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�8NCHCB5 ;CQ<FS>8>@ >C+F5>CTBG?B5L5 ;5Q;8T<B-< >C+F5N5L5 8L;CL8>< E<T5L5 
E+5E5R< N@;5RB@J>N8 JCKCB>< Q N@-5;@E>8BBOK 8FS>C;B8>@NB@T N@HGN +8F@N8. D5-8Q8B5 
CBC;LC>@?B< C]C->@NBGE>S ;C-5BE>;<-JGP >C+F5N5L5 8L;CL8>< K5-;5L5 E+5E5R< N@;5R-
B@J>N8 JCKCB>< B8 E<T@M. 

The results of heating engineering calculation of thermal aggregate of dry method of 
production of cement are presented with the use of alternative fuels. Efficiency of thermal 
aggregate of the wet method of production of cement of dry is shown. 

�E><+. �&j&�!�� m��"�� 
)'�i��, *&'&��k�", *'��uu!� m� j")'�j (*"("o"j ��'"o���!��, �& 
��!'�!� *�#��� �� ��*�# *"'!#����&j&�!�"$" )#��)&'% n ����h� ���"u *"'���l�" m ��'�!�j� �� 
(%h�(��+ ��'"o���!��+ (%+"$" (*"("o%. à"o m�o&m*&h�!� )"�)%'&�!"(*'"j"k��(!� $�#%m�, % 
�&j&�!��e *'"j�(#"�"(!� ��'"*� �& o#�m�)" 30 '")�� !"j% *"h�#� *"x%)� �"��+ �k&'&# � ����� 
&�&'$�i, � �&e '%+ "(!����j h�("j '"mx�'u���(l � j�'% !"$", l) �&"o+����(!� m�o&m*&h&��l 
«(!�e)"(!�» ��'"o���!�� m%j"��#� � �&j&�!��e *'"j�(#"�"(!� (*'"o� *�����%��!� &�&'$&!�h�% 
&g&)!����(!� ��'"o���!�� � *"n������ m �&"o+����(!u mo&'&k&��l �&����"�#uuh�+ &�&'$&!�h��+ 
�k&'&#, m�*�(� l)�+ �"'")% mj&�x%u!�(l. �� �&j&�!��+ m��"��+ m��e(�uu!� '&)"�(!'%)��u 
!&+�"#"$�h��+ ��!"), m�j��% *'�'"��"$" $�m% �#�!&'��!����j� ����j� *�#��� (�%$�##l, !"'g) !� 
�&!'�����e��j�, �" "!'�j%u!� m $"'uh�+ ���+"��� ��'"o���!�� !� (*"k�����l. 

 
D5E>8B5N-8 +;5RFCK@. 	�(")�e '��&�� (*"k�����l *�#��� *�� h�( ��*�#% *"'!#���-

�&j&�!�"$"  )#��)&'% !� *"(!�e�& m'"(!���l ��� �� !&+�"#"$�h�& *�#��" n "���nu m $"#"���+ *'�h�� 
&)"�"j�h�"i )'�m�, l)% *&'&k���u!� *'�)!�h�" �(� ��uh� m��"�� 
)'�i��. �'� '�h�"j% ��'"o���!�� 
*"'!#����&j&�!% � 
)'�i�� �� '���� 13 j#�. !"�� ��!'�!� &�&'$�i !�#�)� �� ��*�# )#��)&'% (!��"��!� 
85 j#� ��k �o" � *&'&'�+%�)% �� *'�'"���e $�m – *"��� 2,0 j#'�. j3. ��)�e (!�� mj%x%n 
��'"o��)�� �&j&�!% x%)�!� x#l+� m��k&��l &�&'$"��!'�! �� ��'"o���!�" �&j&�!%, *'"�"��!� 
'&)"�(!'%)��u !&+�"#"$�h��+ ��!"), m *&'&�&�&��lj i+ �� (%+�e (*"(�o ��'"o���!��, � !�)"k 
x%)�!� �&x&�� ���� j�(�&�"$" *�#���, l)�j j"k& o%!� )�j’l�& �%$�##l, !"'g � $"'uh� ���+"�� 
*'"j�(#"�"(!� !� k�!!n��l#��"(!� #u����. ��'�)!&'�", �" � �&l)�+ )'�i��+, m� �)!���"i �&'k���"i 
*��!'�j)�, �k& o�#�x& 30 '")�� $"'uh� ���+"�� *&'&'"o#lu!� � �#�!&'��!���& *�#��" m� %j"� 
�"!'�j���l k"'(!)�+ ��j"$ �"�" �+����+ j�!&'��#�� � )"�!'"#u *'"�&(% !� &j�(�i. 
 ��+����e 
��'"*� m� '�+%�") �#�!&'��!����+ !&*#"�"(�i� *")'���n!�(l �" 20–40 % ��� m�$�#��"i *"!'&o� 
*�#��� � �&j&�!��e *'"j�(#"�"(!�.  

�&'&�&�&��l !&+�"#"$�h�"i ��!)� �&j&�!�"$" m��"�% m j")'"$" �� (%+�e (*"(�o m%j"�#un �& 
!�#�)� �(!"!�& m��k&��l ��!'�!� !&*#"!� �� ��*�#, � e �"m�"#ln m��h�" *������!� ii *'"�%)-
!����(!�. �%h�(�� !&*#"�� �$'&$�!� (%+"$" (*"("o% ��'"o���!�� )#��)&'% "o#������ m�*�h��j� 
!&*#""oj����)�j�, � ��eo�#�x& ��*'%k&�� !&*#"�� m"�� �&)�'o"��m���i ���"(�!�(l m� j&k� "o&'!"-
�"i *&h� � m�*�h��e �$'&$�!-�&)�'o"��m�!"', � l)"j% (*�#un!�(l h�(!��� *�#��� [1]. 
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�&!"u 	�� «����"-�'��)��(�)�&j&�!» o%#" *&'&�&(!� "��% !&+�"#"$�h�% ��!)% m j")'"$" �� 
(%+�e (*"(�o �m m�(!"(%����lj l) *�#��"  �%$�##l �m�j�� *'�'"��"$" $�m%. �& ��j�$�#" *'"�&�&��l 
*"*&'&���+ !&*#"!&+��h��+ '"m'�+%�)�� !&*#"�"$" �$'&$�!%, � (�j&: '"m'�+%�)% $"'���l *�#��� !� 
!&*#"�"$" o�#��(% �$'&$�!%, �" �"m�"#ln ��m��h�!� ��!'�!� *�#��� �� ��*�# )#��)&'% !� 
"o¨'%�!%��!� &)"�"j�h�% �"��#���(!� *&'&+"�% ��� (*�#u����l *'�'"��"$" $�m% �" �#�!&'��!����+ 
����� *�#���. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. �%+�e (*"(�o ��'"o���!�� �&j&�!% ��$���" 

���'�m�ln!�(l ��� j")'"$" *�!"j"u ��!'�!"u !&*#"!� �� ��*�# )#��)&'%. �� ��!'�!� *�� h�( 
��'"o���!�� )#��)&'% m� (%+�j (*"("o"j (!��"�#l!� 3200–4500 )�k/)$ )#��)&'%, % !"e h�( l) m� 
j")'�j (*"("o"j �"�� (!��"�#l!� 6100–7200 )�k [2]. 
!k&, *&'&�&�&��l m��"�% m ��uh"$" j")'"$" 
(*"("o% �� (%+�e m ��)"'�(!���lj �#�!&'��!����+ ����� *�#��� (�%$�##l, !"'g, $"'uh� ���+"��), 
m�*�(� l)�+ � 
)'�i�� n m��h��j�, � ��'!�(!� *"'���l�" m *'�'"���j $�m"j ��kh"u, n �)!%�#���j�, 
�#& ��j�$�n �"��!)"��+ �"(#��k&�� � '"m'�+%�)��, *"m�l) �%$�##l � �&!'�����e�� ���� *�#��� *�(#l 
(*�#u����l m�#�x�u!� m"#%, *'�(��k&��l l)"i �" )#��)&'% ��"(�!� )"'&)!��� � e"$" +�j�h��e � 
j��&'�#"$�h��e ()#��, �" m'&x!"u ���"o'�k�n!�(l �� �#�(!��"(!l+ �&j&�!%. 

� ��x"$" o")%, � *'�'"�� '��)" m��+"��!�(l )�j’l�& �%$�##l, l)& m� (�"ij ()#��"j ���*"����n 
��j"$�j �" !�&'�"$" *�#��� �#l "o&'!"��+ �&j&�!��+ *&h&e. ª) *'���#" !�)& *�#��" $"!%n!�(l m 
��"+ � o�#�x& ("'!�� �%$�##l � ��j�$�n ���*"�����+ '"m'�+%�)�� [3]. 

�&'&+�� �� (%+�e (*"(�o ��'"o���!�� �&j&�!% ��'�x%n �& !�#�)� *'"o#&j% &�&'$"mo&'&k&��l 
(!�o#. 1), � e ��n mj"$% ()"'"!�!� ��)��� ��j"��+ $�m�� % �"�)�##l. 

 
F�G��H
 1 

�@>;8>@ >C+F5>@ B8 5>;@K8BBO 1 -L -FGB-C;< Q8 E>8>>OK@ >C+F5N@T R8F8BEGN 5RC;>5N@T +C?CM 

�!�!!� ��!'�! !&*#"!� 
�%+�e (*"(�o  

��'"o���!�� �&j&�!%  
�")'�e (*"(�o  

��'"o���!�� �&j&�!% 

�&"'&!�h�� ��!'�!� !&*#"!� �� )#��)&'"%!�"'&��l, )�k 1739,0 16930,0 

	�!'�!� !&*#"!� m !&*#" ���"("j, )�k 12,6 8,4 
	�!'�!� !&*#"!� �� ��*�'"�%����l �"#"$�, )�k 21,0 2702,5 
	�!'�!� !&*#"!� m ���+����j� $�m�j�, )�k 628,5 1072,6 
	!'�!� !&*#"!� m *"��!'lj +"#"��#���)�, )�k 328,8 - 
	!'�!� !&*#"!� m )#��)&'"j, )�k 142,4 259,8 
	!'�!� !&*#"!� � �"�)�##l,  )�k 272,4 737,4 
	(�"$", )�k 3144,7 6470,7 

 

o’nj *�h��+ $�m�� �� 1 ! )#��)&'% m� (%+�j (*"("o"j (!��"��!� 1323 j3. 
o’nj *'"�%)!�� 

m$"'���l *�� h�( (*�#u����l *'�'"��"$" $�m% !&*#"!�"'�"i m��!�"(!� 29300 )�k/j3 (!��"��!�  
1040 j3 *'� ��!'�!� !&*#"!� �� "!'�j���l 1 ! )#��)&'% 3144 )�k (!�o#. 1). � (�'"����"i (%j�x� 
"!'�j%n!�(l 283 j3 �
2. ��m"j – 1323 j3.  

�� j")'�j (*"("o"j ��'"o���!�� % '�m� ��!'�!� !&*#"!� 6470 )�k �� "��% !"��% )#��)&'% 
"o’nj *'"�%)!�� m$"'l��l ��� (*�#u����l *'�'"��"$" $�m% !�)"i (�j"i !&*#"!�"'�"i m��!�"(!�, l) � 
m� (%+"$" (*"("o% (!��"��!� 1730 j3 *#u( 283 j3 �
2 m (�'"����"i (%j�x� !� 1050 j3 �"�l�"i *�'� m 
x#�j%, �" (!��"��!� 3066 j3 �o" �� 1745 j3 o�#�x&, ��k m� (%+�j (*"("o"j. 
!k&, % '�m� *&'&+"�% m 
j")'"$" �� (%+�e (*"(�o "!'�j%nj" m��h�% &)"�"j�u !&*#"!� !� m��k&��l � 2–3 '�m� ��)���� 
���+����+ $�m��. ª)�" m�j���!� *'�'"���e $�m �� )�j’l�& �%$�##l, !", )'�j m��k&��l ��'!"(!� � 
m�#&k�"(!� ��� ��"m&j��+ �j*"'!&'��, "!'�j%n!�(l mj&�x&��l "o(l$% *'"�%)!�� m$"'���l. 

	��"j", �" *�� h�( (*�#u����l �%$�##l, '��)"$" *�#��� � *'�'"��"$" $�m% ����#ln!�(l '�m��e 
"o(l$ *'"�%)!�� m$"'���l �� "���)"�% )�#�)�(!� !&*#"��+ "������. ��), *�� h�( (*�#u����l '�m�"$" 
*�#��� m ���#�x)"j *"��!'l 10 % �� 4187 )�k !&*#"!� m �%$�##l ����#ln!�(l 1,24 j3, m j�m%!% –   
1,31 j3, m *'�'"��"$" $�m% – 1,47 j3. 
!k&, '�m���l � *'"�%)!�+ m$"'���l *'�'"��"$" $�m% � �%$�##l 
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(!��"��!� 18,5 %. �'� ��"j% m'"(!�n x���)�(!� ��j"��+ $�m�� � *&h�, �" �&�& �" m��k&��l 
!&*#""oj��% � �!'�! !&*#"!� [1]. 

 
�C>8 ;5R5>@. 	�m��h�!� !&*#"!&+��h�� *")�m��)� '"o"!� "o&'!"�"i *&h� (%+"$" (*"("o% 

��'"o���!�� m ��)"'�(!���lj �#�!&'��!����+ ����� *�#���. 
 
�CQ<FS>8>@ H5EFGHICBS. 	�� «����"-�'��)��(�)�&j&�!» – *��*'�nj(!�" m ��'"o���!�� �&j&�!%, 

l)& *'��un m 1964 '. ��h��e "o(l$ *'"��k% $"!"�"i �&j&�!�"i *'"�%)��i (!��"��!� *'�o#�m�" 700 !�(. 
!"��. 	�'"o���!�" �&j&�!�� n ��(")"&�&'$"nj��j (o#�m�)" 60 % )"x!�� (!��"�#l!� *�#��" � 
&#&)!'"&�&'$�l). �'"o#&j� m��k&��l &�&'$"nj�"(!� ��'"o���!�� �&j&�!% – �& "��& m $"#"���+ 
m������ �&j&�!�"i *'"j�(#"�"(!� � 	�� «����"-�'��)��(�)�&j&�!», m")'&j�. 
 m�’lm)% m ��j % 2002 '. 
*��*'�nj(!�" *&'&ex#" (�*&'x& � 
)'�i��) �� !�&'�& *�#��" ��*�#% )#��)&'% ()�j’l�& �%$�##l). 
 
2008 '. m��"� *&'&ex"� �� (%+�e (*"(�o ��'"o���!�� )#��)&'% (!�)"k �*&'x& � 
)'�i��), m���l)� 
��"j% ��!'�!� %j"��"$" *�#��� �� 	�� «����"-�'��)��(�)�&j&�!», (j")'�e (*"(�o ��'"o���!�� �" 
#�!� 2008 '.) mj&�x�#�(� ��� 220 )$/! )#��)&'% �" 100–110 )$/!. 

��� h�( '&)"�(!'%)��i !&+�"#"$�h�"i ��!)� j")'"$" (*"("o% ��'"o���!�� �&j&�!% m *&'&-
�&�&��lj �� (%+�e m ��)"'�(!���lj �%$�##l "o&'!"�� *�h �)"'"h&�� �" 54 j, �(!��"�#&�� h"!�'� 
(+"���)� m�*�h��+ ��)#"���+ !&*#""oj����)�� !� �&)�'o"��m�!"'. 	(!��"�#&��l �&)�'o"��m�!"'� 
��#" mj"$% ���&(!�  ��eo�#�x ��*'%k&�% m� !&*#"��j �����!�k&��lj m"�% �&)�'o"��m���i m� "o&'-
!"�% *�h, �" ��#" j"k#���(!� mo�#�x�!� h�(!"!% "o&'!���l � *������!� *'"�%)!����(!� �$'&$�!% �" 
95–105 ! )#��)&'% �� $"���%. 	�'!" m�%��k�!�, �" � !�)"j% !&*#"�"j% �$'&$�!� h�(!��� *�#��� 
(*�#un!�(l � "o&'!"��e *&h�, � h�(!��� – � �&)�'o"��m�!"'�. 

��j’l�& �%$�##l, l) *�#��" �&j&�!�"i *'"j�(#"�"(!�, *"����" ���*"����!� *&���j ��j"$�j, � 
(�j&: j�!� ���*"�����e &#&j&�!��e ()#��, !&*#"!�"'�% m��!��(!� � �j�(! #&!)�+ )"j*"�&�!�� % 
�"�"#� �%m�)�+ j&k�+ 18–22 %. �"j%, l) *'���#", � �&j&�!��+ "o&'!"��+ *&h�+ (*�#uu!� (%j�x, 
l)% $"!%u!� m �&)�#�)"+ ("'!�� �%$�##l '"mj&#u����lj [3]. 

ª) *�#��" �� 	�� «����"-�'��)��(�)�&j&�!» o%#" m�*'"*"�"���" (%j�x !'�"+ ("'!��: �%$�#-
#l j�')� �� – �%m�&��)"$", �� – �"�&��)"$" !� �� – �����(�)"-	"#��(�)"$" �%$�#���+ o�(&e���. � 
%'�+%����lj �j�(!% )"k�"$" m ("'!�� o%� '"m'�+"����e ()#�� (%j�x� (!�o#. 2). �"m'�+"�%��!� 
$"'���l !�)"$" *�#��� *'"�"��#� m� ���"j�j� j&!"��)�j� [4]. 

 
F�G��H
 2 

�-F8H ;5R5?5L5 +8F@N8 

�' �' Np Op Sp Ap Wp M 
62,5 4,0 1,3 4,8 0,8 18,4 8,2 100,0 

 
�"m'�+%�)"�� !&*#"!� m$"'���l !�)"$" *�#��� (!��"��!� 24667 )�k/)$. ��e(�� ��!'�!� 

�!j"(g&'�"$" *"��!'l �� (*�#u����l m �'�+%����lj )"&g���n�!� ���#�x)% e"$" � =1,2 (!��"��!� 
8,23 j3/)$. 
 '�m� m$"'���l "��"$" )�#"$'�j� !�)"i (%j�x� %!�"'un!�(l 8,54 j3 ��j"��+ $�m��. 

���� )�#�)�(!� �#�!&'��!���"$" (�&!'�����e�"$") *�#��� (���+"�� �&'&�""o'"o�"i !� ��g!"-
*&'&'"o�"i  *'"j�(#"�"(!&e, !"'g, ���*'���"���� x��� !� (%j�x� �� i+ "(�"��) (!��"��!� 15 %. 

("o#���e *'�)!�h��e ��!&'&( (!��"��!� ��)"'�(!���l !"'g% l) �#�!&'��!���"$" *�#���. 
��#"'�e��(!� !"'g% (!��"��!� 11,7–12,4 ��k, m"#���(!� )"#���n!�(l � j&k�+ 18–19 j�(. %. �" !"$" 
k % '�m� "*!�j�m���i (%j�x� �#l �#�!&'��!���"$" *�#��� �&"o+���" �'�+"�%��!� �"�"#� ��(")�e  
�j�(! �"#"$� % !"'g� �� '���� 14–19 %. ��#�)�(!� !"'g%, �&"o+���"$" �#l m�j��� 10 % �%$�##l, m� 
�"#"$"(!� 7,5 % !� !&*#"!�"'��e m��!�"(!� Q=3547 ))�#/)$ (14,86 ��k/)$) (!��"��!� �� 1 !"��% 
)#��)&'% –21,9 )$ % '�m� ��!'�!� !&*#� �� )#��)&'"%!�"'&��l  3,25 ��k/)$ (775 ))�#/)$  )#��)&'%). 

��!&'��#���e o�#��( $"'���l �� 100 )$ *�#��� *'� � =1,2 ���&�&�" � !�o#. 3. ��e(�� !&j*&-
'�!%'� $"'���l �%$�#��"$" *�#%, ��m��h&�� '"m'�+%�)"��j j&!"�"j, (!��"��!� 1581 0�. 
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F�G��H
 3 
�8>C;G8FSB@M R8F8BE L5;GBBO +8F@N8 

�'�+�� )$ 	�!'�!� )$ 
�'"�%)!� $"'���l 

�O2 

229,3 
 

��#��" 
�"��!'l: 

2 

100 
243,1 

SO2  1,7 
N2 800,5 H2O 54,7 
H2O 10,43 
2 801,9 
 +8,07 N2 40,0 
	(�"$" 1154, 03  1154,03 

 
�#l ��m��h&��l )�#�)"(!� *�#���, �&"o+���"$" �#l "�&'k���l "���ni !"��� )#��)&'%, ��)"���" 

!&*#"!&+��h��e '"m'�+%�") "o&'!"�"i *&h�, ��)#"���+ !&*#""oj����)�� !� �&)�'o"��m�!"'�. 
	(!��"�#&�", �" ��!'�!� *�#��� � *&h� (!��"��!� 72 )$ �� )$ )#��)&'% �o" 47,6 % ��� m�$�#��"i 
)�#�)"(!�, � �&)�'o"��m�!"'� – 79 )$ �o" 52,4 %. ��$�#��� ��!'�!� !�&'�"$" *�#��� (�%$�##l) 
(!��"��!� 151 )$ �o" 127 )$ %j"��"$" *�#���, % !"e h�( l) ��!'�!� *�#��� � "o&'!"��e *&h� j")'"$" 
(*"("o% ��'"o���!�� (!��"��!� 230 )$ %j"��"$" *�#��� �� "��% !"��% )#��)&'% [5]. 

�&m%#�!�!� '"m'�+%�)% !&*#"�"$" o�#��(% !&*#"�"$" �$'&$�!% m� ")'&j�j� (!�!!lj� ���&�&�� 
� !�o#. 4. 

 
F�G��H
 4 

�C+F5N@M R8F8BE +G?B5L5 8L;CL8>< 

�!�!!� *'�+"�% 
)�k/)$ 

)#��)&'% 
% 	�!'�!�� (!�!!� 

)�k/)$ 
)#��)&'% 

% 

�&*#"!� m$"'���l *�#��� 3724,7 85,79 	!'�!� !&*#"!� �� )#��)&'"%!�"'&��l 2256,3 51,93 
�&*#"!� (�'"����"i j%)� 160,0 3,68 	�!'�!� !&*#"!� �� ��*�'"�%����l 25,0 0,60 
�&*#"!� *�#��� 74,0 1,70 	�!'�!� !&*#"!� m ���+����j� $�m�j� 804,0 18,50 
�&*#"!� *"��!'l 381,0 8,78 	!'�!� !&*#"!� m *�#"���"("j 37,2 0,80 

	!'�!� !&*#"!� m )#��)&'"j 195,3 4,50 
	!'�!� !&*#"!� � �"�)�##l 307,0 7,07 

�&�'lm)� +2,1 0,05 

	!'�!� !&*#"!� m ���#�x)"j *"��!'l 717,0 16,50 
      ��m"j 4341,8 100,0  4341,8 100 

 
ª) (���h�!� '&m%#�!�!� '"m'�+%�)%, ��!'�!� !&*#"!� �� )#��)&'"%!�"'&��l (!��"��!� 2256,3 )�k �� 

1 )$ )#��)&'%, �" (!��"��!� 51,9 % ��� �(�ni ��!'�!� !&*#"!�. �& �"o'& *"$"�k%n!�(l m ����j� 
��!'�! !&*#"!� (%h�(��j� !&*#"��j� �$'&$�!�j� (%+"$" (*"("o% ��'"o���!�� �&j&�!% [6]. 

�&*#"!&+��h��e '"m'�+%�") ��n mj"$% ��l��!� (!�!!�, ��*'�)#��, �!'�!� !&*#"!� m ���#�x)"-
��j *"��!'lj, ���+����j� $�m�j� !� m )#��)&'"j, % l)�+ �!'�!� !&*#"!� n o�#�x�j� *"'���l�" m 
(%h�(��j� !&*#"��j� �$'&$�!�j�. 
!k& �&"o+���" x%)�!� (*"("o� m��k&��l ��+ �!'�!. 

�&m%#�!�!� '"o"!� !&*#"�"$" �$'&$�!% �� 	�� «����"-�'��)��(�)�&j&�!» *")�m�#� &g&)-
!����(!� *&'&+"�% �� (%+�e (*"(�o ��'"o���!�� !� m�j��% $�m"�"$" *�#��� �� �#�!&'��!���� ���� 
*�#��� [7–9]. �"'���l#��� +�'�)!&'�(!�)� '"o"!� !&*#"�"$" �$'&$�!% �" � *�(#l '&)"�(!'%)��i 
���&�&�� � !�o#. 5. 


!'�j���e m� (%+�j (*"("o"j ��'"o���!�� *"'!#����&j&�!��e )#��)&' +�'�)!&'�m%n!�(l 
!�)�j j��&'�#"$�h��j ()#��"j: C3S – 62 ± 3 %, C2S – 14 ± 2 %, C3A – 7 ± 1 %, C4AF – 11 ± 1 %. 
�"��'��e )#��)&' �� 1-� ���*"����n �
 
 t 	.2.7-00030937.12-98. �&'&��l �)!����(!� *�(#l 
*'"*�'u����l (!��"��!� 38,0 ���, j����(!� �� (!�() h&'&m 2 �"o� – 28,0 ���, (&'&��l �)!����(!� – 
50,8 ���. 	��(#��") �*'"���k&��l (%h�(�"i !&+�"#"$�i ��*�#% *"'!#����&j&�!�"$" )#��)&'% 
�"(l$�n!�(l !�)"k m��h��e &)"#"$�h��e &g&)!: &j�(�l CO2  mj&�x%n!�(l ��� 1200 �" 910 )$ �� 1 ! 
)#��)&'%. 
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F�G��H
 5 
�8;8->C;@E>@-8 >C+F5N5L5 8L;CL8>< 

���� �$'&$�!% �" '&)"�(!'%)��i ��(#l '&)"�(!'%)��i 
�*"(�o ��'"o���!�� �&j&�!% j")'�e (%+�e 
�"�k��� "o&'!"�"i *&h�, j 90 54 
���j&!' *&h�, j 3,6 3,6 
�'"�%)!����(!�, !/�"o% 456 2280 
�&*#""oj����) )"��&�!'�!"' x#�j% ¸"!�'�"+(!%*&�&��e ��)#"���e 

m �&)�'o"��m�!"'"j 
�#��)&'��e +"#"��#���) '&)%*&'�!"'��e )"#"(��)"��e 
¸�(!"!� "o&'!���l, "o/+� 1,44 5,0 
��!"j� ��!'�!� !&*#"!� )�k/)$ )#. 6704 3016 
	�!'�!� *�#���, )$ %j. *�#��� 228,8 102,9 

 

�@EB5N-@. �"*&'&���e !&*#"!&+��h��e '"m'�+%�") !&*#"�"$" �$'&$�!% m ��'"o���!�� 
)#��)&'% m� (%+�j (*"("o"j m ��)"'�(!���lj l) *�#��" )�j’l�"$" �%$�##l *")�m��, �" ��!'�!� 
*�#��� � "o&'!"��e *&h� (!��"��!� 72 )$ �� "��% !"��% )#��)&'%, � � �&)�'o"��m�!"'� – 79 )$. 
��$�#��� ��!'�!� *�#��� � !&*#"�"j% �$'&$�!� (!��"��!� 151 )$ )�j’l�"$" �%$�##l �o" 127 )$ 
%j"��"$" *�#���. 	�!'�!� !&*#"!� �� ��'"o���!�" 1 )$ *"'!#����&j&�!�"$" )#��)&'% m� *"-
*&'&���j� '"m'�+%�)�j� (!��"��!� 4341 )�k. 

	�)"'�(!���l !&*#"!� ���+����+ $�m�� �#l (%x���l �%$�##l *�� h�( e"$" '"mj&#u����l !� 
�(!��"�#&��l (%h�(�"$" )"#"(��)"�"$" +"#"��#���)� �"m�"#�#" mj&�x�!� ��!'�!� !&*#"!� �� 
"!'�j���l 1 )$ )#��)&'% �" 3016 )�k, �" ���*"����n 102,9 )$ %j"��"$" *�#���. 	(!��"�#&��l 
m�*�h��+ ��)#"���+ !&*#""oj����)�� � �&)�'o"��m�!"'�, � l)"j% (*�#un!�(l 55 % *�#���, �"m�"-
#�#" mo�#�x�!� h�(!"!% "o&'!���l *&h� �" 5,0 "o/+�, *'� ��"j% *'"�%)!����(!� �$'&$�!% m'"(#� �" 
95–105 ! )#��)&'% m� $"���%. �j�(�l CO2  (!��"��!� 910 )$ �� 1 ! )#��)&'%. 
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