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�@N?CB5 +;5JCE TGKG?B5P K5H@]G-8JGP +C;5-E@HB5P +5TGHB5P C+5-E@HB5P EK5F@ �&-24 
(DD��) ]F<5;NKGEB@K E+@;>5K->CF5KC;5K �9�4F16O ((��-�9) < +;@E<>B5E>G 
-8>8FG>@?B5P E@E>CK@ 18--;8<B-6 + ZnCl2. �E>8B5NFCB5 N+F@N -GFS-5E>G -8>8FGQ8>5;8, 
>CK+C;8><;@ >8 >;@N8F5E>G +;5JCE< B8 AN@H-GE>S ;C8-JGP NQ8�K5HGP DD�� Q (��-�9. 
�@B>CQ5N8B5 >8 5T8;8->C;@Q5N8B5 B5N@M +C;5-E@HB@M 5FGL5KC;, �5 KGE>@>S 8>5K@ 
]F<5;< ((D	). �>;<-><;8 (D	 +GH>NC;HICB8 �-E+C->;5E-5+G?B@K@ H5EFGHICBBOK@. 
�8+;5+5B5N8B5 N@-5;@E>5N<N8>@ (D	 HFO 5HC;I8BBO B8 5EB5NG ];8-JGP �9 +G;5FGQ< 
N<LFCN5HBGN B5N5P B8]>5+5FGKC;B5P EK5F@ Q ]F<5;NKGEB@K@ L;<+8K@.  

Chemical modification of peroxy derivative of ED-24 epoxy resin (PDER) by fluorine-
containing �9�4F16O alcohol-telomer (FAT-C9) in the presence of 18-Crown-6+ZnCl2 catalytic 
system has been investigated in this work. The effect of catalyst amount, as well as 
temperature and process time on the reaction rate has been determined. A new peroxy 
oligomer containing fluorine atom (FPO) has been synthesized and described. The FPO 
structure has been confirmed by IR-spectroscopy. It has been suggested to use synthesized 
FPO for the production of new petroleum resin with fluorine-containing groups on the basis of 
pyrolysis C9 fraction. 

D5E>8B5N-8 +;5RFCK@. 	��"j", �" "#�$"j&'� m #�o�#���j� -
-
- $'%*�j� *"'���l�" m 
��m�)"j"#&)%#l'��j� *&'")(���j� j�u!� o�#�x% (!�o�#���(!� *�� h�( mo&'�$���l !� n  o&m*&h-
��x�j� *�� h�( i+��"$" ��)"'�(!���l. 	 "(!���n �&(l!�#�!!l �#l (��!&m% *&'")(����+ "#�$"j&'�� 
(�
) ��)"'�(!"�%u!� &*")(���� (j"#� '�m�"i o%�"�� [1]. ��)� �
, (��!&m"���� �� "(�"�� 
&*")(����+ (j"#, *"'���l�" m ��+����j� (*"#%)�j� n !&'j"'&�)!����j� *'"�%)!�j� � !"j% *�� h�( 
��$'�����l %!�"'uu!� ��#��� '���)�#�, �" ��n mj"$% ��)"'�(!"�%��!� i+ l) �����uuh� �$&�!� % 
*'"�&(�+ *"#�j&'�m���i, *"#�)"��&�(���i !� (!'%)!%'%����l *"#�j&'��+ )"j*"m���e��+ (�(!&j [2, 
3]. 	"��"h�( �� "("o#��% %��$% m�(#%$"�%u!� *&'")(���� "#�$"j&'�, j"#&)%#� l)�+ "��"h�(�" 
j�(!l!� #�o�#���e -
-
- m�’lm") !� m�#�x)"�� &*")(���� $'%*�. �& ��n j"k#���(!� ��)"'�(!���l 
!�)�+ �
 �#l "�&'k���l �� "(�"�� m�#�x)"�"i g'�)��i �9 *�'"#�m% �%$#&�"���� ��g!"*"#�j&'��+ 
(j"# (���) m g%�)��"��#���j� $'%*�j�. ��)� ��� m��ex#� m�(!"(%����l l) �#l "�&'k���l 
m�+�(��+ ��!�)"'"m�e��+ *")'�!!�� �� "(�"�� &*")(�-"#�$"j&'��+ (%j�x&e, !�) � �#l j"��g�)���i 
&)(*#%�!���e��+ +�'�)!&'�(!�) ��g!"��+ o�!%j��. 
���) �#l *")'�����l *&���+ &)(*#%�!���e��+ 
�#�(!��"(!&e ��'"o�� �� "(�"�� ��� (*#�(!�h��(!�, (!�e)�(!� �" '�m)�+ *&'&*���� !&j*&'�!%'�, 
�"$�&(!�e)�(!�) �&"o+���", �"o ��� % (�"nj% ()#��� j�(!�#� $&!&'"�!"j��, m")'&j� g#%"'m�j��&�� 
g%�)��"��#��� $'%*�. �'�(%!��(!� !�)"i g%�)��"��#��"i $'%*�, �� ��x *"$#l�, ��(!� mj"$% 
'&$%#u��!� l) g�m�)"-j&+���h��, !�) � !&*#"�� +�'�)!&'�(!�)� *"#�j&'��+ ��'"o��.  

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. 	��"j", �" m� *�'"#�m% o&�m��"��+ !� ��m&#���+ 

g'�)��e, m j&!"u "�&'k���l &!�#&�% %!�"'un!�(l *�'")"��&�(�!, �" n *"o�h��j *'"�%)!"j 
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*'"�&(% [4]. ��'")"��&�(�! '"m��#lu!� �� �%m�)� g'�)��i, (&'&� l)�+ �� "("o#��% %��$% m�(#%$"�%n 
g'�)��l �9, l)� j�(!�!� % (�"nj% ()#��� m��h�% )�#�)�(!� (!�'"#%, ����#!"#%&���, ����)#"*&�!���n�%, 
���&�% !� ��x�+ �&��(�h&��+ �%$#&�"���� [5]. 	"��"h�( (��!"�� *'�)!�)� *")�m%n, �" !�)% g'�)��u 
��e)'��& ��)"'�(!"�%��!� �#l "�&'k���l ��g!"*"#�j&'��+ (j"#, l)� m�(!"("�%u!�(l % #�)"-
g�'o"��e, *"#�$'�g�h��e, *�*&'"��e, $%j"�"-!&+��h��e !� ��x�+ $�#%ml+ *'"j�(#"�"(!� !"�" [6]. 
��� % *'"j�(#"�"(!� "�&'k%u!� !&'j�h�"u *"#�j&'�m���nu g'�)��i �9. 
!'�j��� !&'j�h�"u 
*"#�j&'�m���nu ���, )'�j �&��(�h&��+ *"���e��+ m�’lm)��, �& j�(!l!� ��x�+ g%�)��e��+ $'%*, �" 
m��h�" "oj&k%n "o#�(!� m�(!"(%����l !�)�+, �"�"#� �&x&��+, "#�$"j&'��. �� )�g&�'� +�j�h�"i 
!&+�"#"$�i *&'&'"o)� ��g!� !� $�m% ����"��#��"$" %���&'(�!&!% «�����(�)� *"#�!&+��)�» �*'"�"�k 
"(!����+ '")�� �&�%!�(l (�(!&j�!�h�� ��%)"�� '"o"!� �m (!�"'&��l ���, l)� j�(!l!� '�m�"j���!�� 
g%�)��"��#��� $'%*� ()�'o")(�#��� [7], &*")(���� [8], *&'")(���� [9], $��'")(�#��� [10]), 
*'�(%!��(!� l)�+ m��h�" '"mx�'un (g&'% ��)"'�(!���l ���, m")'&j� �#l (!�"'&��l m�+�(��+ 
#�)"��+ *")'�!!�� �� "(�"�� *'"j�(#"��+ &*")(����+ (j"# !"�". 	"��"h�( ��� m �"��j� 
(g#%"'�j�(��j�) g%�)��"��#���j� $'%*�j� (����) % �k&'&#�+ #�!&'�!%'� �& o%#� "*�(���. 

 
�C>8 ;5R5>@ – '"m'"o�!� j&!"� (��!&m% �� "(�"�� �"(!%*�"i &*")(���"i (j"#� ��-24 "#�$"-

j&'%, l)�e o� "��"h�(�" j�(!�� �!"j� g#%"'% !� '&�)��e�" m��!�� *&'")(���� $'%*�. 	��h�!� 
j"k#���(!� ��)"'�(!���l !�)"$" "#�$"j&'% �#l "�&'k���l �� "(�"�� g'�)��i �9 *�'"#�m% 
�%$#&�"���� �"�"i ��g!"*"#�j&'�"i (j"#� m g#%"'�j�(��j� $'%*�j�.  

 
�-E+C;@KCB>8FSB8 ?8E>@B8. ���!&m *&'")(���"$" g#%"'�j�(�"$" "#�$"j&'% (��
) j"k�� 

*"��!� !�)�j '���l��lj: 
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�@TGHBG ;C?5N@B@. �&'")(���% *"+���% &*")(���"i (j"#� (����) "!'�j%��#� m� j&!"��)"u, 

"*�(��"u � [11]. �#l (��!&m"���"i ���� o%#" m��e�&�": j"#&)%#l'�% j�(% (Mn) 470 $/j"#�, �j�(! 
&*")(����+ $'%* (&.h.) 9,2 % !� �j�(! �)!���"$" )�(�u ([
]�)!) 2,45 %. �#%"'�j�(��e (*�'!-!&#"j&' 
(���-�9) g"'j%#� �9�4F16
 m Mn 432 $/j"#� ��)"'�(!"�%��#� o&m �"��!)"�"$" "h��&��l �m 
�j�(!"j "(�"��"$" *'"�%)!% 99,1 %. ��!�#�m�!"'"j '&�)��i (#%$%��#� )�!�#�!�h�� (%j�x, �" 
()#���#�(� m 18-)'�%�-6 !� +#"'��% ���)%. 	%$#&�"��&�% g'�)�u �9 *�'"#�m% �%$#&�"����, ����o'��% 
m %(!��"�)� *�'"#�m% ��m&#��"i g'�)��i % )"��&'�� «�%)"'» j. ��#%x ����"-�'��)��(�)"i "o#�(!�, 
��)"'�(!"�%��#� o&m �"��!)"�"$" "h��&��l. 

 
�C>5H@-8 +;5NCHCBBO -GBC>@?B@T H5EFGHICBS. ���&!�h�� �"(#��k&��l *'"�&(% +�j�h�"i 

j"��g�)���i ���� ���-�9 m��e(�u��#� % !'�$"'#"j% '&�)!"'� m j&+���h��j *&'&j�x%����lj, 
"o#�����"j% !&'j"j&!'"j � m�"'"!��j +"#"��#���)"j.  '&�)!"' m����!�k%��#� (*�'!"�� '"mh��� 
���� !� ���-�9, *�(#l h"$" '&�)��e�% (%j�x !&'j"(!�!%��#� �" *"!'�o�"i !&j*&'�!%'� (313, 323 
�o" 333 �) !� m� o&m*&'&'��"$" *&'&j�x%����l �"����#� �"��� '"mh��� )�!�#�!�h�"i (�(!&j� 
m����"i )"��&�!'���i e m����"i )�#�)"(!� ii )"j*"�&�!�� % '"m'�+%�)% �� 1 $-&)�. &*")(���"i $'%*� 
����. �"�!'"#� m� *&'&o�$"j '&�)��i *'"�"��#� m� mj��"u )"��&�!'���i &*")(����+ $'%* % 
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'&�)��e�"j% (&'&�"����. �#l ��"$" h&'&m *&��� "���)"�� *'"j�k)� h�(% ���o�'�#� *'"o� "o’nj"j 
0,5 j# !� ��m��h�#� � ��+ )"��&�!'���u &*")(����+ $'%* m� j&!"��)"u [12]. �"m'�+%�") 
)"��&�!'���i &*")(����+ $'%* m��e(�u��#� m� ��'�m"j 

� � 3 43 4
��

���
J��� V

KNVVV
C

��


�. , (j"#�/#),  

�& [C]&*. $'.– )"��&�!'���l &*")(����+ $'%* % '"mh���, j"#�/#; V+ – )�#�)�(!� 0,1 �. '"mh��% #%$%, �" 
o%� ��!'�h&��e �� !�!'%����l “+"#"(!"i *'"o�”, j#; V' – )�#�)�(!� 0,1 �. '"mh��% #%$%, �" o%� 
��!'�h&��e �� !�!'%����l “'"o"h"i *'"o�”, j#; V) – )�#�)�(!� 0,1 �. '"mh��% #%$%, �" o%� 
��!'�h&��e �� !�!'%����l )�!�#�m�!"'� ����o'��"i *'"o�, j#; V*' – "o’nj ����o'��"i *'"o�, 0,5 j#;  
N – �"'j�#���(!� '"mh��% #%$%; 0,1 �; � – *"*'��)"��e )"&g���n�! �" 0,1 �. '"mh��% $��'")(��% 
)�#�u �o" ��!'�u. 


!'�j��� &)(*&'�j&�!�#��� '&m%#�!�!� o%#� ��)"'�(!��� �#l *"o%�"�� $'�g�h��+ m�#&k-
�"(!&e, m l)�+ ��m��h�#� &g&)!���� )"�(!��!� x���)"(!&e *&'&o�$% '&�)��i �m�nj"��i ���� m  
���-�9. ��!&'*'&!���nu "!'�j���+ '&m%#�!�!�� � )""'����!�+ '���l��l �''&��%(� log (�) = f(1/�) 
��m��h�#� &g&)!���% &�&'$�u �)!�����i '&�)��i. 

 
�C>5H@-8 -GBC>@?B@T H5EFGHICBS +;5JCE< -5+5FGKC;@Q8JGP ];8-JGP �9 < E-FOB@T 

8K+<F8T. �����e"���% )"*"#�j&'�m���u �&��(�h&��+ �%$#&�"���� g'�)��i �9 *�'")"��&�(�!% 
*�'"#�m% ��m&#��"$" *�#��� *'"�"��#� % ()#l��+ �j*%#�+.  ��+ m����!�k%��#� 20 $ g'�)��i �9 �   
30 %-e '"mh�� ������!"'� ((j"#� ��
) � ��&!"��. �j*%#� *"*&'&���" *'"�%��#� ��&'!��j $�m"j, 
m�*�u��#� !� *"j���#� � !&'j"(!�! � ��!'�j%��#� i+ m� !&j*&'�!%'� 383–423 � �*'"�"�k 10– 
50 $"�. ��(#l m�)��h&��l '&�)��i "!'�j��% (%j�x "+"#"�k%��#� �" )�j��!�"i !&j*&'�!%'� � 
��(��k%��#� ��g!"*"#�j&'�% (j"#% *&!'"#&e��j &!&'"j. �%j�x m�#�x�#� �*'"�"�k "���ni �"o� � 
m#���#� '"mh����). 
�&'k��% ��g!"*"#�j&'�% (j"#% m g#%'�j�(��j� $'%*�j� ��(%x%��#� m� 
!&j*&'�!%'� 363 � !� m�#�x)"�"$" !�()% 133–266 �� �" *"(!�e�"i j�(�. ��(#l ��"$" m��k%��#� 
*'"�%)!, "oh�(#u��#� e"$" ��+�� !� ��m��h�#� j"#&)%#l'�% j�(%. 

 
�C>5H@-8 E@B>CQ< (D	. ��
 (��!&m%��#� % !'�$"'#"j% '&�)!"'� m j&+���h��j *&'&-

j�x%����lj, "o#�����"j% m�"'"!��j +"#"��#���)"j � !&'j"j&!'"j.  '&�)!"' m����!�k%��#�  
20,0 $ ���� � 35,6 $ ���-�9, '"mh��&�� % 120 j# 2-*'"*��"#% !� 25 %-e �"���e '"mh��, �" j�(!�� 
20 % j"#���+ 18-)'�%�-6 �� 1 $-&)�. &*")(���"i $'%*�·e 20 %-e �"���e '"mh�� m �j�(!"j 60 % 
j"#���+ ZnCl2 �� 1 $-&)�. &*")(���"i $'%*�. �&�)��e�% (%j�x !&'j"(!�!%��#� m� !&j*&'�!%'� 323 � 
�*'"�"�k 18 $"�. ��(#l m�)��h&��l *'"�&(% '&�)��e�% j�(% "+"#"�k%��#� �" )�j��!�"i 
!&j*&'�!%'�, *&'&�"(�#� % ��#�#��% #�e)%, � m�#�x)� % '&�)!"'� mj���#� '"mh����)"j. �&�)��e�% 
(%j�x ���(!"u��#� % ��#�#���e #�e�� �*'"�"�k 30 +� �" h�!)"$" '"mx�'%����l. ��k��e x�' m 
�"���j '"mh��"j )�!�#�m�!"'� m#���#�, � �&'+��e *'"j���#� �&�&#�)"u )�#�)�(!u ��(!�#�"���"i 
�"��. 
'$���h��e x�' *&'&�"(�#� % )"#o% !� m� m�#�x)"�"$" !�()% ���$��l#� ¾ '"mh����)�. 	j�(! 
)"#o� *&'&"(��k%��#� *&!'"#&e��j &!&'"j � ��(%x%��#� (*"h�!)% �� *"��!'� m� �"'j�#���+ %j"�, 
� *"!�j – m� !&j*&'�!%'� 318 � !� m�#�x)"�"$" !�()% 133–266 �� �" *"(!�e�"i j�(�.  
(��!&m"���"j% "#�$"j&'� ��m��h�#� �j�(! &*")(����+ $'%*, �)!���"$" )�(�u, j"#&)%#l'�% j�(% !� 
'"mh����(!� � "'$���h��+ '"mh����)�+. 

 
�C>5H@-8 E@B>CQ< B8]>5+5FGKC;B5P EK5F@ Q ]F<5;NKGEB@K@ L;<+8K@. ���� (��!&m%��#� 

�� "(�"�� g'�)��i �9 � *'�(%!�"(!� g#%"'�j�(�"$" *&'")(���"$" "#�$"j&'%. 	 ��!")#�� 
m����!�k%��#� 500 $ g'�)��i �9, 25 $ (5,0 %) ��
 '"mh��&�"$" % 50 j# ��&!"�%. ��!")#�� *"j���#� 
% !&'j"(!�! � !&'j"(!�!%��#� m� !&j*&'�!%'� 403 � �*'"�"�k 40 $"�. ��(#l m�)��h&��l '&�)��i 
��!")#�� "+"#"�k%��#� �" )�j��!�"i !&j*&'�!%'� � "!'�j��% (%j�x *&'&�"(�#� � %(!��"�)% �#l 
��)%%j�"i '"m$"�)�. ��� h�( *'"�&�&��l '"m$"�)� ���o�'�#� ��� g'�)��i: m� !&j*&'�!%'� )�*���l 
323–353 � � �!j"(g&'�"$" !�()% "!'�j��" *&'x% g'�)��u m ��+"�"j 10,0 % j�(.; �'%$% g'�)��u 
"�&'k��" *�� h�( '"m$"�)� *�� ��)%%j"j m� m�#�x)"�"$" !�()% 7–10 jj '!. (!. m !&j*&'�!%'"u 
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)�*���l 353 – 446 � !� ��+"�"j 80,3 % j�(. ª) ��(#��"), "!'�j�#� )%o"��e m�#�x") (����). 
	�+�� ���� !&j�"-o'%��!�"$" )"#�"'% (!��"��� 23,2 % j�(. 

 
�CQ<FS>8>@ H5EFGHICBS >8 PT 5RL5N5;CBBO.  *"*&'&���+ ��%)"��+ '"o"!�+ [8] o%#" *")�m�-

�", �" �#l %(*�x�"$" *'"�&�&��l +�j�h�"i j"��g�)���i &*")(����+ (j"# (*"#%)�j� m '%+"j�j 
�!"j"j $��'"$&�% j"k& o%!� ��)"'�(!��� )�!�#�!�h�� (�(!&j�, l)� ()#���n!�(l �m 18-)'�%�-6 !� 
+#"'��% ���)%. ��)� )�!�#�!�h�� (�(!&j� % (*������"x&��� 1 : 3 j"#�� ���*"����" m��!�� m� 
�&��(")�+ !&j*&'�!%' )�!�#�m%��!� '&�)��u �m�nj"��i &*")(���"i (j"#� m $��'"*&'")(���j�. 

�#l '"m'"o#&��l j&!"��)� *'"�&(% +�j�h�"i j"��g�)���i ���� ���-�9 �&"o+���" o%#" 
�(!��"��!� �*#�� "(�"���+ h����)��: )�#�)�(!� )�!�#�m�!"'�, !&j*&'�!%'% !� !'���#�(!� *'"�&(%. 

�&m%#�!�!� �m ���h&��l �*#��% )�#�)"(!� 18-)'�%�-6 �� x���)�(!� *&'&o�$% '&�)��i �m�nj"��i 
���� m ���-�9 *"���" % !�o#. 1. 

�m !�o#. 1 m'"m%j�#", �" *&'&o�$ '&�)��i �m�nj"��i ���� �m ���-�9 m ���h%!�"u x���)�(!u 
���o%��n!�(l % ��*��)% ��)"'�(!���l 18-)'�%�-6 ��� 20 % j"#��. � o�#�x&. 	"��"h�(, �'�+"�%uh� 
!&, �" x���)�(!� *&'&o�$% '&�)��i % '�m� ��)"'�(!���l 40 % j"#��. )'�%�-&!&'% �& m��h�" 
���'�m�ln!�(l ��� 20 % j"#��., !" "*!�j�#��"u )�#�)�(!u 18-)'�%�-6 o%#" ��o'��" 20 % j"#��. % 
'"m'�+%�)% �� 1 $-&)�. &*")(���"i $'%*� ����. 

��� h�( ���h&��l �*#��% !&j*&'�!%'� �� x���)�(!� *&'&o�$% '&�)��i j�k ���� � ���-�9 o%#" 
�(!��"�#&�", �", l) (#�� o%#" "h�)%��!�, �m *�����&��lj !&j*&'�!%'� &g&)!���� )"�(!��!� 
x���)"(!� '&�)��i m'"(!�n (!�o#. 1). 	"��"h�(, �'�+"�%uh� *'�(%!��(!� % j"#&)%#� l) ��+���"i 
����, !�) � � (��!&m"���"j% ��
 #�o�#���+ -
-
- m�’lm)��, "*!�j�#��"u !&j*&'�!%'"u *'"�&(% 
o%#� ��o'��� !&j*&'�!%'� 323 �.  

F�G��H
 1 
�]C->@NBG -5BE>8B>@ AN@H-5E>G ;C8-JGP  

NQ8�K5HGP DD�� Q (��-�9 
 

 
�&j*&'�!%'�  

'&�)��i, � 

��#�)�(!� 18-)'�%�-6, % 
)�!�#. (�(!&j�,  % 

j"#��. 
�&g, #/(j"#�·() 

5 (6,30±0,35) · 10-4 

10 (7,00±0,52) · 10-4 
20 (4,10±0,63) · 10-3 

 
 

323 
40 (5,10±0,33) · 10-3 

313 (2,30±0,5) · 10-3 
333 20 (6,10±0,80) · 10-3 

 
������&��l !&j*&'�!%'� '&�)��i �" 333 �, l) (���h�!� '&m%#�!�!�, "*�(��� � [1], *'�m�"��!� 

�" h�(!)"�"$" '"m)#��% (*"#%) m *&'")(����j� $'%*�j�.  

*'��u����l "!'�j���+ )"�(!��! x���)"(!� '&�)��i !� *"o%�"�� #���e�"i m�#&k�"(!� % 

)""'����!�+ log (K) = f(1/T) ��#� mj"$% ��m��h�!� &�&'$�u �)!�����i �#l '&�)��i j�k ���� !�  
���-�9, m��h&��l l)"i (!��"��!� 40,3 )�k/j"#�. 


!'�j��� ���& '&m%#�!�!� )��&!�h��+ �"(#��k&�� o%#� ��)"'�(!��� �#l �(!��"�#&��l 
!'���#"(!� *'"�&(% +�j�h�"i j"��g�)���i ���� ���-�9. �"(#��k&��l *'"�"��#� m� ���&"*�(��"u 
j&!"��)"u, � "!'�j��� '&m%#�!�!� m"o'�k&�" �� '�(. 1. 

ª) o�h�j" m '&m%#�!�!��, m"o'�k&��+ �� '�(. 1, �#l �"(l$�&��l *"��"i m�j��� &*")(����+ $'%* 
���� �� g#%"'�j�(�� g'�$j&�!� �&"o+���", �"o !'���#�(!� *'"�&(% (!��"��#� �& j&�x& 18 $"�.  


!'�j��� '&m%#�!�!� )��&!�h��+ �"(#��k&�� o%#� ��)"'�(!��� �#l '"m'"o#&��l j&!"��)� 
(��!&m% �"�"$" "#�$"j&'%, l)�e j�(!�!� % (�"ie (!'%)!%'� "��"h�(�" l) *&'")(����, !�) � 
g#%"'�j�(�� $'%*�. 
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\�	. 1. a���L�	�� ���H�����H� ����	����� J��� � ����H��� 	��� 

 �� �������	� ����H� �������� IIbC � ?CF-C9 �� 323 R � 	�������M 2-���������.  
R��������� 	�	����: 18-�����-6 + ZnCl2 � 	���������� 1:3 ���� ��������. R���	�� ?CF-C9 – 1 ���� � 

���������� �� 1 J-���. ����	����� J���� IIbC 
 
�� '"m'"o#&�"u j&!"��)"u, "*�(��"u ���&, (��!&m"���" ��
, l)�e l�#ln ("o"u �’lm)�e 

*'"�%)! (��!#"-k"�!"$" m�o�'�#&��l, '"mh����e � ��&!"��, 2-*'"*��"#�, 1,4-��")(���, o&�m&��, 
!"#%&�� !� ��x�+ "'$���h��+ '"h����)�+. �#l ��"$" m��e�&�" �n 800 $/j"#�, [
]�)!. 3 % !� &.h. 0 %. 

�"'l� m +�j�h��j� j&!"��j� ���#�m% (!'%)!%'� ��
 o%#� *��!�&'�k&�� �¸-(*&)!'"()"*�h��j 
�"(#��k&��lj ('�(. 2). �#l ��"$" o%� m�*�(���e �¸-(*&)!' "!'�j��"$" ��
 m� �"*"j"$"u 
��(*&'(�e�"$" *'�#��% �&')��–�#j&'� �m (j%$�j� *"$#�����l � "o#�(!� 4000 – 400 (j–1 !� 
*"'���l��e �m m�*�(���j '���x& �¸-(*&)!'"j ��+���"i ����. 
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\�	. 2. @W-	����� ?I` 

 
 ��+���"j% (*&)!'� ���� m��e�&�" (j%$� *"$#�����l *'� 920 (j-1, �" ��#&k�!� �" 

��#&�!��+ )"#����� &*")(���"$" )�#��l. �'�(%!��(!� % j"#&)%#�+ ���� &*")(���"i $'%*� 
*��!�&'�k%n!�(l !�)"k (j%$�j� � "o#�(!� *"$#�����l *'� 3055–2967 (j-1, l)� j"k�� ����&(!� �" 
��#&�!��+ )"#����� (×as��2)~��2 $'%*� � &*")(���"j% )�#���, � !�)"k *'� 1249–1240 (j-1, �" 
+�'�)!&'�m%u!� (�j&!'�h�� ��#&�!�� )"#�����l (×s) &*")(���"i $'%*�. �&'")(���� $'%*� 
��&�!�g�)"���� (j%$"u )"#����� *'� 874 (j-1. ��!&�(����(!� !�)�+ (j%$ *"$#�����l n �&��(")"u �, 
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l) *��!�&'�k%u!� ���� #�!&'�!%'�, �"�� ���*"����u!� ��#&�!��j )"#�����lj –
–
– m�’lm)%. 
�'�(%!��(!� �'"j�!�h��+ )�#&�� % j"#&)%#�+ ���� �"�&�&�� (j%$�j� *"$#�����l *'� 1605–1573, 
!� 3055 (j-1, +�'�)!&'��+ �#l )"#����� (×��~) o&�m"#��"$" )�#��l.  

�'%*� (��3)2�- % j"#&)%#� *&'")(���"$" "#�$"j&'% �"�&�&�� (j%$�j� *"$#�����l *'� 1456–
1361 (j-1, l)� ��#&k�!� �" �&g"'j���e��+ )"#����� (Ø��3)~��3 $'%* % ���&*"���"j% g'�$j&�!�.  

�'�(%!��(!� $��'")(�#���+ $'%* *��!�&'�k%n!�(l (j%$�j� *"$#�����l � "o#�(!� 3445 (j-1, l)� 
+�'�)!&'�m%u!� ��#&�!�� )"#�����l  $��'")(�#��"i $'%*�. 

	 �¸-(*&)!'� g#%"'�j�(�"$" *&'")(���"$" "#�$"j&'% ('�(. 2), *"'���l�" m �¸-(*&)!'"j 
��+���"$" ����, m’l�#lu!�(l (j%$� *"$#�����l *'� 1200 (j-1, l)� +�'�)!&'�� �#l )"#����� 
g#%"'m�j��&�"i $'%*�. �'" +�j�h�% j"��g�)���u ���� g#%"'�j�(��j (*�'!"j-!&#"j&'"j 
(���h�!� ���(%!��(!� (j%$� *"$#�����l � "o#�(!� 920 (j-1, �" +�'�)!&'�m%n ��#&�!�� )"#�����l 
&*")(���"$" )�#��l. �j&�x&��l ��!&�(���"(!� (j%$ *"$#�����l *'� 3055–2967 (j-1 !� 1249– 
1240 (j-1 *��!�&'�k%n *'�n�����l ���-�9 ���(#��") '"m)'�!!l &*")(���"$" )�#��l m %!�"'&��lj 
$��'")(�#��"i $'%*�. 	"��"h�( % (*&)!'� g#%"'�j�(�"$" *&'")(���"$" "#�$"j&'% ('�(. 2), *"'���l�" 
m� (*&)!'"j ����, (*"(!&'�$�n!�(l mj��&��l (j%$� *"$#�����l, �" +�'�)!&'�m%u!� $��'")(�#��% 
$'%*% � o�) j&�x�+ �&#�h�� ((j%$� *"$#�����l *'� 3384 (j-1). ��)& mj��&��l *'�!�j���& 
*'�n�����u �" *"#�j&'�� ("#�$"j&'��) g#%"'�j�(��+ "'$���h��+ (*"#%). 

�'%*�  (��3)2�- % j"#&)%#� *&'")(���"$" "#�$"j&'% �"�&�&�� (j%$�j� *"$#�����l *'� 1456–
1361 (j-1, l)� ��#&k�!� �" �&g"'j���e��+ )"#����� (Ø��3)~��3 $'%* % ���&*"���"j% g'�$j&�!�. 

�'�(%!��(!� $��'")(�#���+ $'%* *��!�&'�k%n!�(l (j%$�j� *"$#�����l � "o#�(!� 3445 (j-1, l)� 
+�'�)!&'�m%u!� ��#&�!�� )"#�����l  $��'")(�#��"i $'%*�. 

	 �¸-(*&)!'� ��
 ('�(. 2), *"'���l�" m �¸-(*&)!'"j ��+���"$" ���� m’l�#lu!�(l (j%$� 
*"$#�����l *'� 1200 (j-1, l)� +�'�)!&'�� �#l )"#����� g#%"'m�j��&�"i $'%*�. �'" +�j�h�% 
j"��g�)���u ���� g#%"'�j�(��j (*�'!"j-!&#"j&'"j (���h�!� ���(%!��(!� (j%$� *"$#�����l � 
"o#�(!� 920 (j-1, �" +�'�)!&'�m%n ��#&�!�� )"#�����l &*")(���"$" )�#��l. �j&�x&��l ��!&�(��-
�"(!� (j%$ *"$#�����l *'� 3055–2967 (j-1 !� 1249–1240 (j-1 *��!�&'�k%n *'�n�����l ���-�9 
���(#��") '"m)'�!!l &*")(���"$" )�#��l m %!�"'&��lj $��'")(�#��"i $'%*�. 	"��"h�( % (*&)!'� 
��
 *"'���l�" m� (*&)!'"j ���� (*"(!&'�$�n!�(l mj��&��l (j%$� *"$#�����l, �" +�'�)!&'�m%n 
$��'")(�#��% $'%*% � o�) j&�x�+ �&#�h�� ((j%$� *"$#�����l *'� 3384 (j-1). ��)& mj��&��l 
*'�!�j���& *'�n�����u �" *"#�j&'�� ("#�$"j&'��) g#%"'�j�(��+ "'$���h��+ (*"#%). 


!'�j��� '&m%#�!�!� *'"�&�&��+ �"(#��k&�� *��!�&'�k%u!� !&, �" (��!&m"����e ��
 
*"'���l�" m ��+���"u ���� j�(!�!� l) *&'")(����, !�) � g#%"'m�j��&�� g%�)��"��#��� $'%*� !� 
+�'�)!&'�m%n!�(l o�#�x"u j"#&)%#l'�"u j�("u. 
 

F�G��H
 2 

�+F@N -GFS-5E>G GBGJG8>5;8, >CK+C;8><;@ M >;@N8F5E>G +;5JCE< -55FGL5KC;@Q8JGP 
N<LFCN5HBCN5P ];8-JGP �9 B8 T8;8->C;@E>@-< E@B>CQ5N8B@T �D�( 

�"m��h&��l 
���� 

��#�)�(!�. ��
, 
 % j"#. 

�, � 
�'���#�(!�, 
$"�. 

Mn, $/j"#� 	�+��,  % 

����-1 10 704 19,6 
����-2 20 738 19,6 
����-3 30 889 20,8 
����-4 40 994 21,9 
����-5 

403 

1004 34,0 
����-6 383 896 17,2 
����-7 

5,0 

423 522 15,1 
����-8 0 531 20,0 
����-9 2,5 943 33,8 
����-10 7,5 

403 

50 

1014 29,7 
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	��"j", �" �%$#&�"��&�� g'�)��l �9 *�'"#�m% �%$#&�"���� j�(!�!� ��m)% '&h"���, *'���!��+ 
�#l ��)"'�(!���l % '&�)��i )"*"#�j&'�m���i �#l "�&'k���l ��g!"*"#�j&'��+ (j"# �m 
g%�)��"��#���j� $'%*�j� [5]. �"j% m� '�+%�") *'�(%!�"(!� % j"#&)%#�+ ��
 *&'")(����+ $'%*, 
m��!��+ o%!� �k&'&#"j ��#���+ '���)�#��, ��� o%� ���h&��e l) ������!"' *'"�&(% )""#�$"j&'�m���i m 
j&!"u "�&'k���l �"�"i ��g!"*"#�j&'�"i (j"#� m g#%"'�j�(��j� g%�)��"��#���j�  $'%*�j�. �#l 
�(!��"�#&��l h����)��, �" �*#���u!� �� *&'&o�$ '&�)��i )""#�$"j&'�m���i g'�)��i �9, o%#� 
*'"�&�&�� )��&!�h�� �"(#��k&��l m ���h&��l �*#��% )�#�)"(!� ������!"'� ("#�$"j&'� ��
), 
!'���#"(!� !� !&j*&'�!%'� �� +�'�)!&'�(!�)% (��!&m"����+ ��g!"*"#�j&'��+ (j"# m g#%"'�j�(-
��j� $'%*�j� (����), � "!'�j��� '&m%#�!�!� *"���� % !�o#. 2. 

ª) *")�m�#� '&m%#�!�!� �"(#��k&�� (!�o#. 2), mo�#�x&��l )�#�)"(!� ������!"'� � '&�)��e��e 
(%j�x� *'��"��!� �" m'"(!���l ��+"�% ����. 	"��"h�( j�)(�j�#���e ��+�� ���� 
(*"(!&'�$�n!�(l m� !&j*&'�!%'� 403 � � (!��"��!� 34  %. �� mo�#�x&��l !&j*&'�!%'� (�" 423 �) 
��+�� *'"�%)!�� mj&�x%n!�(l ���(#��") m'"(!���l x���)"(!� *"o�h��+ '&�)��e, � (�j& – 
'&)"jo�����i ��+����+ g%�)��"��#���+ '���)�#��, i+ '"m)#��% !"�". 	�+�� ���� *'� ��"j% 
(!��"��!� �(�"$" 15,1  %. 

� !�o#. 2 m'"m%j�#", �" mo�#�x&��l )�#�)"(!� ������!"'� *'��"��!� �" m'"(!���l j"#&)%#l'�"i 
j�(� ����. �"#&)%#l'�� j�(� ��#�"��+ *'"�%)!��, (��!&m"����+ % *'�(%!�"(!� (j"#� ��
 � 
)�#�)"(!� 5,0  % j�(., (l$�n m��h&��l 1004 $/j"#� % '�m� *'"�&�&��l *'"�&(% )"*"#�j&'�m���i m� 
!&j*&'�!%'� 403 �, � m� !&j*&'�!%'� 423 � j"#&)%#l'�� j�(� "�&'k���+ ���� mj&�x%n!�(l � 
(!��"��!� 522 $/j"#�. �j&�x&��l ��+"�% !� j"#&)%#l'�"i j�(� ���� m� 423 � j"k�� *"l(��!� 
'&)"jo�����nu g%�)��"��#���+ '���)�#�� m &*")(����j� $'%*�j� !� *&'&o�$% *"o�h��+ '&�)��e. 
�'"(!���l j"#&)%#l'�"i j�(� ���� m� mo�#�x&�l )�#�)"(!� ������!"'� % '&�)��e��e (%j�x� 
(%*&'&h�!� m�$�#��"*'�e�l!�j m�)"�"j�'�"(!lj '���)�#��"i *"#�j&'�m���i. �o�#�x&��l j"#&)%-
#l'�"i j�(� (j"# % ��"j% ��*��)% j"k�� *"l(��!� !�j, �" � *'"�&(� �����u����l o&'%!� %h�(!� 
"#�$"j&'�� '���)�#�, l)� j�u!� �"(!�!��" �&#�)% j"#&)%#l'�% j�(%. 	+"�k&��l !�)"$" 
"#�$"'���)�#% % (!'%)!%'% ����, � !�)"k j"k#���(!� (!���i '&)"jo�����i %!�"'u����+ '���)�#�� � 
"o'�����l "#�$"j&'�"$" #���u$� *'��"��!� �" m��h�"$" m'"(!���l j"#&)%#l'�"i j�(�. ¸�j o�#�x& 
(j"#� ��
 l) ������!"'� � (%j�x�, !�j o�#�x� ej"��'��(!� *'"+"�k&��l ���&"*�(���+ '&�)��e � l) 
'&m%#�!�! – mo�#�x&��l j"#&)%#l'�"i j�(�. 	"��"h�( mo�#�x&��l !'���#"(!� *'"�&(% )""#�$"-
j&'�m���i g'�)��i �9 m ��
 (!�o#. 2) *'��"��!� �" mo�#�x&��l ��+"�% !� j"#&)%#l'�"i j�(� ����. 
�"j% *'"�&( �����e"���"i )"*"#�j&'�m���i m "�&'k��lj ���� m j�)(�j�#���j ��+"�"j � ��(")�j 
m��h&��lj j"#&)%#l'�"i j�(� '&)"j&��"���" *'"�"��!� �*'"�"�k 50 $"�. 

�&m%#�!�!� *'"�&�&��+ �"(#��k&�� o%#� ��)"'�(!��� �#l �(!��"�#&��l j&!"��)� (��!&m% 
��g!"*"#�j&'�"i (j"#� m g#%"'�j�(��j� $'%*�j�. �$���" m �&u, o%#" (��!&m"���& !&j�"-
o%'x!��"�& m�o�'�#&��l ���� m Mn 1000 $/j"#�, '"mh���% � ��&!"��, 1,4-��")(���, o&�m&��, !"#%&�� 
!"�". ���!&m"���� ���� j"k& o%!� %(*�x�" ��)"'�(!��� �#l "�&'k���l !'���j�'��+ mx�!�+ 
(!'%)!%' �� "(�"�� &*")(�-"#�$"&(!&'��+ (%j�x&e !� �#l (%j�(�"$" ")�(�&��l m ��g!"��j $%�'"�"j 
m j&!"u "!'�j���l ")�(�&��+ j"��g�)"����+ ��g!"��+ o�!%j��.  

 
�@EB5N-@. ��j�h�"u j"��g�)���nu *&'")(���"i *"+���"i &*")(���"i (j"#� ��-24 g#%"'-

�j�(��j (*�'!"j-!&#"j&'"j m ��)"'�(!���lj )�!�#�!�h�"i (%j�x� 18-)'�%�-6+ZnCl2 "!'�j��" 
*&'")(����e "#�$"j&' m g'�$j&�!�j� �!"j�� g#%"'%. ���!&m"����e "#�$"j&' j"k& o%!� '&)"j&�-
�"����e l) ������!"' *'"�&(% "�&'k���l ��g!"*"#�j&'�"i (j"#� m g#%"'�j�(��j� $'%*�j�.  
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&5EFGHICB5 5-@EBCBBO “E@N<AB5P 5FGP” – NGHT5H< 5HC;I8BBO C>8B5F< N +;5>5?B5K< 
;C8->5;G QG E>8JG5B8;B@K A8;5K Fe-Te-Mo-Ox -8>8FGQ8>5;8, +;5K5>5NB5L5 K2SO4  
(K/�5 = 0,2) >8 GK+<FSEB5* +5H8?C* ;C8-JGMB5P E<KGAG 4 K5F. % 5FGP N +5NG>;G. 

�@QB8?CB5 N+F@N >CK+C;8><;@ Q8 ¥- = 1,2 E B8 ECFC->@NBGE>S <>N5;CBBO +;5H<->GN 
5-@EBCBBO: 5J>5N5L5 8FSHCLGH< (	�), GQ5K8EFOB5L5 8FSHCLGH< (���), KC>8-;5FCPB< (��), 
GQ5N8FC;G8B5N5L5 8FSHCLGH< (���), GQ5R<>@FCB< (��), �	 + �	2 >8 +;5H<->GN N>5;@BB@T 
+C;C>N5;CBS – 8JC>5B<, 5J>5N5P >8 GQ5K8EFOB5P (��') -@EF5>. 

Oxidation of fusel oils which are wastes of ethanol production has been studied in a flow 
reactor with Fe-Te-Mo-Ox stationary catalyst promoted with K2SO4 (K/Mo = 0.2) and pulse 
feed of reaction mixture containing 4 mol % of oil in the air. The effect of temperature at �k = 
1.2 s on the selectivity of oxidation products formation has been determined. The main 
products are acetaldehyde, isobutyric aldehyde, metacrolein, isovaleric aldehyde, isobutylene, 
CO+CO2 and the secondary products are acetone, acetic and butyric acids. 

��'"��& $"(*"��'(!�" )'�i�� *"!'&o%n '"m��!)% *'"j�(#"�"(!� ��g!"+�j�h�"$" (��!&m% – 
*"(!�h�#���)� l) �������%�#���+ +�j�h��+ '&h"���, !�) � *'"j�k��+ *'"�%)!�� (��!&m% *"#�j&'�� !� 
+�j�h��+ *'"�%)!��. �� ��x% �%j)%, (�'"���"u ��g!"+�j�h�"$" (��!&m% j"k& o%!� “(��%x�� "#�l”, 
l)� %!�"'un!�(l *�� h�( "�&'k���l &!��"#% mo'"�k%����lj )'"+j�#�(!"i �o" �%)'�(!"i (�'"����. 
�i ��+�� �� (*�'! (!��"��!� 20—25 %, (&'&���e ()#�� (j�(. %): �2
 – 8—15; &!��"# – 7—15;  
�-*'"*��"# – 10—20; �m"o%!��"# – 10—30; �m"*&�!��"# – 40—75. ��"$"��� ���&�&�� *'"�%)!� 
*&'&��k�" ��)"'�(!"�%u!�(l l) '"mh����)�, �#&, �� ��x% �%j)%, i+ j"k�� ��)"'�(!�!� �#l 
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