�!) ��! ��*8*/!! 8 9���! !/.!9!2 ��. 
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� -��"2�*2 " � "2 ( � 1,,!7!*/2� !-902�� . �;)*.  ! 8 "2!.�*2 40% (�  (��"!(�34/0( 

-/�)*/!+( � /7*/2��7!!) � �3�(*/! " φ=4.5. � �*-�342�2* /�93;8�*2"+ "/!:*/!* !/2*.��3� 

�*-�342!��;6*5 "� � "2! �*��7!! CO + OH � �3�(*/! " 8 9��� 5 (�93!7� 19).  

*�*�4 /* 9� 8!(   9?+"/!24, � )*(�, /*"( 2�+ /� ��*3!)*/!*  "� � "2!  9��- ��/!+ 

��8!��3 � OH � �*��7!+� " �)�"2!*( " *8!/*/!5 , ", �� 8 9���� �� "/!:�*2 

� /7*/2��7!; .!8� �"!3�. % /+2/ , )2  "/!:*/!* � /7*/2��7!! ��8!��3 � OH � 

!/.!9!� ��//0� �3�(*/��, /*"( 2�+ /� ��*3!)*/!* "� � "2! !�  9��- ��/!+ � �*��7!+� " 

�)�"2!*( !/.!9!2 ��, �� !"� 8+2 !---� "/!:*/!+ "� � "2!  9��- ��/!+ .!8� �"!3� � �*��7!+� 

 �!"3*/!+ "!/2*--.�-�. %�! 12 ( ��8*/!* "� � "2!  9��- ��/!+ OH � �*��7!+� . �*/!+ "!/2*--

.�-� -/�)!2*34/  9 34<* "� � "2! !�  9��- ��/!+ � �*��7!+� " �)�"2!*( " *8!/*/!5 , ", ��. 

=2  � "� ;  )*�*84 �� !"� 8!2 93�. 8��+ ��8*/!; � /7*/2��7!! �2 ( � � 8 � 8� ! �!"3 � 8� 

� �*��7!+� ��2�3!2!)*"� 5 �*� (9!/�7!! " �)�"2!*( !/.!9!2 ��. �� �!"�/�* 94 � ��-�/0 

� /7*/2��7!! H ! O � �3�(*/�� 9*- 8 9���! " 8 9��� 5 0.03% ��. �/!:*/!* � /7*/2��7!! 

��8!��3 � OH, � -�!8!( (�, �� !"� 8!2 �"3*8"2�!* "/!:*/!+ �*-�342!��;6*5 "� � "2! 

�*��7!5, "� � "24 � 2 � 5 � 9 34<*5 "2*�*/! -��!"!2  2 � /7*/2��7!! H ! O. 	"/ �/ 5 ��3�8 

� "/!:*/!* � /7*/2��7!! OH �/ "+2, � -�!8!( (�, "3*8�;6!* �*��7!!: 
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H + O2 = O + OH         (3.12) 

O + H2 = H + OH         (3.13)  

HO2 + H = OH + OH        (3.14) 

HO2 + O = O2 + OH        (3.15) 

 

 �3+ �� �*��! 8�// .  ��*8� 3 :*/!+ 903! �� �/�3!-!� ��/0 "� � "2! 8�//0� 

�*��7!5 � �3�(*/�� 9*- 8 9���! ! " 8 9��� 5 0.03% �� 83+ . �;)!� "(*"*5 " φ=2.5 ! 4.5. 

�� �!"�/�* 95 ��!�*8*/0 �� ,!3! �*-�342!��;6!� "� � "2*5 �  - /* �3�(*/! �*��7!5 

3.12-3.15. %�! ��*8*/!! !/.!9!2 �� � �3�(+ " φ=2.5 "� � "24 �*��7!5 3.12 ! 3.13 /* 

(*/+*2"+ !3! (*/+*2"+ (�3 . 	"/ �/ 5 ��3�8 � "/!:*/!* "� � "2!  9��- ��/!+ OH �/ "+2 

�*��7!! 3.14 ! 3.15 " �)�"2!*( HO2 � /!-� 2*(�*��2��/ 5  93�"2! �3�(*/!. ��3�8 �*��7!! 

3.14 � "/!:*/!* � /7*/2��7!! OH  " 9*//  -/�)!2*3*/, � "� 34�� � /*5  9��-�*2"+ "��-� 2 

.!8� �"!34/0� ��8!��3�.  

 � �3�(*/! " φ=4.5 ��! 8 9��3*/!! �� -�(*2/  "/!:�*2"+ "� � "24 �"*� )*20�*� 

�*��7!5,  8/�� , *"3! (��"!(�34/�+ "� � "24 �*��7!5 3.12 ! 3.13 �(*/4<�*2"+ � 1.7-1.8 

��-�, 2  (��"!(�34/�+ "� � "24  �*��7!! 3.14 "/!:�*2"+ � )2! � 3 ��-�. � 34 �*��7!! 3.15 � 

12!� �� 7*""�� (�3� !---� -�(*2/  (*/4<*5 �*3!)!/0 ** �*-�342!��;6*5 "� � "2!. 

φ,�0	

�$�0�� �0�� �0�� �0�� �0�� �0��

$
�
%�
�*
��
��
(�
�

�0���

�0���

�0���

�0���

�0���

�0���

�0���

�0���

φ,�0�

�$�0�� �0�� �0�� �0�� �0�� �0��

$
�
%�
�*
��
��
(�
�

�0���

�0���

�0���

�0���

�0���

φ,�0�

�$�0�� �0�� �0�� �0�� �0�� �0��

$
�
%�
�*
��
��
(�
�

�0���

�0���

�0���

�0���

�0���

�0���

φ,�0�

�$�0�� �0�� �0�� �0�� �0�� �0��

$
�
%�
�*
��
��
(�
�

�0���

�0���

�0���

�0���

�0���

�0���

�0���

 

 

.��������� �� ����
$����� 	�
����, ��. 

#
�
�
�
�
�
�
 �
�
�
�
 



 

 

199 

 ��!(  9��- (, (*��/!-( !/.!9!� ��/!+ �3�(*/ "!/2*--.�-/� -8�� 8 9����(! �� 

"�*(�2!)*"�! ( :/  "�*"2! � "3*8�;6*(�. ��"� 8 ��/!* � �*��7!+� ��2�3!2!)*"� 5 

�*� (9!/�7!! �2 ( � H ! O " �)�"2!*(  �"!�!"3 2 !  �"!8 � , ", �� ��!� 8!2 � 

"/!:*/!; !� � /7*/2��7!! � �3�(*/��.  � �*-�342�2* "/!:�*2"+ �*-�342!��;6�+ "� � "24 

�*��7!5  9��- ��/!+ .!8� �"!3�, �� 8+6*.  � (*��/!-(  �!"3*/!+ "!/2*--.�-�, )2  

��!� 8!2 � �(*/4<*/!; � /7*/2��7!! ��8!��3 � OH. =2 , � "� ;  )*�*84, � /!:�*2 

"� � "24 �3;)*� 5 �*��7!!  �!"3*/!+ ( /  �"!8� �.3*� 8� �	 + OH = CO2 + H, � 2 ��+ � 

-/�)!2*34/ 5 "2*�*/!  ��*8*3+*2 "� � "24 ��"�� "2��/*/!+ �3�(*/. �/2*�*"/   2(*2!24, 

)2   9��- ��/!* OH � �*��7!+� " �)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5 /*  ��-0��*2 

 ��*8*3+;6*.  �3!+/!+ /� 1,,*�2!�/ "24 !/.!9!� ��/!+, )2  +�3+*2"+ /* :!8�//0( ! 

!/2*�*"/0( �*-�342�2 (. �* 9� 8!(   2(*2!24, )2  ��*83 :*//�+ "�*(� +�3+*2"+ 

��� 6*// 5 ! /* �)!20��*2 �"* ,��2 �0, �3!+;6!* /� -��!"!( "24 1,,*�2!�/ "2! 

!/.!9!� ��/!+  2 φ. 
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�*"( 2�+ /� ��-3!)!+ � �!(!! . �*/!+ � 8 � 8� ! "!/2*--.�-�, /�93;8�*2"+ /*� 2 � * 

"� 8"2�  � � �*8*/!! 1,,*�2!�/ "2! !/.!9!� ��/!+ � -��!"!( "2!  2 � 1,,!7!*/2� !-902�� 

. �;)*. . � �3�(*/�� "!/2*--.�-� ! � 8 � 8� [282, 285] 1,,*�2!�/ "24 !/.!9!� ��/!+ ��"2*2 " 

��*3!)*/!*( φ ! 8 "2!.�*2 (��"!(�(� � "�(0� 9 .�20� �3�(*/��. � 3** 2 . , � "3�)�* 

�.3*� 8 � 8/0� �3�(*/ ( 8*3!� ��/!* ��*8"��-0��*2 ��*3!)*/!* 1,,*�2!�/ "2! !/.!9!� ��/!+  " 

��*3!)*/!*(  φ  2 0.8 8  1.2-1.3 [282], � 2 �0* ��*���6�*2"+ !---� /�� �3*/!+ /*��2!�/0� 

, ", � �.�/!)*"�!� �� 8��2 � ��"��8� �� � 9 3** 9 .�20� �3�(*/��. ��/** [89] /�3!)!* 

(��"!(�(� -��!"!( "2! 1,,*�2!�/ "2! !/.!9!� ��/!+   9?+"/+3! ��*3!)*/!*( � /7*/2��7!! 9 3** 

1,,*�2!�/ .  ��2�3!-�2 �� �*� (9!/�7!! ��2!�/0� 7*/2� � � 9 .�20� �3�(*/�� HOPO !, 

"3*8 ��2*34/ , ��*3!)*/!*( "� � "2! ��"� 8 ��/!+ ��8!��3 � " � "2 ( � 1,,!7!*/2� !-902�� 

. �;)*. . � 8�// 5 ��9 2* 903  � ��-�/ , )2   -��!"!( "24 "� � "2! ��"� 8 ��/!+ H, O ! OH !(**2 

(��"!(�( ��! φ=2. ��  "/ ��/!! �"*.  "��-�// .  ( :/  2��:* ��*8� 3 :!24, )2  �0" ��+ 

1,,*�2!�/ "24 !/.!9!� ��/!+ "�+-�/� *6* ! " /!-� 5 2*(�*��2�� 5 �3�(B/ �93!-! 9 .�2 .  

� /7*/2��7! // .  ��*8*3� ��"�� "2��/*/!+ �3�(*/! (83+ �3�(*/! "!/2*--.�-/� -8�� " φ=4.5 ���/� 

Tmax=1535 �). %�! 2��!� /!-�!� 2*(�*��2���� �� 7*""0 ��-�*2�3*/!+ �� 2*��;2 " /!-� 5 "� � "24; 

!---� �0" � .  ��2!��7! // .  9��4*��, � 2  ��*(+ ��� �*��7!! !/.!9!� ��/!+ !(*;2, �  96*(, 

9 3** /!-�!* 1/*�.!! ��2!��7!! ! (*/** )��"2�!2*34/0 � 2*(�*��2��*. 

�"� 34-�*(05 � ��")B2�� (*��/!-( �*��7!5 , ", �" 8*�:�6!� " *8!/*/!5 [84, 89] 

� 7*3 ( �� 8*( /"2�!� ��3 � � <�; ��*8"��-�2*34/�; "� " 9/ "24. 	8/��  

!"� 34- ��//�+ ( 8*34 /* ��*8"��-0��*2 "�6*"2� ��/!* (!/!(�(� /� -��!"!( "2! 

1,,*�2!�/ "2! !/.!9!� ��/!+  2 � 1,,!7!*/2� !-902�� . �;)*.  ��! φ=1.5. =2 , � -

�!8!( (�, ���-0��*2 /� �"* *6* "�6*"2��;6!* /*8 "2�2�! (*��/!-(� !/.!9!� ��/!+ 

�3�(*/ , ", � �.�/!)*"�!(! " *8!/*/!+(!. 

 

 

 

3.2.6. �� � "24 ��"�� "2��/*/!+ �3�(*/! � "(*"! CH4/O2/N2 " 8 9��� 5 �� 

 

 

 

$��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/! "(*"*5 CH4/O2/N2 " 8 9��� 5 ��  2 !� 

" "2��� !-(*�+3�"4 " � ( 64;  �!"�// .  � ��-8*3* 2.10 (*2 8�. �� �!"�/�* 96 (�) ! (9) � ��-�/0 

.��,!�! -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 CH4/O2/N2  2 !� "2*�! (*2�!)*"� .  

" "2��� ��! ��*8*/!! � /!� 8 9���! 0.06 % �� ! 9*- /**. �-(*�*/!+ �� � 8!3!"4 � 8!���- /* 

� 1,,!7!*/2� !-902�� . �;)*.   2 0.7 8  1.4, /�)�34/�+ 2*(�*��2��� . �;)*5 "(*"! " "2��3+3� 

35
 �. ��:* /� 12!� .��,!��� 83+ " � "2��3*/!+ " 1�"�*�!(*/2�34/0(! 8�//0(! ��!�*8*/0 

�*-�342�20 )!"3*// .  ( 8*3!� ��/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/!. �3+ ��")*2� "� � "2! 
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��"�� "2��/*/!+ 903! !"� 34- ��/0 �!(!� -�!/*2!)*"�!* (*��/!-(0 A 1 ! A 3 ("(. �93!7� 7), 

" "2 +6!* !- � 8(*��/!-( � 83+  �!"3*/!+ 3*.�!� �.3*� 8 � 8 � �����/� [244] ! GRI 3.0 [228], 

"  2�*2"2�*// , ! � 8(*��/!-(� 8*"2���7!! �	� �*"29���� ! " 2�. [276]. ��:* /�  �!"�/�* 96  

� ��-�/0 � 3�)*//0* � ��9 2�� � // �� [286] ! 8* 
 5+ [287] " � ( 64; �/�3 .!)/ .  (*2 8� 

!-(*�*/!5 8�//0* �  "� � "2! ��"�� "2��/*/!+ (*2�/ -� -8�</0� �3�(*/ ��-3!)/ .  " "2���. �� 

��� � /�<!� �"3 �!+� !-(*�*/!+ 903! �0� 3/*/0 ��! � �0<*// 5 2*(�*��2��*, 2  �  !-�*"2/ 5 

-��!"!( "2! "� � "2! . �*/!+ (*2�/ -� -8�</0� "(*"*5  2 2*(�*��2��0 [226], 3!2*��2��/0* 

8�//0*, � 3�)*//0* ��! 25
0�, 903!  2� ��*�2!� ��/0 /� 35

0�. 

��� ( :/  �!8*24 !- �!"�/�� 96 (�), 3!2*��2��/0* 8�//0* �8 �3*2� �!2*34/  

" .3�"�;2"+ " /�<!(! !-(*�*/!+(!. ��:* �!8/ , )2  83+ �3�(*/ " >≈1 ��")*2 �  (*��/!-(� 

A3 3�)<* " .3�"�;2"+ " 1�"�*�!(*/2 (, � (*��/!-( A 1 3�)<*  �!"0��*2 �*-�342�20 

!-(*�*/!5 � 9*8/0� ! 9 .�20� "(*"+�.  

�� �!"�/�* 97 ��!�*8*/� -��!"!( "24 1,,*�2!�/ "2! 8*5"2�!+ 8 9���! ��  2 >, 

�0��:*//�+ ���: 

F=(SL -SL)/SL        (3.16) 

.8* SL  ! SL - "� � "2! ��"�� "2��/*/!+ �3�(*/ CH4/� -8�� 9*- 8 9���! ! " 8 9��� 5 ��, 

"  2�*2"2�*// . % "� 34�� �*3!)!/� F )��"2�!2*34/� �  <!9�* !-(*�*/!+ "� � "2! 

��"�� "2��/*/!+ �3�(*/, 2  83+ 9 .�20� "(*"*5, 83+ � 2 �0� ��-/!7� (*:8� SL  ! SL  /* 

��*�0<�*2 �*3!)!/0  <!9�! !� !-(*�*/!+ – � .�*</ "24  ��*8*3*/!+ F " "2��3+*2  � 3  100 %. 
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 ��� ( :/  �!8*24 !- �!"�/�� 97, )!"3*//05 ��")*2 ��*8"��-0��*2 ��*3!)*/!* 

1,,*�2!�/ "2! 8*5"2�!+ 8 9���! �� " ��*3!)*/!*( >  2 0.7 8  1.2 ! � "3*8�;6** ** 

�(*/4<*/!* 83+ 9 3** 9 .�20� "(*"*5. � 1�"�*�!(*/2* 2��:* /�93;8�*2"+ �*-� * �(*/4<*/!* 

1,,*�2!�/ "2! � 9 .�20� �3�(*/�� � 8!���- /* >  2 1.3 8  1.5. �3+ 9*8/0� ! "2*�! (*2�!)*"�!� 

"(*"*5 CH4/� -8�� -��!"!( "24 F  2 > � 1�"�*�!(*/2* !(**2 /*( / 2 //�; 2*/8*/7!;, � 2 ��+ /* 

 �!"0��*2"+ ( 8*3!� ��/!*(. ��!9 3** �*� +2/ , )2  12  "�+-�/  " /*" �*�<*/"2� ( 

!"� 34- ��// .  �!(!� -�!/*2!)*"� .  (*��/!-(�, � 2 ( )!"3* ��� � 8(*��/!-(� 83+  

, ", �" 8*�:�6!� " *8!/*/!5, 2�� ! � 8(*��/!-(� ��*���6*/!5 �.3*� 8 � 8 �, � 2��:* " 

��*3!)*/!*(  <!9�! �0)!"3*/!+  �*3!)!/0 F �  93�"2! 9*8/0� ! 9 .�20� �3�(*/. 

 

 

 

3.2.7. �� � "24 ��"�� "2��/*/!+ �3�(*/! � "(*"! C3H8/O2/N2 " 8 9��� 5 ���� ! �� 

 

 

 

$��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/! "2*�! (*2�!)*"� 5 (ϕ=1) "(*"! 

�3�8/� -8�� (0.04/0.96, T0=95
0
C)  2 � /7*/2��7!! 8 9���! ���� ((��3	)2(��3)�	) !-(*�+3�"4 

(*2 8 ( . �*3�! ����-�*9��. �� �!"�/�* 98 ��*8"2��3*/0 � 3�)*//0* 8�//0*, / �(!� ��//0* 

/� �*3!)!/� "� � "2! ��"�� "2��/*/!+  �3�(*/! �3�8/� -8�� 9*- 8 9���! ����. �� � "24  
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��"�� "2��/*/!+ �� ��/ -� -8�</ .  �3�(*/! " 8 9��� 5 ���� 903� !-(*�*/� ��! *.  

� /7*/2��7!! � . �;)*5 "(*"! 8  0.3%, 2�� ��! 9 3** �0" � 5 *.   � /7*/2��7!! /� 8�// 5 

. �*3�* �� !"� 8!2  2�0� �3�(*/!. � � ( 64; 12 .  (*2 8� ��/** 903 !-�)*/ 1,,*�2 8 9���! 

�� ((��3	)3�	) � � /7*/2��7!! 8  0.15 %  9. /� "� � "24 ��"�� "2��/*/!+ �3�(*/! 

"2*�! (*2�!)*"� 5 "(*"! �3�8/� -8��. ��:* /� �!"�/�* 98 ��*8"2��3*/0 �*-�342�20 )!"3*// .  

( 8*3!� ��/!+ 83+ 12!� �3�(*/ " !"� 34- ��/!*( �!(!� -�!/*2!)*"�!� (*��/!-( � A1 ! A2 ("(. 

�93!7� 7). �*��/!-( A1 ��3;)�3 � "*9+ � 8(*��/!-( 83+  �!"3*/!+ �.3*� 8 � 8 � �����/� 

[244] ! � 8(*��/!-( 83+ 8*"2���7!! �	� �*"29���� ! " 2�. [276]. �*��/!-( A2 ��3;)�3 

� 8(*��/!-( 83+  �!"3*/!+ �� ��/� � // �� [245] !  � 8(*��/!-( 83+ 8*"2���7!! �	� [276].      

� ��)*"2�* "���/*/!+ /� 12 ( :* �!"�/�* ��!�*8*/� 1�"�*�!(*/2�34/�+ -��!"!( "24 "� � "2! 

��"�� "2��/*/!+ �3�(*/! "2*�! (*2�!)*"� 5 (ϕ=1) "(*"! �3�8/� -8�� " 8 9��� 5 CF3Br, 

� 3�)*//�+ � ��9 2* [251]. 

�� � "24 ��"�� "2��/*/!+ �3�(*/! "(*"! �3�8/� -8�� 9*- 8 9���! �	� � 1�"�*�!(*/2* 

" "2��!3� 49 "(/", � �  ��")*2�( " � ( 64; (*��/!-( � A1 ! A2  – 55.7 ! 60 "(/" "  2�*2"2�*// . 

	<!9�� !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ 8�//0� �3�(*/ (*2 8 ( . �*3�! ����-�*9�� 

" "2��3+*2  2 5% � "3�)�* "2*�! (*2�!)*"�!� ! 8  15-20% � "3�)�* 9 .�20� ! 9*8/0� . �;)!� 
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"(*"*5. �*"( 2�+ /� 9 3** /!-��; 2 )/ "24  ��*8*3*/!+ "� � "2! . �*/!+ 12!( (*2 8 ( �  

"���/*/!; " (*2 8 (,  �!"�//0( � ��-8*3* 2.10,  / 9 3** �� "2 � �*�3!-�7!! ! � -� 3+*2 

 �*��2!�/  �0� 3/!24 /* 9� 8!(0* !-(*�*/!+. %  12 5 ��!)!/* 12 2 (*2 8 903 !"� 34- ��/ � 

8�// 5 ��9 2* 83+  7*/�! 1,,*�2� 8 9�� � ��-3!)/0� �	� /� "� � "24 ��"�� "2��/*/!+ 

!""3*8�*(0� �3�(*/. 

� 8*3!� ��/!* "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 �3�8/� -8�� " 8 9��� 5 �	� 8  

0.1% ,  �0� 3/*// * " � ( 64; 8��� (*��/!-( �, � 2 �0*  23!)�3!"4 � 8(*��/!-(�(!  �!"3*/!+ 

�� ��/�, 8�3  ����2!)*"�! " ���8�;6!* (*:8� " 9 5 �*-�342�20, � � <  " .3�"�;6!*"+ " 

1�"�*�!(*/2�34/0(! 8�//0(!. =2  . � �!2   2 (, )2  � ( 8*3! 9 3** ��:/ 5 ** )�"24; � �3�/* 

��*8"��-�/!+ "� � "2! . �*/!+ +�3+*2"+ �!(!+ ��*���6*/!+ , ", �/0� " *8!/*/!5. �� � "24 

��"�� "2��/*/!+ �3�(*/ " 8 9��� 5 �� [251] ! ���� ����2!)*"�!  8!/�� �  -��!"!2  2 !� 

� /7*/2��7!! � 1�"�*�!(*/2�� ! �  8�//0( )!"3*//0� ��")*2 �. ��  "/ ��/!! 12 .  ( :/  

"8*3�24 �0� 8, )2  � �.3*� 8 � 8/0� �3�(*/�� !/.!9!��;6!5 1,,*�2 8 9�� � �	� �  "/ �/ ( 

 ��*8*3+*2"+ /�3!)!*( �2 (� , ", �� � !� ( 3*��3�� ! ����2!)*"�! /* -��!"!2  2 !� �!(!)*"� .  

"2� */!+ ! �!/*2!�! �*��!)/0� "2�8!5 ��*���6*/!+. 

� 7*34; �� �*��! 12 .  -��3;)*/!+, " "2 +6*.  � 2 (, )2  8��.!* �	� 2��:* ( .�2 

 93�8�24 2��!( :* !/.!9!��;6!( 1,,*�2 (, ��� �� ! ����, " � ( 64; (*2 8� . �*3�! 

����-�*9�� 903�  ��*8*3*/� "� � "24 ��"�� "2��/*/!+ �3�(*/! "2*�! (*2�!)*"� 5 "(*"!  

�3�8/� -8�� " 8 9����(! ��-3!)/0� �	� ("(. �93!7� 3, ��-8*3 2.1). �� �!"�/�* 99 ��!�*8*/0 

1�"�*�!(*/2�34/  !-(*�*//0* -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! 

"2*�! (*2�!)*"� 5 �3�8/� -8�� "(*"!  2 � /7*/2��7!5 8 9�� � ��-3!)/0� �	�, 

/ �(!� ��//0* /� "� � "24 ��"�� "2��/*/!+ �3�(*/! 9*- 8 9�� �.  

 �3+ " *8!/*/!5 "  2/ "!2*34/  �0" � 5 2*(�*��2�� 5 �!�*/!+ !3! /*3*2�)!�, 

/���!(*�, 2��!� ��� (HCF2CF2CH2O)3PO ! H3PO4, �)!20��3!"4 !� � 2*�! /�  "�:8*/!* �/�2�! 

. �*3�!. �3+ 12 .  � 2 � . �;)*5 "(*"! " 8 9��� 5 �	�, �0� 8+6!5 !- . �*3�!, �� ��"��3! 

)*�*- �- 2/�; 3 ��<�� 83+ �3��3!��/!+ ��� � ! �1� - 3+ �	�. %  !-(*/*/!; �*"� 3 ��<�! 

(��! !-�*"2/ ( ��*(*/! �3��3!��/!+ !  9?*(/ ( ��"� 8* . �;)*5 "(*"!)  ��*8*3+3! 

8*5"2�!2*34/�; � /7*/2��7!; �	� � "(*"!. � � ( 64; 2��!� 1�"�*�!(*/2 � 903  

�"2�/ �3*/ , )2  8 3+  "�:8*/!+ � . �*3�* 83+ (HCF2CF2CH2O)3PO ! H3PO4 " "2��3+*2 75 ! 

84% "  2�*2"2�*// .  

%�!�*8*//0* /� �!"�/�* 99 8�//0*  8/ -/�)/  . � �+2   2 (, )2  �"* !-�)*//0* �	�, 

� ��")*2* /� ( 34 .�-  9��-/ .  �*6*"2��, ��!(*�/  �  8!/�� � 5 "2*�*/! !/.!9!��;2 

. �*/!* "2*�! (*2�!)*"� 5 �� ��/ -� -8�</ 5 "(*"!. 
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��:/  -�(*2!24, )2  �  )!"3*//0( ��")*2�( !-(*/*/!* � /7*/2��7!! �3�8 � . �;)*5 

"(*"! /� 0.4-0.6% ��!� 8!2 � !-(*/*/!; "� � "2! ��"�� "2��/*/!+ �3�(*/! /� 5-10%, � 2  

��*(+ ��� ��! 2�� ( :* !-(*/*/!! � /7*/2��7!! 8 9���! �	� "� � "24 ��"�� "2��/*/!+ 

�3�(*/! !-(*/+*2"+ /� ~ 50%.  

�3+ 9 3** 2 )/ .  !-�)*/!+ -��!"!( "2! 1,,*�2!�/ "2! !/.!9!� ��/!+ 8 9�� � �	� 

 2 "2*�! (*2�!)*"� .  " "2��� �.3*� 8 � 8/0� �3�(*/ 903� !-(*�*/� "� � "24 

��"�� "2��/*/!+ �3�(*/ �� ��/ -� -8�</0� "(*"*5 ��-3!)/ .  " "2��� " 8 9��� 5 �� " 

� ( 64; (*2 8� 9�3�/"� � 2 �� 2*�3� /� . �*3�* (��-8*3 2.10). 

�� �!"�/�* 100 (�) ! (9) � ��-�/0 �*-�342�20 !-(*�*/!+ "� � "24 ��"�� "2��/*/!+  �3�(*/! 

� 8!���- /* � 1,,!7!*/2 � !-902�� 2 �3!�� ϕ=0.6-1.6 83+ "(*"! �3�8/� -8�� 9*- 8 9���! ! " 

8 9��� 5 0.06 % ��, � 2��:* �*-�342�20  )!"3*// .  ��")*2� "� � "2! ��"�� "2��/*/!+ 12 .  

�3�(*/!, � 3�)*//0* " � ( 64; (*��/!-(� A 1, � 2��:* �*-�342�20 !-(*�*/!5 8* 
 5+ [287].  

 ��� ( :/  �!8*24 /� �!"�/�* 100, !-(*�*//�+ "� � "24 ��"�� "2��/*/!+ �� ��/ -

� -8�</ .  �3�(*/! 9*- 8 9���! �� � � <  " .3�"�*2"+ " 8�//0* 8* 
 5+ [287], � 2��:* 

� � <  " ���8�*2 " 8�//0(! )!"3*// .  ( 8*3!� ��/!+ �  (*��/!-(� A 1 (�93!7� 7). 

 �� �!"�/�* 101 ��!�*8*/ .��,!� -��!"!( "2! 1,,*�2!�/ "2! "/!:*/!+ "� � "2! 

. �*/!+, ��! ��*8*/!! � . �;)�; "(*"4 8 9���! ��,  2 � 1,,!7!*/2� !-902�� 2 �3!�� 

F=(SL -SL)/SL , .8* SL  ! SL - "� � "2! . �*/!+ C3H8/� -8�� �3�(*/! 9*- 8 9���! ! " 8 9��� 5 

��, "  2�*2"2�*// . % "� 34��  ��*8*3+*(�+ 2��!( "� " 9 ( �*3!)!/� F  )*/4 

 

�!"�/ � 99. $��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/! "2*�! (*2�!)*"� 5 "(*"! 

�3�8/� -8��  2 � /7*/2��7!5 8 9���! ��-3!)/0� �	�, / �(!� ��//�+ /� �*3!)!/� 

"� � "2! ��"�� "2��/*/!+ 12 .  �3�(*/! 9*- 8 9���! �	� (p=1 �2(, T0=95
0
C). 
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)��"2�!2*34/� �  <!9�* !-(*�*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/!, 2  83+ 9 .�20� "(*"*5, 

83+ � 2 �0� �*3!)!/� � .�*</ "2! !� !-(*�*/!+ ��*�0<�*2 ��-/!7� (*:8� SL  ! SL 2 )/ "24 

 ��*8*3*/!+ F " "2��3+*2  � 3  100 %. 

��� ( :/  �!8*24 !- �!"�/�� 101, ��")*2 ��*8"��-0��*2 ��*3!)*/!* 1,,*�2!�/ "2! 

8*5"2�!+ 8 9���! �� " � "2 ( > � 8!���- /*  2 0.6 8  1.2 ! � "3*8�;6** ** �(*/4<*/!* � 

 

 

 
 

 

�!"�/ � 101. =,,*�2!�/ "24 8*5"2�!+ 8 9���! 0.06 % �� /� 
"/!:*/!* "� � "2! ��"�� "2��/*/!+ �3�(*/ �� ��/ -

� -8�</ 5 "(*"!. �!(� 30 – �*-�342�20  9��9 2�! 

1�"�*�!(*/2�34/0� 8�//0�, 3!/!+ – �*-�342�20 ( 8*3!� ��/!+ 

"  � ( 64; (*��/!-(� A1. 

������ ���� ���!��� ������� ������ ���� ���!��� ������� 

�
��


�
�
��

 

�
�
�
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�
�
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������ ���� ���!��� ������� 
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9 3** 9 .�20� "(*"+�. =2� 2*/8*/7!+ 2��:* � � <  /�93;8�*2"+ � 1�"�*�!(*/2* � 9 .�20� 

�3�(*/��. 	8/��  � 9*8/0� ! 93!-�!� � "2*�! (*2�!)*"�!( "(*"+� �3�8/� -8�� /*2 � � <*.  

" .3�"!+ 8�//0� ��")*2 � ! 1�"�*�!(*/2 � 83+: -��!"!( "2! F  2 >. �*-�342�20 !-(*�*/!5 /* 

8�;2  8/ -/�)/ 5 2*/8*/7!! � "2� F " ��*3!)*/!*( ϕ, � 2  ��*(+ ��� ( 8*3!� ��/!* 

��*8"��-0��*2 � )2! ( / 2 // * ��*3!)*/!* F " � "2 ( > � 8!���- /*  2 0.6 8  1.2.  =2 2 ,��2,  

2��:* ��� ! � "3�)�* �3�(*/ CH4/� -8��, "�+-�/, �*� +2/ , " /*" �*�<*/"2� ( (*��/!-( � 

�*��7!5, ��� 83+ , ", �" 8*�:�6!� " *8!/*/!5, 2�� ! 83+ �.3*� 8 � 8 �, � 2��:* " 

��*3!)*/!*(  <!9�!  ��*8*3*/!+ �*3!)!/0 F �  93�"2! 9*8/0� ! 9 .�20� �3�(*/. 

 

 

 

3.2.8. �/�3!- )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! � � /"2�/2�( "� � "2! 

13*(*/2��/0� �*��7!5 � "(*"+� C3H8/� -8�� " 8 9��� 5 �� 

 

 

 

�3+ �0+�3*/!+ /�!9 3** ��:/0� �*��7!5 � (*��/!-(* !/.!9!� ��/!+ �3�(*/ "(*"*5 

C3H8/� -8�� " 8 9��� 5 0.06 % �� �� � 8!3"+ �/�3!- )��"2�!2*34/ "2! "� � "2! 

��"�� "2��/*/!+ �3�(*/! � � /"2�/2�( "� � "2*5 13*(*/2��/0� �*��7!5. ��:/ "24 �*��7!! � 

(*��/!-(* !/.!9!� ��/!+  7*/!��3�"4 �  **  2/ "!2*34/ (� ��3�8� � !-(*/*/!* "� � "2! 

��"�� "2��/*/!+ �3�(*/!, �0��:*// (� � �!8* 9*-��-(*�/ .  � 1,,!7!*/2� )��"2�!2*34/ "2! 

ξ. � 1,,!7!*/2 )��"2�!2*34/ "2!  ��"")!20��3"+ " � ( 64; �0��:*/!+: ξ=(SL-

SL
5�

)/SL×100%, .8* SL  ! SL
5�

 - "� � "2! ��"�� "2��/*/!+ �3�(*/!, ��"")!2�//0* �  !"� 8/ (� 

(*��/!-(� A 1 ("(. �93!7� 7) ! (*��/!-(�, � � 2 � ( ��*81�"� /*/2 � /"2�/20 "� � "2! 

 8/ 5 � /��*2/ 5 �*��7!! ��*3!)*/ � 5 ��- "  2�*2"2�*// . $��!"!( "24  2/ "!2*34/0� 

��3�8 �  �3;)*�0� �*��7!5 " �)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5  2 � 1,,!7!*/2� 

!-902�� 2 �3!�� � . �;)*5 "(*"! �3�8/� -8��+0.06 % �� � ��-�/� /�  �!"�/�* 102. 

%�!�*8*//0* /� �!"�/�* 102 8�//0* � ��-0��;2, )2  83+ 9 34<!/"2�� �*��7!5 

��*3!)*/!* ��*81�"� /*/2� � /"2�/20 "� � "2! 12!� "2�8!5 ��!� 8!2 � �(*/4<*/!; "� � "2! 

��"�� "2��/*/!+ �3�(*/!, � 83+ �*��7!5 HOPO2+M=HOPO+O+M ! HOPO2+M=PO2+OH+M � 

8!���- /* >=0.6-1.2  /� /��� 2!�, ��*3!)!��*2"+. �3+ 12!� �*��7!5 �*3!)!/� ξ !(**2 

 2�!7�2*34/ * -/�)*/!*. =2  "�+-�/  " 2*(, )2  �*��7!+ HOPO2+M=PO2+OH+M ��!� 8!2 � 

 9��- ��/!; ��8!��3� 	�, � �*��7!+ HOPO2+M=HOPO+O+M ��!� 8!2 �  9��- ��/!; �2 (� 

	. =2! 8�� ��8!��3� �)�"2��;2 � ��-�*2�3*/!! 7*�/0� �*��7!5, � 12 (� ��*3!)*/!* � /"2�/2 

"� � "2! 8��� ���-�//0� "2�8!5  ��!� 8!2 � � "2� "� � "2! ��"�� "2��/*/!+ �3�(*/!. �/�3!- 

-��!"!( "2!  2/ "!2*34/ .  ��3�8� �*��7!5 ��! !-(*/*/!! � 1,,!7!*/2� !-902�� 2 �3!�� > 

� -� 3+*2 �0+"/!24  " 9*// "2! !-(*/*/!+ 1,,*�2!�/ "2! 8*5"2�!+ 8 9���! �� (�!"�/ � 
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101) ��! !-(*/*/!! "2*�! (*2�!)*"� .  " "2��� �3�(*/. � 9*8/ ( �3�(*/! �� ��/ -

� -8�</0� "(*"*5 " 8 9��� 5 �� �*��7!! HOPO2+H=PO2+H2O ! PO2+H+M=HOPO+M 

!(*;2 /�!9 34<** -/�)*/!*, 2�� ���   !(*//  � 9*8/0� �3�(*/��  2/ "!2*34/�+ � /7*/2��7!+ 

" *8!/*/!5 , ", �� � �0"<*5 "2*�*/!  �!"3*/!+, 2��!� ��� PO2 ! HOPO2, +�3+*2"+ 

��*��3!��;6*5 �   2/ <*/!; � 8��.!(  12!( " *8!/*/!+(. � 9 .�20� �3�(*/�� �� ��/ -

� -8�</0� "(*"*5 " 8 9��� 5 �� 9 3** ��:/�; � 34 !(**2 �*��7!+ HOPO+OH=PO2+H2O. 

� :/   2(*2!24, )2  83+ 12 5 �*��7!! -��!"!( "24  2/ "!2*34/ .  ��3�8� � "�((��/05 

!/.!9!��;6!5 1,,*�2 8 9���! �� � "(*"+� " >>1.3 (�!"�/ � 102) !(**2 2� :* 2*/8*/7!;, 

)2  !  -��!"!( "24 1,,*�2!�/ "2! 8 9���! �� /� "� � "24 ��"�� "2��/*/!+ �3�(*/! "(*"! 

C3H8/� -8��/�� (�!"�/ � 101). =2! -��!"!( "2! �  9 !� "3�)�+� !(*;2 3 ��34/05 

(��"!(�( � �3�(*/�� " � 1,,!7!*/2 ( !-902�� 2 �3!�� ϕ~1.3. 

�!"3*// * ( 8*3!� ��/!* �!(!)*"� 5 "2���2��0 �8!�9�2!)*"� .  �3�(*/! �3�8/� -8�� 

" 8 9��� 5 �� � -� 3!3  �"2�/ �!24, )2  -��!"!( "24 1,,*�2!�/ "2! !/.!9!� ��/!+  2 

� 1,,!7!*/2� !-902�� 2 �3!�� ϕ !(**2 "� :�; 2*/8*/7!; " -��!"!( "24; !-(*/*/!+ �*3!)!/ 

(��"!(�34/0� � /7*/2��7!5 � ! 	�  2 >.  

$��!"!( "24 (��"!(�34/0� � /7*/2��7!5 � ! 	� � �3�(*/! "(*"! �3�8/� -8�� " 

8 9��� 5 ! 9*- 8 9���! 0.06 % ��, � 2��:*  2/ "!2*34/ * �(*/4<*/!* (��"!(�34/0� 

� /7*/2��7!5 � ! 	� ��� ,�/�7!+ � 1,,!7!*/2� !-902�� . �;)*.  � "(*"! ��!�*8*/0 /� 

�!"�/�* 103. �� �!"�/�* 103 (9) �!8/ , )2   2/ "!2*34/ * !-(*/*/!* (��"!(�34/ 5  

� /7*/2��7!! � ! 	� !(**2 � � <  �0��:*//05 3 ��34/05 (��"!(�( ��! >=1.3. �����2*� 

12 5 -��!"!( "2! �/�3 .!)*/ ��!�*8*// 5 /� �!"�/�* 101 ��!� 5 1,,*�2!�/ "2! 

 

 
 

������ ���� ���!��� ������� 
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!/.!9!� ��/!+. %�*8"2��3*//�+ /� �!"�/�* 103 (9) -��!"!( "24 8*( /"2�!��*2 

/*� "�*8"2�*//�; "�+-4 (*:8� !-(*/*/!*( (��"!(�34/ 5 � /7*/2��7!! �3;)*�0� ��8!��3 � 

� ! 	� ! !/.!9!��;6!( 8*5"2�!*( 8 9���! ��. 

 �(*/4<*/!* !/.!9!��;6*.  1,,*�2� �� � �3�(*/! �.3*� 8 � 8 -� -8�</0� "(*"*5 

" � "2 ( � 1,,!7!*/2� !-902�� 2 �3!�� � 8!���- /* >=1.3-1.6  ( :*2 9024 "�+-�/  " 

��*3!)*/!*( � /7*/2��7!5 , ", � �.�/!)*"�!� �*6*"2�, +�3+;6!�"+ �� 8��2�(! /*� 3/ .  

 �!"3*/!+ ��, 2��!� ��� CH3PO, CH3PO2, CH3OPO, CH3OPO2, CH2OPO2 ! 2.�. �*� +2/ , )2  

8�//0* " *8!/*/!+ !(*;2 /!-��; ��2�3!2!)*"��; 1,,*�2!�/ "24 � �*��7! //0� 7!�3�� 

�*� (9!/�7!! � ! 	�, � 12 (�  9��- ��/!* 2��!� "(�3 ��2!�/0�" , ", �" 8*�:�6!� 

�*6*"2� �(*/4<�*2 � /7*/2��7!; �	�	, �	�	2, �	2, �	,  )2  �0��:�*2"+ � "/!:*/!!  96*.  

!/.!9!��;6*.  1,,*�2� 8 9���! ��.  

�� �!"�/�* 104 ��*8"2��3*/� -��!"!( "24  2/ "!2*34/ 5 "�((��/ 5 � /7*/2��7!! 

�� 8��2 � /*� 3/ .   �!"3*/!+ ��, 2��!� ��� CH3PO, CH3PO2, CH3OPO, CH3OPO2, 

CH2OPO2 � - /* � /*)/0� �� 8��2 � . �*/!+ � �3�(*/�� "(*"*5 CH4/� -8�� ! C3H8/� -8�� " 

8 9��� 5 0.06% ��  2 � 1,,!7!*/2� !-902�� . �;)*.  � 12!� "(*"+�. � /7*/2��7!+ 

���-�//0� , ", �" 8*�:�6!� " *8!/*/!5 ��"")!2�/� " !"� 34- ��/!*( (*��/!-(� A1.  

�� �!"�/�* 104 �!8/ , )2  � �3�(*/�� �� ��/ -� -8�</0� "(*"*5 " >>1.4  !(**2 (*"2  

� "2 "�((��/ 5 � /7*/2��7!! , ", �" 8*�:�6!� �� 8��2 � /*� 3/ .   �!"3*/!+ ��, )2  

� ��*3!��*2 " �*-�!( �(*/4<*/!*( 1,,*�2!�/ "2! !/.!9!� ��/!+, /�93;8�*( 5 ��� �  

�*-�342�2�( �(*/4<*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/, 2�� ! �  �*3!)!/* �(*/4<*/!+ 

 

 

������ ���� ���!��� ������� ������ ���� ���!��� ������� 



 

 

210 

(��"!(�34/0� � /7*/2��7!5 � ! 	� ��! ��*8*/!! 8 9���! �� � 12! �3�(*/�. �3+ �3�(*/ 

(*2�/ -� -8�</0� "(*"*5 " 8 9��� 5 �� �/�3 .!)/�+ -��!"!( "24 1,,*�2!�/ "2! 

!/.!9!� ��/!+ !(**2 (��"!(�( ��! > =1.2-1.3 (�!"�/ � 97), ! ��! 12!� :* -/�)*/!+� > 

/�93;8�*2"+ �*-�!5 � "2  2/ "!2*34/ 5 "�((��/ 5 � /7*/2��7!! , ", �" 8*�:�6!� 

�� 8��2 � /*� 3/ .   �!"3*/!+ �� (�!"�/ � 104). =2!  ,��20 ���-0��*2 /� "�+-4 

/�93;8�*( .  ��� � 1�"�*�!(*/2* 2�� ! � ��")*2�� �(*/4<*/!+ !/.!9!��;6*5 1,,*�2!�/ "2! 

8 9���! �� " � "2 ( � /7*/2��7!! (�3 ��2!�/0�, " 2 )�! -�*/!+ !� ��2�3!2!)*"� 5 

��2!�/ "2! � 7!�3�� �*� (9!/�7!! �3;)*�0� ��8!��3 � � ! 	�, , ", �" 8*�:�6!� 

�� 8��2 � /*� 3/ .   �!"3*/!+ �� ��! ��*3!)*/!! � 1,,!7!*/2� !-902�� 2 �3!�� � 

�3�(*/�� (*2�/ - ! �� ��/ -� -8�</0� "(*"*5 " ϕ>1.2-1.3. 

 

 

��!(  9��- (, � 8�// 5 ��9 2* � 3�)*/0 "3*8�;6!* �*-�342�20: 

1. =�"�*�!(*/2�34/   ��*8*3*/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 

C3H8/� -8��  2 � /7*/2��7!! 8 9�� � ���� ! �+8� 8��.!� �	�.  �"2�/ �3*/ , )2  

!/.!9!��;6!5 1,,*�2 8 9�� � !-�)*//0� �	� /� "� � "24 ��"�� "2��/*/!+ �� ��/ -

� -8�</0� "(*"*5 /* -��!"!2  2 �!(!)*"� .  "2� */!+ ( 3*��3 !""3*8 ��//0� �	�. 

2. =�"�*�!(*/2�34/   ��*8*3*/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 

CH4/� -8�� ! C3H8/� -8�� 9*- 8 9���! ! " 8 9��� 5 0.06% ��  2 � 1,,!7!*/2� !-902�� 

2 �3!�� � 8!���- /* >=0.6-1.5 ��! �2( ",*�/ ( 8��3*/!!. % 3�)*//0* 1�"�*�!(*/2�34/0* 

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

0.00

0.01

0.02

0.03

0.04

0.05

�3�(*/� ��4-� -8��

�3�(*/�  �3�8-� -8��

C
 
&
�
/C
$
%
 

, 
 %

 

             ������ ���� ���!��� ������� 
 

�!"�/ � 104. $��!"!( "24  2/ "!2*34/ 5 "�((��/ 5 

� /7*/2��7!! CH3PO, CH3PO2, CH3OPO, CH3OPO2, CH2OPO2 

� - /* � /*)/0� �� 8��2 � . �*/!+ � �3�(*/�� �� ��/ - ! 

(*2�/ -� -8�</0� "(*"*5 " 8 9��� 5 0.06 % ��. 
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8�//0* 903! !"� 34- ��/0 .���� 5 �� ,. �. �*"29���� 83+ " -8�/!+ ! �� �*��! 8*2�34/ .  

�!(!� -�!/*2!)*"� .  (*��/!-(� ��*���6*/!5 �	� � �3�(*/��. 

3. 	9/���:*/  !  9?+"/*/  �(*/4<*/!* 1,,*�2!�/ "2! !/.!9!� ��/!+ � �3�(*/�� 9 .�20� 

�.3*� 8 � 8 -� -8�</0� "(*"*5 " � "2 ( � 1,,!7!*/2� !-902�� 2 �3!�� > � 8!���- /* 

ϕ=1.2-1.6. %�2*( �/�3!-�  2/ "!2*34/ .  ��3�8� 13*(*/2��/0� �*��7!! � "/!:*/!* "� � "2! 

��"�� "2��/*/!+ �3�(*/ �� ��/ -� -8�</0� "(*"*5 �"2�/ �3*/0 �3;)*�0* �*��7!!, 

 ��*8*3+;6!* !/.!9!��;6!5 1,,*�2 8 9�� � ��. �"2�/ �3*/� � ��*3+7!+ (*:8� 

1,,*�2!�/ "24; !/.!9!� ��/!+ "� � "2! . �*/!+ ! �(*/4<*/!*(  (��"!(�34/0� 

� /7*/2��7!5 � ! 	� � - /*  "/ �/0� �!(!)*"�!� �*��7!5 ��! ��*8*/!! 8 9���! �� � 

!""3*8 ��//0* �3�(*/� � <!� � ( 8!���- /* � 1,,!7!*/2 � !-902�� 2 �3!��. 

 

 

 

3.2.9. �-(*�*/!* 1,,*�2!�/ "2! !/.!9!� ��/!+ � 8 � 8 -� -8�</0� !  (*2�/ -� -8�</0� 

�3�(*/   �1� - 3*( ��"2� �� " 3*5 

 

 

 

�� �!"�/��� 105 ! 106 ��*8"2��3*/� "*�!+ !- 9��:*/!5 � 2 �� . �;)*5 "(*"! (*2�/� " 

� -8�� ( 9*- 8 9���! ! " 8 9��� 5 �1� - 3+ � 80 !3! � 8/ .  ��"2� �� :*32 5 �� �+/ 5 " 3! 

/� �0� 8* !- . �*3�! ����-�*9��, ��! -�"�*2�* 12 .  � 2 �� 3�-*� ( (3�-*�/0( «/ : (»). 

�1� - 34/0* )�"2!70 � 80 ��! !� �� � :8*/!! )*�*- . �*3�� ���*-�*9�� �(*"2* " � 2 � ( 

. �;)*5 "(*"!  � 3/ "24; !"���+;2"+ (�!"�/ � 105 (�)), � 12 (� � - /� . �*/!+ � 8� 

� "2���*2 � ���  9��-/ ( " "2 +/!!. �� �!"�/�* 106 (9) ( :/  �!8*24, )2  ��! �� � :8*/!! 

,� /2� �3�(*/! ��-(*� �1� - 34/0� )�"2!7 " 3! -/�)!2*34/  �(*/4<�*2"+ ! )�"24 !- /!� 

����2!)*"�! � 3/ "24; !")*-�*2. 

 

a b 

 

�!"�/ � 105. � 2 .��,!! � 2 �� . �;)*5 "(*"! (*2�//� -8�� " 8 9��� 5  �1� - 3+ 

� 80 9*- �3�(*/! (�) ! " �3�(*/*( (9), "2�9!3!-!� ��// .  /� . �*3�* ����-�*9��. 
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a b 

 

�!"�/ � 106. � 2 .��,!! � 2 �� . �;)*5 "(*"! (*2�//� -8�� " 8 9��� 5  �1� - 3+ 

� 8/ .  ��"2� �� :*32 5 �� �+/ 5 " 3! 9*- �3�(*/! (�) ! � �3�(*/! (9), 

"2�9!3!-!� ��// ( /� . �*3�* ����-�*9��. 

 

�� �!"�/��� 107-109 � ��-�/0 / �(!� ��//0* -��!"!( "2! "� � "2! ��"�� "2��/*/!+ 

�3�(*/ 9*8/0�, "2*�! (*2�!)*"�!� ! 9 .�20� "(*"*5 CH4/� -8��  2 � /7*/2��7!! 8 9���! 

��� � � 80 !3! 8 9���! �1� - 3+ 1.2% � 8/ .  ��"2� �� :*32 5 �� �+/ 5 " 3!. �� 12!� 

�!"�/��� ��!�*8*/0 ��� �*-�342�20 !-(*�*/!5 ("!(� 30), 2�� ! 8�//0* )!"3*//0� ��")*2 � 

(3!/!!). ���"!(�34/�+ (�"" ��+ � /7*/2��7!+ �1� - 3+ :*32 5 �� �+/ 5 " 3! � "(*"! 

(*2�//� -8�� " "2��3+3�  � 3  0.2 ./(3
, � (��"!(�34/�+  9?*(/�+ � /7*/2��7!+ ��� � � 80 

" "2��3+3� 2.3-3.1%. %�! �0)!"3*/!! (�"" � 5 � /7*/2��7!! �1� - 3+ :*32 5 �� �+/ 5 " 3! 

�)!20��3!"4 ** � 2*�! /� "2*/��� �"2�/ ��!. %�!  ��")*2* � /7*/2��7!! � 80 ")!2�3!, )2   /� 

� 3/ "24; !"���+*2"+ 8  - /0 . �*/!+.  

 �!"3*// * ( 8*3!� ��/!* "� � "2! ��"�� "2��/*/!+ �3�(*/! "(*"*5 (*2�//� -8�� " 

8 9��� 5 ��� � � 80 !3! �1� - 3+ � 8/ .  ��"2� �� K4[Fe(CN)6]  �� � 8!3 "4 " 

!"� 34- ��/!*( (*��/!-(�  GRI-Mech 3.0 [228], � 2 �05 ��3;)�*2 325 �*��7!5 83+ 53 

" *8!/*/!5. � 12 2 (*��/!-( 903  8 � 3/!2*34/  ��3;)*/  22 .�- ,�-/0� �*��7!! " 

�)�"2!*( ��3!5" 8*�:�6!� " *8!/*/!5, �-+20� !- ��9 20 [288]. *"2!� ��/!* (*��/!-(� 

� ��-�3 , )2   / 8�*2 �*3!)!/� "� � "2! ��"�� "2��/*/!+ "2*�! (*2�!)*"� .  (*2�/ -

� -8�</ .  �3�(*/! 9*- 8 9���! ��� � � 80 !3! �1� - 3+ " 3!  � 3  54 "(/"*�. =2� 

�*3!)!/� /�� 8!2"+ � � � <*( " .3�"!! " !-(*�*// 5 - 55 "(/"*�. � �93!7* 20 

��*8"2��3*/0 � /"2�/20 "� � "2! �!(!)*"�!� �*��7!5 ��3!5" 8*�:�6!� �*6*"2�, 

��3;)*//0� � (*��/!-( 83+ ��")*2 � "� � "2! . �*/!+. ��� ( :/  �!8*24 /� �!"�/�* 107, 

�*-�342�20 ( 8*3!� ��/!+ " � ( 64; 2�� .  � (9!/!� ��// .  (*��/!-(� 

�8 �3*2� �!2*34/   �!"0��;2 2*/8*/7!; !-(*/*/!+ "� � "2! . �*/!+ "2*�! (*2�!)*"� 5 

(*2�/ -� -8�</ 5 "(*"!  2 � /7*/2��7!! 8 9���! ��� � � 80 !3! � /7*/2��7!! �1� - 3+ 

1.2% � 8/ .  ��"2� �� K4[Fe(CN)6], !-(*�*//�; � 1�"�*�!(*/2*. 
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� �� ��
����� K
4
[Fe(CN)

6
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3
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��
! ���!, �����
�����

��
! ���!+��
����� K4[Fe(CN)6], �����
�����

��
! ���!, 
�����

CH
4
/Air , To=93

o
C, ���� =0.9

 

�!"�/ � 108. �-(*�*//�+ ("!(� 30) ! ��")*2/�+ (3!/!!) -��!"!( "24 

 2/ "!2*34/ .  !-(*/*/!+ "� � "2! ��"�� "2��/*/!+ 9*8/ .  (>=0.9) 

�3�(*/! CH4/� -8��  2 � /7*/2��7!! 8 9���! ��� � � 80 !3! 

�1� - 3+ 1.2% � 8/ .  ��"2� �� K4[Fe(CN)6], 0=93
 �. 
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��
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��
! ���!, 
�����

��
! ���!+��
����� K4[Fe(CN)6], 
�����
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4
/Air , To=93

o
C, ���� =1.0

 

�!"�/ � 107. �-(*�*//�+ ("!(� 30) ! ��")*2/�+ (3!/!!) -��!"!( "24 
 2/ "!2*34/ .  !-(*/*/!+ "� � "2! ��"�� "2��/*/!+ "2*�! (*2�!)*"� .  

(>=1.0) �3�(*/! CH4/� -8��  2 � /7*/2��7!! 8 9���! ��� � � 80 !3! 

�1� - 3+ 1.2% � 8/ .  ��"2� �� K4[Fe(CN)6], 0=93
 �. 
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��
! ���!+��
����� K4[Fe(CN)6], �����
�����

��
! ���!, 
�����

CH
4
/Air , To=93

o
C, ���� =1.2

 

�!"�/ � 109. �-(*�*//�+ ("!(� 30) ! ��")*2/�+ (3!/!!) 

-��!"!( "24  2/ "!2*34/ .  !-(*/*/!+ "� � "2! 

��"�� "2��/*/!+ 9 .�2 .  (>=1.2) �3�(*/! CH4/� -8��  2 
� /7*/2��7!! 8 9���! ��� � � 80 !3! �1� - 3+ 1.2% 

� 8/ .  ��"2� �� K4[Fe(CN)6], 0=93
 �. 

 

 

�93!7� 20. � /"2�/20 "� � "2! �*��7!5 " �)�"2!*( ��3!5" 8*�:�6!� �*6*"2�  

(k=AT
b
exp(-E/RT)*) [288]. 

 

A �*��7!+ A b E 

1. K+HO2 = KOH+ O 1.0⋅10
14

 0 0 

2. K+O2(+M) = KO2(+M)  1.3⋅10
14

 0 0 

3. KO+H2O = KOH+ OH  1.3⋅10
14

 0 0 

4. KOH+H = K+ H2O  5.0⋅10
13

 0 0 

5. KO2 +CO = KO+ CO2  1.0⋅10
14

 0 0 

6. KO2 +H = K+ HO2  2.0⋅10
14

 0 0 

7. KO2 +H = KO+OH  5.0⋅10
13

 0 0 

8. KO2 +H = KOH+O  1.0⋅10
14

 0 0 

9. KO2 +O = KO+O2  1.3⋅10
13

 0 0 

10. KO2 +OH = KOH+ O2  2.0⋅10
13

 0 0 

11. K+O+M = KO + M  1.5⋅10
21

 -1.50 0 

12. K+OH+M = KOH+ M  5.4⋅10
21

 -1.55 0 
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13. K+HO2 = KO + OH  3.0⋅10
13

 0 0 

14. K+H2O2 = KOH+ OH  2.5⋅10
13

 0 0 

15. K+H2O2 = KO+ H2O  1.6⋅10
13

 0 0 

16. KO+H = K +OH  2.0⋅10
14

 0 0 

17. KO+O = K +O2  2.2⋅10
14

 0 0 

18. KO+OH = KOH+O  2.0⋅10
13

 0 0 

19. KO+HO2 = KOH+ O2  5.0⋅10
13

 0 0 

20. KO+H2 = KOH+H  1.6⋅10
13

 0 0 

21. KO+H2 = K+ H2O  3.1⋅10
12

 0 0 

22. KO+CO = K +CO2  1.0⋅10
14

 0 0 

* ��-(*�/ "24 - ( 34, "(3
, ", ��3/( 34. 

 

 %�! � /7*/2��7!! ��� � � 80 2.2% "� � "24 ��"�� "2��/*/!+ "2*�! (*2�!)*"� .  

�3�(*/! "(*"! CH4/� -8�� �(*/4<�*2"+ /�  8/� ! 2� :* �*3!)!/� - ��!93!-!2*34/  /� 8%,  ��� 

�  8�//0( !-(*�*/!5, 2�� ! �  �*-�342�2�( ( 8*3!� ��/!+. �- � 3�)*//0� 8�//0� �!8/ , )2  

8 9��3*/!* � � 8� 1.2 % K4[Fe(CN)6] ��!� 8!2 � 2 (�, )2  �1� - 34 2�� .  ��"2� �� 9 3** )*( � 

3 ��-� 9 3** "!34/  �(*/4<�*2 "� � "24 ��"�� "2��/*/!+ "2*�! (*2�!)*"� .  (*2�/ -

� -8�</ .  �3�(*/! �  "���/*/!; " �1� - 3*( )!"2 5 � 80 (����(! � 80) � 2�� 5 :* 

� /7*/2��7!!. %�! � /7*/2��7!! ��� � � 80 � . �;)*5 "(*"! 2.2%  9. ! �1� - 3+ K4[Fe(CN)6] 

0.2 ./(3 "� � "24 ��"�� "2��/*/!+ �3�(*/! "2*�! (*2�!)*"� 5 (*2�/ -� -8�</ 5 "(*"! 

�(*/4<�*2"+ /� 25% ! 15% � 1�"�*�!(*/2�� ! ��")*2�� "  2�*2"2�*// ,  2/ "!2*34/  "� � "2! 

. �*/!+ 12 .  �3�(*/! 9*- 8 9���!. =2  � ��-0��*2, )2   2/ "!2*34/  /*9 34<�+ 

� /7*/2��7!+ 8 9���! �1� - 3+ K4[Fe(CN)6] "!34/  �3!+*2 /� "� � "24  �!"3*/!+ (*2�/� ��� 

�  8�//0( !-(*�*/!5, 2�� ! �  �*-�342�2�( )!"3*//0� ��")*2 �. 	8/��  /�:/   2(*2!24, )2  

( 8*34 �"* :* � 3!)*"2�*//  /*  �!"0��*2 !-(*�*//05 1,,*�2 8 9���! �1� - 3+ K4[Fe(CN)6] � 

(*2�/ � ( �3�(*/!. =2  ��"� :8*/!* "�+-�/  � �*���;  )*�*84 " 2*(, )2  � 8�// ( ���!�/2* 

(*��/!-(� � -8*5"2�!+ 8 9�� � K4[Fe(CN)6] /� . �*/!* (*2�/ -� -8�<0� "(*"*5, � /*( /* 

�)!20��;2"+ �*��7!5 8��.!� �� 8��2 � ��-3 :*/!+ K4[Fe(CN)6] (/���!(*�,  

:*3*- " 8*�:�6!� " *8!/*/!5) " �2 (�(! ! ��8!��3�(!. �� (* 2 .  � 12 ( (*��/!-(* /* 

�)!20��;2"+ �*��7!! .!9*3! ��2!�/0� 7*/2� � /� � �*��/ "2! )�"2!7 K4[Fe(CN)6] ! 

� /8*/"!� ��//0� �� 8��2�� *.  ��*���6*/!5. �8 9�� � � 12!(  /*8 "2�2��( ( :/   2/*"2! 

� -( :/0* /*2 )/ "2! �*3!)!/ � /"2�/2 "� � "2! �*��7!5 " �)�"2!*( ��3!5" 8*�:�6!� 

�� (*:�2 )/0� �� 8��2 � ��*���6*/!+ K4[Fe(CN)6], �-+20� !- ��9 20 [288]. � ��*808�6!� 

��9 2�� ��2 � � 903  � ��-�/ , )2  1,,*�2!�/ "24 !/.!9!� ��/!+ K4[Fe(CN)6] �0<*, )*( 

( :/   :!8�24 !"� 8+ !- � 3!)*"2�� �2 ( � � � ( 3*��3* 12 5 " 3! [258, 289, 290]. ��!( 

 9��- (, /�3!)!* �2 ( � Fe � ( 3*��3* 12 5 " 3! +�3+*2"+  8/ 5 !- � -( :/0� ��!)!/ 
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��"� :8*/!+ (*:8� !-(*�*// 5 ! ��"")!2�// 5 "� � "24; . �*/!+ �3�(*/ " 8 9��� 5 

K4[Fe(CN)6]. 

 � 1�"�*�!(*/2�� 903   9/���:*/ , )2  1,,*�2!�/ "24 8*5"2�!+ 8 9��� 5 �1� - 3+ 

1.2% � 8/ .  ��"2� �� K4[Fe(CN)6] /� "� � "24 ��"�� "2��/*/!+ �3�(*/! � "(*"+� 

(*2�//� -8�� ��-3!)/ .  "2*�! (*2�!)*"� .  " "2��� �(*/4<�*2"+ ��! �*�*� 8*  2 9*8/0� � 

9 .�20( . �;)!( "(*"+( (�!"�/�! 107-109). ��!(  9��- (, 8 9���� �1� - 3+ K4[Fe(CN)6] 

"!34/** !/.!9!��*2 . �*/!* 9*8/0� (*2�/ -� -8�</0� �3�(*/, )*( "2*�! (*2�!)*"�!� ! 

9 .�20�. 

 �/�3 .!)/�+ 2*/8*/7!+ �(*/4<*/!+ 1,,*�2!�/ "2! 8*5"2�!+ ��3!5" 8*�:�6!� 

!/.!9!2 � � � 9 .�20� �3�(*/�� /�93;8�*2"+ 83+ ��-9��3*//0� (D=[O2]/([O2]+[N2])=0.077) 

� 8 � 8 -� -8�</0� "(*"*5 " 8 9��� 5 �1� - 3+ 1% � 8/ .  ��"2� �� K4[Fe(CN)6] � 8!���- /* 

� 1,,!7!*/2� !-902�� 2 �3!�� 1.3-2.3. 

 �� �!"�/�* 110 � ��-�/� -��!"!( "24 "� � "2! ��"�� "2��/*/!+ �3�(*/  2 

� 1,,!7!*/2� !-902�� . �;)*.  83+ "(*"*5 H2/O2/N2 9*- 8 9���!, � 2��:* " 8 9��� 5 1.75%  

��� � � 80, " 8 9��� 5  1.2%  9. ��� � � 80 + 0.311 ./(3
 K4[Fe(CN)6] ! " 8 9��� 5 0.93%  9. 

��� � � 80 + 0.241 ./(3
 K4[Fe(CN)6]. %�!�*8*//0* /� �!"�/�* 110 1�"�*�!(*/2�34/0* 

�*-�342�20 �  �3!+/!; 8 9���! �1� - 3+ K4[Fe(CN)6] /� "� � "24 ��"�� "2��/*/!+ H2/O2/N2 

�3�(*/! � -� 3!3!  ��*8*3!24 -��!"!( "24 / �(!� ��// 5 ( 2/ "!2*34/  �3�(*/! 9*- 

������ ���� ���!��� �������

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6
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            H2/O2/N2+0.93% ��. H2O+0.241 	/�
3
 K4[Fe(CN)6] 

             H2/O2/N2+1.2% ��. H2O+0.311 	/�
3
 K4[Fe(CN)6]
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8 9�� �) "� � "2! ��"�� "2��/*/!+ 12!� �3�(*/!  2 � 1,,!7!*/2� !-902�� 2 �3!�� ��! 

��*8*/!! � . �;)�; "(*"4 8 9�� � � 80 !3! �1� - 3+ K4[Fe(CN)6]. �� ��� � 8�//0� 

1�"�*�!(*/2�� �  8!/�� �0� �"3 �!+� 903   28*34/  !-�)*/  �3!+/!* 8 9���! ��� � � 80 ! 

�1� - 3+ � 8/ .  ��"2� �� K4[Fe(CN)6] � H2/O2/N2 . �;)�; "(*"4 /� "� � "24 ** . �*/!+, 2  

� 3�)*//05 /�9 � 1�"�*�!(*/2�34/0� 8�//0� � -� 3!3 �0)3*/!24 1,,*�2 8 9���! ��� � 

� 80 � "�((��/ ( 1,,*�2* � "3�)�* ��*8*/!+ � �3�(+ 8 9���! �1� - 3+ 1% � 8/ .  ��"2� �� 

K4[Fe(CN)6] !, 2��!(  9��- (, ��"")!2�24 -��!"!( "24  2/ "!2*34/ .  !-(*�*/!+ "� � "2! 

. �*/!+  2 � /7*/2��7!! 8 9���! �1� - 3+  K4[Fe(CN)6] � �*�*")*2* /� *.  "���; (�""�.   

 �� �!"�/�* 111 � ��-�/0 -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 

H2/O2/N2  2 !� " "2��� ��! � /7*/2��7!! 8 9���! K4[Fe(CN)6] 0.241 ! 0.311 ./(3
 (� ��")*2* /� 

"�� * �*6*"2� ), � 2��:* ��! 8 9���* 1.75%  9. ��� � � 80, / �(!� ��//0* /� "� � "24 

. �*/!+ 9*- 8 9�� �. ��� �!8/  !- �!"�/�� 109, !/.!9!��;6�+ 1,,*�2!�/ "24 8 9���! 

�1� - 3+ K4[Fe(CN)6] � �3�(*/! H2/O2/N2 �(*/4<�*2"+ " ��*3!)*/!*( � 1,,!7!*/2� !-902�� 

2 �3!��. =2� 2*/8*/7!+ ��)*"2�*//  " ���8�*2 " 1,,*�2 ( 8 9���! ��� � � 80,  8/��  � 

"3�)�* 8 9���! �1� - 3+ K4[Fe(CN)6] *.  1,,*�2!�/ "24 9 3** "!34/  ��*3!)!��*2"+ ��! 

�*�*� 8*  2 9 .�20� � "2*�! (*2�!)*"�!( ! 9*8/0( �3�(*/�(.  
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�!"�/ � 111. $��!"!( "24  2/ "!2*34/ .  !-(*/*/!+ "� � "2! 

��"�� "2��/*/!+ �3�(*/! H2/O2/N2  2 � 1,,!7!*/2� !-902�� 2 �3!�� � 

. �;)*5 "(*"! ��! ��-3!)/ 5 � /7*/2��7!! ��� � � 80 (2�*�. 34/!�!)  ! 

�1� - 3+  K4[Fe(CN)6] (2*(/0* ! "�*230* ���:�!), T0=93 
 �. 
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 ��  "/ ��/!! ��*8"2��3*//0� �0<* �*-�342�2 � ( :/  "8*3�24 "3*8�;6!*  9 96*/!+:  

 1. � 9���� �1� - 3+ 1.2% � 8/ .  ��"2� �� K4[Fe(CN)6] � 9 3** )*( � 3 ��-� "!34/** �(*/4<�*2  

"� � "24 ��"�� "2��/*/!+ (*2�/ -� -8�</ .  �3�(*/!, )*( 8 9���� 1��!��3*/2/ .  � 3!)*"2�� ��� � 

)!"2 5 � 80.  

 2. � � 3/*//05 �*��7!+(! ��*���6*/!5 ��3!5" 8*�:�6!� " *8!/*/!5 �!(!� -�!/*2!)*"�!5 

(*��/!-(  �!"3*/!+ ��!� 8/ .  .�-� (GRI-Mech 3.0) ��)*"2�*//   �!"0��*2 1,,*�2 8 9���! �1� - 3+ 

1.2% � 8/ .  ��"2� �� K4[Fe(CN)6] �  "� � "2! ��"�� "2��/*/!+ �3�(*/! � "2*�! (*2�!)*"� 5 

(*2�/ -� -8�</ 5 "(*"!.  

 3. �*3!)!/� 1,,*�2� 8 9���! �1� - 3+ ��"2� �� K4[Fe(CN)6] /� �(*/4<*/!* "� � "2! 

��"�� "2��/*/!+ "2*�! (*2�!)*"� .   �3�(*/! CH4/� -8�� � 1�"�*�!(*/2�� � 1.7 ��-� �0<* ��")*2/ 5 

�*3!)!/0, )2  � -( :/  "�+-�/  " �3!+/!*( .*2*� .*//0� �*��7!5 /� � �*��/ "2! )�"2!7, � 2��:* " 

�*��7!+(! ��8!��3 � " 8��.!(! ��2!�/0(! �� 8��2�(! 2*�(!)*"� .  ��-3 :*/!+ K4[Fe(CN)6] � 

�3�(*/!  (/���!(*�,  �"!8�(! :*3*-�), � 2 �0* /* �)2*/0 � !"� 34- ��// 5 �!(!� -�!/*2!)*"� 5 

( 8*3!.  

 4. �"2�/ �3*/ , )2  !/.!9!��;6!5 1,,*�2 8 9���! �1� - 3+ � 8/ .  ��"2� �� K4[Fe(CN)6] 

/�!9 3** "!34/05 � 9*8/0� (*2�/ - ! � 8 � 8 -� -8�</0� �3�(*/�� ! -/�)!2*34/  �(*/4<�*2"+ ��! 

�*�*� 8*  2 9*8/0� � "2*�! (*2�!)*"�!( ! 9 .�20( �3�(*/�( 12!� 2 �3!�. ��!(  9��- (, 

��)*"2�*//  �����2*� -��!"!( "2! 1,,*�2!�/ "2! !/.!9!��;6*.  8*5"2�!+  8 9���! K4[Fe(CN)6]  2 

"  2/ <*/!+ 2 �3!� / �!"3!2*34 � . �;)*5 "(*"!  8!/�� � ��� 83+ � 8 � 8�, 2�� ! 83+ (*2�/�, 

+�3+;6*. "+ �� "2*5<!( ��*8"2��!2*3*( �3�""� ��*8*34/0� �.3*� 8 � 8 �.  
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3.3. ������� �����
 ���� ����������!�* ���������� � �����-�����7��� ���� 

(ϕϕϕϕ=1.2) ��������������� � ���������
�� %����
� 
 

 

 

3.3.1. �2���2��� (*2�/ -� -8�</ .  �3�(*/! " 8 9����(! ��� � 2��8/ 3*2�)!� �/2!�!�*/ � 

 

 

 

 �-(*�*//0* �� ,!3! 2*(�*��2��0 � (*2�/ -� -8�</ ( �3�(*/! (ϕ=1.2) ( �3�(+ A1) 

9*- 8 9���! ! " 8 9����(! 0.0190±0.001%  9. ��	 ((C6H5)3PO) ! 0.0180±0.001%  9. 
�&� 

(C12H18Br6) ��!�*8*/0 /� �!"�/�* 112. ��*8*/!* ���-�//0� 8 9�� � � 8�//0� � /7*/2��7!+� 

�0-0��*2 "/!:*/!* 2*(�*��2��0 �3�(*/! � - /* � /*)/0� �� 8��2 � . �*/!+  /� 130 � ! 110 

K "  2�*2"2�*// . ��:* 8 9���! ��	 ! 
�&� ��!� 8+2 � ��*3!)*/!; <!�!/0 - /0 

 "/ �/0� �*��7!5 . �*/!+ (- /� !-(*/*/!+ 2*(�*��2��0  2 5% 8  95% ** (��"!(�34/ .  

-/�)*/!+)  ��!(*�/  � 1.6-1.7 ��-�.  

�� 8/0* �*-�342�20 � 3�)*/0 ! 83+ �3�(*/! A 2 " 8 9��� 5 0.190±0.005%  9. �= 

(C2H5Br) (�!"�/ � 113). ��*8*/!* 8 9���! �= ��!�*3  � "/!:*/!; � /*)/ 5 2*(�*��2��0 

�3�(*/! /� 60 � ! ��*3!)*/!; <!�!/0 - /0 . �*/!+ � 1.4-1.5 ��-�. %�*8"2��3*//0* /� 

�!"�/��� 112 ! 113 ��"")!2�//0* �� ,!3! 2*(�*��2��0 � �3�(*/! 9*- 8 9���! " � � <*5  
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� �������� TO

����� ��� �������
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�!"�/ � 112. %� ,!3! 2*(�*��2��0 � CH4/O2/N2 �3�(*/! (A1) 9*- 
8 9���! ("�*230* 2 )�! – 1�"�*�!(*/2, 3!/!! - ( 8*3!� ��/!*), ! 

" 8 9��� 5 0.0190%  9. T��O ("*�0* 2 )�!) ! 0.0180%  9. 
�&� 

(2 )�! " ��*"2�(!). 
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2 )/ "24; " ���8�*2 " !-(*�*//0(! �� ,!3+(!. $� "/!:*/!* � /*)/ 5 2*(�*��2��0 � 

�3�(*/! " 8 9��� 5 �/2!�!�*/ �  2�*2"2�*//  /*"� 34�  ,��2 � �: 1.)  2*�3 ,!-!)*"� * 

�3!+/!* 8 9���! -� ")*2 ��*8*/!+ � 9 .�2 * �3�(+ /*9 34< .  � 3!)*"2�� 2 �3!��; 2.) 

��*3!)*/!* <!�!/0 - /0 . �*/!+ ! �(*/4<*/!* � 3/ 20 ". ��/!+ . �;)*5 "(*"! !---� 

!/.!9!� ��/!+ �*��7!5 � �3�(*/!. %  �� �*8*//0(  7*/��(, !-(*/*/!* � /*)/ 5 

2*(�*��2��0 ��! ��*8*/!! � . �;)�; "(*"4 /*9 34< .  � 3!)*"2�� (*2�/�, 1��!��3*/2/ .  

" 8*�:�/!; �.3*� 8� ! � 8 � 8� � ( 3*��3* ��	 !3! 
�&�, " "2��3+*2 �"*.  ~20 K. ��!( 

 9��- (, � �3�(*/! " 8 9����(! �/2!�!�*/ �  "/ �/ 5 ��3�8 � 1,,*�2 �(*/4<*/!+ 

2*(�*��2��0 �/ "!2 !-(*/*/!* <!�!/0 - /0 . �*/!+.  

�� �!"�/�* 114 ! �!"�/�* 115 ��*8"2��3*/0 �� ,!3! � /7*/2��7!5  "/ �/0� !"� 8/0� 

� (� /*/2 � . �;)*5 "(*"! - ��4, 	2 ! �� 8��2� . �*/!+ - �2	 � �3�(*/! 9*- 8 9���! (8�//0* 

1�"�*�!(*/2� ! �*-�342�20 ( 8*3!� ��/!+) ! " 8 9��� 5 ��	, 
�&� ! �=. �* 9� 8!(  

 2(*2!24, )2  � �3�(*/!, "2�9!3!-!� ��// ( /� . �*3�* ����-�*9��, 2��8/   ��*8*3!24 

!"� 8/�; 2 )�� /�)�3� !-(*�*/!+. % 12 (� /�)�34/ * � 3 :*/!* �� ,!3*5 � �3�(*/! � 

 93�"2! " /�3*�0( .��8!*/2 ( � /7*/2��7!5 �09��/  �� !-� 34/ . % 3�)*//0* �� ,!3! 

� /7*/2��7!! (�!"�/ � 114 ! �!"�/ � 115) ! 2*(�*��2��0 (�!"�/ � 112 ! �!"�/ � 113) 
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�!"�/ � 113. %� ,!3! 2*(�*��2��0 � CH4/O2/N2 �3�(*/! (A2) 9*- 8 9���! 

("�*230* 2 )�! – 1�"�*�!(*/2, 3!/!! - ( 8*3!� ��/!*), ! " 8 9��� 5 0.190%  

C2H5Br ()*�/0* 2 )�!). 
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� ��-0��;2, )2  ��*8*/!* 8 9���! �/2!�!�*/ � ��!� 8!2 � ��*3!)*/!; <!�!/0 - /0 

�3�(*/!, 2.*. ,��2!)*"�! � -�(*83*/!; �!(!)*"�!� �*��7!5.  

�*-�342�20 !-(*�*/!+ �� ,!3*5 � /7*/2��7!5  "/ �/0� �*6*"2�, ��8!��3 � ! 

2*(�*��2��0 � �3�(*/! ��4/	2/N2 9*- 8 9���! /�� 8+2"+ � � � <*( " .3�"!! " �*-�342�2�(! 
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�!"�/ � 114. %� ,!3! � /7*/2��7!5 CH4, O2, H2O � CH4/O2/N2 

�3�(*/! (A1) 9*- 8 9���! ("�*230* 2 )�! – 1�"�*�!(*/2, 3!/!! - 

( 8*3!� ��/!*), !  " 8 9��� 5 0.0190%  T��O ("*�0* 2 )�!) ! 

0.0180% 
�&� (2 )�! " ��*"2�(!). 
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)!"3*// .  ( 8*3!� ��/!+. �� * " .3�"!* . � �!2   � ��*�2/ "2! ��!(*/*/!+ (*2 8� 

- /8 � 5 �%�� 83+ !""3*8 ��/!+ �!(!)*"� 5 "2���2��0 �3�(*/, 93!-�!� � �8!�9�2!)*"�!(.  

�� �!"�/��� 116 ! 117 ��!�*8*/0 �� ,!3! � /7*/2��7!5 � ! 	� � �3�(*/! 9*- 8 9���! 

(1�"�*�!(*/2 ! ��")*2) ! " 8 9��� 5 ��	, 
�&� ! �=. �- � /7*/2��7! //0� �� ,!3*5, 

��!�*8*//0� /� �!"�/�* 116, �!8/ , )2  8 9���� ��	 �(*/4<!3� ��� (��"!(�34/�; (� ~ 2.8 

��-�), 2�� ! � /*)/�; � /7*/2��7!; � (� ~ 2.6 ��-�). � 9���� 
�&� �(*/4<!3� � ~ 2 ��-� 
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�!"�/ � 115. %� ,!3! � /7*/2��7!5 CH4, O2, H2O � CH4/O2/N2 

�3�(*/! (A2) 9*- 8 9���! ("�*230* 2 )�! – 1�"�*�!(*/2, 3!/!! - 

( 8*3!� ��/!*), !  " 8 9��� 5 0.190% C2H5Br ("*�0* 2 )�!). 
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"3�9** � /7*/2��7!; � ��� � - /*  "/ �/0� �*��7!5, 2�� ! � - /* �� 8��2 � ". ��/!+ �  

"���/*/!; " 8 9��� 5 ��	.  � 9���� �= � /!-!3� (��"!(�34/�; � /7*/2��7!; �2 (� �  

��!(*�/  � 1.3-2 ��-�, � � - /* � /*)/0� �� 8��2 � . �*/!+  /� ����2!)*"�! /* !-(*/!3�"4 

(�!"�/ � 117).   

� 9���� ��	 ��!�*3� � "!34/ (� � /!:*/!; (��"!(�34/ 5 � /7*/2��7!! 	� (� ~1.7 

��-�), /  � � /*)/0� �� 8��2�� � /7*/2��7!+ 	� �(*/4<!3�"4 2 34�  � ~1.1 ��-�  � 9���� 


�&�, �  23!)!*  2 ��	, "3�9  � /!-!3� ��� (��"!(�34/�;, 2�� ! � /*)/�; � /7*/2��7!; 

	� ��!(*�/  � ~1.2 ��-�. � 9���� �= ��!�*3� � "/!:*/!; (��"!(�34/ 5 � /7*/2��7!! 	� – 

� )2! � 2 ��-� ! ����2!)*"�! /* � �3!+3� /� *.  � /7*/2��7!; � - /* � /*)/0� �� 8��2 � 
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�!"�/ � 116. %� ,!3! � /7*/2��7!5  H (A) ! OH (B) � CH4/O2/N2 

�3�(*/! (A1) ("�*230* 2 )�! – 1�"�*�!(*/2, 9*- 8 9���!; "*�0* 

2 )�! – " 8 9��� 5 0.0190% T��O, 2 )�! " ��*"2�(! – " 
8 9��� 5 0.0180% 
�&�, 3!/!! – ( 8*3!� ��/!*). 
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. �*/!+ (�!"�/ � 117). �- ��!�*8*//0� 8�//0� "3*8�*2, )2  /�!9 3** ����!34/   ��*8*3+24 

� -8*5"2�!* !/.!9!2 �� /� �8!�9�2!)*"� * �3�(+ �  ��8*/!; � /7*/2��7!! ��2!�/0� )�"2!7 � 

- /* �*��7!5 (�  !-(*/*/!; (��"!(�34/0� � /7*/2��7!5).  

 ����/*/!*  2/ "!2*34/ .  !-(*/*/!+ (��"!(�34/0� � /7*/2��7!5 � ! 	� � �*-�342�2* 

��*8*/!+ � �3�(+ 8 9�� � �/2!�!�*/ � � -� 3+*2 "8*3�24 �0� 8, )2  ��! 93!-�!� 

� /7*/2��7!+� 12!� 8 9�� � ��	 9 3** 1,,*�2!�/  !/.!9!��*2 �3�(+, )*( 
�&�, 2�� ��� 

��!� 8!2 � 9 3** "!34/ (� �(*/4<*/!; � - /* �*��7!5 ((��"!(�34/0�) � /7*/2��7!! 	� ! 

�, � 2��:* �(*/4<*/!; � /7*/2��7!! 	� � - /* � /*)/0� �� 8��2 � . �*/!+. �-�*"2/ , )2  

8*5"2�!* 
�&� ��� !/.!9!2 ��  9�"3 �3*/  �*��7!+(! (*:8� �2 (�(! Br ! �, � 12 (� Br � 

9 34<*5 "2*�*/! �3!+*2 /� � /7*/2��7!; � ! � . ��-8  (*/4<*5 "2*�*/! /� 	�. ��	 ��� 
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�!"�/ � 117. %� ,!3! � /7*/2��7!5  H ! OH � CH4/O2/N2 

�3�(*/! (A2) ("�*230* 2 )�! – 1�"�*�!(*/2, 9*- 8 9���!; 

"*�0* 2 )�! – " 8 9��� 5 0.190% C2H5Br,                      

3!/!! – ( 8*3!� ��/!*). 
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, ", �" 8*�:�6** " *8!/*/!* � �3�(*/! ��*���6�*2"+ �  �!"30 , ", �� ! , ", �/0* 

 �"!�!"3 20, � 2 �0* ��2�3!-!��;2 �*��7!! �*� (9!/�7!! ��� �, 2�� ! 	�. 

����/*/!* 1,,*�2!�/ "2! 
�&� ! �=, �0��:*// * ���  2/ "!2*34/ * �(*/4<*/!* 

(��"!(�34/ 5 � /7*/2��7!! 	� � �*-�342�2*  ��*8*/!+ 12!� �*6*"2� � �3�(+ (8�:* � "3�)�* �3�(*/ 

/*(/ .   23!)/ .  " "2���), � ��-0��*2, )2  12� �*3!)!/� � ��*3!��*2 " � 3!)*"2� ( �2 ( � Br, 

" 8*�:�6*. "+ �  ��*8*// 5 8 9���* 
�&� ! �=. ��, 8 9���� �= � �3�(+ A2 ��!� 8!2 � "/!:*/!; 

� /7*/2��7!! 	� � 1.67 ��-�, 9 3** "!34/ (�, )*( 8 9���� 
�&� � �3�(*/! A1, ��! 12 ( 

� 3!)*"2�  Br � �3�(*/! A2 � 1.75 ��-� �0<*, )*( � �3�(*/! A1. =2  � 82�*�:8�*2, )2  8�//0* 

9� (" 8*�:�6!* �*6*"2�� - 
�&� ! �= -  �� +�3+;2  8!/�� �05 (*��/!-( !/.!9!� ��/!+ 

�3�(*/!. 

%�! !/2*���*2�7!! � 3�)*//0� 8�//0� � -/!��*2 � �� ", ��� � ��3�8 �(*/4<*/!+ 

2*(�*��2��0 (2*�3 ,!-!)*"�!5 ,��2 �) ! .!9*3! ��8!��3 � � �*��7!+� " !/.!9!2 � ( 

(�!(!)*"�!5 ,��2 �) � "/!:*/!* � /7*/2��7!! �2 (� � ! ��8!��3� 	� � �3�(*/! " 8 9��� 5. 

�0 � �02�3!"4 �0+"/!24, /�"� 34�  !-(*/!2"+ (��"!(�34/�+ � /7*/2��7!+ ��8!��3 � � ! 	� 

��! �(*/4<*/!! 2*(�*��2��0 � - /* � /*)/0� �� 8��2 � . �*/!+ /� 110 �, ��� 12  

/�93;8�3 "4 � �3�(*/! " 8 9��� 5. %� �*8*//0* /�(! ��")*20 � ��-0��;2, )2  *"3! ��*"2! � 

. �;)�; "(*"4 !/*�2/05 ��-9��!2*34 (~7% N2 �   9?*(�) 2  2*(�*��2��� � - /* � /*)/0� 

�� 8��2 � . �*/!+ � /!-!2"+ /� ~110 �. =2  ��!�*8*2 � �(*/4<*/!; (��"!(�34/ 5 

� /7*/2��7!! � �"*.  � 1.37 ��-� ! 	� � 1.64 ��-�. ��!(  9��- (, "/!:*/!* (��"!(�34/ 5 

� /7*/2��7!5 ��8!��3� � �  8�//0( ( 8*3!� ��/!+ -� ")*2 � /!:*/!+ 2*(�*��2��0 . ��-8  

(*/4<* /�93;8�*( 5 � 1�"�*�!(*/2* �*3!)!/0 � ~5 ! ~3 ��-� ��! ��*8*/!! 8 9���! ��	 ! 


�&� "  2�*2"2�*// . �/�3 .!)/�+ "!2��7!+ /�93;8�*2"+ ! 83+ !-(*/*/!+ � /7*/2��7!! � ! 

	� � - /* � /*)/0� �� 8��2 � . �*/!+ � �3�(*/�� c 12!(! 8 9����(!.  

� 2  :* ��*(+, �  8�//0( ( 8*3!� ��/!+, ��8*/!* (��"!(�34/ 5 � /7*/2��7!! ��8!��3� 

	� ��! ��-9��3*/!! . �;)*5 "(*"! N2, 93!-�  � /�93;8�*( (� � 1�"�*�!(*/2* -/�)*/!; � 

�3�(*/! " 8 9��� 5 ��	. � "3�)�* :* ��*8*/!+ � �3�(+ 8 9���! 
�&� �(*/4<*/!* 

(��"!(�34/ 5 � /7*/2��7!! ��8!��3� 	� � 1�"�*�!(*/2�� 9 3** "3�9 *, )*( � 3�)*/  � 

��")*2��. �/�3 .!)/�+ -��!"!( "24 (" � "2��!( * !3! /*(/ .  9 34<**  �3!+/!* 

2*�3 ,!-!)*"� .  ,��2 �� �  "���/*/!; "  �!(!)*"�!(  ,��2 � () /�93;8�*2"+ � - /* 

� /*)/0� �� 8��2 � . �*/!+ 83+ ��	 ! 
�&�. 	8/��  12� ��-/!7� ( :*2 /�� 8!24"+ � 

�*�*8*3�� 1�"�*�!(*/2�34/ 5  <!9�! (±25%  2/ "!2*34/0�)  ��*8*3*/!+ � /7*/2��7!5 

��8!��3 � � �3�(*/!. ��!(  9��- (, � 8�//0� �"3 �!+� (�3�(+ 9 .�2 5 (*2�/ -� -8�</ 5 

"(*"!) /�!9 3** ����!34/   7*/!��24 1,,*�2!�/ "24 8*5"2�!+ �/2!�!�*/ � �  !-(*/*/!; 

(��"!(�34/ 5 � /7*/2��7!! �2 ( � �.  
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��� 903  �:* ���-�/  �0<*, /�!9 3** "!34/05 1,,*�2 !-(*/*/!+ � /7*/2��7!! 

�3;)*�0� �2 ( � ! ��8!��3 � ��! 8 9���* !/.!9!2 � � � �3�(+ /�93;8�*2"+ � - /*  "/ �/0� 

�!(!)*"�!� �*��7!5, � 2  ��*(+ ��� � - /* � /*)/0� �� 8��2 � . �*/!+ 12 2 1,,*�2 3!9  

2�� 5 :*, 3!9   . ��-8  (*/4<*. =2  /�93;8*/!* � -� 3+*2 /�( "8*3�24 �0� 8   2 (, )2  

�3!+/!* �!(!)*"� .  ,��2 �� � - /* �*��7!5 /� "/!:*/!* � /7*/2��7!! ��8!��3 � +�3+*2"+ 

 ��*8*3+;6!(. ��� (0  9/���:!3!, (��"!(�34/ * � -8*5"2�!* !/.!9!2 �� /� � /7*/2��7!; 

��2!�/0� )�"2!7 �� +�3+*2"+ � - /* �*��7!5, ! "�8!24  9 1,,*�2!�/ "2! 8*5"2�!+ !/.!9!2 �� 

"3*8�*2 !(*//  �  ��8*/!; !� � /7*/2��7!5 � 12 5  93�"2! �8!�9�2!)*"� .  �3�(*/!. 

 

 

 

3.3.2. �� � "24 ��"�� "2��/*/!+ (*2�/ -� -8�</ .  �3�(*/! " 8 9����(! ��� � 

2��8/ 3*2�)!� �/2!�!�*/ � 

 

 

 

�3+ !""3*8�*(0� !/.!9!2 � � - ��	, 
�&� ! �=, 903 !-(*�*/ 1,,*�2 12!� �*6*"2� /� 

/ �(�34/�; "� � "24 ��"�� "2��/*/!+ (*2�/ -� -8�</ .  �3�(*/!. � 8*34/ * �3�(+ 

"2�9!3!-!� ��3 "4 /� . �*3�* ����-�*9��, 83+ � 2 � 5 "� � "24 ��"�� "2��/*/!+ �3�(*/! (Su) 

��"")!20��*2"+ �  , �(�3*:  Su=W/s, .8* W –  9?*(/�+ "� � "24 � 8�)! . �;)*5 "(*"!, s – �3 6�84 

� �*��/ "2! �3�(*/!. ��!(  9��- (, �  !-(*/*/!; �0" 20 � /�"� ( :/   ��*8*3!24 !-(*/*/!* 

"� � "2! ��"�� "2��/*/!+ �3�(*/! ��! ��*8*/!! 8 9���! !/.!9!2 ��. 	2/ "!2*34/�+ � .�*</ "24 

!-(*�*/!5 � 8�// ( "3�)�* " "2��3+*2  � 3  ± 5%.  

%  8�//0( /�<!� !-(*�*/!5, 8 9���� 0.019%  9. ��	 ��!� 8!2 � "/!:*/!; "� � "2! 

��"�� "2��/*/!+ �3�(*/! (�3�(+ A1) /� ~30%, � 8 9���� 0.018%  9. 
�&� ��!� 8!2 � 

"/!:*/!; "� � "2! ��"�� "2��/*/!+ �3�(*/! 2 34�  /� 16%. � 9���� 0.190%  9. �= ��!� 8!2 

� "/!:*/!; "� � "2! ��"�� "2��/*/!+ �3�(*/! (�3�(+ A2) /� 25%. �0 /* ��!� 8!( 

�9" 3;2/0* -/�)*/!+ "� � "2*5 ��"�� "2��/*/!+, 2.�. 12 2 (*2 8  ��*8*3+*2 �9" 3;2/0* 

"� � "2! "  ��*8*3*// 5 � .�*</ "24;. 

	)*�!8/ , )2  !/.!9!��;6�+ 1,,*�2!�/ "24 ��	 �  �*-�342�2�( !-(*�*/!5 "� � "2! 

��"�� "2��/*/!+ �3�(*/! � ~1.8 ! ~12 ��- �0<* 1,,*�2!�/ "2! 
�&� ! �= (� ��")*2* /� !� 

( 34/�; 8 3;). =2! 8�//0* � � <  " .3�"�;2"+ " �*-�342�2�(! !-(*�*/!+ (��"!(�34/ 5 

� /7*/2��7!5 ��8!��3� � � �3�(*/! " 8 9����(! ��	 ! 
�&�, " .3�"/  � 2 �0( 8 9���� 

��	 �(*/4<�*2 � /7*/2��7!; � � ~1.8 "!34/**, )*( 
�&�. ��!(  9��- (, 1,,*�2!�/ "24 

��	 ��!(*�/  � 2 ��-� �0<*, )*( 
�&�. �� * " � "2��3*/!* �*-�342�2 �, � 3�)*//0� 8��(+  

/*-��!"!(0(! (*2 8�(! � ��-0��*2, )2  (*2 8 �%�� ��!(*/!( 83+  ��*8*3*/!+  2/ "!2*34/ 5 

1,,*�2!�/ "2! �/2!�!�*/ � �  !-(*/*/!; (��"!(�34/ 5 � /7*/2��7!! � � �3�(*/!. 
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%� �*8*//0* /�(! !""3*8 ��/!+ �9*8!2*34/  � ��-0��;2, )2  !""3*8�*(0* 

2��8/ 3*2�)!* �/2!�!�*/0 +�3+;2"+ 1,,*�2!�/0(! !/.!9!2 ��(! .�- ,�-/0� �*��7!5 

 �!"3*/!+ �.3*� 8 � 8/ .  2 �3!��: !� (�30* 8 9���! /* 8�;2 -�(*2/ .  1,,*�2� /�  96** 

2*�3 �08*3*/!* � �3�(*/!,  8/��  "!34/  �(*/4<�;2 "� � "24 *.  ��"�� "2��/*/!+ ! 

�!� ��; � /7*/2��7!; �2 ( � � ! ��8!��3 � 	� � - /*  "/ �/0� �!(!)*"�!� �*��7!5. ��!( 

 9��- (, � 3�)*//0* �*-�342�20  8/ -/�)/   � 82�*�:8�;2 .!� 2*-�   2 (, )2  �(*/4<*/!* 

. �;)*"2!  �.�/!)*"�!� � 3!(*�/0� (�2*�!�3 � ��! ��*8*/!! �  /!�  8 9�� � ��	 ! 
�&� 

�0-��/  ��*3!)*/!*( "� � "2!  9�0�� .�- ,�-/0� 7*�/0� �!(!)*"�!� �*��7!5 -� ")*2 

�-�!( 8*5"2�!+ 12!� �/2!�!�*/ � !3! �� 8��2 � !� ��"��8� " �2 (�(! � ! ��8!��3�(! 	�. 

�*� 5 1,,*�2!�/ "2! !-�)*//0� �/2!�!�*/ � ( :/  ")!2�24  2/ "!2*34/ * !-(*/*/!* 

(��"!(�34/ 5 � /7*/2��7!!  "/ �/0� / "!2*3*5 7*�/0� �*��7!5 - � ! 	� � �3�(*/!. 

 

��!(  9��- (, � �*-�342�2* �� �*8*//0� !""3*8 ��/!5 903 : 

1. �-(*�*/  �� "2��/"2�*// * ��"��*8*3*/!* � /7*/2��7!5 "2�9!34/0� " *8!/*/!5, 

��2!�/0� )�"2!7, ��3;)�+ �2 (0 ! "� 9 8/0* ��8!��30, � 2��:* !-(*�*/0 �� ,!3! 

2*(�*��2��0 � �3�(*/�� "(*"*5 ��4/	2/N2 "2�9!3!-!� ��//0� /� . �*3�* ����-

�*9�� ��! 8��3*/!! 1 �2( " 8 9����(! ��	 ! 
�&�  � 93!-�!� � �8!�9�2!)*"�!( 

�"3 �!+�. 

2. % ��-�/ , )2  (��"!(�34/0* � /7*/2��7!! � ! 	�  � �3�(*/! ��! ��*8*/!! 

8 9���! ��� � �/2!�!�*/ � ��	 ! 
�&�  "�6*"2�*//  �(*/4<�;2"+. 

=,,*�2!�/ "24 !-�)*//0� �/2!�!�*/ � /� �(*/4<*/!* "� � "2! . �*/!+ "(*"*5 

��4/	2/N2 � ��*3!��*2 " �*3!)!/ 5  2/ "!2*34/ .  �(*/4<*/!+ (��"!(�34/0�  

� /7*/2��7!5 � ! 	� � �3�(*/! ��! 8 9���* ��� � 12!� �/2!�!�*/ � � !"� 8/�; 

. �;)�; "(*"4.  

3. �"2�/ �3*/ , )2  �(*/4<*/!* . �;)*"2!  �.�/!)*"�!� � 3!(*�/0� (�2*�!�3 � ��! 

��*8*/!! � /!� ��	 ! 
�&� "�+-�/  �  "/ �/ ( " 2*(, )2  � �*-�342�2* 

�-�!( 8*5"2�!+ 12!� �/2!�!�*/ � !3! .�-  9��-/0� �� 8��2 � !� 2*�(!)*"� .  

��"��8� " �2 (�(! � !3! ��8!��3�(! 	� �� !"� 8!2 !� .!9*34, � �*-�342�2* )*.  

"� � "24 . �*/!+ ! 2*�3 �08*3*/!+ -�(*2/  "/!:�;2"+, ��3 24 8  � 3/ .  

� .�"�/!+ �3�(*/!.  

4. % ��-�/ , )2  (*2 8 - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! � -� 3+*2 

!-�)�24 �!(!)*"��; "2���2��� �3�(*/ ��*8���!2*34/  �*�*(*<�//0� "(*"*5 .�- � 

� 93!-�!� � �8!�9�2!)*"�!( �"3 �!+�, � 2��:* �!/*2!�� ! (*��/!-( 13*(*/2��/0� 

�!(!)*"�!� �� 7*"" � � 2��!� "!"2*(��. 
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3.4. /�����
 �
������* ��*������ ��%��������� ����� ����
�� #$5 � ������ 
,
�������������* ����������� � ������� !�������%� ������������ 

 

 

 

3.4.1. ��*3*2/05 (*��/!-( !/.!9!� ��/!+ ! .�<*/!+  � 8 � 8/ .  �3�(*/! 8 9����(! �� 

 

 

 

 �3+ ��-��9 2�! "�*3*2/ .  �!(!� -�!/*2!)*"� .  (*��/!-(� !/.!9!� ��/!+ � 8 � 8-

�!"3 � 8/ .  �3�(*/! 8 9����(! ��� � ��, /� �*�� ( 12��* !""3*8 ��/!5 �� � 8!3! 

�� �*��� 9�- � .  "�*3*2/ .  (*��/!-(�  �!"3*/!+ � 8 � 8� ��2*( )!"3*// .  ( 8*3!� ��/!+ 

"� � "2! . �*/!+ �3�(*/! "(*"*5 H2/O2/N2 ��-3!)/ .  "2*�! (*2�!)*"� .  " "2��� " 

,!�"!� ��// 5 "2*�*/4; ��-9��3*/!+ D=[O2]/([O2]+[N2])=0.1, ��! 8��3*/!! �=1 �2( ! 

/�)�34/ 5 2*(�*��2��* 0=298 �. ��")*2 "� � "2! . �*/!+ �� � 8!3! " � ( 64; ( 8�3+ 

PREMIX [235] !- ���*2� �� .��(( CHEMKIN II [238]. �� �!"�/�* 118 ��*8"2��3*/0 

-��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/ !""3*8 ��//0� "(*"*5 H2/O2/N2  2 

� 1,,!7!*/2� !-902�� . �;)*. , � 3�)*//0* " !"� 34- ��/!*( � 3/ .  8*2�34/ .  (*��/!-(� 

. �*/!+ 3*.�!� �.3*� 8 � 8 � " 8 9����(! �	� [84]), � 2��:* " � ( 64; "�*3*2/ .  

(*��/!-(�  �!"3*/!+ � 8 � 8�, ��*8"2��3*// .  � ( / .��,!! ���""� [171], ��3;)�;6*.  13 

�*��7!5.  

φ�0� �0� �0� �0� �0� �0�

�

��

��

��

 
 

         ������ ���� ���!��� ������� 

�!"�/ � 118. �� � "24 ��"�� "2��/*/!+ �3�(*/! � "(*"! 

H2/O2/N2 ��! 8��3*/!! �=1 �2(, /�)�34/ 5 2*(�*��2��* 0=298 � 

� -��!"!( "2!  2 � 1,,!7!*/2� !-902�� 2 �3!��; ���.! – ��")*2 

" � ( 64; (*��/!-(� [84], 2�*�. 34/!�! – ��")*2 " � ( 64; 

(*��/!-(� [171], ���8��2 – �*-�342�20 !-(*�*/!5 [285]. 
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 ��� �!8/  !- ��!�*8*//0� /� �!"�/�* 118 �*-�342�2 �, !"� 34- ��//05 83+ 

( 8*3!� ��/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/! "�*3*2/05 (*��/!-(  �!"3*/!+ � 8 � 8� !- 

��9 20 [171] (�93!7� 21) �8 �3*2� �!2*34/  " .3�"�*2"+ " 8�//0(! ��")*2 �, � � 2 �0�  

!"� 34- ��/ � 3/05 8*2�34/05 (*��/!-(  �!"3*/!+ �2. ���"!(�34/�+ ��-/!7� (*:8� 

��")*2�(! �  12!( (*��/!-(�( /�93;8�*2"+ 83+ �3�(*/! "2*�! (*2�!)*"� 5 "(*"! ! 

" "2��3+*2 J34 %, ��! ��*3!)*/!! � 1,,!7!*/2� !-902�� . �;)*.  12� ��-/!7� -/�)!2*34/  

�(*/4<�*2"+ ! ��! > > 1 /* ��*�0<�*2 8 %. 

 

 

 

 ��/** � [285, 291] � 8� 9/  !""3*8 ��3!"4  " 9*// "2! (*��/!-(� !/.!9!� ��/!+ 

� 8 � 8/ .  �3�(*/! 8 9����(! ��. ��� � ��-�3! �*-�342�20 "���/*/!+ 

1�"�*�!(*/2�34/0� ! ��")*2/0� 8�//0�, ��-��9 2�//05 83+  �!"�/!+ !/.!9!��;6*.  

1,,*�2� 8 9�� � ��� � �	� � �.3*� 8 � 8/0� �3�(*/�� (*��/!-( [84] 8�*2 -�(*2/  

-��0<*//0* �*3!)!/0 "� � "2! ��"�� "2��/*/!+  � 8 � 8-�!"3 � 8/0� �3�(*/ ��! 

8��3*/!! �=1 �2(. � � ( 64; �/�3!-� � 1,,!7!*/2 � )��"2�!2*34/ "2! "� � "2! . �*/!+ 

� � /"2�/2�( "� � "2*5  "/ �/0� �*��7!5 , ", �" 8*�:�6!� �� 8��2 � ��*���6*/!+ 
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�� 903  �"2�/ �3*/ , )2  "� � "24 ��"�� "2��/*/!+ �3�(*/! "!34/  -��!"!2  2 � /"2�/2 

"� � "2! 3-� �*��7!5: 

 

(CH3O)3PO+H=(
.
CH2O)(CH3O)2PO+H2,         (3.17) 

(
.
CH2O)(CH3O)2PO+O=OP(OCH3)2O+CH2O,       (3.18) 

(
.
CH2O)(CH3O)2PO=(CH3O)2PO+CH2O        (3.19) 

 

 ��� ( :/  �!8*24, ��!�*8*//0* �0<* "2�8!! - 12  �*��7!! " �)�"2!*( �� ! 

, ", � �.�/!)*"� .  �� 8��2� *.  �-�!( 8*5"2�!+ " �2 ( ( � 8 � 8�, )2   )*/4 "!34/  

 23!)�*2 � 8 � 8/0* �3�(*/�  2 �.3*� 8 � 8/0�, � � 2 �0�  "/ �/0(! �*��7!+(! 

!/.!9!� ��/!+  +�3+*2"+ �-�!( 8*5"2�!*  �"!8 � , ", �� ! , ", �/0� �!"3 2 " �3;)*�0(! 

�2 (�(! ! ��8!��3�(! [80]. �3+ " .3�" ��/!+ ( 8*3! " 1�"�*�!(*/2 ( 903! !-(*/*/0 

� /"2�/20 "� � "2*5 ���-�//0� �0<* �*��7!5 (3.17)–(3.19). �3+  �*��7!! (3.17) 903 ��*3!)*/ � 

8�� ��-� (" 2.2·10
9
 8  4.4·10

9
) ��*81�"� /*/7!�34/05 (/ :!2*34 � /"2�/20 "� � "2!. ��!9 3** 

����!34/0( � 8� 8 ( ��! !-(*/*/!! (*��/!-(� +�3+*2"+  ��*8*3*/!* " � ( 64; ���/2 � -

�!(!)*"�!� ��")*2 � � /"2�/2 "� � "2*5 �3;)*�0� �*��7!5 " �)�"2!*( �	�, � 12 (� � 

/�"2 +6*5 ��9 2* � /"2�/2� "� � "2! 83+ �*��7!! (3.17) � ��*83�.�*( ( "�*3*2/ ( (*��/!-(*, 

�  "�2!, +�3+*2"+ 1,,*�2!�/ 5 �*��7!*5 �*� (9!/�7!! �2 ( � � 8 � 8�, )2  8�*2  "/ ��/!+  

83+ ** ���4!� ��/!+ � /*� 2 �0� ��*8*3�� 83+ 8 "2!:*/!+ " .3�"!+ ��")*2 � "� � "2! . �*/!+ 

�3�(*/! H2/O2/N2, �0� 3/*//0� " � ( 64; "�*3*2/ .  (*��/!-(�, " 8�//0(! !-(*�*/!5 ! 

��")*2 � �  8*2�34/ (� (*��/!-(�. 

 �� �2 � ( 12��* !""3*8 ��/!5 83+ � 3�)*/!+ (*��/!-(� !/.!9!� ��/!+ 8 9��� 5 �� 

� 8 � 8/0� �3�(*/ " (!/!(�34/0( � 3!)*"2� ( "2�8!5, 903� ��*83 :*/� 8���"2��*/)�2�+ 

"�*(� �*��7!5, � � 2 � 5 �3;)*� 5 +�3+*2"+ �*��7!+ (3.17), !(*;6�+ (��"!(�34/05 

� 1,,!7!*/2 )��"2�!2*34/ "2! 83+ "� � "2! ��"�� "2��/*/!+ �3�(*/!. �3+ 2 .  )2 90 12� 

"�*(� ��*8"2��3+3� -�(�/�205 ��2�3!2!)*"�!5 �� 7*"" �*� (9!/�7!! �2 ( � � 8 � 8�, 903� 

!"� 34- ��/� �2 ��+ �*��7!+ [84] � �!8*: 

 

(
.
CH2O)(CH3O)2PO+H=(CH3O)3PO       (3.20) 

 

 ��*��0* � /"2�/2� "� � "2! �*��7!! (3.17) 903�  7*/*/� � [84], � � !-/�)�34/ ( 

���!�/2* (*��/!-(� ��*���6*/!+ �� (/���!(*�, [69]) 12� �*��7!+  2"�2"2� ��3�. 	8/��  

/�:/   2(*2!24, )2  83+ �/�3 .!)/ 5 �*��7!! 8!(*2!3(*2!3, ", /�2� " �2 ( ( � 8 � 8�:  

 

(CH3O)2(CH3)PO+H=(
.
CH2O)(CH3O)(CH3)PO+H2 

 



 

 

231 

� /"2�/2� "� � "2! 903�  7*/*/� ��9 2* [77]  � �!8* k = 1·10
12

 exp(−4 000/RT). �3+ 

�/�3 .!)/ 5 �*��7!! �2 (� � 8 � 8� " -��!/ ( (!- �� �!3 �05 1,!� ,2 ��/.!8�!8� 

(*2!3, ", / � 5 �!"3 20): 

 

(i-�3H7	)(CH3)POF+H=(
.
C3H6)(CH3)POF+H2 

 

� /"2�/2� "� � "2! 903� ��"")!2�/� ���/2 � �!(!)*"�!(! (*2 8�(! � ��9 2* [85]. %�! 12 (  

(*��/!-( ��*���6*/!+ -��!/� " 8*�:!2 8�* !8*/2!)/0* "2�8!! " ��-/0(! �*3!)!/�(! 1/*�.!! 

��2!��7!! ! ��*81�"� /*/2� � � /"2�/2�� "� � "2!: 2.40·10
8
T

1.5
exp(−4280/RT) ! 

1.40·10
9
T

1.5
exp(−7400/RT). � �*�� ( ��!93!:*/!!, �!/*2!�� 12!� �*��7!5 8 � 34/  93!-�� � 

�!/*2!�* �*��7!! (3.17) [84], � 12 (� ** �!/*2!)*"�!* ����(*2�0 8 ��"2!(  !"� 34- ��24 83+ 

 7*/�! � /"2�/2 "� � "2! �*��7!5 �/�3 .!)/0� " *8!/*/!5. � , ���  ��-�3 "4, ��")*20 " 

� ( 64; "�*3*2/ .  (*��/!-(� . �*/!+ � 8 � 8� [171] ! ��3;)*//0(! � /*.  �*��7!+(! 

(3.17) ! (3.20) /* " .3�"�;2"+ ��� " 1�"�*�!(*/2�34/0(! 8�//0(! [285], 2�� ! " �*-�342�2�(! 

��")*2 � " � ( 64; 8*2�34/ .  (*��/!-(� [89, 84]. % 12 (� 83+ " .3�" ��/!+ (*:8� " 9 5 

12!� 8�//0� ��*81�"� /*/2 � /"2�/20 "� � "2! �*��7!! (3.17) 903 �(*/4<*/ 8  -/�)*/!+ 

2.05·10
8
. � �93!7* 22 ��*8"2��3*/0 � /"2�/20 "� � "2*5 �*��7!5 (3.17) ! (3.20), � 8 9��//0* 

� 8�// 5 ��9 2* !  �*� (*/8 ��//0* � [285, 291].  

 

�93!7� 22. �*��7!! (3.17) ! (3.20) ! !� � /"2�/20 "� � "2!; A′ –-/�)*/!* 
��*81�"� /*/7!�34/ .  (/ :!2*3+ � /"2�/20 "� � "2! �  8�//0( [285, 291]. � /"2�/20 

"� � "2! �0��:*/0 � �!8* k=A T
b
e

-E/RT
 

 

# �*��7!+ A
*
 b E

**
 A′ [285] 

14 (CH3O)3PO+H=>(
.
CH2O)(CH3O)2PO+H2 2.05×10

8
 1.5 7140.0 4.4×10

9
 

15 (
.
CH2O)(CH3O)2PO+H=>(CH3O)3PO 1.50×10

14
 0.0 0.0 1.50×10

14
 

*
 – ��-(*�/ "24 ( 34-"(-" 

**
 – ��-(*�/ "24 ��3/( 34 

 

 �*-�342�20 ��")*2 � -��!"!( "2! "� � "2! . �*/!+ "(*"! H2/O2/N2 " 8 9��� 5 0.04 % 

 9. ��  2 � 1,,!7!*/2� !-902�� . �;)*. , �0� 3/*//0* " � ( 64; 8*2�34/ .  (*��/!-(� 

��*���6*/!+ �	� � �.3*� 8 � 8/0� �3�(*/�� [84, 285, 291], " � ( 64; "�*3*2/ .  

(*��/!-(� . �*/!+ �2 " ���-�//0( � �93!7* 22 -/�)*/!*( � /"2�/20 "� � "2! �*��7!! (3.17) , 

� 2��:*  �*-�342�20 !-(*�*/!5 !- ��9 20 [285], ��*8"2��3*/0 /� �!"�/�* 119. ��� ( :/  

�!8*24 !- 12 .  �!"�/��, ��*83 :*//05 ���!�/2 "�*3*2/ .  (*��/!-(� !/.!9!� ��/!+ H2/O2/N2 

8 9����(! �� �8 �3*2� �!2*34/  " .3�"�*2"+ ��� " ��")*2 ( �  � 3/ (� (*��/!-(�, 2�� ! "  
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8�//0(! 1�"�*�!(*/2 �, )2  8�*2  "/ ��/!+ � 3�.�24   *.  ��!(*/!( "2! 83+ )!"3*// .  

( 8*3!� ��/!+ .�- 8!/�(!�! .�<*/!+ � :�� � " � ( 64; �	�. 

 �3+  7*/�! ��!(*/!( "2! ��*83 :*// .  "�*3*2/ .  (*��/!-(� 83+ ��*8"��-�/!+ 

��*8*3� .�<*/!+ �3�(*/ ��! 9 34<!� � /7*/2��7!+� 8 9���! �� ()2  ��:/  83+ 

( 8*3!� ��/!+ .�<*/!+ � :�� �) 903! �� �*8*/0 ��")*20 "� � "2! . �*/!+ "(*"! H2/O2/N2 

��! � 1,,!7!*/2* !-902�� . �;)*.  > = 1, 1.5 ! 2.5 ��! ��-3!)/ 5 � /7*/2��7!! 8 9���! 

��� � �� " � ( 64; "�*3*2/ .  ! 8*2�34/ .  (*��/!-( �. ����/*/!* ��!�*8*//0� /� 

�!"�/�* 120 8�//0� � ��-0��*2, )2  � "3�)�* � /7*/2��7!! 8 9���! �� 0.1 %  9.  9* ( 8*3! 

" .3�"�;2"+ (*:8� " 9 5 " 2 )/ "24; /* ��:* 15 %,  8/��  � "2*�! (*2�!)*"� ( �3�(*/! 

"�*3*2/05 (*��/!-( � �3�(*/! 9*- 8 9���! �� 8�*2 "3!<� ( -�/!:*//�; "� � "24 . �*/!+ 

�   2/ <*/!; � � 3/ (� (*��/!-(�. %�! ��*3!)*/!! � /7*/2��7!! 8 9���! �� 8  0.3-0.4 % 

 9. ��"� :8*/!+ (*:8� 8�//0(! ( 8*3!� ��/!+ ��-/0(! (*��/!-(�(! � -��"2�;2,  " 9*//  � 

�3�(*/! " >=1.5, .8* 12  ��"� :8*/!* " "2��3+*2 80-75 %. ��34/*5<** ��*3!)*/!* 

� /7*/2��7!! 8 9���! ��� � �� ��!� 8!2 �  2/ "!2*34/ (� �(*/4<*/!; ��"� :8*/!5 8  

25-35 %. 

 

φ�0� �0� �0� �0� �0� �0�

�

��

��

��

��

	�

 

        ������ ���� ���!��� ������� 

�!"�/ � 119. �� � "24 ��"�� "2��/*/!+ �3�(*/! H2/O2/N2+0.04%  9. �� 

� -��!"!( "2!  2 � 1,,!7!*/2� !-902�� 2 �3!��; ���8��20 – ��")*2 �  

8*2�34/ (� (*��/!-(� [84] " � /"2�/2�(! "� � "2! �*��7!5 [285, 291], 

2�*�. 34/!�! – ��")*2 �  "�*3*2/ (� (*��/!-(� (�93!70 21 ! 22), 

�*�*�*�/�205 2�*�. 34/!� – 8�//0* 1�"�*�!(*/2� [285]. 
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        ��� ���
� �� ������� ��
�� ,#, % ��. 

�!"�/ � 120. �� � "24 ��"�� "2��/*/!+ �3�(*/! H2/O2/N2 � 

-��!"!( "2!  2  9?*(/ 5 � /7*/2��7!! 8 9���! ��� � �� � 

. �;)*5 "(*"!; ���:�! – ��")*2 �  "�*3*2/ (� (*��/!-(�, 

���8��20 – ��")*2 �  8*2�34/ (� (*��/!-(� [84]. 
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 � -( :/ 5 ��!)!/ 5 /�93;8�*( .  /*"  2�*2"2�!+ �*-�342�2 � ( 8*3!� ��/!+ 

"� � "2! . �*/!+ "(*"*5 H2/O2/N2/��, � 3�)*//0� " !"� 34- ��/!*( � 3/ .  ! "�*3*2/ .  

(*��/!-( �, ( :*2 +�3+24"+ 2 2 ,��2, )2  "�*3*2/05 (*��/!-(  �!"0��*2 2 34�  �� 7*""0 

�*� (9!/�7!! ��2!�/0� 7*/2� � � �*��7!+� " ��, � 2  ��*(+ ��� � � 3/ ( 8*2�34/ ( 

(*��/!-(* 8 � 3/!2*34/  �)!20��;2"+  �*��7!!  �!"3*/!+ �.3*� 8 � 8/0� ,��.(*/2 � 

( 3*��30 ��. ��!(  9��- (, ��! ��*3!)*/!! � /7*/2��7!! 8 9���! �� ��*3!)!��*2"+ 

� 1,,!7!*/2 !-902�� 2 �3!�� � . �;)*5 "(*"!, 2.*. 8 9���� �� ( :*2 ��""(�2�!��24"+ ��� 

8 9���� 2 �3!��. �"3! �)*"24 !-(*/*/!* � 1,,!7!*/2� !-902�� . �;)*. , �(*/4<!� � . �;)*5 

"(*"! � /7*/2��7!; � 8 � 8� /� "  2�*2"2��;6�; �*3!)!/�, 2  ��-3!)!* � �*-�342�2�� 

��")*2 � �   9 !( (*��/!-(�( -�(*2/  �(*/4<!2"+. 

 � "3�)�*  7*/�! ��*8*3 � ��"�� "2��/*/!+ �3�(*/! ��! 8 "2!:*/!! �*3!)!/0 

"� � "2! ��"�� "2��/*/!+ �3�(*/!, ���/ 5 5 "(/" [6], ��")*20 �  � 3/ (� 8*2�34/ (� [84] ! 

"�*3*2/ (� (*��/!-(� (�!"�/ � 120) 8�;2 �8 �3*2� �!2*34/  " .3�"�;6!*"+ (*:8� " 9 5 

�*3!)!/0 (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! �� 83+  H2/O2/N2 �3�(*/ " > = 1, 1.5 ! 2.5 

(�93!7� 23). ��� ( :/  �!8*24 !- �93!70 23, ��")*2 " � ( 64; "�*3*2/ .  (*��/!-(� 8�*2 

"3*.�� -��0<*//0*, �  "���/*/!; " ( 8*3!� ��/!*( �  � 3/ (� (*��/!-(�, /� 22 %, 19 % !  

25 % �*3!)!/0 �
� �� 83+ �3�(*/! "(*"*5 H2/O2/N2 " >=1.0, 1.5 ! 2.5 "  2�*2"2�*// , )2  

� -� 3+*2 . � �!24   � -( :/ "2! ��!(*/*/!+ ��*83 :*// .  "�*3*2/ .  (*��/!-(� 83+ 

)!"3*//0� ��")*2 � �� 7*""� .�<*/!+ � :��� � :�� 2�6�6!(! " "2���(! /�  "/ �* �	�. 

 

�93!7� 23. �!/!(�34/0* .�"+6!* � /7*/2��7!! ��� � �� (�
� ��) 83+ �3�(*/ "(*"*5 

H2/O2/N2 ��-3!)/ .  "2*�! (*2�!)*"� .  " "2���, ��"")!2�//0* " � ( 64; ��-/0� (*��/!-( � 

 

�
� ��, %  9. 

> 8*2�34/05 (*��/!-( 

[84] 

"�*3*2/05 (*��/!-( 

1 0.27 0.33 

1.5 0.48 0.57 

2.5 0.36 0.45 

 

 	2(*2!(, )2  � "3�)�* )!"3*// .  ( 8*3!� ��/!+ .�<*/!+ � :�� � " 

!"� 34- ��/!*( ��*83 :*// .  "�*3*2/ .  (*��/!-(� �� � "3�)�* �3�(*.�"!2*3*5 /� 

 "/ �* 8��.!� , ", �" 8*�:�6!� " *8!/*/!5, /���!(*�, 2��!� ��� .!8� ,2 �!� ��//0* 
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�	� [292], � �*��7!+� (3.17) ! (3.20)  "3*8�*2 -�(*/!24 �� ! (
.
CH2O)(CH3O)2PO /� 

"  2�*2"2��;6!5 �*�.*/2 ! *.  �� !-� 8/ *. 	8/��  � �� " � 89 �� 2 )/0� -/�)*/!5 

�!/*2!)*"�!� ����(*2� � � /"2�/20 "� � "2! �*��7!5 83+ 12!� .!8� ,2 �!� ��//0� 

�	� � ��  "2�*2"+  2��020(. ��*8*/!* ,2 �� � ( 3*��30 2��!� " *8!/*/!5 ( :*2 

��!�*"2! � !-(*/*/!; 1/*�.!; "�+-! �—�, � 12 (� 1/*�.!+ ��2!��7!! �*��7!! 

��*���6*/!+ 2��!� �*6*"2� ( :*2 "!34/  !-(*/!24"+ �  "���/*/!; " �/�3 .!)/0(! 

/*,2 �!� ��//0(! " *8!/*/!+(!. *( /* (*/**, 83+ ( 8*3!� ��/!+ �� 7*""� .�<*/!+ 

� :�� � � ��)*"2�* �*�� .  ��!93!:*/!+ �� 3/* ��!*(3*(  !"� 34- ��24 � /"2�/20 

"� � "2! �*��7!5, � 2 �0* 903! ��*83 :*/0 � /�"2 +6*5 ��9 2*.  

 

 

 

3.4.2. ��*3*2/05 (*��/!-( !/.!9!� ��/!+ ! .�<*/!+ (*2�/ � .  �3�(*/! 

8 9����(! �� 

 

 

 

�3+ ��-��9 2�! "�*3*2/ .  �!(!� -�!/*2!)*"� .  (*��/!-(� !/.!9!� ��/!+ (*2�/ -

�!"3 � 8/0� �3�(*/ 8 9����(! ��� � �� )!"3*//  !""3*8 ��/0 �3�(*/� (*2�/ -� -8�</0� 

"(*"*5 " ��-/0( "2*�! (*2�!)*"�!( " "2�� ( ��! 8��3*/!! �=1 �2( ! /�)�34/ 5 2*(�*��2��* 

0=308 �. � ��)*"2�* "�*3*2/ .  (*��/!-(� 83+  �!"�/!+ !/.!9!��;6*.  1,,*�2� 8 9�� � ��� � 

�	� �  �3�(*/��  (*2�/ -� -8�</0� "(*"*5 " 8 9��� 5 �	� /�  "/ �* ��/** �� �*8*//0� 

!""3*8 ��/!5 [84, 89, 276, 285, 291, 293-296] ��*83 :*/ /�9 � �*��7!5, " "2 +6!5 !- 23 

13*(*/2��/0� "2�8!5 83+ 18 " *8!/*/!5, !- � 2 �0� 3 +�3+;2"+ , ", �" 8*�:�6!(! 

�*6*"2��(!  - PO2, HOPO, HOPO2. %�*83 :*//05 �!(!� -�!/*2!)*"�!5 (*��/!-( ��3;)�*2 � 

"*9+ 5  9��2!(0� ! 18 /* 9��2!(0� �*��7!5, �*�*)!"3*//0� � �93!7* 24.  

�!"3*//05 ��")*2 "� � "2! . �*/!+ �3�(*/ "(*"*5 (*2�/-� -8�� �� � 8!3"+ " � ( 64; 

�� .��((0 PREMIX [235] !- ���*2� CHEMKIN II [238]. �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ 

"� � "2! ��"�� "2��/*/!+ (*2�/ -� -8�</0� �3�(*/, �0� 3/*//0* " � ( 64; "�*3*2/ .  

(*��/!-(� (�93!7� 24) 903! " � "2��3*/0 " ��")*2�(! /�  "/ �* � 3/ .  8*2�34/ .  (*��/!-(� 

[84], " 8*�:�6*.  682 �*��7!! ! 121 " *8!/*/!5, ! ��-��9 2�// .  83+ ��*8"��-�/!+ 

!/.!9!��;6*.  1,,*�2� 8 9�� � �	� � (*2�/ - ! �� ��/ -� -8�</0� �3�(*/��.  

 �� �!"�/�* 121 ��*8"2��3*/0 -��!"!( "2! "� � "2! . �*/!+ "(*"! ��4/� -8��  2 

� 1,,!7!*/2� !-902�� 2 �3!��, ��"")!2�//0* " � ( 64; "�*3*2/ .  ! � 3/ .  [84] 

(*��/!-( � !/.!9!� ��/!+ . �*/!+ �.3*� 8 � 8/0� �3�(*/! 8 9����(! �	�, � 2��:* 

1�"�*�!(*/2�34/0* 8�//0* !- ��9 2 [286, 287, 295 ]. ��� ( :/  �!8*24 !- �!"�/�� 121,  8�//0* 

)!"3*//0� ��")*2 � "� � "2! . �*/!+ 8 "2�2 )/  � � <  " .3�"�;2"+ (*:8� " 9 5 � 

8!���- /* 0.85 < φ < 1.35, � 2��:* �8 �3*2� �!2*34/   �!"0��;2 �*-�342�20 !-(*�*/!5 � 12 ( 
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8!���- /* � 1,,!7!*/2 � !-902�� . �;)*. . ��"� :8*/!* (*:8� 12!(! 8�//0(! � �3�(*/�� 

CH4/O2/N2 "2*�! (*2�!)*"�!� ! 9 .�20� "(*"*5 " "2��3+*2 ∼ 10%. ��!9 34<** ��"� :8*/!* 

��")*2 � �  "�*3*2/ (� (*��/!-(� " 8�//0(! !-(*�*/!5 /�93;8�*2"+ � �3�(*/�� 9*8/0� 

"(*"*5 CH4/O2/N2  ! " "2��3+*2 ∼20% ! ∼50%, 83+ φ=0.8 ! 0.7 "  2�*2"2�*// .  

 

�93!7� 24. ��*3*2/05 (*��/!-( !/.!9!� ��/!+ �3�(*/ (*2�/ -� -8�</0� "(*"*5 8 9����(! 

��� � ��. � /"2�/20 "� � "2! �*��7!5 �0��:*/0 � �!8* k=A T
b
 exp

-E/RT 

 

A �*��7!! A* b E* 

1. H+O2=O+OH 6.73×10
15

 -0.5 16670 

2. O+H2=H+OH 5.06×10
4
 2.7 6290 

3. H2+OH=H2O+H 1.17×10
8
 1.5 3457.4 

4. OH+OH=O+H2O 3.35×10
4
 2.4 -1927 

5. H+OH+M=>H2O+M 1.80×10
23

 -2.0 0 

6. H+O2+M=>HO2+M 5.00×10
17

 -0.8 0 

7. HO2+H=>H2+O2 4.48×10
13

 0 1068 

8. HO2+H=>OH+OH 6.00×10
13

 0 295 

9. CO+OH=CO2+H 1.80×10
5
 1.9 -1160 

10. HCO+M=>H+CO+M 1.00×10
14

 0 15540 

11. HCO+H=>CO+H2 1.11×10
14

 0 0 

12. H+CH3+M=>CH4+M 2.00×10
24

 -3.0 0 

13. H+CH4=>CH3+H2 6.60×10
8
 1.6 10840 

14. O+CH4=>OH+CH3 1.02×10
9
 1.5 8600 

15. OH+CH4=>CH3+H2O 1.00×10
8
 1.6 3120 

16. CH3+HCO=>CH4+CO 2.65×10
13

 0 0 

17. O+CH3=>H+CH2O 5.06×10
13

 0 0 

18. O+CH3=>H+H2+CO 3.37×10
13

 0 0 

19. H+CH2O=>HCO+H2 5.74×10
7
 1.9 2742 

20. PO2+OH+M=>HOPO2+M 1.60×10
24

 -2.3 285 

21. HOPO+OH=>PO2+H2O 3.72×10
13

 -0.2 3200 

22. HOPO2+H=>PO2+H2O 5.16×10
19

 -1.8 10726 

23. PO2+H+M=>HOPO+M 9.00×10
25

 -2.0 645 

* �8!/!70 – ( 34-"(-"; E – ��3/( 34. 
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�!"�/ � 121. �� � "24 ��"�� "2��/*/!+ �3�(*/! 

CH4/O2/N2 ��! �2( ",*�/ ( 8��3*/!! ! /�)�34/ 5 

2*(�*��2��* T0=308 � � -��!"!( "2!  2 � 1,,!7!*/2� 

!-902�� 2 �3!��; 1�"�*�!(*/2�34/0* 8�//0*: ���:�! 

[295], ���8��20 [286, 287]; "�3 </0* 3!/!!: ��")*2 " 

� ( 64; "�*3*2/ .  (*��/!-(�, ��/�2!�/�+ 3!/!+ – 

��")*2 " � ( 64; � 3/ .  (*��/!-(� [84]. 

 

 �� �!"�/�* 122 ��!�*8*/0 -��!"!( "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! "(*"*5 

CH4/O2/N2 " 8 9��� 5 0.06%  9. ��� � ��  2 � 1,,!7!*/2� !-902�� . �;)*. , 

��"")!2�//0* " � ( 64;  � 3/ .  8*2�34/ .  (*��/!-(� !/.!9!� ��/!+ �.3*� 8 � 8/0� 

�3�(*/ 8 9����(! �	� [84], � 2��:* �*-�342�20 !-(*�*/!5 !- ��9 20 [295]. ��� ( :/  

�!8*24,  � 3/�+ 8*2�34/�+ ( 8*34 !/.!9!� ��/!+ 8 9����(! �	� [84] �8 �3*2� �!2*34/  

 �!"0��*2 �*-�342�20 !-(*�*/!5 "� � "2! . �*/!+ (*2�/ -� -8�</0� �3�(*/ " 8 9��� 5 

��. 

�/�3!- � 1,,!7!*/2 � )��"2�!2*34/ "2! "� � "2! ��"�� "2��/*/!+ �3�(*/! � 

� /"2�/2�( "� � "2! �*��7!5 " �)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5 �0+�!3 

"3*8�;6!* �3;)*�0* "2�8!! � "�*3*2/ ( (*��/!-(*: 

 

PO2+OH+M=>HOPO2+M         (3.21) 

HOPO+OH=>PO2+H2O        (3.22) 

HOPO2+H=>PO2+H2O        (3.23) 

PO2+H+M=>HOPO+M        (3.24) 
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�- ��!�*8*//0� �*��7!5 �!8/ , )2  , ", �" 8*�:�6!* �� 8��20 ��*���6*/!+ �� � 

(*2�/ -� -8�</0� �3�(*/�� +�3+;2"+  "/ �/0(! !/.!9!2 ��(! . �*/!+. 	9��- ��/!* 

�	2 !- �� �� !"� 8!2  2/ "!2*34/  90"2�  ! 12 2 �� 7*"" /* �3!+*2 /� "� � "24  

��"�� "2��/*/!+ (*2�/ -� -8�</ .  �3�(*/!. �)!20��+ 12! ,��20, � "�*3*2/05 (*��/!-( 

. �*/!+ (*2�/ -� -8�</0� "(*"*5 903! ��3;)*/0 4 �0<*���-�//0* �*��7!! (3.21 – 3.24) 

83+  �!"�/!+ !/.!9!��;6*.  1,,*�2� 8 9���! ��. ��:* ��! ��")*2�� " 

!"� 34- ��/!*( "�*3*2/ .  (*��/!-(� 8 9���� �� -�(*/+3�"4 8 9��� 5 �	2 " 2 5 :* 

/�)�34/ 5 � /7*/2��7!*5. �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ "� � "2! 

��"�� "2��/*/!+ �3�(*/ "(*"*5 CH4/O2/N2 " 8 9��� 5 PO2, �� �*8*// .  " 

!"� 34- ��/!*( "�*3*2/ .  (*��/!-(� !/.!9!� ��/!+ ��, ��!�*8*/0 /� �!"�/�* 122. 

��� �!8/  !- 12 .  �!"�/��, ��*83 :*//05 "�*3*2/05 (*��/!-( �8 �3*2� �!2*34/  

 �!"0��*2 1�"�*�!(*/2�34/0* 8�//0* �  �3!+/!; 8 9���! �� � (*2�/ -� -8�</0* 

"(*"! /� "� � "24 !� . �*/!+. ��:* !- "���/*/!+ ��!�*8*//0� /� �!"�/�* 122 

�*-�342�2 � ( :/  �!8*24, )2  ��-��9 2�//05 "�*3*2/05 (*��/!-( ��*8"��-0��*2 

/*"� 34�  9 3** �0" �!* �*3!)!/0 "� � "2! ��"�� "2��/*/!+ �3�(*/ " 8 9��� 5 �� �  

"���/*/!; " ��")*2�(! /�  "/ �* � 3/ .  8*2�34/ .  (*��/!-(� [84]. $�(*2/ *  

0

10

20

30

40

0,6 0,8 1 1,2 1,4 1,6

�
�
�
�
�
�
�
�

 	
�


�
�
�
и

, 
�
�

/�

 

           � 1,,!7!*/2 !-902�� 2 �3!�� 

�!"�/ � 122. �� � "24 ��"�� "2��/*/!+ �3�(*/! 

CH4/O2/N2 " 8 9��� 5 , ", �" 8*�:�6*.  

� (� /*/2� � -��!"!( "2!  2 � 1,,!7!*/2� 

!-902�� . �;)*. , P = 1 �2(, T0=308 �. ���:�! -  

1�"�*�!(*/2 " 8 9��� 5 0.06%  9. TM� [295], 

��/�2!�/�+ 3!/!+ - ��")*2 " � ( 64; � 3/ .  

(*��/!-(� [84] " 8 9��� 5 0.06%  9. ��; 

"�3 </�+ 3!/!+ - ��")*2 " � ( 64; "�*3*2/ .  

(*��/!-(� " 8 9��� 5 0.06%  9. PO2. 
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��"� :8*/!* �*-�342�2 �  ��")*2 � �  "�*3*2/ (� ! � 3/ (� (*��/!-(� /�93;8�*2"+ � 

�3�(*/�� 9*8/0� "(*"*5 CH4/O2/N2  " φ=0.7, �*3!)!/� � 2 � .  " "2��3+*2  � 3  24%, � � 

 93�"2! "2*�! (*2�!)*"�!� ! 9 .�20� �3�(*/ 12� ��-/!7� -/�)!2*34/  (*/4<*. ��:* 

( :/  �!8*24 !- �!"�/�� 122, )2  ��! φ=1-1.3 �*-�342�20 ��")*2 � " � ( 64; "�*3*2/ .  

(*��/!-(� 3�)<*  �!"0��;2 �*-�342�20 1�"�*�!(*/2 � [295], )*( ��")*20 " � ( 64; 

8*2�34/ .  (*��/!-(�. � 7*3 ( ( :/  � /"2�2!� ��24, )2  ��-��9 2�//05 "�*3*2/05 

(*��/!-( " �8 �3*2� �!2*34/ 5 2 )/ "24;  �!"0��*2 "� � "24 ��"�� "2��/*/!+ �3�(*/ 

"(*"*5 CH4/O2/N2 " 8 9��� 5 �� � 8!���- /* φ=0.7 – 1.4 ! � 12 (� ( :*2 9024 

!"� 34- ��/ 83+  )!"3*// .  ( 8*3!� ��/!+ �� 7*""� 2�<*/!+ � :�� � " !"� 34- ��/!*( 

�3�(*.�"!2*3*5 /�  "/ �* �	�.  

 

 

 

3.4.3. ��*3*2/05 (*��/!-( !/.!9!� ��/!+ ! .�<*/!+  �3�(*/ � 8 � 8� ! (*2�/� 8 9����(! �� 

 

 

 

 �3+ ��-��9 2�! "�*3*2/ .  (*��/!-(� !/.!9!� ��/!+ �3�(*/ 8 9����(! �	� � 

��)*"2�* !"� 8/ .  903 �-+2 (*��/!-( [84, 89], ��3;)�;6!5 (��"!(�34/ * � 3!)*"2�  

13*(*/2��/0� �*��7!5 " �)�"2!*( , ", �" 8*�:�6!� " *8!/*/!5 (���). % (!(  �*��7!5 

��� 12 2 (*��/!-( ��3;)�*2 � "*9+ � 8(*��/!-(0 . �*/!+ � 8 � 8�, (*2�/� ! �� ��/�. � 

7*3 ( (*��/!-( ��3;)�*2 !- 682 �*��7!5  83+ 121 " *8!/*/!5, !- /!� 44 " 8*�:�2 �2 (0 

, ", ��. 

 	96�+ "�*(� �*��7!! ��� [84] " 8*�:�3� � 8(*��/!-(0 83+  ��*���6*/!+ 

2�!(*2!3, ",�2� (��) ! 8!(*2!3(*2!3, ", /�2� (213 �*��7!5). % "� 34��  96** 

� 3!)*"2�  �*��7!5 � (*��/!-(* 8 � 34/  9 34< *, �3!+/!* 9 34<!/"2�� !- /!� /� 

"� � "24, "2���2��� ! 8��.!* �����2*�!"2!�! �3�(*/! !-�)*/  /*8 "2�2 )/ . � �*���; 

 )*�*84 �*)4 !8*2   �*��7!+� " �)�"2!*( P2O3, P2O4, P2O5 ! , ", � �.�/!)*"�!� 

!/2*�(*8!�2 �. �� (* 2 . , !"� 8/05 (*��/!-( " 8*�:!2 /*� 2 �0* !8*/2!)/0* �*��7!! " 

��-/0(! � /"2�/2�(! "� � "2!. ��:/   2(*2!24, )2  ��2 �0 [89] " "�*8 2 )!3! "� * 

�/!(�/!* /� �3�)<*/!! �!/*2!)*"�!� ����(*2� � �*��7!5 2�� /�-0��*(0� (�30� ���, 2  

*"24  �"!8 � , ", �� !  �"!�!"3 2 "  8/!( �2 ( ( , ", �� � !� ( 3*��3��. =2  "�+-�/  " 

2*(, )2  �  "/ �/ ( 12! �*��7!!  2�*2"2�*//0 -� .!9*34 / "!2*3*5 7*�*5 � �3�(*/!. �- 

"��-�// .  "3*8�*2, )2  !"� 8/05 (*��/!-( !(**2 8 � 34/  �0" �!5 � 2*/7!�3 83+ 

�*8�7!� ��/!+. 

 %*�*8 �� �*8*/!*( " ���6*/!+ (*��/!-(� !/.!9!� ��/!+ �3�(*/! [84] "3*8�*2 

�08*3!24 � /*(  "/ �/0* �*��7!!, !(*;6!* "!34/ * �3!+/!* /� "� � "24 ��"�� "2��/*/!+ 
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�3�(*/ � 8 � 8� ! (*2�/�. ��:* ��*8"2��3+*2"+ ��-�(/0( " ���/!24  "/ �/0* ��2! 

��*���6*/!+ �� � � /*)/0* , ", �" 8*�:�6!* " *8!/*/!+ (���).  

 %�2! ��*���6*/!+ �3;)*�0� ���, ��3;)�+ ��, 903! ��"")!2�/0 � �3�(*/! 

H2/O2/N2/�� (400 ppm) ! CH4/� -8��/�� (600 ppm) ��-3!)/0� " "2�� � 83+ " "2��3*/!+ 

"�*3*2/ .  (*��/!-(�.  

 �� �!"�/�* 123 � ��-�/� "�*(� ��2*5 ��*���6*/!+ �3;)*�0� � (� /*/2 � � 

�3�(*/�� H2/O2/N2/�� (400 ppm) (φ=1.6, D=0.09) ! CH4/� -8��/�� (600 ppm) (>=1.0, 

D=0.209). (D=[O2]/([O2]+[N2]), .8* [N2] ! [O2]  - � /7*/2��7!+ �- 2� ! �!"3 � 8� � !"� 8/ 5 

 

�!"�/ � 123. ��*(� ��2*5 ��*���6*/!+ �� !  "/ �/0� 

, ", �" 8*�:�6!� " *8!/*/!5 � �3�(*/��; 8 3+ (�"" �0� � 2 � � (� %) 

��!�*8*/� 83+  �3�(*/! H2/O2/N2/TM�(400 ppm) φ=1.6, D=0.09 (:!�/05 

<�!,2) ! 83+ �3�(*/!  CH4/� -8��/TM� (600 ppm) φ=1.0 ( 90)/05 <�!,2). 
� *8!/*/!+ � ��+( �. 34/0� ��(��� ��3;)*/0 � "�*3*2/05 (*��/!-(. 
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. �;)*5 "(*"!). 	2/ "!2*34/�+ "� � "24 ��"� 8 ��/!+ �*6*"2� �0��:�*2"+ ���  2/ <*/!* 

"� � "2! �*��7!! � 8�// 5 "2�8!! � "�((* "� � "2*5 ��"� 8 ��/!+ 8�// .  " *8!/*/!+  �  

�"*� *.  �*��7!+�. ��-/!7� � -/�)*/!+� !/2*.��34/0� "� � "2*5 ��"� 8 ��/!+ ��� � 12!� 

8��� �3�(*/�� "�+-�/� /* 2 34�  " ��-/!7*5 � " "2��* !"� 8/0� "(*"*5 (�2 ! ��4), /  ! " 

��-3!)!*( 2*(�*��2�� �  "/ �/ 5 - /* �*��7!! � 12!� �3�(*/��. ���"!(�(0 "� � "2! 

�*��7!! � (*2�/ � ( �3�(*/! /�� 8+2"+ � 8!���- /* 2*(�*��2�� 1400-1500 �, � 2  ��*(+ 

��� � ��-9��3*//0� �3�(*/�� � 8 � 8� 12� 2*(�*��2��� /*"� 34�  /!:* (1200-1250 �). 

�/�3!- ��2*5 �*��7!! � -� 3!3! !8*/2!,!7!� ��24 �3;)*�0* ��� ! � "2� !24 "�*3*2/05 

(*��/!-(. �� �!"�/�* 123 ��+( �. 34/!��(! �08*3*/0 " *8!/*/!+, ��3;)*//0* � 

��-��9 2�//05 "�*3*2/05 (*��/!-(.  

 ��/** � ��9 2* �09!7� 5 ! " ��2. [282] 903! !8*/2!,!7!� ��/0 � "*(4 ��:/*5<!� 

�*��7!5,  2�*2"2�*//0� -� !/.!9!� ��/!* �.3*� 8 � 8/0� �3�(*/ 8 9����(! �	�. %�! 

!-�)*/!!  " 9*// "2*5 !/.!9!� ��/!+ �3�(*/ �2/	2/N2  8 9����(! �� ��! �2( ",*�/ ( 

8��3*/!! [285, 291] " !"� 34- ��/!*( �/�3!-� )��"2�!2*34/ "2! 903!  ��*8*3*/0 8*"+24 

�*��7!5 " �)�"2!*( ���, !(*;6!* /�!9 34<** �3!+/!* /� "� � "24 ��"�� "2��/*/!+ 

�3�(*/!. �3;)*�0* �*��7!! 83+ �3�(*/ � 8 � 8� ! �.3*� 8 � 8 � ��!�*8*/0 � �93!7* 25.  

 �� �!"�/�* 124 � ��-�/0 ��"")!2�//0*  � 1,,!7!*/20 )��"2�!2*34/ "2! "� � "2! 

�3�(*/! H2/O2/N2/�� ! CH4/� -8��/�� � � /"2�/2�( "� � "2! �*��7!5, !.��;6!� 

�3;)*��; � 34 � !/.!9!� ��/!! �3�(*/!. 

 ��� ( :/  �!8*24, ��!�*8*//0* /� �!"�/�* 124 �*��7!! �/�3 .!)/0 ��!�*8*//0( � 

�93!7* 25. 	" 9*// "24; !/.!9!� ��/!+ �3�(*/ � 8 � 8 -� -8�</0� "(*"*5 8 9��� 5 �� 

��! �2( ",*�/ ( 8��3*/!! +�3+*2"+ �)�"2!* "�( .  �� ! /*� 2 �0� , ", � �.�/!)*"�!� 

" *8!/*/!5 � 7!�3�� �*��7!5 �*� (9!/�7!! 3*.�!� ��8!��3 �. �*20�* �*��7!! " �)�"2!*( 

3*.�!� ��� 2��:* 8�;2 ��3�8 � .!9*34 ��2!�/0� ��8!��3 � � �3�(*/!, /  12! �*��7!! !.��;2 

(*/** ��:/�; � 34 �  "���/*/!; " 2*(!, � 2 �0* "�+-�/0 " �	�,  " 9*//  � (*/** 

��-9��3*//0� �3�(*/!. � �3�(*/! �.3*� 8 � 8 � �*��7!! !"� 8/0� �	� /* �/ "+2 -�(*2/ .  

��3�8� � !/.!9!� ��/!*, *"3!  /! /* 3!(!2!��;2  9��- ��/!* 3*.�!� ���. 
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������ ���� ���������������� 

�!"�/ � 124. � 1,,!7!*/20 

)��"2�!2*34/ "2! �  "� � "2! 

��"�� "2��/*/!+ �3�(*/! H2/O2/N2/TM� (400 

ppm) (φ=1.6, D=0.09, 0.077) ! �3�(*/! 

CH4/� -8��/TM� (600 ppm) φ=1.0 � 

� /"2�/2�( "� � "2! �*��7!5 (*��/!-(� 

!/.!9!� ��/!+ [84] " �)�"2!*( 

, ", �" 8*�:�6!� " *8!/*/!5. 
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 �!"�/ � 123 � ��-0��*2, )2  �� ��"� 8�*2"+ .3��/0(  9��- ( � �*��7!+� 

��+H=PO(OCH3)2(OCH2)+H2, ��+O=PO(OCH3)2(OCH2)+OH ! 

��+OH=PO(OCH3)2(OCH2)+H2O "  9��- ��/!*( ��8!��3� PO(OCH3)2(OCH2). � �3�(*/! 

H2/O2/N2/�� � )2! 99% PO(OCH3)2(OCH2) ��*���6�*2"+  9��2/  � ��,  9*"�*)!��+ 2*( 

"�(0( 7!�3 !/.!9!� ��/!+ � ��-9��3*//0� � 8 � 8/0� �3�(*/��. �*��7!! 

��+H=PO(OCH3)2(OCH2)+H2 ! PO(OCH3)2(OCH2)+H=�� !(*;2 /�!9 34<!5 � 1,,!7!*/2 

)��"2�!2*34/ "2! � � 8 � 8/ -� -8�</ ( �3�(*/! (�!"�/�* 124). ���-�//0* �0<* �*��7!! 

��*8"2��3+;2 7!�3 ��2�3!2!)*"� 5 �*� (9!/�7!! �2 ( � H "  9��- ��/!*( H2. %  12 5 

��!)!/*  8�//0* �*��7!!  9?+"/+;2 ��*3!)*/!* 1,,*�2!�/ "2! !/.!9!� ��/!+ 8 9����(! 

�� ��! ��*3!)*/!! � 1,,!7!*/2� !-902�� 2 �3!�� � � 8 � 8/0� �3�(*/�� ��! 8��3*/!! 

�=1 �2(.  

 ��"� 8 ��/!*  PO(OCH3)2(OCH2) �� !"� 8!2 .3��/0(  9��- ( )*�*- *.  2*�(!)*"��; 

8*"2���7!; "  9��- ��/!*( PO(OCH3)2 ! , �(�348*.!8� CH2O.  	"/ �/0( ��2*( ��*���6*/!+ 

�� +�3+*2"+ �*��7!5 ��→PO(OCH3)2(OCH2) → PO(OCH3)2. %�!/!(�+ �  �/!(�/!* 

�0" ��; )��"2�!2*34/ "24 "� � "2! �3�(*/! � 8 � 8� � 12!( �*��7!+(, (0 ��3;)!3! !� � 

"�*3*2/05 (*��/!-( (�*��7!! 1-3, �93!7� 26). �� �!"�/�* 123 2��:* ��*8"2��3*/0 

" *8!/*/!+ PO(H)(OCH3)2 ! PO(OH)(OCH3)2, "�+-�//0* " ��*���6*/!*( PO(OCH3)2 ! ��. 

�� � "24 �3�(*/! � 8 � 8� 8 � 34/  )��"2�!2*34/� � �*��7!! 

��+OH=PO(OH)(OCH3)2+CH3O (�!"�/ � 124). 

 � .3�"/  �!"�/�� 123 (*/** 1% PO(OCH3)2 ! �� ��"� 8�;2"+ � "�*8"2� ( 12 5 

�*��7!!. % 12 (� 12� �*��7!5  /* 903� ��3;)*/� � "�*3*2/05 (*��/!-(. � �3�(*/! 

H2/O2/N2/�� (400 ppm) "  > = 1.6, D = 0.09, 40% PO(OCH3)2  ��"� 8�*2"+ � �*��7!! " H " 

 9��- ��/!*( PO(H)(OCH3)2. 	� 3  50% PO(H)(OCH3)2 ��* 9��-�*2"+  9��2/  � PO(OCH3)2 � 

�*��7!+� PO(H)(OCH3)2+H=PO(OCH3)2+H2, PO(H)(OCH3)2+OH=PO(OCH3)2+H2O, 

PO(H)(OCH3)2+O=PO(OCH3)2+OH. � (*2�/ -� -8�</0� �3�(*/�� 12! ��2! /*"�6*"2�*//0 ! 

� 12 (� /*2 /* 9� 8!( "2! ��3;)�24 !� � "�*3*2/05 (*��/!-( ��*���6*/!+ ��. 

 ��*(� ��*���6*/!+ �� /� �!"�/�* 123 8�*2  9?+"/*/!* 2 .  ,��2�, )2  

��2�3!2!)*"�!5 7!�3 PO(OCH3)3KPO(OCH3)2(OCH2) !.��*2 /*-/�)!2*34/�; � 34 � �3�(*/! 

(*2�//� -8���. �  8/ 5 "2 � /0, � (*2�/ � ( �3�(*/! � 2 � ��*���6*/!+ �*6*"2� �  �*��7!! 

PO(OCH3)2(OCH2)+HKPO(OCH3)3 -�(*2/  /!:*, )*( � � 8 � 8/ ( �3�(*/! (35% �(*"2  

98,6%). � 8��. 5 "2 � /0, � 2 � ��*���6*/!+ PO(OCH3)2(OCH2) "  9��- ��/!* PO(OCH3)2 

" "2��3+*2 65% � (*2�/ � ( �3�(*/! ! 2 34�  1.4% � � 8 � 8/ ( �3�(*/! (2.*.  23!)!* � )2! 

� 50 ��-). ��!(  9��- (, "�6*"2�*//  9 3** �0" ��+ "� � "24 ��*���6*/!+ PO(OCH3)2(OCH2) 

(�*��7!+ 3, �93!7� 26) ! 9 3** /!-��+ "� � "24 �*��7!! 2 (�93!7� 26) � (*2�/ � ( �3�(*/!  
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8*( /"2�!��*2 /!-��; 1,,*�2!�/ "24 �*��7!! �*� (9!/�7!! �2 ( � � 8 � 8� � 7*� )�* 

PO(OCH3)3KPO(OCH3)2(OCH2). 	"/ �/ 5 ��24 ��*���6*/!5 , ", �" 8*�:�6!� 

" *8!/*/!5 ��*8"2��3+*2 " 9 5 � "3*8 ��2*34/ "24 " �)�"2!*( "3*8�;6!� "2�8!5: 

PO(OCH3)2KCH3OPO2KCH2OPO2KPO2, � 2 �0* �*�3!-�;2"+ � "�*3*2/ ( (*��/!-(*. 

��34/*5<** ��*���6*/!* , ", � �.�/!)*"�!� �� (*:�2 )/0� " *8!/*/!5 � PO2 

 �!"0��*2"+ 4  "/ �/0(!  �*��7!+(! (�*��7!! 4-7, �93!7� 26). �09 � 8�//0� �*��7!5 
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�� � 8!3"+ /�  "/ �* ��")*2 � � 2 � � ��*���6*/!+ , ", �" 8*�:�6!� �*6*"2� (�!"�/ � 

123) ! ��2*( ��")*2� � 3/ 5 "� � "2! �*��7!5 , ", �" 8*�:�6!� �*6*"2� �  �"*5 - /* 

. �*/!+. � !"� 8/ ( (*��/!-(* �*��7!! 1-7 ")!2�3!"4 /* 9��2!(0(!, /  ��")*2 "� � "2*5 

��+(0� !  9��2/0� �*��7!5 (" !"� 34- ��/!*( �� .��((0 Mechmod [275]) � ��-�3, )2  

 9��2/0(! �*��7!+(! "3*8�*2 ��*/*9�*)4. 

� "�*3*2/05 (*��/!-( 903! ��3;)*/0 10 �*��7!5 " �)�"2!*( , ", �" 8*�:�6!� �*6*"2�. 

��� � ��-�3! �*-�342�20 �� �*8*//0� ��")*2 �, �*��7!! 8, 9, 12, 15 ! 20 ( :/  

��""(�2�!��24 ��� /* 9��2!(0* �*��7!!, /  83+  "2�34/0� "3*8�*2 ��""( 2�*24 ��� 

��+(0*, 2�� !  9��2/0* �*��7!!. �3+ 12!� "2�8!5 � /"2�/20 "� � "2!  9��2/0� �*��7!5 

��"")!20��3!"4 " !"� 34- ��/!*( �� .��((/ .   9*"�*)*/!+ Mechmod [275]. %�+(0* ! 

 9��2/0* �*��7!! ��!�*8*/0 � �93!7* 26 ���  28*34/0* ����/*/!+ �*��7!!:  10 ! 11, 13 ! 

14, 16 ! 17, 18 ! 19 ! 21 ! 22. �*� 2 �0* �*��7!! ��*8"2��3*/0 ��� /* 9��2!(0*, � "� 34�� 

83+ /!�  "� � "24  9��2/0� �*��7!5 /� /*"� 34�  � �+8� � (*/4<*, )*( � ��+(0� � - /* 

. �*/!+.  

 � (*��/!-(* [84] �*��7!! HOPO + OH = PO2 + H2O ! PO2 + H + M = HOPO + M !(*;2 

� /"2�/20 "� � "2! " 8� 5/0( /�9 � ( �!/*2!)*"�!� ����(*2� �. � /"2�/20 "� � "2! �*�� 5 

�*��7!! !(*;2 ��-/0* ��*81�"� /*/7!�34/0* ,��2 �0 ! 2*(�*��2��/0* -��!"!( "2!. �3+ 

�*��7!! HOPO + OH = PO2 + H2O � /"2�/20 "� � "2! 903! ��"")!2�/0 � <!� � ( 

2*(�*��2��/ ( 8!���- /* (300-1500 K), ! 903  �"2�/ �3*/ , )2  12! 8�* � /"2�/20 "� � "2! 

( .�2 9024 -�(*/*/0 /�  8/�, �0��:*//�; ��� 1.2*10
6
T

2
exp(1500/RT). �� (* 2 . , �/�3!- 

� ��-�3, )2  ��*81�"� /*/7!�34/05 � 1,,!7!*/2 83+ � /"2�/20 "� � "2! 12 5 �*��7!! 

8 3:*/ 9024 ��*3!)*/ " 1.2*10
6 8  1.8*10

6
.  

 �3+ �*��7!! PO2 + H + M = HOPO + M  9* � /"2�/20 "� � "2! !(*;2  8!/�� �0* 

2*(�*��2��/0* -��!"!( "2! ! 1/*�.!! ��2!��7!!. � /"2�/2� "� � "2!  96*5 �*��7!! 9�8*2 

 ��*8*3+24"+ "�(( 5 ��*81�"� /*/7!�34/0� ,��2 � �, � � "�*3*2/ ( (*��/!-(*  /� 

��*8"2��3*/�  ��� 5.36*10
24

 *T
-2

exp(-645/RT). 

 

 

 

3.4.4. %� �*��� "�*3*2/ .   (*��/!-(� 

 

 

 

 %� �*��� ��-��9 2�// .  "�*3*2/ .  (*��/!-(� �� � 8!3�"4 ��2*( "���/*/!+ 

!-(*�*// 5 ! ��"")!2�// 5 "� � "2! ��"�� "2��/*/!+ �3�(*/ "(*"*5 H2/O2/N2, CH4/� -8�� ! 

"!/2*--.�-/� -8�� " 8 9��� 5 ��. � 8*3!� ��/!* �3�(*/! 903  �0� 3/*/  " 

!"� 34- ��/!*( !"� 8/ .  (*��/!-(� [84] ! "�*3*2/ .   (�93!7� 26). �*��/!-( [84], -� 
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!"�3;)*/!*( �*��7!5, "�+-�//0� " , ", � (, " 8*�:!2 � 8(*��/!-( 83+  �!"3*/!+ �� ��/�, 

(*2�/� ! � 8 � 8�. �3+ ( 8*3!� ��/!+ �3�(*/! " � ( 64; "�*3*2/ .  (*��/!-(�  / 903 

8 � 3/*/ � 8(*��/!-( ( 83+  �!"3*/!+ 2 �3!�� !- [84].  

 �� �!"�/�* 125 � ��-�/� -��!"!( "24 "� � "2! �3�(*/! H2/O2/N2  " 8 9��� 5  400 

ppm ��  2 � 1,,!7!*/2� !-902�� 2 �3!�� � . �;)*5 "(*"! ��! 8��3*/!! 1 9�� ��! T0 = 

308 K. =,,*�2!�/ "24 !/.!9!� ��/!+ 8 9���! �� � �3�(*/! H2/� -8�� "3!<� ( /!-��+; 

� 12 (� 83+ �� �*��! (*��/!-(� 903! �09��/0 �3�(*/� " � 1,,!7!*/2 ( ��-9��3*/!+ D = 

0.1, 0.09 ! 0.077. �09 � ��-9��3*// .  �3�(*/! "�+-�/ " 1�"�*�!(*/2�34/0(! �"�*�2�(! ! 

9 3** �0" � 5 1,,*�2!�/ "24; !/.!9!� ��/!+ 9 3** ��-9��3*//0� �3�(*/ [285]. � 12 ( 

"3�)�* 9 3** �0" ��+ )��"2�!2*34/ "24 "� � "2! �3�(*/! � � /7*/2��7!! 8 9�� � � -� 3+*2 

8 "2!)4 /�!3�)<*.  �2 )/*/!+ (*��/!-(�. 	9� !"� 34- ��//0� (*��/!-(�  9*"�*)!��;2 

� � <** " .3�"!* " 1�"�*�!(*/2�34/0(! 8�//0(! [285] 83+ �3�(*/! " D = 0.1 ! 0.09. 

 

 

������ ���� ���!��� ������� 

�!"�/ � 125. $��!"!( "24 "� � "2! ��"�� "2��/*/!+ 

�3�(*/ "(*"*5 H2/O2/N2/TM� (400 ppm, T0=308 K, 1 �2()  

83+ "(*"*5 " ��-3!)/ 5 "2*�*/4; ��-9��3*/!+ (D)   2 
� 1,,!7!*/2� !-902�� 2 �3!�� (φ); "!(� 30 - 1�"�*�!(*/2, 

��/�2!�/�+ 3!/!+ – )!"3*//05 ��")*2 �  (*��/!-(� [84], 

"�3 </�+ 3!/!+ – ( 8*3!� ��/!* " !"� 34- ��/!*( 

"�*3*2/ .  (*��/!-(�. 
 

 �� � "24 /�!9 3** ��-9��3*// .  �3�(*/! (D = 0.077) �� ./ -!��*2"+ !"� 34- ��//0(! 

(*��/!-(�(! (*/** 2 )/  (��"� :8*/!* 8  35%). =2  ( :*2 9024  9?+"/*/  /!-� 5 "� � "24; 

�3�(*/! (10 "(/" ! (*/**) ! /!-� 5  2 )/ "24; !-(*�*/!5. �*� 2 �0* ��-/ .3�"!+ (*:8� 

�*-�342�2�(! ( 8*3!� ��/!+ /�93;8�;2"+ 83+ 9 .�20� �3�(*/ " D=0.1 ! 0.09. �� �!"�/�* 126 

� ��-�/� -��!"!( "24 "� � "24  ��"�� "2��/*/!+  �3�(*/! CH4/� -8�� " 8 9��� 5 600 ppm 
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��  2 � 1,,!7!*/2� !-902�� 2 �3!�� � . �;)*5 "(*"! ��! 1 �2( ! 0= 308 K. 	9� (*��/!-(� 

��*8"��-0��;2 93!-�!* -/�)*/!+ "� � "2! ��"�� "2��/*/!+ �3�(*/!, � 2 �0*  23!)�;2"+ 

2 34�  �  93�"2! 9 .�20� "(*"*5. =�"�*�!(*/2�34/  !-(*�*//0* "� � "2! ��"�� "2��/*/!+ 

�3�(*/ CH4/� -8��/�� [293] � � <   �!"0��;2"+  9 !(! (*��/!-(�(! (��"� :8*/!* /* 

��*�0<�*2 15%). ��!(  9��- (, "�*3*2/05 (*��/!-( " �8 �3*2� �!2*34/ 5 2 )/ "24; 

 �!"0��*2 !-(*�*//0* "� � "2! ��"�� "2��/*/!+ �3�(*/ � 8 � 8� ! (*2�/� " 8 9��� 5 �� 

��! �2( ",*�/ ( 8��3*/!!. %� ./ -!� ��/!* �!(!)*"� 5 "2���2��0 �3�(*/,  " 9*//  

�� ,!3*5 � /7*/2��7!5 3�9!34/0� " *8!/*/!5, +�3+*2"+ 8 "2�2 )/  "2� . 5 �� �*�� 5 83+ 

(*��/!-(� �*��7!!. 

 ��-��9 2�//05 "�*3*2/05 (*��/!-( 2��:* 903 �� �*�*/ ��2*( )!"3*// .  ��")*2� 

"� � "2! ��"�� "2��/*/!+ �3�(*/! 83+ "(*"*5 "!/2*--.�-/� -8��. ��/** [294] 903� !-(*�*/� 

"� � "24  �3�(*/! 83+ "(*"! CO + H2 (95:5) " � -8�� ( ! 8 9��� 5 300 ppm TMP. �� �!"�/�* 

127 � ��-�/� !-(*�*//�+ ! ��"")!2�//�+ "� � "24 ��"�� "2��/*/!+ �3�(*/ "(*"*5 "!/2*--

.�-/� -8�� " 8 9��� 5  300 ppm ��  2 � 1,,!7!*/2� !-902�� . �;)*.  ��! 1 �2(. ����/*/!* 

1�"�*�!(*/2�34/0� �*-�342�2 � ! ��")*2 � " !"� 34- ��/!*( "�*3*2/ .  ! 8*2�34/ .  [84] 

(*��/!-( � 8*( /"2�!��*2 � � <** " .3�"!* �"*� 8�//0�. � 8*3!� ��/!* -��0<�*2 "� � "24 

��"�� "2��/*/!+ �3�(*/! 2 34�  83+  9*8/0� (φ = 0.7) . �;)!� "(*"*5 /� 20% (� 3/05 

(*��/!-(, [84]) ! 25% ("�*3*2/05 (*��/!-().  

 
        ������ ���� ���!��� ������� 

�!"�/ � 126. $��!"!( "24 "� � "2! ��"�� "2��/*/!+ 

�3�(*/! CH4/� -8��/TM� (600 ppm, T0=308 K, 1 �2()  2 
� 1,,!7!*/2� !-902�� 2 �3!�� (φ); "!(� 30 - 1�"�*�!(*/2, 

��/�2!�/�+ 3!/!+ – ( 8*3!� ��/!* " � ( 64; 8*2�34/ .  

(*��/!-(� [84], "�3 </�+ 3!/!+ - ( 8*3!� ��/!* " � ( 64; 

"�*3*2/ .  (*��/!-(�. 
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        ������ ���� ���!��� ������� 

�!"�/ � 127. $��!"!( "24 "� � "2! ��"�� "2��/*/!+ 

�3�(*/! "!/.�- (CO:H2=95:5)/� -8��+ 300 ppm TM� (T0=308 

K, 1 �2()  2 � 1,,!7!*/2� !-902�� 2 �3!�� (φ); "!(� 30 - 

1�"�*�!(*/2, ��/�2!�/�+ 3!/!+ – ( 8*3!� ��/!* " � ( 64; 

8*2�34/ .  (*��/!-(� [84], "�3 </�+ 3!/!+ - ( 8*3!� ��/!* 
" � ( 64; "�*3*2/ .  (*��/!-(�. 

 

 �� �!"�/�* 128 � ��-�/0 �� "2��/"2�*//0* !-(*/*/!+ � /7*/2��7!! � ! 	�-��8!��3 � 

� �3�(*/! H2/O2/N2  " φ = 1.6, D = 0.09 " 8 9��� 5 400 ppm �� ��! 1 �2(.  � /7*/2��7!! 

" *8!/*/!5 !-(*�+3!"4 (*2 8 ( ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! � �3�(*/��, 

 
 

'!���� ��� ����
$������ 	�
����, �� 

�!"�/ � 128. %� ,!3! � /7*/2��7!5 H ! ��8!��3� OH � 

�8!�9�2!)*"� ( �3�(*/! H2/O2/N2/+400 ppm TM� (φ=1.6, D=0.09, 1 

�2() "2�9!3!-!� ��// ( /� �3 "� 5 . �*3�*; "!(� 30 - 

1�"�*�!(*/2, ��/�2!�/�+ 3!/!+ – ( 8*3!� ��/!* " � ( 64; 

8*2�34/ .  (*��/!-(� [84], "�3 </�+ 3!/!+ - ( 8*3!� ��/!* " 

� ( 64; "�*3*2/ .  (*��/!-(�. 
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"2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* [285]. %� ,!3! � /7*/2��7!5 903! ��"")!2�/0 " 

!"� 34- ��/!*( (/ . "2�8!5/ .  [84] ! "�*3*2/ .  (*��/!-( �. ��"")!2�//0* �� ,!3! 

� /7*/2��7!!  �*6*"2� " !"� 34- ��/!*(  9 !� (*��/!-( � /�� 8+2"+ � �8 �3*2� �!2*34/ ( 

" .3�"!!, � 2+ /*(/ .  "8�!/�20  2/ "!2*34/  8��. 8��.�. �-(*�*//05 �� ,!34 � /7*/2��7!! 

	� � � <   �!"0��*2"+  9 !(! (*��/!-(�(!. �2  ��"�*2"+ �� ,!3*5 � /7*/2��7!! �2 ( � H, 

2  � 1�"�*�!(*/2* *.  (��"!(�( -�(*2/  �0<*, )*( ��*8"��-�/  ��! ( 8*3!� ��/!!. �  

� "� 34��  <!9�� ��! !-(*�*/!! ��2!�/0� ��8!��3 � " "2��3+*2  � 3  50%, 12  " .3�"!* 

( :/  ")!2�24 �8 �3*2� �!2*34/0(.  

 �� �!"�/�* 129 � ��-�/0 �� ,!3! � /7*/2��7!! � /*)/0� �� 8��2 � ". ��/!+ �� -  

PO ! HOPO � �3�(*/! H2/O2/N2 " 8 9��� 5 400 ppm ��   φ = 1.6, D = 0.09 ��! 1 �2(. 

�*-�342�20 1�"�*�!(*/2� [285] ! ( 8*3!� ��/!+ /�� 8+2"+ � !8*�34/ ( " .3�"!! " �)*2 ( 

 )*/4 /!-� 5 � /7*/2��7!! 12!� ���.   

 �� �!"�/��� 130 ! 131 � ��-�/0 !-(*�*//0* [293] ! ��"")!2�//0* �� ,!3! (" 

!"� 34- ��/!*( (/ . "2�8!5/ .  [84] ! "�*3*2/ .  (*��/!-( �) � /7*/2��7!5 H ! OH � 

9*8/ ((φ= 0.8) ! 9 .�2 ( (φ=1.2) �3�(*/�� CH4/O2/Ar " 8 9��� 5 2200 ppm ��, 

"2�9!3!-!� ��//0� /� �3 "� 5 . �*3�* ��! 1 �2(. 	9� (*��/!-(� �3 �  ��*8"��-0��;2 

1�"�*�!(*/2�34/0* 8�//0* ��� � 9*8/ (, 2�� ! � 9 .�2 ( �3�(*/��.  

 �2 90 �0+"/!24, ��� !-(*/+*2"+ �*-�342�20 ��")*2 � "2���2��0 �3�(*/ " 8 9��� 5 

�� ��! !-(*/*/!! � 8(*��/!-(� . �*/!+ 2 �3!��, /� �!"�/��� 130 ! 131 2��:* 

  

'!���� ��� ����
$������ 	�
����, �� 

�!"�/ � 129. %� ,!3! � /7*/2��7!5 � /*)/0� �� 8��2 � ��*���6*/!+ 

TM� - PO ! HOPO � �8!�9�2!)*"� ( �3�(*/! H2/O2/N2/TM� (400 ppm, 

φ=1.6, D=0.09, 1 �2() "2�9!3!-!� ��// ( /� �3 "� 5 . �*3�*; "!(� 30 - 

1�"�*�!(*/2, ��/�2!�/�+ 3!/!+ – ( 8*3!� ��/!* " � ( 64; 8*2�34/ .  

(*��/!-(� [84], "�3 </�+ 3!/!+ - ( 8*3!� ��/!* " � ( 64; "�*3*2/ .  

(*��/!-(�.  
 

#
�
�
�
�
�
�
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�
�
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��*8 "2��3*/0 �� ,!3! � /7*/2��7!! H ! OH, ��"")!2�//0* " !"� 34- ��/!*( GRI Mech 3.0 

[228] � ��)*"2�* � 8(*��/!-(� . �*/!+ (*2�/�. � 9*8/ ( �3�(*/! �"* � (9!/�7!! (*��/!-( � 

�8 �3*2� �!2*34/  ��*8"��-0��;2 (��"!(�34/�; � /7*/2��7!; �2 (� H. 

 �2  ��"�*2"+ ��8!��3� 	�, 2  *.  �� ,!34 � /7*/2��7!! -��0<�*2"+ �"*(! 

(*��/!-(�(!, ! 3!<4 (*��/!-( GRI Mech 3.0 8�*2 3�)<** " .3�"!* (��� 83+ (/ . "2�8!5/ . , 

2�� ! 83+ "�*3*2/ .  (*��/!-( �) " 1�"�*�!(*/2�34/0(! �*-�342�2�(!. � 9 .�2 ( �3�(*/! 

(�!"�/ � 131) �"* (*��/!-(0 � ��-0��;2 /*  )*/4 � � <** " .3�"!* " 1�"�*�!(*/2�34/0(! 

  
 

    '!���� ��� ����
$������ 	�
����, �� 

�!"�/ � 130. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!5 H ! OH � 9*8/ ( (φ=0.8) CH4/O2/Ar �3�(*/! 

" 8 9��� 5 2200 ppm TM�, "2�9!3!-!� ��// ( /� �3 "� 5 

. �*3�*; "!(� 30 - 1�"�*�!(*/2, ��/�2!�/�+ 3!/!+ – 

( 8*3!� ��/!* �  8*2�34/ (� (*��/!-(� [84], "�3 </�+ 

3!/!+ –  ( 8*3!� ��/!* " (*��/!-( ( . �*/!+ (*2�/� [84] 

! "  "�*3*2/0( (*��/!-( ( !/.!9!� ��/!+, 2 )*)/�+ 

3!/!+  – ( 8*3!� ��/!* " !"� 34- ��/!*( (*��/!-(�  GRI 

3.0  ! (*��/!-( ( !/.!9!� ��/!+ [84], <2�!���/�2!�/�+ 

3!/!+ – ( 8*3!� ��/!* " (*��/!-( ( GRI 3.0 ! 

"�*3*2/0( (*��/!-( ( !/.!9!� ��/!+. 
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8�//0(!, 8�:* �)!20��+ -/�)!2*34/�; � .�*</ "24 !-(*�*/!+ � /7*/2��7!! H ! OH (±60%). 

�3*8�*2  2(*2!24, )2  � 9 .�2 ( �3�(*/! ��"")!2�//0*  �� ,!3! � /7*/2��7!! H ! OH, 

� 3�)*//0* " !"� 34- ��/!*( ��-/0� � 8(*��/!-( � 83+ . �*/!+ 2 �3!��, "(*6�;2"+ 

 2/ "!2*34/  8��. 8��.� ��!(*�/  /� 0.3 ((, /*"( 2�+ /� 2 , )2  � ��)*"2�* �� 8/0� 8�//0� 

!"� 34-�;2  8!/ ! 2 2 :* �� ,!34 2*(�*��2��0 ! (�"" �05 ��"� 8 . �;)*5 "(*"!. 

 

 

    '!���� ��� ����
$������ 	�
����, �� 

�!"�/ � 131. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!5 H ! OH � 9 .�2 ( (φ=1.2) CH4/O2/Ar �3�(*/! " 
8 9��� 5 2200 ppm TM�, "2�9!3!-!� ��// ( /� �3 "� 5 

. �*3�* ��! 1 �2(; "!(� 30 - 1�"�*�!(*/2 [293], ��/�2!�/�+ 

3!/!+ –  ( 8*3!� ��/!* �  � 3/ (� (*��/!-(� [84], "�3 </�+ 

3!/!+ –  ( 8*3!� ��/!* " !"� 34- ��/!*( � 8(*��/!-(� 
 �!"3*/!+ (*2�/� [84] ! "�*3*2/0( (*��/!-( ( !/.!9!� ��/!+, 

2 )*)/�+ 3!/!+ – ( 8*3!� ��/!* " (*��/!-( ( GRI 3.0  ! 

(*��/!-( ( !/.!9!� ��/!+ [84], <2�!���/�2!�/�+ 3!/!+ – 

( 8*3!� ��/!* " (*��/!-( ( GRI 3.0 ! "�*3*2/0( (*��/!-( ( 

!/.!9!� ��/!+. 
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 �� �!"�/�* 132 � ��-�/0 !-(*�*//0* [293] ! ��"")!2�//0* " !"� 34- ��/!*( 

(/ . "2�8!5/ .  [84] ! "�*3*2/ .  (*��/!-( � �� ,!3! � /7*/2��7!! ��� � 9*8/0� (φ = 0.8) 

! 9 .�20� (φ= 1.2) �3�(*/�� CH4/O2/Ar " 8 9��� 5 2200 ppm  ��, ! "2�9!3!-!� ��//0� /� 

�3 "� 5 . �*3�* ��! 8��3*/!! �=1 �2(. % 3/05 8*2�34/05 ! "�*3*2/05 (*��/!-(0 

�8 �3*2� �!2*34/   �!"0��;2 �� ,!3! � /7*/2��7!5 2 34�  83+  "/ �/0� ��� � �3�(*/! 

"(*"*5 � /��*2/ .  "2*�! (*2�!)*"� .  " "2���: HOPO2  - � 9*8/ ( �3�(*/! ! HOPO - � 

9 .�2 (.  

 ��!(  9��- (, /�  "/ ��/!! �0<* ��*8"2��3*//0� �*-�342�2 � ( :/  "8*3�24 "3*8�;6** 

-��3;)*/!*: %�2*( " ���6*/!+ !"� 8/ .  (/ . "2�8!5/ .  (*��/!-(� [84] ��-��9 2�/ "�*3*2/05 

(*��/!-( !/.!9!� ��/!+ �3�(*/! 8 9��� 5 ��, " "2 +6!5 !- 22 /* 9��2!(0� 13*(*/2��/0� 

 

    '!���� ��� ����
$������ 	�
����, �� 

�!"�/ � 132. �-(*�*//0* ! ��"")!2�//0* �� ,!3! 

� /7*/2��7!5 , ", �" 8*�:�6!� " *8!/*/!5 � 9 .�2 ( 

(φ=1.2, ��*���) ! 9*8/ ( (φ=0.8, �/!-�) CH4/O2/Ar �3�(*/! " 
8 9��� 5 2200 ppm TM�, "2�9!3!-!� ��// ( /� �3 "� 5 

. �*3�* ��! 1 �2(; "!(� 30 - 1�"�*�!(*/2 [293], ��/�2!�/�+ 
3!/!+ –  ( 8*3!� ��/!* �  � 3/ (� (*��/!-(� [84], "�3 </�+ 
3!/!+ –  ( 8*3!� ��/!* " !"� 34- ��/!*( "�*3*2/ .  

(*��/!-(� !/.!9!� ��/!+. 
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�*��7!5. ��-��9 2�//05 (*��/!-( �8 �3*2� �!2*34/  �� ./ -!��*2 "� � "24 ! "2���2��� �3�(*/! 

� 8 � 8� ! (*2�/� " 8 9��� 5 �� ��! �2( ",*�/ ( 8��3*/!!. �8 �3*2� �!2*34/ * " .3�"!* 

(*:8� �*-�342�2�(! ( 8*3!� ��/!+ " !"� 34- ��/!*(  9 !� (*��/!-( � ! 8�//0(! 1�"�*�!(*/2 � 

� 82�*�:8�*2, )2  9 34<!/"2�  �3;)*�0� �*��7!5 ��3;)*/0 � "�*3*2/05 (*��/!-( ! )2  �"* 12! 

�*��7!! �8 �3*2� �!2*34/  ��*8"��-0��;2 �� 7*"" !/.!9!� ��/!+ �3�(*/ ��! ��*8*/!! � /!� 

8 9���! ��. % �02�! 8�34/*5<*.  " ���6*/!+ "�*3*2/ .  (*��/!-(� (�93!7� 26) 9*- !-(*/*/!+ 

� /"2�/2 "� � "2!, �*� (*/8 ��//0� � !"� 8/ ( (*��/!-(*, ��!�*3! � -�(*2/ 5 

��"" .3�" ��// "2! 8�//0� �  "� � "2! ! "2���2��* �3�(*/!. �3*8�*2  2(*2!24, )2  " .3�"!* (*:8� 

1�"�*�!(*/2 ( ! ( 8*3!� ��/!*( 83+ !/.!9!� ��//0� �3�(*/  ��*8*3+*2"+ /* 2 34�  (*��/!-( ( 

!/.!9!� ��/!+, /  ! (*��/!-( ( . �*/!+ 2 �3!��. $�(*/� (*��/!-(� . �*/!+ 2 �3!�� 8��.!( 

�� 2*"2!� ��//0( (*��/!-( ( ( :*2 3!9  �3�)<!24 " .3�"!*, 3!9  ���8<!24 *. . ��:* 83+ 2�� .  

� � <  !-�)*// .  2 �3!��, ��� � 8 � 8, !"� 34- ��/!* ��-3!)/0� (*��/!-( �  �!"3*/!+ H2 � 

" )*2�/!! "  8/!( ! 2*( :* (*��/!-( ( !/.!9!� ��/!+ ( .�2 ��*8"��-0��24 �� 2!� � 3 :/05 

1,,*�2 8 9���! !/.!9!2 �� /� "� � "24 3�(!/��/ .  ��*8���!2*34/  �*�*(*<�// .  �3�(*/! [297]. 
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����� 4 

���;��� ����.�#�/�� �� 	�550"����1� &��$��� 

 

 

 

4.1. /���'����� ����� 
 

 

 

4.1.1. �2���2��� 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� "(*"*5 ��4/N2 ! O2/N2 " 8 9��� 5 

��, "2�9!3!-!� ��// .  /� �� 2!� 2 )/ 5  . �*3�* 

 

 

 

� 8�// ( ��-8*3* ��!�*8*/0 �*-�342�20 !""3*8 ��/!5 "2���2��0 8!,,�-! // .  

�3�(*/! /� �"2�*)/0� � 2 ��� "(*"*5 20  9.% CH4+80  9.% N2 !  �!"3!2*3+ 40  9.% O2+60 

 9.% N2, � 2��:* �3�(*/ " 8 9��� 5 0.2% �� � � 2 �  �!"3!2*3+. �!(!)*"��+ "2���2��� 

���-�//0� �0<* �3�(*/ !-�)*/� (*2 8 ( ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! 

(�%��). %�!�*8*//0* � 12 ( ����.��,* �*-�342�20  ��93!� ��/0 � ��9 2�� [298, 299] ! 

�� � 8!3!"4 " �(*"2/  " �/+-4� �0( �.�. [219] ! ��!( �0( �.�. �� ��� 83+ !-�)*/!+ 

"2���2��0 �3�(*/! /� �� 2!� 2 ��� ��/** (*2 8 - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-

"�*�2� (*2�!! (�%��) /* ��!(*/+3"+, 8�3** 9�8*2 8*2�34/  ��""( 2�*/ 12 2 (*2 8 " 2 )�! 

-�*/!+ *.  ��!(*/!( "2! !  9 "/ ��/!+ 83+ !-�)*/!+ �!(!)*"� 5 "2���2��0 12 .  2!�� 

�3�(*/. � "3*8�;6*( ��-8*3*  9"�:8�;2"+ �*-�342�20 !-(*�*/!5 "2���2��0 �3�(*/ ��4/N2-

O2/N2 (9*- 8 9���! ! " 8 9��� 5 ��) (*2 8 ( - /8 � 5 �%��, � 2��:* " � ( 64; (*2 8� 

)!"3*// .  ( 8*3!� ��/!+, ��3;)�+ �� ,!3! � /7*/2��7!! �, 	� !  "/ �/0� 

, ", �" 8*�:�6!� �� 8��2 �  �!"3*/!+ ��. 

 

 

 

4.1.1.1. 	9 "/ ��/!* ��!(*/!( "2! (*2 8� - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-

"�*�2� (*2�!! 83+ !-(*�*/!+ "2���2��0 �3�(*/! /� �� 2!� 2 ��� 

 

 

 

$ /8 ��+ ( 3*��3+�/ -��)� ��+ (�""-"�*�2� (*2�!+ � -� 3+*2 !""3*8 ��24 !-�)�24 

" "2�� ! �!(!)*"��; "2���2��� (�� "2��/"2�*// * ��"��*8*3*/!* � /7*/2��7!! " *8!/*/!5) 

��-3!)/0� �3�(*/!, � )*( -��3;)�*2"+  "/ �/ * ��*!(�6*"2�  12 .  (*2 8� �  "���/*/!; " 

(!�� - /8 � 5 (�""-"�*�2� (*2�!*5. �"� 34- ��/!* 83+ !-�)*/!+ "2���2��0 �3�(*/! 

- /8 �0� (*2 8 � �"*.8� "�+-�/  "  7*/� 5 � -(�6*/!5, � 2 �0* �/ "+2"+ � �3�(+ 

�� 9  29 �/!��(! ("(. �. 2.11). ��/** 903  � ��-�/ , )2  12! � -(�6*/!+ -��!"+2  2 2!�� 

�� 9  29 �/!��. ����!(*�, (!�� - /8 �/ "!2 (*/4<!* � -(�6*/!+, )*( «-��� � 5» - /8. 
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% 12 (�  " 9 * -/�)*/!* ��! !""3*8 ��/!! �!(!)*"� 5 "2���2��0 �3�(B/ /� �� 2!� 2 ��� 

!(*;2 � -(�6*/!+ �3�(*/! «-��� �0(!» �� 9  29 �/!��(!, 2�� ��� 2��!* �3�(*/� !(*;2 

"3 :/�; "2���2���, � 12!� "!"2*(��  2"�2"2��*2 � -( :/ "24 9*- "!34/0� !"��:*/!5 3!/!5 

2*)*/!+ .�- � ��"� 3 :!24  "4 «-��� � . » - /8� �8 34 � 2 ��. «$��� � 5» - /8 "!34/  

� -(�6�*2 �3�(+,  " 9*//  *"3! *.  ��-(*"2!24 2��!(  9��- (, )2 90 *.   2�*�"2!* 

/�� 8!3 "4 �93!-!  "! . �*3�! ("(. �!"�/ � 133 (�)), /  ��! � � :*( ��-(*6*/!! (!�� - /8� 

!"��:*/!+ "2���2��0 �3�(*/! ����2!)*"�!  2"�2"2��;2. �"3! � /)!� «-��� � . » - /8� 

��-(*6*/ /� �*�!,*�!! �3�(*/! /� ��""2 +/!! r = 3.3 ((  2  "! . �*3�! (�!"�/ � 133 (9)), 2  

!"��:*/!+ .�- � .  � 2 �� -/�)!2*34/  �(*/4<�;2"+. � /�<!� 1�"�*�!(*/2�� ��""2 +/!* 3.3 

(( "  2�*2"2��*2 �/�2�*//*(� ��8!�"� " �*3 . �*3�!.  

 � �� .��((* OPPDIF !"� 34-�*2"+ "!"2*(� ����/*/!5, � � 2 � 5 -�8�/ , )2  �"* 

����(*2�0 ( 8*3!��*( .  �3�(*/! -��!"+2 2 34�   2 ��"!�34/ 5 �  �8!/�20. % "� 34�� ��/** 

1�"�*�!(*/2�34/  12  ��*8� 3 :*/!* /* �� �*�+3 "4, 2  83+ *.  �� �*��! 903! �� �*8*/0 

!-(*�*/!+ �� ,!3*5 � /7*/2��7!! " *8!/*/!5 � (*2�/ -�!"3 � 8/ ( �3�(*/! /� 

�� 2!� 2 ��� " � ( 64; «-��� � . » - /8�. �-(*�*/!+ �� ,!3*5 � /7*/2��7!! �*6*"2� 

�� � 8!3 "4 �8 34 3!/!5, ����33*34/0�  "! . �*3�! ! /�� 8+6!�"+ /� ��""2 +/!+� 0 ! 3.3 (( 

 2 12 5  "!. ��:* �/�3 .!)/0(  9��- ( " � ( 64; (!�� 2*�( ���0 !-(*�+3!"4 �� ,!3! 

2*(�*��2��0. ��:* 903  �� �*8*/  )!"3*// * ( 8*3!� ��/!* "2���2��0 �3�(*/! ! 

�0� 3/*/  "���/*/!* � 3�)*//0� 8�//0� " �*-�342�2�(! !-(*�*/!5. 

�� �!"�/�* 134 ��!�*8*/  !-(*�*// * ��"��*8*3*/!* 2*(�*��2��0 � �3�(*/! /� 

��-3!)/0� ��""2 +/!+�  2  "! . �*3�!, � 2��:* ��"")!2�//0* �� ,!3! 2*(�*��2��0 (�   "! 

. �*3�!) 83+ 8��� ���!�/2 � .��/!)/0� �"3 �!5 ��"��*8*3*/!+ "� � "2! � 2 � � /� "�*-* 

" �*3 . �*3�!. ��� ( :/  �!8*24 !- ��!�*8*//0� /� �!"�/�* 134 .��,!� �, !-(*/*/!* 

.��/!)/0� �"3 �!5 /* ��!� 8!2 � "�6*"2�*// 5 ��-/!7* 83+ ��"")!2�//0� �� ,!3*5 

2*(�*��2��0. ���"!(�34/�+ 2*(�*��2���, ��� � ��")*2��, 2�� ! � 1�"�*�!(*/2�� !(**2  8/  ! 

2  :* -/�)*/!*. #!�!/� (/� � 3 �!/* �0" 20) !-(*�*//0� /� ��""2 +/!+� 8   "! . �*3�! r=0-

3.3 (( �� ,!3*5 2*(�*��2��0 /* -��!"!2  2 r ! � ��*8*3��  <!9�! !-(*�*/!5 " ���8�*2 " 

8�//0(! ��")*2 �. =2! �*-�342�20 � ��-0��;2, )2  �� ,!3! 2*(�*��2��0 �8 34  "! . �*3�! 

��! r<d/2 (d –8!�(*2� " �*3 . �*3�!) " ���8�;2 " �� ,!3*( 2*(�*��2��0 /�  "! . �*3�!. 

	8/��  ��!  r>d/2 1�"�*�!(*/2�34/0* �� ,!3! 2*(�*��2��0  ��-�3!"4 "�<!�*//0(!" �  

"���/*/!;  " �� ,!3+(! ��! r<d/2.  

��!(  9��- (, ��!�*8*//0* /� �!"�/�* 134 �*-�342�20 "�!8*2*34"2��;2  9 

���-! 8/ (*�/ "2! 2*�3 � 5 "2���2��0 �3�(*/! � 8!���- /* -/�)*/!5 ��""2 +/!+  2  "! 

. �*3�! (*/4<*( ��8!�"� " �*3 . �*3�!. � .3�"!* �*-�342�2 � !-(*�*/!5 ! ( 8*3!� ��/!+ 

. � �!2   2 (, )2  .��/!)/0* �"3 �!+ 83+ ( 8*3!� ��/!+ �09��/0 � ��*�2/ . 
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%� ,!3! � /7*/2��7!5 "2�9!34/0� �*6*"2� (�H4, O2, CO2)  � �3�(*/! /� �� 2!� 2 ��� 

��4/N2-O2/N2 903! !-(*�*/0 " � ( 64; (!�� - /8�  ��!  r=0, 1, 2 ! 3.3 ((. ��� ( :/  �!8*24 

/� �!"�/�* 135, �� ,!3! � /7*/2��7!5 �H4, O2, CO2, !-(*�*//0* /�  "! . �*3�! ! /� 

�*�!,*�!! �3�(*/! � ��*8*3��  <!9�! 1�"�*�!(*/2� " .3�"�;2"+ (*:8� " 9 5. =2  . � �!2   

2 (, )2  83+ "2�9!34/0� " *8!/*/!5 �!(!)*"��+ "2���2��� �3�(*/! /� �� 2!� 2 ��� 2��:* 

+�3+*2"+ ���-! 8/ (*�/ 5 ! � /7*/2��7!+ 12!� �*6*"2� /* -��!"!2  2 r ��! r=0÷d/2. =2 2 

�0� 8 2��:* " .3�"�*2"+ " � 3�)*//0(! 83+ 2*�3 � 5 "2���2��* �3�(*/! 8�//0(!. ��!( 

 9��- (, � 1�"�*�!(*/2* 903  � 82�*�:8*/  ��*8� 3 :*/!*   ���-! 8/ (*�/ "2! "2���2��0 

r=3.3 (( 

a) 9) 
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�3�(*/! /� �� 2!� 2 ���, 3*:�6** �  "/ �* "!"2*(0 ����/*/!5 �� .��((0 OPPDIF. =2 2 

�*-�342�2 2��:* � -� 3+*2  9 "/ ��24 ��-(*6*/!* «-��� � . » - /8� �*��*/8!��3+�/   "! 

. �*3�!, /� ��""2 +/!!  2  "!, ���/ ( d/2, 83+ !-(*�*/!+ �!(!)*"� 5 "2���2��0 �3�(*/ /� 

�� 2!� 2 ���. %�! 2�� 5 � /,!.���7!! "!"2*(0 � -(�6*/!+, �/ "!(0* � �3�(+ «-��� �0(» 

- /8 (, +�3+;2"+ (!/!(�34/0(!. 

�� �!"�/�* 135 ��*8"2��3*/0 !-(*�*//0* " � ( 64; «-��� � . » - /8� ! 

��"")!2�//0* " � ( 64; �� .��((0 OPPDIF �� ,!3! � /7*/2��7!5 "2�9!34/0� �*6*"2� 

(�H4, O2, CO2). ��� ( :/  �!8*24 !- 12 .  �!"�/��, !-(*�*//0* " � ( 64; (!�� - /8� ! 

-��� � .  - /8� �� ,!3! � /7*/2��7!! "2�9!34/0� �*6*"2� /�� 8+2"+ � � � <*( " .3�"!! 

8��. " 8��. (. % 12 (� ( :/  -��3;)!24, )2  �/ "!(0* «-��� �0(» - /8 ( � -(�6*/!+ ��! 

�� 9  29 �* �  �*�!,*�!! �3�(*/! /* ��*�0<�;2 � -(�6*/!5 � "3�)�*  29 �� �� 90 " 

� ( 64; (!�� - /8�. ��:* � 3�)*//0* 8�//0* +�3+;2"+  9 "/ ��/!*( ��!(*/*/!+ (*2 8� 

- /8 � 5 �%�� 83+ !-(*�*/!+ �!(!)*"� 5 "2���2��0 �3�(*/ /� �� 2!� 2 ���. 
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�!"�/ � 135. ��"��*8*3*/!* � /7*/2��7!5 CH4, O2 ! CO2 � �3�(*/! /� 
�� 2!� 2 ��� ��4/N2-O2/N2. ��*230* "!(� 30 – !-(*�*/!+ ��!  29 �* �� 90 

/� r = 3.3 (( " � ( 64; �%��, 2*(/0* ! "*�0* "!(� 30  –  !-(*�*/!+  "  
 9  29 � (  �� 90  (!�� - /8 ( �    "! . �*3�! ! r = 3.3 ((. �!/!! – 

( 8*3!� ��/!* " .��/!)/0(! �"3 �!+(! 83+ � �</*� .  � 2 ��. 
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4.1.1.2. �-(*�*/!* � /7*/2��7!5 �2 ( � �, ��8!��3 � 	� !  "/ �/0� 

, ", �" 8*�:�6!� �� 8��2 �  �!"3*/!+ �� � �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 

 

 

 

 �� �!"�/�* 136  � ��-�/0 ��"")!2�//0* ! !-(*�*//0* �� ,!3! � /7*/2��7!5 ��4 ! 

O2 ! �2	 � �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 9*- 8 9���! ! " 8 9��� 5 0.2% ��. 

�!/*5/�+ "� � "24 � 2 �� "(*"! ��4/N2 /� "�*-* " �3� " "2��3+3� 57 "(/" (T0=293K), � 

O2/N2 – 70 (T0=363K). � 8*3!� ��/!*  �� � 8!3 "4 83+ 8��� 2!� � .��/!)/0� �"3 �!5 83+ 

��"��*8*3*/!+ "� � "2*5 /� "�*-* " �*3 . �*3�!. ��")*20 �  8��( 2!��( .��/!)/0� 

�"3 �!5 � ��-�3!, )2  �� ,!3! � /7*/2��7!5 83+ 12!� 8��� "3�)�*� ����2!)*"�! /* 

 23!)�;2"+ 8��.  2 8��.�, � 12 (� 8�3** /� �!"�/��� ��!�*8*/0 ��"")!2�//0* �� ,!3! � 

"3�)�* � �</*� .  � 2 ��. �3+ ��")*2 � "2���2��0 �3�(*/ /� �� 2!� 2 ��� ��4/N2-O2/N2  

!"� 34- ��3"+ (*��/!-(, " "2 +6!5 !- � 8(*��/!-(�  ��*���6*/!+ �	� � �3�(*/�� [84, 

89] ! � 8(*��/!-(�  �!"3*/!+ �.3*� 8 � 8 � GRI 3.0 [228]. ��� ( :/  �!8*24 /� �!"�/�* 

136, ��! ��*8*/!! 8 9���! 0.2% �� �� ,!3! � /7*/2��7!!  CH4, O2 ! �2O " 2 )/ "24; 

8   <!9�! 1�"�*�!(*/2� (~15%) " ���8�;2 " �� ,!3+(! � /7*/2��7!! 12!� " *8!/*/!5 � 

�3�(*/! 9*- 8 9���!, 2.*. 8 9���� ����2!)*"�! /* � �3!+3� /� �����2*� ��"��*8*3*/!+ 

� /7*/2��7!5 !"� 8/0� �*�.*/2 � ! �2	. 
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�!"�/ � 136. ��"��*8*3*/!* � /7*/2��7!5 CH4, O2 ! �2O 

� �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2. ��*230* 

"!(� 30 – 9*- 8 9���!, 2*(/0* "!(� 30 – " 8 9��� 5 

0.2% �� � � 2 �  �!"3!2*3+. �!/!! – ( 8*3!� ��/!* " 

.��/!)/0(! �"3 �!+(! 83+ � �</*� .  � 2 ��. 
 

�� �!"�/�* 137 � ��-�/0 ��"")!2�//0* ! !-(*�*//0* �� ,!3! � /7*/2��7!5 � ! 	� 

� �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 9*- 8 9���! ! " 8 9��� 5 0.2% ��. ��� �!8/  !- 
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��!�*8*//0� /� �!"�/�* 137 �� ,!3*5, 8 9���� 0.2% �� �(*/4<�*2 (��"!(�34/�;  

� /7*/2��7!; ! <!�!/� �� ,!3*5 � /7*/2��7!! H ! OH. =2  /�� 8!2"+ � "  2�*2"2�!! " 

�*-�342�2�(! !-(*�*/!5 � /7*/2��7!! 	�, �� �*8*//0� (*2 3 ( ��� � ��9 2�� [123, 

125], � � 2 �0� 903  � ��-�/ , )2  8 9���� �� !3! ���� � �3�(+ /� �� 2!� 2 ��� 

(�2�/-� -8�� �(*/4<�*2 (��"!(�34/�; � /7*/2��7!; ! <!�!/� �� ,!3+ � /7*/2��7!! 

	�. � /�<!� 1�"�*�!(*/2�� ��! ��*8*/!! 8 9���! 0.2% �� � � 2 �  �!"3!2*3+ 

(��"!(�34/�+ � /7*/2��7!+ � ! 	� �(*/4<�*2"+ /� ~38 % ! 45 % "  2�*2"2�*// . � 

��")*2�� 1,,*�2  "/!:*/!+ (��"!(�34/ 5 � /7*/2��7!! �  )*/4 93!- � � /�93;8�*( (� � 

1�"�*�!(*/2*.  

	8/��  83+ 	� � �3�(*/! " 8 9��� 5 ( 8*3!� ��/!* 8�*2 (*/4<** �(*/4<*/!* *.  

(��"!(�34/ 5 � /7*/2��7!!, )*( � 1�"�*�!(*/2*, " "2��3+;6** 2 34�   � 3  10%. �� * 

��"� :8*/!* ( :*2 9024 "�+-�/  "  /*" �*�<*/"2� ( �!(!� -�!/*2!)*"� 5 ( 8*3!  �!"3*/!+ ��. 
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�!"�/ � 137. $��!"!( "24  � /7*/2��7!! �2 ( � � ! 

��8!��3 � 	� � �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 

9*- 8 9���! ! " 8 9��� 5 0.2% ��. �!(� 30 - 

!-(*�*/!+ " � ( 64; (*2 8� �%�� ��! r=3.3 ((, 

3!/!! – ( 8*3!� ��/!*. 
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�/�3 .!)/ * ��"" .3�" ��/!* �*-�342�2 � ��")*2� ! 1�"�*�!(*/2� 83+ � /7*/2��7!! 	� 

2��:* /�93;8�3 "4 ! � ��9 2* ���8 /�348� ! " ��2 � � [123]. 	8/��  /�:/  -�(*2!24, )2  � 

12 5 ��9 2* !"� 34- ��3�"4 9 3** ��//++ ( 8*34 ��*���6*/!+ �	� [86]. � 12 5 ��9 2* [123] 

903  �"2�/ �3*/ , )2  � 1�"�*�!(*/2* 8 9���� ���� � (*2�/ -� -8�</ * �3�(+ /� 

�� 2!� 2 ��� "!34/** �(*/4<�*2 (��"!(�34/�; � /7*/2��7!; 	� )*( � ��")*2��. ��2 �0 

"�+-0��;2 12  " /*" �*�<*/"2� ( ��!(*/*// .  83+ ( 8*3!� ��/!+ (*��/!-(� [86]. 

" � "2��3++ ���-�//0* �0<* �0� 80 " � 3�)*//0(! � /�"2 +6*5 ��9 2*, ( :/  

�*-;(!� ��24, )2  9 3** / ��+ ( 8*34 ��*���6*/!+ �	� � �3�(*/!, ��*83 :*//�+ 

�*"29��� (, 2��:* /*8 "2�2 )/  2 )/   �!"0��*2 � 3�)*//05 � 1�"�*�!(*/2* �� ,!34 

� /7*/2��7!! 	� � �3�(*/! /� �� 2!� 2 ��� " 8 9��� 5 ��.  

��:/  -�(*2!24, )2  <!�!/� (/� � 3��0" 2*) �� ,!3*5 � /7*/2��7!! H ! OH � /�<!� 

1�"�*�!(*/2�� ! � ��")*2��  23!)�*2"+ � 3.8 ! 2.5 ��-� 83+ � ! 	� "  2�*2"2�*// . � 2  :* 

��*(+ � ��9 2�� [123, 125] /�93;8�3 "4 � � <** " .3�"!* (*:8� !-(*�*//0(! (*2 8 ( ��� ! 

��"")!2�//0(! �� ,!3+(! � /7*/2��7!! 	�. �*� +2/ , � /�<*( "3�)�* �<!�*/!* �� ,!3*5 

( :*2 9024 "�+-�/  " - /8 �0(! � -(�6*/!+(! � 3*5 � /7*/2��7!5 � ! 	�, 2�� ��� � ��9 2�� 

[123, 125] !-(*�*/!+ �� � 8!3!"4 (*2 8 ( ���, � 2 �05 +�3+*2"+ /* � -(�6�;6!(. 

	2/ "!2*34/ * �<!�*/!* �� ,!3+ � /7*/2��7!! �, �0��:*// * ���  2/ <*/!* <!�!/0 

(/� � 3��0" 2*) !-(*�*// .  �� ,!3+ � *.  <!�!/* � ��")*2��, ��!(*�/  � 1.5 ��-� 9 34<* 

 2/ "!2*34/ .  �<!�*/!+ 83+ 	�. 	2";8� ( :/  "8*3�24 �0� 8, )2  (�"<2�9 � -(�6*/!5 

"2���2��0 �3�(*/! �� 9  29 �/!� ( -��!"!2  2 "� 5"2� !-(*�+*(0� " *8!/*/!5, /���!(*�  2 

!� 8!,,�-!!. �"� 34-�+ 9�-0 8�//0� CHEMKIN �  2��/"� �2/0( "� 5"2��( �*6*"2�, 903! 

�0)!"3*/0 � 1,,!7!*/20 8!,,�-!! 83+ � ! 	� ��! (��"!(�34/ 5 2*(�*��2��* � �3�(*/!, 

" "2��3+;6!* 33.4 "(2
/" ! 8.16 "(2

/" 83+ H ! OH "  2�*2"2�*// . =2! -/�)*/!+ � 1,,!7!*/2 � 

8!,,�-!! � ��-0��;2, )2  1,,*�2 �<!�*/!+ �� ,!3+ � /7*/2��7!! �*6*"2�� � ��*3!��*2 " 

*.  � 1,,!7!*/2 ( 8!,,�-!!. � � 88*�:�� 12 .  ��*8� 3 :*/!+ . � �!2 2 2 ,��2, )2  

�<!�*/!* �� ,!3+ � /7*/2��7!! CO2 � 1�"�*�!(*/2* �  "���/*/!; " ��")*2 ( /* /�93;8�*2"+ 

("(. �!"�/ � 135), 2�� ��� � 1,,!7!*/2 8!,,�-!! CO2 " "2��3+*2 �"*.  4.2 "(2
/", )2  ��!(*�/  

� 2 ��-� (*/4<*, )*( 83+ 	�.  

��/**  9"�:8�3 "4, )2  83+  7*/�! 1,,*�2!�/ "2! 8*5"2�!+ !/.!9!2 � �  8/!( !- 

����(*2� � +�3+*2"+ !-(*/*/!* !/2*.��34/ 5 � /7*/2��7!! 	� �  - /* �3�(*/! ("(. �. 1.3). 

��:* 1,,*�2!�/ "24 8 9���! !/.!9!2 �� ( :*2 9024  7*/*/� ! �  !-(*/*/!; !/2*.��34/ 5 

� /7*/2��7!! � � �3�(*/!. � 1�"�*�!(*/2* �*3!)!/� �(*/4<*/!+ � /7*/2��7!! � ��! 

8 9��3*/!! 0.2% �� � �3�(+ ��4/N2-O2/N2  " "2��3+*2 42%, � � ��")*2* - 41%. =2  

� ��-0��*2 8 "2�2 )/  � � <** " .3�"!* �*-�342�2 � !-(*�*/!+ ! ( 8*3!� ��/!+ �  �*3!)!/* 
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��*83 :*// .  ����(*2��, 8�:* /*"( 2�+ /� 2 , )2  �  <!�!/* 1�"�*�!(*/2�34/0* ! 

��"")!2�//0* �� ,!3! � /7*/2��7!! � -�(*2/   23!)�;2"+.  

�� �!"�/�* 138 ��!�*8*/0 !-(*�*//0* ! ��"")!2�//0* �� ,!3! � /7*/2��7!5 PO, PO2, 

HOPO, HOPO2 , +�3+;6!�"+  "/ �/0(! , ", �" 8*�:�6!(! �� 8��2�(!  �!"3*/!+ �� � 

�3�(*/!, � /� �!"�/�* 139  - �� ,!34 � /7*/2��7!! ��. �� 12!� �!"�/��� 2 3"20(! 3!/!+(! 

� ��-�/0 �*-�342�20 ��")*2� � "3�)�* � �</*� .  � 2 ��, � 2 /�!(! – � "3�)�* 

� 2*/7!�34/ .   2*)*/!+. ��� ( :/  �!8*24 /� 12!� �!"�/���, ��-/!7� (*:8� �*-�342�2�(! 

��")*2 � 83+ 8��� ��-3!)/0� 2!� � .��/!)/0� �"3 �!5 83+ � 2 � � !"� 8/0� .�- � /*  )*/4 

-/�)!2*34/� ! /* ��*�0<�*2 1�"�*�!(*/2�34/ 5  <!9�!. 

� 7*3 ( ( :/  �!8*24, )2  /�93;8�*2"+ � � <** " .3�"!* (*:8� �*-�342�2�(! 

!-(*�*/!5 ! ��")*2 � �� ,!3*5 � /7*/2��7!5 , ", �" 8*�:�6!� " *8!/*/!5, +�3+;6!�"+ 

 "/ �/0(! �� 8��2�(!  �!"3*/!+ ��. ��:/   2(*2!24, )2  �  23!)!*  2 �� ,!3*5 

� /7*/2��7!5 � ! 	�, !-(*�*/!+ ! ��")*20 � � <  " .3�"�;2"+ �  <!�!/* �� ,!3*5 

� /7*/2��7!5 , ", �" 8*�:�6!� �*6*"2�. �3+ ��!�*8*//0� /� �!"�/��� 138 ! 139 �*6*"2� 

� 1,,!7!*/20 8!,,�-!! 93!-�! (*:8� " 9 5,  8/��   /! -/�)!2*34/  /!:*, )*( � CO2. 
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�!"�/ � 138. ��"��*8*3*/!* � /7*/2��7!! PO, PO2, HOPO, HOPO2 � 8!,,�-! // ( 

�3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 " 8 9��� 5 0.22% ��; "!(� 30 – 1�"�*�!(*/2, 

2 3"20* 3!/!! - �*-�342�20 ��")*2� � "3�)�* � �</*� .  � 2 ��, 2 /�!* – 83+ 

� 2*/7!�34/ .   2*)*/!+. 
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% 12 (�  2"�2"2�!* ��"� :8*/!+ �  <!�!/* 83+ !-(*�*//0� �� ,!3*5 � /7*/2��7!5 12!� 

, ", �" 8*�:�6!� " *8!/*/!5 ! ��"")!2�//0� ( :*2 9024  9?+"/*/  � ��(��� 

��*8� 3 :*/!+   -��!"!( "2! �*3!)!/0 1,,*�2� - /8 �0� � -(�6*/!5 � 3*5 � /7*/2��7!5 

�*6*"2�  2 !� � 1,,!7!*/2� 8!,,�-!!. 

%� ,!3! � /7*/2��7!! 	� ! 2*(�*��2��0 !(*;2 (��"!(�( /� ��""2 +/!! 3.1 ((  2 

" �3� " . �;)!(, )2  � -� 3+*2 �"3 �/  �08*3!24 8�* - /0 � �3�(*/! (� -�- �* (*:8� 

" �3�(! . �*3�!). � �*�� 5 - /* /� ��""2 +/!! >3.1 ((  2 " �3� " . �;)!( !(**2"+ 

/*8 "2�2 � 2 �3!��, � �  �2 � 5 - /* /� ��""2 +/!! <3.1 (( /� 9 � 2 *.  !-902 �. %� ,!3! 

� /7*/2��7!! PO ! PO2 !(*;2 � �3�(*/! (��"!(�( /� ��""2 +/!!  � 3  3.1 ((  2 " �3� " 

. �;)!(, )2  " ���8�*2 " � 3 :*/!*( (��"!(�(� 2*(�*��2��0. %� ,!3! � /7*/2��7!! 

HOPO ! HOPO2 !(*;2 (��"!(�(0 /� ��""2 +/!!  J2.8 (( ! J3.6 (( "  2�*2"2�*// , 2.*. � 

8��� ��-3!)/0� - /��, � � 2 �0� *"24 !-902 � ! /*8 "2�2 � 2 �3!�� (�!"�/ � 138). %�! 

12 ( (��"!(�34/�+ � /7*/2��7!+ HOPO2 ��!(*�/  � 5 ��- �0<* (��"!(�34/ 5 

� /7*/2��7!! HOPO, )2  "�+-�/  " 2*(, )2  2��/"� �2 8 9���! �� � �3�(+  �� !-� 8!3"+ 

� 2 � (  �!"3!2*3+ ("(*"! O2+N2). 

	)*�!8/ , )2  � ��""(�2�!��*( 5 "!"2*(* " �� 2!� 2 � ( . �;)*.  !  �!"3!2*3+,  

(�"" �05 � 2 � �8 34  "*� 5 �  �8!/�20 /* " ���/+*2"+, 2�� ��� )�"24 �*6*"2�� �/ "!2"+ 

!- - /0 �*��7!5 � ��8!�34/ ( /�����3*/!!. �� �!"�/�* 139 � ��-�/  ��"��*8*3*/!* 

"�((��/ 5 � /7*/2��7!! �"*� , ", �" 8*�:�6!� " *8!/*/!5. ��  "/ �* 12!� 8�//0� 
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�!"�/ � 139. ��"��*8*3*/!* � /7*/2��7!! �� � 8!,,�-! // ( 

�3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 " 8 9��� 5 0.2 % �� ! 

��"")!2�//05 �� ,!34 "�((��/ 5 � /7*/2��7!! �"*� 

, ", �" 8*�:�6!� �*6*"2�; "!(� 30 – 1�"�*�!(*/2, 3!/!! - 

��")*2. 
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( :/  � 3;9 5 2 )�* �3�(*/!  ��*8*3!24 8 3; 2 .  !3! !/ .  , ", �" 8*�:�6*.  

�*6*"2��  2 !�  96*5 � /7*/2��7!!. � 2 )�* " (��"!(�34/ 5 � /7*/2��7!*5 HOPO *.  

8 3+ " "2��3+*2  � 3  50%  2 �"*� , ", �" 8*�:�6!� " *8!/*/!5, � � 2 )�* " 

(��"!(�34/ 5 � /7*/2��7!*5 HOPO2 *.  8 3+ " "2��3+*2 90%. 

��!(  9��- (,  �!"�//0* �0<* �*-�342�20 � -� 3+;2 "8*3�24 -��3;)*/!*, )2  � 

�3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2  8 9���� 0.2% �� �3!+*2 /� ��"��*8*3*/!* 

� /7*/2��7!5 � ! 	� �/�3 .!)/  2 (�, ��� 12  �� !"� 8!2 � ��*8���!2*34/  �*�*(*<�//0� 

9*8/0� ! 9 .�20� �3�(*/�� (*2�/�. � !(*// : 

 

1. � 9���� �� � �3�(+ "  "2 � /0  �!"3!2*3+ �(*/4<�*2 (��"!(�34/0* 

� /7*/2��7!! ��8!��3 � � ! 	� � - /* . �*/!+. 

2. 	"/ �/0* , ", �" 8*�:�6!* �� 8��20  �!"3*/!+ ��  9��-�;2"+ � 

�0" � 2*(�*��2��/ 5 - /* �3�(*/!. 

3. 	"/ �/0( , ", �" 8*�:�6!( � (� /*/2 ( � - /* �3�(*/! " !-902� ( 

 �!"3!2*3+ +�3+*2"+ HOPO2, � � - /* " !-902� ( 2 �3!�� – HOPO. 

 �* 9� 8!(  2��:*  2(*2!24, )2  �!(!� -�!/*2!)*"�!5 (*��/!-( 83+ ��*���6*/!+ 

2�!(*2!3, ",�2� (��) [84, 89] � �3�(*/! � 7*3 ( �8 �3*2� �!2*34/   �!"0��*2 �!(!)*"��; 

! 2*�3 ��; "2���2��� �3�(*/! /� �� 2!� 2 ��� ��4/N2-O2/N2 , � )�"2/ "2! ��"��*8*3*/!* 

� /7*/2��7!! ��8!��3� � !  "/ �/0� , ", �" 8*�:�6!� �*6*"2�.  

 

 

 

4.1.2. �-�)*/!* �"3 �!5 � .�"�/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2 " 
8 9����(! �	� � � 2 �  �!"3!2*3+ 

 

 

 

� 12 ( ����.��,* ��*8"2��3*/0 �*-�342�20 1�"�*�!(*/2�34/0� !""3*8 ��/!5 �"3 �!5 

.�<*/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2 (0.2/0.8-0.4/0.6) ��! ��*8*/!! 

8 9�� � , ", � �.�/!)*"�!� !/.!9!2 � � � � 2 �  �!"3!2*3+ (� "(*"4 O2+N2), � 2��:* 

�*-�342�20 )!"3*// .  ( 8*3!� ��/!+ �"3 �!5 � .�"�/!+ -� ")*2 1,,*�2� ��"2+:*/!+ 83+ 

�3�(*/ 9*- 8 9���! ! " 8 9��� 5 ��. =2! ��9 20 �� � 8!3!"4 " �(*"2/  " �/+-4� �0( �.�. 

[219].  

�� �!"�/�* 140 � ��-�/0 �*-�342�20 1�"�*�!(*/2 � �  !-(*�*/!; 1,,*�2!�/ "2! 

.�<*/!+ �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2 8 9����(! ��� � ��-3!)/0� �	� � �!8* 

-��!"!( "2! / �(!� ��// .  .��8!*/2� "� � "2! ��! .�<*/!! �3�(*/! aq/aq0  2 � /7*/2��7!! 

8 9���! !/.!9!2 ��. ��:* /� 12 ( �!"�/�* ��!�*8*/0 �*-�342�20 !-(*�*/!5 83+ CF3Br, � 2�� 

:* 3!2*��2��/0* 8�//0* 83+ �*/2����9 /!3� :*3*-� (Fe(CO)5) [20].  
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�""3*8 ��//0* � /�"2 +6*5 ��9 2* , ", �" 8*�:�6!* " *8!/*/!+ ( :/   2/*"2! � 

)*20�*( . ( 3 .!)*"�!( .�����(: , ",�20 O=P(OR)3, , ", /�20 (RO)2P(O)CH3 ! 

(RO)2P(O)H, , ",!20 P(OR)3 ! .�3 .*/!80 , ", ��. � ��)*"2�* � "3*8/*.  903 !""3*8 ��/ 

2�!�3 � �"!8 , ", ��(V) (POCl3). � 12!� , �(�3�� R  9 -/�)�*2 �.3*� 8 � 8/05 ��8!��3, 

!(*;6!5  2 1 8  4 �2 ( � �, � � 2 � ( �2 ( � ( :*2 9024 )�"2!)/  -�(*6*/ /� �2 ( F. 

�"*.  903  !""3*8 ��/  14 , ", �" 8*�:�6!� " *8!/*/!5, !- � 2 �0� ��/** 2 34�  

83+  �� ! ���� 903 !-�)*/ !� 1,,*�2 /� �"3 �!+ .�<*/!+ 8!,,�-! //0� �3�(*/ [43, 

45, 49], � 2��:* !-�)*/  �3!+/!* 8 9�� � ��� � ��, ���� ! POCl3 /� "� � "24 . �*/!+ 

��*8���!2*34/  �*�*(*<�//0� "(*"*5 [22, 63, 300]. � /�"2 +6*5 ��9 2* 903� 

1�"�*�!(*/2�34/  !-(*�*/� -��!"!( "24 .��8!*/2� "� � "2! � 8!,,�-! // ( 

�� 2!� 2 )/ ( �3�(*/! ��! *.  .�<*/!!  2 � /7*/2��7!! 8 9���! �	� � 8!���- /* 8  

0.2÷0.6%  9. % "� 34�� �!(!)*"�!5 !/.!9!��;6!5 1,,*�2 8 9�� � �� +�3+*2"+ ��! 

"���/!2*34/  /*9 34<!� !� � /7*/2��7!+�, 2  ���-�//05 �0<* 8!���- / � /7*/2��7!5 

�� 3/* 8 "2�2 )/  83+ *.  /�93;8*/!+ ! !-�)*/!+. 

�/2*�*" � !-(*�*/!; !/.!9!��;6*.  1,,*�2� ,2 �!� ��//0� �	� �0-��/ 2*(, )2   

12! " *8!/*/!+ !(*;2 9 3** /!-��; 2*(�*��2��� �!�*/!+ �  "���/*/!; " �/�3 .!)/0(!, 

/* ,2 �!� ��//0(! �	�, � 2��:* " 2*(, )2  ,2 �-�(*6*//0* �3�!34/0* ,��.(*/20 12!� 

�*6*"2� ( .�2 2��:* �)�"2� ��24 � �*��7!+�  9�0�� 7*�*5. �3*8 ��2*34/ , ,2 �!� ��//0* 

�	� � 7*3 ( ( .�2 9024 9 3** 1,,*�2!�/0(! �3�(*.�"!2*3+(!, )*( /* ,2 �!� ��//0*. 

% "3*8/**  ��*8� 3 :*/!*  "/ ��/  /� 2 (, )2  � ��9 2�� �  !-�)*/!; !/.!9!��;6*.  

�3!+/!+ ,2 �!� ��//0� �3��/ � (CF3-CH2F, C3F8 ! 2.�., "(. /���!(*� [117, 301]) 903  
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� ��-�/ , )2   /!  8/ ��*(*//  ( .�2 �� +�3+24 ��� )!"2  ,!-!)*"�!5, 2�� ! �!(!)*"�!5 

1,,*�2 � �3�(*/��. �!-!)*"�!5 1,,*�2 -��3;)�*2"+ � -�(*83*/!! � �3�(*/�� �� 7*"" � 

 �!"3*/!+ -� ")*2 9 34< 5 !� 2*�3 *(� "2! ! "/!:*/!! 2*(�*��2��0 � �3�(*/!. 

�!(!)*"� * � -8*5"2�!* -��3;)�*2"+ �  9��- ��/!! � �3�(*/! ,2 �" 8*�:�6!� ��8!��3 �, 

� � 2 �0� "�+-! �–F +�3+;2"+ 9 3** �� )/0(!, )*( "�+-! �–H. ��!* ��8!��30 � �*��7!+� 

" �, 	, 	�  9��-�;2 (�3 ��2!�/0* ! 9 3** "2�9!34/0* !/2*�(*8!�20, � 2 �0* "3�9  

�)�"2��;2 � 7*�/0� �� 7*""��, )2  � "� ;  )*�*84 ��!� 8!2 � !/.!9!� ��/!; . �*/!+ !--

-� "/!:*/!+ "� � "2! 7*�/0� �*��7!5.  

% 12 (� 3 .!)/  ��*8� 3 :!24, )2  !/.!9!��;6!5 1,,*�2 8 9�� � ,2 �!� ��//0� 

�	� ( :*2 9024 "�+-�/ ��� -� ")*2  9��- ��/!+ !-  !"� 8/ .  �	�  �"!8 � !  �"!�!"3 2 

, ", ��, 2�� ! -� ")*2  9��-�;6!�"+ ,2 �" 8*�:�6!� " *8!/*/!5. � :/  2��:* 

��*8� 3 :!24, )2  �0<*�� (+/�20* ,��2 �0 9�8�2 8���24 "!/*�.*2!)*"�!5 1,,*�2, � 

�*-�342�2* � 2 � .  "�((��/05 1,,*�2 9�8*2 9 3** "!34/0(, )*( "�((�  2 ��:8 .  � 

 28*34/ "2!.  

��� ( :/  �!8*24 !- ��!�*8*//0� /� �!"�/�* 140 .��,!� �, �"* !""3*8 ��//0* 

, ", � �.�/!)*"�!* �*6*"2�� -/�)!2*34/  �(*/4<�;2 .��8!*/2 "� � "2! � 8!,,�-! // ( 

�� 2!� 2 )/ ( �3�(*/! ��! *.  .�<*/!! �  "���/*/!; " *.  -/�)*/!*( ��! .�<*/!! 

�3�(*/! 9*- 8 9���!. �!8/ , )2  " ��*3!)*/!*( � /7*/2��7!! 8 9�� �  2/ <*/!* aq/aq0 

( / 2 //  �(*/4<�*2"+ 83+ �"*� !""3*8 ��//0� �*6*"2�. � .3�"/  ��!�*8*//0( /� 

�!"�/�* 140 8�//0(, 83+ �"*� �� 2*"2!� ��//0� �*6*"2� -��!"!( "2! aq/aq0  2 

� /7*/2��7!! !� 8 9���! " ���8�;2 (*:8� " 9 5 � ��*8*3�� 2 )/ "2! !-(*�*/!5. �- 12 .  

( :/  -��3;)!24, )2  1,,*�2!�/ "24 12!� �*6*"2� ��� �3�(*.�"!2*3*5 ��!(*�/  

 8!/�� ��. ��:* �!8/ , )2  �"* !-�)*//0* �	� +�3+;2"+ 9 3** "!34/0(! !/.!9!2 ��(!, 

)*( �F3Br, /   /! (*/** 1,,*�2!�/0, )*( Fe(CO)5 � 8!���- /* � /7*/2��7!5 8  0.4%. � 

��9 2�� [45, 49] 903  ��*83 :*/  83+ � 3!)*"2�*// .   ��*8*3*/!+ 1,,*�2!�/ "2! 

�3�(*.�"!2*3*5 !"� 34- ��24  2/ <*/!* !-(*/*/!+ .��8!*/2� "� � "2! � 8!,,�-! // ( 

�� 2!� 2 )/ ( �3�(*/! ��! *.  .�<*/!! � � /7*/2��7!! 8 9���! !/.!9!2 ��. �"� 34-�+ 

��*83 :*//05  � 8� 8 903  � ��-�/ , )2  1,,*�2!�/ "24 �	� ��! � /7*/2��7!+� 8 9�� � 

<0.25%  9. �0<* 1,,*�2!�/ "2! �F3Br � ∼7 ��-, /  (*/4<* 1,,*�2!�/ "2! Fe(CO)5 � ∼3 

��-�. 

�/�3 .!)/0* !""3*8 ��/!+ �"3 �!5 .�<*/!+ 8!,,�-! // .  �3�(*/! CH4-� -8�� /� 

�� 2!� 2 ��� � ��-�3!, )2  1,,*�2!�/ "24 ���� ! �� 3!<4 � 4 ��-� �0<* 

1,,*�2!�/ "2! �F3Br [43, 45, 49], � 2  ��*(+ ��� �  /�<!( !-(*�*/!+(  /!  23!)�;2"+ � 7 

��-. � ��9 2�� [43, 45, 49] !""3*8 ��/!+ �� � 8!3!"4 � �3�(*/! /� �� 2!� 2 ��� (*2�/� ! 

� -8���. 	)*�!8/ ,  )2  2���+ ��-/!7� !"� 8/ .  " "2��� � 2 � � . �;)*.  !  �!"3!2*3+ � 
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/�<*5 ��9 2* ! � !""3*8 ��/!+� 8��.!� ��2 � � ��!� 8!2 � ��-3!)/ 5 (��"!(�34/ 5 

2*(�*��2��* �3�(*/. ��/** � ��9 2�� [63, 123] 903  � ��-�/ , )2  1,,*�2!�/ "24 

, ", �" 8*�:�6!� !/.!9!2 � � "!34/  -��!"!2  2 ����(*2� � �3�(*/!, � !(*//  " 

��*3!)*/!*( 2*(�*��2��0 �3�(*/ 1,,*�2!�/ "24 !/.!9!2 �� �(*/4<�*2"+. ��:* 903  

�"2�/ �3*/ , )2  ��! !-(*/*/!! 2*(�*��2��0 � - /* . �*/!+ /� 300 �, 1,,*�2!�/ "24 

�3�(*.�"!2*3+ !-(*/+*2"+ /� 90%. � /�<!� "!"2*(�� (��"!(�34/�+ 2*(�*��2��� �3�(*/! 

CH4/N2-O2/N2 (0.2/0.8-0.4/0.6) ��! "3�9 ( ��"2+:*/!! ( ��! aq0 < 750 c
-1

) " "2��3+*2 ∼1860 �, 

2 .8� ��� � ��9 2* [123] 2*(�*��2��� (*2�/ - � -8�</ .  �3�(*/! � �/�3 .!)/0� �"3 �!+� 

903� �0<* ! " "2��3+3� ∼ 1967 �. ��!(  9��- (,  23!)!* (��"!(�34/ 5 2*(�*��2��0 

�3�(*/ � /�<!� 1�"�*�!(*/2�� ! � 3!2*��2��* +�3+*2"+  "/ �/ 5 ��!)!/ 5 /*"  2�*2"2�!+ 

� 12!� "3�)�+� -/�)*/!5 1,,*�2!�/ "2! , ", �" 8*�:�6!� !/.!9!2 � �. 

���  9"�:8�3 "4 � ��-8*3* 1.1, 1,,*�2!�/ "24 , ", �" 8*�:�6!� " *8!/*/!5 ��! 

(�30� � /7*/2��7!+� !� 8 9�� �  ��*8*3+*2"+ " 8*�:�/!*( )!"3� �2 ( � , ", �� � /!� ! 

����2!)*"�! /* -��!"!2  2 "2� */!+ !� ( 3*��3. =,,*�2!�/ "24 ��, H3PO4 ! ���� 

" .3�"/  ��9 2* [49] ����2!)*"�!  8!/�� ��, )2  � 82�*�:8�*2"+ �*-�342�2�(! 8�// 5 

��9 20 83+ /* ,2 �!� ��//0� �	� (��, ����, (C2H5O)2P(O)CH3, (CH3O)3P ! POCl3). 

�� ���  "/ �/0(! �*��7!+(!,  2�*2"2�*//0(! -� !/.!9!��;6!5 1,,*�2, +�3+;2"+ 

�*��7!! � /*)/0� �� 8��2 �  �!"3*/!+ !"� 8/ .  �	�,  2��!� ��� PO, PO2, HOPO, HOPO2 

! 8�., " �3;)*�0(! �2 (�(! ! ��8!��3�(! (H, 	�, 	), 2  1,,*�2!�/ "24 �	� ����2!)*"�! 

/* -��!"!2  2 "2� */!+ !� ( 3*��3. 

��:/0( ,��2 ( +�3+*2"+ 2 , )2  ,2 �!� ��//0* �	� ��! � /7*/2��7!+� 8  0.3%, 

�� +�3+;2 ����2!)*"�! 2���; :* 1,,*�2!�/ "24, ��� ! !� /* ,2 �!� ��//0* �/�3 .!. 

�� 5  �0� 8 903 "8*3�/ ��� /�  "/ �* �*-�342�2 � 1�"�*�!(*/2 � �   ��*8*3*/!; �"3 �!5 

� .�"�/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ���, 2�� ! �  8�//0( !-(*�*/!5 "� � "2! 

��"�� "2��/*/!+ ��*8���!2*34/  �*�*(*<�//0� �3�(*/ "(*"*5 �� ��/-� -8�� [95, 221]. � 

/�"2 +6*5 ��9 2* 2��:* 903�  ��*8*3*/� 1,,*�2!�/ "24 8*5"2�!+ ,2 �!� ��//0� �	� /� 

�"3 �!+ .�<*/!+ 8!,,�-! // .  .*�2�/ - � -8�</ .  �3�(*/! (*2 8 ( )�<*)/ 5 . �*3�! 

[95, 221]. �/�3 .!)/0* !""3*8 ��/!+ �3�(*.�"+6!� "� 5"2� ,2 �!� ��//0� �	� 

�� � 8!3!"4 ! 8��.!(! ��2 ��(!, /���!(*� � ��9 2* [302]. ��� � ��-�3! 12! !""3*8 ��/!+, 

,2 �!� ��//0* �	� !(*;2 ����2!)*"�! 2� :* 1,,*�2!�/ "24, ��� ! !� /* ,2 �!� ��//0* 

�/�3 .!. =2  � 82�*�:8�*2 ��*8� 3 :*/!*  9  ��*8*3+;6*( ��3�8* , ", �" 8*�:�6!� 

�� 8��2 � ��*���6*/!+ !-�)*//0� �	� �  96!5 !/.!9!��;6!5 1,,*�2 !� 8 9�� � �  

"���/*/!; " ,2 �" 8*�:�6!(! �� 8��2�(!. �� ���  "/ �/0* , ", �" 8*�:�6!* 

�� 8��20  �!"3*/!+ �	� ��!/!(�;2 �)�"2!* � ��2�3!2!)*"�!� 7!�3�� �*� (9!/�7!! 

�3;)*�0� ��8!��3 �, � � 2 �0� � "3* ��:8 .  ��2�3!2!)*"� .  7!�3� �� !"� 8!2 
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�*.*/*��7!+ 12!� �� 8��2 � !  /! "/ �� � -���6�;2"+ � �*�.!��;6�; "!"2*(�, ! � 12 (� 

8 "2�2 )/  1,,*�2!�/  �� !"� 8!2 .!9*34  "/ �/0� / "!2*3*5 7*�/0� �*��7!5 � 2�� 5 

"!"2*(*. ��� � ��-0��;2 �*-�342�20 )!"3*//0� ��")*2 �, "� � "24 2��!� ��2�3!2!)*"�!� 

7!�3 � 8 � 34/  �0" �� [84]. �/�3 .!)/0* ��2�3!2!)*"�!* 7!�30 " �)�"2!*( 

,2 �" 8*�:�6!� �� 8��2 � ��*���6*/!+ ,2 �!� ��//0� �	�, �*� +2/ , +�3+;2"+ 3!9  

(�3 1,,*�2!�/0 3!9  �� 2*��;2 " /!-� 5 "� � "24;.  

��� ( :/  �!8*24 !- �!"�/�� 140, �*3!)!/� aq/aq0 ��! ��*3!)*/!! � /7*/2��7!! 8 9���! 

�	� 3!/*5/  �(*/4<�*2"+ � 8!���- /* � /7*/2��7!5  2 0 8  ~0.3%. %�! � /7*/2��7!+� �	� > 

0.3% �*3!)!/� aq/aq0 2��:* ����2!)*"�! 3!/*5/  -��!"!2  2 � /7*/2��7!! �	�, /  " (*/4<!( 

� 1,,!7!*/2 ( �� � �7! /�34/ "2!. ���.!(! "3 ��(!, ��! � /7*/2��7!! <0.3% �8*34/�+ 

1,,*�2!�/ "24 �	� 9 34<*, )*( � "3�)�* � /7*/2��7!! !� 8 9�� � >0.3%, 2.*. !(**2 (*"2  

1,,*�2 /�"06*/!+. �� �!"�/�* 141 ��!�*8*/� -��!"!( "24 1,,*�2!�/ "2! , ", �" 8*�:�6!� 

!/.!9!2 � �  2 � /7*/2��7!! !�  8 9���! � �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2, �0)!"3*//�+ 

/�  "/ �* � 3�)*//0� � /�"2 +6*5 ��9 2* 1�"�*�!(*/2�34/0� 8�//0� �  , �(�3* 1.3 (��-8*3 1.3).  

�(*/4<*/!* 1,,*�2!�/ "2! �!(!)*"�! ��2!�/0� !/.!9!2 � � " � "2 ( � /7*/2��7!! 

!� 8 9���! �0<* /*� 2 � .  -/�)*/!+ 2��:* 903  �"2�/ �3*/  �  !-(*�*/!; "� � "2! �3�(*/ 

��*8���!2*34/  �*�*(*<�//0� "(*"*5 C3H8/� -8�� " 8 9��� 5 /*� 2 �0�  �	� [39,  95, 200] ! 

,2 �!� ��//0� �3��/ � [4]. % � :�+ ���2!/� /�93;8�3"+ � 1�"�*�!(*/2�� �  !-(*�*/!; " 
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� ( 64; )�<*)/ 5 . �*3�! (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! 8!,,�-! // .  .*�2�/ -

� -8�</ .  �3�(*/! 8 9����(! ��-3!)/0� �	� [95]. �3+ 8 9���! Fe(CO)5 ��� � 

��*8���!2*34/  �*�*(*<�//0�, 2�� ! � /* �*�*(*<�//0� �3�(*/�� )*2�  /�93;8�*2"+ 1,,*�2 

"/�"06*/!+" 83+ -��!"!( "2! *.  1,,*�2!�/ "2! !/.!9!� ��/!+  2 � /7*/2��7!! 8 9���! 

[20]. ��� 903  �"2�/ �3*/ , 12 2 +�3*/!* ( :*2 9024 "�+-�/  ��� " ��*3!)*/!*( 

2*�3 ,!-!)*"� .  ��3�8� 12 5 8 9���!, 2�� ! " �(*/4<*/!*( *.  �!(!)*"� .  1,,*�2� -� ")*2 

��!93!:*/!+  � /7*/2��7!! ��2!�/0� )�"2!7 � �3�(*/!  2 "�*�����/ �*"/ .  � ���/ �*"/ (� 

" "2 +/!;. � �*-�342�2* 12 .  ��! /*9 34<!� � /7*/2��7!+� Fe(CO)5  "/ �/ * *.  8*5"2�!* 

"�+-�/  " �!(!)*"�!( �3!+/!*( /� �� 7*""0  �!"3*/!+ � �3�(*/!, � ��! 8�34/*5<*( 

��*3!)*/!! *.  � /7*/2��7!! �"* 9 34<* �� +�3+*2"+ 2*�3 ,!-!)*"� * �3!+/!* 12 5 8 9���!. 

�� �!"�/�* 142 ��*8"2��3*/0 �*-�342�20 ��")*2 � -��!"!( "2! (��"!(�34/ 5 

2*(�*��2��0 �3�(*/! 9*- 8 9���! ! " 8 9����(! 0.12 ! 0.25 % ��  2 .��8!*/2� "� � "2!, 

� �)*//0* " � ( 64;  (*��/!-(� �*"29���� [84, 89]. �� 12 ( �!"�/�* �*3!)!/� .��8!*/2� 

"� � "2! / �(!� ��/� /� *.  -/�)*/!* aq0 (2.*. � �3�(*/! 9*- 8 9���! ��).  

�� �!"�/�* 143 ��!�*8*/0 -��!"!( "2! aq/aq0, � 3�)*//0* � 1�"�*�!(*/2�� ! ��! )!"3*// ( 

( 8*3!� ��/!! " � ( 64; 8��� �*�"!5 (*��/!-( � ��*���6*/!+ �	� -  [84, 89] ! [87],  2 
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� /7*/2��7!! 8 9���! �� � �3�(*/!. ��� ( :/  �!8*24,  9� (*��/!-(� " �8 �3*2� �!2*34/ 5 

2 )/ "24;  �!"0��;2 �*-�342�20 !-(*�*/!5 �"3 �!5 .�<*/!+ �3�(*/ /� �� 2!� 2 ��� CH4/N2-

O2/N2. =2  � ��-0��*2, )2  �!(!� -�!/*2!)*"�!* (*��/!-(0 ��*���6*/!+ �	�,  �8��2!� ��//0* 

83+  �!"�/!+ "� � "2! ! "2���2��0 ��*8���!2*34/  �*�*(*<�//0� �3�(*/ " !� 8 9��� 5, 

8 "2�2 )/  � � <   �!"0��;2 2��:* ! �"3 �!+ .�<*/!+ �3�(*/ /� �� 2!� 2 ��� CH4/N2-O2/N2. 

	8/��  "3*8�*2  9��2!24 �/!(�/!* /� 2 , )2  ��"")!2�//05 .��8!*/2 "� � "2! ��! .�<*/!! �3�(*/! 

9*- 8 9���! aq0, ���/05 1117 "-1
, /*"� 34�  9 34<* 1�"�*�!(*/2�34/  !-(*�*// .  -/�)*/!+, ���/ .  

750 "-1
. % -�!8!( (�, 12  "�+-�/  " 2*(, )2  ��! ��")*2* /* �)!20��;2"+ /*� 2 �0* 2*�3 � 2*�!, 

/���!(*�, -� ")*2 !-3�)*/!+, ! 12  �  ��")*2�� /*"� 34�  -��0<�*2 �*3!)!/� aq0. 

�3+ �08*3*/!+ � 8*2�34/ ( (*��/!-(* /�!9 3** ��:/0� �*��7!5,  2�*)�;6!� -� 

!/.!9!� ��/!* 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2 ��! ��*8*/!! � � 2 � 

 �!"3!2*3+ 8 9���! ��, 903 �0� 3/*/ �/�3!- )��"2�!2*34/ "2! ��"")!2�//0� -/�)*/!5 aq � 

� /"2�/2�( "� � "2! 13*(*/2��/0� �*��7!5 ��*���6*/!+ �	� � �3�(*/!. �/�3!- )��"2�!2*34/ "2! 

903 �� �*8*/ ��2*( !-(*/*/!+ �*3!)!/0 ��*81�"� /*/2� � /"2�/20 "� � "2! 13*(*/2��/ 5 �*��7!! � 

4 ��-� ! ��")*2� -/�)*/!5 aq ��! �(*/4<*// 5 ! ��*3!)*// 5 �*3!)!/* � /"2�/20 "� � "2! 

13*(*/2��/ 5 �*��7!!. � 1,,!7!*/20 )��"2�!2*34/ "2!  ��*8*3*/0 "3*8�;6!(! �0��:*/!+(!: 
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.8* Lk×4 ! Lk/4 – � 1,,!7!*/20 )��"2�!2*34/ "2! aq ��! ��*3!)*// 5 ! �(*/4<*// 5 � 4 ��-� 

a
q
/a

q
,0
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��� ���
� �� ,#, ��.%


����� � ��$. '����
��� [41]


����� � ��$������� [44]
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� /"2�/2* "� � "2! �*��7!!, aq,k, aq,k×4, aq,k/4 – -/�)*/!+ aq ��! !"� 8/ 5 �*3!)!/* � /"2�/20 

"� � "2!, ��*3!)*// 5 ! �(*/4<*// 5 � 4 ��-�, "  2�*2"2�*// . �/�3!- )��"2�!2*34/ "2! 

 .��/!)!��3"+ /�9 � ( !- 6-! �*��7!5 " �)�"2!*( , ", �" 8*�:�6!� �*6*"2�, � 2 �0* 

+�3+;2"+  /�!9 3** ��:/0(! 83+ !/.!9!� ��/!+ �3�(*/ ("(. ��-8*3 1.2). 

� �93!7* 27 ��!�*8*/0 -/�)*/!+ � /"2�/2 "� � "2*5 13*(*/2��/0� �*��7!5, 

� 1,,!7!*/2 � )��"2�!2*34/ "2!, � 2��:* .��8!*/2 � "� � "2*5 � �"3 �!+� � .�"�/!+ �3�(*/ 

/� �� 2!� 2 ��� CH4/N2-O2/N2 " 8 9��� 5 0.12 % ��.  

 

 

 

��� ( :/  �!8*24 !- ��!�*8*//0� � �93!7* 27 8�//0�, �(*/4<*/!* � /"2�/2 

"� � "2*5 �"*� �0<*���-�//0� �*��7!5 � 4-* ��-� ��!� 8!2 � ��*3!)*/!; aq. ���.!(!  

"3 ��(!, ��! �(*/4<*/!! � /"2�/2 "� � "2*5 12!� �*��7!5, � ��")*2�� 1,,*�2!�/ "24 

!/.!9!� ��/!+ 8 9���! �� �(*/4<�*2"+. ��� �!8/  !- �93!70 27, /�!9 34<** 

�3!+/!* /� �*3!)!/�  aq  !(**2 � /"2�/2� "� � "2! �*��7!! H+PO2+M=HOPO+M. =2  

2��:* " .3�"�*2"+ " �*-�342�2�(! �/�3!-� )��"2�!2*34/ "2! �  "� � "2! ��"�� "2��/*/!+ 

� ��*8���!2*34/  �*�*(*<�//0� �3�(*/�� �� ��/ -� -8�</0� "(*"*5 " 8 9��� 5 �� 

[95]. ��")*2 � 1,,!7!*/2 � )��"2�!2*34/ "2! � "3�)�* ��*3!)*/!+ � 4-* ��-� � /"2�/2 

"� � "2! �0<*���-�//0� �*��7!5 � ��-�3, )2  1,,*�2!�/ "24 !/.!9!� ��/!+ 

��*3!)!��*2"+ 2 34�  ��! ��*3!)*/!! � /"2�/20 "� � "2! �*��7!! H+PO2+M=HOPO+M 

(�93!7� 27), � ��*3!)*/!* � /"2�/2 "� � "2! 8��.!� 5-! �*��7!5 2 34�  �(*/4<�*2 

1,,*�2!�/ "24. �*��7!+ H+PO2+M=HOPO+M (�93!7� 27) � � :!(  9��- ( �3!+*2 ! /� 

"� � "24 . �*/!+ ��*8���!2*34/  �*�*(*<�//0� "(*"*5  �3�8/� -8�� " 8 9��� 5 �� 
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[95]. ��� ( :/  �!8*24 !- �93!70 27, /�!9 34<** �3!+/!* /� �*3!)!/� aq !(**2 

� /"2�/2� "� � "2! �*��7!! OH+PO2+M=HOPO2+M.  

��  "/ �* � 3�)*/0� 8�//0� ( :/  -��3;)!24, )2  -� !/.!9!��;6!5 1,,*�2 � 

8!,,�-! // ( (*2�/ -�!"3 � 8/ ( �3�(*/!, � �*���;  )*�*84  2�*)�*2 �*��7!+ 

H+PO2+M=HOPO+M (�*��7!+ A 1, �93!7� 27). =2  " .3�"�*2"+ " � 3�)*//0( ��/** � 

��9 2* [82] �0� 8 (   2 (, )2  !(*//  12� �*��7!+ 2��:*  ��*8*3+*2 !/.!9!��;6!5 

1,,*�2 � "2*�! (*2�!)*"�!� �3�(*/�� ��*8���!2*34/  �*�*(*<�//0� "(*"*5 3*.�!� 

�.3*� 8 � 8 � " � -8�� (.  

�� �!"�/�* 144 � ��-�/0 "  2/ <*/!+ � 1,,!7!*/2 � )��"2�!2*34/ "2! 83+ 

.��8!*/2� "� � "2! ��! .�<*/!! �3�(*/! /� �� 2!� 2 ��� CH4/N2-O2/N2  Lk×4 ! Lk/4 83+ 6-! 

/�!9 3** ��:/0� �*��7!5, ���-�//0� �0<*. �3+ "���/*/!+ /� 12 ( :* �!"�/�* ��!�*8*/0 

� 1,,!7!*/20 )��"2�!2*34/ "2! �  "� � "2! . �*/!+ ��*8���!2*34/  �*�*(*<�//0� 
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C3H8/�����$ ������� [30 ����]

 

 

�!"�/ � 144. ���"!(�34/0* � 1,,!7!*/20 )��"2�!2*34/ "2! 

83+ .��8!*/2� "� � "2! ��! .�<*/!! �3�(*/! /� �� 2!� 2 ��� 

CH4/N2-O2/N2, � 2��:* � 1,,!7!*/20 )��"2�!2*34/ "2! 83+  

"� � "2! ��"�� "2��/*/!! ��*8���!2*34/  �*�*(*<�// .  

�3�(*/! �3�8/� -8�� � � /"2�/2�( "� � "2*5 �*��7!5 ��! 

��*8*/!! � �3�(*/� 8 9���! 0.12 % ��. 
 

  [95] 
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"(*"*5 �3�8/� -8��  " 8 9��� 5 �� [95]. ��� �!8/  !- 12 5 8!�.��((0, ��3�80 ��:8 5 !- 

6 ���-�//0� 13*(*/2��/0� �*��7!5 (*��/!-(� [87] � -/�)*/!* aq 83+ 8!,,�-! // .  

(*2�/ -� -8�</ .  �3�(*/! ! � "� � "24 . �*/!+ ��*8���!2*34/  �*�*(*<�// 5 "(*"! 

�3�8/� -8�� "!34/   23!)�;2"+. � -( :/ 5 ��!)!/ 5 12 .  +�3+*2"+ �� �*8*/!* �/�3!-� 

)��"2�!2*34/ "2! 83+ ��!/7!�!�34/  ��-3!)/0� "!"2*( - 83+  �3�(*/ ��*8���!2*34/  

�*�*(*<�//0� "(*"*5 ��""(�2�!��*2"+ "� � "24 *.  ��"�� "2��/*/!+, � 83+ 8!,,�-! //0� 

�3�(*/ /� �� 2!� 2 ��� - ��*8*3 .�<*/!+, � 12 (� ��3�80 ��""(�2�!��*(0� �*��7!! � 

2��!� ��-3!)/0� �"3 �!+� ( .�2 9024 " �*�<*//   23!)�;6!(!"+. 

 

 

 

4.1.3. �3!+/!* , ", �" 8*�:�6!� !/.!9!2 � � /� � /7*/2��7! //0* ��*8*30 

��"�� "2��/*/!+ �3�(*/  "(*"*5 ��4/� -8�� 

 

 

 

 %�*8"2��3*//0* � 12 ( ����.��,* �*-�342�20 903! � 3�)*/0 " �(*"2/  " �/+-4� �0( 

�.�. [219] ! ��!( �0( �.�. �� �!"�/�* 145 ��!�*8*/0 -��!"!( "2! .��8!*/2� "� � "2! Kext � 

�3�(*/! ( 2/ <*/!* "�((0 "� � "2*5 � 2 � � � ��""2 +/!; (*:8� " �3�(! . �*3�!)  2 

� /7*/2��7!! (*2�/� � ��*8���!2*34/  �*�*(*<�// 5 "(*"! CH4/� -8�� � ( (*/2 .�<*/!+ �3�(*/!, 

��! � /7*/2��7!! 8 9���! �� � 12 5 "(*"!  2 0 8  0.48%  9. ��:* /� 12 ( �!"�/�* 83+ "���/*/!+ 

� ��-�/0 8�//0* 1�"�*�!(*/2 � � 2*� :* �"3 �!+� " 8 9��� 5 0.6% CF3Br.  

 �*��/!5 ! /!:/!5 � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ ��*8���!2*34/  

�*�*(*<�// .  (*2�/ -� -8�</ .  �3�(*/!  ��*8*3+3!"4 ��2*( 1�"2��� 3+7!! �*-�342�2 � 

!-(*�*/!5 .��8!*/2� "� � "2! Kext �  "! �9"7!"" (�!"�/ � 145). %�2*(  ��*8*3*/!+ 

��� ���
� �� ������, %
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� /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! "(*"! CH4/� -8�� " ��-3!)/ 5 

� /7*/2��7!*5 !/.!9!2 � � 903� �"2�/ �3*/� -��!"!( "24 12 .  ����(*2��  2 � /7*/2��7!! 

8 9�� � CF3Br ! �� (�!"�/ � 146). �� 12 ( :* �!"�/�* ��*8"2��3*/0 8�//0* �  �3!+/!; 8 9���! 

�F3Br /� � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ �3�(*/! "(*"! CH4/� -8�� !- ��9 20 ��!2  ! 

" ��2. � 3�)*//0* " (*2 8 ( 7!3!/8�!)*"� 5 . �*3�! ��! 2*(�*��2��* 80 
 � [303].  

  �3+ . �;)*5 "(*"! CH4/� -8�� � /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ �3�(*/! 9*- 

8 9�� � !/.!9!2 � � " "2��3+;2 4±0.2% (/!:/!5) ! 15±0.2% (�*��/!5), )2  /*(/ .  ��"� 8!2"+ " 

� 3�)*//0(! � ��9 2* ��!2  ! " ��2. [303] �*-�342�2�(!, � � 2 � 5 12! �*3!)!/0 " "2��3+;2 4.75% 

! 15.5% "  2�*2"2�*//  (�!"�/ � 146), )2  /�!9 3** �*� +2/  "�+-�/  " ��-3!)!*( !"� 34- ��//0� 

(*2 8 � !-(*�*/!+, � /* " ��-3!)!*( /�)�34/ 5 2*(�*��2��0 . �;)!� "(*"*5, " "2��3+;6*( �"*.  

 � 3  15 K. ��:/   2(*2!24, )2  � /7*/2��7! //0* ��*8*30  ��"�� "2��/*/!+ �3�(*/! ��! 

/�)�34/ 5 2*(�*��2��* (*2�/ -� -8�</ 5 "(*"!, 93!-� 5 � 298 �, 9�8�2 /*"� 34�  ý:*, )*( 

!-(*�*//0* � 8�// 5 ��9 2* ��! 368 K. �!2)*�" ! " ��2. [232] � ��-�3!, )2  ��*3!)*/!* 

2*(�*��2��0 /� 70 � ��!� 8!2 � !-(*/*/!; � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! 

"(*"! CH4/� -8�� /� 0.5%. 	�!��+"4 /� 12! �*-�342�20, � /�<!� �"3 �!+� /!:/!5 ! �*��/!5 

� /7*/2��7! //0* ��*8*30 8 3:/0 903! 90 " "2��3+24 4.5 ! 14.5% CH4 "  2�*2"2�*// . � �+8* 

��9 2 [92, 230, 231, 232, 303] " � ( 64; ��-3!)/0� (*2 8 � 903! !-(*�*/0 �*3!)!/0 /!:/*.  ! 

�*��/*.  � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! "(*"*5 CH4-� -8��, " "2��3+;6!* 

��� ���
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4.0 ÷ 5.3 % ! 13.8 ÷ 15.6 %  9. CH4 "  2�*2"2�*// . �- 12!� 8�//0� �!8/ , )2  � 3�)*//0* � 

/�"2 +6*5 ��9 2* -/�)*/!+ /!:/*.  ! �*��/*.  � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ 

�3�(*/! "(*"! CH4-� -8�� � � <  " .3�"�;2"+ " ���-�//0(! � �0<*�*�*)!"3*//0� ��9 2��, )2  

. � �!2   ��!(*/!( "2! (*2 8� . �*3�! /� �"2�*)/0� � 2 ��� 83+  ��*8*3*/!+ � /7*/2��7! //0� 

��*8*3 � ��"�� "2��/*/!+ �3�(*/. 

 �-(*�*/!+ � /7*/2��7! //0� ��*8*3 � ��"�� "2��/*/!+ �3�(*/! " 8 9��� 5 CF3Br 

� -� 3!3! ��� � "�� !-�*"2! "�6*"2��;6!* � 3!2*��2��* �*-�342�20 [303] ! �� �*�!24 

!"� 34- ��//05 � /�"2 +6*5 ��9 2* (*2 8  ��*8*3*/!+ � /7*/2��7! //0� ��*8*3 �, 2�� ! �� �*"2! 

"���/*/!* �3!+/!+ 8 9�� � �� ! CF3Br �  8!/�� �0� �"3 �!+� /� ��*8*30 ��"�� "2��/*/!+ 

�3�(*/!. �� ��� �9" 3;2/0* -/�)*/!+ � /7*/2��7! //0� ��*8*3 � 83+ (*2�/ -� -8�</ .  

�3�(*/! 9*- 8 9���! � 2 )/ "2! /* " ���8�;2 " 8�//0(! ��9 20 ��!2  ! " ��2. [303], 2  � ��)*"2�* 

 "/ �/ .  ����(*2�� 1,,*�2!�/ "2! !/.!9!2 �� ��""(�2�!��3 "4  2/ "!2*34/ * !-(*/*/!* 

�*��/*.  !3! /!:/*.  � /7*/2��7! // .  ��*8*3� ��! -�8�// 5 � /7*/2��7!! 8 9���! CF3Br. ��� 

�!8/  /� �!"�/�* 146,  � ��9 2* ��!2  ! " ��2. [303] 8 9���� 0.6 %  9. CF3Br �(*/4<�*2 �*��/!5 ! 

��*3!)!��*2 /!:/!5 � /7*/2��7! //0* ��*8*30 �  CH4 /� ~1 % ! ~0.5% "  2�*2"2�*// , )2  

� � <  " .3�"�*2"+ " � 3�)*//0(! (*2 8 ( �� 2!� 2 )/ 5 . �*3�! � 8�// 5 ��9 2* �*-�342�2�(!. 

 � 9���� ��, ��� �!8/  /� �!"�/�* 146, -�(*2/  �(*/4<�*2 � /7*/2��7! //0* ��*8*30 

��"�� "2��/*/!+ �3�(*/! CH4/� -8��. 	2/ "!2*34/�+ �*3!)!/� 1,,*�2� 8 9���! �� /� ��*8*30 

-��!"!2  2 *.  � /7*/2��7!!: ��! 8 9���* 0.12% �� /!:/!5 ! �*��/!5 � /7*/2��7! //0* 

��*8*30 !-(*/+;2"+ ��!(*�/  /� 0.5% �  (*2�/�, � ��! 8 9���* 0.4% �� !-(*/*/!* " "2��3+*2 

�:* �"*.  1%. �/2*�*"/0( �*-�342�2 ( +�3+*2"+ 2 , )2  1,,*�2!�/ "24 8*5"2�!+ 8 9���! �� /� 

/!:/!5 ! �*��/!5 � /7*/2��7! //0* ��*8*30, �  23!)!*  2 CF3Br, ����2!)*"�!  8!/�� ��: ��! 

� /7*/2��7!! 8 9���! �� 0.48% �*��/!5 ��*8*3 �(*/4<�*2"+ /� ~1.1 %, � /!:/!5 ��*3!)!��*2"+ 

/� ~1.3%, 2.*. ��!(*�/  /�  8/� ! 2� :* �*3!)!/�. 	8/��  83+ CF3Br "!2��7!+ /*(/ .  8��.�+ – ��! 

*.  ��*8*/!! � . �;)�; "(*"4 � 2 5 :* � /7*/2��7!! )2  ! ��, �*��/!5 � /7*/2��7! //05 

��*8*3 �(*/4<�*2"+ � 2 ��-� 9 34<*, )*( /!:/!5. � � "2��3*/!* 1,,*�2 � 8 9�� � �� ! CF3Br � 

� /7*/2��7!+� 0.3% � ��-0��*2, )2  �� � ~4 ��-� ! ~2 ��-� "!34/** !-(*/+*2 /!:/!5 ! �*��/!5 

��*8*30 "  2�*2"2�*// , )*( 8 9���� CF3Br. 

 ��/** � �+8* ��9 2 903  �"2�/ �3*/ , )2  /*� 2 �0* !/.!9!2 �0, � )�"2/ "2!  

.�3 !8 �.3*� 8 � 80 (CF3Br, CF3CH2Br, C2Br2F4 ! 2.�.), !-(*/+;2 �*��/!5 � /7*/2��7! //05 

��*8*3 "!34/**, )*( /!:/!5 [303, 304]. =2 2 1,,*�2 "�+-�/ " !-(*/*/!*( � 1,,!7!*/2� !-902�� 

2 �3!�� � . �;)*5 "(*"! ��! ��*8*/!! !/.!9!2 � � 8�// .  2!��. 	8/��  83+ �� 12 2 1,,*�2 

����2!)*"�!  2"�2"2��*2, � "� 34�� ! 9*8/05 ! 9 .�205 ��*8*30 "(*"*5 CH4/� -8�� ��! ��*8*/!! 

8 9���! �� !-(*/+;2"+ ����2!)*"�!  8!/�� � . 
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 �� �!"�/�* 147 ��!�*8*/0 �*-�342�20 )!"3*// .  ( 8*3!� ��/!+ (��"!(�34/ 5 

2*(�*��2��0 �3�(*/! /� �� 2!� 2 )/ 5 . �*3�* � -��!"!( "2!  2 "� � "2! � 2 � � 

. �;)*5 "(*"! CH4/� -8�� �93!-! 9*8/ .  ! 9 .�2 .  � /7*/2��7! //0� ��*8*3 �. 

% 3�)*//0* 8�//0* � -� 3!3!  ��*8*3!24 .��8!*/20 "� � "2! � �� 2!� 2 )/0� �3�(*/�� 

"(*"*5 -�8�// .  " "2��� " 8 9��� 5 0.12% �� � ( (*/2 !� .�<*/!+  (�!"�/ � 148). 
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 �- �!"�/�� 148 ( :/  �!8*24, )2  � "3�)�* 9*8/0� "(*"*5 � 3�)*//0* 

1�"�*�!(*/2�34/0* ! ��")*2/0* -��!"!( "2! Kext = f([CH4]) � �3�(*/�� " 8 9��� 5 ! 9*- 

8 9���! � � <  " .3�"�;2"+ (*:8� " 9 5, � 2  ��*(+ ��� � 9 .�20� "(*"+� /�93;8�;2"+ 

-/�)!2*34/0* ��"� :8*/!+.  

 �� �!"�/�* 149 � ��-�/  !-(*/*/!* ��*8*3 � ��"�� "2��/*/!+ �3�(*/!  "(*"! 

CH4/� -8��  2 � /7*/2��7!! 8 9���! ��, � 3�)*// * � 1�"�*�!(*/2* ! ��"")!2�// * ��2*( 

)!"3*// .  ( 8*3!� ��/!+ �3�(*/! /� �� 2!� 2 )/ 5 . �*3�*. ��� �!8/  !- 12 .  �!"�/��, 

�*-�342�20  ��")*2� 83+ "(*"! CH4/� -8�� " 8 9��� 5 �� ! 9*- /** 3�)<*  �!"0��;2 

1�"�*�!(*/2�34/0* 8�//0* 83+ /!:/*.  � /7*/2��7! // .  ��*8*3�, )*( 83+ �*��/*.  

(9 .�2 . ).  

 ����!(*�, � �3�(*/! 9*8/ 5 . �;)*5 "(*"! 9*- 8 9���! �� ��"")!2�//05 /!:/!5 

� /7*/2��7! //05 ��*8*3 " "2��3+*2 4.2% �  (*2�/�, )2  � � <  " .3�"�*2"+ " !-(*�*// 5 

�*3!)!/ 5 - 4%. � 9���� � . �;)�; "(*"4 0.12% �� ��*3!)!��*2 ��"")!2�//05 /!:/!5 

� /7*/2��7! //05 ��*8*3 /� 0.7%, )2  2��:* � ��*8*3��  <!9�! 1�"�*�!(*/2� " .3�"�*2"+ " 

�*-�342�2�(! !-(*�*/!5. �� 9 .�2 ( ��*8*3* � �3�(*/! 9*- 8 9���! �*-�342�20 ��")*2� /� 1.3 

% ��*�0<�;2 !-(*�*//�; �*3!)!/�. $�(*2/ * ��"� :8*/!* �*-�342�2 � ��")*2� ! 

1�"�*�!(*/2� /�93;8�*2"+ 83+ �*��/*.  (9 .�2 . ) � /7*/2��7! // .  ��*8*3� 

��"�� "2��/*/!+ �3�(*/! "(*"! CH4/� -8�� " 8 9��� 5 0.12% ��. 
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	"/ �/ 5 ��!)!/ 5 /�93;8�*(0� ��"� :8*/!5 �*-�342�2 � )!"3*// .  ( 8*3!� ��/!+ ! 

1�"�*�!(*/2 � 83+ 9 .�2 .  ��*8*3� +�3+*2"+ /*" �*�<*/"2�  !"� 34- ��// .  � ��")*2�� 

�!(!� -�!/*2!)*"� .  (*��/!-(� GRI 3.0, 2�� ��� !-�*"2/ , )2  � �3�(*/�� "  -/�)!2*34/0( 

!-902� ( 2 �3!�� � -( :/   9��- ��/!* 2+:*30� �.3*� 8 � 8 �, � 2 �0* � 12 2 (*��/!-( /* 

��3;)*/0, 2�� ���  / 903 ��-��9 2�/ 83+  �!"�/!+ . �*/!+ ��!� 8/ .  .�-� ! ��3;)�*2 2 34�  

�1-�3 �.3*� 8 � 80. 

�� (* 2 . , ��!)!/ 5 9 3** /!-� 5 1,,*�2!�/ "2! 8 9�� � �� /� 9 .�2 ( ��*8*3* 

��"�� "2��/*/!+ �3�(*/! (*2�/ -� -8�</ 5 "(*"! �  "���/*/!; " 1,,*�2 ( *.  8 9���! � 

9*8/0* "(*"! ( :*2 +�3+24"+  9��- ��/!* � �3�(*/! (�3 ��2!�/0� , ", �" 8*�:�6!� 

�� (*:�2 )/0� �� 8��2 � ��*���6*/!+ ��. ��/** ��! !-�)*/!! !/.!9!� ��/!+ . �*/!+ 

��*8���!2*34/  �*�*(*<�//0� "(*"*5 C3H8/� -8��/�� 903  �"2�/ �3*/ , )2  1,,*�2 

!-(*/*/!+ "� � "2! ��"�� "2��/*/!+ 12 .  �3�(*/! ��! ��*8*/!! �� �(*/4<�*2"+ ��! 

��*3!)*/!! > > 1.3 [293]. �!"3*//0* ��")*20 "2���2��0 12!� �3�(*/ � ��-�3!, )2  ��! > > 1.3  

��*3!)!��*2"+ � /7*/2��7!+ " *8!/*/!5 �!8� CxHyOzPn (/���!(*�, CH3PO2), +�3+;6!�"+ 

�� (*:�2 )/0(! �� 8��2�(! ��*���6*/!+ ��, )2  ��!� 8!2 � �(*/4<*/!; � /7*/2��7!! 

�)�"2��;6!� � ��2�3!2!)*"�!� 7!�3�� �*� (9!/�7!! �, 	� ! 	 ��2!�/0� , ", �" 8*�:�6!� 

��8!��3 � PO, PO2, HOPO, HOPO2 ! 12  �(*/4<*/!* +�3+*2"+ ��!)!/ 5  ��8*/!+ 

1,,*�2!�/ "2! !/.!9!� ��/!+ �� � 9 .�20� �3�(*/��. 

 

 ��!(  9��- (, � �*-�342�2* �� �*8*//0� !""3*8 ��/!5 " � ( 64; �� 2!� 2 )/ 5 

. �*3�! 903! � 3�)*/0 "3*8�;6!* �*-�342�20: 

1. �*2 8 ( - /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! �� �*8*/0 � 3!)*"2�*//0* 

!-(*�*/!+ ��"��*8*3*/!+ � /7*/2��7!5 �, 	� ! , ", �" 8*�:�6!� �*6*"2� � 

8!,,�-! // ( �3�(*/! /� �� 2!� 2 ��� CH4/N2 – O2/N2 " 8 9��� 5 ��. %� �*8*/  

)!"3*// * ( 8*3!� ��/!* �!(!)*"� 5 "2���2��0 !""3*8 ��// .  �3�(*/! " !"� 34- ��/!*( 

8*2�34/ .  �!/*2!)*"� .  (*��/!-(� ��*���6*/!+ �	�.  

2. =�"�*�!(*/2�34/  !""3*8 ��/  �3!+/!* 8 9�� � ��-3!)/0� �	� /� �"3 �!+ .�<*/!+ 

8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2 – O2/N2. �"2�/ �3*/ , )2  �"* 

!""3*8 ��//0* �	�  93�8�;2 93!-� 5 !/.!9!��;6*5 1,,*�2!�/ "24;, ��*�0<�;6*5 

1,,*�2!�/ "24 CF3Br � 12!� :* �"3 �!+� � ∼7 ��-. �/.!9!��;6!5 1,,*�2 8 9�� � �	� � 

�3�(*/! /� �� 2!� 2 ��� CH4/N2 – O2/N2  9�"3 �3*/  9��- ��/!*( � �*��7! // 5 - /* 

�3�(*/! , ", �" 8*�:�6!� �� 8��2 � 8*"2���7!! �	�. �*-�342�20 )!"3*// .  

( 8*3!� ��/!+ �"3 �!5 .�<*/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2 – O2/N2 

��! ��*8*/!! � � 2 �  �!"3!2*3+ 8 9���! �� �8 �3*2� �!2*34/  " .3�"�;2"+ " 

1�"�*�!(*/2 (. ��!9 3** ��:/ 5 13*(*/2��/ 5 �!(!)*"� 5 �*��7!*5 � (*��/!-(* 
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!/.!9!� ��/!+ 8!,,�-! // .  �3�(*/! CH4/N2 – O2/N2  8 9�� � 5 �� +�3+*2"+ �*��7!+ 

H+PO2+M=HOPO+M. 

3. =�"�*�!(*/2�34/  ! )!"3*//  � ��-�/ , )2  8 9���� ��� � �� � ��*8���!2*34/  

�*�*(*<�//�; "(*"4 CH4/� -8�� "!34/  "�:�*2 � /7*/2��7! //0* ��*8*30 

��"�� "2��/*/!+ �3�(*/! �  (*2�/�.  

4. � � "2��3*/!* 1�"�*�!(*/2�34/0� 8�//0� �  �3!+/!; 8 9���! ��� � �� /� 

� /7*/2��7! //0* ��*8*30 ��"�� "2��/*/!+ ��*8���!2*34/  �*�*(*<�// .  �3�(*/! 

CH4/� -8��, /� "2���2��� ! �"3 �!+ .�<*/!+ 8!,,�-! // .  �3�(*/! /� �� 2!� 2 ��� CH4/N2–

O2/N2, " �*-�342�2�(! )!"3*//0� ��")*2 �  "/ �/0� ����(*2� � 12!� "!"2*( � ��-�3 , )2  � 

7*3 ( (*��/!-( �!(!)*"�!� ��*���6*/!5 �	� �8 �3*2� �!2*34/   �!"0��*2 �*"4 � (�3*�" 

!-(*�*//0� ����(*2� �. 

5. �� ��!(*�* �3�(*/! /� �� 2!� 2 ��� CH4/N2 - O2/N2 � ��-�/� ��!(*/!( "24 (*2 8� 

- /8 � 5 ( 3*��3+�/ -��)� � 5 (�""-"�*�2� (*2�!! 83+ !-�)*/!+ �!(!)*"� 5 "2���2��0 

12 5 "!"2*(0.  

 



 

 

279 

4.2. �7���� ������ � ������� ����
�. <7�!�� %����
 
 

 

 

 �*2 8 ( )�<*)/ 5 . �*3�! 903 !""3*8 ��/ �+8 , ", � �.�/!)*"�!� " *8!/*/!5, � 

2��:* /*� 2 �0* ,2 �" 8*�:�6!* �*6*"2�� ! " *8!/*/!+ ��3!+ (K3PO4, CH3�OOK, 

KOOCCOOK ! K4[Fe(CN)6]). �� �!"�/�* 150 ��!�*8*/0 � 3�)*//0* -��!"!( "2!, 

"  2�*2"2��;6!* (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! �	2 ��! ��-3!)/0� � /7*/2��7!+� 

8 9���! �3�(*.�"!2*3*5. �3+ 9 34<!/"2�� «1,,*�2!�/0�» �3�(*.�"!2*3*5, " ��*3!)*/!*( 

!� � /7*/2��7!! � .�"+6*5 "(*"!, � /7*/2��7!+ �	2 ( / 2 //  �(*/4<�*2"+. %3�(+ 

.�"/*2, *"3! � /7*/2��7!+ 8 9���! �3�(*.�"!2*3+ !3!/! �	2 9 34<* -/�)*/!5, 

"  2�*2"2��;6!� 2 )��( /� ��!�*8*//0� -��!"!( "2+�. �3+ /*� 2 �0� �	� ! �� 

(«/*1,,*�2!�/0�» �3�(*.�"!2*3*5) /�93;8�3 "4 �2 �!)/ * �3�(+ � �*��/*5 )�"2! 

. �*3�! �"3*8"2�!* . �*/!+ ��� � 12!� �*6*"2� � /�.�*2 ( � 2 �* � -8��� �0<* )�<*)�!. 

�3+ 2��!� �	� ! �� -��!"!( "24 .�"+6*5 � /7*/2��7!! �	2  2 � /7*/2��7!! ��*8*// 5 

 C
fs 

(x100) 
0 1 2 3 4 5 6 7 8

[CO2]

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

0,24

T=75 oC

(CF3CH2O)3P 
(CF3CH2O)2P(O)CF3
[(CF3)2CHO]3P

 CF3Br 

(CF3CH2O)2P(O)C2H5
[(CF3)2CHO]2P(O)C2H5
(CF3CH2O)2P(O)OCH(CF3)2
CF3CH2OP(O)[OCH(CF3)2]2
[(CF

3)2CHO]2P(O)CH3

[(CF3)2CHO]2P(O)CF3
HCF2CF2CH2OCF2CHFCF3
CF3CF2CF2OCHFCF3
(CF

3)2C=CFCF2CF3

  (CF
3)2CFCF=CFCF3

 
��� ���
� �� ������� �����	�������, �����. ���� ($100) 

 

�!"�/ � 150. $��!"!( "24 (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! �	2 

( 9?*(/�+ 8 3+)  2 � /7*/2��7!! 8 9���! �3�(*.�"!2*3+ (�	� ! ��) ��! 

.�<*/!! 8!,,�-! // .  �3�(*/! /-.*�2�/� � � -8��*. 
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8 9���! / "!2 !/ 5 �����2*� ("(. �!"�/ � 150). �/�)�3�, � .8� � /7*/2��7!+ 8 9���! 

�3�(*.�"!2*3+ ��*3!)!��*2"+, � /7*/2��7!+ �	2 �(*/4<�*2"+, 8 "2!.�+ (!/!(�(�. � 

8�34/*5<!( � "2 ( � /7*/2��7!! �3�(*.�"!2*3+ � /7*/2��7!+ �	2 � -��"2�*2. =2 2 

1,,*�2,  �!"�//05 /�(! � [221], "�+-�/ " 8��(+ � /���!��;6!(! �� 7*""�(!: (1) 

!/.!9!� ��/!*( �3�(*/! �3�(*.�"!2*3+(! " �(*/4<*/!*( 2*(�*��2��0 !---� 9 3** 

�0" � 5 2*�3 *(� "2! �� 8��2 � ". ��/!+, (2) � -��"2�/!*( 2*(�*��2��0 �� 8��2 � 

. �*/!+ !---� �08*3*/!+ 8 � 3/!2*34/ .  2*�3� -� ")*2  �!"3*/!+ !/.!9!2 ��. ��:/  

2��:*  2(*2!24, )2  ��! 9 34< 5 � /7*/2��7!! 8 9���! �	� /�93;8�*2"+  9��- ��/!* ! 

 "�:8*/!* -/�)!2*34/0� � 3!)*"2� "�:! /� �/�2�*//*5 � �*��/ "2! 2��90. � :/  

��*8� 3 :!24, )2   8/!( !- 8 � 3/!2*34/0� ,��2 � � ( :*2 9024 �� 7*"" � /8*/"�7!! 

��2!�/0� )�"2!7 (�� 8��2 � 8*"2���7!! �	�) /� )�"2!7�� "�:!. 

  ��!(  9��- (, ��-3!)/�+ 1,,*�2!�/ "24 �3�(*.�"!2*3*5 ( :*2 9024  9?+"/*/� �+8 ( 

��!)!/: 2*�3 2 5 ". ��/!+ �3�(*.�"!2*3*5, 2*�3 *(� "24; !� ��� �, "� � "24; !� 8*"2���7!! 

! " "2�� ( �� 8��2 � !� 8*"2���7!! � �3�(*/!. �*-�342�20, ��*8"2��3*//0* � �93!7* 28 ! /� 

�!"�/�* 150, � ��-0��;2, )2  ��!  8/!� ! 2*� :* �"3 �!+� 1,,*�2!�/ "24 /*� 2 �0� �	� � 

1.8÷2.3 ��- �0<*, )*( CF3Br.  

� 12 ( "3�)�*  2/ "!2*34/�; 1,,*�2!�/ "24 �3�(*.�"!2*3*5 ( :/   ��*8*3!24 ��� 

 2/ <*/!* !� (!/!(�34/0� .�"+6!� � /7*/2��7!5. ��!9 3** 1,,*�2!�/0( �3�(*.�"!2*3*( 

!- �	� � ��")*2* /�  9?*(/�; � /7*/2��7!; ��� � � 12!� 1�"�*�!(*/2�� +�3+*2"+ 

[(CF3)2CHO]2P(O)CF3, � 2��:* (� � �+8�* �(*/4<*/!+ �
�) [(CF3)2CHO]2P(O)C2H5, 

[(CF3)2CHO]3P, (CF3CH2O)2P(O)CF3, (CF3CH2O)3P, [(CF3)2CHO]2P(O)CH3. ��*8! �� /�!9 3** 

1,,*�2!�/0 (CF3)2C=CFCF2CF3 ! (CF3)2CFCF=CFCF3. �0" ��+ 1,,*�2!�/ "24 12!� �� ( :*2 

9024  9?+"/*/� � 3/0(  2"�2"2�!*( �2 ( � � 8 � 8� � ( 3*��3�� 12!� " *8!/*/!5 ()2  

"/!:�*2 !� . �;)*"24) !, �*� +2/ , 9 34< 5 2*�3 *(� "24;.  

�3+  ��*8*3*/!+ �3!+/!+ 2*(�*��2��0 "(*"! � -8��� " �3�(*.�"!2*3*( /� *.  �
� 

903! �� �*8*/0 1�"�*�!(*/20, � � 2 �0� 2*(�*��2��� "(*"! � -8�� - �3�(*.�"!2*34 

!-(*/+3�"4 � 8!���- /* 25÷95 
o
C. %�*8"2��3*//�+ /� �!"�/�* 151 -��!"!( "24 

� ��-0��*2, )2  �
� 83+ CF3Br ! �	� -/�)!2*34/  -��!"!2  2 2*(�*��2��0 �3�(*.�"+6*5 

"(*"!. %�! !-(*/*/!! 2*(�*��2��0  2 75 8  25 
 � �
� 83+ CF3Br �(*/4<�*2"+  2 4.6 8  

3.5 %, � (CF3CH2O)3P -   2 2.5 8  1.6 % (�   9?*(�).  

�"� 8+ !� �����2*�� � 3�)*// 5 -��!"!( "2!, ( :/  "8*3�24 ��*8� 3 :*/!*, )2  

(CF3CH2O)3P !(**2 9 3** �0" ��; 1,,*�2!�/ "24 .�<*/!+ �3�(*/! �  "���/*/!; " CF3Br /* 

2 34�  � !""3*8 ��// (, /  ! � 9 3** <!� � ( 2*(�*��2��/ ( 8!���- /*.  
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�93!7� 28. �!/!(�34/0* .�"+6!* � /7*/2��7!! �	� ! �� 

 

�!/!(�34/�+ .�"+6�+ � /7*/2��7!+ � *8!/*/!* 

% (�   9?*(�) ./(3
 

[(CF3)2CHO]2P(O)C2H5 2.0±0.2 366 

[(CF3)2CHO]3P 2.2±0.2 523 

(CF3CH2O)2P(O)CF3 2.3±0.2 322 

(CF3CH2O)3P 2.6±0.2 381 

(CF3CH2O)2P(O)OCH(CF3)2 �*2 .�<*/!+ ��! 3%  

CF3CH2OP(O)[OCH(CF3)2]2 % 88*�:!��*2  . �*/!*  

(CF3CH2O)2P(O)C2H5 -//-  

[(CF3)2CHO]2P(O)CH3 3.0±0.2 530 

[(CF3)2CHO]2P(O)CF3 2.0±0.2 400 

HCF2CF2CH2OCF2CHFCF3 6.1±0.3 768 

HCF2CF2OCH2CH3 % 88*�:!��*2  . �*/!*  

CF3CF2CF2OCHFCF3 6.6±0.3 843 

(CF3)2C=CFCF2CF3 4.8±0.3 642 

(CF3)2CFCF=CFCF3 5.0±0.3 670 

CF3Br 4.6 306 

CO2 22±0.2 432 

 

�* 9� 8!(   2(*2!24, )2  ��! � (/�2/ 5 (~25
 �) 2*(�*��2��* � 2 �� � -8��� �
� 

(CF3CH2O)3P " "2��3+*2 1.6 % (�!"�/ � 151), ��! 12 ( 75 % �3�(*.�"!2*3+ 8 "2!.�*2 - /0 

�3�(*/! � �!8* �1� - 3+. ��!(  9��- (, � 3�)*//0* �*-�342�20 � ��-0��;2, )2  �1� - 34/�+ 

2*�/ 3 .!+ 8 "2���! �3�(*.�"!2*3+ � -� 3+*2 !"� 34- ��24 83+ 12 5 7*3!  2/ "!2*34/  

(�3 3*2�)!* " *8!/*/!+. ��!* " *8!/*/!+ ( .�2 !(*24 /*� 2 � * ��*!(�6*"2� , 2�� ��� � 

"3�)�* !�  "�:8*/!+ /� � �*��/ "2! . �;)!� (�2*�!�3 �  /! ��*�+2"2��;2 23*;6*(� 

. �*/!; ! � �2 �/ (� � "�3�(*/*/!;.  

 �*-�342�20 !-(*�*/!+ (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! � 8/0� ��"2� � � 

��-3!)/0� ��3!5/0� " 3*5 83+ 8!,,�-! // .  �3�(*/! /-.*�2�//� -8�� ��*8"2��3*/0 � 

�93!7* 29. ��� ( :/  �!8*24 !- 12 5 2�93!70, " 3! ��3!+ /� � �+8 � 9 3** 1,,*�2!�/0, )*( 

9 34<!/"2�  !-�)*//0� �	� ! .�3 / � (,�* / �) [257].  
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�!"�/ � 151. $��!"!( "2! (!/!(�34/0� .�"+6!� � /7*/2��7!5 (�
�) �F3Br ! 

(CF3CH2O)3P ( 9?*(/�+ 8 3+)  2 2*(�*��2��0,  ��*8*3*//0* (*2 8 ( 

)�<*)/ 5 . �*3�!. 

 

 

�93!7� 29. �!/!(�34/0* .�"+6!* � /7*/2��7!! !""3*8 ��//0� " 3*5 

 

�!/!(�34/�+ .�"+6�+ 

� /7*/2��7!+ 

� 34 

� 34/�+ 8 3+ (×100) ./(3
 

K3PO4 �*2 .�<*/!+ ��! 1% 

CH3COOK 0.25 10.9 

K2C2O4•H2O 0.13 9.6 

K4[Fe(CN)6] 0.035 6.6 

 

 =,,*�2!�/ "24 .�<*/!+ �3�(*/! 83+  �.�/!)*"� 5 " 3! � ��")*2* /� ( 3*��3� ��+(  

�� � �7! /�34/� � 3!)*"2�� �2 ( � ��3!+ � /*5. ��"� :8*/!* /�93;8�*2"+ 83+ K4[Fe(CN)6], 

2�� ��� 12� " 34 " 8*�:!2 /* 2 34�  ��3!5, /  ! :*3*- . �-�*"2/ , )2  /*� 2 �0* " *8!/*/!+ 
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:*3*-�, /���!(*�, Fe(CO)5, +�3+;2"+ 1,,*�2!�/0(! !/.!9!2 ��(!. � "3�)�* K4[Fe(CN)6] 

��3!5 ! :*3*-  8*5"2��;2 " �(*"2/  ��! .�<*/!! �3�(*/!, /  � 3�)*//0* 8�//0* /* 

� -� 3+;2 � 3!)*"2�*//   7*/!24 "!/*�.*2!)*"�!5 1,,*�2 !� " �(*"2/ .  8*5"2�!+. 

� "3�)�*  8/ ��*(*// .  ��*8*/!+ "(*"! , ", �/0� ! ��3!5/0� " *8!/*/!5 (/���!(*�, 

"(*"! 8!.!8� , ",�2� ��3!+ KH2PO4 !3! �7*2�2� ��3!+ CH3COOK " �	�) !� 1,,*�2!�/ "24 

����2!)*"�! 1��!��3*/2/� ��*8*/!; 2!�!)/ .  !/*�2/ .  �3�(*.�"!2*3+. ��!(  9��- (, 

1,,*�2!�/ "24 2��!� "(*"*5 � 3�)�*2"+ 8 "2�2 )/  /!-� 5, )2   2��:�*2"+ � /*� -( :/ "2! " !� 

� ( 64; � .�"!24 �3�(+ /� )�<*)/ 5 . �*3�*. *( /* (*/**, ��/** 903  � ��-�/  [258], )2  

NH4H2PO4 ! �	� ��! !� � /7*/2��7!! 8  0.2 % (�   9?*(�) �  1,,*�2!�/ "2! ����2!)*"�! 

1��!��3*/2/0 (*:8� " 9 5. � :/  903  90  :!8�24, )2  1,,*�2!�/ "24 K3PO4 9�8*2 �0<* 

1,,*�2!�/ "2!  �.�/!)*"�!� " *8!/*/!5 , ", ��,  8/��  /� ����2!�* 12  /* � 82�*�:8�*2"+. 

� ",�2 ��3!+ K3PO4 2*�(!)*"�! 8 "2�2 )/  �"2 5)!� ! � �3�(*/! /* 8!"" 7!!��*2 /� �!(!)*"�! 

��2!�/0* !/.!9!2 �0 –  �"!80 !  �"!�!"3 20 ��3!+ ! , ", ��. ��!(  9��- (, !"� 34- ��/!* 

� (9!/!� ��//0� �3�(*.�"!2*3*5 /�  "/ �* �	� ! ��� (�3  �*�"�*�2!�/ .  
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4.3. �7���� ������ �  ��
����� ��-���. $���� ")������" 

 

 

 

�3+  7*/�! 1,,*�2!�/ "2! �3�(*.�"!2*3*5 � �"3 �!+� .�<*/!+  )�. � �3�(*/! � 

-���02 ( � (*6*/!! �  ����%	 ��� � ""!! �� ,*"" � ( �.�.����2 �0( 903 ��*83 :*/ 

(*2 8 «7!3!/8��» [11],  �!"�//05 � ��-8*3* 2.13. � � ( 64; 12 .  (*2 8� 903! !""3*8 ��/0 

« �2!(�34/0*», " 2 )�! -�*/!+ "!/*�.*2!)*"� .  1,,*�2� �� 8+6!� � /!� � (� /*/2 �, "(*"!. 

�09 � " "2��� "(*"*5 �� !-� 8!3"+ /�  "/ �* ��")*2� !/8*�"� �-�!( 8*5"2�!+ � (� /*/2 � 

12!� "(*"*5 (
3��� 6). �*-�342�20 !-(*�*/!+ -��!"!( "2! ��*(*/! .�<*/!+  )�.� �3�(*/!  2 

" "2��� ! � /7*/2��7!! �3�(*.�"+6*5 "(*"! ��*8"2��3*/0 /� �!"�/�* 152 ! � �93!7* 30. =2! 

!-(*�*/!+ � ��-�3!, )2  (�"" ��+  ./*2�<�6�+ � /7*/2��7!+ "(*"*5 CO2 + (CF3CH2O)3P !  

CO2 + (CF3CH2O)3P+CH3I " "2��3+*2 210 ! 182 ./(3
 "  2�*2"2�*// . ��!(  9��- (, 83+ 

.�<*/!+ ( 8*34/ .   )�.� �3�(*/! " � ( 64; 2��!� "(*"*5 !� (�"" ��+  ./*2�<�6�+ 

� /7*/2��7!+ �  1.7 - 2 ��-� /!:* (�"" � 5  ./*2�<�6*5 � /7*/2��7!! 83+ )!"2 5 

�.3*�!"3 20 (360 ./(3
).  

�/�3!- � 3�)*//0� �*-�342�2 � � ��-�3, )2  ��! -�(*/* � !""3*8 ��//0� "(*"+� 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0

10

20

30

40

50

60

70
(CF3CH2O)3P+CH3I+CO2 
0.6%+12.4%+87%

CH3I+CO2 13%+87%

(CH3O)3P+CO2 4%+96%

(CF3CH2O)3P+CO2 4%+96%

(CF3CH2O)3P+CH3I+CO2 
1.3%+11.7%+87%

 

��� ���
� �� �����	������� � �����, % ��. 

�!"�/ � 152. $��!"!( "24 ��*(*/! .�<*/!+  2 � /7*/2��7!! �3�(*.�"+6*5 

"(*"! � � -8��*. �
� "(*"! "  2�*2"2��*2 .�<*/!; ( 8*34/ .   )�.� � 

2*)*/!* < 10 "*��/8. 
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,2 �!� ��// .  �	� - (CF3CH2O)3P /� /* ,2 �!� ��// * - (CH3O)3P �3�(*.�"+6�+ 

1,,*�2!�/ "24 "(*"*5 �(*/4<�*2"+. %�!)!/ 5 12 .  "/!:*/!+ +�3+*2"+ 2 , )2  /* 

,2 �!� ��// * �*6*"2�  (CH3O)3P  "� " 9/  . �*24 � "(*"! " � -8�� ( [221].  

%�2*( 8 9��3*/!+ CH3I � "(*"! CO2 + (CF3CH2O)3P �8�3 "4 /* 2 34�  �(*/4<!24 �
� 

"(*"!, /  ! -/�)!2*34/  �(*/4<!24 /!:/!5 2*(�*��2��/05 ��*8*3 !"� 34- ��/!+ 12 5 "(*"!, 

� 2 �05 +�3+*2"+ ** ��:/0( ����(*2� (. 

 

�93!7� 30. �!/!(�34/0* .�"+6!* � /7*/2��7!! �3�(*.�"!2*3*5 ! !� "(*"*5,  ��*8*3*//0� 

(*2 8 ( 7!3!/8�� ��! 20 
 � 

 

A 
%3�(*.�"!2*34 !3! " "2�� "(*"!, 

%  9. 

�
�  

�3�(*.�"!2*3+ 

!3! "(*"! � 

� -8��*, %  9. 

�
� 

�3�(*.�"!2*3+ 

!3! "(*"!, 

./(3
 

�!/!(�34/�+  

2*(�*��2��� 

!"� 34- ��/!+ 

�3�(*.�"!2*3+ 

!3! "(*"!, 
 � 

1 �	2+(CF3CH2O)3P (96:4) 9,6 237 25 

2 CO2+CH3I+(CF3CH2O)3P 

(87:12.4:0.6) 

8,0 208 -5 

3 CO2+CH3I+(CF3CH2O)3P 

(87:11.7:1.3) 

7,2 182 5 

4 CO2+CH3I (87:13) 9,2 230 -50 

5 CO2+(CH3O)3P (96:4) 12,5 263  

6 N2+(CF3CH2O)3P (94:6) 12,8 266 35 

7* �	2+(CF3CH2O)3P (99:1) 11.6 244 10 

8* �	2+(CF3CH2O)3P (98:2) 9.6 210 15 

9* �	2+(CF3CH2O)3P (96.8:3.2) 11.9 281 25 

10* �	2+(CF3CH2O)3P (96:4) 10.3 258 25 

11* �	2+(CF3CH2O)3P (93:7) 9.5 270 32 

12* CF3H+(CF3CH2O)3P (94:6) 11.2 433 35 

13* �	2 18,0 360  

14 �	2 18,1 362  

15* �	2+
�&� (99.5:0.5)  10.5 252 - 

* - !-(*�*/!+ /� �"2�/ ��* A2 (����%	) 
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4.4. �7���� �����������%� ������. $���� TARPF 

 

 

 

	8/!( !-  ��"/0� �!8 � � :�� � +�3+*2"+ � :�� � . /8 3* ��!�7! // .  8�!.�2*3+, 

� "� 34�� � �*:!(* � 3*2� � 12 5 )�"2! "�( 3*2� "�6*"2��;2 �0" � "� � "2/0* � 2 �! � -8���, 

��"� 3 :*/0 (�"3 - ! 2 �3!� �� � 80, 13*�2�!)*"�!* ��9*3!, � 2��:* "� 9 8/ * �� "2��/"2�  

(*:8� ��-3!)/0(! �.�*.�2�(! !(**2 "3 :/�; .* (*2�!)*"��; , �(�. �3+ !-�)*/!+ 1,,*�2!�/ "2! 

�3�(*.�"!2*3*5 �  �!"�//0� �0<* �"3 �!+� 
� "��/83*� ( [94] 903� ��*83 :*/� � /"2���7!+ 

"2*/8�, ( 8*3!��;6�+ �"3 �!+ .�<*/!+ 2�� .  2!�� � :���. � � ( 64;  �!"�// .  � ��-8*3* 2.14 

1�"�*�!(*/2�34/ .  "2*/8�, �/�3 .!)/ .  �"2�/ ��*  
� "��/83*�� [94], 903� !-�)*/� 

1,,*�2!�/ "24 .�<*/!+ 2��9�3*/2/ .   )�.� �3�(*/! ��! ���2� ��*(*// ( ���0"�* 2�!"-2,2,2-

(2�!,2 �12!3), ",!2� ((CF3CH2O)3P) ! CF3Br � � 2 � � -8���. 	��*8*3!24 �
� 83+ 

2�!(*2!3, ",�2� (TM�, (CH3O)3PO) /� 12 ( "2*/8* /* �8�3 "4, 2�� ��� � "3* .�<*/!+ �3�(*/! 

���0 �� "�( � "�3�(*/+3!"4 ! "/ �� � 8:!.�3! �3�(+ /� . �*3�*. ��/** � ��9 2* [221] 903  

� ��-�/ , )2  � �"3 �!+� � �0<*// 5 2*(�*��2��0 � -( :/  . �*/!* ��� � �� � "(*"! " 

� -8�� (. %���2!)*"�! �
�, ��! � 2 � 5 /* �� !"� 8!2 � �2 �/ .  � "�3�(*/*/!+ ��� � ��, 

" "2��3+*2 8.5%  9. ��! 2*(�*��2��* � -8��� 90
 �. �!/!(�34/�+ .�"+6�+ � /7*/2��7!+ CF3Br 903� 

 ��*8*3*/� ��! 2*(�*��2��* 16÷75 
o
C ! �(*"2* " 8�//0(! 83+ (CF3CH2O)3P

  ��!�*8*/� � �93!7* 31 

! /� �!"�/�* 153. �*-�342�20 83+ CF3Br /�� 8+2"+ � � � <*( " .3�"!! " 8�//0(! [94], � 2 �0* 

,, 0C

0 10 20 30 40 50 60 70 80 90 100

#��, %

1
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5
CF

3
Br

(CF3CH2O)3P 
��� ���
� �� ���!%���!$
 ��
�� (CF3CH2O)3P

1���!� [12]

 

 

�!"�/ � 153. $��!"!( "2! (!/!(�34/0� .�"+6!� � /7*/2��7!5 �F3Br ! 

(CF3CH2O)3P ( 9?*(/�+ 8 3+)  2 2*(�*��2��0,  ��*8*3*//0* ��! .�<*/!! 

2��9�3*/2/ .   )�.� �3�(*/!. 

 

[94] 
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� 3�)*/0 ��! � (/�2/ 5 2*(�*��2��* (3.1 %  9.). �!/!(�34/�+ .�"+6�+ � /7*/2��7!+ (CF3CH2O)3P 

903�  ��*8*3*/� ��! 2*(�*��2��* 35÷86 
o� (�93!7� 31). 

*(�*��2��/0* -��!"!( "2! �
�  83+ CF3Br ! (CF3CH2O)3P ��*8"2��3*/0 /� �!"�/�* 153. 

% 3�)*//0* 83+ CF3Br " � ( 64; (*2 8 � )�<*)/ 5 . �*3�! �*-�342�20 8 "2�2 )/  � � <  

" ���8�;2, 2 .8� ��� 83+ (CF3CH2O)3P !(*;2"+ "�6*"2�*//0* ��"� :8*/!+ – �
�,  ��*8*3*//�+ 

(*2 8 ( )�<*)/ 5 . �*3�!, /!:* �*3!)!/0,  ��*8*3*// 5 /� 1�"�*�!(*/2�34/ ( "2*/8*. 

 

�93!7� 31. �!/!(�34/0* .�"+6!* � /7*/2��7!! (�   9?*(�) CF3Br ! (CF3CH2O)3P ��! 

��-3!)/ 5 2*(�*��2��* � -8���  

 

T, 
0
C �!/!(�34/�+ .�"+6�+ � /7*/2��7!+*, %  9. 

 CF3Br (CF3CH2O)3P 

16 3.0 – 

35 3.5 3.1 

45 3.7 3.3 

75 4,6 – 

86 – 4.3 

* 
�<*/!* 2��9�3*/2/ .   )�.� �3�(*/! ��! ��*8*/!! �3�(*.�"!2*3+ 

� 2*)*/!* 1 ". 

  

	"/ �/0* �*-�342�20 �� �*8*//0� !""3*8 ��/!5: 

1. �-�)*/� 1,,*�2!�/ "24 ��-3!)/0� , ", �" 8*�:�6!� ! ��3!5" 8*�:�6!� " *8!/*/!5 

��� �3�(*.�"!2*3*5 ��! .�<*/!! ( 8*34/0�  )�. � �3�(*/! � �"3 �!+� 3�(!/��/ .  

"��2/ .  � 2 �� � -8���, � /*� 8�!:/ 5 �2( ",*�*, � 2��:* ��! .�<*/!! �3�(*/! � 

�"3 �!+� �0" � "� � "2/ .  2��9�3*/2/ .  � 2 �� � -8���. 

2. �"2�/ �3*/ , )2  "(*"! , ", �" 8*�:�6!� " *8!/*/!5 ! !/*�2/0� ��-9��!2*3*5 

(2��!� ��� CO2, N2) �� +�3+;2 "!/*�.*2!)*"� * �-�!( 8*5"2�!*. =2  � -� 3+*2 /�52! 

"(*"! �3�(*.�"!2*3*5, (�"" ��+ 1,,*�2!�/ "24 � 2 �0� � 1.3-2.4 ��-� �0<*, )*( 

!/8!�!8��34/0� � (� /*/2 �, � 2��:* ��"<!�!24 2*(�*��2��/05 8!���- /, � � 2 �0� 

/�58*//0* "(*"! ( .�2 9024 !"� 34- ��/0 83+ 1,,*�2!�/ .  .�<*/!+  )�. � � :�� �. 

3. % ��-�/ , )2  � 8/0* ��"2� �0 ��3!5" 8*�:�6!� " *8!/*/!5 /� � �+8 � 9 3** 

1,,*�2!�/0 ��! .�<*/!! 8!,,�-! //0� �3�(*/ �.3*� 8 � 8 �, )*( 9 34<!/"2�  

!-�)*//0� �	� ! .�3 !8 �.3*� 8 � 8 � (,�* / �),  8/��  ��!(*/*/!* 

��3!5" 8*�:�6!� �3�(*.�"!2*3*5 ��!8�  2"�2"2�!+ 3*2�)*"2! 2�*9�*2 ��-��9 2�! 

"�*7!�34/0� "�*8"2� !� 8 "2���! �  )�. �3�(*/!. 
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����� 5  

	�550"������ &��$; �1��9��9�/��#��2 �#/0� �2, ��#�9�>?�2 � 

��"	03 �" $�9/���&�� 

 

 

 

5.1. ����
��� ������ ��
������� �������, ����
6(�%� � ����
�� �
������6 �� 

��%��* ����� �������� 0.03-5 �� � �����* 

 

 

 

��� 903  �� (+/�2  � 
3��* 1, . �*/!* (!�� "2��5 2 �3!�� ��*8"2��3+*2 9 34< * 

����2!)*"� * -/�)*/!* � ��-3!)/0�  93�"2+� 2*�/!�!. 	" 9*//05 !/2*�*" ��*8"2��3+*2 

. �*/!* (!�� "2��! � 8 � 8�. %�! !"2*)*/!! "2��! � 8 � 8� !- ���.3 .  (!�� " �3� � � -8�� 

��! � 8:!.�/!! � -/!��*2 �3�(+, �� "2��/"2�*//�+ "2���2��� � 2 � .  8 "2�2 )/  "3 :/� ! 

 ��*8*3+*2"+ � /"2���7!*5 ! ��-(*��(! (!�� " �3�, � 2�� :* �*3!)!/ 5 "� � "2! !"2*)*/!+ 

� 2 �� � 8 � 8� !- /*. .  

�� �!"�/�* 154 ��*8"2��3*/0 !- 9��:*/!+ 8!,,�-! // .  �3�(*/! (!�� "2��! 

� 8 � 8� � � -8��* ��! ��-3!)/ 5 "� � "2! !"2*)*/!+ � 8 � 8� !- " �3� 8!�(*2� ( 0.5 ((.      
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� 8!,,�-! // ( �3�(*/! "�6*"2��*2 - /� " �*-�!(! 2*(�*��2��/0(! .��8!*/2�(!, )2  

�0-0��*2 !-(*/*/!* �3 2/ "2! .�-� ! � 12 (� - /� . �*/!+ � � <  �!-��3!-!��*2"+ " 

� ( 64; (*2 8� 2*/*� 5 , 2 .��,!!. �� ��*8"2��3*// 5 � "3*8 ��2*34/ "2! 2*/*�0� 

, 2 .��,!5 �!8/ , )2  " � "2 ( "� � "2! � 2 �� � 8 � 8� �3�(+ ��-8*3+*2"+ /� 8�* - /0 

(�!"�/ � 154 f–m), !(*;6!* �����2*�/�; ",*�!)*"��; ! � /�"  9��-/�; , �(0. ��-(*� 

",*�!)*"� 5 - /0,  ���20��;6*5 )�"24 " �3�, ��! ��*3!)*/!! "� � "2! (!�� "2��! � 8 � 8� 

� "2*�*//  �(*/4<�*2"+. � 12 5 - /* "2��+ � 8 � 8� (�  93�"2!  2 " �3� 8  .��/!70 

� /�"  9��-/ 5 - /0) �"*.8� 3�(!/��/�+. 	93�"24 �3�(*/!, /�� 8+6�+"+ /� .��/!7* 

",*�!)*"� 5 ! � /�"  9��-/ 5 - /, 83+ ���2� "2! 8�3** /�-��/� “�*�*2+:� 5”, � "� 34�� 

�!-��34/  ( :*2 ��*8"2��3+24"+ ��� 3 ��34/ * "":!(�/!*" !3! "�*�*2+.!��/!*" � )2! 

7!3!/8�!)*"� .  �3�(*/! (�!"�/ � 154 a-e) � �*��*/8!��3+�/ 5 �  "! (!�� "2��! � 8 � 8� 

�3 "� "2!.  %*�*2+:�� ��*8"2��3+*2 ��:/05 13*(*/2 �3�(*/!, 2�� ��� ��! ** �� � :8*/!! 

3�(!/��/�+ "2��+ � 8 � 8� 2��9�3!-�*2"+. ��(!/��/05 �*:!( "(*<*/!+ � 8 � 8� " � -8�� ( 

� �*�� 5 - /* �3�(*/!  9�"3��3!��*2 ** �����2*�/�; , �(�, 93!-��; � ",*�!)*"� 5. �  

�2 � 5 (� /�"  9��-/ 5) - /* �3�(*/! !/2*/"!�/ "24 "(*<*/!+ � 8 � 8� ! � -8��� �*-�  

� -��"2�*2 �!8� 2��9�3!-�7!! !-/�)�34/  3�(!/��/ .  � 2 �� � 8 � 8� ��! �� � :8*/!! 

)*�*-  93�"24 �*�*2+:�! �3�(*/!, ��! 12 ( �3�(+ � 12 5 - /* "2�/ �!24"+ 2��:* 

2��9�3*/2/0(. ��9�3!-�7!+ ��!� 8!2 � !/2*/"!,!��7!! �*�*(*<!��/!+ . �;)*.  ! 

 �!"3!2*3+, � 12 (� "� � "24  9?*(/ .  2*�3 �08*3*/!+ � -��"2�*2. ��:* ( :/  

��*8� 3 :!24, )2  �� 7*"" "(*<*/!+ 3�(!/��/ 5 ���.3 5 "2��! � 8 � 8� "  ���:�;6!( 

� -8�� ( " �� � :8�*2"+  9��- ��/!*( 2 � !8�34/ .  �!��+,  9�"3��3!��;6*.  ",*�!)*"��; 

, �(� �*�� 5 - /0 �3�(*/!. =2  ��*8� 3 :*/!* " .3�"�*2"+ " �*-�342�2�(! ��9 20 [209], � 

� 2 � 5 (*2 8 ( 7�*2/ 5 2*/*� 5 , 2 .��,!! (rainbow schlieren deflectometry) � � � :!� 

�"3 �!+� 903   9/���:*/ , )2  "2��+ � 8 � 8� �  93�"2!  2 " �3� (8!�(*2� ( 0.3-2.7 (() 8  

�*�*2+:�! +�3+*2"+ 3�(!/��/ 5, � �  93�"2!  2 �*�*2+:�! ! 8�3** �  � 2 �� "2�/ �!24"+ 

2��9�3*/2/ 5.  

� 7*34; �"2�/ �3*/!+ �3!+/!+ 8!�(*2�� " �3� /�  9��- ��/!* 8���- // 5 "2���2��0 

�3�(*/!  903! !""3*8 ��/0 8!,,�-! //0* �3�(*/� (!�� "2��5 � 8 � 8�,  9��-�;6!*"+ ��! 

*.  !"2*)*/!! !- " �*3 8!�(*2� (  2 5 8  0.03 ((. � � ( 64; � 3�)*//0� (*2 8 ( 2*/*� 5 

, 2 .��,!! 8�//0( �  "2���2��* 12!� �3�(*/ �"2�/ �3*/ , )2  8���- //�+ "2���2��� 

, �(!��*2"+  ��! 8!�(*2�* " �*3  2 0.1 8  3 (( (�!"�/ � 155).  

� "3�)�* " �*3 " 8!�(*2� ( (*/** 0.03 ! 9 3** 5 ((  9��- ��/!* �*�*2+:�! �3�(*/! /* 

�� !"� 8!2. �3+ " �3� 8!�(*2� ( 5 (( /�93;8�*2"+ 3!<4 /*9 34<�+ 8*, �(�7!+ �3�(*/!, 

��! 12 ( /�  "! � 2 �� /*2 - /0 �*-� .  .��8!*/2� �3 2/ "2! �  93�"2!  2 " �3� 8  12 .   
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/*9 34< .  «"�:*/!+», �� � 8+ � 2 � * 3�(!/��/�+ "2��+ ( .3� 90 2��9�3!- ��24"+, ��� 12  

�� !"� 8!2 ��! /�3!)!! �*�*2+:�! � �3�(*/�� /� " �3�� 8!�(*2� ( 0.1- 3 ((. 

 � �(!� ��/!* "2���2��0 �3�(*/! 83+ " �*3 8!�(*2� ( 5 (( ( :/   2/*"2! � 

�3�""!)*"� (� "3�)�; ��-�!2!+ 3�(!/��/ -2��9�3*/2/ .  �*�*� 8� � "2��*, 83+ � 2 � .  ��! 

��*3!)*/!! "� � "2! "2��! � -/!��;2 �����2*�/0* Λ-"2���2��0 !---� "!/�" !8�34/ 5 

(���!� -/ 5) /*�"2 5)!� "2! /� .��/!7* � 2 ��. =2! "2���2��0 ��! 8�34/*5<*( ��*3!)*/!! 

"� � "2! "2��! 2��/", �(!��;2"+ � 2��9�3*/2/0* �+2/�, � -�2*( �� !"� 8!2 2��9�3!-�7!+ 

�"*5 "2��!, )2  ( :/  �!8*24 /� �!"�/�* 155 83+ 8!�(*2� � " �*3  2 0.1 8  5 ((. % 12 (� /� 

 "/ �* � 3�)*//0� 8�//0� ( :/  "8*3�24 �0� 8, )2   9��- ��/!* �*�*2+:�! �3�(*/! ��! 

. �*/!! ���.3 5 "2��! � 8 � 8� � � -8��* +�3+*2"+ �����2*�/ 5 )*�2 5 . �*/!+ !(*//  

(!�� "2��!, !"2*��;6*5 !- " �*3 8!�(*2� ( ~ 0.1–3 ((. %  �!8!( (�, ��"��*8*3*/!* "�*8/*5 

"� � "2! /� "�*-* " �*3 � ���-�// ( 8!���- /* !� 8!�(*2� � "� " 9"2��*2 , �(!� ��/!; 

8���- // 5 "2���2��0 �3�(*/! !  9��- ��/!; �*�*2+:�!. %� ,!34 "� � "2! /� "�*-* " �3� � 

-��!"!( "2!  2  2/ <*/!+ 83!/0 ��/�3� " �3� � *.  �0� 8/ (� 8!�(*2�� (l/d, .8* l – 83!/� 

��/�3� " �3�, � d – *.  �0� 8/ 5 8!�(*2�) ( :*2 9024 �8��/0( !3! ����9 3!)*"�!( [305]. 

�8��/05 �� ,!34 " ( 6/0( .��8!*/2 ( "� � "2! /� �*�!,*�!! "2��! ! *.   2"�2"2�!*( � 

+8�* "2��! 2!�!)*/ 83+ (��� - ! (!/!-"2��5 "  2/ <*/!*( l/d (*/** *8!/!70. �2  ��"�*2"+ 

(!�� "2��5, 2  12 2 � ��-�2*34  90)/  -/�)!2*34/  9 34<* *8!/!70 8�:* ��!  2/ "!2*34/  

 

 
 



 

 

291 

� � 2� 5 83!/* " �3 � .  ��/�3�. � ��!�*8*// ( "3�)�* 12 2 ����(*2� /�� 8!2"+ � 8!���- /* 

l/d = 20–240, 2.*. /� "�*-* " �3� �"*.8� , �(!��*2"+ �� ,!34 "� � "2!, 93!-�!5 � 

����9 3!)*"� (�. ��3!)!* ( 6/ .  .��8!*/2� "� � "2! /� �*�!,*�!! "2��! � "3�)�* �8��/ .   

�� ,!3+ "� � "2! /� "�*-* " �3� ��! d" �3� > 3 (( ( :*2 ��*�+2"2� ��24 -�(0��/!; 

",*�!)*"� 5  93�"2! � ��5 /* “�*�*2+:�!” �3�(*/! ��! . �*/!! (��� - ! (!/!-"2��! 

� 8 � 8�. ���. * ��*8� 3 :*/!* ( :/  "�+-�24 "  " 9*// "2+(! .!8� 8!/�(!)*"�!� ! 

�!(!)*"�!� �����2*�!"2!� � 8 � 8� ! *.  . �*/!+. %�! 8 "2�2 )/  9 34<!� �*3!)!/�� 

"� � "2! � 2 �� � 8 � 8� ( :/  /�93;8�24 ���2!/� "�0�� �3�(*/!, � 2 ��+ � ��-�/� /� 

�!"�/�* 156,h 83+ " �3� 8!�(*2� ( 0.5 (( ! "� � "2! U = 663 (/". %�! 8�34/*5<*( 

��*3!)*/!! "� � "2! "2��! �*�3!-�;2"+ 8�� �*:!(�, !(*;6!* "� !  ��*8*3*//0* 

 " 9*// "2!: 1) 2��9�3*/2/ 5 "2��! 9*- . �*/!+, /  " /�3!)!*( . �*/!+ �  93�"2!  2 " �3� 8  

�*�*2+:�! U = 765 (/" (�!"�/ � 156,i) ! 2) 2��9�3*/2/ 5 "2��! 9*- . �*/!+ ! 9*-  93�"2! 

�*�*2+:�! U = 816 (/" (�!"�/ � 156,k). � �*�� ( "3�)�* (�!"�/ � 156,i) 3�(!/��/ * . �*/!* � 

 93�"2! �*�*2+:�! ( :*2 "� " 9"2� ��24 � "�3�(*/*/!; 2��9�3*/2/ 5 (!�� "2��! ��! 

�(*/4<*/!! ** "� � "2!. ��!(  9��- (, 12  +�3*/!* � -� 3+*2 8 9!24"+ 9 3** �"2 5)!� .  

. �*/!+ � "3�)�* "�6*"2�*//0� � 3*9�/!5 "� � "2! "2��! � 8 � 8�, 2�� ��� � "3* "�0�� 
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. �*/!+ 2��9�3*/2/ .  �3�(*/! ��! ��*3!)*/!! � 2 �� � 8 � 8�  /  � "�3�(*/+*2"+ � "3* 

"/!:*/!+ "� � "2! !"2*)*/!+ � 8 � 8/ 5 "2��!. �  �2 � ( "3�)�* (�!"�/ � 156,k) 

� "�3�(*/*/!* 2��9�3*/2/ 5 (!�� "2��! � -( :/  3!<4  2 �/*</*.  !"2 )/!�� �3�(*/!.  

 ��:* !-�)*/  . �*/!* ���.3 5 (!�� "2��! � 8 � 8� � �*:!(* ��!� 8/+2 .  �3�(*/!, 

�*�3!-�*( .  ��2*( -�:!.�/!+ 2��9�3*/2/ 5 (!�� "2��! � 8 � 8� "�*���, 2.*. �8�3!  2 "�*-� 

" �3� (�!"�/ � 156, l). �!8/ , )2  ��!� 8/+2 * �3�(+ ��"�� "2��/+*2"+ 3!<4 /� 

2��9�3!- ��//05 �)�"2 � "2��!, 2 .8� ��� /� 3�(!/��/ ( �)�"2�* . �*/!+ /*2. � � "2 ( 

"� � "2! "2��! ��""2 +/!*  2 �3�(*/! 8  " �3� ����2!)*"�! /* (*/+*2"+ ! " "2��3+*2 

��!(*�/  /� 4 (( (�!"�/ � 156, l). 	8/��  /�:/   2(*2!24, )2  �*:!( . �*/!+ " ��!� 8/+20( 

�3�(*/*( +�3+*2"+ ���5/* /*�"2 5)!�0( – ��! /*9 34< ( ��*3!)*/!! "� � "2! � 2 �� 

� 8 � 8� � -( :*/ � 3/05 "�0� (� .�"�/!*) �3�(*/!. ��:* /� �!"�/�* 156, m  � ��-�/� 

2*/*��+ ���2!/� . �*/!+ (!�� "2��! � 8 � 8� ��! ** -�:!.�/!! "/!-�, 2.*. �93!-! "�*-� " �3�. 

�!8/ , )2  � 8�// 5 "!2��7!! �� 7*"" . �*/!+ �� !"� 8!2 �  "7*/��!;,  �!"�// (� �0<*, 2.*. 

" /�3!)!*( ",*�!)*"� 5  93�"2! . �*/!+ �  93�"2!  2 " �3� 8  �*�*2+:�!. 
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5.2. #�������� ������!��
�%� ��
������ ��� ����!��� �
������ 

����!���� ����
 H2 

 

 

 

 ��:/ 5 !/, �(�7!*5 83+ � /!(�/!+ (*��/!-(� �� 7*"" � "2�9!3!-�7!! �3�(*/! /� 

(!�� " �3* +�3+*2"+ *.  2*(�*��2��/05 �*:!( ��! ��-3!)/0� "� � "2+� !"2*)*/!+ � 2 �� 

� 8 � 8�. =�"�*�!(*/2 �� � 8!3"+ 83+ 2 /� "2*// .  (*2�33!)*"� .  " �3� !- /*�:��*;6*5 "2�3! 

" �/*</!( 8!�(*2� ( 0.7 ((, �/�2�*//!( 0.5 ((, ! ��!���*// 5 � /*(� � /2��2/ 5 "���� 5 

2*�( ��� 5 8!�(*2� ( 0.05 ((. �*2�3! 1�"�*�!(*/2�34/ 5 �"2�/ ��! ��!�*8*/0 � 
3��* 2. 

 ��� ( :/  �!8*24 !- ��!�*8*//0� /� �!"�/�* 157 8�//0�, 2*(�*��2��� "2*/�! 

(!�� " �3� ��! (�30� "� � "2+� !"2*)*/!+ (!�� "2��! H2 /�� 8!2"+ � ��*8*3�� 350–500
 �, � 

8�3**, " � "2 ( "� � "2! !"2*)*/!+ (!�� "2��!, ( / 2 //  �(*/4<�*2"+. =2  �� !"� 8!2 �  

8��( ��!)!/�(: 1) ��*3!)*/!*  2� 8� 2*�3�  2 �/�2�*//*5 "2*/�! 2��9�! (!�� " �3� -� ")*2 

��*3!)*/!+ ��!2*��;6*.  )*�*- /*.  � 2 �� � 8 � 8�; 2) �(*/4<*/!* � 8� 8� 2*�3� /� 

�/*</;; "2*/�� 2��9�! (!�� " �3� � �*-�342�2* �(*/4<*/!+ ��-(*�� 3�(!/��/ 5 - /0 

. �*/!+  (�0" 20  ���2� " �3� �3�(*/*() " � "2 ( "� � "2! !"2*)*/!+ (!�� "2��! � 8 � 8�. 

 ��!(  9��- (, 2*(�*��2��/05 ,��2 �  ��-0��*2 "�6*"2�*// * �3!+/!* /� (*��/!-( 

8!,,�-! // .  . �*/!+ (!�� "2��! � 8 � 8�, 2�� ���  93�"24 �*�*2+:�! �3�(*/! �"*.8� 

/�� 8!2"+ � ��5 /* �0� 8� (!�� "2��! !- " �3� !, "  2�*2"2�*// , /�.�*��*2 �0� 8 

(!�� " �3�. � -��!"!( "2!  2 *.  � /,!.���7!!, ��-(*� �, (�2*�!�3�, 2*�3 *(� "2! ! �"3 �!5 

 �3�:8*/!+ "�( (*��/!-( (!�� "2��5/ .  . �*/!+ � 8 � 8� ( :*2 "�6*"2�*//  !-(*/+2"+. 
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�!"�/ � 157. $��!"!( "24 2*(�*��2��0 "2*/�! (!�� " �3� " 

�/�2�*//!( 8!�(*2� ( 0.5 ((  2 "� � "2! !"2*)*/!+ (!�� "2��! 

� 8 � 8�. 
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5.3. #������ � *���!��
� ����
��� ������ ����
��
�������� ��
������� �2 

����
6(�� � �����* �� 
��%��%� ��
������ 
 

 

 

 �3+ � /!(�/!+ �!(!)*"�!� �� 7*"" � � �3�(*/! (!�� "2��! � 8 � 8� 

1�"�*�!(*/2�34/  !-(*�*/  �� "2��/"2�*// * ��"��*8*3*/!*  "/ �/0� � (� /*/2 � (O2, H2, 

H2O ! N2) ! 2*(�*��2��0 � - /* . �*/!+ ��! "� � "2! !"2*)*/!+ � 8 � 8� 500 (/". �� �!"�/�* 

155 ��!�*8*/  �� "2��/"2�*// *  ��"��*8*3*/!*  � /7*/2��7!! �!"3 � 8�, � 2 � * !(**2 

�*-��; .��/!7�, � /2�� � 2 � 5 � �2 �+*2 .��/!7� .��8!*/2� �3 2/ "2! .�-� � �3�(*/!, 

!-(*�*//�; 2*/*�0( (*2 8 (. � :/  �!8*24, )2  �93!-! (!�� " �3� .��/!7� �*-� .  

!-(*/*/!+ � /7*/2��7!! �!"3 � 8� !(**2 93!-��; � ",*�!)*"� 5 , �(�. �����2*�/05 

8!�(*2� 12 5 - /0 (∼5 (() � � <  " ���8�*2 " ��-(*� ( - /0,  ��*8*3*//0( 2*/*�0( 

(*2 8 (. �� ��""2 +/!!  2 0 8  ∼5 (( ��*��  2 �0� 8/ .   2�*�"2!+ (!�� " �3� "�6*"2��*2 

- /� 3�(!/��/ .  2*)*/!+ .�-�, �0<* � 2 � 5 �0" � "� � "2/�+ "2��+ � 8 � 8�, �� � 8+ )*�*- 

- /� " �0" �!( .��8!*/2 ( �3 2/ "2!, 2��9�3!-�*2"+ !  93�"24 . �*/!+ � 12 5 2��9�3*/2/ 5 

)�"2! � 2 �� !(**2 , �(� �*�*�*�/�2 .  �"*)*// .  � /�"� " ��!� 3!/*5/ 5 9 � � 5 

.��/!7*5. =2� 2��9�3!-�7!;  2)*23!�  �!8/  ��� /� 2*/*�0� , 2 .��,!+�, 2�� ! /� � 3* 

��"��*8*3*/!+ � /7*/2��7!! �!"3 � 8�. ��9�3*/2/ "24 � 2 ��  2��:�*2"+ /� � 3* 

� /7*/2��7!! �!"3 � 8� (� 2��:* 8��.!� �*6*"2� ! 2*(�*��2��0) �  2 5 ��!)!/*, )2  ��! 

!-(*�*/!! � /7*/2��7!! " *8!/*/!5 (*2 8 ( (!�� - /8 � 5 (�""-"�*�2� (*2�!!  29 � 

�� 90 .�-� �� !"� 8!2 � /*� 2 �0* ( (*/20 ��*(*/!, (*:8� � 2 �0(! .��/!7� �3�(*/! 

( :*2 �*�*(*6�24"+ � �� "2��/"2�*  2/ "!2*34/   2�*�"2!+ �� 9  29 �/!��. % 12 (� 

/�!9 34<!* �� "2��/"2�*//0* /* 8/ � 8/ "2! /� � 3+� � /7*/2��7!5 �*6*"2� 3 ��3!- ��/0 

�  93�"2! /�!9 34<!� 3 ��34/0� .��8!*/2 � � /7*/2��7!!, � 8�// ( "3�)�* /� .��/!7* 

8!,,�-! // .  �3�(*/!. ��� ( :/  �!8*24 !- �!"�/�� 158, � /7*/2��7!+ �!"3 � 8� �/�2�! 

",*�!)*"� 5 3�(!/��/ 5 ! 2��9�3*/2/ 5 - / . �*/!+ " "2��3+*2 (*/** 5%  9., )2  93!-�  � 

� .�*</ "2! !-(*�*/!+ � /7*/2��7!! �!"3 � 8� � 8�//0� 1�"�*�!(*/2��. ��!(  9��- (, 

��"� 8 ��/!* �!"3 � 8� �� !"� 8!2 /� �/*</*5 .��/!7* �3�(*/!, �/�2�! �3�(*/! 

� /7*/2��7!+ ����2!)*"�! /* !-(*/+*2"+. =2  ( :*2 "�!8*2*34"2� ��24   2 (, )2  2*(�*��2��� 

�  �/�2�*//*5 )�"2! �3�(*/! "�6*"2�*//  /!:*, )*( /� �*�!,*�!!, )2  2!�!)/  83+ 

8!,,�-! // .  . �*/!+ � 2 �� . �;)*.  � � -8��*. 

 �� �!"�/�* 159 ��!�*8*/  �� "2��/"2�*// * ��"��*8*3*/!* � /7*/2��7!! � 8 � 8�. 

��� ( :/  �!8*24, � ",*�!)*"� 5 3�(!/��/ 5 )�"2! �3�(*/! *.  � /7*/2��7!+ /*�0" �� - 

� �+8�� 6%  9. 	8/��  �   "! "2��! � /7*/2��7!+ � 8 � 8� "�6*"2�*//  �0<* ! 8 "2!.�*2 

(��"!(�(� /� �0" 2* 7-8 ((  2 "�*-� (!�� " �3�. =2  "�+-�/  " 2*(, )2  ����7*�05 (!�� - /8  
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�/ "!2 .�- 8!/�(!)*"�!* � -(�6*/!+ � � 2 �, � 2 �0* -/�)!2*34/  -��!"+2  2 "� � "2! 

/�9*.�;6*.  /� (!�� - /8 � 2 �� .�-�.  

 � 3�(!/��/ 5 )�"2! �3�(*/! /� /*� 2 � ( ��""2 +/!!  2 *.   "! "� � "24 .�-� /*  )*/4 

�0" ��, � 12 (� � -(�6*/!+ � 3+ 2*)*/!+ .�-� (!�� - /8 ( /*(/ .  9 34<*, )*( � 

2��9�3*/2/ 5 )�"2!, .8* "� � "24 8�!:*/!+ .�-� "2�/ �!24"+ 9 3** �0" � 5. % 12 (� 

� /7*/2��7!+ � 8 � 8� � ",*�!)*"� 5 3�(!/��/ 5 )�"2! ( :*2 9024 /*(/ .  -�/!:*/� �  

"���/*/!; " 8*5"2�!2*34/ 5 �*3!)!/ 5 !(*//  !---� .�- 8!/�(!)*"� .  � -(�6*/!+ � 2 � � 

(!�� - /8 (. =2 2 1,,*�2 �)2*/ �  7*/�*  2/ "!2*34/ 5 � .�*</ "2! !-(*�*/!+ 

� /7*/2��7!! � 8 � 8�, � 2 ��+ " .3�"/  �� �*8*//0( ��3!9� � )/0( 1�"�*�!(*/2�( 

" "2��3+*2 8 "2�2 )/  9 34<�; �  "���/*/!; " 8��.!(! .�-�(! �*3!)!/� -   � 3  20%. ��� 

!-�*"2/ , ��! / �(�34/ 5 2*(�*��2��* 9*8/05 � /7*/2��7! //05 ��*8*3 ��"�� "2��/*/!+ 

� 8 � 8 -� -8�</ .  �3�(*/! " "2��3+*2 4%  9., /  ��! � �0<*//0� 2*(�*��2����  / 

"2�/ �!2"+ "�6*"2�*//  /!:*. ��!(  9��- (, �� 7*""  �!"3*/!+ � 8 � 8� �  93�"2! 

3�(!/��/ 5 )�"2! �3�(*/! �� 2*��*2 �93!-! 9*8/ .  ��*8*3� ��"�� "2��/*/!+ � 8 � 8 -

� -8�</0� "(*"*5. =2  ��)*"2�*//   9?+"/+*2 ��� , �(� 3�(!/��/ 5 - /0 . �*/!+, 

0,00,10,2
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�!"�/ � 158. ��"��*8*3*/!* � /7*/2��7!! 

O2 ��! . �*/!! ���.3 5 (!�� "2��! 

� 8 � 8�, !"2*��;6*5 !- " �3� 0.5 (( ! 

"� � "2! � 2 �� 500 (/". �3*�� – 2*/*��+ 

, 2 .��,!+ �3�(*/!, "����� – � 3* 

� /7*/2��7!5 O2. 
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��*8"2��3+;6�; " 9 5 93!-��; � ",*�!)*"� 5 !3! 133!�" !8/ 5 � �*��/ "24, � 2��:* 

�(*/4<*/!* ��-(*� � 12 5 - /0 ��! � "2* "� � "2! � 2 �� (!�� "2��! � 8 � 8�. � 8 � 8 

"�*8! �"*� .�- � !(**2 /�!9 34<�; "� � "24 8!,,�-!! � � -8��*. �2��+ � 8 � 8�, !"2*��;6�+ 

 !- (!�� " �3� � /*� 8�!:/05 � -8��, �  "�2! "� *5 +�3+*2"+ !"2 )/!� ( � 8 � 8�, !- 

� 2 � .  �� !"� 8!2 8!,,�-!+ *.  ( 3*��3 �  ���:�;6�; "�*8� �  �"* /�����3*/!+. 

	8/ ��*(*//  �0" � "� � "2/ 5 � 2 � � 8 � 8� " -8�*2 �� 8 34/ * �   2/ <*/!; �  "! 

. �*3�! 8�!:*/!*  ���:�;6*.  *.  � -8���. � �*-�342�2*  93�"24, � � 2 � 5 " -8�*2"+ 

� /7*/2��7!+ � 8 � 8�, 8 "2�2 )/�+ 83+ � 88*�:�/!+ . �*/!+ *.  "(*"! " � -8�� (, ��!(*�/  

���/ �8�3*/�  2 "�*-� (!�� " �3�. %�! ��*3!)*/!! "� � "2! � 2 �� � 8 � 8� �(*/4<�*2"+ 

��*(+ ��*90��/!+ 13*(*/2��/ .   9?*(� �0" � "� � "2/ 5 "2��! �/�2�! 3�(!/��/ 5 - /0, /  

�(*"2* " 2*( ��*3!)!��*2"+ �� 8 34/�+ " "2��3+;6�+ "� � "2!  ���:�;6*.  "2��; � 8 � 8� 

� 2 �� ��3*��*( .  !( � -8���. � /���*/7!+ 12!� 8��� �� 7*"" � - 8!,,�-!+ � 8 � 8� !- 

7*/2��34/ 5 )�"2! (!�� "2��! � �*��*/8!��3+�/ ( � **  "! /�����3*/!! ! 8�!:*/!* 

��3*)*// .  "2��*5 � 8 � 8�  ���:�;6*.  � -8��� � �� 8 34/ ( �  "! � 2 �� /�����3*/!! 

 9�"3��3!��*2 �(*/4<*/!*  93�"2! 3�(!/��/ .  . �*/!+ ��! ��*3!)*/!! "� � "2! � 2 �� 

� 8 � 8�.  ��:* /* 9� 8!(   2(*2!24 2 2 ,��2, )2  /*9 34<�+   � /7*/2��7!+ � 8 � 8�  - 

-0,10-0,050,000,050,10
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�!"�/ � 159. ��"��*8*3*/!* � /7*/2��7!! H2  

��! . �*/!! ���.3 5 (!�� "2��! � 8 � 8�, 

!"2*��;6*5 !- " �3� 0.5 (( ! "� � "2! 

� 2 �� 500 (/". �3*�� – 2*/*��+ , 2 .��,!+ 

�3�(*/!, "����� – � 3* � /7*/2��7!5 �2. 
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 � 3  0.2-0.3%  9. - /�93;8�*2"+ � 3�(!/��/ 5 - /* �3�(*/! /!:* �� �/+ "�*-� (!�� " �3�. 

=2  "�!8*2*34"2��*2   2 (, )2  � 8 � 8 8!,,�/8!��*2 �8 34  "! � 2 �� �/!-, � �*-�342�2* )*.  

.��/!7� �3�(*/! ��"� 3 :*/� /!:* "�*-� " �3�. =2  ��!� 8!2 � -/�)!2*34/ (� /�.�*�� 

2 /� "2*// 5 (*2�33!)*"� 5 2��9�! " �3�, � 2 � *   �*�*8�*2 12  2*�3  �� � 8+6*(� �  /*(� 

� 2 �� � 8 � 8�, 2.*.  "�6*"2�3+*2"+ �*���*��7!+ 2*�3� !- �3�(*/! � !"2*��;6** )*�*- 

(!�� " �3  2 �3!� . �*���*��7!+ 2*�3�, ��� !-�*"2/ , "� " 9"2��*2 "2�9!3!-�7!! �� 7*"" � 

. �*/!+.  

 �� �!"�/�* 160 ��*8"2��3*/  ��"��*8*3*/!* � /7*/2��7!! ��� � � 80 � �3�(*/!. � 8� 

+�3+*2"+ �� 8��2 (  �!"3*/!+ � 8 � 8� �!"3 � 8 ( � -8���, ** ( 3*��3+�/05 �*" � )2! � 1.6 

��-� (*/4<* "�*8/*.  ( 3*��3+�/ .  �*"� � -8���, � 2��:* � ��� � � 80 9 3** �0" �!5 

� 1,,!7!*/2 8!,,�-!!, )*(, /���!(*�, � O2. ��!(  9��- (,  2/ "!2*34/  3*.�!* ���0 � 80 

8 "2�2 )/  !/2*/"!�/  8!,,�/8!��;2 !- - /0  �!"3*/!+ � 8 � 8� �  ���:�;6!5 � -8��. 

� :/  �!8*24, )2  - /�  9��- ��/!+ ��� � � 80 � � <  � ��*3!��*2 " - / 5 ��"� 8 ��/!+ 

�!"3 � 8�. ���"!(�34/�+ � /7*/2��7!+ ��� � � 80 � - /* �3�(*/! " "2��3+*2  � 3  40%  9. 

=2  . � �!2   2 (, )2  ����2!)*"�! �*"4 �!"3 � 8 � 12 5 - /* �� �*�.!� ��3 " � 8 � 8 ( " 

 9��- ��/!*( � 80, �  "2��<!*"+ .�-0 ��*8"2��3+;2 " 9 5 "(*"4 �- 2� " /*9 34<!(   

� 3!)*"2� ( � 8 � 8�. ��:* /� �!"�/�* 160 ( :/  �!8*24, )2  � 3�(!/��/ 5  93�"2! �3�(*/! 

/!:* �� �/+ "�*-� " �3� � /7*/2��7!+ ��� � � 80 8 "2�2 )/  �0" ��+. =2  . � �!2   2 (, )2  
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�!"�/ � 160. ��"��*8*3*/!* 

� /7*/2��7!! H2O ��! . �*/!! ���.3 5 

(!�� "2��! � 8 � 8�, !"2*��;6*5 !- 
" �3� 0.5 (( ! "� � "2! � 2 �� 500 (/". 

�3*�� – 2*/*��+ , 2 .��,!+ �3�(*/!, 

"����� – � 3* � /7*/2��7!5 �2O. 
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3�(!/��/�+  93�"24 �3�(*/!  ���20��*2 2��9�� (!�� " �3� !, 2��!(  9��- (,  �� !"� 8!2 *.  

/�.�*�. 

 �� �!"�/�* 161 ��*8"2��3*/  �� "2��/"2�*// * ��"��*8*3*/!* � /7*/2��7!! N2 � 

�3�(*/!. ��� ( :/  �!8*24,  93�"24 !-(*/*/!+ � /7*/2��7!! N2  2��:* � � <  " .3�"�*2"+ 

��� " �*-�342�2�(! 2*/*�0� !-(*�*/!5 "2���2��0 �3�(*/!, 2�� ! " 8�//0(! !-(*�*/!5 

� /7*/2��7!! 8��.!� �*6*"2�. �!/!(�34/�+ � /7*/2��7!+ �- 2� � 3�(!/��/ 5 - /* �3�(*/!  

" "2��3+*2  � 3  50%  9. ��!(  9��- (, �- 2, ��� !/*�2/05 .�-, 8 "2�2 )/  � � <  

8!,,�/8!��*2 � 3�(!/��/�; ! 2��9�3*/2/�; - /� . �*/!+ �3�(*/!, -� !"�3;)*/!*( /*9 34< 5 

 93�"2! �93!-!  "! � 2 �� /� �0" 2* ��!(*�/  7-9 ((  2 "�*-� (!�� " �3�, .8* *.  � /7*/2��7!+  

�(*/4<�*2"+ 8  ∼ 35%   9. -� ")*2 !/2*/"!�/ .  �02*"/*/!+ � 2 � ( � 8 � 8�, !"2*��;6*.  !- 

(!�� " �3�.   
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�!"�/ � 161. ��"��*8*3*/!* � /7*/2��7!! 

N2 ��! . �*/!! ���.3 5 (!�� "2��! 

� 8 � 8�, !"2*��;6*5 !- " �3� 0.5 (( ! 

"� � "2! � 2 �� 500 (/". �3*�� – 2*/*��+ 

, 2 .��,!+ �3�(*/!, "����� – � 3* 

� /7*/2��7!5 N2. 

 

 �� �!"�/�* 162 ��!�*8*/  ��"��*8*3*/!* 2*(�*��2��0 � �3�(*/! (!�� "2��! � 8 � 8�. 

%�!/!(�+ �  �/!(�/!* /�3!)!* ��� .�- 8!/�(!)*"�!� � -(�6*/!5 � 3+ 2*)*/!+ .�- � .  

� 2 �� (!�� - /8 (, 2�� ! 2*�3 �0� � -(�6*/!5, � 12 (� � 3�)*//0* 8�//0* �  

��"��*8*3*/!; 2*(�*��2��0 � !""3*8 ��// ( �3�(*/! / "+2 9 34<* ��)*"2�*//05 �����2*�. 

*( /* (*/**, !- ��*8"2��3*//0� /� �!"�/�* 162 8�//0� ( :/  �!8*24 � � <** " .3�"!* 

, �(0 �3�(*/! �  8�//0( 2*(�*��2��/0� !-(*�*/!5 " � ( 64; (!�� - /8� ! 2*/*� .  

(*2 8�. � :/  �!8*24, )2  /�!9 34<�+  �*3!)!/�  2*(�*��2��0  8 "2!.�*2"+  �  �*�!,*�!5/ 5  

��""2 +/!*  2  "! � 2 �� �2, (( 

�0
" 
2�

, 
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(
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)�"2! �3�(*/! ��� � 3�(!/��/ 5, 2�� ! � 2��9�3*/2/ 5 - /* . �*/!+. %�!)*( 3 ��34/05 

(��"!(�( 2*(�*��2��0 /�93;8�*2"+  � 3�(!/��/ 5 )�"2! �3�(*/! /� �� �/* /*(/ .  /!:*  

�� �/+ "�*-� (!�� " �3�. =2  " .3�"�*2"+ " 2*(, )2  !/2*/"!�/05 /�.�*� (!�� " �3� 

�� !"� 8!2 /!:* *.  "�*-� �  93�"2! � /2��2� �3�(*/! " 2��9� 5 " �3�. 
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�!"�/ � 162. ��"��*8*3*/!* 2*(�*��2��0 

��! . �*/!! ���.3 5 (!�� "2��! � 8 � 8�, 

!"2*��;6*5 !- " �3� 0.5 (( ! "� � "2! 

� 2 �� 500 (/". �3*�� – 2*/*��+ , 2 .��,!+ 

�3�(*/!, "����� – � 3* 2*(�*��2��0. 
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5.4. ������� �����
 �������* � ��%���6(�* %��� � ������� ��� � �����* � ������� 

�������)�� ������ ����
��
�������� ��
������� �2 ��� �� ����!���� � �����* 
 

 

 

 % /!(�/!* (*��/!-(� � -8*5"2�!+ 8 9�� � ��-3!)/0� .�- � � � 8 � 8 !3! � 

 ���:�;6!5 � -8�� ��*8"2��3+*2 !/2*�*" " 2 )�! -�*/!+  ��*8*3*/!+ �"3 �!5 "2�9!3!-�7!! 

�3�(*/! ��! . �*/!! (!�� "2��5 � 8 � 8�, !"2*��;6!� � � -8��, � -/�)!2, 8�*2 � -( :/ "24 

7*3*/�����3*//  �����3+24 �� 7*"" ( . �*/!+ � 2��!� "!"2*(��. �� 8!(0* � � 8 � 8 !3! � 

� -8�� 8 9���! �*6*"2� ( :/  �"3 �/  ��-8*3!24 /� 8�*  "/ �/0* ��2*. �!!: 1) �*�.!��;6!*;  

2) !/*�2/0*. �*�.!��;6!* 8 9���!, � "� ;  )*�*84, ( :/  ��-8*3!24 2��:* /� 2�! ��2*. �!!: 

�) 2 �3!�/0*; 9)  �!"3!2*34/0*; �) !/.!9!2 �0 . �*/!+. �3+ /*� 2 �0� 8 9�� � 2��:* 

� -( :/  !�  2/*"*/!* "��-� � 2-( �0<*���-�//0( ��2*. �!+(. ��3** ��*8"2��3*/0 

�*-�342�20 1�"�*�!(*/2 � �  !-�)*/!;  " 9*// "2*5 . �*/!+ (!�� "2��5 � 8 � 8� " 

/*� 2 �0(! 8 9����(! !- 12!� ��2*. �!5. 

 

 

 

5.4.1. �!,,�-! // * . �*/!* (!�� "2��! "(*"! � 8 � 8� ! (*2�/� 

 

 

 

 =�"�*�!(*/2�34/0* !""3*8 ��/!+ . �*/!+ "(*"! . �;)!� .�- � (� 8 � 8/(*2�/) 

�� �*8*/0 " !"� 34- ��/!*( 2*/*� 5 (*2 8!�!, � -� 3+;6*5 9 3** 8*2�34/  ��""( 2�*24 

"2���2��� ! �����2*�!"2!�! ��-�!2!+ �3�(*/!. �-(*�*/!+ �� �*8*/0 83+ "(*"*5 � 8 � 8� " 

(*2�/ ( � ��-3!)/ ( "  2/ <*/!!. =�"�*�!(*/20 �� � 8!3!"4 83+ "3*8�;6!� ��"� 8 � 

("� � "2*5 !"2*)*/!+) "(*"*5: Q 96. = 20 "(3
/" (U"2��! = 102 (/"), Q 96. = 40 "(3

/" (U"2��! = 204 

(/"), Q 96. = 60 "(3
/" (U"2��! = 306 (/"), Q 96. = 80 "(3

/" (U"2��! = 408 (/"), Q 96. = 100 "(3
/" (U"2��! 

= 510 (/"). *(�*��2��� .�- � !  ���:�;6*.  � -8��� � 8�//0� 1�"�*�!(*/2�� " "2��3+3� 

22±1
 �. ��3** ��!�*8*/0 �*-�342�20 83+ 1�"�*�!(*/2 � ��! "� � "2! !"2*)*/!+ 2 �3!�/0� 

"(*"*5 102, 204 ! 510 (/", 2�� ��� � ��*8*3�� 12 .  8!���- /� �*3!)!/ "� � "2! � 2 � � 

/�93;8�;2"+ �/�3 .!)/0* �*-�342�20. 

�� �!"�/�* 163 ��*8"2��3*/0 �*-�342�20 2*/*� 5 �!-��3!-�7!! �3�(*/! ��!  96*( 

��"� 8* Q 96. = 20 "(3
/" (U"2��! = 102 (/"). �� 12 ( �!"�/�* ( :/   2)*23!�  /�93;8�24  

3�(!/��/�; "2��; ! 3�(!/��/ * �3�(+ �  �"*( 8!���- /* "  2/ <*/!5 � 8 � 8/(*2�/, 

� +�3*/!*  93�"2! �*�*2+:�! �3�(*/! /�93;8�*2"+ 3!<4 ��! 8 3* CH4  � "(*"! 70-75%  9. 

%�*���6*/!* . �*/!+ "(*"! � 8 � 8/(*2�/ �� !"� 8!2 ��! 8 3* CH4 � "(*"! �0<* 80%  9.  
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�!"�/ � 163. */*�0* ���2!/0 8!,,�-! // .  . �*/!+ 

���.3 5 (!�� "2��! "(*"! H2+CH4 � -��!"!( "2!  2 
 9?*(/ 5 8 3! CH4 (� – 0%, b – 25%, c – 50%, d – 70 %, e – 75 

%, f – 80%) ��! "� � "2! !"2*)*/!+ "2��! U"2��! = 102 (/", 

8!�(*2� " �3� d = 0.5 ((. 

 

 

 �� �!"�/�* 164 ��*8"2��3*/0 �*-�342�20 2*/*� 5 �!-��3!-�7!! �3�(*/! ��!  96*( 

��"� 8* "(*"! Q 96. = 40 "(3
/" (U"2��! = 204 (/"). �� 12 ( �!"�/�* ( :/  /�93;8�24 

3�(!/��/�; "2��;, � 2��:* ��� 3�(!/��/ *, 2�� ! 2��9�3*/2/ * �3�(+ �  �"*( 8!���- /* 

"  2/ <*/!5 � 8 � 8� " (*2�/ (. % +�3*/!*  93�"2! �*�*2+:�! �3�(*/! /�93;8�*2"+ ��! 

� /7*/2��7!! CH4 � "(*"! 12.5%  9. !  /� " ���/+*2"+ � <!� � ( 8!���- /* "  2/ <*/!+ 

� 8 � 8/(*2�/ (12.5-60%  9. CH4). �!8/ , )2  ��-(*�  93�"2! �*�*2+:�! �3�(*/! " 

�(*/4<*/!*( "  2/ <*/!+ � 8 � 8/(*2�/ 2��:* �(*/4<�*2"+, ��� ! � "!2��7!+�, 

!""3*8 ��//0� ��/** � ��9 2�� [207, 209, 211, 306, 307] � "3�)�* � "2� "� � "2! !"2*)*/!+ 

(!�� "2��!. ���. 5 ��:/05 �"�*�2 "�+-�/ "  2�0� ( 2��9�3*/2/ .  �3�(*/!  2 "�*-� " �3�, /  

" " ���/*/!*( �� 7*""� . �*/!+ �  93�"2! �*�*2+:�! �3�(*/! (��! 8 3* CH4 � "(*"! 50-60% 

 9.). � 8��. 5 "2 � /0,  8/�� , �  )*/4 �-� ( 8!���- /* "  2/ <*/!5 � 8 � 8� " (*2�/ ( (��! 

8 3* CH4 � "(*"! ≈60%  9.) ( :/  /�93;8�24 ���  2�0� 2��9�3*/2/ .  �3�(*/! " . �*/!*( � 

 

�!"�/ � 164. */*�0* ���2!/0 8!,,�-! // .  . �*/!+ ���.3 5 (!�� "2��! "(*"! 

H2+CH4 � -��!"!( "2!  2  9?*(/ 5 8 3! CH4  � /*5 (� – 0%, b – 12,5%, c – 25%, d – 27 

%, e – 36 %, f – 38%, g – 50%, h – 60%, i – 62, j – 63%) ��! "� � "2! !"2*)*/!+ "2��! 

U"2��! = 204 (/", 8!�(*2� " �3� d = 0.5 ((. 



 

 

302 

 93�"2! �*�*2+:�! �3�(*/! (�!"�/ � 164, h), 2�� ! ��*���6*/!* . �*/!+ 2��9�3*/2/ 5 "2��! " 

" ���/*/!*( . �*/!+ �  93�"2! �*�*2+:�! �3�(*/! ��! /*9 34< ( ��*3!)*/!! "� � "2! 

� 2 �� (�!"�/ � 164, i) !, /�� /*7,  96** ��*���6*/!* . �*/!+ (!�� "2��! "(*"! 

� 8 � 8/(*2�/ (�!"�/ � 164, j).  

 �� �!"�/�* 165 ��*8"2��3*/0 �*-�342�20 2*/*� 5 �!-��3!-�7!! �3�(*/! ��!  96*( 

��"� 8* "(*"! Q 96. = 100 "(3
/" (U"2��! = 510 (/"). �� 12 ( �!"�/�* � 8!���- /*  9?*(/ 5 8 3! 

CH4 � "(*"! 5-15%  9. ( :/  /�93;8�24 3�(!/��/�; "2��; 2 �3!�/ 5 "(*"!, � 2 ��; 

 ���:�*2 3�(!/��/ * �3�(+, � 8�3** �/!- �  � 2 �� "�6*"2��*2 2��9�3*/2/ * �3�(+. %�! 12 5 

"� � "2! !"2*)*/!+ (!�� "2��!  93�"24 �*�*2+:�! �3�(*/! , �(!��*2"+ �:* 83+ �3�(*/! 

)!"2 .  � 8 � 8� (�!"�/ � 165, �) ! " ���/+*2"+ ��! 8 9���* � /*.  (*2�/� 8  20%  9. �!8/ , 

)2  ��-(*�  93�"2! �*�*2+:�! �3�(*/! " ��*3!)*/!*( � /7*/2��7!! (*2�/� � "(*"! 2��:* 

�(*/4<�*2"+. %�! 8 3* CH4 � "(*"! 9 3** 20%  9. �� !"� 8!2  2�0� 2��9�3*/2/ .  �3�(*/! 

��! " ���/*/!! . �*/!+ �  93�"2! �*�*2+:�! �3�(*/! (�!"�/ � 165, e) � -�2*( �� !"� 8!2 

 96** ��*���6*/!* . �*/!+ (!�� "2��! "(*"! � 8 � 8/(*2�/ (�!"�/ � 165, f). ��!(  9��- (, 

1�"�*�!(*/20 � ��-�3!, )2  8!,,�-! // * . �*/!* (!�� "2��! "(*"! � 8 � 8/(*2�/ 

" �� � :8�*2"+ � +�3*/!*(  93�"2! �*�*2+:�! �3�(*/!, ��� ! � "3�)�* . �*/!+ )!"2  

� 8 � 8/ 5 (!�� "2��! [207, 209, 211, 306, 307] . � 8��. 5 "2 � /0, �� 8*( /"2�!� ��/ , )2  

" � "2 ( 8 3! (*2�/� ��! 8!,,�-! // ( . �*/!! (!�� "2��! "(*"! � 8 � 8/(*2�/ ! " � "2 ( 

"� � "2! !"2*)*/!+ (!�� "2��! ��-(*�  93�"2! �*�*2+:�! �3�(*/! �(*/4<�*2"+, ��� ! � 

"3�)�* . �*/!+ )!"2  � 8 � 8/ 5 (!�� "2��! ��! ��*3!)*/!! "� � "2! ** !"2*)*/!+. � 7*3 (, 

(*��/!-( ! �����2*�!"2!�! ��-�!2!+ �3�(*/! ��! 8!,,�-! // ( . �*/!! (!�� "2��! "(*"! 

� 8 � 8� " (*2�/ ( 2�� 5 :*, ��� ! 83+ )!"2 .  H2.  

 

 

�!"�/ � 165. */*�0* ���2!/0 8!,,�-! // .  . �*/!+ ���.3 5 (!�� "2��! "(*"! 

H2+CH4 � -��!"!( "2!  2  9?*(/ 5 8 3! CH4 � "(*"! (a – 0%, b – 5%, c – 10 %, d – 

15%, e – 20%, f – 22%) ��! "� � "2! !"2*)*/!+ "2��! U"2��! = 510 (/", 8!�(*2� " �3� d = 

0.5 ((. 
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5.4.2. �!,,�-! // * . �*/!* (!�� "2��! "(*"! � 8 � 8� ! .*3!+ 

 

 

 

 =�"�*�!(*/2�34/0* !""3*8 ��/!+ . �*/!+ "(*"! � 8 � 8� (�2) ! .*3!+ (He) 

��*8"2��3*/0 /� �!"�/�* 166. 
*3!5 +�3+*2"+ /*. �;)!( !/*�2/0( .�- (, !(*;6!( 

/�!9 3** 93!-�!5 � � 8 � 8� ( 3*��3+�/05 �*". ��� ( :/  �!8*24 !- ��*8"2��3*//0� /� 

�!"�/�* 166 2*/*�0� , 2 .��,!5, � 8!���- /*  9?*(/ 5 8 3! He � "(*"! 0-50%  9. ! 

8!���- /* "� � "2! !"2*)*/!+ (!�� "2��! 255-663 (/" ( :/   2)*23!�  /�93;8�24 

/�3!)!*  93�"2! �*�*2+:�! �3�(*/!, 3�(!/��/�; "2��; 2 �3!�/ 5 "(*"! ! 3�(!/��/ * 

�3�(+ �  93�"2! �*�*2+:�! �3�(*/!, �-��;  93�"24 �*-� .  !-(*/*/!+ .��8!*/2� 

�3 2/ "2! /� �0� 8* "2��! !-  93�"2! �*�*2+:�! �3�(*/!, ��* 8 3*��+ � 2 �05 

(!�� "2��+ ! �3�(+ "2�/ �+2"+ 2��9�3*/2/0(!.  

 � � "2 ( "� � "2! !"2*)*/!+ "2��! ! "  2�*2"2�*//  " �(*/4<*/!*( 8 3! � 8 � 8� 

! � "2 ( 8 3! .*3!+ � "(*"! � 8 � 8/.*3!5, ��-(*�  93�"2! �*�*2+:�! �3�(*/! 

�(*/4<�*2"+. ��!(  9��- (, (*��/!-( ! �����2*�!"2!�! ��-�!2!+ (!�� "2��! "(*"! 

� 8 � 8/.*3!5 ��! ** 8!,,�-! // ( . �*/!! "� :! " . �*/!*( "(*"! � 8 � 8/(*2�/ 

(��-8*3 5.4.1.) ! " . �*/!*( )!"2 .  � 8 � 8�,  �!"�// ( � ��9 2�� [207, 209, 211, 306, 

307]. 

 

 
 

�!"�/ � 166. */*�0* ���2!/0  93�"2! �*�*2+:�! �3�(*/! ��! 8!,,�-! // ( 

. �*/!! ���.3 5 (!�� "2��! "(*"! H2+He � -��!"!( "2!  2  9?*(/ 5 8 3! He � 

"(*"! (� – 0%; b – 23%; c – 30,3%; d –28,6%; e – 35,2%; f – 45,7%; g – 35,9%; h – 48,2%; 

i – 31,8%; j – 50,5%; k – 34,0%; l – 3,85%), ! "� � "2! "2��! U"2��!, (/" (255, 332, 337, 

357, 362, 469, 398, 423, 449, 505, 541, 663 "  2�*2"2�*// ), 8!�(*2� " �3� d = 0.5 (( 
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5.4.3. �!,,�-! // * . �*/!* (!�� "2��! "(*"! � 8 � 8� ! �- 2� 

 

 

 

 =�"�*�!(*/2�34/0* !""3*8 ��/!+ . �*/!+ "(*"! . �;)*.  .�-� � 8 � 8� (H2) " �- 2 ( 

(N2) �� �*8*/0 ��2*( -��!"! �!8!( .  !- 9��:*/!+ �3�(*/! (!�� "2��! 12 5 "(*"! " 

� ( 64; 7!,� � 5 �!8* ��(*�0. �- 2 +�3+*2"+ /*. �;)!( !/*�2/0( .�- (, !(*;6!( 

( 3*��3+�/05 �*", 93!-�!5 � "�*8/*(� ( 3*��3+�/ (� �*"� � -8���. �- 9��:*/!+ �3�(*/! 

(!�� "2��! "(*"! � 8 � 8+�- 2 ��*8"2��3*/0 /� �!"�/�* 167. � !""3*8 ��// ( 8!���- /* 

"  2/ <*/!+ � 8 � 8/�- 2 ! "� � "2! !"2*)*/!+ (!�� "2��! ( :/   2)*23!�  /�93;8�24 

/�3!)!*  93�"2! �*�*2+:�! �3�(*/!, ��� ! � "!2��7!+�,  �!"�//0� �0<* ! � ��9 2��  [207, 209, 

211, 306, 307].  

 

 
 

�!"�/ � 167. � 2 .��,!! 8!,,�-! // .  . �*/!+ ���.3 5 (!�� "2��! "(*"! H2+N2 � 

-��!"!( "2!  2  9?*(/ 5 8 3! N2 � "(*"! (�  – 0%; b – 22%; c – 23%; d – 25%; e – 32%; f – 

48%) ! "� � "2! "2��! U"2��!, (/" (255, 326, 332, 342, 316, 296 "  2�*2"2�*// ). �!�(*2� 

" �3� d = 0.5 ((. 

 

 

 �  �"*( !-�)*// ( 8!���- /* "  2/ <*/!5 � 8 � 8/�- 2 /�93;8�*2"+ � +�3*/!* 

 93�"2! �*�*2+:�! �3�(*/!, �/�3 .!)/  "3�)�; . �*/!+ (!�� "2��! )!"2 .  � 8 � 8�. � 

� "2 ( "� � "2! !"2*)*/!+ "2��! !, "  2�*2"2�*// , " �(*/4<*/!*( 8 3! � 8 � 8� ! � "2 ( 

8 3! �- 2� � "(*"!  � 8 � 8+�- 2, ��-(*�  93�"2! �*�*2+:�! �3�(*/! �(*/4<�*2"+. ��!( 

 9��- (, (*��/!-( ! �����2*�!"2!�! ��-�!2!+ (!�� "2��! "(*"! � 8 � 8+�- 2 ��! ** 

8!,,�-! // ( . �*/!!  "2�;2"+ 2��!(! :*, ��� ! � "!2��7!! 8!,,�-! // .  . �*/!+ "(*"! 

.�- � � 8 � 8+(*2�/, � 8 � 8+.*3!5, !-3 :*//0� �0<*, ! � �/�3 .!)/ ( �� 7*""* . �*/!+ 

)!"2 .  � 8 � 8�.  
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5.4.4. �!,,�-! // * . �*/!* (!�� "2��! "(*"! � 8 � 8� ! �!"3 � 8� 
 

 

 

 �� �!"�/�* 168 � ��-�/0 2*/*�0* ���2!/0 8!,,�-! // .  . �*/!+ ���.3 5 (!�� "2��! 

)!"2 .  � 8 � 8� (�) ! *.  "(*"! " �!"3 � 8 ( ��! � "2*�*// ( ��*3!)*/!! 8 3! �!"3 � 8� � 

/*5 (b–f) 83+ "� � "2! !"2*)*/!+ (!�� "2��! U0 = 306 (/". �- �!"�/�� 168 � �!8/ , )2  

��-�!2!* �3�(*/! � "!2��7!! . �*/!+ (!�� "2��! )!"2 .  � 8 � 8� "�+-�/  " � -/!�/ �*/!*( 

 93�"2! �*�*2+:�! �3�(*/!, �����2*�!"2!�! ��-�!2!+ � 2 � 5 " � "2 ( "� � "2! !"2*)*/!+ 

"2��! 903! 8*2�34/  ��*8"2��3*/0 ��/** � ��9 2�� [207, 209, 211, 306, 307]. 	8/��  

" �*�<*//  !/�+ "!2��7!+ /�93;8�*2"+ ��! . �*/!! (!�� "2��! "(*"! H2+O2. �� �!"�/�* 168 

( :/  �!8*24, )2  " � "2 ( 8 3! �!"3 � 8� � "(*"! (*/+;2"+ , �(� ! ��-(*�0  93�"2! 

�*�*2+:�! �3�(*/!.  

 � � "2 ( 8 3! �!"3 � 8� � "(*"! , �(� 12 5  93�"2! 2��/", �(!��*2"+ !- ",*�!)*"� 5 � 

7!3!/8�!)*"��;,  /� �83!/+*2"+ � �*�2!��34/ ( /�����3*/!! ! ":!(�*2"+ � . �!- /2�34/ (. 

�!�� "2��+ ! �3�(+ �  93�"2! �*�*2+:�! �3�(*/! !(*;2 3�(!/��/05 �����2*� 2*)*/!+,  8/��  

� "3* ��* 8 3*/!+ �-� 5  93�"2! .��8!*/2� �3 2/ "2! .�-�  /� "2�/ �+2"+ 2��9�3*/2/ 5. ��0� 

�3�(*/!, 2. *. ��*���6*/!* . �*/!+ "(*"! .�- �, �� !"� 8!2 ��! 8 3* �!"3 � 8� � "(*"! O2 ≥ 50 %. 

�� �!"�/�* 169 � ��-�/0 .��,!� -��!"!( "2! ��-(*��  93�"2! �*�*2+:�! �3�(*/! (l/d)  2 � "2� 

8 3! �!"3 � 8� � "(*"!, � 2��:* 8!�.��((0 /���"2�/!+ 8 3! �!"3 � 8� � "(*"!. �!8/ , )2  " 

� "2 ( 8 3! �!"3 � 8� � "(*"! ��-(*� (83!/�)  93�"2! �*�*2+:�! �3�(*/! ��*3!)!��*2"+. ��//05 

,��2 � /2��"2!��*2, /���!(*�, " ,��2 ( �(*/4<*/!+ ��-(*��  93�"2! �*�*2+:�! �3�(*/! " � "2 ( 

"� � "2! !"2*)*/!+ (!�� "2��! ��! . �*/!! )!"2 .  � 8 � 8� [207, 209, 211, 306, 307], � 2+ �  

 

�!"�/ � 168. */*�0* ���2!/0 . �*/!+ )!"2 .  � 8 � 8� (a) ! *.  "(*"! " 

�!"3 � 8 ( (b–f), !"2*��;6!� "  "� � "24; 306 (/" !- ���.3 .  (!�� " �3� 

8!�(*2� ( 0.5 ((. 	9?*(/�+ 8 3+ O2 � "(*"!: a – 0%; b – 8%; c – 17%; d – 25%; e – 

33%; f – 42%, "�0� �3�(*/! ��!  9?*(/ 5 8 3* 	2 � "(*"! ≥ 50%.  

�!�(*2� " �3� d = 0.5 ((. 
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8�// ( "3�)�* -��!"!( "24 "�+-�/� /* "  "� � "24; !"2*)*/!+ (!�� "2��!, � " !-(*/*/!*( 8 3! 

�!"3 � 8� � "(*"! .�- �.  

�� �!"�/�* 170 � ��-�/0 2*/*�0* ���2!/0 . �*/!+ ���.3 5 (!�� "2��! "(*"! H2+O2 

��! ��*3!)*/!! 8 3! �!"3 � 8� � /*5 (a–g) 83+ "� � "2! !"2*)*/!+ (!�� "2��! U0 = 663 (/". 

�� �!"�/�* 170 �!8/ , )2  ��-�!2!* �3�(*/! � "!2��7!! . �*/!+ (!�� "2��! "(*"! � 8 � 8� " 

�!"3 � 8 ( "�+-�/  " � -/!�/ �*/!*(  93�"2! �*�*2+:�! �3�(*/!, ��� ! � ��*808�6!� 

"3�)�+�. 	8/��  � 8�// 5 "!2��7!!  93�"24 �*�*2+:�! �3�(*/! " ���/+*2 "� ; ",*�!)*"��; 

, �(� ! �(*/4<�*2"+ � ��-(*�* " � "2 ( 8 3! �!"3 � 8� � "(*"! ��3 24 8  O2 = 15 %  9. 

 

 

�!"�/ � 170. */*�0* ���2!/0 . �*/!+ "(*"! H2+O2, !"2*��;6*5 "  "� � "24; 663 (/" !- 
���.3 .  (!�� " �3� 8!�(*2� ( 0.5 ((. 	9?*(/�+ 8 3+ O2 � "(*"!: a – 4%; b – 8%; c – 

12%; d – 15%; e – 19%; f – 23%; g – 27%. 
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	8/��  " 8�34/*5<!( � "2 ( 8 3! �!"3 � 8� � "(*"! �0<* ���-�// 5 � /7*/2��7!!, , �(� 

12 5  93�"2! !- ",*�!)*"� 5 2��/", �(!��*2"+ � 7!3!/8�!)*"��;,  /� �83!/+*2"+ (�  �*�2!��3!) ! 

":!(�*2"+ (�  . �!- /2�3!). ��!(  9��- (, " � "2 ( "� � "2! !"2*)*/!+ (!�� "2��! ( :/  

/�93;8�24 2��/", �(�7!; , �(0  93�"2! �*�*2+:�! �3�(*/! !- ",*�!)*"� 5 � 7!3!/8�!)*"� 5. 

%�!)*( ��-(*� 12 5  93�"2! �(*/4<�*2"+ (",*�!)*"��+ , �(�), ! ��"2*2 (7!3!/8�!)*"��+ , �(�) " 

� "2 ( 8 3! �!"3 � 8� � "(*"! ! "� � "2! !"2*)*/!+ (!�� "2��!. ��.3+8/  8�//05 �� 7*"" 

��*8"2��3*/ /� �!"�/�* 171, /� � 2 � ( � ��-�/ .��,!� -��!"!( "2! ��-(*��  93�"2! �*�*2+:�! 

�3�(*/! (l/d)  2 � "2� 8 3! �!"3 � 8� � "(*"!, � 2��:* 8!�.��((� /���"2�/!+ 8 3! �!"3 � 8� � 

"(*"!. �� �!"�/�* 171 �!8/ , )2  " � "2 ( 8 3! �!"3 � 8� � "(*"! �(*/4<�*2"+ ��-(*�  93�"2! 

�*�*2+:�! �3�(*/! ",*�!)*"� 5 , �(0 ! ��"2*2 ��-(*� (83!/�)  93�"2! �*�*2+:�! �3�(*/! 

7!3!/8�!)*"� 5 , �(0. ��0� �3�(*/!, 2.*. ��*���6*/!* . �*/!+ "(*"! .�- � 83+ "� � "2! 

!"2*)*/!+ (!�� "2��! U0 = 663 (/", �� !"� 8!2 ��! 8 3* �!"3 � 8� � "(*"! O2 = 27 %  9.  

 	)*/4 ��:/0(  9"2 +2*34"2� ( ��! . �*/!! ��� (!�� "2��! )!"2 .  � 8 � 8�, 2�� ! *.  

"(*"! " �!"3 � 8 ( +�3+*2"+ 2*(�*��2��/05 ,��2 �. � "3�)�* ��!" *8!/*// .  �3�(*/!  /  

 ���20��*2 -/�)!2*34/�;  93�"24 �0� 8� (!�� " �3� !, "  2�*2"2�*// , /�.�*��*2 *. . ��//0* �  

2*(�*��2��* (!�� " �3� ! 2*(�*��2��* �/�2�! "�( .  �3�(*/! 8*2�34/  ��*8"2��3*/0 � ��9 2* 

[308]. �� �!"�/�* 172 ��*8"2��3*/0 .��,!�! -��!"!( "2! 2*(�*��2��0 (!�� " �3� ��! . �*/!! 

)!"2 .  � 8 � 8� ! *.  "(*"! " �!"3 � 8 (  2 8 3! �!"3 � 8� � "(*"! ! "� � "2! !"2*)*/!+ 

(!�� "2��!. �- �!"�/�� 172 �!8/ , )2  " � "2 ( "� � "2! !"2*)*/!+ (!�� "2��! (��! 

,!�"!� ��// 5 8 3* �!"3 � 8� � "(*"!) 2*(�*��2��� /�.�*�� �0� 8� (!�� " �3� �(*/4<�*2"+. 
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��� ���
� �� �2 � ����� *2+�2, % ��.
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�!"�/ � 172. $��!"!( "24 2*(�*��2��0 (!�� " �3� (8!�(*2� 

0.5 (() ��! . �*/!! (!�� "2��! "(*"! H2+O2  2 8 3! 

�!"3 � 8� � "(*"! ! "� � "2! !"2*)*/!+ "2��! "(*"!. 
 

�� �!"�/�* 173 ��*8"2��3*/ .��,!� -��!"!( "2! 2*(�*��2��0 (!�� " �3�  2 !-(*/*/!+ 83!/0 

 93�"2!   ���2�  �3�(*/*(  �0� 8� (!�� " �3� (I/d" �3�).  	2)*23!�    �!8/ ,   )2    -��!"!( "24  
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=f(I/d" �3�) ��+(�+, � ��*8"2��3*//0* /� �!"�/�* 172 -��!"!( "2! =f([O2]) –  9��2/0*, 2.*. 

2*(�*��2��� �0� 8� (!�� " �3�, � "  2�*2"2�*//  ! "�( 5 (!�� "2��!, �(*/4<�*2"+ " � "2 ( 

8 3! O2 � "(*"! ! ��*3!)!��*2"+ " � "2 ( 83!/0  93�"2!  ���2� �3�(*/*( �0� 8� (!�� " �3� 

(I/d" �3�). 

 

 

 

5.4.5. ����/*/!* 1,,*�2� 8 9�� � ��-3!)/0� .�- � � � 8 � 8 !3! � � -8�� /� �"3 �!+  2�0�� 

8!,,�-! // .  �3�(*/! �0" � "� � "2/ 5 (!�� "2��! 2 �3!�� 

 

 

 

 �*-�342�20 !-(*�*/!5 "� � "2! (!�� "2��! "(*"! H2+8 9���� � ( (*/2  2�0�� 

�3�(*/!  2  9?*(/ 5 � /7*/2��7!! 8 9�� � CF3Br, 2�!(*2!3, ",�2 (��), He, N2, Ar, CO2, 

�H4, O2 � ��-�/0 /� �!"�/�* 174. �"* 12! .�-0 !(*;2 ��-3!)/�; ��!� 8� - ! ��*8"2��3+;2 

!/*�2/0*, . �;)!*, !/.!9!��;6!* . �*/!* .�-0, !3!  �!"3!2*34 - �!"3 � 8. %�!�*8*//0* 

8�//0* 903! � 3�)*/0 ��! 2*(�*��2���� 2 �3!�/ 5 "(*"! ~ 90
 � ! � -8��� ~ 86

 �. =2! 

�"3 �!+ 903! �09��/0 83+ 2 . , )2 90 �  8!/�� �0� �"3 �!+� "���/!24 � 3�)*//0* 

�*-�342�20 83+ �"*� !-�)*//0� � 12 5 )�"2! ��9 20 8 9�� �, � 2��:* !"�3;)!24 � /8*/"�7!; 

��� � �� �/�2�! �"2�/ ��!. 
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��� ( :/  �!8*24 !- �!"�/�� 174, �*8*/!* 8 9�� � 3;90� !- �0<*�*�*)!"3*//0� .�- � � 

� 2 � H2 ��!� 8!2 � �(*/4<*/!; "� � "2! � 2 ��, ��! � 2 � ( �� !"� 8!2  2�0� �3�(*/!  2 

"�*-� (!�� " �3�.  

 %�!�*8*//0* /� �!"�/�* 174 8�//0* � -� 3+;2 ��/:!� ��24 !""3*8 ��//0* �*6*"2�� � 

� �+8�* �*3!)!/0 !� 1,,*�2� (�*3!)!/0 � /7*/2��7!! 8 9���! ��! � 2 � 5 �� !"� 8!2  2�0� 

�3�(*/! ��! ,!�"!� ��// 5 "� � "2! � 2 �� !"2*��;6*5 !- (!�� " �3� "(*"!) /� �"3 �!+ 

 2�0�� �3�(*/! "3*8�;6!(  9��- (: 

He<O2<CH4<N2<Ar<CO2<��<CF3Br 

 �"3! ��*8� 3 :!24, )2  1,,*�2!�/ "24 8 9�� � -��!"!2  2 !� ( 3*��3+�/ 5 (�""0, 2  

83+ !""3*8 ��//0� �*6*"2� 12 2 �+8 ( :/  ��*8"2��!24 "3*8�;6!(  9��- (: 

4<32<16<28<40<44<140<149 

 ��� �!8/ , !"�3;)*/!*( 83+ ��*8"2��3*// 5 -�� / (*�/ "2! +�3+*2"+ 2 34�  O2. �� 

��� �!"3 � 8, �  23!)!*  2 �"*� 8��.!� !""3*8 ��//0� 8 9�� �, +�3+*2"+  �!"3!2*3*(, 2  

� -( :/  12  "� " 9"2��*2 8 � 3/!2*34/ 5 "2�9!3!-�7!! �3�(*/!. %  12 5 ��!)!/* 

-��!"!( "24 83+ O2 /*(/ .   2�3 /+*2"+  2  96*5 -�� / (*�/ "2! !-(/*/!+ 1,,*�2!�/ "2! 

8 9���!  2 ** ( 3*��3+�/ 5 (�""0. ��:*  9��6�*2 /� "*9+ �/!(�/!* 2 , )2  83+ He �����2*� 

-��!"!( "2! ��)*"2�*//   23!)�*2"+  2 �"*� 8��.!� ��!�0�,  " 9*//  ��! �0" � 5 "� � "2! 

� 2 �� "(*"! H2+8 9����. �!8/ , )2  ��! /*9 34<!� � /7*/2��7!+ 8 9���! He (10-20%  9.)  / 

"3�9  �(*/4<�*2 "� � "24  2�0�� �3�(*/! �  "���/*/!; " �*3!)!/ 5, !-(*�*// 5 83+ )!"2 .  

�2, " "2��3+;6*5 1033±20 (/". � 9���! �� ! CF3Br ��! �0" �!� "� � "2! � 2 �� "(*"! 

H2+8 9���� 8�:* � /*9 34< 5 � /7*/2��7!! ��!� 8+2 �  )*/4 "!34/ (� �(*/4<*/!; 

�*3!)!/0 "� � "2!  2�0�� �3�(*/!. ��� � � <  !-�*"2/  !- 3!2*��2��0, � 2��:* !- 

��*8"2��3*//0� � ��*808�6!� .3���� �*-�342�2 �, �� ! CF3Br +�3+;2"+ 1,,*�2!�/0(! 

!/.!9!2 ��(! . �*/!+, �3!+;6!(! /� �!(!; ! �!/*2!�� �� 7*"" �  �!"3*/!+ ��-3!)/0� 

2 �3!� [3, 4, 89]. % 12 (�  ��*8"2��3+*2 !/2*�*", /�"� 34�  "�6*"2�*//0( ( :*2 9024 ��3�8 

,!-!)*"�!� ! �!(!)*"�!� �� 7*"" � � 1,,*�2 "/!:*/!+ "� � "2!  2�0�� �3�(*/! (!�� "2��! 

� 8 � 8� ��! ��*8*/!! � /*.  8 9�� � �� ! CF3Br.  � ��� 6*// ( "3�)�* �"3 �!+  2�0�� 

8!,,�-! // .  �3�(*/! ( .�2 ��""(�2�!��24"+ � 2*�(!/�� 2�� /�-0��*( .  «�*8�6*.  ���+ 

2� 5/ .  �3�(*/!». �3+ 12 5 � /,!.���7!! 8!,,�-! // .  �3�(*/! .��8!*/20 � /7*/2��7!! 

! "� � "2! �93!-! "�*-� (!�� " �3�  ��-0��;2 �3!+/!* /� ��"�� "2��/*/!* �3�(*/! �8 34 

 93�"2!, � 2 ��+ "  2�*2"2��*2 " "2��� .�- � 5 "(*"! " (��"!(�34/ 5 "� � "24; . �*/!+, )2  

/*� "�*8"2�*//  "�+-�/  " �"3 �!+(!  2�0�� �3�(*/!. �2���2��� ! "� � "24 ��"�� "2��/*/!+ 

2� 5/0� �3�(*/ � "!"2*(* H2-� -8�� ��/** !""3*8 ��3�"4 ��+(0( )!"3*//0( ( 8*3!� ��/!*( 

(2D) " !"� 34- ��/!*( 8*2�34/0� �!(!� -�!/*2!)*"�!� (*��/!-( �  �!"3*/!+ [309, 310]. 

�*-�342�20 2�� .  ( 8*3!� ��/!+ ��)*"2�*//  " .3�"�;2"+ " �0� 8�(! ��� 6*// .  � 8� 8�  
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83+ ��""( 2�*/!+ �"3 �!5  2�0�� �3�(*/!. ��*(�, !33;"2�!��;6�+ �"3 �!+ "2�9!3!-�7!! ! 

 2�0�� �3�(*/! (!�� "2��! � 8 � 8�, ��!�*8*/� /� �!"�/�* 175. 

 ��!(  9��- (, �"3 �!+  2�0�� 8!,,�-! // .  �3�(*/!  2 " �3�  ��*8*3+;2"+ 

3 ��34/ 5 "� � "24; .�-� �93!-! *.  "�*-� ! �"3 �!+(! "(*<*/!+ . �;)*.  "  �!"3!2*3*( /� 

.��/!7* !� � 2 � �. % 12 (�  8/ 5 !-  ��*8*3+;6!� �����2*�!"2!� �"3 �!5  2�0�� �3�(*/! 

+�3+*2"+ �!/*2!)*"��+ 1/*�.!+ !"2*��;6*.  !- " �3� .�- � .  � 2 ��, �*�*8���*(�+ 

� �3*��*( (� �  93�"24 . �*/!+  ���:�;6*(� � -8���. 	)*�!8/ , )2  )*( �0<* �!/*2!)*"��+ 

1/*�.!+ (!�� "2��! "(*"! H2+8 9����, 2*( �0<* 3 ��34/�+ "� � "24 .�- � 5 "(*"! �  93�"2! 

«�*8�6*.  ���+ 2� 5/ .  �3�(*/!» ! 2*( 93!:* �"3 �!+ � ��!2!)*"�!( �"3 �!+(  2�0�� 

�3�(*/!. �!/*2!)*"��+ 1/*�.!+ .�- � .  � 2 �� �� � �7! /�34/� Mr*U
2
, .8* Mr  - "�*8/++ 

( 3*��3+�/�+ (�""� .�- � 5 "(*"!, U – "� � "24 .�- � 5 "(*"! /� �0� 8* !- " �3�. ��!( 

 9��- (, ( :/  ��*8� 3 :!24, )2  � "3�)�* "�6*"2� ��/!! "�+-! (*:8� "� � "24; � 2 �� ! 

*.  ( 3*��3+�/ 5 (�"" 5 ��! ,!�"!� ��// 5 �!/*2!)*"� 5 1/*�.!! � 2 ��, 8 3:/  

�0� 3/+24"+ "  2/ <*/!* U~1/Mr
0.5

. �� �!"�/�* 176 ��*8"2��3*/� -��!"!( "24 ����(*2�� 

1/Mr
0.5

  2 U 83+ "(*"*5 H2+8 9���� ��!  2�0�* �3�(*/!  2 " �3�.  
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�!"�/ � 175. ��*(�, !33;"2�!��;6�+ �"3 �!+ "2�9!3!-�7!! �0" � "� � "2/ 5 

(!�� "2��! � 8 � 8�, !"2*��;6*.  !- ���.3 .  (!�� " �3� � � -8��, ! "�0�� �3�(*/! 

��! ��*3!)*/!! "� � "2! � 2 �� � 8 � 8�. 
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�!"�/ � 176. $��!"!( "24 ����(*2�� 1/Mr
0.5

  � "(*"+� H2 " 

��-3!)/ 5 � /7*/2��7!*5 8 9�� �  2 "� � "2! (!�� "2��! 

12!� "(*"*5 (U) � ( (*/2  2�0�� �3�(*/!  2 " �3�. 

 

��� ( :/  �!8*24, ��*8"2��3*//0* � 12!� �  �8!/�2�� -��!"!( "2! 1/Mr
0.5

  2 U 83+ CO2, N2 ! 

Ar  !(*;2 ����2!)*"�! 3!/*5/05 �����2*� ! " ���8�;2 (*:8� " 9 5 � �*�*8*3��  <!9�! 

1�"�*�!(*/2�. ��:* �!8/ , )2  /��3 / ��!�0� 83+ O2, He, CH4 -�(*2/   23!)�*2"+  2 /��3 /� 

��!�0� 83+ CO2, N2 ! Ar. $��!"!( "24 83+ CF3Br !(**2 "3 :/05 �����2*� – ��! �0" �!� 

� /7*/2��7!+� *.  8 9���!  /� " ���8�*2 " �*-�342�2�(! 83+ CO2, N2 ! Ar, � ��! 9 3** /!-�!� 

� /7*/2��7!+� (<10%) /�93;8�*2"+ /*� 2 � * ��"� :8*/!*. ��:/   2(*2!24, )2  83+ �� 

-/�)*/!+ ����(*2�� 1/Mr
0.5 � 8!���- /* "� � "2*5 � 2 �� "(*"! H2+8 9���� 450-760 (/"  " 

� � <*5 2 )/ "24; 2��:* " ���8�;2 " 8�//0(! 83+  CO2, N2 ! Ar. �� ��� CO2, N2 ! Ar 

+�3+;2"+ �!(!)*"�! !/*�2/0(! 8 9����(! ! 8*5"2��;2 /� �"3 �!+  2�0�� �3�(*/! � 

 "/ �/ ( -� ")*2 1,,*�2� ��-9��3*/!+ ! !-(*/*/!+ 2*�3 ,!-!)*"�!� ����(*2� � . �;)*5 

"(*"!, 2  � 8 9/ * " ���8*/!* 8�//0� 83+ �� " 8�//0(! 83+ CO2, N2 ! Ar ( :*2 9024 

2���2 ��/  ���  2"�2"2�!* �!(!)*"� .  1,,*�2� 8 9���! �� /� �� 7*"" . �*/!+ �2. � 8��. 5 

"2 � /0, H2 +�3+*2"+  "/ �/0( � (� /*/2 ( . �;)*5 "(*"! ! !(**2 -/�)!2*34/  9 3** 

�0" �!* -/�)*/!+ � 1,,!7!*/2� 8!,,�-!!, )*( 9 34<!/"2�  !""3*8 ��//0� � 8�// 5 ��9 2* 

.�-  9��-/0� 8 9�� �. % 12 (� ( :/  ��*8� 3 :!24, )2  � /7*/2��7!+ 8 9�� � " 

 2/ "!2*34/  �0" � 5 ( 3*��3+�/ 5 (�"" 5 �  93�"2! «�*8�6*.  ���+ 2� 5/ .  �3�(*/!» 

8 "2�2 )/  (�3� !---� !� /!-� .  � 1,,!7!*/2� 8!,,�-!!, )2 90 -�(*2/  � �3!+24 /� �"3 �!+ 

 2�0�� �3�(*/!. *( /* (*/**, �� !(**2 �0" �!5 ( 3*��3+�/05 �*", � 12 (� 8�:* ��! 

/!-�!� � /7*/2��7!+� 8 9���! �� � "(*"! ** "�*8/!5 ( 3*��3+�/05 �*" -/�)!2*34/  

 23!)�*2"+ � "���/*/!! " )!"20( �2. � 8�// 5 ��9 2* 83+ �/�3!-� � 3�)*//0� �*-�342�2 � 
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!"� 34- ��/ 8 "2�2 )/  ��� 6*//05 � 8� 8, � 12 (� 83+ 8*2�34/ .  �"2�/ �3*/!+ ��!)!/, �  

� 2 �0( -��!"!( "24 ����(*2�� 1/Mr
0.5

  2 U 83+ CF3Br, He, O2, CH4 -�(*2/   23!)�;2"+  2 

�*-�342�2 � 83+ CO2, N2 ! Ar, � 8�34/*5<*( /* 9� 8!(  �� �*"2! 9 3** .3�9 �!5 �/�3!- /� 

 "/ �* " � "2��3*/!+ 1�"�*�!(*/2�34/0� �*-�342�2 � ! 8�//0� )!"3*// .  ( 8*3!� ��/!+ 

����(*2� � �3�(*/! H2. 

 �� �!"�/�* 177  ��!�*8*/0 �*-�342�20 !-(*�*/!+ "� � "2!  2�0�� �3�(*/! �2  2 " �3� 

��! ��*8*/!! 8 9�� � !""3*8�*(0� .�- � � � 2 � "��2/ .  ( ���:�;6*.  (!�� "2��; 

� 8 � 8�) � -8���. % 3�)*//0* -��!"!( "2! "� � "2! � 2 �� �2 � ( (*/2  2�0�� �3�(*/!  2 

(!�� " �3� !(*;2 ����2!)*"�! 3!/*5/�; -��!"!( "24  2 � /7*/2��7!! 12!� 8 9���!. =2  

� -( :/  � 2 ( "3�)�*, *"3! 1,,*�2 8 9�� � "�+-�/ 2��:* " ��-9��3*/!*( � -8��� 8 9��� 5, � 

"3*8 ��2*34/  ! " �(*/4<*/!*( � /7*/2��7!! 	2 � "��2/ ( � 2 �*.  

 �""3*8�*(0* .�-0 �  �*3!)!/*  ��-0��*( .  !(! 1,,*�2� /� "� � "24  2�0�� �3�(*/! 

(!�� "2��! H2 ( :/  ��/:!� ��24 � "3*8�;6*( � �+8�*:  

Ar<He<N2<CO2<CF3Br <�� 

��� ( :/  �!8*24, � 12 ( �+8� /* �� "(�2�!��*2"+ +�/ 5 2*/8*/7!! �3!+/!+, /���!(*�, 

( 3*��3+�/ .  �*"� !""3*8 ��// 5 8 9���!. ��:* /*2 +�/ 5 -��!"!( "2!  2 �8*34/ 5 

( 3+�/ 5 2*�3 *(� "2!, �+-� "2! ! � 1,,!7!*/2� 8!,,�-!! !""3*8 ��//0� .�- �. 

��!(*/4<!5 1,,*�2 /� ��!2!)*"��; "� � "24 � 2 �� � ( (*/2  2�0�� �3�(*/!  2 " �3� !(**2 

8 9���� Ar. ��!�0* 83+ He ! N2 3*:�2 8 "2�2 )/  93!-�  8��. � 8��.�. � 9���� CO2 /*"� 34�  
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�!"�/ � 177. $��!"!( "24  9?*(/ 5 � /7*/2��7!!  8 9�� � 

CF3Br, ��, He, N2, Ar, CO2  � "(*"! " � -8�� (  2 "� � "2! 

(!�� "2��! H2 (U) � ( (*/2  2�0�� �3�(*/!. *(�*��2��� 

2 �3!�/ 5 "(*"! ~ 90
 �, � -8��� ~ 86

 �. 
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9 3** "!34/  �3!+*2 /� "� � "24  2�0�� �3�(*/! �  "���/*/!; " 8 9����(! He ! N2. 

��!9 34<�; 1,,*�2!�/ "24, � "���/*/!! " !/*�2/0(! .�-�(!, !(*;2 8 9���!  CF3Br  ! ��. 

�3+  8!/�� � .  "/!:*/!+ "� � "2! � 2 �� �2 � ( (*/2  2�0�� �3�(*/! 2�*9�*2"+ ��*"2! !� � 

"(*"4 � 10 ��- 9 3** /!-� 5 � /7*/2��7!!, )*( !/*�2/0* .�-0. 

 %�! 1�"2��� 3+7!! � 3�)*//0� -��!"!( "2*5 83+ N2 ! CO2 �  "!  �8!/�2 ( :/  �!8*24, 

)2  .�<*/!* �3�(*/! (!�� "2��! � 8 � 8� ��! /!-�!� -/�)*/!+� "� � "2! � 2 �� �� !"� 8!2 

��! � /7*/2��7!! 12!� 8 9�� �  � 3  60-80%  9. � .3�"/  3!2*��2��/0( 8�//0(, 

(!/!(�34/�+ �-�0�  ��"/�+ � /7*/2��7!+ �!"3 � 8� (����) ��! *.  ��-9��3*/!! N2, ��! 

� 2 � 5 � -( :/  � "�3�(*/*/!* � 8 � 8�, " "2��3+*2 5% [311]. =2 5 �*3!)!/* "  2�*2"2��*2 

"(*"4 � -8��� ! �- 2� � �� � �7!! 25%:75%, 2.*. � /7*/2��7!+ 8 9���! N2 � � -8��* " "2��3+*2 

75%  9. �3+ �O2, " .3�"/  8�//0( [311], . �*/!* "(*"*5 � 8 � 8� ��*���6�*2"+ ��! 

� /7*/2��7!! �	2 �0<* 62%  9. � "(*"! " 	2. ��� ( :/  �!8*24, 83+ N2 ! CO2 8�//0* 

�*3!)!/0 � ��*3!��;2 " ��*8"2��3*//0(! /� �!"�/�* 177 8�//0(!.  

 � "3�)�* 8 9�� � CF3Br ! �� "�6*"2�*//05 ��3�8 � !� 1,,*�2!�/ "24 8�*2 

"� " 9/ "24 12!� �*6*"2� !/.!9!� ��24 �� 7*"" . �*/!+, 2.*. -�(*83+24 �!(!)*"�!5 �� 7*"" 

 �!"3*/!+ 2 �3!��. ��� !-�*"2/  !- 3!2*��2��0, 1,,*�2!�/ "24 8*5"2�!+ 8 9���! �� /� 

8!,,�-! // * �3�(+, � "3�)�* *.  ��*8*/!+ "  "2 � /0  �!"3!2*3+, -�(*2/  �0<*, )*( 1,,*�2 

8 9���! CF3Br [44, 45]. %�*8"2��3*//0* /� �!"�/�* 177 �*-�342�20 � 82�*�:8�;2 12 2 ,��2, � 

2  ��*(+ ��� " .3�"/  ��!�*8*//0( /� �!"�/��� 174 ! 176 8�//0( 12! :* " *8!/*/!+ ��! 

��*8*/!! � � 2 � �2  ��-0��;2 �  "/ �/ ( ,!-!)*"� * � -8*5"2�!* /� �3�(+ (-� ")*2 

��*3!)*/!+ �3 2/ "2! ("�*8/*5 ( 3*��3+�/ 5 (�""0) . �;)*5 "(*"!). 

 �"3! "���/!24 1,,*�2  8/!� ! 2*� :* 8 9�� � ��! !� ��*8*/!! � � 2 � � 8 � 8� !3! 

� -8���, 2  ( :/  �!8*24, )2  /�!9 3** "!34/ * �3!+/!* ( ��*8*3*// * �   9?*(/ 5 

� /7*/2��7!! 12!� 8 9�� � � "(*"!) /�93;8�*2"+ � "3�)�* ��*8*/!+ 9 34<!/"2�� 12!� 

�*6*"2�� � � 2 � � 8 � 8�. ����!(*�, 83+ N2  2�0� �3�(*/! (!�� "2��! � 8 � 8� �� !"� 8!2 

��! "� � "2! 800 ! 400 (/" ��! ��*8*/!! 25%  9. 12 5 8 9���! � � 2 � � -8��� !3! � �2 

"  2�*2"2�*// , )2  8�*2  23!)!* � �*3!)!/�� "� � "2! � 2 � � � 2 ��-�. �3+ CF3Br  2�0� 

�3�(*/! �� !"� 8!2 ��! "� � "2! � 2 �� . �;)*5 "(*"! 500 ! 300 (/" ��! ��*8*/!! 10%  9. 

12 5 8 9���! � � 2 � � -8��� !3! � � 2 � �2 "  2�*2"2�*// , 2.*. "� � "2! � 2 � � 83+ 12!� 

8��� "3�)�*�  23!)�;2"+ � )2! � 1.7 ��-�. ��:/   2(*2!24, )2  � "3�)�* �� /*(/ .  9 3** 

"!34/ * *.  �3!+/!* /�93;8�*2"+ ��! ��*8*/!! � � 2 � � -8���, )*( ��! ��*8*/!! � � 2 � 

� 8 � 8�. %�! "� � "2! � 2 �� . �;)*5 "(*"! 500 (/"  2�0� �3�(*/! �� !"� 8!2 ��! 

� /7*/2��7!! 8 9���! �� ∼3% ! ∼2%  9. ��! ** ��*8*/!! � � 8 � 8 ! � � -8�� 

"  2�*2"2�*// . ��!(  9��- (,  " 9*// "24 8*5"2�!+ 8 9���! �� -��3;)�*2"+ � 2 (, )2   / 

!(**2  9��2/�;, �  "���/*/!; " CF3Br ! !/*�2/0(! ��-9��!2*3+(!, 2*/8*/7!; !-(*/*/!+ 
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1,,*�2!�/ "2! � -��!"!( "2!  2 ���!�/2� *.  ��*8*/!+ (� � 2 � � -8��� !3! � � 2 � � 8 � 8�), 

� 2��:* � 2 (, )2  � /7*/2��7!! 8 9���! ��, ��!� 8+6!* �  2�0�� �3�(*/!, ��! *.  

��*8*/!! � � -8�� !3! � � 8 � 8 8 � 34/  93!-�!* ! /*9 34<!* �  �9" 3;2/ 5 �*3!)!/*. 

 %�! " � "2��3*/!! 1,,*�2� 8 9�� � �� ! CF3Br /� �"3 �!+  2�0�� �3�(*/! 

(!�� "2��! � 8 � 8� ( :/  �!8*24, )2  � "3�)�* !� 8 9���! � � 2 � H2 /�!9 3** 1,,*�2!�/0( 

!/.!9!2 � ( +�3+*2"+ CF3Br. ��, ��! "� � "2! "(*"! 500 (/"  2�0� �3�(*/! �� !"� 8!2 ��! 

� /7*/2��7!! 8 9���! CF3Br ∼1%  9., � � "3�)�* ��  ��! ∼3%  9. ��!(  9��- (, � 12!� 

�"3 �!+� CF3Br � 3 ��-� 9 3** 1,,*�2!�/  !/.!9!��*2 8!,,�-! // * �3�(+ (!�� "2��! �2, 

)*( ��.  

 	8/��  � "3�)�* 8 9�� � �� ! CF3Br � � -8��,  2/ "!2*34/�+ 1,,*�2!�/ "24 12!� 

!/.!9!2 � � ���8!/�34/  (*/+*2"+. � !(*// , ��! "� � "2! � 2 �� �2  500 (/"  2�0� �3�(*/! 

�� !"� 8!2 ��! � /7*/2��7!! 8 9���! CF3Br ∼9.5 %  9., � � "3�)�* ��  12  �� !"� 8!2 ��! 

*.  8 9���* ∼2%  9. ��!(  9��- (, � 12!� �"3 �!+� �� � ∼4.8 ��-� 9 3** 1,,*�2!�/  

!/.!9!��*2 8!,,�-! // * �3�(+ (!�� "2��! �2, )*( CF3Br.  

 

 ��  "/ ��/!! �� �*8*//0� !""3*8 ��/!5 8!,,�-! // .  . �*/!+ ���.305 

�0" � "� � "2/0� (!�� "2��5 � 8 � 8�, � 2��:* *.  "(*"*5 " !/*�2/0(! ! �*�.!��;6!(! 

.�-�(! ( :/  "8*3�24 "3*8�;6!* -��3;)*/!+:  

1. %�! 8!,,�-! // ( . �*/!! (!�� "2��! � 8 � 8�, !"2*��;6*.  !- ���.3 .  (*2�33!)*"� .  

(!�� " �3� � � -8��, /�93;8�*2"+ 8���- //�+ "2���2��� �3�(*/!, !(*;6�+ 3�(!/��/�; ! 

2��9�3*/2/�;  93�"2!, ��-8*3*//0* �*-� 5 .��/!7*5 �*�*� 8� 3�(!/��/ .  . �*/!+ � 

2��9�3*/2/ *. ��//05 �*:!( . �*/!+ /�93;8�*2"+ � 8!���- /* 8!�(*2� � " �*3  2 0.03 8  

5 (( ! "� � "2*5 � 2 �� � 8 � 8�  2 50 8  1030 (/". 

2. �  ��*8*3*// ( 8!���- /* "� � "2! � 2 �� � 8 � 8� /�93;8�*2"+ ��-8*34/ * . �*/!* ��� � 

3�(!/��/ 5 )�"2! �3�(*/!, 2�� ! � 2��9�3*/2/ 5,  8/��  . �*/!* 2 34�  � 2��9�3*/2/ 5 

 93�"2! +�3+*2"+ /*�"2 5)!�0( ! �*�3!-�*2"+ � �-� ( 8!���- /* "� � "2*5 � 2 �� 

� 8 � 8�. 
 �*/!* � 3�(!/��/ 5  93�"2! �3�(*/!, ��!(0��;6*5 � (!�� " �3�, 

 9*"�*)!��*2 � 7*3 ( "2�9!3!-�7!; �"*.  �3�(*/! � <!� � ( 8!���- /* "� � "2! � 2 �� 

� 8 � 8�. 

3. ��:/0( ,��2 � ( "2�9!3!-�7!! �3�(*/! /� ���.3 ( (*2�33!)*"� ( (!�� " �3* +�3+*2"+ 

/�3!)!* 2*�3 � .  � 2 ��  2  ���20��;6*.  (!�� " �3  3�(!/��/ .  �3�(*/!, -� ")*2 

)*.  �� !"� 8!2 /�.�*� � 2 �� � 8 � 8�, �� � 8+6*.  )*�*- (!�� " �3 , 2.*. !(**2 (*"2  

�*���*��7!+ 2*�3�.     

4. �-(*�*/!+ � 3*5 � /7*/2��7!5 H2, O2, H2O ! N2, � 2��:* � 3+ 2*(�*��2��0 � �3�(*/! 

(!�� "2��! � 8 � 8� ��! "� � "2! *.  � 2 �� 500 (/" ! 8!�(*2�* (!�� " �3� 0.5 (( " 
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� ( 64; (!�� - /8 � .  (*2 8� � � <  " .3�"�;2"+ " �*-�342�2�(! !-(*�*/!5 

"2���2��0 �3�(*/! /* � -(�6�;6!( 2*/*�0( (*2 8 (. 

5. ��*8*/!* 8 9�� � !/*�2/0� ! �*�.!��;6!� .�- �, 2��!� ��� N2, He, CH4, O2, � � 2 � 

� 8 � 8� �  ��*8*3*// ( 8!���- /* !� � /7*/2��7!5 /*  ��-0��*2 "�6*"2�*// .  �3!+/!+ 

/� , �(!� ��/!* 8���- // 5 "2���2��0 �3�(*/!,  8/��  �"* 12! 8 9���! "�6*"2�*//  

�(*/4<�;2 8!���- / "� � "2! � 2 �� �2, ��! � 2 � ( � -( :/� "2�9!3!-�7!+ �3�(*/!. 

6.  � 9���! !/*�2/0� ! �*�.!��;6!� .�- �, 2��!� ��� N2, He, CH4, O2, CO2, Ar, CF3Br ! �� " 

��-3!)/ 5 1,,*�2!�/ "24; "/!:�;2 8!���- / "� � "2! � 2 �� �2, ��! � 2 � ( � -( :/� 

"2�9!3!-�7!+ *.  �3�(*/!, � -��!"!( "2!  2 2 . , �� 8+2"+ 12! �*6*"2�� � � 2 � � 8 � 8� 

!3! � � 2 � � -8���. 

7. =,,*�2 8 9�� � N2, He, CO2, Ar, CF3Br � "3�)�* !� ��*8*/!+ � � 2 � � -8��� /!:*, )*( ��! 

!� 8 9���* � � 2 � � 8 � 8�, !  9�"3 �3*/ !� ,!-!)*"�!(! "� 5"2��(!, .3��/0(  9��- ( 

( 3*��3+�/ 5 (�"" 5 12!� �*6*"2�. 

8.  ��!9 34<!5 1,,*�2 /� "� � "24  2�0�� �3�(*/! (!�� "2��! � 8 � 8� /�93;8�*2"+ 83+ 

�!(!)*"�! ��2!�/0� !/.!9!2 � � . �*/!+ -  CF3Br ! ��. 	2/ "!2*34/�+ 1,,*�2!�/ "24 

12!� 8��� !/.!9!2 � � -/�)!2*34/  -��!"!2  2 ���!�/2� !� ��*8*/!+ - � � 2 � � 8 � 8� 

!3! � � 2 � � -8���. � 9���� CF3Br 9 3** 1,,*�2!�/� ��! *.  ��*8*/!! � � 2 � � 8 � 8�, 

� 8 9���� �� �� +�3+*2 /�!9 3** �0" ��; 1,,*�2!�/ "24 ��! ��*8*/!! � � 2 � � -8���. 
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����� 6  

����/��#�<��9�� �$��� &��$�����#���2 

 

 

 

6.1. �������� ����%������ - �����%���!��
�� ����� - � ������ 5�� 

 

 

 

=,,*�2!�/ "24 � (9!/!� ��//0� " "2�� � /�  "/ �* (CF3CH2O)3P !3!  �.�/!)*"�!� 

" 3*5 ��3!+ " C2F5H 903�  ��*8*3*/� (*2 8 ( )�<*)/ 5 . �*3�!. �09 � C2F5H ��� � (� /*/2� 

2�� .  " "2���  9�"3 �3*/ 2*(, )2   / !(**2 9 3** /!-��; (!/!(�34/�; .�"+6�; 

� /7*/2��7!; (�
�) �  "���/*/!; " �	2, 3*.�  ":!:�*2"+ ! � ":!:*// ( �!8* � � <  

"(*<!��*2"+ " (CF3CH2O)3P. � 8/0* ��"2� �0 " 3*5 !3! (CF3CH2O)3P �� 8!3!"4 � � 2 � 

� -8��� " � ( 64; , �"�/�!. $�2*( �  96!5 � 2 � � -8��� �� 8!3"+ �3��/  

��*3!)!��;6!5"+ � 2 � C2F5H 8  ( (*/2� .�<*/!+ �3�(*/!. 	��*8*3*//0* 2��!(  9��- ( 

-��!"!( "2! ��!�*8*/0 /� �!"�/�* 178 ! 179.  

 

[ (CF3CH2O)3P], % 

0,5 1,0 1,5 2,0 2,5 3,0

[C2F5H], %

0

2

4

6

8

10

12

14

3�&����� 	�
����, 75 
0
C

��&����

*�� 	�&����

 

�!"�/ � 178. $��!"!( "24 (!/!(�34/ 5 .�"+6*5 

� /7*/2��7!! C2F5H ( 9?*(/�+ 8 3+)  2 

� /7*/2��7!! (CF3CH2O)3P. 

 

�3+ !""3*8 ��//0� "(*"*5 �3�(*.�"!2*3*5 903 ��"")!2�/ ����(*2� F (!/8*�" 

�-�!( 8*5"2�!+) �  , �(�3*, ��!�*8*// 5 � ��9 2* [51]: 
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.8* fs
C0  ! 

fs
C - (!/!(�34/0* .�"+6!* � /7*/2��7!! (CF3CH2O)3P !3! K2C2O4·H2O 9*- ! " 

8 9��� 5 C2F5H, 
D

C0 ! D
C  - (!/!(�34/0* .�"+6!* � /7*/2��7!! 83+ C2F5H ! � "(*"! " 

(CF3CH2O)3P !3! K2C2O4·H2O. % 3�)*//�+ -��!"!( "24 83+ "(*"! C2F5H " (CF3CH2O)3P !3! 

K2C2O4·H2O ��*8"2��3*/� /� �!"�/�* 180. ��� 903  � ��-�/  ��/** [51], !/8*�" 

�-�!( 8*5"2�!+  2��:�*2 �-�!(/ * �3!+/!* � (� /*/2 � /�  96�; 1,,*�2!�/ "24 "(*"! 

�3�(*.�"!2*3*5. � .3�"/  ��9 2* [51] ��! F < 1 /�93;8�*2"+ � 3 :!2*34/05 "!/*�.*2!)*"�!5 

1,,*�2, 2.*. 9 3** �0" ��+ 1,,*�2!�/ "24 "(*"! � "���/*/!! " !/8!�!8��34/0(! 

�3�(*.�"!2*3+(!. %�! F > 1 � (� /*/20 "(*"! �-�!(/  �(*/4<�;2 1,,*�2!�/ "24 8��. 8��.� 

( 2�!7�2*34/05 "!/*�.*2!)*"�!5 1,,*�2).  

=�"�*�!(*/20 � ��-�3!, )2  1,,*�2!�/ "24 "(*"*5 C2F5H " (CF3CH2O)3P 1��!��3*/2/� 

"�((* 1,,*�2!�/ "2*5 !/8!�!8��34/0� � (� /*/2 �, �-+20� �� � �7! /�34/  !� " 8*�:�/!; � 

12 5 "(*"!, � " "2�� " C2F5H ! K2C2O4·H2O 8�:* (*/** 1,,*�2!�*/, )*( !/8!�!8��34/0* *.  

� (� /*/20. � -( :/ 5 ��!)!/ 5 /!-� 5 1,,*�2!�/ "2! 2��!� "(*"*5 +�3+*2"+ 8*-��2!��7!+ 

 9��-�;6!�"+ � �3�(*/! " *8!/*/!5 ��3!+ !---� �-�!( 8*5"2�!+ " 8��.!(! ��2!�/0(! 

" *8!/*/!+(! (/���!(*�, HF  9��-�;6*. "+ !- C2F5H ��! *.  . �*/!!). � �*-�342�2*  9��-�;2"+ 

(�3 ��2!�/0* " *8!/*/!+ (/���!(*�, KF) " /!-� 5 1,,*�2!�/ "24; ��! .�<*/!! �3�(*/!. % �02�� 

� .�"!24 �3�(+ )�<*)/ 5 . �*3�! " � ( 64; "(*"! (CF3CH2O)3P ! K2C2O4·H2O /* ��!�*3� � �"�*��, 

)2  � 82�*�:8�*2 ��*8� 3 :*/!*   � -( :/ "2! 8*-��2!��7!! ��2!�/0� !/.!9!2 � � � �3�(*/! 

��! " �(*"2/ ( !"� 34- ��/!! " *8!/*/!5 ��3!+ ! , ", �� (�  �"*5 �!8!( "2!, !---�   9��- ��/!+ 

[K2C2O4
.H2O], ppm
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�!"�/ � 179. $��!"!( "24 (!/!(�34/ 5 .�"+6*5 

� /7*/2��7!! C2F5H ( 9?*(/�+ 8 3+)  2 

� /7*/2��7!! K2C2O4·H2O. 
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2*�(!)*"�! "2 5�!� , ",�2 � ��3!+, /���!(*� K3PO4). ��!(  9��- (, "(*"! /�  "/ �* ,�* / � " 

�	� !3! " K2C2O4·H2O (�3 �*�"�*�2!�/0 ��!8� !� /!-� 5 1,,*�2!�/ "2! �  "���/*/!; " 

!/8!�!8��34/0(! �3�(*.�"!2*3+(!. 

�3+ ��!. 2 �3*/!+ (/ . � (� /*/2/0� "(*"*5 �3�(*.�"!2*3*5 !"� 34- ��3!"4 

"3*8�;6!* �	�: (CF3CH2O)3P (2�!"(2,2,2-2�!,2 �12!3), ",!2 - �=�), (��3	)3� 

(2�!(*2!3, ",!2), (��3	)3�	 (2�!(*2!3, ",�2 - ��), F6P3N3 (.*�"�,2 � 7!�3 2�!, ",�-*/ 

- 
�&�). � ��)*"2�* 5 8" 8*�:�6*5 8 9���! 903 !"� 34- ��/ 5 8!"205 (*2!3 (��3I). �09 � 

12!� " *8!/*/!5  9�"3 �3*/ !� /�!9 3** /!-� 5 2*(�*��2�� 5 �!�*/!+ "�*8! ��/** 

!""3*8 ��//0� , ",�2 � ! , ",!2 � [292, 95] ! , ",�-*/ � [47]. �� 2*(�*��2��0 �!�*/!+ ! 

�
� ��!�*8*/0 � �93!7* 32. � ��)*"2�* !/*�2/0� ��-9��!2*3*5 � 9 34<!/"2�* 

1�"�*�!(*/2 � 903 !"� 34- ��/ �	2, � 2��:* � /*� 2 �0� 1�"�*�!(*/2�� N2.  

 

�93!7� 32. �
� !""3*8 ��//0� �3�(*.�"!2*3*5 ()�<*)/�+ . �*3��, 75 
 �) 

 

�!(!)*"��+ , �(�3� �!�.., 
 � �
�, %  9. �
�, ./(3

 

(CH3O)3P 111  2"�2"2��*2* 

(CH3O)3PO, �� 181  2"�2"2��*2* 

(CF3CH2O)3P, �=� 131 2.6±0.2 381 

F6P3N3, 
�&� 50.9 0.93±0.2 103 

�H3I 42.5 4.1±0.2 260 

 * . �;)** �*6*"2� . 
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�!"�/ � 180. $��!"!( "24 !/8*�"� �-�!( 8*5"2�!+ F 83+ 

"(*"*5 C2F5H " (CF3CH2O)3P !3! K2C2O4·H2O  2 !� 8 3! � 

"(*"!. 
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 �!/!(�34/0* .�"+6!* � /7*/2��7!5 "(*"*5 ! !/8!�!8��34/0� �*6*"2�  ��*8*3+3!"4 ��! 

� ( 6! �"2�/ ��! /�  "/ �* )�<*)/ 5 . �*3�!. ��*(� �"2�/ ��! ! (*2 8!�� � 8� 9/   �!"�/� 

��/** (��-8*3 2.12) [221]. �!8�!* �	� ! 5 8!"205 (*2!3 �� 8!3!"4 � � 2 � .�-� " � ( 64; 

�/*�(�2!)*"� 5 , �"�/�!. �3+ ��*8 2���6*/!+  "�:8*/!+ �	� /� �/�2�*//!� "2*/��� 

�"2�/ ��!, /!:/++ )�"24 � ���"� . �*3�! /�.�*��3�"4,  9*"�*)!��+ 2*(�*��2��� .�- � 5 "(*"! � 

 )�.� �3�(*/!  � 3  75
0�. � ��)*"2�* 2 �3!�� � . �*3�* !"� 34- ��3"+ /-.*�2�/. 

%3�(*.�"+6!* � (� -!7!! /�  "/ �* �	� ! 5 8!"2 .  (*2!3� 903! 2��:* !""3*8 ��/0 " 

� ( 64; (*2 8� «7!3!/8��». � /"2���7!+ �"2�/ ��! ! (*2 8!�� 1�"�*�!(*/2� 903!  �!"�/0 

��/** (��-8*3 2.13) [11]. =�"�*�!(*/20 �� � 8!3!"4 /� 8��� ���!�/2�� �"2�/ � � «7!3!/8�», 

 23!)�;6!�"+  9?*( ( !"�02�2*34/0� ��(*�. �(*/4<*//05 ���!�/2 �"2�/ ��! (A1)  9?*( ( 

22.4 3 (8!�(*2� ��(*�0 0.25 () 903 !"� 34- ��/ 83+ ��*8���!2*34/0� 1�"�*�!(*/2 �. ���.�+ 

"*�!+ 1�"�*�!(*/2 � 903� �� �*8*/� /� �"2�/ ��* "2�/8��2/ .  ��-(*��  9?*( ( 53 3 ! 

8!�(*2� ( !"�02�2*34/ 5 ��(*�0 0.38 ( (�"2�/ ��� A2). %�!(*/*/!* 83+ !"�02�/!5 ��(*�0 

(*/4<*.  (/*"2�/8��2/ . ) ��-(*�� � -� 3!3   7*/!24, /�"� 34�  � �3!+*2  9?*( ��(*�0 /� 

�*3!)!/0 !-(*�*//0� �
�. ��(*�0 �"2�/ � � !(*;2 7!3!/8�!)*"��; , �(� ! !-. 2 �3*/0 !- 

"2�3!. �"2�/ ��! "/�9:*/0 "!"2*( 5 ��!. 2 �3*/!+ .�- �0� "(*"*5 ! "!"2*( 5 �����(/ 5 

 2��)�!. �*9�*(05 " "2�� .�- � 5 "(*"! , �(!��*2"+ �  ���7!�34/ (� 8��3*/!; � 

!"�02�2*34/ 5 ��(*�*, � 2 ��+ ��*8���!2*34/   2��)!��*2"+ 8  8��3*/!+ 1-2 2 ��. � -!� ��� 

�	� ! CH3I �� !-� 8!3�"4 �   9?*(� (�*"�) :!8� "2!, ��*8*// 5 � ��(*��. �	� ! CH3I �� 8+2"+ 

� ��(*�� )*�*- �����(/ * ��3 2/*/!* " � ( 64; <��!7�. $�2*( � ��(*�� �� 8+2"+ .�-  9��-/0* 

" *8!/*/!+ � � �+8�* ��*3!)*/!+ !� 8 3! � � /*)/ 5 "(*"!. � ��(*�* �"2�/ ��! A 1 83+ 3�)<*.  

�*�*(*<!��/!+ � (� /*/2 � "(*"! 903 �"2�/ �3*/ 13*�2�!)*"�!5 �*/2!3+2 �. � ��)*"2�*  )�.� 

�3�(*/! 903� !"� 34- ��/� "2�34/�+ )�<*)�� " /-.*�2�/ ( 8!�(*2� ( 40 (( ! �0" 2 5 23 ((. 

	)�. �3�(*/! -�:!.�3"+ ! �� 8!3"+ � 1�"�*�!(*/2�34/�; ��(*�� " -���/** ��!. 2 �3*// 5 

.�- � 5 "(*"4;. � (*/2 .�<*/!+ �3�(*/!  ��*8*3+3"+ �!-��34/ . =�"�*�!(*/2�34/0* �*-�342�20 

��*8"2��3*/0 � �  �8!/�2�� «��*(+ .�<*/!+ (� "3* �/*"*/!+  )�.� �3�(*/!) – � /7*/2��7!+ 

�3�(*.�"!2*3+» (2!�!)/�+ -��!"!( "24 � ��-�/� /� �!"�/�* 181).  

�!/!(�34/�+ � /7*/2��7!+, ��! � 2 � 5 8 "2!.�*2"+ .�<*/!*, "  2�*2"2��*2 ��*(*/! 

� .�"�/!+  )�.�  �3�(*/! )*�*- 10 " � "3* *.  �/*"*/!+ � ��(*��. 
�<*/!* �3�(*/! � ��(*�*, 

/�� 3/*// 5 � -8�� ( (9*- �3�(*.�"!2*3*5) �� !"� 8!2 /* ��/** )*( )*�*- 2 (!/ � "3* �/*"*/!+ 

 )�.� �3�(*/! (83+ �"2�/ ��! A1). =2  � ��-0��*2, )2  �3!+/!* " 9"2�*//0� �� 8��2 � . �*/!+ /-

.*�2�/� /� �� 7*"" .�<*/!+ �3�(*/! � 8�// 5 �"2�/ ��* ( :/  ��*/*9�*)4.  

% "� 34��  ��*8*3*/!* �
� (*2 8 ( )�<*)/ 5 . �*3�! 2�*9�*2 (*/4<*.  ��"� 8� 

!"�020��*(0� �*6*"2�, 2  12 2 (*2 8 903 !"� 34- ��/ 83+ ��*8���!2*34/ .  � !"�� " "2���  

/�!9 3** 1,,*�2!�/0� "(*"*5. 	��*8*3*/!* �
�  "(*"*5  �3�(*.�"!2*3*5  (*2 8 (  7!3!/8��  
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�� �*8*/  83+ � 82�*�:8*/!+ �*-�342�2 � ��*8���!2*34/0� !"�02�/!5 (� 3�)*//0� " 

� ( 64; (*2 8� )�<*)/ 5 . �*3�!). �� (* 2 . , 12! 8�� ��!/7!�!�34/  ��-/0� (*2 8�  

 (.�<*/!* �3�(*/! � "��2/ ( � 2 �* � -8��� ! � /*� 8�!:/ 5 �2( ",*�*) � -� 3+;2 9 3** 

8 "2 �*�/   ��*8*3!24 �
� "(*"*5, 2.�. /� ����2!�* ��! 2�<*/!! � :��� � -( :/0  9� 

���!�/2� 12!� �"3 �!5. 

�3+ 2 .  )2 90 /�52! " "2�� ("  2/ <*/!* � (� /*/2 �) /�!9 3** 1,,*�2!�/ 5 

�3�(*.�"+6*5 "(*"! �*�� /�)�34/  903�  ��*8*3*/� 1,,*�2!�/ "24 /*"� 34�!� /�9 � � 

8� 5/0� "(*"*5: �	�+�	2, �	�+N2, �	� + CH3I, �	2 + CH3I ��! ��-3!)/0� "  2/ <*/!+� 

� (� /*/2 � 12 5 "(*"!.  

�� �!"�/�* 182 ��*8"2��3*/0 -��!"!( "2!  9?*(/ 5  ./*2�<�6*5 � /7*/2��7!! 

 8/ .  � (� /*/2�, /���!(*�, 8! �"!8� �.3*� 8�, �- 2� !3! CH3I,  2 � /7*/2��7!! �2 � .  

� (� /*/2� "(*"!  - �=�, CH3I !3! 
�&�.  

�- ��*8"2��3*//0� /� �!"�/�* 182 8�//0� �!8/ , )2  �����2*� � 3�)*//0� 

-��!"!( "2*5 "�.�9  /*3!/*5/05, )2  "�!8*2*34"2��*2   /�3!)!! "!/*�.*2!)*"� .  

�-�!( 8*5"2�!+ (*:8� � (� /*/2�(!  ./*2�<�6*5 "(*"!. �3+ 9 3** 2 )/ 5  7*/�! �*3!)!/0 

"!/*�.*2!)*"� .  1,,*�2� 83+ !-�)*//0� "(*"*5 �3�(*.�"!2*3*5 903 ��"")!2�/ !/8*�" 

�-�!( 8*5"2�!+ � (� /*/2 �  ./*2�<�6*5 "(*"! F  �  , �(�3*, ��!�*8*// 5 � /�)�3* 12 .    

��� ���
� �� ����� � �����$�, % �� ��4���
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(CF3CH2O)3P+CO2 4%+96%

(CF3CH2O)3P+CH3I+CO2 
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�!"�/ � 181. $��!"!( "24 ��*(*/! .�<*/!+  2 
� /7*/2��7!! "(*"! � � -8��*. �
� "(*"! "  2�*2"2��*2 

��*(*/! .�<*/!+ ���/ (� 10 "*��/8 (2 )�� �*�*"*)*/!+ 

-��!"!( "2! ��*(*/! .�<*/!+ ! . �!- /2�34/ 5 

��/�2!�/ 5 3!/!!). 
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��-8*3�. % 3�)*//0* -��!"!( "2! !/8*�"� �-�!( 8*5"2�!+ F  2 � /7*/2��7!!  8/ .  !- 

� (� /*/2 � "(*"! ��*8"2��3*/0 /� �!"�/�* 183.  

�!/!(�( /� ��!� 5 -��!"!( "2! !/8*�"� �-�!( 8*5"2�!+ � (� /*/2 � "(*"! F  2 

� /7*/2��7!!  8/ .  !- � (� /*/2 � "(*"! "  2�*2"2��*2  �2!(�34/ (� " "2��� "(*"! " 2 )�! 

-�*/!+ �-�!(/ .  �"!3*/!+ �3�(*.�"+6*5 1,,*�2!�/ "2! � (� /*/2 �. %�! F=1 � (� /*/20  

"(*"! 8*5"2��;2 �88!2!�/ , ��! F<1 /�93;8�*2"+ "!/*�.*2!)*"�!5 1,,*�2. �/2*�*"/  

 2(*2!24, )2  83+ "(*"! �=� " �	2 !3! N2  �2!(�34/05 " "2�� "  2�*2"2��*2 8 3* �=� � 

"(*"! 4-5%  9.  

�(*"4 �=� " �	2  93�8�*2 /�!9 3** "!34/0( "!/*�.*2!)*"�!( 1,,*�2 (, )*( *.  

"(*"4 " N2. �3+ "(*"! 
�&� " �	2 !---�  .��/!)*// .  � 3!)*"2�� 1�"�*�!(*/2�34/0� 8�//0� 

/* �8�3 "4 /�52!  �2!(�34/ .  "  2/ <*/!+ � (� /*/2 �,  8/��  ��!�*8*//0* /� �!"�/�* 

183 �*-�342�20 "�!8*2*34"2��;2   2 (, )2  � 12 5 "(*"! 2��:* �� +�3+*2"+  "!/*�.*2!)*"�!5 

1,,*�2, �  ���5/*5 (*�* ��! � /7*/2��7!! 
�&� � "(*"! 60-90% 9. ��!(*/4<!( 

"!/*�.*2!)*"�!( 1,,*�2 ( !- �"*� !""3*8 ��//0� � (� -!7!5  93�8�*2 "(*"4 �=� + CH3I. 

�(*"4 5 8!"2 .  (*2!3� " CO2 2��:*  93�8�*2 "!/*�.*2!)*"�!( 1,,*�2 (. �3+ "(*"! CH3I + 

CO2 ! CH3I + �=�  �2!(�34/05 " "2�� "  2�*2"2��*2 8 3* 5 8!"2 .  (*2!3� � "(*"! 8-10% 

 9. % 3�.�+, )2  � 2� 5/ 5 "(*"! " (��"!(�34/ 5 1,,*�2!�/ "24; "  2/ <*/!* (*:8� 8 3+(!  

#������ ���� �����	�������* (x100) 
0 1 2 3 4 5
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P

 

�!"�/ � 182. �*-�342�20 !"�02�/!5 /� )�<*)/ 5 . �*3�*: 

(!/!(�34/�+ .�"+6�+ � /7*/2��7!+  8/ .  �3�(*.�"!2*3+ - 

�	2, N2 !3! CH3I ��� ,�/�7!+ � /7*/2��7!! 8��. .  

� (� /*/2� "(*"!. 
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� (� /*/2 � "  2�*2"2��*2 "  2/ <*/!+( � (� /*/2 � � 8� 5/0� "(*"+�, ( :/  

", �(�3!� ��24 /*"� 34�  �"3 �!5 83+  ��*8*3*/!+  �2!(�34/ .  " "2��� 2��!� 2� 5/0� 

"(*"*5.  

����!(*�,  �2!(�34/�+ � /7*/2��7!+ �	2: � 9!/��/0� "(*"+� " �!(!)*"�! ��2!�/0(! 

�3�(*.�"!2*3+(! " "2��3+*2 90-95%, �  �2!(�34/ * "  2/ <*/!* �H3I ! �=�: 1:10-1:20. 

%�!/!(�+ �  �/!(�/!* 9 34<�; 3*2�)*"24 �H3I � "���/*/!! " �=�, ( :/  ��*8� 3 :!24, 

)2  83+  9*"�*)*/!+ /�!9 3** /!-� 5 2*(�*��2��/ 5 .��/!70 ��!(*/*/!+  ./*2�<�6*.  

" "2��� ! *.  �0" � 5 �3�(*.�"+6*5 1,,*�2!�/ "2! ��*8� )2!2*34/0 " "2��0 " (��"!(�34/  

� -( :/ 5 � /7*/2��7!*5 �H3I. ��!(  9��- (, �0<*���-�//0* 8 "2�2 )/  �� "20* ��!2*�!! 

 ��*8*3*/!+  �2!(�34/ .  " "2��� � -� 3+;2 /�52! /�!9 3** 1,,*�2!�/0* "(*"*�0* 

�3�(*.�"!2*3!. 

% "� 34�� � 8� 5/0� "(*"+� " �	2  �2!(�34/�+ � /7*/2��7!+ �	� " "2��3+*2 4-5% 

 9. (�!"�/ � 183), )2  "  2�*2"2��*2 8 3* �	� 0.4-0.5%  9. � � -8��* ��! .�<*/!! 2�� 5 

"(*"4;, 2  � -( :/ , )2  . �;)*"24 /*� 2 �0� �	� (�� +�3+;6�+"+ ��! � /7*/2��7!+� � 

� -8��* 9 3** 1.5%  9.) /* 9�8*2 +�3+24"+ ��*�+2"2�!*( 83+ !� !"� 34- ��/!+ � 2��!� 

"(*"+�. �3+ �� �*��! 12 5 .!� 2*-0 903! !"�02�/0 "(*"!, � � 2 �0� � ��)*"2�* 

#������ ���� ���������� (*) � ����� 
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�!"�/ � 183. $��!"!( "24 !/8*�"� �-�!( 8*5"2�!+ F  2 
� /7*/2��7!!  8/ .  !- � (� /*/2 �. $�*-8 )� 5 (*)  2(*)*/0 

� (� /*/20 "(*"*5  2 � /7*/2��7!! � 2 �0� ��"")!20��3"+ 

!/8*�" �-�!( 8*5"2�!+.  
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, ", �" 8*�:�6!� !/.!9!2 � � 903! !"� 34- ��/0 /�!9 3** 3*2�)!* " *8!/*/!+, /* 

" 8*�:�6!* ,2 ��: �� ! (CH3O)3P. �*-�342�20 !-(*�*/!5 �
�  28*34/0� � (� /*/2 � ! 

!� "(*"*5 " �.3*�!"30( .�- (, � 3�)*//0� (*2 8 ( )�<*)/ 5 . �*3�!, ��*8"2��3*/0 � 

�93!7* 33.  

�- 8�//0�, ��!�*8*//0� � �93!7* 33 �!8/ , )2  "�(0(! 1,,*�2!�/0(!  

�3�(*.�"!2*3+(! " 2 )�! -�*/!+ �*3!)!/0 (!/!(�34/ 5  9?*(/ 5 .�"+6*5 � /7*/2��7!! 

+�3+;2"+ �=� ! 
�&�. 	8/�� , "���/!2*34/  9 34<�+ (�"" ��+ �
� 83+ �=� (83+ 

"���/*/!+ �
�CF3Br = 306 ./(3
), /!-��+ 3*2�)*"24 ! �0" ��+ "2 !( "24 8*3�*2 !� ����2!)*"� * 

��!(*/*/!* � �!8* "�( "2 +2*34/0� �3�(*.�"!2*3*5 -�2��8/!2*34/0(. 
 ��-8  9 34<!5 

!/2*�*" ��*8"2��3+;2 "(*"! �	� " 5 8!"20( 12!3 (, � 2 �0* !(*;2 /!-�!* (�"" �0* �
�. 

��!9 3** �*�"�*�2!�/ 5, " 2 )�! -�*/!+ ����2!)*"� .  ��!(*/*/!+, +�3+*2"+ 2� 5/�+ "(*"4 

�=�+�H3I+�	2. �* (�"" ��+ �
� ����2!)*"�! ���/� �
� �3�8 /� 13�1, ��! 12 (  /� /� 

87% " "2 !2 !- 8! �"!8� �.3*� 8�.  

 

�93!7� 33. �!/!(�34/0* .�"+6!* � /7*/2��7!! �3�(*.�"!2*3*5 ! !� "(*"*5,  ��*8*3*//0� 

(*2 8 ( )�<*)/ 5 . �*3�! ��! 2*(�*��2��* � -8��� 75 
0� 

 

%3�(*.�"!2*3!, 

(" "2�� "(*"!, %  9.) 

�
� � � -8��*, %  9. �
�, ./(3 
* 

�	2 21-22 432 

N2 35,0 437 

CF3Br 4.6 306 

CH3I 4.1 260 

�=� 2.6 380 

�	2+ �=� (96:4) 10.5 267 

CH3I+ �=� (95:5) 3.6 243 

CH3I+�� (95:5) 3.06 226 

CO2+CH3I+�=� (87:12.4:0.6) 11.5 297 

CO2+
�&� (98.4:1.6) 11.5 243 

CO2+
�&� (90.7:9.3) 6.1 173 

 * -  7*/�� "8*3�/� 83+ =25
 � 
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6.2. *"2!� ��/!* "!/*�.*2!)*"�!� "(*"*5 �3�(*.�"!2*3*5 (*2 8 ( «7!3!/8��» 

 

 

 

 �3+ �+8� /�!9 3** 1,,*�2!�/0�  ./*2�<�6!� "(*"*5, �09��//0� �  �*-�342�2�( !"�02�/!5 

(*2 8 ( )�<*)/ 5 . �*3�! ! ��")*2� !/8*�"� �-�!( 8*5"2�!+, 903!  ��*8*3*/0 �*3!)!/0 �
� 

(*2 8 ( «7!3!/8��». �*-�342�20 1�"�*�!(*/2 � � ��-�/0 /� �!"�/�* 184 , � 2��:* � �93!7* 34.  

��� ���
� �� �0 � ����� � ��2, % �� ��4���. 
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�!"�/ � 184. $��!"!( "24 ��*(*/! .�<*/!+  2 � /7*/2��7!! 


�&� � "(*"! �	2-� -8�� (10%:90%, �   9?*(�). �
� "(*"! 

"  2�*2"2��*2 ��*(*/! .�<*/!+ 10 "*��/8. 

�93!7� 34. �!/!(�34/0* .�"+6!* � /7*/2��7!! �3�(*.�"!2*3*5 ! !� "(*"*5,  ��*8*3*//0� 

(*2 8 ( 7!3!/8�� ��! 20 
0� ! /!:/++ 2*(�*��2��/�+ .��/!7� !� ��!(*/*/!+ ((!/). 

 

A " "2�� "(*"!, %  9. �
�, %  9. �
�, ./(3
 (!/, 

0� 

1 �	2+�=� (96:4) 9,6 237 ~25 

2 CO2+CH3I+ �=� (87:12.4:0.6) 8,0 208 -5 

3 CO2+CH3I+ �=� (87:11.7:1.3) 7,2 182 5 

4 CO2+CH3I (87:13) 9,2 230 -50 

5 CO2+(CH3O)3P (96:4) 12,5 263  

6 N2+�=� (94:6) 12,8 266 ≈35 

7* �	2+�=� (99:1) 11.6 244 ≈10 

8* �	2+�=� (98:2) 9.6 210 ≈15 

9* �	2+�=� (96.8:3.2) 11.9 281 ≈25 

10* �	2+�=� (96:4) 10.3 258 ≈25 

11* �	2+�=� (93:7) 9.5 270 ≈32 

12* �	2+
�&� (99.5:0.5) 10.5 252 - 

13 �	2 18,1 362 - 

14* �	2 18,0 360 - 

 * - !-(*�*/  /� �"2�/ ��* A2  
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 �"2�/ �3*/ , )2  �*3!)!/0 �
� /�!9 3** 1,,*�2!�/0� 8� 5/0� "(*"*5 CO2+�=� ! 

CO2+
�&� " "2��3+;2 210-280 ./(3
 ! 250 ./(3

 "  2�*2"2�*// , � 83+ 2� 5/0� "(*"*5 

CO2+�=�+CH3I �*3!)!/� �
� " "2��3+*2 182-208 ./(3
. ��� 903  � ��-�/  ��/** [95], 

1,,*�2!�/ "24 , ", �" 8*�:�6!� !/.!9!2 � �  ��*8*3+*2"+, .3��/0(  9��- (, /�3!)!*( 

�2 (� , ", �� � !� ( 3*��3��. =2  " .3�"�*2"+ " � 3�)*//0(! �*-�342�2�(! 83+ "(*"*5 


�&� ! �=� " CO2 (�93!7� 34), " .3�"/  � 2 �0( 12! "(*"! !(*;2 93!-�!* -/�)*/!+ 

(�"" �0� �
� ("(*"! A10 ! A12). ��:/  -�(*2!24, )2  � 12!� "(*"+� � /7*/2��7!+ 
�&� 

� )2! /� � �+8 � (*/4<* � /7*/2��7!! �=�, )2  "�+-�/  " 2*(, )2  � ( 3*��3* 
�&� 

" 8*�:�2"+ � 2�! ��-� 9 34<* �2 ( � , ", ��, )*( � �=�. 

% 3�)*//0* �*-�342�20 � ��-0��;2, )2  � "3�)�* ��!(*/*/!+ 8� 5/0� "(*"*5 !� 

(�"" �05 ��"� 8 ( :*2 9024 � 1.3-1.7 ��-� (*/4<*, )*( ��"� 8� )!"2 .  �	2. �3+ 2� 5/0� 

"(*"*5 (�"" �05 ��"� 8 9�8*2 � 1.7-2 ��-� (*/4<*, )*( ��"� 8 �	2. $�(*/� ,2 �!� ��// .  

" *8!/*/!+ �=� /� /* " 8*�:�6!5 ,2 �� 2�!(*2!3, ",!2 (CH3O)3P ��!� 8!2 � /*9 34< (� 

�(*/4<*/!; 1,,*�2!�/ "2! "(*"!. % "3*8/**  9"2 +2*34"2� , � -�!8!( (�, "�+-�/  " 

. �;)*"24; (CH3O)3P [221]. 

%�2*( 8 9��3*/!+ CH3I � "(*"! CO2 + �=� �8�3 "4 /* 2 34�  �(*/4<!24 �
� "(*"!, 

/  ! -/�)!2*34/  "/!-!24 /!:/!5 2*(�*��2��/05 ��*8*3 ��!(*/*/!+ 12 5 "(*"!, )2  +�3+*2"+ 

��:/0( ����2!)*"�!( �*-�342�2 (. %�! 8 9��3*/!! 0.6% ! 1.3%  9. �=� � "(*"4 CO2 " 

C�3I, **  2/ "!2*34/�+ 1,,*�2!�/ "24 ��*3!)!3�"4 /� 13 % ! 22% "  2�*2"2�*//  (� ��")*2* /� 

 9?*(/�; � /7*/2��7!;), )2  1��!��3*/2/   2/ "!2*34/ (� !-(*/*/!; 1,,*�2!�/ "2! �  

(�""* /� 9.5% ! 21% "  2�*2"2�*// . ��!(  9��- (, !"� 34- ��/!* �	� ! C�3I ��� 8 9�� � �  

�O2 ��! " -8�/!! � (9!/!� ��//0�  ./*2�<�6!� "(*"*5  ��-0��*2"+ �*"4(� �"�*</0(  

"� " 9 ( � �0<*/!+ !� 1,,*�2!�/ "2!. � ��*!(�6*"2��( 2��!� "(*"*5 ( :/   2/*"2! 

� � <�; �-�!(/�; ��"2� �!( "24 �"*� 2�*� � (� /*/2 �. =2   2��0��*2 � -( :/ "24 

��!(*/+24 /� ����2!�* 2��!* "(*"! � 2*� :* "�*8"2��� � :�� 2�<*/!+, � � 2 �0�  90)/  

��!(*/+*2"+ �	2. $�(*/� �.3*�!"3 20 /� �- 2 " ����2!)*"� 5 2 )�! -�*/!+ /*��7! /�34/�, 2.�. 

�  23!)!*  2 �	2, �- 2 8�:* � 8 9 34<!( 8��3*/!*( /�� 8!2"+ � .�-  9��-/ ( " "2 +/!!, )2  

/* � -� 3+*2 " -8�24 *.  . ( .*//�; "(*"4 " �	� ! C�3I. 

��:* � �93!7* 34 ��*8"2��3*/0 8�//0* �   7*/�* (!/!(�34/ 5 2*(�*��2��0 ��!(*/*/!+ 

 ./*2�<�6!� " "2�� �. %�!�*8*//�+ �*3!)!/� �����2*�!-�*2 (!/!(�34/�; 2*(�*��2���, /!:* 

� 2 � 5 � -( :/� )�"2!)/�+ � /8*/"�7!+ � 2+ 90  8/ .  !- � (� /*/2 � "(*"! ��! �2( ",*�/ ( 

8��3*/!!, 2.*. � �� 7*""* � 8�)!  ./*2�<�6*5 � (� -!7!!. %�!�*8*//0*  7*/�! �0� 3/*/0 ��! 

8 ��6*/!!, )2  ��! (!/!(�34/ 5 2*(�*��2��* �
� "(*"! ����2!)*"�! "  2�*2"2��*2 -/�)*/!; ��! 

2*(�*��2��* 75 ! 20 
0� 83+ (*2 8� )�<*)/ 5 . �*3�! ! (*2 8� «7!3!/8��» "  2�*2"2�*// . �� * 
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8 ��6*/!* 8�*2 /*"� 34�  -��0<*//�; (!/!(�34/�; 2*(�*��2��� ��!(*/*/!+, 2�� ��� ��/** [258] 

903  1�"�*�!(*/2�34/  � ��-�/  /� ��!(*�* �=� ! CF3Br, )2  -/�)*/!* �
� 83+ 12!� 

�3�(*.�"!2*3*5 �(*/4<�*2"+ " ��8*/!*( 2*(�*��2��0. ��!(  9��- (, ��!�*8*//0*  7*/�! 

(!/!(�34/ 5 2*(�*��2��0 ��!(*/*/!+ "(*"! ��!�*8*/0 "  -/�)!2*34/0( -���" ( (�*�34/   /! 

"  2�*2"2��;2 *6* 9 3** /!-�!( 2*(�*��2���(). �3+ "(*"! 
�&� " �	2 �� �*"2!  7*/�� 

(!/!(�34/ 5 2*(�*��2��0 ��!(*/*/!+ /* �8�3 "4 !---�  2"�2"2�!+ 8�//0�   -��!"!( "2! ��� � 

12 .  " *8!/*/!5  2 2*(�*��2��0. 

� � "2��3*/!* 1�"�*�!(*/2�34/0� �*-�342�2 �, � 3�)*//0� (*2 8 ( )�<*)/ 5 . �*3�! 

! (*2 8 ( «7!3!/8��» � ��-�3  !� �8 �3*2� �!2*34/ * " .3�"!*, " �)*2 ( ��-/!70  

2*(�*��2��0 � -8��� � 12!� 1�"�*�!(*/2�� (�!"�/ � 185).  

��!(  9��- (, ��!(*/*/!* �0<*���-�//0� (*2 8 �  7*/�! 1,,*�2!�/ "2! 

.�-  9��-/0�  ./*2�<�6!� "(*"*5, /*"( 2�+ /� ��-3!)!+ � "7*/��!! .�<*/!+, ( :/  ")!2�24 

1��!��3*/2/0(, 2�� ���  /! � -� 3+;2 � 3�)!24  )*/4 93!-�!* -/�)*/!+ �
� "(*"*5 

�3�(*.�"!2*3*5. % 3�)*//0* 8�//0* 8 � 3/!2*34/  � 82�*�:8�;2  9 "/ ��// "24 

��!(*/*/!+  9*!� 1�"�*�!(*/2�34/0� (*2 8!� 83+  7*/�! � (9!/!� ��//0� "(*"*�0� 

�3�(*.�"!2*3*5. ��:/  2��:*  2(*2!24, )2  �(*/4<*/!*  9?*(� !"�02�2*34/ 5 ��(*�0 

�"2�/ ��! «7!3!/8�» ����2!)*"�! /* � �3!+3  /� �*-�342�20 !-(*�*/!5 �
�, 2��!(  9��- (, 

12 2 ����(*2� ��! 8�// (  9?*(* !"�02�2*34/0� ��(*� /* +�3+*2"+ ��!2!)*"�!(. 

��� ���
� �� ��, % �� ��4���

0,0 0,5 1,0 1,5 2,0 2,5 3,0

#
�
�
�
�
�
�
 �
�
�
�
 �
�

2

0,00

0,05

0,10

0,15

0,20

0,25

,-, #���� " �����
�", T=25oC  

,-, ��&����� 	�
����, T=75 oC

,-, ��&����� 	�
����, T=25 oC

(CH
3
O)

3
P #���� " �����
�", T=25oC  

 

�!"�/ � 185. $��!"!( "2! (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! CO2  2 
� /7*/2��7!! �=� (!3! (CH3O)3P),  ��*8*3*//0* " � ( 64; (*2 8 � 

)�<*)/ 5 . �*3�! ! 7!3!/8��. 
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 � 8�// 5 )�"2! ��9 20 � 3�)*/0 "3*8�;6!* �*-�342�20: 

1. �*2 8�(! )�<*)/ 5 . �*3�! ! 7!3!/8��  ��*8*3*/0 (!/!(�34/0*  ./*2�<�6!* 

� /7*/2��7!! �+8� "(*"*5 �	2 " �	� ! 5 8!"20( (*2!3 ( (CH3I) ��! .�<*/!! 

�3�(*/! /-.*�2�/�. % ��-�/ , )2  �	�, �.3*�!"3 2� ! CH3I  9/���:!��;2 � "(*"+� 

"!/*�.*2!)*"�!5 1,,*�2. 

2. ��  "/ ��/!! ��")*2� !/8*�"� �-�!( 8*5"2�!+ (*:8� � (� /*/2�(! "(*"! - �	�, 

�.3*�!"3 2 5 ! CH3I -  ��*8*3*/0 8���- ! 2�*�� (� /*/2/0*  ./*2�<�6!* "(*"! " 

/�!9 34<!( "!/*�.*2!)*"�!( 1,,*�2 (.  

3. =�"�*�!(*/2�34/  � ��-�/ , )2  "(*"! �	2 " �	� ! 5 8" 8*�:�6!(! 

" *8!/*/!+(! +�3+;2"+ �*�"�*�2!�/0(! � (9!/!� ��//0(!  ./*2�<�6!(! 

" "2���(!. 
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����� 7 

&/�$������ �8/�"���2 ��	�13 /��#��/�� 9���2��	�/@�?�3 

����.�#�/�� ��/���; 	�; #0=���; $�	��:�13 �<���� &�@�/�� 

 

 

 

��/** � ��9 2* [292] (*2 8 ( )�<*)/ 5 . �*3�! 903 !""3*8 ��/ �+8 /* �.�/!)*"�!� ! 

 �.�/!)*"�!� " 3*5 ��3!+ (K3PO4, CH3COOK, KOOCCOOK ! K4[Fe(CN)6]) � ��)*"2�* 

!/.!9!2 � � . �*/!+. �*-�342�20 1�"�*�!(*/2 � �  .�<*/!; 8!,,�-! // .  �3�(*/! /-

.*�2�//� -8�� " � ( 64; � 8/0� ��"2� � � 12!� " 3*5 � ��-�3!, )2  /�!9 3** 1,,*�2!�/0( 

�3�(*.�"!2*3*( +�3+*2"+ :*32�+ �� �+/�+ " 34 (K4[Fe(CN)6]) ! ���"/�+ �� �+/�+ " 34 

(K3[Fe(CN)6]). ��!(  9��- (, /�  "/ ��/!! ���-�//0� 3�9 ��2 �/0� !""3*8 ��/!5 

1,,*�2!�/ "2! .�<*/!+ �3�(*/! �1� - 3*( ��"2� � � �+8� ��3!5/0� " 3*5 903 �09��/ 

� 8/05 ��"2� � K3[Fe(CN)6], � 2 �05 !"� 34- ��3"+ 83+ /�2��/0� 1�"�*�!(*/2 � �  .�<*/!; 

 )�. � �3�(*/! � � 3*�0� �"3 �!+�.  

 �) �� �3�(+ ( 8*34/ .  /!- � .  3*"/ .  � :��� � -8*5"2� ��3! �1� - 34/0(  93�� ( 

)!"2 5 � 80 (2.*. /* " 8*�:�6!( !/.!9!2 �� . �*/!+), " -8���*(0( �1� - 34/0( .*/*��2 � ( 

�*.�3!��*( 5 8!"�*�"/ "2! (
��). ��"� 8 :!8� "2! " "2��3+3 0.330 3/"*�, �� 8 3:!2*34/ "24 

� 8�)! �1� - 3+ �  )�. � :���  � 3  4 "*�. � �*�� 5 "*�!! 1�"�*�!(*/2 � � "3* � -8*5"2�!+ 

�1� - 34/ .   93��� � 80 �3�(+ ( 8*34/ .  /�-*(/ .  3*"/ .  � :��� �� 8 3:�3  

��"�� "2��/+24"+ 9*- ���!�-3!9  �!8!(0� !-(*/*/!5. �  �2 � 5 "*�!! 1�"�*�!(*/2 � /� 

�3�(+ ( 8*34/ .  /�-*(/ .  3*"/ .  � :��� � -8*5"2� ��3! �1� - 34/0(  93�� ( � 2*� :* 

�"3 �!+�, /  � ��)*"2�* ��9 )*5 "�*80 !"� 34- ��3"+ 30% � 8/05 ��"2� � K3[Fe(CN)6]. 

��"" ��+ � /7*/2��7!+ K3[Fe(CN)6] � ��")*2* /� "�� * �*6*"2�  � - /* �3�(*/! " "2��3+*2 

 � 3  4.5 ./(3
, )2  93!-�  � (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! K4[Fe(CN)6],  ��*8*3*// 5 � 

3�9 ��2 �/0� 1�"�*�!(*/2�� [292]. �  �2 � 5 "*�!! 1�"�*�!(*/2 �, � ( (*/2 �� � :8*/!+ 

�1� - 34/ .   93��� )*�*- - /� �3�(*/!, . �*/!* ��*���6�3 "4. 	8/ ��*(*// , �  � ��-�/!+( 

2*�3 �!- ��, 2*(�*��2��� � - /* . �*/!+ �(*/4<�3�"4 " 1000°C 8  500°C. 	8/��  )*�*- 

/*� 2 � * ��*(+ . �*/!* � - 9/ �3+3 "4, )2  "�+-�/  " /*8 "2�2 )/ 5 �� 8 3:!2*34/ "24; 

 �3�:8*/!+  )�.� � :��� ��!8� ���2� ��*(*// .  � -8*5"2�!+ �3�(*.�"!2*3+ ! /�3!)!*( 

23*;6!� )�"2!7 � �" � .   "2�2��,  9��-�;6!�"+ ��! . �*/!! (*3�!� 8�*�*"/0� �*2 �.  

 ��!(  9��- (, �� �*8*//0* /�2��/0* 1�"�*�!(*/20 � 82�*�8!3! ��/** � 3�)*//0* 

�*-�342�20 3�9 ��2 �/0� 1�"�*�!(*/2 � �  .�<*/!; �3�(*/! �1� - 3+(! "�9(!�� // .  

��-(*��, " 8*�:�6!(! !/.!9!2 � �3�(*/! /�  "/ �* " *8!/*/!5 6*3 )/0� (*2�33 �.  

��*(*// * !-(*/*/!* 2*(�*��2��0 �3�(*/! ("�3 </�+ 3!/!+) ! (�"" � 5 � /7*/2��7!! 

�1� - 3+ (��/�2!�/�+ 3!/!+) � ��-�/  /� �!"�/�* 186. ��"" ��+ � /7*/2��7!+ �1� - 3+ � 

( (*/2 �� � :8*/!+ �1� - 34/ .   93��� )*�*-  )�.� . �*/!+ � -��"2�3� 8  250-350 (�./(3
.  
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 �� �!"�/�* 187 ��!�*8*/� 8!/�(!�� ��*(*// 5 !-(*/)!� "2! (�"" � 5 � /7*/2��7!! 

�1� - 3+ � 2 )�* ��"� 3 :*/!+ /*,*3 (*2�� [266]. �*,*3 (*2� /�� 8!3"+ /*� "�*8"2�*//  

�93!-!  )�.� . �*/!+.  )��(!  9 -/�)*/0 -/�)*/!+ (�"" � 5 � /7*/2��7!! �1� - 3+ " 

��*(*//0( ��-�*<*/!*( 1 "*��/8�. 

 �) � "�+-! " 2*(, )2   )�. 3*"/ .  � :��� +�3+*2"+  )*/4 "3 :/0(  9?*�2 ( 83+ 

!""3*8 ��/!+ (��-/ � 8/0* �  "2� */!; ! " "2��� . �;)!* (�2*�!�30 (2����, (*3�!* ! 

����/0* �*2�!, /�3!)!*  8/ ��*(*//  !"� 8/0� ! )�"2!)/  ". �*�<!� . �;)!� 

(�2*�!�3 �, � �" �0�  "2�2� �), � 12 (� �� �*8*/!* 1�"�*�!(*/2 � " 9 3** 

"2�/8��2!- ��//0(  )�. ( �3�(*/!, � 2 �05 !"� 34-�*2"+ ��! !"�02�/!+� 

 ./*2�<!2*3*5, � -� 3+*2 � 3�)!24 9 3** /�8*:/0* ! � "�� !-� 8!(0* �*-�342�20.  �� 

�3�(+ ( 8*34/ .   )�.� � :��� �3�""� 0.5�, � 8. 2 �3*// .  � "  2�*2"2�!! " 
	� 

27586-88  (�!"�/ � 188) � -8*5"2� ��3! � 2 � ( � -8���, " 8*�:�6*( �1� - 34 � 80 !3! 

30%-.  � 8/ .  ��"2� �� K3[Fe(CN)6]. � .3�"/  / �(�2!�/0( 2*�/!)*"�!( 2�*9 ��/!+(, 

��"� 8 )!"2 5 � 80 ��! 2�<*/!! 8�*�*"!/0 �3�:/ "24; 8-14%  90)/0( "� " 9 ( (!- 

9��/8"� 52�) 8 3:*/ " "2��3+24 450 (3/((2"*�) ��! ��*(*/! 2�<*/!+ <180 "*��/8. 	96�+ 

�3 6�84 . �*/!+ 83+ 8�// .  ( 8*34/ .   )�.� � :���, 93�. 8��+ *.  ��-�!2 5 

� �*��/ "2!, " "2��3+*2 2.37 (2
, 2��!(  9��- (, �   7*/��(, "�((��/05 ��"� 8 � 80 " "2��!2 

192 3!2��. �"� 8+ !- 2*�/!)*"�!� �����2*�!"2!� 
��, 903�  7*/*/� �3 6�84 "*)*/!+ "2��! 

� 2 �� 2�<�6*.  �*6*"2�� 1.13 (2
 /� ��""2 +/!! 6 (*2� �  2 " �3� �1� - 34/ .  .*/*��2 ��.  
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�!"�/ � 186. �-(*/*/!* 2*(�*��2��0 �3�(*/! ! � /7*/2��7!! 

�1� - 3+ ��! �� � :8*/!! �1� - 34/ .   93��� ��"2� �� 

!/.!9!2 �� )*�*- ( 8*34/05  )�. /!- � .  3*"/ .  � :���. 
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�"� 8+ !- .* (*2�!! "2��! ! ( 8*34/ .   )�.�, � /*.  � ��8�*2 2 34�  )�"24 2�<�6*5 

:!8� "2!, "  2�*2"2��;6�+  2/ <*/!; �3 6�8! � �*�*)/ .   "*)*/!+ ( 8*34/ .   )�.� 

(0.144 (2
) � �3 6�8! "*)*/!+ "2��! 
�� (1.13 (2

). � 1,,!7!*/2 1,,*�2!�/ "2!  !"� 34- ��/!+ 

:!8� "2! 83+ 2�<*/!+ � �� �*8*//0� 1�"�*�!(*/2�� " "2��3+3 0.127. ��!(  9��- (, ��! 

 96*( ��"� 8* :!8� "2! !- 
�� 0.33 3/"*�, /*� "�*8"2�*//  �  )�. � "2���*2 

0.33�0.127=0.042 3/"*�. =�"�*�!(*/20 " )!"2 5 � 8 5 � ��-�3! /*� -( :/ "24 2�<*/!+ 
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�!"�/ � 187. � -8*5"2�!* �1� - 34/ .   93��� 
�� /�  )�. . �*/!+ 

2���0 ! 3*"/ 5 � 8"2!3�!. ��*(*// * !-(*/*/!* (�"" � 5 

� /7*/2��7!! �1� - 34/ .   93��� ��! �� � :8*/!! /�8  )�. ( 

. �*/!+. ��*8/++ (�"" ��+ � /7*/2��7!+ , / � .  �1� - 3+ – 10 

(�./(3
. ��*8/++ (�"" ��+ � /7*/2��7!+ �1� - 3+ �  93��*, " -8���*( ( 


�� – 70 (�./(3
. %� 8 3:!2*34/ "24 1�"�*�!(*/2� – 1 (!/. 31 "*� 

(/�)�3  14:16:08 –  � /)�/!* 14:17:39). 

 

 

�!"�/ � 188. ��*(� ��3�8�! 8*�*�+//0� 

9��"� � � ( 8*34/ (  )�.* � :��� �3�""� 0.5�. 
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( 8*34/ .   )�.� � :��� " � ( 64; 
�� -� ��*(+ (*/** 170 "*� ��! �8*34/ ( ��"� 8* 

:!8� "2! 140 (3/((2"*�). � � 8* 1�"�*�!(*/2� 903  �"2�/ �3*/ , )2  83+ 2�<*/!+ � :��� 

��! 2�� ( ��"� 8* /* 9� 8!(  � -8*5"2�!* � 8+/ .  �1� - 3+ � 2*)*/!* !/2*���3� 

��*(*/! >280 "*�. %�! 12 ( "�((��/05 ��"� 8 " "2��!3 93 3!2�� )!"2 5 � 80. �2*�*/4 

�0. ��/!+ . �;)*.  (�2*�!�3� � 12 ( "3�)�* " "2��3+*2 /* (*/** 80%.  ��!(  9��- (, 

83+ .�<*/!+ ( 8*34/ .   )�.� " � ( 64; �1� - 3+ � 80 /* 9� 8!(  -�2��2!24 /* (*/** 

11.8 3 :!8� "2!, )2  � ≈ 16 ��- (*/4<* / �(�2!�/ .  ��"� 8� )!"2 5 � 80 ��! 2�<*/!!  

"2�/8��2/0( "� " 9 ( !- 9��/8"� 52�. 

�"�02�/!+ " ��"2� � ( K3[Fe(CN)6] � ��-�3! *.  9 3** �0" ��; 1,,*�2!�/ "24 �  

"���/*/!; " !"� 34- ��/!*( )!"2 5 � 80. % "3* /�)�3� 2�<*/!+ �!8!( * �3�(+ !")*-�*2 �:* )*�*- 

76 ± 6 "*��/8. �"3! ��*(+ 2�<*/!+ " "2��3+3  154 ± 4 "*�, 2  � �2 �/ .  � -. ��/!+ � 2*)*/!* 10 

(!/�2 /* �� !"� 8!2 (�!"�/ � 189). =2 2 !/2*���3 ��*(*/!  ��*8*3*/ � (*2 8!�* !"�02�/!5 

 ./*2�<!2*3*5 [265]. %�! (*/4<!� ��*(*/�� 2�<*/!+ �� !"� 8!2 � �2 �/ * � -. ��/!* ( 8*34/ .  

 )�.� � :���. ��"� 8 ��"2� �� K3[Fe(CN)6] (� "2���;6*.  /*� "�*8"2�*//  � ( 8*34/05  )�. 

� :���) " "2��3+3 0.042 3/", )2  ��! � 8�)* �3�(*.�"!2*3+ � 2*)*/!* 154 "*� "  2�*2"2��*2  96*(� 

��"� 8� ��"2� �� 6.5 3!2��. ��"" ��+ � /7*/2��7!+ K3[Fe(CN)6] � ��")*2* /� "�� * �*6*"2�  � - /* 

�3�(*/! ≈ 4.5 ./(3
, )2  93!-�  � (!/!(�34/ 5 .�"+6*5 � /7*/2��7!! K4[Fe(CN)6], " "2��3+;6*5 6.6 

./(3
 [292]. �!-��34/ * !""3*8 ��/!* . �;)*.  (�2*�!�3� � "3* 2�<*/!+ � ��-�3!, )2  �"*  "2�2�! 

(�2*�!�3� � ��020 K3[Fe(CN)6]. � "*�*8!/* ( 8*34/ .   )�.� /�93;8�*2"+ 9 34<** �0. ��/!*, )*( 

" �/*</*5 "2 � /0. �2*�*/4 �0. ��/!+ 8*�*�+//0� 9��"� � " "2��3+*2 ≈50%. ��!(  9��- (, 

�*-�342�20 !"�02�/!5 �� 8*( /"2�!� ��3! �0" ��; 1,,*�2!�/ "24 2�<*/!+ ( 8*34/ .   )�.� 

� :��� �3�""� 0.5� " � ( 64; �1� - 3+ 30%- .  � 8/ .  ��"2� �� K3[Fe(CN)6]. %�! � /7*/2��7!! 

K3[Fe(CN)6] � �*�*")*2* /� "�� * �*6*"2�  ≈ 4.5 ./(3
 ��*(+ � 8�)! �3�(*.�"!2*3+ 8 3:/  " "2��3+24 

/* (*/** 154 "*�. %�! 12 ( �"2�/ �3*/ , )2  ��"� 8 � 8/ .  ��"2� �� K3[Fe(CN)6] � ≈  1.9 ��-� 

(*/4<* �  "���/*/!; " ��"� 8 ( )!"2 5 � 80 ��! 2�<*/!! ** �1� - 3*( ! � ≈  30 ��- (*/4<* 

/ �(�2!�/ .  ��"� 8� )!"2 5 � 80 ��! 2�<*/!! !- 9��/8"� 52�. 

�"� 8+ !- .* (*2�!)*"�!� �����2*�!"2!� " -8���*( 5 
�� �1� - 34/ 5 "2��!, ( :/  

" � "2��!24 1,,*�2!�/ "24 .�<*/!+ �3�(*/! �1� - 3*( � 80 ! ��"2� � ( " 3!. � ��9 2* [29] 903� 

 ��*8*3*/� (!/!(�34/�+ .�"+6�+ � /7*/2��7!+ � 8+/ .  �1� - 3+ ("�*8/!5  9?*(/05 8!�(*2� 

)�"2!7  " "2��3+*2 8.2 (�() � 1�"�*�!(*/2�� " .�<*/!*( �3�(*/! /-.*�2�/�  (*2 8 ( )�<*)/ 5 

. �*3�!, � 2 ��+ " "2��!3� 174 ./(3
.  %  �*-�342�2�( �� �*8*//0� � 8�// 5 ��9 2* !"�02�/!5, 

� /7*/2��7!+ �1� - 3+ ��"2� �� K3[Fe(CN)6], ��! � 2 � 5 �� !"� 8!3  .�<*/!*  )�.� � :��� 

�3�""� 0.5�, " "2��3+*2  � 3  14 ./(3
. ��!(  9��- (, ( :/  "��-�24, )2  �  "���/*/!; " 

3!2*��2��/0(! 8�//0(!, 8 9���� K3[Fe(CN)6] � � 8� ��!�*3� � �(*/4<*/!; (!/!(�34/ 5 

(�"" � 5 .�"+6*5 � /7*/2��7!! �1� - 3+ 2�� .  30% ��"2� �� ��!(*�/  � 12 ��-. 
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	8/��  /�:/   2(*2!24, )2  �  "���/*/!; " 1�"�*�!(*/2�(! �  .�<*/!; �3�(*/! /-

.*�2�/� ((*2 8 )�<*)/ 5 . �*3�!)  )�. � :��� �3�""�  0.5� ��! /�2��/0� !"�02�/!+� 

� 2�<!24 . ��-8  "3 :/**, 2�� ���  / !(**2 "!34/  ��-�!2�; � �*��/ "24 . �*/!+ ! 

� �" �05  "2�2 � /� � �*��/ "2! 8�*�*"!/0. %  12 5 ��!)!/* ( :/  �2�*�:8�24, )2   

��!�*8*//�+ �0<*  7*/�� ��*3!)*/!+ 1,,*�2!�/ "2! .�<*/!+ �3�(*/! �1� - 3*( � 80 -� 

")*2 8 9��3*/!+ � /** K3[Fe(CN)6] 8 "2�2 )/   9 "/ ��/�. 

 

 

 

 

 

�!"�/ � 189. � 2 .��,!! . �*/!+ ( 8*34/ .  

 )�.� 0.5� �*�*8 � 8�)*5 �1� - 3+ ��"2� �� 

!/.!9!2 �� (��*���), )*�*- 150 "*� � "3*  

� 8�)! ��"2� �� !/.!9!2 �� (� "*�*8!/*), �!8 

 )�.� � "3* 2�<*/!+ (�/!-�). 
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��!(  9��- (,  "/ �/0(! �*-�342�2�(! 8�// .  ��-8*3� 8!""*�2�7!! +�3+;2"+: 

1. �*-�342�20 2*"2!� ��/!+ � � 3*�0� �"3 �!+� (*2 8� 2�<*/!+ ( 8*34/0�  )�. � 

/!- � .  3*"/ .  � :��� ! � :��� �3�""� 0.5� (. �+6�+ 8�*�*"!/�) " � ( 64; 

� 8/0� ��"2� � � ��3!5" 8*�:�6!� �3�(*.�"!2*3*5 (K4[Fe(CN)6] ! K3[Fe(CN)6]) ! 

( 9!34/ .  .*/*��2 �� �*.�3!��*( 5 8!"�*�"/ "2!.  

2. �"2�/ �3*/ , )2  ��*83 :*//0* �3�(*.�"!2*3! ! (*2 8 8 "2���! �1� - 3+ !� � 8/0� 

��"2� � � � -� 3+;2 � 8��!24 ��� �3�(*// *, 2�� ! 23*;6** . �*/!* � �"3 �!+� 

3*"/0� � :�� � ! ��! . �*/!! 8�*�*"!/0. 

3. %�*83�.�*(05 "� " 9 2�<*/!+ " � ( 64; (*3� 8!"�*�"/0� �1� - 3*5 � 8/0� 

��"2� � � K4[Fe(CN)6] ! K3[Fe(CN)6] � -� 3+*2 " ���2!24 ��"� 8 2�<�6*5 :!8� "2! 

� ≈ 30 ��- , 2.*. 9 3** )*( /� � �+8 �, �  "���/*/!; " 2�<*/!*( )!"2 5 � 8 5 !- 

9��/"� 52�. 
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1. ��  "/ �* � 3�)*//0� 1�"�*�!(*/2�34/0� 8�//0� �  "2���2��* ! "� � "2! 

��"�� "2��/*/!+ � 8 � 8 -� -8�</0� �3�(*/ �� �*8*/� �� �*��� ! �0� 3/*/  

�2 )/*/!* "�6*"2��;6*.  � 3!2*��2��* �!(!� -�!/*2!)*"� .  (*��/!-(� 

!/.!9!� ��/!+ . �*/!+ 8 9����(! �	�, 2��!(! ��� 2�!(*2!3, ",�2 (��). 

2. =�"�*�!(*/2�34/  ! )!"3*//  � ��-�/ , )2  !/.!9!��;6!5 1,,*�2 8 9�� � �	� � 

� 8 � 8 -� -8�</0* ! �.3*� 8 � 8 -� -8�</0* . �;)!* "(*"! "�+-�/ " �*� (9!/�7!*5 

�3;)*�0� ��8!��3 � � �3�(*/! – �, 	�, 	 � �*��7!+� " �� 8��2�(! ��*���6*/!+ �	�, 

2��!(! ��� �	, �	2, �	�	, �	�	2. 

3. �"2�/ �3*/  !  9?+"/*/  �3!+/!* " "2��� � 8 � 8 -� -8�</0� ! �.3*� 8 � 8 -

� -8�</0� . �;)!� "(*"*5 /� 1,,*�2!�/ "24 !/.!9!� ��/!+ ��! ��*8*/!! 8 9�� � 

�	�. 

4. �"2�/ �3*/0  " 9*// "2! (*��/!-(� !/.!9!� ��/!+ �3�(*/ � 8 � 8 -� -8�</0� 

"(*"*5 ��-3!)/ .  "2*�! (*2�!)*"� .  " "2��� 8 9����(! :*3*- " 8*�:�6!� 

" *8!/*/!5 /�  "/ �* / �0� 1�"�*�!(*/2�34/0� �*-�342�2 � � 3!)*"2�*//0� 

!-(*�*/!5 ��"��*8*3*/!+ � /7*/2��7!5 :*3*- " 8*�:�6!� �� 8��2 � ��*���6*/!+ 

�*/2����9 /!3� :*3*-� � �3�(*/!. 

5. =�"�*�!(*/2�34/  ! )!"3*//  !-�)*/  �3!+/!* 8 9�� � ��3!5" 8*�:�6!� " *8!/*/!5 

/� "� � "24 ! �"3 �!+ .�<*/!+ � 8 � 8 -� -8�</0� ! �.3*� 8 � 8 -� -8�</0� 

�3�(*/! ��! ��*8*/!! � ��*8���!2*34/  �*�*(*<�//0* . �;)!* "(*"! ��3!5/0� 

" *8!/*/!5 � �!8* �1� - 3+.  

6. ��-��9 2�/0 ! �� 2*"2!� ��/0 "�*3*2/0* (� (���2/0*) �!(!� -�!/*2!)*"�!* 

(*��/!-(0 !/.!9!� ��/!+ � 8 � 8 -� -8�</0� ! �.3*� 8 � 8 -� -8�</0� �3�(*/! 

8 9����(! �	�. 

7. =�"�*�!(*/2�34/  �� �*8*/  29 � /�!9 3** 1,,*�2!�/0� �3�(*.�"!2*3*5 /�  "/ �* 

,2 �!� ��//0� �	�. ��58*/0 1,,*�2!�/0* "!/*�.*2!)*"�!* "(*"! �	� " 

5 8" 8*�:�6!(! " *8!/*/!+(! ! !/*�2/0(! ��-9��!2*3+(!, � 2 �0*  93�8�;2 9 3** 

�0" � 5 1,,*�2!�/ "24; .�<*/!+ �3�(*/, )*( <2�2/0* �3�(*.�"!2*3!.  

8. �-�)*/� "2���2��� ! 8!���- / �"3 �!5 �"2 5)!� .  . �*/!+ �0" � "� � "2/0� "2��5 

�2, !"2*��;6!� !- (!�� " �*3 � � -8��. 	9/���:*/  / � * +�3*/!*, -��3;)�;6**"+ � 

"�6*"2� ��/!! 8���- // 5 "2���2��0 2�� .  �3�(*/! �  ��*8*3*// ( 8!���- /* 

8!�(*2� � (!�� " �*3. ����- //�+ "2���2��� ��*8"2��3+*2 8�*  93�"2! . �*/!+,  8/� !- 

� 2 �0� ��*8"2��3+*2 ",*�!)*"� * 3�(!/��/ * �3�(+ �93!-! (!�� " �3�, � �2 ��+ – 
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2��9�3*/2/ * �3�(+. % ��-�/�  ��*8*3+;6�+ � 34 �� 7*"" � . �*/!+ � 8 � 8� � 

3�(!/��/ 5 - /* . �*/!+ � ���. (!�� " �3� /� "2�9!3!-�7!; . �*/!+ � 8 � 8/ 5 

(!�� "2��! � 7*3 (. �"2�/ �3*/  �3!+/!* 8 9�� � !/*�2/0� ! �*�.!��;6!� .�- � � 

� 8 � 8 !3! � � -8�� /� �*:!(0 �"2 5)!� .  . �*/!+ (!�� "2��5 � 8 � 8�.  

9. %� �*8*/0 /�2��/0* !"�02�/!+ �  .�<*/!+ /!- � .  3*"/ .  � :��� ! ( 8*34/ .  

 )�.� � :��� �3�""� 0.5� (. �+6�+ 8�*�*"!/�) " !"� 34- ��/!*( �1� - 3*5 ��"2� �� 

��3!5" 8*�:�6*.  !/.!9!2 ��, � ��-��<!* 9 3** �0" ��; 1,,*�2!�/ "24 

��*83 :*// .  �3�(*.�"!2*3+ �  "���/*/!; " !"� 34- ��/!*( )!"2 5 � 80. 
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