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Z]���-!�� Y����V��$���w ���"��� $��������� ���� ��-V������ �V�C������� ���:�Q������ �"���w 
������"� �����!� "������ Y����� $:��7 ��������. Z]��� Y����V��7 :����������9� �:�8�9�� :����� 
�����"8� �:�7:������� �������� �Y����"������, �����7������ �V�� �������"��!� ������. K���9�� 
�C7����9� "���� ������������ �"��� �����" ���� �����"��9��� ����� ��"�7 �Y�������. T���C�, 
���"�, �U��:�, $���:� ������� :�!��C����� ������8�����w �:������"� ���������� �����!�� !�������� 
�������w ������"�� ����8� ���"9� $:����. SC!C������ �]�9���� �������"�����w ���:�Q������ 
BC�C#�� ����� ����9"8���� �"������. K��:�Q������ �"�9� ��������, $]� !�� :���!� ��� :�:���� 
V���������7, ������ !���� �]�����. T]� !�� �"��� $����������� ������ ��8����� ������, ����� 
�:��9���, ������ ��8������ ��������. K"��� �������"�����w �:��9"� ������� ������ !���, �"�� 
�:��9" ������� ����7���� ������ ��������. Z]��� �������������� �����������w �]������������ �� 
�]��� ������������� ������� �Y����� ��"�7 �:9���. R����, Y������ :���������w ������� �]����� 
B������ �������w �:9��9� ��w!������ �]�. e]�9������ B�������9� �����9�� �C#��� �Y������8��� 
$����� V����� �C!��$��� ��, �:������� "���" �V�C������� �9��9� ����������� �C#��� �C!�����. 
z�����"��� �Y����������, ����9�� "���� ������ �� �Y�8���� ������ ]��� �������� V��� ��"���� 
������w �����, �����, C��"����, �������-�8�� �V�� $���� �� ���� �������� �]������w $]���"��� 
V������. T����� ]87� :�!��C����� ������8��� ���� �9������ Y�7���, ������, �� �:���" ��8����� 
������ ���7, ����� �V�� ��� ������������ �C���������. �C�C#��� �]�������� �V���� "�������, 
�9����9� �����" �:bQQCUC���� V������ $:����. 

�Q�	 �@/���: �]��� Y�������, �������"���, �����7���, �U��:�, $���:�, :���!�, :�:�, ������ ��8����, 
�w$�� !C!C�����, �:�U�����UC#. 

 

�Q�Q��� 

e�$C9C :�����w ��B�:!���� �:��C���� ���������� ������"� — $�!��!� �����w ��8���� 
�V�������� ������7 :���. y��9�� :���, b�:�:!C#��� �V�� ��B�:!����� Q���:������w ���� �9�����9� 
V��� ��" �V����������� 8]9��������� T­­ ����78���� �:$� ��� $�����w �]������ ������"�� 
���8������ ������ �:� ��!�� �:�������9� �����. �������, ���� �����"��9� �8�� �w ������� 
�Y������8�����w �8���� ������� ���8���� ��" :�������w �Y����"���������, �������"���������, �"�� 
�����������, ���C:���C �� ������������ ������"�� �����. G��7C� ��w�����w ��w����9� ����� �8�� 
:�����w "�� b������������ ������" �V������ Y����� $:��7 :���. T���� ��������w ������"������ 
��������, G��7C� ��w������ $�!��!� ��w�� 8������ �V������!�� 6,5 ���� �:��� �]��� ��� !�� �:�� 
$��. y�� �Y������8�����w 6,5 ���� �:��� �]���� ��� !����w 2,15 ���� �:��� �]���� ��� 0,91 ���� 
�:��� !��� — ����� ������ �C����� [1]. T]� ��!������ ��������!� ��w����� �������� ���� ������� 
Yw���"�� �"�9� ��������� �C#��� !�������w �Y�8��� �� �:9]���� ]�9�#��. 

\��7"$�C����w 7���7���C ��� �]���-!�� �"���������w �"���� 1700 ��w ��2-!� ��w, $]� $���� 
�"�����w 62 %-��� ������� �]����� [2]. T]� �Y������8 $:���8� �������� �]��� ��� !�� 
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8:9�����9�� 14 ���7 7�� 207 ��� :������� �]��� ����"��. S�:�:!C#��� ������"��� �V�C������ 
��������, $]� �������9� �]��� ��� !�� �:�� 4,8 ���� �:����� �]�����. K� ���7� F����������9� 
�]��� �:����w $:����� 20–25 ���� �:���9� $�9����9��. K� !�� �:�� 6 ���� �3. y������ 
���7��"������ ������ ���C�������� ���� ����� �:�� $:���8� :� ����8� :����� C�������� ��� �]��� 
����� �������w $���. W�������� �]����� �Y�8� �����!� ���������" $�������� �� ������ ���"�� �Y� 
��������. `V������8�, �]��� ����������w ����� V������� 7������������. \��7"$�C�� �"��9���� 
F����������9� �]��� ���������"��w ��� $�9��� $��. e��������w ��!C�������� �]$����� ������ 
����!� ��"�� $����9�� ������ «F��e����y��» KF ��8�����, ��w�� Q�:����� ���������"�� 
«F���:������Q�:�» @�` ����!� �������. y��9�� �V����, ���7"$�C�� �"��9���� Y������!�� �]��� 
���7� ]�����9� 7´585µ�� �]������ �]��� �]$������ ������ �Y�8���� �����������!� �������� 
����������"�� [3]. 

0��		�
 !����� 

F:9���� ����7�� �V������ �Y7��!�� BC�C#��� �������� ���� $����� �:�����7 ������. K����� 
������!�� 23 �C��C:���� ����� BC�C#��� ��������w ��� �� 9��� $Y��!� ���� �9������ �C#���� ����� 
�������9�� [4]. 

��� 9������w ��¶����� ��������� ���� 7:7"�#UC#���� V����� �C!������ �]��� ������������� 
�����!�� BC�C#��� �������� �����" ��� $�9���" ����� �V����!� �������. e����!�� BC�C#��� 
�������� $�����" �V�� $�����" ������!C#���� 7�������"9� �]��������� $��!���" �V�� ���C��� 
�C#��� V�������� 8����" �8�� $��9�� ����� ����������!�� ��!������ ����7 �����. �C�C#��� 
��������w ��w�������� �V�� "������� �����"�� �����" ��� ���� �����"��9��� V����� ������" $����w 
�]���������w �]������ $Y��!� $:��7 ��$�����. ZV�����, �]��� ���������� ���������� 7���� 
$:�9�� ]87� �Y����"������ ���� �9�������9� ��������� Y���� $��������� ��������, ����� �������� 
�C#��� V���� �:9��������. @]��� $�������� "�� �����"8� ��������w ����������"� ��� 
�C���C���� $:���8� 9����C �]��������w �V�C������ ������������ ����� ������9��. `����� 
:����� �8�� (����) ��� $����������"9� ��������� $������ ��!��!� �V�������!� $���� ����� 
�"��������, ���7 ��������: 

¹ Z]��� ������������� �����!�� �����"8� ������ ������w ��U�7�:������� ��������� ����� 
���� �����"��9��� ����� V��� �����? 

[����"8� ��������w �:�9��9�8��9�� b�:�:!C#��� $�����" ]8��8���, �:�$UC#/���:�$UC#, 
���!�8���, BC�C#��� �]����� (�V� �:���"����� 7�8��) �V�� �:�8�9�� :������ V��������" �C#��� 
��!��!� QC�C����� �V�� BC�C#��� ���C�������� $��������� [5]. Z]��� �������������� ������� 
7���� $:����� �Y�����!� ��:�������w, �Y����"��������w �V�� �C����C����� :�!��C����� 
�:����������w ������ ��$C9C, Yw���!�� �:����������w �C���C���� �:�8�9�� :����� ��� ]�9���7 
���� ������ "�� �:$� $:��7 ��$�����. 

����� �Y����"������ ��� �Y�����!� ��:�������w ���� $����� �����7�9�� �Y����"��������� 
��������9���� �� "���� V��� �����. T]� #9�C, �����7�9�� �Y����"��������!� $:� $������������w 
$:�"��� $��������� 8���� �Y����"������!� ����9���� ���� �]������������ BC�C#��� V��������"!� 
:w�� ��������!���� �������������. `:����-��, $]� Y� ������� �9����9� ������ ��� �]�������� 
���!�8��� ���C����� $��������� $:����. K���9�� ��������w �C7:QC���� $:�"� :��w �Y�����!� 
��:����� ������w ���"���� $���������������. ZV�����, ��������9� ���!�8�����w �����9� 
���!�8����� �������� ��9]���� �:9��� $:���, �Y����"��������w �C7:C����!� $�� :������ ����� 
�������� V���� ��"� �:9]���� �Y$���� $:����. 

�:8 C���� C� �Y����"������ ���������9� 7���QC���� ��� :��QC������� Y�!�8�, ��$�$� ����� 
"���" �������!� "���� V��� ��" ��8� �Y�����!� ��:�������w ������ ������� $:�9�������� ��$C9C 
����� Y�!������ ]8��������. W�!� �Y����"������ �������, ������ "���" ������� �:������� V��� 
������ B:8 C���� �Y����"������ �����w, ����� ������� �"�� ����������. `:����� �����, �]��� 
�]������� �� �Y�8���� "���� �����7�9�� �Y����"�������� ���������. y���� �Y����"��������w 
�]���� �]��� ��� :��������� $��������� V� ����� $:����. y��� �]��� ��" ������� �"��� 
��������. Z]��� ����������� �8�� ���w9� �Y!"� ���������� �Y����"��������w ���������" ������ 
�]��� Yw��" �V��7:��� :��������� �"��� �]�9��������w �9������ V���� �:������� 
C��:��C��UC#��� $��������. 

Z]��� Y���������w �������� $���C������w (:��� �V�� ������8�����w) V������ �������: �C!�:C�, 
"���-�7C�C� ($���C���w ��w�� Q���UC#��), �]��� �:�� ���� (B:8 C���� �Y����"��������w �:�7��� — 
$���C���w �"�� Q���UC#��), ��B�C����� ���������9� �����9�� ���:�C� �V�� ���7� ����8���!� 
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���������� �V�� �]�����w ����w �]�������9���w $:���"� $:��7 ��$������ 40–300 °` ���7����"�� 
������������� �]����� ������� ���������" ������ 7���� $:�9�� $���� �� ��B�C����� Y������ 
������ [6]. 

F����!� ��w�� �:�7�������� �:���������w $:������� ��8� ���� �����"��9��� ��"�7-������� 
$�9���"9� �Y���������� ���������� $�9���"��w ��!��!� �]���� $:��7 ��$�����. T]� �V��� ����� 
$��!���� �V�� �:������" ������!C#���� V��� ��"�� $�9���"9� �����9�� 8�w$����� �V��� �#����� 
������������� �V�� $:������ ��7������ ��" �8�� $�� ������ $����8� Q���:������ $����������. 
TC:�"$�����7�� $�������7����� b�����:�C���� ���9� �"���� ]��� "���� ��w���, �� �����" 
�:bQQCUC���� �Y��� �:�������� #9�C, �Y����"������ �"� ��� ��� ��������9� ��7�-��w��� 
�:�U�����UC#�� ������ ������. R����, �!�� �����" �:bQQCUC���� �� $:����� $:���, �:9]���� 
�������, $���� �Y���!� ��w!���� ��� $"������ �������������. y��9�� :���, ��������w �����" 
�:bQQCUC����� $��" ������, �9��9� V��� ��" ��������9��, Y���!� V������� "���" ��"�7����!�� 
$:���"9� $:����. ZV�����, �����" �:bQQCUC���� (�=2,1) ��w ��� �:�U�����UC#������� $���C� $"� 
����� Y����� �"������� "���"9� ������, �� �U��:� $"� (�=400) ��� V��� ��"8� ���C���� C� ���� [7]. 

T����� :�!��C����� ������8��� ($���C�, �U��:�, $���:�) �C7:QC����, �:������� :��� ����!� 
:w�� �����. z�����"����� ��C�C�, �C��:$���:� $"� ����� ��" �:����� �C#��� ����!� ��� ������� 
�V��������. T]� ��!������, "���"�� $:������" �8�� ����� ��" :�!������� :�� ��������w $"������� 
9��� ����, ������ �� �:�9�" �����. X!�� �����w ���� ������ ���9� ���" ��������9� :��w �9����� 
8�9����" ��������9���� �� $:���, ������, $���C�, :��� ����� "���" $����������. 

X!�� ���� �9������ "�� ������ �������-�8�� �:����� ������ ������� $:���, �V������8� �C#��� 
V���� �� $���� $:����. K���9�� ��9����� "���"��w V��� ��"� ������w �"�� �"������ $��������. T]� 
�C7:QC���� ������9� $���������. y������ �����!� ����8� ��"�7-����� �"�� �"����� ��w!�� 
��������w $�"���� ������ Y��7, ��� ����������w ����� 8�w$����� $����� ��w��� [8]. 

K��� �����������9� BC�C#��� ��������w �����"� ������� �Y����w ����UC#����, ���������w 
�:�" �V��������, ����-�������w �]������, ������� 7��C������C������ $��������� $:����. ^���� 
�.O. O� �:  7�� :��w ��$����������w ������"������� ������� �Y����w �����UC#�� �C ���������w 
$�����"���� ������!� �V������!��. Z]��� Yw������� ��� :���������w ��������������� ������" 
����" $��������, ��8��������w ��V"�� �Y�����"���� ������� �����UC#����w ������� ��8����9��. 
T�������w b������:���� ������� �� �C ���������w Q"��UC:����� ��9������� $������������9��. 
Z]��� Yw������� ��"�������w ���������������� ���!����!�� �V���C$��� �]��� Y������ �V�� 
�Y����"��������w �� 8:9�����"���w V��� ��" ��9��������� :��� ]�9�#��� 7:�C"�C#��� �C"��� 
$������� [9]. 

@���� ������ �V�� �w $�#" ����� ��� "���"��� ��� $:��������, �������� :�����w ������ 
���������� ����" ����8���������� $���������. `:������� Yw����� :����������9�  �B����� 
��������!� �������9� �]������ ����� ����� �"8 ��$����" �"�� "���" $��!������ �"���"� ������, 
Y������ ������ ���������� ��" ���� ������ �V�� ����� �������� �C���9�� "���"��w ����� 
$Y������� ���9� �����. Z]��w $V�� �:9����� �����9�����, b�����:�C� ���� ���C������ $�� ������9� 
�������. @]���� �]������ ������� $��������� ���������w �:�������w ������ ����� "�� 
��������� $��������� $:�9�������� ������C�, b����� ����� ���� �"�"������w 7���� $:�"�� 
�:�������. `:����� �����, �]��� ���������" ������������9� �]���8������w �������� �� 
����:7��C#��� �"������ ���������w ���� ����7 ������ [10]. 

GY7��!�� � �:���� �Y����"��������w V��� ��"�� ���"�����9� ����7 �Y���. K���9�� ������"��� 
������� ��� ������� �������� ������� $:���. @��"�����9� Y���� b��7��C������� ���!��!�� 
� �:������w $����9� ������ ��� ��������w �Y�����"�� �V�� ����� ���������w $�#"��"�� 
��������. GY����"��������w $" �V�� !�� ������� �����"� ������� ����� ��" ��������� V��� ������� 
$��!���. z�����" �]�������� ������ ����, �Y����"��������w ����� ��" ��������w �]������ V���� 
��"� ��� ����w��� �]����. K�9�8�� ����w���� ����� ��" �C���� �����, �� ����8� ����w���� ����� ��" 
�#����9��9� ����� ���#��. X���8� ����w�� ����� Q"��UC#��� �:����7��� �� ����� ��" �:������ 
�������. \�Q����:���� Y�!���� ��$�$���� ����� ��" ��� Y���, �� "�� �����w ���:�$�C �� V���� 
���������� ����� ��" �Y��������. ���$C ���������� �Y����"������ ���������� ������!� 
����:��!"�#UC#��w $]���"� $��������. T���C���w V������� ���� ���7����"������w �Y�����"� 
$�������� [11]. 

F�� ��� ��� ������� ��8����!� 8���� �V�� �����7�9�� �Y����"��������w V���� �"���� V��$C 
�������� V������. F:�������� $���C� "8����� ����� $�� ������ �V�� �����, �:����-�� "���9�� 
���"������� b�C��:UC���� ������w �Y$��� �V�� !��:!�:$C� 7����� �Y�����"� $�����9��. 
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T���C���� �:������� "�����" ������� b�C��:UC���� ������w ���"���� ����� ����!���w ��������"� 
�V������!�� [12]. 

F����7�9�� �:�7������� $���������� �Y����"��������w V������ ������� �9����9� !��:!�:$C���w 
�:9�����"� ��� b�C��:UC������w ����� $�������. T]� �����w ������w Y�!������ ]8���"���� 
���������. GY����"��������w ������������ ����� �:9��� �:�U�����UC#����w V������� !��:!�:$C� 
�����7, b�C��:UC������w ���� �����, $]� �����w ��� �Y������8���w �Y�����"��� V�����. 

GY����"��������w �������9� V��� ��"� ������� 7���� $:����� Q"��UC:����� �"��"�����w 
�]�������9�� $�����" �� ����9"8���� �"������. T]� �]���, 9������� �]���8������w 
��������� �����!�, ������� �������!� �V�� :��� �����!� ��9�������� ��������"9� ����. _V�C������� 
�Y����"��������w V������� ��� :���������� �]���8������w �9�������9� ����7�� ��9���� 
�]����� $:���9��� �������. K� �]���8������w �������� ������� �9�� ����7�� �]����� 
��������. K����� �]����� ����� :���9�� ����� �9�� Y� Q"��UC#����� Y�!������. R���� $����� 
$��!������w ��!��!� ��$�$� �Y����"��������w �Y��� �:�U�����UC#��� C�!��#UC#��" ������ �Y���� 
��������. T]� �� $]� "���� �Y����"��������w :������ ����� �������� �V�� �w ������� �C 
��������� V����� �Y�������, $]� ��8���� ��� ���������!� �]������, Q"��UC:����� Y�!��������� 
�"������. `����� :�����w $���� ����������"������� $��!� :��� ������w Q"��UC:����� ������ 
V��� ��"� ������. @:9����� ��������!�� �]������9� ������ :����7, �Y����"��������w :�!��C��!� 
"���� V������w �C7��� ��� ����8�������� �"���� ���7� ������� ��"9� $:����. 

Z]��� ������ :�!��C����� ������8�����w �8���� �U��:�9� ����8� :��� $�������. K��� 
�������9� �U��:���w �����" �:bQQCUC���� — 338,9 �Y�������. PC�C:�:!C#��� V���!� �V���� �U��:� 
— $]� 8���8�� ��$�9�� ��������������� �V��. @:9��� ���!�8��!��� $��������� :� ����� $�#" 
����������� �V�� $�������7 ������� 8�9�������. eY��� ��������� �U��:�, $���C�, $���:� ������� 
������ ]87� ������ �������� ������. KU��:���w �:9��� �:�U�����UC#�� $�������� ������w ����� 
"���"� �Y����� ��7��. T]���� ��9����� �9��9� ������� �V����� �����w V���� $��������. RV����� 
������� $:����, $����w �"�"�, �����"�, V���������w $:�"�, ��w�� �����9�� ���!� ���"�, �������w 
�]��������9�, 8���8�� ��$�������w ��������"�. K9���� ������ ��UC�:� �C���� ����7, �:������� 
"���"9� V������. y���� ����� �9���� ����C# $������7, �:9��9� ����� �:�������w ���������� 
�"�"� ��8����� [13]. y��� $:�9���� �����-��� ��������� �]���� $]������, !����:�:!C#���, 
�� �:�:!C#���, $�"�� �C�Q"��UC#����w $��!����� ���C��, �9����9� ����$:�C����� 7�:U����� 
Y�!������ ]8������. KU��:���w �]���� ����!�� 8���� �:�U�����UC#�� — 200 �!/�3. 

G�� :���������� �]��� Y����" $�������� �������"��!� �����������!�8� ���� �9������ Y�" 
��"7�� �"��������� "������9� �:9��� ���. y��w ��$C9���� ��$C9C �:���� ��, ����:7:!����� 
7�:U����� �V�C������� �� ��������. K���9�� ��9��� 1000 �!/�3 �"���9� �������� �"��!� 
�:�U�����UC#�� $:�9�� ����� $��������. G������"��� ���� �������� �w ������� ��� ������ �"� 
������ �����. K� ���� ������ ����!� V�������� �� �Y�8���� ������. F]������� �������"��!� $�� 
�"���� ����� ��9���� ������ �������"��� ����!� ��!����, :� ���9� ��w�7, $���� ����!� ��������. 
K9���� �������"��� ��!������ �"��Q���� �������� �V�� ����7 �:�� ������ ������ 8�9�������. 
y��9�� �V����, ������� �8�� �������� �"��!���w C���� �����" 8�!� 0,012–0,03 �!/�3 �]�����. K� ��w��, 
������ ���� ��������� C�� 1,4–2,3 �!/�3 $:���, �����!�� :�!��C�� �8�� 4 �!/�3, 7–11 �!/�3 �Y������8 
8�!� $:��7 ��$�����. e���� ��" Q���������� — UC�:B�:���� �]������ ������� �������� 
V��������", UC��C� �"��!� �C#��� �������"��� ��������w ��:��C#���� V������. @:9��� 
�:�U�����UC#�� C�� ������ ��8�� �V�� ��9����� $:����, $]� �������"��!���w V������� C�� ���" 
����C���:����w ����������9���w Y�!��"���� �������������. G������"�����w "���� V���� �]��� 
!��������� $��!� V��� ������� ��8����� [14]. G������"��� ���:�Q����� �����9���� ��"���9� 
$��������� 8������ 1–42 �V"��� ���������. @��!������ ����������w �"���� �������"��� Y������ 
:����������9� �]��� ����������� �Y!"��� ������ ��$C9C �]$���� �V�C������� $Y���"� ������. 
e�$C9C ��9����� :�� �]��� �"���� ��$"9� $:����. @������ �"�������9� �������� �"��!���w 
�:�U�����UC#�� V����� Y�� �Y���, Y������ :� �"��� :w�� $"������. 

G������"�����w �:�U�����UC#��� ���7��"��w �V��������� ������" ����9�� 9���������w 
�w$�������� ������ ����, �������"�����w � ��C#��� 8�9������������w ���� �����"��9��� V��� ��" 
"�������w �:����� �������������� ]�����9�� (1-�����). 
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9�1E�+�)+�1+EF BE+E ����E2 G*D*0*), (8/(3 (ppm) 

R�w!��� @�����"� 
���� ��" "����� 

10 �C�"� 30 �C�"� 1 ��9�� 4 ��9�� 8 ��9�� 
1 Xw$���� ������������� �"��������� 

�������"�����w �:�U�����UC#�� 
0,04 

(0,03) 
0,04 

(0,03) 
0,04 

(0,03) 
0,04 

(0,03) 
0,04 

(0,03) 
2 Xw$�� ��$������ �:9���"9� V������� 

�������"�����w �:�U�����UC#�� 
59 

(42) 
45 

(32) 
39 

(28) 
28 

(20) 
24 

(17) 
3 `������� ���� �]�9������ ������ 

:����7, �����"����� �:9��� ��"�7 
�Y�������� ��7�� Y���!� ��"�7�� 

106 
(76) 

85 
(60) 

71 
(50) 

52 
(37) 

44 
(31) 

4 W���!� ������ �����"����� ����" 
��"�7�� ��7 ��������� �������"�����w �w 
�� �:�U�����UC#�� 

948 
(669) 

720 
(508) 

605 
(427) 

428 
(302) 

- 

(����	��: �\G V��� ��"��w 8���� 8������� $�������� �V�� 10 �C�"���� 8 ��9���� �����!� 8������� � ��C#��� ��9������9� 
�:���������. �\G-1 (����� �]���� ����!�� �:�U�����UC#), �\G-2 �V�� �\G-3, 5 ����w��w V����������� ������������� 
(10 �V�� 30 �C�"�, 1 ��9��, 4 ��9�� �V�� 8 ��9��) �V�� "���� V��������w �V��������� ����8�������. 

 
­�����9�� V��� ��" ��w!������ ���7� B������, �:��w �8���� �V�������� ��� $������9� �V�� 

�������� �V�� �������� $:�"� ������ $���� �������9� �:��������� [15]. @:9�����9� ������� 
S.`. Z����: ��w «a�:�:!C#, :��"���{�# ����� C x��: ��» ���� �w$�!���� �������"�����w � ��C#��� 
8�9������������w ���� �����"��9��� V��� ��" "�������w �:����� �������������� �:9��� 
�Y�8���� $����!�� [13]. `:����-��, ������������ ����� ���� �����"��9��� �������"��� V������w 
�Y���!� �Y�8��� ^.Z. _]��]����: , F._. K$��]����: ��w «Z]��� �V�� !���� Y�����7, Yw��"» 
�w$�!����!� ������" ��!������ �Y������!�� [3]. 

G������ �Y������!�� �������"�����w �:9��� �:�U�����UC#����w ���� :�!��C����� ]��� "���� 
V��� ��"� �V�C������� �:9��9� ����� �:�������w, ����� �V�� �����-����� ����������w, �������-
�8�� �:�������w, !��:7:b�C����� ������w, ������w, �Y���w ��������" $��!�������� �C7��������. 
���:��C��UC# ����w���� $:���8� �������"����� �8 ����w!� ���������: I ����w $����7��; II ����w 
:���8� �����; III ����w �����. 

G���w $:���8� ���!������ ���CUC����� ����������� �C������9�� �����C�����9� ��������, 
�Y�����!� ������� ��������!�� �"�����" $��!����� $�����9�� (2-�����). 

2 - � � � � �  

9�1E�+�)+�1 1,2I�2+�*I���� ����E2�2 �*?4* G,0D*2 *4*( ,�8*2�|(E24�8E *)����2) G�08E0��E 

G���w��� K"�����" $��!����� 
I ����w y@@ ����7����: �����: �!����C �� �C���:� ($�� �"�"�, $�� �����" ��������", V�������), 

!C7�������C#. GY�" ��8����� ����7����: Q:�:Q:$C#, �7���, ����C��UC#, ���" ������, �����" �V�� 
����" �:�|����C ����. @���� ��9����: ����� �:9���; �]��������� ��� ������. e���� ��" 
��8����� ����7����: �]�����w �]�9�"�, �����, ��"����w ��"���. e��� ��9����: ���!������ 
������w ��8"� 

II ����w y@@ ����7����: �:9��� 8��8�", b�:UC:����� �]���������, �������� $�� �"�"����, ����:-
7�CBC���C#��� ������9� �]���������. GY�" ��8����� ��9����: �Y� ���������9� �"�"
(����:���C�C�). @���� ��9����: ����� �:9���. e���� ��" �9������ ����7����: C�� ���"���w 
�Y�����"�, �Y���, ����!", ��"����!� �"�����". K������-�8�� �:�������w $]���"�: ����� ���"�, 
b7C!����C#��9� �"����� ������, �C���#. e��� ����7����: ������C� �Y��������� 

III ����w y@@ ����7����: b�U�Q��:�C��:7��C# (���� �����" ��$�������w $]���"�, �����, �C��:��C#, $�� 
�����", Y���� �7��C#, !C7:B:���C#, !����UC��UC#, ���!� ��������, ��:��C#). TY��� �:���w C�9��� 
�C� ��������� ����C���� !����UC��UC#, �:���w �������!�� ���7"�. O:�C�� �:7��C#��� �C���:� 
(�������������w ����w $]���"�, �:��� �������C#9� �����, �#�-�:������9� �"�����", 7���7�UC# 
������� ����� $�9������� $:�����, �:���" $��!�����). F:�9���� $]���������: �#���w �C������� 
$Y����������!� V�������, �CQQ"��� ��C:��:QC#. RC�������  �!����C �� $]���"��� (���8�w���, �#�-
�:� UC��:��), �8�� ����� �Y!��!�� ���:!��QC#. GY�" :�!������ ����7����: 8������ �Y�"��w 
�Y�����"�; �������� ������ QC!"����� ������� �Y�" ����������w 7���� $:�"�, �Y�" Y���������w 
�����"�, ��������� �]$�����; @���� ��9����: $���C����C#. e���� ��" ��8����� ����7����: 
����!", �8��w �"��"�, ��"�� �"���. K������-�8�� �:�����: b7C!����C#��9� �"�����, �"�����", :w 
��� !C7:B:���C#, �C�7�7�C#, $�"����w ]�9���. e��� ����7����: ������C�, b����� �Y��������� 
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K� �������"��!���w ��������� ������� ���� �"�������� �V������$�!�� �V�� :��w ���"������� 
������� ���� �"������� 7:���UC��� �]�C#� ���������!��. R����"��� �����" �V�� B������ ������ 
�Y����" ��7��������� �V�� ����������� ������� ��������� ������" �!�����!� (IARC) �������"����� 
���U��:!����� ��7 �������!��. EPA �������� �"��!� �����������w ���U��:!������!�� $�9���" �8�� 
����������� ������ ��������. `:����� �����, ���"�����9� ���!����!�� ����B������ ������"��� 
$�������� �������� ������� �������� �"��!���w �Y��� �:�U�����UC#����w V���� �]������9� 8�����9� 
�"� $����� ���"����� �"���������� �V��������. 

y�!��C����!� �������"��� 7�� :��w �C:�"��Q�� �C#��� �����" Y�������� ��� ��� �V�!� �����" 
����7��������� ����" ������ Y�8�"!� $:����. R�!�����, �������� �"��!�� ������ :��w 
����$:�C������ ������" $�������� �������� �Y7 ]����� ���!����"� �����. `�$�$� �������� �"��!���w 
�]������ ����� $:�"� �Y7 "������ �:������ :��w ����$:�C����� :�!��C����� ��� 8�9�������. 
K����� ���� :�!��C�����w ����� ��" �:����� ��� ����� ������ �������� �"��!� "������9�� 
��$����"�� �w �������� ������!� �����!� ��w�� �V������!��. 

ZV�����, ���"�����9� ���!����!�� ������"����� ������� �"���� �V���������� ��������, $]� 
����� ��" �:����� ��� ����� ������ �������"�����w "������9���w �w �������� ������ $:��7 
��$�����. K������ �C#���, ���� �:9���" �������"�����w Y�� �:9��� �:�U�����UC#���� ]8���9�� 
�!�"�]��������� $������� (�C��C:�9� 800 $Y���); :������ ����� ��������w ��7����C#�� (�����!C# 
�Y����������) �V�� Y�7� ����"� 4 ��9�� �8���� �C��C:�9� 400 $Y������ �]����� �������"����� 
]8���9�� �!�"�]��������� $�������. _� �:�:!C#��� �������" ������� �Y������8�����w �Y�����"� 5 
������ 11 �7��9� ����� �C��C:� �"��!� �"��QC���� 80–200 $Y����� ]8���9�� �!�"�]��������� 
$�������. Z]��� C���� b7C���C����w ��������"� Y���� ������ ������ ]�������� �������"�����w 
�Y���!� ��w!����� ]8���9�� �!�"�]��������� �� $��������; ��9����� V��� ��" ��w!������ �C����8� 
����� ������ ������ ]��������w V������� ����� �C��C:�9� 80 $Y����� (5 ��� �8���� ������ 3 ��9��) 
�V�� �C��C:�9� 30 $Y����� (������ 6 ��9��, 10 �7�� �8���� �7������ 7 ���) �]����� [16]. 

y��9�� $��������� Y��������� Q���:������w �C#������ �V��������w �:9�����"���� 
�"�"�����w ���" ��"7� �"�������. K��7 ��������, T���� F����������w Yw����� ����9���� ����� 
��"8� �]���8������w �"�"8�w��� ��w!��� �:9�����9��. 

;
��	���� 

F:���������� ����, $����8� V��$C�������!� ������"��� �"���w ������"� Y�7� �������� ��� 
�����-��� ��������� �"�"������w ���7� ��"7���w ��w���� ������C����� $:��7 ��$�������� 
�V�� �V������ ��"�7 Q���:������� V��� ��"� ������ ������ �V�������. ��$�� �:�8�9�� :����� 
�����"8���w Y������ "������� ��B��C��� $:�9������, "����� ]��� $Y�8�����, :�:�, ��:� :��C����� 
�V�� Y�7��� �������� �C#��� �����"8� ��������w �Y78���!� ��8�� �:������9�8��� $:��7 
��$�����. e:��9" ��$��" �V�� ���"8� Y���� �C#��� V������ $C:�:!C#��� 7�:U�����!� V������� 
�:��9"-�:���������" �:������ �"���"� ������. T]� �����, Y����V��7�� �V�� ���������� Y����� 
��w���� �:���������� �]��� Y������� �:�8�9�� :�����w ��!��!� �����"8����� $:��7 ��$�����. 
e���� ��w!���� :��� ���� �9������ ���" ������ ������w V������ ��8������� ����������� Y�!������� 
�"������, $]� �9���� �"�"�����w 7���� $:�"���, ���"��� V������. K"�� ��9����� ��� ������ ��� 
����:b��:��C���� ���� �]���� $]����7, ������w �:�9���� ��B��C��������w ���������� ��8����7 
�Y7��!�� �"�"���9�, �:��w �8���� :��:�:!C#��� �"�"���9� �:� �8���. `:�������, b�:�:!C#��� 
:����� �������"��� �����, ���� �9�������9� ��������� 7��:�:!C#��� Y�!���������w ���"�� 
$:������" ��!������ �]��� ��� �]��� ������������� �����!�� "�� !�������� "���"�� ���� 
�C�!�:��C���� �����" �����. 
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Z.K. K�8��$�� �, K.T. X8��!��$��: � 

>0��2�� +,1���2�< 8*|,- � ,�8*2����1�< �,�4�2�2�? 2�J+�,+<,4,-  
2* ,�8*2�|( ��0,-�1* 2* ,�2,-� 2*)�2�< ���0�4,-*2�? 

A � #�C � ��� C�C�� ��Q��!��: :� :�����C   ����:#{��  ���# ���"����: ��!�#����C� ���:�Q���:!: 
 :��"B�   ���"������ ��#�����:��C x��: ���. c!�� :�:�:��, �����7���� C ���: :�:�:�  B:�#�   
xC��: ��!�#��#�{CB �:�7:����:  ��Q�#�:� 7�:��8����:��C. z�!�#����C�  :��"B� �:��Cx���C 
:�B:���C ���:!: �:�� 7������ �#�� ������"� "!�:�" ��# ��:�: �# x��: ���. Z:��: :����C�� 
��!�#����C� ��!C:�� !����C, :$���"�{C�C�# 7�C C�7:���: ��CC :�!��Cx���CB ���� :�C�����, ���CB 
��� $���C�, ���"�, �U��:�, $���:�. �C�C# ���: :�:�:��   ���:�Q��� 7������ �#�� $:��8:� C������ � 
!C!C��Cx���:� �:x�C ����C#. O�C 7:7����CC   ���:�Q�����  :��"B b�:� !��  ��"7���   ����UC� � 
�C��:�:�:� C :�:�:� � :$���: ��C�� ����C��:!: !���. R����� !�� �:��C�#���# �  :�:� � 
:$���: ��C�� ����:� �C��:��, �:�:��# 7:��:#��: :�C��#���# C ����: C��# ����:� �C��:�:�. O�C 
:�C����CC ���: :�:�:�� ��  :��"B� :$���"���# ����C���� !��, � 7�C :�C����CC    :�� — 7�:���# 
����. \�$:��C�C ��Q�������7:����B :$|���:  7:� ������  ��:�:�" �C��" 7�#�:!: �:������ � 
��Q�#���C :�B:���C. O:b�:�" �������C�, 7�:�C ��{��  $�C�C 7�:C� :��� ����B :$|���: , 
��B:�C��#   ��C$:��8�� ���7��C :7���:��C. A������ 7:�������C ���7�:�������C# ����C �������C#, 
���C ��  :������ : ��� ����", �����"� ���xC������� "{��$ :�!��C��"   ���"������ B�:�Cx���:!: 
:��� ���C#. ������: ��C# 7:�����C, x�: b�C #�: C���  �{��� �  ��� ��� 7:�����C� ��� �:�, 
�����x�:�, C��"��:�, ���"�:x�:-�C8�x�:� C ��"!CB �C���� :�!��C��� C�-�� CB ��C�����:!: 
 :������ C#   ��$:��8CB �:�Cx��� �B. A�� ���"xC� :�!��Cx���C� ���� :�C���C 7:7�����   :�!��C�� 
x��: ��� x���� ��!�C�, �:�", :�!��� 7C{� ����C# C ����7�C ����#   ��� �:� C �C�: :� ����#B. A 
�� C�C�:��C :� BC�Cx���:� ���"��"�� ����Cx����# �:��Cx�:��� C �:bQQCUC��� ���7�������C#   
:�!��C���. 

���<�$�� ��
$�: ��Q��7�:�"���, ���: :�:�:�, �����7���, �U��:�, $���:�, �C��:�:�, :�:�, �����# 
�C��:��, !C!C��� ��"��, �:�U�����UC#. 
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M.A. Alshynbayeva, A.B. Eshmagambetova 

The influence of toxic gases and organic compounds of oil waste  
on the human body based on scientific research 

In connection with the development of the oil and gas industry, air pollution as a result of human activities is 
currently relevant. Hydrocarbons, mercaptans and hydrogen sulfide are among the polluting components of 
the oil industry. Air pollution with this kind of toxic waste poses a real threat to human health. It can be noted 
that the region is polluted with gases generated by the use of organic solvents, such as gasoline, fuel oil, 
acetone, and benzene. The chemistry of hydrogen sulfide in the atmosphere is of great interest from a 
hygienic point of view. When released into the atmospheric air, this gas reacts with oxygen and ozone to form 
sulfur dioxide. This gas combines with water to form sulfuric acid, which continually oxidizes to become 
sulfuric acid. When hydrogen sulfide is oxidized in air, sulfur dioxide is formed, and when oxidized in water, 
simple sulfur is formed. Workers at oil transportation facilities are at high risk of direct contact with oil 
waste. Therefore, the population living near production facilities is at the greatest risk. Harmful rates of 
spread among the population, if not acted upon immediately, will cause significant damage to the body as a 
result of chronic poisoning. Studies have shown that these toxic substances cause damage to the nervous, 
cardiac, immune, gastrointestinal and other systems of the body due to their long-term exposure in small 
quantities. All volatile organic solvents enter the human body through the lungs, skin, digestive organs and 
accumulate in the nervous and adipose tissues. Depending on the chemical structure, toxicity and distribution 
coefficient in the body differ. 

Keywords: petroleum products, hydrogen sulfide, mercaptan, acetone, benzene, oxygen, ozone, sulfuric acid, 
occupational health, concentration. 
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Selecting sterilization conditions for the explants  
of different potato varieties to be in vitro introduced into the culture 

An explant is a fragment of plant tissue or organ that is incubated on its own or used to produce a primary 
callus. The introduction of any plant’s tissues into the culture in vitro begins with the selection of an uninfect-
ed viable explant. The authors presented the results of the effect of various sterilizing agents as well as the 
treatment timing on the viability of plant explants during microclonal propagation of potatoes of the follow-
ing varieties: Aladin, Gala, Nevsky, Udacha and Kostanay Novosti. The meristem sprouts from potato tubers 
were used as parent material. The following commercial sterilizing agents were used: Bleach (Belizna), 
Tween 20, Lyzoformin 3000, 96 % ethyl alcohol. The influence of sterilizing agents as well as the timing of 
the treatment on the viability of explants and their contamination is analyzed. As a result of the experiments, 
it has been found that the most effective sterilizing agent is the 3 % bleach and 96 % ethyl alcohol with expo-
sure duration of 10 minutes. Based on the results of the experiment, it is proposed to use the 3 % bleach with 
an exposure time of 10 minutes as the main sterilizing agent, and the 96 % ethyl alcohol as some pre-
treatment of explants to reduce surface contamination. The authors believe that the 96 % ethyl alcohol is the 
best option for sterilizing solutions since it is a non-toxic, gentle method of sterilization with minimum dam-
age of the plant material tissues. 

Keywords: potato tubers, meristem sprouts, sterilizing solutions, explant, exposure, sterilization. 

 

Introduction 

An important stage of microclonal propagation of plants and vegetable crops is the selection of the ex-
plant, its in vitro introduction into the culture and obtaining an aseptic culture. Epiphytic microflora and 
rhizosphere microorganisms [1] accompany the surface of cells, tissues and explants of plants and vegetable 
crops. When plant cells are introduced into callus culture, the problem of sterility of explants is acute. The 
selection of sterilization conditions is an important stage in all the works on the culture of isolated cells, tis-
sues and explants of plants and vegetable crops. The choice of sterilizing substance, its concentration and 
exposure time are determined depending on the type of cells, tissue, explants of plants and vegetable crops. 

In addition, the substance should not penetrate deeply into the tissue and should be easily washed out. 
When injected into culture in vitro, the sterilizing substance and exposure time are selected in such a way as 
to neutralize the concomitant epiphytic and rhizosphere microflora and at the same time not to significantly 
damage the explant tissues [2–4]. 

In the scientific literature [5–7], a wide range of different sterilizing substances is used: those contain-
ing active chlorine (calcium or sodium hypochlorite, chloramine), mercury preparations — sublimate, 
diacide, and oxidizing agents — hydrogen peroxide, potassium permanganate, etc. 

Potatoes are one of the most important crops after wheat for the Republic of Kazakhstan [8]. Potato (So-
lanum tuberosum) is a species of perennial tuberous herbaceous plants from the Solanum genus of the 
Solanaceae family. The massive spread of bacterial, fungal, viral diseases on potatoes and the great damage 
caused by them to the yield and quality of tubers develop the need to produce seed materials by using active 
healing methods, such as microclonal propagation with a combination of cryopreservation of meristematic 
tissues in liquid nitrogen at the temperature –196 °C. These prerequisites will not only reliably preserve the 
potato gene pool for a long time, but also allow for obtaining the planting material during subsequent regen-
eration freed from phytopathogenic microorganisms [9–10]. 

Potatoes are heterozygous crops, which makes it difficult to preserve the genetic purity of a cultivated 
variety through continuous vegetative propagation [11]. 

To prevent the loss of potato genetic resources, the method of long-term storage of plant samples in 
gene banks, gene resource centers and cryo-collections is used in the CIS and foreign countries [12–14]. 
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Storing and preserving genetic resources in gene banks is very important due to the high biological val-
ue as a breeding sample and for the further scientific research in biotechnology, crop production, and agricul-
ture. Therefore, in order to preserve the genetic resource of the studied plant samples during long-term stor-
age, the cryopreservation method is considered to be the best option today [15]. 

One of the advantages of cryopreservation storage at very low temperatures is the ability to significantly 
slow down or even stop metabolic processes and biological destruction in the cells of living organisms. In 
this case, the plant material remains genetically stable, which does not lead to genetic changes [16]. 

Currently, in the major gene banks worldwide, such as the International Potato Center (CIP), Argenti-
na — INTA (INTA Balcarce Potato Collection); Czech Republic — CRI (Crop Research Institute) and PRI 
(Potato Research Institute, Havlíïkov Brod); Republic of Korea — NAC (National Agrobiodiversity Center); 
Peru — CIP (International Potato Center); Leibniz Institute of Plant Genetics and Crop Research (IPK), the 
Vavilov All-Russian Research Institute of Plant Production (VIR), the Scientific and Practical Center for Po-
tato and Horticulture of the National Academy of Sciences of Belarus (SPC NASB) store potatoes using 
three storage systems: natural conditions (field collections), in vitro, at ultra-low temperatures 
(cryocollections) [17–18]. 

Thus, one of the stages of microclonal propagation that is the sterilization of plant explants is aimed at 
obtaining sterile explants and viable explants when introduced into culture in vitro, which is of great current 
interest. 

The aim of the given study is to identify the effect of various types of sterilizing agents on the efficien-
cy of disinfection of explants of different varieties in order to further obtain callus crops. 

Experimental 

The 5 varieties of potatoes (Fig.) of Kazakhstani selection, namely, Aladin, Gala, Nevsky, Udacha and 
Kostanay Novosti (Kazakh Agrotechnical University named after S. Seifullin (Astana) (KazATU) were se-
lected to be the test subjects for the research. 
 

 

Figure. Varieties of potatoes: Aladin, Gala, Nevsky, Udacha and Kostanay Novosti 

Kostanay Novosti: The variety is medium-late, table purpose. The plant is tall, upright, medium foliage 
with the stems colored with anthocyanin. The nest is very compact. The color of the flowers is bright red-
purple, which turns pale by the end of flowering. The berry formation is moderately abundant. The tubers are 
round-oval with small eyeholes, red peel, weakly mesh, and yellow flesh. 

The potential yield is 45.0–50.0 tons/ha. The starch content is 14–20 %. The taste is good. It is relative-
ly resistant to viral diseases, heat and drought. When tested, it is easily distinguishable from other varieties. 
Tubers are capable of long-term storage. It has been included in the State Register of Breeding Achievements 
of the Republic of Kazakhstan since 2007 and has been zoned in the Kostanay region since 2008 [19]. 

Gala: The Gala variety is classified as early-ripening. It takes 75 to 80 days for it to ripen after planting. 
The plants have a spherical shape, blooming with white flowers. The stems are dense, dark green. Medium-
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sized potato tubers grow up to 8 cm in length. Root vegetables are oval-shaped, yellow in the section, glossy 
dense peel with a waxy sheen. 

Gala is a high-quality early-ripening table variety with beautiful round-oval and oval tuber shapes. The 
ripening period of the fully-ripen crop is only 70–80 days from the moment the seeds are planted in the 
ground. Tubers of medium size (average weight of one tuber is 100–120 grams), covered with a yellowish 
skin of medium thickness. The flesh is pale yellow to rich yellow, has a low starch content (11–13 %) and 
good taste. Gala is a high-yielding variety (up to 25 tubers from one plant) and highly marketable (98 %) 
with numerous advantages. The yield of marketable tubers on the 40th day after germination is 170 tons/ha. 
At the end of the growing season the total yield reaches 700 t/ha. 

Aladin is a high-yielding mid-season table potato variety with round-oval tubers. The ripening period is 
100–110 days. Aladin belongs to the Dutch selection. Potato tubers are large. The color of the peel is red; the 
flesh on the cut has a light cream color. Aladin is very unpretentious to growing conditions and is suitable for 
planting in loamy and sandy soils. Aladin is highly resistant to late blight, resistant to nematode. The starch 
content is 21 %. It has good palatability traits. Tubers have shallow eyeholes, marketable condition and are 
well stored. The yield of Aladin at the end of the growing season reaches 780 quintals per hectare. 

Nevsky. It is a medium-early table variety. The period from germination to the technical ripeness of the 
tubers is 70–80 days. Tubers have an oblong-rounded shape with even peel without any roughness, white-
yellow in color with slightly pinkish unburied eyeholes. On the cut of the tuber, a delicate white flesh is visi-
ble, which does not darken for a long time. The average weight of the tuber is 90–130 g. It is precisely be-
cause of the attractiveness of the tubers that this potato has earned recognition. Besides, it is easy to clean, 
wash and it does not fall apart when cooked. The potato has good storability (better than that of many mid-
late and late varieties). No special storage conditions are required; the tubers do not sprout for a long time 
and retain their commercial appearance throughout the winter. Potato plants are lush, of medium height, 
semi-upright, of intermediate type. The stems are well-leafed with medium-sized light green leaves with a 
slight wavy edge. The inflorescences are compact, consisting of many small white flowers. The flowering of 
the plants is very abundant but short-lived. It has been zoned in the East Kazakhstan region since 1987. 

Udacha is an early variety that reaches maturity in 55–60 days after planting. It is characterized by high 
yield — 42 tons/hectare. The plant has a strong stem and dense leaves. It blooms for a short time, with white 
inflorescences and bent sepals. Under the plant, 10–15 round tubers of yellowish-cream color weighing 
about 150 g are formed. The flesh of the tubers is white and gets slightly yellow during thermal processing. 

It is an early-ripening table variety. The plant has a spreading, medium-tall, heavily foliated structure. 
The tubers are round-oval with a blunt tip, white smooth skin, small eyeholes, and white flesh. The potato 
shoots are characterized by rare berry formation. The flowers are white, medium-sized, and the sepals are 
strongly curved downward. The sprout is spherical with a red-violet base. Udacha potato variety stands out 
for its good yield and allows harvesting from 10 to 15, sometimes even up to 20 tubers weighing 100–
150 grams from each healthy plant. 

An early-maturing variety, which is excellent for harvesting and consumption in summer and autumn, 
intended for table use. It has versatile applications. Under optimal storage conditions, the storability of 
Udacha ranges from 88 % to 97 %. The tubers are not very susceptible to mechanical damage, making them 
convenient for commercial cultivation. The marketability is 96 % [20–21]. 

It is characterized by low susceptibility to diseases and is not affected by viral infections. It is low-
maintenance. The ripening and yield of the potatoes are not dependent on weather conditions and soil types. 
Thanks to the fast formation of tubers, it attains marketable quality within 45 days after the emergence of the 
first sprouts. With proper care, it yields high harvests, which is 500 quintals per hectare. 

The tubers were sprouted as follows: for the first 2–3 weeks, the tubers were sprouted in darkness at a 
temperature of +10–12 °C until the sprouts reached a length of 1–1.5 cm. Afterwards, the tubers were trans-
ferred to light (a bright room) and continued their sprouting for another 2 weeks at a temperature of +25 °C 
to obtain strong sprouts (green or violet in color). 

Apical meristems, measuring 3–5 mm, isolated from the eyes of the tubers, were used. 
In the beginning, the potato tubers were washed with a soapy solution in tap water for 5–10 minutes, 

and then rinsed in running tap water for about 15 minutes. All further manipulations were carried out under 
aseptic conditions in a laminar flow cabinet. 

The explants were sterilized by the following methods: 
1. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: a commer-

cial chlorine-containing reagent called bleach (2.8 % active chlorine sodium and 2.0 % hydroxide) diluted 
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with distilled water at a concentration of 3 % for 5–10 minutes. Afterwards, the shoots were rinsed with ster-
ile distilled water for about 5–10 minutes, repeating the process 3–4 times. 

2. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: Tween 20 
(Tween 20, a viscous liquid, polyoxymethylene sorbitan monolaurate), diluted with distilled water at a con-
centration of 10 % for 5–10 minutes. Then the shoots were rinsed with sterile distilled water for about 
5 minutes, repeating the process 3–4 times. 

3. The washed potato tubers and meristematic shoots were sterilized in a solution of Lyzoformin 3000 
(glutaraldehyde, glyoxal, dodecyldimethyl ammonium chloride) diluted with distilled water at a concentra-
tion of 2 % for 5–10 minutes. Then the shoots were rinsed with sterile distilled water for about 5 minutes, 
repeating the process 3–4 times. 

4. The washed potato tubers and meristematic shoots were sterilized in 96 % ethanol diluted with dis-
tilled water at a concentration of 2 % for 5–10 minutes. Then the shoots were rinsed with sterile distilled wa-
ter for about 5 minutes, repeating the process 3–4 times. 

All sterilized tubers of the potato varieties Aladin, Gala, Nevsky, Udacha, and Kostanay Novosti were 
transferred to growth stimulators such as Biostimulator, Epin, Heteroauxin, Kornevin and Humate. All 
stimulators were diluted with distilled water in a ratio of up to 250 ml and poured into sterile jars until the 
potato tubers were completely covered with the solution. All the jars containing the solutions and potato tu-
bers were left in the laminar flow cabinet for 24 hours. For introduction into in vitro culture, the potato tuber 
pith was used, and the Murashige and Skoog nutrient medium was applied with 30 g/L sucrose, 4 g/L agar, 
pH 5.7 with added various concentrations of plant growth regulators (phytohormones) [22–24]. 

Results and Discussion 

The efficiency of different options for sterilizing explants of different potato varieties using antimicro-
bial agents was compared and presented in Table 1. 

T a b l e  1  

Efficiency of different sterilization options for explants of different potato varieties  
with the use of antimicrobial agents 

Sterilizing 
Agents 

Solution  
concentration

Number of infected explants, % 

Gala Udacha Nevsky 
Kostanay 
Novosti 

Aladin 

Exposure, min 
5 10 5 10 5 10 5 10 5 10 

Bleach 3 % 
75 

±1.47 
58 

±2.16 
69 

±1.78 
55 

±1.63 
87 

±1.41 
69 

±2.27 
85 

±1.08 
76 

±1.87 
81 

±2.55 
73 

±1.22 

Tween 10 % 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 
100 

±0.00 

Lyzoformin 2 % 
100 

±0.00 
97 

±1.78 
100 

±0.00 
98 

±1.87 
100 

±0.00 
96 

±2.16 
100 

±0.00 
98 

±1.87 
100 

±0.00 
97 

±1.47 
Ethyl 

Alcohol 96 % 
76 

±1.08 
69 

±0.41 
78 

±0.41 
61 

±1.08 
82 

±2.12 
73 

±2.16 
92 

±1.78 
76 

±0.82 
89 

±0.71 
64 

±1.08 
Note: The data in the table are presented as the arithmetic mean ± SD, p<0.05.

 
The results of the conducted experiments showed that when using 10 % Tween and 2 % Lyzoformin as 

sterilizing agents, there was a 100 % contamination of the entire plant material. With an increase in exposure 
time to 2 % Lyzoformin by 10 minutes, the percentage of potato explants infection slightly decreased from 
96 % to 97 %. 

When using 96 % ethyl alcohol with an exposure time of 5 minutes, the number of infected explants 
ranged from 92 % to 73 %. With an increase in exposure time by 10 minutes in 96 % ethyl alcohol, the per-
centage of explant infection decreased significantly by 3.5 times. 

The use of 3 % bleach for sterilizing the plant material resulted in a significant reduction in the percent-
age of infection in the potato explants. Increasing the sterilization timing with 3 % bleach to 10 minutes led 
to a 1.5 times reduction in potato explant infection and the complete absence of bacterial and fungal infec-
tions on the explants. 
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The choice of sterilizing agent directly affects the preservation of explants in a viable state (Table 2). 
The use of disinfecting agents, such as a solution of 2 % Lyzoformin and 10 % Tween with prolonged expo-
sure (5 and 10 minutes) led to high death rates of shoots. At the same time, medium overgrowth was ob-
served when using 10 % Tween solution: the Gala variety — 36 %, Udacha — 42.3 %, Nevsky — 68.2 %, 
Kostanay Novosti — 90.5 %, Aladin — 58.3 %. No medium overgrowth was observed when using the 2 % 
Lyzoformin solution. The treatment with the disinfecting agents, 2 % Lyzoformin and 10 % Tween solu-
tions, did not significantly increase the number of sterile viable explants. 

T a b l e  2  

Regeneration of explants after treatment with disinfectants (percentage of the total explants) 

Variety Potato 

Sterilizing 
agents,  

Solution 
concentration 

Aseptic 
Viable 

Explants 

Aseptic 
non-viable 
Explants 

Infected 
Viable 

Explants 

Infected 
non-viable 
Explants 

Abs. % Abs. % Abs. % Abs. % 
Gala 

Bleach 
3 % 

22 88 3 12 2 8 1 4 
Udacha 24 92.3 2 7.7 3 11.5 2 7.7 
Nevsky 19 86.4 3 13.6 2 9.1 1 4.5 
Kostanay Novosti 18 87.7 3 14.3 4 19.1 2 9.5 
Aladin 19 79.2 5 20.8 3 12.5 2 8.3 
Gala 

Twin 
10 % 

0 0 25 100 0 0 9 36 
Udacha 0 0 26 100 0 0 11 42.3 
Nevsky 0 0 22 100 0 0 15 68.2 
Kostanay Novosti 0 0 21 100 0 0 19 90.5 
Aladin 0 0 24 100 0 0 14 58.3 
Gala 

Lyzoformin 
2 % 

1 4 24 96 0 0 0 0 
Udacha 2 7.7 24 92.3 0 0 0 0 
Nevsky 2 9.1 20 90.9 0 0 0 0 
Kostanay Novosti 1 4.8 20 95.2 0 0 0 0 
Aladin 1 4.2 23 95.8 0 0 0 0 
Gala 

Ethanol 
96 % 

12 48 13 52 3 12 5 20 
Udacha 13 50 13 50 4 15.4 6 23 
Nevsky 9 41 13 59 2 9.1 5 22.7 
Kostanay Novosti 11 52.4 10 47.6 2 9.5 4 19 
Aladin 11 45.8 13 54.2 3 12.5 5 20.8 
Note: The observed differences with potato varieties are statistically significant at p <0.05. 

 
The use of bleach based on sodium hypochlorite for sterilization showed high viability of explants. 

However, in this case, there was also significant mortality of explants: Gala — 12 %, Udacha — 7.7 %, 
Nevsky — 13.6 %, Kostanay Novosti — 14.3 %, Aladin — 20.8 %. 

During the growth of explants using the described treatment method, the development of infection was 
observed. Microorganisms grew on the surface of the agar layer around the explant, originating from the tis-
sues and contaminating the nutrient medium. The infected viable explants showed the following percentages: 
Gala — 8 %, Udacha — 11.5 %, Nevsky– 9.1 %, Kostanay Novosti — 19.1 %, Aladin — 12.5 %. 

When treated with 96 % ethyl alcohol compared to the bleach, the viability of explants was moderate: 
Gala — 48 %, Udacha– 50 %, Nevsky — 41 %, Kostanay Novosti — 52.4 %, Aladin — 45.8 %. The aseptic 
non-viable explants were observed in the experiment: Gala — 52 %, Udacha– 50 %, Nevsky– 49 %, 
Kostanay Novosti — 47.6 %, Aladin — 54.2 %. 

At the same time, a number of viable explants with infection and a low yield of non-sterile explants 
ranged from 9.1 % to 15.4 %. 

The laboratory experiment on the effect of sterilizing solutions on the yield of aseptic viable explants 
did not reveal significant differences between the potatoes varieties used. 

The best result was obtained using the following procedure: 
1. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: a commer-

cial chlorine-containing reagent — bleach (active chlorine — 2.8 %, sodium hydroxide — 2.0 %), diluted 
with distilled water to a concentration of 3 %, for 5–10 minutes. Afterwards, the shoots were rinsed with 
sterile distilled water for about 5–10 minutes, 3–4 times. 
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2. The washed potato tubers and meristematic shoots were sterilized with 96 % ethyl alcohol diluted 
with distilled water to a concentration of 2 %, for 5–10 minutes. Then, the shoots were rinsed with sterile 
distilled water for about 5 minutes, 3–4 times. 

Conclusions 

Thus, the obtained results indicate that the success of introducing meristematic potato shoots of the 
Aladin, Gala, Nevsky, Udacha, and Kostanay Novosti varieties into in vitro culture is influenced by the 
method of explant’s sterilization. 

During the laboratory experiments, it was found that the most effective sterilizing agents are 3 % 
bleach (Belizna) and 96 % ethyl alcohol with an exposure time of 10 minutes. Based on the experiment re-
sults, we propose using 3 % bleach as the main sterilizing agent with a 10-minute exposure time and for re-
ducing surface contamination, preliminary treatment of explants with 96 % ethyl alcohol is recommended. 
The authors believe that 96 % ethyl alcohol is the most optimal option for sterilizing solutions since it is non-
toxic, provides a gentle sterilization, and minimally damages the plant material tissues. 
 
 

References 

1 `��CB: � K.K. a7CQC���# �C��:Q�:�� ������C� ��� �7�UCQCx���C� Q���:� ����C�����:!: C��"�C���� 
/ K.K. `��CB: � // Z:�:�:� "x����. — 2019. — s 51 (289). — `. 280–282. 

2 O����� 2322061 \:��C#, yyy «a�:$C:��B» _Oy. s 200 6112903/13. z�# �. 15.04.2006. TC:7��7���� ��# 7: �8��C# 
"�:����:��C ������:B:�#��� ����B �"���"� C "�"x8��C# ��x��� � 7�:�"�UCC / X._. KQ������ , _.`. e��C�U: �, 
_.X. KQ������ . y7"$�. 20.04.2008. 

3 Z:�!"� A.A. \:����C�"�C�"�{C� �C�:$�����CC C CB 7����Cx���:� 7�C�����C� / A.A. Z:�!"�, `.�. G:U�, 
X.A. GC�Cx���: // PC�C:�:!C# C $C:BC�C# �"���"���B ������C�. — 2009 — e. 41, s 3. — `. 187–206. 

4 G����� � `.A. S����Cx���C� �:���:�� 7�:U���:   ��C�:����� C# $�����C� ������C#�C   ���:UC�UC#B 
/ `.A. G����� �, X.Z. Z"�:��U  // S����C��. — 1999. — e. 35, s 11. — `. 1480–1494. 

5 ó"���:  K.K. `7:�:$ 7:�"x��C# ���7�Cx���CB b��7����:  ����:Q��#   �"���"�� in vitro / K.K. ó"���: , _.Z. O:7: �, 
K._. ���C7��C�, Å.K. OC�#����U. // A����. G���SKc. — 2019. — s 5. — `. 16–21. 

6 [�$��� Z.T. ������: ��C� bQQ���C �:��C ����Cx��B �7:�:$:  ����C�C��UCC b��7����:  ����:Q��# 7�C �C��:��:-
�����:� �����:���CC / Z.T. [�$���, Å.A. T������� �, �.A. A:��: , G.\. TC����: �, _.�. [�$��� // c�7�BC �: ������:!: 
������ :����C#. — 2019. — s 9. — `. 26–30. 

7 Sevostyanova E.P. Obtaining micro cuttings of potatoes by clonal micropropagation / E.P. Sevostyanova, S.V. Akimova, 
M.A. Sevostyanov, E.O. Nasakina, A.V. Korshunov and A.P. Glinushkin // Economic and Phytosanitary Rationale for the Introduc-
tion of Feed Plants. IOPConf. Series: Earth and Environmental Science. — 2021. — No 663. 

8 K��$��  e.X. `:��� ����:Q��#, �:7"{����� � C�7:���: ��C�   \��7"$�C�� G���B����: �$. ���. A�:�:!: ��"x.-7����. 
�: �{��C# «S����Cx���C� C �!�:��B�:�:!Cx���C� ���"��� 7: �8��C# ��x��� � 7�:�: :���� ���:!: C ��B�Cx���:!: ����:-
Q��#» / e.X. K��$�� . — Z., 2012. — `. 5–6. 

9 Wang Q. Cryotherapy of the shoot tips: novel pathogen eradication method / Q. Wang, J.P.T. Valkonen // Trends in Plant 
Science. — 2008. — Vol. 14, No 3. — P. 119–122. 

10 Wang Q.`. Cryotherapy of potato shoot tips for efficient elimination of Potato leaf roll virus (PLRV) and Potato virus 
Y (PVY) / Q.`. Wang, Y. Liu, Y. Xie, M. You. — Potato Research, 2006. — Vol. 49. — P. 119–129. 

11 Kaczmarczyk K.  Potato Shoot Tip Cryopreservation. A Review / K. Kaczmarczyk, Rokka Veli-Matti, E.R. Joachim Keller 
// European Potato Journal, 2011. — Vol. 54(1). — \. 45–79. DOI: 10.1007. 

12 Plant Cryopreservation. A Practical Guide / B.M. Reed (Ed.). — Springer Science+ Business Media, LLC, 2008. — 513 p. 

13 Espinoza N. Tissue culture micropropagation, conservation, and export of potato germplasm / N. Espinoza, R. Estrada, 
P. Tovar, J. Bryan, J.H. Dodds // Specialized Technology Document I. International Potato Center, Lima, Peru, 1986. — 20 p. 

14 GC�" `.R. Z:$C�C��UC#, �:B�����C� C C�"x��C� !����Cx���CB ���"��:  �"���C C�"��:!: C �C�:����"{�!: ����:Q�-
�# / `.R. GC�", X.A. \:!:�C�� // A� C�: ��C� �"��. !����C�C C �����UCC. — 2017. — s 21(1). — `. 7–15. 

15 @"x���: K.K. a�:�:!:-!����Cx���C� 7�C�UC7� �:$C�C��UCC �C�: �B !����Cx���CB ���"��:   ��8CB ������C� / 
K.K. @"x���: // y$���: ��C�, ��"�� C 7�:C� :��� :. — 2014. — s 2. — `. 9–17. 

16 A���"� A.S. K���C� bQQ���C �:��C ���:�:  ��C:�:���� �UCC 7: 7:�������� �C����7:�:$�:��C 7�:�: �B ������C� 
7:��� ��C:�:B�����C# / A.S. A���"�, K.A. O� �:  // _�"x. �"��. _�c �eZy. `��. O�:U���� C �77����� 7C{� �B 7�:C�-
 :��� . — 2015. — s 2. — `. 162–167. 

17 R"��� � `.X. `:B�����C�  �!����C �: �����:�����B �"���"�   in vitro- C ��C:�:����UC#B: ���:�. "���. / `.X. R"���-
 �, S.�. O���C���, y.Å. K��:�: �, _.K. � �x�:, _._. A:��: �, e.K. S� �C����:. — `O$., 2011. — `. 72. 

18 Kaczmarczyk A. Influence of alternating temperature preculture on cryopreservation results for potato shoot tips 
/ A. Kaczmarczyk, N. Shvachko, Y. Lupysheva, M.R. Hajirezaei, E.R.J. Keller // Plant Cell Rep. — 2008. — Vol. 27. — P. 1551–
1558. 



N.G. Amantayev, M.M. Silantyeva, V.T. Khassanov 

22  �!"��# $���������!#
�
 %��&��!�"�"� 

19 R "��x����C� A.�. `:��� ����:Q��# G:��������:� �����UCC / A.�. R "��x����C�, K.`. c�: CU�C�, A.S. e"��� �, 
\.Z. K���"��C��, A.A. e���: , K.`. S"� / c� . �� �������CC cx��:!: �: ��� eyy «G:��������C� _�� ������:!: B:�#���-
 �». O�:�:�:� s 4 :� 9 C��# 2010 !. 

20 Kane M. Micropropagation of potato by node culture and microtuber production / M. Kane // In: Plant Tissue Culture, De-
velopment, and Biotechnology. Eds. R.N. Trigiano and D.J. Gray. CRC Press. Taylor & Francis Group. — USA. — 2011. — 
P. 207–212. 

21 G���8�C�: � X.K. O����C�"� 7: ������:B:�#��� ���:� $C:��B�:�:!CC / X.K. G���8�C�: �, X.z. G:xC� �, 
y.Å. ZC�:�: �. — Z.: G:�:`, 2006. — 144 �. 

22 Z�!�"�: � S.G. y7�C�C��UC# "��: C� ��C:�:B�����C# :$���U:  ����:Q��# / S.G. Z�!�"�: �, K._. �"���$�� �, 
K.@. ����!��$��: �, K.K. G��C����: � // TC:��B�:�:!C#. e�:�C# C 7����C��. — 2013. — s 4. — `. 42–49. 

23 G"8������: `.A. `:����C� �:����UCC in vitro �:��:  C !C$�C�:  ����:Q��# ��� C�B:��:!: �����C��� ��# ��C:�:�-
��� �UCC / `.A. G"8������:, _.A. \:�����: �, Z.Z. K���$�� �, S._. Z����: �, Z.y. T���$�� �, R.�. T�$C���: � 
// TC:��B�:�:!C#. e�:�C# C 7����C��. — 2013. — s 1. — `. 28–33. 

24 e"��8� � `.G. y7�C�C��UC# ���C�� ����C�C��UCC b��7����:  ������C# ��"-��!�� / `.G. e"��8� �, G.G. T:!"�7�� , 
R.S. P���� , `.T. y���: �, K���!"��, K.`. K����$�� � // A����. G���B. ��U. "�-��. `��. $C:�. — 2012. — s 3 (55). — `. 73–
77. 
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«�+��0E 1*�+,� �,�++*��2�F ¬1��0*2++*��2 in vitro B*D4*?�24*  
4*~�0D* �28E|) (*~�*+�24* ,0*�4� |*�*���|4*24��) B,0�2 +*F4*) 

a��7���� — Y������ ]�7�����w ������ :�!�����w Q��!�����. G�� ���!�� Y��������w ]�7���� in vitro 
��9����� �����9� ��!��" $�������� C�Q��UC#���$�9��, ���8������ ��$������ b��7������ ��w��"��� 
$��������. Z������� «K���C�», «S���», «_� ��C�», «c��x�» �V�� «F:������ ��w��������» ���� 
����:7 �:������� �C��:��:����� �Y$���" �8�� :�����w b��7����������w ���8������ ��$��������!��� 
V������ ������������������ �!��������w V����, �:����-�� :����� Yw��" "������ ������" �V�C������ 
�Y������!��. T����7�� �����C�� ������� ����:7 ������������� ����9�� ���C�������� Y������� $:���. 
T��C���, e C� 20, [C�:Q:��C� 3000, 96 % b�C� �7C��� �C#��� �:����UC#��� ��������������" 
�!������� �:������9��. eV���C$� �V�C������ $:���8� ��!��!� ��������������" �!���� ������� 
b��7:�CUC# "����� 10 �C�"� $:����� 3 % T��C����� �:����"�� �V�� $�������� ������"�� �����" 
�8�� b��7��������� 96 % b�C� �7C������ ����� ��� Yw��" ]�����9��. K �:���� 96 % b�C� �7C��� 
����������� ��������������"��w �w ����� �]����� ��7 �������, Y������  b��7������ �8�� �������� 
"�� ����, ��������������"��w �]���� V���� �V�� Y������ �����C�����w �������� �� ����������. 

�Q�	 �@/���: ����:7 ����������, ���C�������� Y�������, ������������������ �����������, b��7����, 
b��7:�CUC#, ��������������". 
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@,4G,� )�0,-�? �+���0�|*I�� ¬1��0*2+,- �*|0��2�< �,�+,- 1*�+,J�0�  
40� --�4�2�� - 1)0­+)�) in vitro 

a��7���� — Q��!���� ����C C�C :�!��� ������C�, C��"$C�"���� ���:��:#�����: C�C C�7:���"���� ��# 
7:�"x��C# 7�� Cx�:!: ����"��. A ����C�   �"���"�" ������ in vitro ��$:!: ������C# ��xC�����# � 7:�-
$:�� ��C�QCUC�: ���:!: �C����7:�:$�:!: b��7�����. K �:���C 7�C ����� ���"������ C�����: ��C# 
 �C#�C# ����Cx��B ����C�C�"�{CB �!���: , � �����  �����C CB :$��$:��C �� �C����7:�:$�:��� ����C-
������B b��7����:  7�C �C��:��:�����:� �����:���CC ����:Q��# �:��:  «K����C�», «S���», «_� -
��C�», «c��x�» C «G:��������C� �: :��C». ��B:���� �����C��:� # �#�C�� ���C������� �:���C C� 
��"$��� ����:Q��#. ��7:���: ��� ���C� �:����x���C� ����C�C�"�{C� �!����, ��� T��C���, e C� 20, 
[C�:Q:��C� 3000, 96 %-��� b�C�: �� �7C��. O�:����C�C�: ��:  �C#�C� ����C�C�"�{CB �!���: , � 
�����  �����C CB :$��$:��C �� �C����7:�:$�:��� b��7����:  C CB �:����C��UC�. A ���"������ 7�: �-
�����B b��7��C����:  $��: "����: ���:, x�: ��C$:��� bQQ���C ���C # �#���# 3 %-��# T��C��� C 
96 %-��� b�C�: �� �7C�� � ��C�����:���� b��7:�CUCC 10 �C�. O: ���"������� b��7��C����� 7�����!�-
��   ��x��� � :��: �:!: ����C�C�"�{�!: �!���� C�7:���: ��� 3 %-�"� T��C��" �:  ������� b��7:�CUCC 
10 �C�, � ��# "����8��C# 7: ��B�:����B ��!�#����C� 7�C���#�� 7��� ��C�����"� :$��$:��" b��7���-
�:  96 %-��� b�C�: �� �7C��:�. K �:�� �xC����, x�: 96 %-��� b�C�: �� �7C�� # �#���# ��C$:��� :7-
�C�������  ��C���:� ����C�C�"�{CB ���� :�: , ��� ��� �� �:��Cx��, # �#���# {��#{C� �7:�:$:� ���-
�C�C��UCC C �C�C�����: 7: ������� ����C ����C�����:!: �����C���. 

���<�$�� ��
$�: ��"$�C ����:Q��#, ���C������� �:���C, ����C�C�"�{C� ���� :��, b��7����, 
b��7:�CUC#, ����C�C��UC#. 
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5,0­ ��,G�,+�1,- - ��,J�0*1+�1� � 0���2�� |*G,0�-*2�? 

O�:$C:�C�C,  ���x��{C� $�����CC C ��:��C, 7������ �#�� �:$:� �C �� �C��::�!��C���, :����-
 ��{C� $��!:� :��:�  �C#�C� �� ��:�: �� x��: ���. _��:�:��� C� b�CB �C��::�!��C��:  �:��� �#�� 
x���� �:������:� �C��:$C:�� �C8�x�C�� x��: ���, !�� :�C �C "�   �C�$C:�Cx���CB :��:8��C#B. A 
7:�������  ���# 7�:$C:�Cx���C� �C��::�!��C��� 7:��:#��: C�"x����# C CB 7�C�����C� ��������C-
 ����#   7���7���C ��B ���:��B 7�:QC����C�C C ��x��C# ����Cx��B ��$:�� ��C�. G�C�Cx���C� C�-
7����C# C b��7��C����� in vitro, in vivo ���8C�C�C ���"{�� 7:�C���C�  ���:� �:�C, �:�:�"� 7�:-
$C:�C�C C!���� 7�C ��$:�� ��C#B, � #�����B � �C��:$C:�:� �C8�x�C�� x��: ���. A: ��:!CB C����-
�: ��C#B :���x����#, x�: 7�:$C:�C�C "x��� "��   Q:��C�: ��CC �C8�x�:� �C��:$C:��, x�: 7�C :-
�C� � 7:���UC����:�" �:���:�� ��x��C# ��:���� � ��$:�� ��C� �C8�x�C�� C �:����� "�� :${��" 
:��:�: ���C�. c$��C������� �:���������� �   7:���" C�7:���: ��C# 7�:$C:�C�:  7�C ��x��CC ���CB 
��$:�� ��C�, � #�����B � �C��:$C:�:� �C8�x�C�� (���:UCC�: ����# �C���#, B�:�Cx���C� ��7:��, 
�C���:� ����������:!: �C8�x�C��, �:�:���������� ��� C ����Cx��� ������:��� � Q"��UC� ���"-
�:x�:-�C8�x�:!: ������) ��� ���C$C:�C�. O�:$C:�C�C ����� C�7:���"���# ��# ��x��C# C 7�:QC���-
�C�C ��$:�� ��C�, �� � #�����B � ���"�:x�:-�C8�x��� �����:�, ���CB ��� ��:7Cx���C� ������C�, 
�����!C#, �����x�:-�:�"�C���� ��$:�� ��C#, "�:!��C������� C�Q��UCC C ���: �� ��$:�� ��C#. y���-
�:   b�CB ��"x�#B �:x��� ��B��C���  :������ C# 7�:$C:�C�:  ���:����:x�: C�"x��� C ���$"�� 
�������8CB C�����: ��C�   b�:� ��7�� ���CC. }���� ����:� �����C # �#���# ����C� �: ������:� 
�C�����"�� : 7�C�����CC 7�:$C:�C�:    7�:QC����C�� C ��x��CC ����Cx��B ��$:�� ��C�. 

���<�$�� ��
$�: 7�:$C:�C�C, �C��:$C:�� �C8�x�C�� x��: ���, �C��:$C:�, C�7:���: ��C� 7�:$C:�C-
�: , $CQC�:$�����CC, ����:$�UC���, �C8�x��� C�Q��UCC, ����7� �Cx���:� C�7:���: ��C� 7�:$C:�C-
�: . 

 

1$������ 

O�:$C:�C�C — b�: �C �� ��7��:!����� �C��::�!��C���, �:�:��� 7�C���#���# ��# "�"x8��C# 
�C��:$�:!: $������ ���"�:x�:-�C8�x�:!: ������. y�C  ���x��� ��:��C  C�� Saccharomyces 
boulardii C�C �:�:x�:�C���� $�����CC �:�:  Lactobacillus C Bifidobacterium C C�7:���"���# ��� �C�-
�Cx���C� 7�:�"��� C 7C{� �� �:$� �C [1]. y����: :���x��:, x�: 7�:$C:�Cx���C� 7��7�����, �:-
��:#{C� C� ���� �B ����:� C CB ����$:�C�: , ����� �:!"�  ��� ��� $C:�:!Cx���C� :� ��,  : ��:!CB 
��"x�#B ����:!Cx��� �:�", �:�:��� ��$�������# " �C �B ����:�. `���: ������:, 7�:$C:�C�C, �:-
��:#{C� C� �C �B C�C ���� �B ����:� C CB ����$:�C�: , �:!"� C!����  ���"� �:��   7:�������CC 
��:�: �# C 7���:� ��{��CC ��$:�� ��C� B:�#C�� [2]. 

R:�����:, x�: 7�:$C:�C�C bQQ���C �� 7�C ����Cx��B ��C�Cx���CB �:��:#�C#B — :� �����:� 
�C���C, ����:�C�C�"�{�!: b����:�:�C��, �C���C, � #����:� � 7�C��:� ���C$C:�C�: , ��UC�C C-
�"�{�!: �:�C�� Clostridium difficile, C�Q��UC� Helicobacter pylori,  :�7��C������B ��$:�� ��C� �C-
8�x�C�� �: ����, �����CB �:x�7:�: �B C BC�"�!Cx���CB C�Q��UC�. e���� C� ����:, x�: 8���� 
Lactobacillus rhamnosus GG $��!:� :��:  �C#�� �� �C8�x��� C��"�C���, " ��CxC �# �:�Cx��� : IgA 
C ��"!CB C��"�:!�:$"�C�:    ��C�C��:� :$:�:x�� �C8�x�C��, :� ��C�"�C�"�� �����:�  �� :$:���-
�C� C����Q��:�: , x�: :$��!x��� �����7:��C�: �" ���C!��� � �C������{C� �C�Q:C���� ����-
��� [3]. 

O�:$C:�C�C :���� ��� � :� $��!:� :��:�  �C#�C� ����Cx���C ��B��C����C, ���C�C ��� ��C-
���C� �_ �C8�x�C��, "����8��C� �:�:�C��UCC C C� ��CC 7��:!�����C :�!��C����C, � ����� C���-
���C�� C��"��:!: :� ��� B:�#C�� [4]. 
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}���� ����:� �����C # �#���# ����C� �: ������:� �C�����"�� : 7�C�����CC 7�:$C:�C�:    
7�:QC����C�� C ��x��CC ����Cx��B ��$:�� ��C�. 

'�	
�� � ��	������ 

O�: ���� ����C� 7"$�C��UC�   $���B �����B PubMed, Web of Science, Scopus, Elsevier �� 
7:�����C� 5 ���, C�7:���"# ����"�{C� ����C��: «7�:$C:�C�C», «�C��:$C:�� �C8�x�C�� x��: ���», 
«�C��:$C:�», «C�7:���: ��C� 7�:$C:�C�: », «$CQC�:$�����CC», «����:$�UC���», «�C8�x��� C�-
Q��UCC», «����7� �Cx���:� C�7:���: ��C� 7�:$C:�C�: ». T��: 7�:����C�C�: ��: $:��� 100 
7"$�C��UC�, ��# b�:!: :$�:�� :�:$���: 45 ������, �:�:���  ���x��C ����:�C�C�: �����, ���7�� C 
��7��� �#��� C�����: ��C#. 

��/
��	�	� � 
!�
������ 

�
�� ��
!�
	��
$ $ /�!
��$�����, �$�/����� � ����
!�
�
� ����<���� <��
$��� 
O�:$C:�C�C 7:��:#��: C�7:���"���# ��# "�"x8��C# !:��:����� �C8�x�C�� x��: ���. A ���"��-

���� �:�Cx��� :  �����B $�����C�, �:�:��� �� �:!"�  ��C��   �C��:� �����, "����8����#, � 7:���-
��� $�����CC, �:�:��� B:�:8: ����"�   ���:� �����, �����:�����#, ��� ����� "�� �: �8C �# �C-
8�x�"� �C��:$C:�" [5]. A U��:�, �C��:$C:� �C8�x�C�� ��$:���� 7:�:$�: b��:��C��:�" :�!��", 
 ���$��� ��{��" $C:���C ��� ����$:�C��, Q������� C�C ��$:��8C� �:���"��, �:�:��� :����-
 ���  �C#�C� �� ��:!C� Q"��UCC :�!��C��� B:�#C��. RC�$�����C:� �C8�x�C�� � #��� �: ��:!C�C 
�C8�x���C ��$:�� ��C#�C,  ���x�# ����Cx���  :�7��C������� ��$:�� ��C# �C8�x�C��, �C���:� 
����������:!: �C8�x�C��, B�:�Cx���C� ��7:�, :��:�Cx���"� �C����, �:�:���������� ��� C ��. O:-
���UC������ 7��:!����� ��B��C�� �C�$�����C:�� �C8�x�C��, � #����:!: � �C8�x���C ��$:�� �-
�C#�C,  ���x��� C������C� �:��� � �C8�x�:� �C��:$C:��, � ����� �C!������B �:���"�, 7:�"x��-
��B C� �C8�x�:� �C��:$C:�� [6]. 

O:��:���" �C��:$��� �::${��� � �C8�x�C�� �� # �#���# 7:��:#����C C �:!"� $��� C������� 
����Cx���C Q���:���C, ���C�C ��� :$��� �C��C, �C��� C ���C$C:�C�C, 7�:$C:�C�C �:!"� C�7:���:-
 ����# ��# ��x��C# C 7�:QC����C�C ����Cx��B �C8�x��B ������:��� . T��!:� :��:� ����� C� 7�:-
$C:�C�:  C CB � #�� � �C8�x���C ��$:�� ��C#�C $��C 7�:���:����C�: ���   ����Cx��B C�����: �-
�C#B (��. ��$�.). 

e � $ � C U �   

5�|)0­+*+� 10�2����1,8, ���0�4,-*2�� -0��2�� ��,G�,+�1,- 

\ O�:$C:�C� ��:!C C�����: ��C# `����� 

K��C$C:�C�-
���:UCC�:-
 ����# �C�-
��# (KKR) 

Bacillus spp., 
Bifidobacterium spp., 
Clostridium 
butyricum, 
Lactobacilli spp., 
Lactococcus spp., 
Leuconostoc 
cremoris, 
Saccharomyces spp. 
C�C Streptococcus 
spp., :������: C�C   
�:�$C��UCC 

T��:  ���x��: ��C�U��� ��C C�����: ��C# (6352 "x����C��). 
ó���� 5 ����–12 ������ ��$�����C# x���:�� KKR   !�"77�, 7�C-
���#�{�� 7�:$C:�C�C, �:��� C�� 8 % (259/3232) 7: ��� ���C� � 
19 % (598/3120)   �:���:���:� !�"77�. A��:��# �:�� (ù 5 �C��C-
���:  GyX   ����) $:��� bQQ���C ��, x�� �C���# �:�� 7�:$C:�C-
�� (<5 �C��C���:  GyX   ����) 

[7] 

Lactobacillus, 
 Saccharomyces, 
Bifidobacterium, 
Streptococcus 

T��: C�"x��: ��C�U��� 8���� C�����: ��C� (9312 "x����C�: ). 
O�:$C:�C�C ��C���C x���:�" KKR �� 38 %. `���C��Cx���C ���-
xC�:!: " ��Cx��C# ������������B # ���C�   !�"77�, 7�C�C-
���{�� 7�:$C:�C�C, �� ��$�����:�� 

[8] 

Lactobacillus 
rhamnosus GG  
Saccharomyces 
boulardii Lactobacil-
lus reuteri 

K���C� 82 C�����: ��C� (12127 "x����C�: ), 11526 ����� ( :�-
���� < 18 ���) C 412  ��:���B. O�:�:��C�����:��� !:�7C���C��-
UCC   ���UC:����B   ������� $��� �:�:x�   !�"77�, 7�C�C�� -
8�� 7�:$C:�C�C, x��   �:���:���:� !�"77�. _� $��: :$���"��-
�: ����CxC� ����" !�"77��C " ����� � �C����� 7�:�:��C����-
�:���� ù 14 ���� 

[9] 
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\ O�:$C:�C� ��:!C C�����: ��C# `����� 

��:�Cx���C� 
��7:�� 

Bifidobacterium 
lactis GCL2505 
Lactobacillus casei 
B. lactis NCC2818 
VSL#3, L. paracasei, 
B. lactis DN-173010, 
B. lactis HN01, 
L. reuteri DSM 
17938, L. plantarum 
LMG P-21021, B. 
breve DSM 16604, B. 
lactis LMG P-21384 

c ����� � ��7:���C  �# ���: ��C���C� �:�U�����UCC $CQC�:-
$�����C�, ����:$�UC�� C " ��Cx��C� �:�Cx��� � Bacteroidetes. 
R:$� ���C� Bifidobacterium lactis GCL2505 C�C Lactobacillus 
casei " ��CxC ��: �:�U�����UC� $CQC�:$�����C�, :����: B. 
lactis NCC2818 C �"���C-8����: �� 7�:$C:�C� VSL#3 �� :��-
�� ��C  �C#�C# �� �:���  �C��:$C:�� �C8�x�C��. R�# :�����-
��B 8����:  7:�����: ����:���: ��B��C��:  ����� C#,   �:� 
xC��� �:�"�#UC# �C8�x�:� �C��:$C:�� C Q�������UCC, "�"x-
8��C� �:��:#�C# ��� �:� C C��"��:� �C���� 

[10] 

`C���:� 
���������-
�:!: �C8�x-
�C�� (`\G) 

Lactobacillus 
rhamnosus Flora 
Active™ 19070–2, 
Lactobacillus 
acidophilus DSMZ 
32418, Bifido-
bacterium lactis 
DSMZ 32269, 
Bifidobacterium 
longum DSMZ 
32946, 
Bifidobacterium 
bifidum DSMZ 
32403 C Q�"��::�C-
!:��B��C�� 

A C�����: ��C� $��C  ���x��� 80 7�UC���:  � `\G ������� C 
�#���:� ���7��C, �:�:��� $��C ����:�C�C�: ��� ��# 7�C��� 
�C�$C:�C�:  C�C 7��U�$:   ��x��C� 8 ������. O��7���� C� ��-
��:���CB 8����:  $�� � #��� �: ���xC������� "�"x8��C�� 
�C�7�:�:  " 7�UC���:  � `\G C B:�:8: 7����:�C��# 

[11] 

Bacillus coagulans 
LBSC [DSM17654] 

40 7�UC���:  (18–65 ���) 7�:8�C ���C�C�! C $��C ����:�C�C�:-
 ��� �� 2 !�"77�: C���� ��UC:��"� C 7��U�$:-!�"77". a��:-
��:7C#  ��B�CB :����:  ���"�:x�:-�C8�x�:!: ������ ��  �# C-
�� ��C�Cx���:� ����CU� ��C�C��:� :$:�:x�C ���"�:x�:-
�C8�x�:!: ������ ����" :$�C�C !�"77��C. O�:$C:�C� $�� 
$��:7���� C bQQ���C ��   :$��!x��CC :${CB 7��:QC�C:�:!Cx�-
��CB �C�7�:�:  `\G 

[12] 

B.coagulans 
L.plantarum 
L.acidophilus 

A C�����: ��CC C�"x�� 5531 7�UC��� � `\G. B. coagulans :�����-
�# :7�C�������  C�:� 7�:$C:�C�:  ��# "�"x8��C# ��:�:��C 
:$��!x��C# �C�7�:�:  `\G, � ����� :${CB �C�7�:�: , ��� $:�� 
  �C :��,  ��"�C� C ��7�#���C� �C :��. L.plantarum ���#� 7��-
 :� ����: 7: "�"x8��C� ��x��� � �C��C 7�UC���:  � `\G, �: 
$�� ���CB-�C$: �"{��� ����B ����CxC� 7: ��� ���C� � ��"!C�C 
 C���C 7�:$C:�C�:  c 7�UC���: , 7:�"x� 8CB L.acidophilus, 
$��� ����# �C���# x���:�� ������������B # ���C�. _� $��: :$-
���"���: �"{��� ����B ����CxC� ����" "x����C���C, 7�C�C-
�� 8C�C ������ �:�� 7�:$C:�C�:   :  ��B C�B:��B,   �:  ���# 
��� 7�:�:��C�����:��� ��x��C# �:��� ���xC�����:  �C#�� �� 
bQQ���C �:��� ����� C# 7�:$C:�C�:    :$��!x��CC $:�C   �C :-
�� 

[13] 

P"��UC:-
������� ���-
���:��� � 
���"�:x�:-
�C8�x�:!: 
������ 

Lactobacillus 
rhamnosus GG Lac-
tobacillus reuteri 
DSM 17938 

������: ��: 702 ��$����    :������ :� 4 �: 18 ���, 506 � Q"��-
UC:�����:� $:���   �C :��. O�C�����C� Lactobacillus reuteri 
DSM 17938 �����xC�����: ��C���: C�����C �:��� $:�C " $:��-
��B ����� 

[14] 
 

Bacillus subtilis 
BS50 

\���:�C�C�: ���:� � :��:� ���7:� 7��U�$:-�:���:�C�"��:� 
7���������:� ��C�Cx���:� C�����: ��C� 76  ��:���B 7:�����:, 
x�: 7�C�� 7C{� �B �:$� :�   �:�Cx��� � 2 × 109 GyX Bacillus 
subtilis BS50   ���� # �#���# B:�:8: 7����:�C�:� C $��:7���:� 
��# :$��!x��C# ���"�:x�:-�C8�x��B �C�7�:�:  " :$����"���B 

[15] 
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y � : � x � � C �  � � $ � C U �  

\ O�:$C:�C� ��:!C C�����: ��C# `����� 

G:�:���-
������� ��� 
(G\G) 

L. acidophilus 
KLDS1.0901 

��"x��:  �C#�C� �� 7�:�CQ���UC� ����:� HT-29, Caco-2 C IEC-
6, � ����� ��B��C�� �7:7�:�� ����:� HT-29 7�C :$��$:��� L. 
acidophilus KLDS1.0901. T��: 7�: ����: 1133 �CQQ����UC����: 
b��7����C�"���B !���,   �:� xC��� 531 !�� � 7: �8���:� ��!"-
�#UC�� C 602 !��� � 7:�C����:� ��!"�#UC��. \��"������ � C��-
������ "�� : �:�, x�: L. acidophilus KLDS1.0901 7:���UC����: 
�:��� $��� C�7:���: �� 7�C �����$:��� �: :!: �C7� Q"��UC:-
������B 7C{� �B 7�:�"��:  ��# ��x��C# ���� �:���:� �C8�C 

[16] 
 

Lactobacillus 
acidophilus CICC 
6074 

T��:� S-��:# Lactobacillus acidophilus CICC 6074   �:��B 0, 25, 50 
C 100 �!/� ���xC�����: 7:�� �#� 7�:�CQ���UC� ����:� HT-29. 
G����C, :$��$:������ $���:� S-��:#, 7:�����C B���������� C�-
�����C# �7:7�:��,  ���x�# �:������UC� B�:���C��, Q��!�����-
UC� #���,  ��":�C C ��.  

[17] 
 

Lactobacillus 
plantarum NCU116 
L. lactis 
L. rhamnosus GG L. 
acidophilus 
Lactobacillus 
kefiri LKF01 
Bifidobacterium 
Streptococcus 
Saccharomyces 
boulardii 

A :$�:�� ����C�C�"���# C����: ��C# : 7:���� 7�:$C:�C�:  7�C 
��x��CC �#����B ���"�:x�:-�C8�x��B ��$:�� ��C�,   �:� 
xC��� G\\. O:�����:, x�: �:� Lactobacillus # �#���# ��C$:��� 
8C�:�: C�7:���"���� 7�:$C:�C�:� 

[18] 
 

&�����
$���� �� ����� 
[#�$�C:� Lactobacillus 

johnsonii CNCM I-
4884 

O�:$C:�Cx���C� 8���� Lactobacillus johnsonii CNCM I-4884 
7�:# �#�� ���C �:��� 7�:�C  �#�$�C� in vitro C in vivo �� ��8C-
�:� �:���C �#�$�C:��. ����� B:�:8: ���7�C�: �� � ���"�:x-
�:-�C8�x�:� ����� C �:��� $��� $��:7���: C�7:���: ��   7�:-
$C:�Cx���CB 7��7�����B 

[19] 
 

 
%������� 
GC8�x��# �C��:$C:��  ��C�:����� "�� � b7C���C������C �������C �C8�x�C�� 7:������ :� 

����:���CB ��B��C��: ,   �:� xC��� x����  ���$:��" �:��x��B 7�:�"��:  ����$:�C���, ���CB ��� 
�:�:��:U�7:x�x��� �C���� �C��:�� (:��: �:� C��:x�C� b���!CC b7C���C�����B ����:� �:���:� 
�C8�C), ��7�C���, �U���� (7���8��� ���C� �C����� B:������C�� C �C���B �C��:�), $"�C��� (�:�� C 
�CQQ����UC�: �� ����:�, ��{C{��� :� :�C���C#) C 7�:7C:��� (�"$����� ��# !���:��:!�����, ��C��-
�� �C���� B:������C��). `"{��� "�� ����$:�Cx����# �C���!C# ����" $�����C������ �::${��� :� 
��# �:����C# QC�C:�:!Cx���CB :��:8��C� � �������C B:�#C��, ���"8��C� ��!"�#UCC QC�C:�:!Cx�-
��:!: C $C:BC�Cx���:!:  ��C�:����� C# ����" B:�#C�:� C �C8�x�:� �C��:$C:�:� 7�C :�C� � :�C-
���C�. R:7:����C� �C��� �  ��:�C� �:������C�� �C�:  � Lactobacillus paracasei F19 C 
Bifidobacterium lactis, 7:�����:, x�: :�C 7: �8��� b��7����C� Q���:�� ��C7:UC�:  C ��C���� "�: -
�C ��C�UC�!�CU��C�:    �� :�:��� ��: C, "����8�# :��:���C� �C��   7�x��C [20]. 

������: ��C� �:�C 7�:$C:�C��   7C{� :� :�C���CC " ��8�� 7:�����:, x�: 7:��� 10 ������ 
�C��Cx���:!:  ��8������� � � C�7:���: ��C�� L. rhamnosus JL1 ����� ����   b��7��C��������:� 
!�"77� $��� ���xC�����: �C�� (� < 0,05). TC:BC�Cx���C� ����C� �� :�:��C ��: C 7:�����, x�: �:-
������C� e`, eS C �` [O_O " ��8�� !�"77� JL1 $��: ���xC�����: ��C���: (� < 0,05). SC��:�:!C-
x���C� C�:$�����C# 7�x��C ��8�� 7:�����C, x�: ����� C� �C7C�:  �7:�:$�� : ��: ��C���C� 7:-
 ������C# 7�x��:x��B ����:�. O:��� �C��Cx���:!:  ��8������� � � L. rhamnosus JL1 �:�U�����UC# 
"��"��:�, 7�:7C:�: :� C ����#�:� �C��:� $��� ���xC�����: " ��Cx��� [21]. 

�	
��<����� �����	�	 � �����"�� 
e:x��� ��B��C�� ����� C# 7�:$C:�C�:  ��# ��x��C# ��:7Cx���:!: ������C�� ���:����:x�: 

C�"x��, 7���7:��!����#, x�: b�: � #���: � C��"�:�:�"�C�"�{C�C bQQ�����C 7�:$C:�Cx���CB 
������ . 
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Z�:!:U����: :� ����:�C�C�: ���:� 7��U�$:-�:���:�C�"��:� C�����: ��C� bQQ���C �:��C 
7�:$C:�Cx���:!: 7��7�����,  ���x��{�!: Lactobacillus rhamnosus LOCK 0900, Lactobacillus 
rhamnosus LOCK 0908 C Lactobacillus casei LOCK 0918, " �����    :������ �: 2 ��� (151 ��$��:�) � 
��:7Cx���C� ������C�:� C �����!C�� �� $��:� �:�: ��!: �:�:�� 7:�����: "����8��C� �C�7�:�:  
��:7Cx���:!: ������C��. O�:U��� �����, " �:�:��B ��$�����:�� "�"x8��C�, $�� ���xC�����:  �8� 
  !�"77�, 7�C�C�� 8�� 7�:$C:�C�C (�"�:x��# �:�� 109 $�����C�), x��   !�"77� 7��U�$:. O�:$C:�C�C 
C��"UC�: ��C "�"x8��C�   :��: �:� " �����, ����C$C�C�C�: ����B � �����!����, �: b�:� 7:�:�C-
������� bQQ��� �� ��$������# x���� 9 ���#U� . \��"������ 7:�����C, x�: ����� 7�:$C:�Cx���CB 
8����:  7:����� ��# ����� � ��:7Cx���C� ������C�:� C �����!C��, :����: ��:$B:�C�� �������8C� 
C�����: ��C# ��# :U���C  �C#�C# 7�:$C:�C�:  �� ��� C�C� C��"��:� �:�������:��C [22]. 

aQQ���C �:��� Lactobacillus rhamnosus GG   �:x����CC � $���:�:x�:� �C��:� $��� C�����: ��� 
" 7�UC���:  � �����!C�� �� $��:� �:�: ��!: �:�:��   ���"������ ��:!:U����: :!: 7�:�7���C �:!: 
C�����: ��C# ����� (0–12 ���#U� ). Z�����U� b��7��C��������:� !�"77� (48 ������U� ) 7:�"x��C 
�C��" $�� �:������C# $���� �:�: ��!: �:�:�� C 7��:�����: ������ �: 1×109 GyX/LGG, �   !�"77� 
7��U�$: — $���:�:x�"� �C��" C 7��U�$: (52 ������U�). Z����C  ��B 7�UC���: , ��B:�#{CB�# �� 
!�"��:�  ������C ��CC, $��C 7��� ����� �� $���:�:x�"� �C��", C  ��� 7�UC�����, �:�:��B �:�-
�C�C ����#�C, 7�����!����� ����� �  ��:�C� �:������C�� !C��:�C����. O:��� 4 ������ �C��Cx���:-
!: 7C���C# " ������U� , 7�C�C�� 8CB 7�:$C:�C�C, ��$�����:�� ����C��Cx���C ���xC�:� "�"x8��C� 
�C�7�:�:  ��: #�C��:!: ��"��, �C���C, $��7:�:��� � C  ��"�C# �C :�� (� ý 0,001), ��C�C��:!: ��"�� 
(� = 0,038) C � :�� (� = 0,034), :����: �� ��$�����:�� �"{��� ���:!: "�"x8��C# 7�C $:�#B   �C :�� 
(� = 0,325), ��7:��B (� = 0,917) C ������C�� (� = 0,071) [23]. 

������: ��C�  �C#�C# 7�C�����C# 7�:$C:�C�:  7:��� �:�:  (1320 "x����C�: ) �� 7�:QC����C-
�" C ��x��C� �����:� ����� C ��:7Cx���CB ������:���  7:�����:, x�: ������ 7�C�����C� 
Lactobacillus rhamnosus GG (LGG) 7�C :�C�: � ��C���C� �"�"�#�C �:!: 7:�������# ��$:�� ���:��C 
����:�. e���� � �:���C 7�:���:����C�: ��:, x�: ���8����� 8����� Lactobacillus paracasei C 
Lactobacillus fermentum �7:�:$�� "�� ��C�Cx���:�" "�"x8��C� ����� � ����:�,   �:  ���# ��� 7�C 
C�7:���: ��CC ����C Ligilactobacillus salivarius C Bifidobacterium breve ��$�����:�� ���xC�����:� 
��C���C� x���:�� :$:�����C� ����� [24]. 

&��
��	�	 
O��:�����:�   ����C� Lacticaseibacillus rhamnosus CRL1505 �:�"�C�"��  �:������� 7�:�C :-

 C�"���� C��"���� :� �� " �: :�:������B ��8��, 7: �8�# "��:�xC :��� � ���7C���:��:-
�C�UC�C����:�  C�"��:� C�Q��UCC (RSV). O�:$C:�C� ���C C�: �� ��� �:�#���� ����:Q�!C C "�C-
�C �� CB �7:�:$�:��� 7�:�"UC�: ��� C����Q��:�� I �C7� (IFNs) C IFN-þ   :� �� �� RSV-C�Q��UC� 
[25]. e���� 7:�����:, x�:   ������  :������   ����C� 7�:$C:�C�:  �:���  �C#�� �� �C8�x�"� �C�-
�:$C:�" C � #������ � �C8�x�C�:� C��"���� �����C. _� ��8C�:� �:���C   ����C� Q������C�:-
 ���:!: �:�:��, �:�����{�!: L. casei DN-114001, �����#�   7��C:� �:�����C# !�"��� C CB 7:�:���-
 " 7:��� :��"x��C# :� !�"�C 7:�:�C�����: "�"x8��: �C8�x�"� �C��:$C:�" C ��C�"�C�: ��: ��-
�7�UCQCx���C� C��"���� �����C, ���C� ��� IgA+ �����C, ����:Q�!C C DCs [26]. 

Z�B��C��� ����� C# 7�:$C:�C�:  :$|#��#���# "�"x8��C�� $������:� Q"��UCC C C��"�C���� 
�� �x�� ����� C# ����:x��B �:�7:����:  (Q��!���C�, �C7:7:�C��B��C�, �C7:���B:� "� �C��:�", 
7�7�C�:!�C��� C �.�.) C ����$:�C�:  ("��"���# �C��:�� C ��.) 7�:$C:�C�: . L. casei " ��CxC �� ��-
�C �:��� ������ ����B ����:�-�C����:  ��!�CB, C  ���$:��� C��������C��-12 $��� " ��Cx��� �� 
��8C�:� �:���C  C�"��:� C�Q��UCC !�C77�. A ��8C�:� �:���C �C���C, � #����:� � 7�C��:� ��-
�C$C:�C�:  ��C����CUC��, C. butyricum ��C��� "�: ���  :�7��C������B UC�:�C�:  C $���: , � #-
�����B � �C8�x��� $�����:�, ���CB ��� IL-6, IFN-þ, �"UC�-2   �:���:� �C8��. [���:$�UC��� " ��C-
xC ��C ��!"�#�:���� e-�����C � �"x8��  ��C ���:����   ��8C�:� �:���C �C��!�:��:� 7�� �:-
�CC [27]. a�C ������ � C�������� "�� : �:�, x�: 7�:$C:�C�C �:!"� �:�"�C�: ��� ����UC� :�!��C�-
�� B:�#C�� C 7���:� ��{��� �C�����:�  :�7����C�. 

)����<�
-�
�
���	�� /�!
��$���� 
T:��8:� �:�Cx��� : �����B "���� ��� �� �:, x�: �C8�x��� �C��:$C:� C ����$:�C��  �:�#� 

 �����  ����   7�:!����C�: ��C� �����x�:-�:�"�C���B ��$:�� ��C�. A C�����: ��CC Zuoetal 
�::${��:��, x�: QC$�C��#UC# 7�������C� � #���� � ���"8��C�� �C��:Q�:�� �C8�x�C��. O�C b�:� 
:���x����#, x�: �C�$C:� �C8�x�:� �C��:$C:�� "�� C��� ����: �� ��!�CB ����C#B QC$�C��#UCC 
7�������C� [28]. 
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z��xC������� ����CxC#   $�����C����:� �:��� � ����� :$���"���� " 7�UC���:  � B�:�Cx���:� 
�����x�:� ���:����:x�:����, " �:�:��B ��$�����:�� 7: �8��C� "�: �# Ruminococcus gnavus C 
��C���C� "�: �# F. prausnitzii [29]. 

������: ��C�,   �:�:�:� 15 �"�xC� � C8��Cx���:� $:������ ����U�, 7�C�C�� 8C� 8���� ��-
���� Lactobacillus plantarum 299v, 7:�����: �� �:���: "�"x8��C� Q"��UCC b��:���C# �:�"�: , �: C 
���xC�����:� 7�:�C : :�7��C�����:� ����� C� 7�:$C:�C�� [30]. 

Moludi et al. C�����: ��C 7�:�C : :�7��C������� C ���C��7����C ��� bQQ���� Lactobacillus 
Rhamnosus G, :������: C   �:�$C��UCC � 7��$C:�C�:� C�"�C�:� " 7�UC���:  � C8��Cx���:� $:���-
��� ����U�. O:�����:, x�: �: �����:� 7�C�����C� LGG C C�"�C��   ��x��C� 8 ������ :���� ��: $��-
!:� :��:�  �C#�C� �� 7:�������C ��7����CC, ��� :!C C  :�7����C# [31]. 

G�� C� ����:, :�C��C������� ������ C!���� :7��������"� �:��    :��C��: ��CC �����x�:-
�:�"�C���B ��$:�� ��C� C ����:�����:��, ��� ��� ���C ��# Q:��� �C��:�:�� (KPG) �:�CQCUC�"�� 
$���C, �C7C��, R_G, ��"!C� Q:��� �C��:�:��. y��: :� C��:x�C� :$���: ��C# KPG — �:�7���� 
_KRP_-:��C����. Z�:!C� C�����: ��C# 7:�����C, x�: 7�:$C:�C�C :$������ ���C:��C�������C 
� :��� ��C C �7:�:$�� ��C���� ����� C� �:�7����� _KRP_-:��C���� [32]. 

=�
"���	������ �������� 
�� ����:, x�: 7�:$C:�C�C :���� ��� 7�:QC����Cx���:� ����� C� 7�:�C  C�Q��UCC �:x� � :-

�#{CB 7"��� (�ZO) [33]. ������: ��C# 7:�����C, x�: ��x��C� !���� �:�:x�:� �C��:�� �:��� 7: �-
�C�� "��:�xC :��� � "�:7��:!����, 7���:� ��{�# ��:$B:�C�:��� ���C$C:�C�:7�:QC����C�C ��UC�C-
 C�"�{CB "�:C�Q��UC� [34]. \��"������ ����Cx��B C�����: ��C� 7:���� ���, x�: ����:$�UC��� 
 ���$��� ��� �:�:x�"� �C��:�", �:�:��# ��C���� �_  ��!��C{�, ��� ����� 7���:� ��{�# �:�� 
��"!CB $�����C� [35]. 

O�:QC����C�� �ZO 7�:$C:�C���C " ����� � �C�!�:��C�: ����� :����� 7C��:��Q�C�:� 
7:������, x�: x���:�� ��UC�C :  �ZO   !�"77�, 7�C�C�� 8�� 7�:$C:�C�C, �:��� C�� 8,2 %, x�: 
$��: ���xC�����: �C��, x��   !�"77� $�� 7�:QC����C�C (20,6 %) C �:��: ���: �� :��Cx�����   
!�"77�, 7�C�C�� 8�� ���C$C:�C�C (10,0 %). K �:�� :���x��� bQQ���C �:��� 7�C�����C# 
7�:$C:�C�:  " ����� �����!:  :������ � 7C��:��Q�C�:� [36]. 

aQQ���C �:��� 7�:$C:�C�:    ��C���CC �C��� ��UC�C � "�:C�Q��UC� " ����� � �:��������C 
�:x� ��C 7"�#�C 7:��� 7�� :!: b7C�:�� Q�$�C���:� �ZO ����� :���x��� Sadeghi-Bojd et al. [37]. 

Meštrovi� Popovi� et al. :���x��� �:���{��C� xC��� �CB:���:x��B ���� 7:��� ��x��� 
���C$C:�C�:����7CC C :��"��� C� ��UC�C :  Q�$�C���:� �ZO   ��x��C� 6 ���#U�  7:��� 7��C:�� 
��$�����C#   !�"77� �����, 7�C�C�� 8CB 7�:$C:�C�C. K �:�� �xC����, x�: 7�:$C:�C�C �:!"� $��� 
7:����� ��# :$��!x��C# �C�7�:�:  �ZO C �� 7�:QC����C�C [38]. 

���
$�� /�!
��$���� 
A :$�:��, 7�: �����:� Bedada et al., :7C�� ����# 7�:�C ::7"B:�� �� bQQ��� �C �B C C����C-

 C�: ����B 7�:$C:�C�: , � ����� CB ����:x��B �:�7:����:  C 7�:�"��:  ����$:�C���. K �:�� :�-
��x���, x�: 7�:$C:�C�C 7:����� ��# "�������C# �C��� ����Cx��B  C�:  ���� C :$��7�x��C# $��:-
7���:��C �"{��� "�{�� BC�C:����7CC, �"x� :� ����7CC C BC�"�!Cx���:!:  ��8������� � � �����-
xC�������C 7:$:x���C bQQ�����C. T:��� �:!:, bQQ���C ��# 7�:QC����C�� C ��x��C� ����Cx��B 
�C7:  ���� � #���� � 7�:$C:�Cx���C�C 8������C $�����C� C�C !�C$�: , �:�:� 7�:$C:�C�� C  ����-
���  :������ C# [39]. 

Z:�:x�:�C���� $�����CC �:��� �#�� :��: �"� x���� �C��:$C:�� �C8�x�C��, :����: �:��, �:-
�:�"� :�C C!����   ��x��CC ����, C�"x��� ��# :�������B 8����:  [40]. 

_��:�:��� C�����: ��C# 7:�����C, x�: �:�:x�:�C���� $�����CC :$������ Q"��UC�� C�!C$C�:-
 ��C# ���: �B ����:� $��!:���# ���C� ���C ���  �{��� ��, ���  ������:x��� 7:�C��B��C��, 7�7-
�C�:!�C���, �"���C�: �� �C��:��, $�����C:UC�� C $��:� S-��:# [41, 42]. 

K���C� �����B 2621 7�UC���:  (21 C�����: ��C�) 7:�����, x�: 7�C�� 7�:$C:�C�:  "�"x8��� 
:7���������� 7:$:x��� bQQ���� ���"�:x�:-�C8�x�:!: ������ 7:��� 7:�"x��C# BC�C:- C/C�C �"x�-
 :� ����7CC [43]. 

ZC��:$C:� �C8�x�C�� ����� �:��� �:�"�C�: ���  �"��C:7"B:�� �� �C��:$C:�, C b�C C���-
���C# �:!"� $��� x���Cx�:  �� ��� 7�#��� 7����:�:� �C8�x��B $�����C�, �:, x�: $:���  ���:, 
�:!"� $��� �:��C!�"�� 7"��� C������C#  �"��C:7"B:�� :!: $�����C����:!: �:��� � [44]. 

8������	�$� ���������� ��
!�
	��
$ 
O:�����C� ������ ���� �CB C�����: ��C� � C�������� "�� :  :��:��:� 8C�:�:� �7����� 7:-

�����B bQQ���:  7�:$C:�C�: . O:���UC����:� $"�"{�� 7�C�����C# 7�:$C:�C�:   ���x��� �:���:�� 
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 :�7��C������B ��$:�� ��C�, ��x��C� C 7�:QC����C�" �����!CC [22, 23], 7�:QC����C�" ���� [39–43], 
��C�"�C�: ��C� C��"�C���� [25–27] C ��C���C� x���:�� ���7C���:���B ��$:�� ��C� [45]. e��C� 
bQQ���� �:!�C $� :7�� ���� �:$� ���C� �� :��:!:, � 7:���UC����: ����:���CB 7�:$C:�C�:  � 
:$�x�: "7:���$�#���� 7�:�"���� 7C���C#, x�: �:!�: $� 7�C����C 7:���" ��:�: ��  ��!: ������-
�C#. 

O�:$C:�C�C ����� �:!"� $��� 7:����� 7�C ��x��CC C 7�:QC����C�� ��:!CB  :�7��C������B ��-
$:�� ��C� ���"�:x�:-�C8�x�:!: ������ [7–19]. AC�� $�����C� �C���: ����Cx����# 7: ���C �:��C C 
 7:���  ��:#��:, x�: C������C� ����� :$C���C# �C��:$C:��   ���"�:x�:-�C8�x�:� ������ � 7:�:-
{�� 7�:$C:�C�:  �:��� �:�"�C�: ���  :�7��C������� 7�:U���. 

�� ����:, x�: �:�:x�:�C���� $�����CC :���� ��� 8C�:�C� �7����  :������ C# �� C��"��"� 
�C����". y�C �:!"� :���� ��� :${�� C��"�:��C�"�C�"�{�� ����� C�, �:�:�:�  ���x��� "�C���C� 
Q�!:UC����:� Q"��UCC, �: ���� �����:QC�: , �:�:UC�: , ����:Q�!:  C ������ ����B ����:�-
�C����:  [26]. 

0����<���� 

O: ���� :�����C# C�C �����$:��C $:��8�!: �:�Cx��� � 7�:$C:�Cx���CB 7��7����:  C ���:7��-
�C# �����B  7:���  ��:#��:, x�: :�C �:!"� $��� C�7:���: ��� ��# ��x��C# C 7�:QC����C�C ��"!CB 
C�Q��UC:���B ������:��� . y����: �� :��:��: 7���:U��C��  ���:��� �{������: 7�: ������B 7��-
U�$:-�:���:�C�"���B C�����: ��C� ��# �:�"����C�: ��C# C��C C�"����:� bQQ���C �:��C ����:!: 
�:������:!: :�!��C��� ��# ����:!: 7:���UC����:!: ��C�Cx���:!: 7�C�����C#. O�:$C:�C�C ����"�� 
�����x��� �:���: �� :��: � "$��C������B ��"x��B �:���������� . e��C� �:���������� � �:���� "��-
�� ��� �� :��:�:��:�, 7�����������:� �:$� ���C� ��C�Cx���C �:�������B 7�:$C:�C�:    :$�x�: 
7:���$�#���� 7C{� �� 7�:�"���, x�:$� 7:���$C���C �:!�C C� ������ 7:���" C� b�CB :�!��C��: . 

e��C� :$���:�, ����C� �C�����"���B C��:x�C�:  7:�����, x�: C�����: ��C#,   �:�:��B :U��C-
 ����� �C��:$C:�� �C8�x�C�� 7:��� 7�C��� 7�:$C:�C�: , C���� ��:!::$�{��{C� ���"������   ��-
x��CC ��$:�� ��C�. O:b�:�" 7�:$C:�C�C �:!"� $��� ���:����: ���   ��x��� � 7:���UC�����B ��-
8��C� ��# 7�:QC����C�C C ��x��C# ��$:�� ��C�, � #�����B � �C��:$C:�:� �C8�x�C�� x��: ���. 
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Zh.S. Baiguzhina, A.E. Khasenova, Sh.K. Yeleupayeva, A.S. Dinmukhamedova,  
G.S. Alzhanova, R.I. Aizman, S.M. Bazarbaeva, S.R. Khamzina 

The role of probiotics in the prevention and treatment of diseases 

Probiotics, including bacteria and yeast, are living microorganisms that have a beneficial effect on human 
health. Some of these microorganisms form part of the normal human gut microbiota, where they live in a 
symbiotic relationship. Recently, probiotic microorganisms are constantly being studied and their use is being 
considered in promising methods of prevention and treatment of various diseases. Clinical trials and 
experiments in vitro, in vivo have expanded the current understanding of the important role that probiotics 
play in diseases related to the human gut microbiome. Many studies have noted that probiotics are involved in 
the formation of the intestinal microbiota, which leads to the potential control of multiple intestinal diseases 
and promotes overall wellness. Convincing evidence in favor of the use of probiotics are such diseases 
associated with the intestinal microbiome as antibiotic-associated diarrhea, chronic constipation, irritable 
bowel syndrome, colorectal cancer and various disorders of the gastrointestinal tract. Probiotics are also used 
for the treatment and prevention of diseases not related to the gastrointestinal tract, such as atopic dermatitis, 
allergies, cardiovascular diseases, urogenital infections and cancers. However, in these cases, the exact 
mechanisms of action of probiotics are insufficiently studied and further research in this direction is required. 
The purpose of this article is to provide the latest information on the use of probiotics in the prevention and 
treatment of various diseases. 

Keywords: probiotics, human gut microbiota, microbiome, use of probiotics, bifidobacteria, lactobacilli, intes-
tinal infections, therapeutic use of probiotics. 

 
 
 



����� «	�
�
���. ��������. ��
������». � 3(111)/2023 35 

DOI 10.31489/2023BMG3/35-48 

UDC 577.29 

O.V. Bulgakova*, N.B. Rezhepova 

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan 
*Corresponding author: ya.summer13@yandex.kz 

Molecular mechanisms of radiation-induced aging 

Radiation-induced aging is a complex process that involves multiple molecular mechanisms. One of the pri-
mary mechanisms underlying radiation-induced aging is oxidative stress. Exposure to radiation can lead to 
the generation of reactive oxygen species (ROS), which can cause damage to DNA, proteins, and other cellu-
lar components. In addition to these mechanisms, radiation-induced aging can also involve alterations in gene 
expression, cellular metabolism, and epigenetic modifications. These changes can affect the function of vari-
ous cellular pathways and contribute to the aging process. Understanding the molecular mechanisms of radia-
tion-induced aging is critical for developing strategies to mitigate its effects. Potential interventions include 
targeting oxidative stress, promoting DNA repair, altering the epigenetic landscape and modulating cellular 
metabolism. However, further research is needed to fully elucidate the complex molecular pathways involved 
in radiation-induced aging and identify effective therapeutic approaches. In general, the molecular mecha-
nisms of radiation's impact on aging discussed in this review provide a new perspective on radiation-induced 
aging and identify new targets for intervention. 

Keywords: aging, DNA damage, telomeres, Mitochondrion, MicroRNA, Inflammation, p16, Radiation-
induced aging. 

 

Introduction 

Aging is a complex, multifaceted process leading to widespread functional decline affecting every or-
gan and tissue. Remarkably, it is still unknown whether aging has a unifying causal mechanism or whether it 
is based on multiple sources. Phenotypically, the aging process is associated with a wide range of features at 
the molecular, cellular, and physiological level, such as genomic and epigenomic changes, loss of 
proteostasis, decreased overall cellular and subcellular function, and impaired regulation of signaling sys-
tems. DNA damage is the driving force behind aging. The nuclear and mitochondrial genomes are constantly 
damaged by external agents (UV, X-rays, chemical compounds in food, water, air), endogenous sources such 
as reactive oxygen species (ROS), aldehydes and glycation end products (AGEs) and spontaneous reactions 
(hydrolysis). Molecular consequences of the time-dependent accumulation of DNA damage are (i) genetic 
aberrations such as mutations and chromosomal instability, and (ii) shutdown of RNA and DNA polymerases 
by DNA damage, which provokes DNA damage signaling and disrupts primary DNA function. Cellular and 
tissue consequences of DNA damage include cell fate decisions such as cell death and aging, leading to func-
tional cell and organ loss, cancer, atrophy and inflammation [1]. 

Old age became a major risk factor for very common chronic and devastating diseases, including can-
cer, cardiovascular and neurodegenerative diseases. Classically, the aging process is characterized by several 
possible features, including genomic damage and telomere shortening, epigenetic changes, dysregulation of 
proteostasis, mitochondrial dysfunction, stem cell pool collapse, intercellular communication disorder and 
cellular aging [2]. 

Cell aging appears as an irreversible loss of replicative potential of primary cells in culture, initiated as 
a persistent DNA damage response to dysfunctional telomeres [3]. 

The environment, especially early life events, is important modifiers of the aging process. Since the ge-
netic mechanisms underlying aging are not controllable, understanding how environmental factors slow or 
accelerate the aging process is of great practical importance. 

Radiation-induced aging refers to the premature aging and degeneration of tissues and organs caused by 
exposure to ionizing radiation. The cellular and molecular mechanisms underlying radiation-induced aging 
are complex and not fully understood. However, some of the key mechanisms that were proposed included: 

DNA damage: Ionizing radiation can cause direct damage to DNA, leading to mutations and chromo-
somal abnormalities. These mutations can accumulate over time and contribute to aging and age-related dis-
eases. 
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Oxidative stress: Radiation exposure can increase the production of reactive oxygen species (ROS) in 
cells, leading to oxidative stress and damage to cellular components such as proteins, lipids, and DNA. 

Inflammation: Radiation exposure can trigger an inflammatory response in tissues, leading to chronic 
inflammation and tissue damage over time. 

Epigenetic changes: Radiation exposure can cause changes in gene expression patterns by altering the 
epigenetic marks on DNA, such as DNA methylation and histone modifications. 

 
DNA damage 
These mechanisms can interact and amplify each other, leading to the cumulative effects of radiation-

induced aging. While the exact mechanisms may vary depending on the dose and type of radiation, under-
standing the cellular and molecular mechanisms of radiation-induced aging is important for developing ef-
fective strategies to mitigate its negative effects. Ionizing radiation can cause various types of DNA damage, 
including single-strand breaks, double-strand breaks, base damage, and crosslinking. These types of damage 
can lead to mutations, chromosomal abnormalities, and other changes in DNA structure and function. 

Of these types of damage, double-strand breaks (DSBs) are considered the most dangerous and difficult 
to repair. DSBs can lead to cell death, chromosomal rearrangements, and mutations, all of which contribute 
to aging and age-related diseases. 

TP53 is a tumor suppressor gene that plays a key role in the DNA damage response. When DSBs occur, 
TP53 is activated and triggers cell cycle arrest or apoptosis to prevent the propagation of damaged cells. 
However, TP53 expression declines with age, which can lead to increased genomic instability and age-
related diseases [4]. 

ATM and ATR are protein kinases that are also involved in the DNA damage response. They are acti-
vated by DSBs and help to repair the damage by coordinating DNA repair pathways. Defects in ATM and 
ATR were linked to premature aging syndromes, such as ataxia-telangiectasia and Seckel syndrome [5]. 

WRN is a helicase enzyme that is involved in DNA repair and maintenance. It plays a role in repairing 
DSBs through non-homologous end joining (NHEJ) and homologous recombination (HR) pathways. Muta-
tions in WRN are associated with Werner syndrome, a rare genetic disorder characterized by premature ag-
ing and age-related diseases [6]. 

Ku70 and Ku80 are subunits of a protein complex called Ku, which is involved in NHEJ repair of 
DSBs. Defects in Ku70 and Ku80 were linked to premature aging and age-related diseases, such as progeria 
and dyskeratosis congenita [7]. 

These are just a few examples of how DSBs can impact gene expression and contribute to aging [8]. 
However, it's worth noting that the relationship between DNA damage and aging is complex and multifacet-
ed, and there are likely many other genes and pathways involved. 

Several types of ionizing radiation can cause DSBs in DNA, including: 
X-rays are a type of electromagnetic radiation that can penetrate tissues and cause ionization of atoms 

and molecules, leading to DSBs in DNA. 
Gamma rays are high-energy photons emitted by radioactive isotopes. They can also penetrate tissues 

and cause ionization and DNA damage. 
Alpha particles are high-energy helium nuclei that are emitted by some radioactive isotopes. They have 

a relatively short range and can cause DSBs when they collide with DNA. 
Beta particles are high-energy electrons or positrons emitted by some radioactive isotopes. They can 

penetrate tissues to varying degrees and cause ionization and DNA damage. 
The amount of DSBs caused by ionizing radiation depends on various factors, such as the energy and 

dose of the radiation, the type of tissue being exposed, and the duration of exposure. The ability of cells to 
repair DSBs also varies depending on the type of radiation and the cell type. Nonetheless, DSBs are consid-
ered one of the most serious types of DNA damage caused by ionizing radiation, and they can have long-
term effects on cell function and contribute to aging and age-related diseases [9]. 

Radiation can also cause oxidative damage to DNA, leading to the formation of 8-hydroxyguanine (8-
OHdG), a type of base damage that can cause mutations and lead to aging. 8-OHdG is a type of oxidative 
DNA damage that occurs when ROS react with guanine in DNA. ROS are generated by various cellular pro-
cesses, such as metabolism and inflammation, as well as by exposure to ionizing radiation and environmental 
toxins. 8-OHdG can cause mutations and other types of DNA damage, which can contribute to aging and 
age-related diseases [10]. 
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There is evidence that levels of 8-OHdG increase with age in various tissues, including the brain, liver, 
and kidney. This suggests that oxidative damage to DNA may play a role in the aging process. In addition, 
several studies linked higher levels of 8-OHdG to age-related diseases such as cardiovascular disease, neuro-
degenerative diseases, and cancer. 

One mechanism by which 8-OHdG may contribute to aging is by interfering with DNA repair mecha-
nisms [11] 8-OHdG can disrupt the structure of DNA and interfere with the activity of enzymes involved in 
DNA repair, making it more difficult for cells to fix other types of damage. This can lead to further accumu-
lation of DNA damage and contribute to the aging process. 

Overall, while the exact role of 8-OHdG in aging is still being studied, there is evidence to suggest that 
this type of oxidative DNA damage may contribute to age-related changes in cellular function and the devel-
opment of age-related diseases. 

In addition to these specific types of DNA damage, radiation exposure can also lead to more general 
changes in DNA structure and function, such as altered epigenetic marks and changes in gene expression 
patterns, which can also contribute to aging. 

Epigenetic changes 
There is evidence to suggest that exposure to ionizing radiation can alter global DNA methylation lev-

els, but the exact nature of these changes can depend on various factors, including the dose and duration of 
radiation exposure, the type of cells exposed, and the timing of exposure. 

Both aging and ionizing radiation exposure were shown to affect DNA methylation patterns in various 
ways. 

With regards to aging, research showed that there was a general decrease in DNA methylation levels 
with age, which could lead to changes in gene expression and contribute to age-related diseases such as can-
cer. Specific genes and regions of the genome were identified as being particularly affected by age-related 
DNA methylation changes. 

Regarding ionizing radiation exposure, research showed that exposure to radiation could induce changes 
in DNA methylation patterns. Studies reported both increases and decreases in DNA methylation levels follow-
ing radiation exposure, depending on the dose, timing, and specific tissue or cell type studied. Those changes in 
DNA methylation were linked to altered gene expression and potentially increased cancer risk [12]. 

Some studies reported that exposure to ionizing radiation could lead to global hypomethylation, which 
was a reduction in the overall level of DNA methylation. For example, one study showed that low-dose radi-
ation exposure in mice led to a decrease in global DNA methylation levels in multiple tissues [13]. Another 
study found that radiation exposure led to a decrease in DNA methylation levels in blood samples from 
workers who had been exposed to radiation [14]. 

Radioactive contamination is a significant factor affecting the environment and human health. For the 
Republic of Kazakhstan, the issues of radiation safety of the population are very relevant, since the Semipa-
latinsk nuclear test site has been operating on the territory of our country for a long time. During the testing 
period, several hundred thousand people were repeatedly exposed to it [15], and these consequences of nu-
clear explosions pose a serious threat to the health of the population of Kazakhstan. In addition to 
technogenic contamination, Kazakhstan also has a very high level of natural radiation exposure of the popu-
lation. For example, in the north of the country there is the North Kazakhstan uranium province, which be-
longs to the North Tien Shan uranium belt and includes about 50 uranium deposits. As a result, the product 
of radioactive decay of uranium is radon gas, recognized by the World Health Organization (WHO) as a car-
cinogen [16]. 

Other studies, however, reported the opposite effect, with some showing that radiation exposure could 
lead to global hypermethylation, which was an increase in the overall level of DNA methylation. For exam-
ple, one study exposed an increase in DNA methylation levels in the sperm of mice exposed to low-dose ra-
diation, which the authors suggest may be a compensatory response to radiation-induced DNA damage [17]. 

There is evidence to suggest that the change in DNA methylation following ionizing radiation exposure 
can be dependent on the type of radiation. For example, one study comparing the effects of low-dose gamma 
radiation and high-energy iron ions found that gamma radiation exposure resulted in global DNA 
hypomethylation, while iron ion exposure resulted in both hypo- and hypermethylation in a tissue-specific 
manner [18]. 

Other studies also reported radiation-induced changes in DNA methylation that are dependent on the 
dose, timing, and specific tissue or cell type studied [12]. Therefore, the effect of ionizing radiation on DNA 
methylation may be complex and context-dependent. 



O.V. Bulgakova, N.B. Rezhepova 

38  �!"��# $���������!#
�
 %��&��!�"�"� 

It is also worth noting that different types of radiation can induce different types of DNA damage, 
which may lead to distinct downstream effects on DNA methylation. For example, high-energy charged par-
ticles such as iron ions can cause more complex DNA damage than low-energy photons, which could poten-
tially lead to different DNA methylation changes. 

Overall, while there is evidence to suggest that the type of ionizing radiation can influence the change 
in DNA methylation following exposure, further research is needed to fully understand the relationship be-
tween radiation type and DNA methylation changes. 

Overall, both aging and ionizing radiation exposure can affect DNA methylation patterns, potentially 
leading to changes in gene expression and increased risk of disease. Understanding the epigenetic effects of 
these factors is important for developing targeted therapies and improving radiation safety. 

It was shown, that several chemical modifications of histones were associated with aging. 
Age-related changes in histone methylation were reported in various species, including humans, mice, 

and fruit flies. For example, decreased levels of H3K4me3 and H3K36me3, two histone marks associated 
with active transcription, were observed in the brains of aged mice [19]. 

Histone acetylation, which is generally associated with transcriptional activation, declines with age in 
various tissues, including the liver, brain, and muscle [20]. 

Histone phosphorylation was implicated in the regulation of chromatin structure and gene expression, 
and changed in histone phosphorylation patterns were observed in aged cells and tissues [21]. 

The level of histone ubiquitination was shown to decrease with age in some tissues, such as the liver 
and brain [22]. 

These modifications can alter chromatin structure and gene expression, leading to changes in cellular 
function and potentially contributing to age-related phenotypes. 

The ionizing radiation was shown to affect the chemical modifications of histones. For example, expo-
sure to ionizing radiation was reported to alter histone acetylation and methylation patterns in various cell 
types, including human lymphoblastoid cells and mouse bone marrow cells [23]. Additionally, ionizing radi-
ation was shown to induce histone phosphorylation and ubiquitination, which are important modifications 
involved in DNA damage response pathways. The effects of ionizing radiation on histone modifications may 
contribute to radiation-induced changes in gene expression and cellular function [24]. 

There is limited research on the coincidence of changes in histone modifications associated with aging 
and exposure to ionizing radiation. However, some studies suggest that the effects of radiation exposure on 
histone modifications may accelerate or exacerbate changes associated with aging. For example, it was 
shown low-dose radiation exposure induced epigenetic changes in mice that resembled changes observed 
during aging, such as decreased levels of histone H3K4me3 and H3K36me3 marks. These findings suggest 
that radiation exposure may contribute to premature aging through its effects on histone modifications [25]. 
However, further research is needed to fully understand the relationship between histone modifications asso-
ciated with aging and those induced by radiation exposure. 

MicroRNAs (miRNAs) are small non-coding RNAs that play important roles in regulating gene expres-
sion. There is increasing evidence that miRNAs are involved in the process of aging and age-related diseas-
es, as they regulate key cellular pathways that are associated with aging, such as DNA repair, oxidative 
stress, and inflammation. 

Several studies suggested that exposure to ionizing radiation could alter miRNA expression patterns and 
contribute to radiation-induced aging. In some studies it was found that low-dose radiation exposure led to 
changes in miRNA expression in the livers of mice, including upregulation of miRNAs associated with aging 
and downregulation of miRNAs involved in DNA repair and cell cycle regulation [26]. Similarly, a study by 
Gao et al. (2017) found that exposure to high-dose radiation led to changes in miRNA expression in the 
lungs of mice, including upregulation of miRNAs associated with aging and down regulation of miRNAs 
involved in cell cycle regulation and DNA repair [27]. 

Radon is a naturally occurring radioactive gas that can accumulate in buildings and can be a source of 
low-dose ionizing radiation exposure. The exposure to radon led to changes in the expression of several 
miRNAs in mice, including miR-21 and miR-34a, which are both involved in the DNA damage response and 
aging-related processes [28]. These findings suggest that exposure to radon may contribute to radiation-
induced aging through changes in miRNA expression. Some miRNAs infected during radiation-induced ag-
ing are shown in Table. 
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T a b l e  

miRNAs in the radiation-induced aging 

miR name Effect and function References 
miR-34a: Upregulated in response to ionizing radiation and associated with aging, cel-

lular senescence, and DNA damage response. 
 

[29] 

miR-21: Upregulated in response to ionizing radiation and involved in the regulation 
of DNA damage response, apoptosis, and cell proliferation. Was also impli-
cated in aging-related processes such as cellular senescence and inflamma-
tion. 

[30] 

miR-29: Down regulated in response to ionizing radiation and associated with aging-
related processes such as tissue fibrosis, inflammation, and extracellular ma-
trix remodeling. 
 

[31] 

miR-146a: Upregulated in response to ionizing radiation and involved in the regulation 
of inflammation and immune responses. Was also implicated in aging-related 
processes such as cellular senescence and age-related diseases. 

[32] 

miR-199a-5p: miR-199a-5p was significantly upregulated in response to radiation exposure, 
and that it may be involved in regulating the expression of genes involved in 
DNA repair and cell cycle regulation 

[33] 

miR-218-5p: miR-218-5p was significantly upregulated in response to radiation exposure, 
and that it may be involved in regulating the expression of genes involved in 
DNA repair, cell cycle regulation, and apoptosis 

[34] 

miR-150-5p: miR-150 was reported to decrease in the circulation of mammals exposed to 
radiation. miR-150-5p enhanced the radiosensitivity of the cancer cells, pos-
sibly by promoting DNA damage and inhibiting DNA repair. 

[31] 

miR-26b-5p: miR-26b-5p could be inhibit ATF2 expression to promote DNA damage, 
apoptosis and radiosensitivity of cancer cells 

[35] 

 
Overall, these studies suggest that miRNAs play a role in the process of radiation-induced aging and 

may be potential targets for interventions to prevent or mitigate radiation-induced damage. However, further 
research is needed to fully understand the mechanisms underlying these effects and to develop effective 
strategies for using miRNAs to modulate radiation-induced aging. 

MitomiRs are microRNAs that are involved in the regulation of mitochondrial function and metabo-
lism. Mitochondrial dysfunction is a hallmark of aging and is thought to contribute to age-related diseases. 
Therefore, dysregulation of mitomiRs may play a role in the aging process. Therefore, mitomiRs are thought 
to play a role in aging-related processes. 

Several studies investigated the role of mitomiRs in aging. For example, one study by Bur-
gess et al. (2015) found that the expression of several mitomiRs was altered in the livers of aged mice com-
pared to young mice, including miR-34a, hsa-miR-18a, hsa-miR-431-5p, etc. [36]. These changes were asso-
ciated with altered mitochondrial function and increased oxidative stress. 

Another study found that the expression of several mitomiRs was associated with Alzheimer’s Disease, 
including miR-107 [37], miR-125b [38]. These changes were associated with alterations in mitochondrial 
function and increased inflammation [39]. 

Overall, these studies suggest that dysregulation of mitomiRs may play a role in the aging process by 
contributing to mitochondrial dysfunction and increased oxidative stress and inflammation. 

In our last review (2021) we discussed the potential role of mitomiRs in the development of lung cancer 
induced by exposure to radon, a radioactive gas found in many homes and workplaces [40]. 

Radon is a naturally occurring radioactive gas that is produced by the decay of uranium in soil, rock, 
and water. It is colorless, odorless, and tasteless, and can seep into homes and other buildings through cracks 
in walls, floors, and foundations. Radon exposure is a major cause of lung cancer, and is estimated to be re-
sponsible for tens of thousands of deaths from lung cancer each year worldwide. 

In this article we highlight several mitomiRs that were shown to be dysregulated in response to radon 
exposure and might play a role in promoting cancer development, including miR-21, miR-34a, and miR-
200c [40]. 
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Based on the above, it can be concluded that mitochondria play an important role in the response of 
cells to ionizing radiation. 

Mitochondria 
Radiation-induced aging was shown to be associated with changes in mitochondrial function, including 

alterations in mitochondrial DNA (mtDNA) and the production of ROS in mitochondria. Mitochondria are 
organelles responsible for generating cellular energy and play a key role in regulating cellular processes such 
as apoptosis, metabolism, and signaling. Exposure to ionizing radiation can cause damage to mtDNA and 
impair mitochondrial function, leading to an increase in ROS production and oxidative stress. This, in turn, 
can contribute to cellular senescence and aging-related processes. 

As mtDNA is located close to the site of ROS production, it is highly susceptible to oxidative damage 
caused by ionizing radiation. This damage can accumulate over time, leading to mutations and deletions in 
mtDNA that impair mitochondrial function and contribute to the aging process. 

Several studies investigated the relationship between radiation exposure and mtDNA damage. For ex-
ample, a study by Melin et al. (2022) found that low-dose radiation exposure led to significant increases in 
mtDNA damage and mutations in the liver tissues of mice [41]. Another study by Liu et al. (2012) reported 
that radiation exposure caused mtDNA damage and accelerated aging in the brains of mice [42]. 

One example of mutations in mtDNA leading to aging is mitochondrial myopathy, which is caused by 
mutations in mtDNA that affect the function of mitochondria, leading to muscle weakness and atrophy. An-
other example is Leigh syndrome, a rare genetic disorder caused by mutations in mtDNA that affect energy 
production in the brain, leading to developmental delays, seizures, and other neurological problems. Many 
studies suggested that radiation exposure can cause mitochondrial dysfunction, exacerbating the symptoms 
of mitochondrial diseases [43]. The radiation exposure can lead to changes in mitochondrial DNA, which 
may increase the risk of developing mitochondrial diseases [44]. 

There is evidence to suggest that radiation exposure can lead to changes in the copy number of free-
circulating mitochondrial DNA (cf mtDNA). For example, a study by Borghini et al. (2015) found that expo-
sure to ionizing radiation led to an increase in the levels of free circulating nuclear acids, including the frag-
ment of mtDNA in the blood of cardiologists [45]. Similarly, Bisserier et al. (2021) measured cf-mtDNA 
levels in blood samples from astronauts before and after long-duration spaceflight on the International Space 
Station. The researchers found that cf-mtDNA levels increased during spaceflight and remained elevated af-
ter return to Earth, suggesting cf-mtDNA abundance might be a biomarker of stress or immune response re-
lated to radiation [46]. 

Our previously results showed a significant difference in the level of cf mtDNA in the blood plasma of 
healthy volunteers exposed and not exposed to high doses of radon. Moreover, our data indicated that the 
level of cf mtDNA in the radon-induced lung cancer patients was significantly higher than that of the other 
study participants with lung cancer [47]. 

In general, mtDNA copy number tends to decrease with age in many tissues, including blood, muscle, 
and brain tissue [48]. This decline in mtDNA copy number was suggested to contribute to age-related decline 
in mitochondrial function and the development of age-related diseases. Yue et al. (2018) used a meta-
analysis to examine the relationship between mtDNA copy number and healthy aging in human populations. 
They found that fewer copies of mtDNA associated with higher risk of cardiovascular disease [49]. 

It is generally believed that a higher mtDNA copy number is associated with better health and longevi-
ty. However, there is no consensus on the exact relationship between mtDNA copy number and aging. Some 
studies suggested that a higher mtDNA copy number was protective against age-related diseases while others 
found no association or even a negative association between mtDNA copy number and aging [50]. More re-
search is needed to fully understand the relationship between mtDNA copy number and aging. 

Additionally, studies suggested that mitochondria might contribute to the radiation-induced aging pro-
cess by increasing oxidative stress and inflammation. 

Oxidative stress 
Oxidative stress is known to play a role in aging. It refers to an imbalance between the production of 

ROS and the ability of cells to detoxify these reactive molecules. ROS can damage cellular components such 
as DNA, proteins, and lipids, leading to cellular dysfunction and senescence. 

Several studies demonstrated a correlation between oxidative stress and aging. For example, a study by 
Sastre et al. (2000) found that oxidative damage to mitochondrial DNA increased with age in humans [51]. 
Another study by Stadtman and Levine suggested that oxidative damage to proteins accumulates with age 
[52]. 
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In addition, research showed that interventions that reduce oxidative stress can extend lifespan in model 
organisms such as worms and mice. For instance, a study by Melov et al. found that over expression of anti-
oxidant enzymes in transgenic mice led to increased lifespan [53]. Similarly, a study by Van Raamsdonk and 
Hekimi found that administration of antioxidants to worms increased their lifespan [54]. 

Ionizing radiation exposure can lead to the production of ROS, which can damage cells and tissues and 
contribute to aging. ROS can cause oxidative damage to lipids, proteins, and nucleic acids, including 
mtDNA. Over time, this damage can accumulate and contribute to age-related decline in cellular and physio-
logical functions. 

Several studies investigated the relationship between oxidative stress and radiation-induced aging. It 
was shown that low-dose ionizing radiation exposure led to increased oxidative stress and accelerated aging 
in mice. The authors suggested that antioxidant therapies could potentially mitigate the effects of radiation-
induced aging [55]. 

Another study by Hauer-Jensen et al. (2014) investigated the effects of ionizing radiation exposure on 
the gastrointestinal tract and found that radiation exposure led to increased oxidative stress and inflamma-
tion, which contributed to tissue damage and accelerated aging. The authors suggested that antioxidants and 
anti-inflammatory agents could potentially be used to prevent or treat radiation-induced gastrointestinal 
damage [56]. 

Inflammation 
Chronic low-grade inflammation, also known as “inflammaging”, is believed to be a contributor to 

many age-related diseases, including cardiovascular disease, Alzheimer's disease, and cancer. Inflammation 
can also lead to the accumulation of oxidative stress and damage, which further accelerates the aging pro-
cess. Several studies demonstrated that levels of inflammatory markers such as C-reactive protein (CRP) and 
interleukin-6 (IL-6) increased with age, and that reducing inflammation could improve healthspan and 
lifespan in animal models. 

Exposure to ionizing radiation can cause acute or chronic inflammation, which can contribute to tissue 
damage and the development of radiation-induced diseases. It is very interesting that all the above mecha-
nisms intersect here. 

Ionizing radiation can cause damage to DNA, which triggers a cascade of events leading to the produc-
tion of pro-inflammatory cytokines and chemokines. These molecules recruit immune cells to the site of ra-
diation exposure and activate the inflammatory response. 

Radiation can also cause oxidative stress, which occurs when there is an imbalance between ROS and 
antioxidants in the body. ROS can damage cellular components and trigger inflammation. 

It can activate immune cells such as macrophages and dendritic cells, which release pro-inflammatory 
cytokines and chemokines. These molecules recruit other immune cells to the site of radiation exposure and 
amplify the inflammatory response. 

The rates of cytokines released by irradiation will vary depending on the assay used to measure them. 
Thus IL-6, obtained from epithelial cells 24 h after exposure to 1.2 Gy of x-rays, the radiation level increases 
and determined by ELISA, RNA transcripts increase much earlier (by 1 h), and reach a maximum after 2 h 
by approximately 8-24 h later [57]. 

The nuclear factor-kappa B (NF-kB) pathway is a key regulator of inflammation can be activated by ra-
diation, which leading to the production of pro-inflammatory cytokines and chemokines. Interleukin-6 (IL-6) 
is a pro-inflammatory cytokine that is produced by immune cells and plays a role in regulating the immune 
response. The level of IL-6 can be influenced by a variety of factors, including radiation exposure. 

Studies showed that exposure to ionizing radiation could cause an increase in IL-6 levels in both ani-
mals and humans [58]. For example, a study in mice exposed to a single dose of whole-body radiation 
showed an increase in IL-6 levels in the blood within 24 hours of exposure [59]. Similarly, a study in human 
subjects exposed to radiation during diagnostic procedures showed an increase in IL-6 levels in the blood. 

The magnitude and duration of the increase in IL-6 levels can vary depending on the dose and duration 
of radiation exposure, as well as individual factors such as age, sex, and genetics. In some cases, the increase 
in IL-6 levels may be transient and return to baseline levels within a few days, while in other cases it may 
persist for longer periods. 

The increase in IL-6 levels is thought to contribute to the inflammatory response and tissue damage as-
sociated with radiation exposure. In addition, IL-6 was implicated in the development of radiation-induced 
diseases such as radiation pneumonitis and fibrosis. Therefore, monitoring IL-6 levels may be useful in as-
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sessing the severity of radiation-induced inflammation and identifying individuals at risk for developing ra-
diation-induced diseases. 

Radiation exposure can also inhibit anti-inflammatory pathways. Interleukin-10 (IL-10) is an anti-
inflammatory cytokine that is produced by immune cells and plays a role in regulating the immune response. 
The level of IL-10 can also be influenced by radiation exposure [60]. 

Studies showed that exposure to ionizing radiation could cause changes in IL-10 levels in both animals 
and humans. However, the direction and magnitude of these changes can vary depending on the dose and 
duration of radiation exposure, as well as individual factors such as age, sex, and genetics. 

Some studies reported an increase in IL-10 levels after radiation exposure. For example, a study in mice 
exposed to a single dose of whole-body radiation showed an increase in IL-10 levels in the spleen within 24 
hours of exposure [61]. Similarly, a study in human subjects exposed to radiation during cancer treatment 
showed an increase in IL-10 levels in the blood [62]. 

Other studies reported a decrease in IL-10 levels after radiation exposure [63]. For example, a study in 
rats exposed to ionizing radiation showed a decrease in IL-10 levels after radiation exposure [64]. 

The exact mechanisms underlying the changes in IL-10 levels after radiation exposure are not fully un-
derstood. However, it is thought that radiation-induced oxidative stress and inflammation may play a role in 
modulating IL-10 levels. Further research is needed to better understand the relationship between radiation 
exposure and IL-10 levels, as well as the implications of these changes for health outcomes. 

Aging markers for detection of radiation-induced aging 
The accumulation of senescent cells generally contributes to tissue aging in all organ systems and sug-

gests that aging biomarkers can be used to determine the “molecular age” of a patient. Molecular age, in turn, 
can be used for better risk stratification to maximize treatment efficacy and minimize adverse events [65]. 

Thus, a significant increase in the frequency of p16-positive melanocytes was found in human skin with 
age. The data obtained confirm that melanocytes are the main population of senescent cells in the human 
skin epidermis [66]. 

Senescent macrophages express high levels of aging-related markers p16. They release pro-
inflammatory cytokines that promote chronic inflammation and cause excess ROS production [67]. 

However, a number of researchers question the usefulness of p16 as a macrophage aging marker, since 
p16 expression is also upregulated in response to stimuli that induce macrophage polarization to the M2 phe-
notype. Moreover, activated macrophages in atherosclerotic lesions resemble senescent cells. Therefore, an 
aging-like phenotype in macrophages may represent a state of physiological activation rather than true ag-
ing [68]. 

The p16 gene belongs to the INK4 gene family and consists of four members: p16 INK4A, p15 INK4B, 
p18 INK4C, and p19 INK4D, all of which share common biological properties, namely cell growth inhibi-
tion and tumor suppression. After p53, p16 is the second most common tumor suppressor gene [69]. 

p16 (also known as a cyclin-dependent kinase 2A inhibitor) can inhibit the formation of cyclin D-
CDK4/6 complexes and thereby prevent retinoblastoma (RB) protein phosphorylation, which in turn contrib-
utes to the inhibition of cell cycle gene expression [70]. 

Cellular senescence may have a twofold effect on carcinogenesis. On the one hand, activation of onco-
genes, loss of anti-oncogenes, and DNA damage not only cause apoptosis, but also cause cellular senescence, 
thereby preventing tumor initiation. Thus, the p16-RB signaling pathway was shown to be involved in onco-
gene-induced aging and suppression of tumorigenesis [71]. 

Although aging may prevent cancer by inducing cell cycle arrest, evidence suggests that the chronic in-
flammation that occurs with aging may contribute to tumorigenesis. In this connection, many studies link 
high p16 levels with malignant transformation processes and poor outcomes in oncological diseases [72], 
[73]. 

It is interesting that the change in p16 level can also be a marker of exposure to radiation. Thus, in irra-
diated C57BL/6 mice, an increased expression of p16 in macrophages was observed, which indicates the 
possibility of using p16 as a biomarker of radiation-induced aging [74]. 

Also biomarker aging is human telomeres, are the exact structure of the DNA-protein complex covering 
the ends of linear chromosomes. DNA telomeres include numbers of alternating tandem repeats of a double-
stranded TTAGGG and an enriched 3' G single-stranded protrusion, called a G-tail. The attachment of the 3'-
G-tail to the double-stranded region builds a high-order structure and a three-stranded structure called the T-
(telomeric) loop and the D-(shifting) loop. If the DNA polymerase complex stops replicating the 3'-end of 
the lagging chain in linear chromosomes leads to telomere shortening at each DNA replication cycle during 
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cell division, leading to a final replication problem. The more the number of cell divisions increases, the TL 
gradually shortens. If TL decreases to a critical length, cells stop dividing and may fall into cellular senes-
cence or apoptosis [75]. 

Telomeres nowadays represent one of the powerful biomarkers of aging and pathological conditions as-
sociated with aging. Aging is a phenomenon involving multiple pathways and operating at different levels of 
biological organization of the living system. Different data measuring different parts of the aging process. 
Estimates of human biological age derived in different ways may differ from one another. Biomarkers of ag-
ing can change over the course of a lifetime [76]. 

Radiation exposure can also cause telomere shortening, as the ionizing radiation can damage DNA and 
lead to the activation of cellular pathways that accelerate telomere attrition. As a result, telomere length was 
suggested as a potential biomarker of radiation exposure, as it could provide a means of assessing an indi-
vidual's risk of radiation-induced health effects. 

Studies showed that individuals exposed to ionizing radiation, such as nuclear plant workers [77] or 
cancer patients undergoing radiotherapy [78] had shorter telomeres compared to unexposed individuals. 
However, other factors such as age, lifestyle, and environmental exposures can also influence telomere 
length, making it difficult to use telomere length as a definitive marker of radiation exposure. 

In conclusion, while telomere length can be affected by radiation exposure, it is not a reliable marker on 
its own and should be considered alongside other indicators of exposure to ionizing radiation, such as 
dosimetry measurements or biomarkers of DNA damage. 

Cytokines can also be classified as biomarkers of radiation-induced aging. Pro-inflammatory cytokines 
are a class of signaling molecules that are involved in the immune response and play an important role in 
regulating inflammation. Research was suggested that chronic inflammation might be a contributing factor to 
the aging process and the development of age-related diseases. 

Exposure to ionizing radiation was shown to induce chronic inflammation, which may contribute to ra-
diation-induced aging. Studies demonstrated that radiation exposure could lead to increased levels of pro-
inflammatory cytokines, including interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-�), and interleu-
kin-1 beta (IL-1	) [79]. 

For example, a study of [80] examined the levels of various cytokines in the blood of mice exposed to 
ionizing radiation. The researchers found that radiation exposure led to an increase in the levels of pro-
inflammatory cytokines, including IL-6 and TNF-�, and that these increases persisted for several weeks after 
the exposure. 

Another study found that radiation exposure led to an increase in the levels of IL-6 and IL-1	, and that 
these increases were associated with lung and liver radiation-induced damage [81]. 

Overall, these studies suggest that pro-inflammatory cytokines may serve as a marker of radiation-
induced aging and could potentially be used to assess an individual's risk of developing age-related diseases 
following exposure to ionizing radiation. However, further research is needed to fully understand the rela-
tionship between radiation-induced inflammation and aging, and to identify the most reliable and sensitive 
biomarkers of this process. 

Conclusions 
Due to the presence of the densely populated territories in the Republic of Kazakhstan contaminated 

with radionuclides as a result of nuclear weapons testing at the Semipalatinsk test site, mining and processing 
of uranium ores, high levels of radon radioactive gas, there is a significant threat to the health of our popula-
tion [82]. 

A number of studies showed that ionizing radiation induced the development of cellular senescence, 
and as a result, increased the risk of developing age-associated diseases such as cancer, neurodegenerative 
diseases and diseases of the cardiovascular system. Therefore the issue of developing preventive measures 
that could reduce the adverse effects of ionizing radiation on the Kazakhstan population is acute. But such 
developments require a complete understanding of the mechanism of radiation-induced senescence. And alt-
hough the mechanisms of radiation-induced senescence are gradually being studied, a lot of things still re-
main unclear. 

Thus, miRNAs was shown to play an important role in the radiation response of cells. miRNAs are 
short non-coding RNAs involved in the regulation of almost all cellular processes, including the functioning 
of such important organelles as mitochondria. 

Mitochondria are unique organelles that, on the one hand, have their own genome, the functioning of 
which is subordinate to the nuclear genome, and on the other hand, mitochondria are able to regulate the 
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functioning of the nuclear genome. There is no doubt that mitochondria play a key role in cellular responses 
to various types of ionizing radiation. Thus, it was shown that ionizing radiation leads to an increase in mito-
chondrial DNA, levels of intracellular reactive oxygen species (ROS) in the absence of increased mitochon-
drial activity, a change in the transmembrane potential, and, ultimately, the development of mitochondrial 
dysfunction in irradiated cells. 

MitomiRs are microRNAs that regulate the expression of mitochondrial genes. However, there is no in-
formation in the literature about changes in the expression profile of mitomiRs under different types of ioniz-
ing radiation, or about the role of these regulatory molecules in radiation-induced senescence. At the same 
time, the study of the relationship between mitochondria, mitomiR and radiation in the senescence process 
will expand the range of possible approaches to slowing down the rate of senescence, delaying or completely 
stopping the development of age-associated diseases, especially for people living under conditions of expo-
sure to high doses of ionizing radiation. 

Radiation-induced aging can have significant implications for the preservation of human health, both in 
terms of preventing age-related diseases and improving outcomes for individuals who have been exposed to 
radiation. 

Understanding the mechanisms of radiation-induced aging can help identify potential interventions to 
mitigate the effects of radiation exposure. For example, researchers may be able to identify drugs or other 
therapies that can help protect cells from radiation-induced damage, or promote the repair of damaged cells. 

Radiation-induced aging can serve as a model for studying natural aging. Many of the molecular and 
cellular changes that occur during radiation-induced aging are similar to those that occur during natural ag-
ing, such as telomere shortening, oxidative stress, and inflammation. By studying radiation-induced aging, 
researchers can gain insight into the mechanisms of natural aging, and identify potential targets for interven-
tions to improve healthspan and lifespan. 

Radiation exposure is a significant risk factor for a range of age-related diseases, including cardiovascu-
lar disease, neurodegenerative disorders, and cancer. By studying the effects of radiation on aging at the cel-
lular and molecular level, researchers can gain insight into the underlying mechanisms of these diseases, and 
identify potential targets for prevention and treatment. 

Overall, understanding the mechanisms of radiation-induced aging can have important implications for 
the preservation of human health. By identifying potential interventions to mitigate the effects of radiation 
exposure and studying the mechanisms of age-related diseases, researchers can work towards improving 
health outcomes for individuals who have been exposed to radiation and preventing age-related diseases 
more broadly. 
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\��C�UC#��w V������� ������ — �Y7��!�� �:���"����� ��B��C������� ����C��� ������� 7�:U���. 
\��C�UC#��w V������� ��������w ��!��!� ��B��C��������w $��� — �:��9" ���������. `V"�����"��w 
V���� �����C �� :���!� ���������w (ROS) �����"��� V����7 �:9���, $]� R_F-9�, ��"�����9� �V�� $���� 
���"8���� �:�7:�������!� ����� ������"� ������. y�� ��B��C�������� $����, ���C�UC#��w 
V������� ������ !�� b��7����C#����w, ���"8���� ����$:�C����w �V�� b7C!����C����� 
�:�CQC��UC#��9� Y�!��������� ����"� ������. T]� Y�!������� V������ ���"8���� �:������w 
�]������ V��� ��"� �V�� ������ 7�:U����� ��7�� ��"� ������. \��C�UC# V������� $:����� ��������w 
�:���"����� ��B��C������� �����" :��w V����� �����" ������!C#����� V�����" �8�� Y�� ��w����. 
���C��� ������"���9� �:��9" ������������ �����", R_F-�� ���7��� ������"!� �Y������", 
b7C!����C����� ����8�Q��� Y�!���" �V�� ���"8���� ����$:�C���� �:�"�#UC#��" ������. R�!�����, 
���C�UC#��� �"����9�� ������9� ��������� ������� �:���"����� �:������ �:��9���� ��������" 
�V�� �C���� ����7C#��� �V�������� ������" �8�� �:���8� ������"��� �����. e]������ ��9����, :�� 
8:�"�� ����������9�� ���C�UC#��w ������9� V��� ��"���w �:���"����� ��B��C������ ���C�UC#��� 
�"����9�� ������9� ��w� �Y������7�� ����"9� �V�� ������"��w ��w� ����������� ������"9� 
��������� $�����. 

�Q�	 �@/���: ������, R_F ��������"�, ���:������, �C�:B:���C#, �C��:\_G, ��$��", p16, 
���C�UC#��w V������� ������. 
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\��C�UC:��:-C��"UC�: ���:� ������C� — b�: ��:���� 7�:U���, �:�:���  ���x���   ��$# ��:���� : 
�:���"�#���B ��B��C��: . y��C� C� :��: ��B ��B��C��: , ����{CB   :��: � ���C�UC:��:-
C��"UC�: ���:!: ������C#, # �#���# :�C��C������� ������. A:������ C� ���C�UCC �:��� 7�C ���C � 
:$���: ��C� �����C ��B Q:�� �C��:�:�� (ROS), �:�:��� �:!"�  �� ��� 7: ������C� R_G, $���:  C 
��"!CB ����:x��B �:�7:����: . O:�C�: b�CB ��B��C��: , ���C�UC:��:-C��"UC�: ���:� ������C� 
����� �:���  ���x��� C������C#   b��7����CC !��: , ����:x�:� ����$:�C��� C b7C!����Cx���CB �:-
�CQC��UC#B. a�C C������C# �:!"�  �C#�� �� Q"��UC:�C�: ��C� ����Cx��B ����:x��B 7"��� C �7:-
�:$�� : ��� 7�:U���" ������C#. O:�C���C� �:���"�#���B ��B��C��:  ���C�UC:��:-
C��"UC�: ���:!: ������C# C���� ��8��{�� ���x��C� ��# �����$:��C ������!C� 7: ��#!x��C� �!: 7:-
������ C�. O:���UC������ ����  ��8������� �  ���x��� $:��$" � :�C��C������� ������:�, �:���-
�� C�  :�����: ���C� R_G, C������C� b7C!����Cx���:!: ����8�Q�� C �:�"�#UC� ����:x�:!: ����-
$:�C���. y����: ��# 7:��:!:  �#����C# ��:���B �:���"�#���B 7"���, "x��� "�{CB   ���C�UC:��:-
C��"UC�: ���:� ������CC, C :7�������C# bQQ���C ��B ����7� �Cx���CB 7:�B:�:  ��:$B:�C�� 
�������8C� C�����: ��C#. A U��:�, �:���"�#���� ��B��C���  �C#�C# ���C�UCC �� ������C�, ���-
��:�������   ����:� :$�:��, 7:� :�#�� 7:-�: :�"  �!�#�"�� �� ���C�UC:��:-C��"UC�: ���:� ���-
���C� C :7�����C�� �: �� �C8��C ��#  ��8������� �. 
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Pre-sowing seed treatment of soybean seeds as approach to increase crop yield 

Soybean holds a leading position in the world ranking of the agricultural crops. The cultivated areas for this 
crop have been expanding in all countries of the global leaders in its production. In Kazakhstan, in recent 
years the cultivated areas have decreased from 139.5 thousand hectares in 2019 to 113.3 thousand hectares in 
2021. This is due to the difficulty to grow the early-season varieties in the northern region of the Republic. 
The average crop yield of soybean by region ranges from 3.0 c/ha in the north to 24.8 c/ha in southeastern 
Kazakhstan. The crop yield of the developed and approved for production varieties can be increased by the 
additional agronomic techniques, including the pre-sowing seed treatment with the biologically active sub-
stances. This paper demonstrates the results of the effect of soybean seed treatment for different groups of 
maturity with the nitrogen-fixing inoculant HiStick and micronutrients of Co and Mo. Profitability of the 
conducted treatments was calculated. The pre-sowing treatment with salts of molybdenum and cobalt is prof-
itable to use for early-season variety Ivushka and full-season variety Lastochka. For the early ripening variety 
Birlik KV, the highest profitability was observed for the combined seed treatment with nitrogen-fixing inocu-
lant HiStick and salts of Mo and Co. In Zhansaya soybean variety, the application of the additional treatments 
decreases the profitability of production. 

Keywords: soybean, variety, nitrogen fixation, micronutrients, crop yield, profitability. 

 

Introduction 

Significance of soybean in the global food system is indisputable. The unique qualitative seed composi-
tion, a wide range of product applications and green manure crop are priority for the agro-industrial complex 
of any country [1, 2]. The cultivated areas in the Republic of Kazakhstan tend to spread the area for this crop. 
In 2021, about 113.3 thousand hectares were for the crop [3]. The main soybean are in the Republic is its 
southeastern region — the Almaty region. This region is an irrigated area. About 15 thousand hectares are 
occupied by soybean in the north and east of Kazakhstan in Kostanay and East Kazakhstan regions. These 
regions are cultivated without irrigation. The high soybean crop yield of 30-35 c/ha in the south-east of Ka-
zakhstan is resulted by the favorable climatic conditions, many warm days, cultivation of the mid-season 
with middle-late varieties, a growing season of 120-140 days and irrigation. In the northern and eastern re-
gions, the crop yield of varieties is low and less than 10-15 c/ha. This is due to less positive temperatures, 
cultivation of the early-ripening varieties, and lack of irrigation. 

The highest soybean crop yields with high quality factors depend on the regular, balanced plant nutri-
tion by the macro- and micronutrients. This is due to the fact that intensification of the agriculture increases 
in removal of all nutrients including micronutrients [4]. 

Micronutrients improve nitrogen fixation. Thus, the molecular nitrogen fixation in legume nodules de-
pends on a complex of micronutrients in various enzymes [5]. Therefore, it is important to study the effect of 
the certain micronutrients on the symbiotic fixation of the molecular nitrogen by soybean. Their nutrition 
will be improved due to the atmospheric nitrogen. As a result, the biological cycle will include the additional 
nitrogen inaccessible to other crops. 

Some experiments in our country and abroad have proved that the biological nitrogen significantly en-
hances soybean crop yield and a protein in seeds without reducing an oil content, i.e. it is very important  
[6–8]. In the grain legume group, soybean and white lupine have the highest nitrogen-fixing activity [9]. 

In order to cultivate soybean an obligatory and important approach is an application of the bacterial fer-
tilizer (rhizotorfin) containing an active strain of the nodulating nitrogen-fixing bacteria [10, 11]. 

The seed treatment by nitrogen-fixing inoculants, foliar nutrition with preparations containing biologi-
cally active substances [12, 13], stimulants and regulators of growth [14-16], various types of the microbio-
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logical fertilizers [17-21] are becoming very popular. Studies demonstrate the positive effects from these 
types of stimulants. 

Cobalt and molybdenum are the most important of all micronutrients in the nitrogen fixation pro-
cess [22-25]. Cobalt elevates the leghemoglobin content in nodules. Its content determines intensity of their 
respiration. The nitrogen fixation process is active with cobalt. Molybdenum is a component of about 20 en-
zymes. It is actively involved in protein and phosphorus metabolism. It affects intensity of respiration and 
chlorophyll synthesis. Choice of method and practicability of molybdenum application in soybean cultivation 
should be very carefully, i.e. the pre-sowing treatment can reduce soybean crop yield during the high content 
of this micronutrient in seeds. The simplest method of providing soybean with this element is the pre-sowing 
seed treatment. Thus, it is possible to increase nitrogen fixation and to achieve 10-15 % of the crop yield in-
crease [22]. 

Not all soybean varieties are well adoptive to the pre-sowing treatment with cobalt and molybdenum, 
i.e. it may be related to their growing season [26]. However, it has been stated that the pre-sowing treatment 
with micronutrients has an impact on the complex of production characters [27]. 

Purpose of the study is to determine the possibility of yield increase of the domestic soybean varieties 
using cobalt and molybdenum salts in combination with a nitrogen-fixing inoculant. 

Experimental 

The studies were conducted in 2020-2021 in the experimental field sites of laboratory of oilseeds at 
LLP “Kazakh Research Institute of Agriculture and Plant Growing”, in the Almaty region. 

Four soybean varieties of different groups of maturity were studied for the pre-sowing seed treatment: 
Lastochka (III), Zhansaya (II), Birlik KV (0) and Ivushka (00). 

The day before the sowing, the soybean seeds were treated with ammonium molybdate 4 % w/v aque-
ous solution (40 g per 100 kg of seeds) and cobalt (II) sulfate heptahydrate (4 g per 100 kg of seeds). On the 
day of the sowing, seeds were inoculated with HiStick containing nitrogen-fixing bacteria (400 g per 100 kg 
of seeds). The experiment was according to the scheme: the control — without treatment; the first 
experience — seed treatment with HiStick; the second experience — seed treatment with Mo + Co; and the 
third experience — seed treatment with HiStick + Mo + Co. 

The sowing was done in the third decade of April. The registration plot was 25 m2. The seeding rate 
was 500 thousand pcs/ha. The row spacing was 30 cm. The depth of seed placement was 4 cm. 

The randomized seeding was replicated four times. The agrotechnological actions were made with the 
standard methods and recommendations for the research area [28]. Establishment of experiments, harvesting 
and crop accounting was performed with the method of field study of Dospekhov B.A. [29]. The structural 
analysis was performed under the VIR procedure [30]. The vegetative irrigation was done three times in the 
development phases (flowering, full pod, full seed) on June 15-20, July 10-15 and August 10-15 with an irri-
gation rate of 1200 m3/ha. 

The statistical processing was performed in the open-source R (https://cran.r-project.org/) software and 
in the Windows Excel program. 

The weather conditions in 2020 were comparable to the mean annual values. However, decrease in 
moisture availability in May, June and July was observed. Conditions in 2021 differed significantly from the 
mean annual indicators, i.e. they were arid. In 2021 the temperature was 1.2-2.9 0C higher than the average 
annual indicators. July was the hottest month, with a deviation of 2.9 0C from the average annual indicators. 
Maximum day temperatures of 20 days of this month were in the range of 35-39 0C. The amount of precipita-
tion during the growing season in 2021 was 1.5 times lower than the average annual indicators. The decrease 
in precipitation was observed in all spring and summer months (Fig. 1).  
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Figure 1. Distribution of temperature (a) and precipitation (b) in experimental area for 2020 and 2021 

Results 

The phenological observations demonstrated some variations from year to year within one variety. 
However, different types of treatments did not impact on the individual development phases. All varieties in 
the control and with treatments ripened within their group of maturity. The growing season of varieties of 
Ivushka was 95-97 days, Birlik KV — 107-110 days, Zhansaya — 127-130 days and Lastochka — 139-
145 days. 

The soybean crop yield of varieties has a positive correlation with the group of maturity (r = 0.87). It is 
interesting to state that weather conditions had an ambiguous effect on the crop yield of varieties of groups 
of maturity. During the driest year the crop yields of soybean varieties of Birlik KV and Zhansaya were de-
creased. The late-ripening variety Lastochka had higher crop yield compared to 2020 (Fig. 2). 

 

 

Figure 2. Soybean crop yield of varieties of the four groups of maturity during the study years, c/ha 

The pre-sowing seed treatment showed varietal specificity for the types of treatment. Thus, the average 
crop yield of the early ripening of variety Ivushka was the lowest. The crop yield depending on treatment 
was in the range from 15.5±1.0 c/ha to 16.9±0.5 c/ha. This variety had the smallest range of variability in 
crop yield as compared to the full-season varieties. The second highest crop yield was middle-early variety 
Birlik KV with values from 28.8±3.8 c/ha to 31.7±3.4 c/ha. Soybean varieties of maturity groups of II and III 
were the most yielding. The crop yield of variety Zhansaya during the study years averaged 50.0±9.3 c/ha — 
51.8±12.8 c/ha. The crop yield of the most late-ripening variety Lastochka was 48.5±1.6 c/ha — 
54.8±5.1 c/ha. The crop yield of ultra-ripening variety Ivushka and late-ripening variety Lastochka most im-
pacted by the pre-sowing treatment with micronutrients of Mo and Co without nitrogen-fixing inoculant. The 
crop yield increase compared to the control for these varieties was 1.4 and 6.3 c/ha, respectively. 

The crop yield of early-ripening variety Birlik KV and mid-season variety Zhansaya significantly in-
creased by 2.3 c/ha and 1.8 c/ha with a combined treatment of seeds with nitrogen-fixing inoculant HiStick 
and micronutrients of Mo and Co (Table 1). 
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T a b l e  1  

Soybean crop yield of four groups of maturity with various types of the pre-sowing seed treatment, c/ha 

Types of treatments 2020 2021 Average Deviations from the 
control 

Ivushka (00) 
The control  16,5±2,5 14,5±2,9 15,5±1,0 0,0 
HiStik 14,6±1,7 15,0±1,0 14,8±0,2 -0,7 
Mo, Co 16,3±4,4 17,4±5,9 16,9±0,5 1,4 
HiStik+ Mo, Co 16,7±3,1 16,7±0,4 16,7±0,0 1,2 
HCP  1,77 1,25   
Birlik KV (0) 
The control  34,1±3,3 24,6±7,7 29,4±4,8 0,0 
HiStik 32,5±3,5 25,0±7,1 28,8±3,8 -0,6 
Mo, Co 30,0±4,8 27,7±1,7 28,8±1,2 -0,6 
Histik+ Mo, Co 35,1±4,2 28,3±6,1 31,7±3,4 2,3 
HCP  2,12 1,88   
Zhansaya (II) 
The control  59,2±9,2 40,7±4,4 50,0 ±9,3 0,0 
HiStik 61,4±9,6 40,6±2,9 51,0±10,4 1,0 
Mo, Co 58,9±5,2 35,3±8,5 47,1±11,8 -2,9 
HiStik + Mo, Co 64,6±7,1 39,0±4,0 51,8±12,8 1,8 
HCP 1,55 2,14   
Lastochka (III) 
The control  46,9±4,2 50,0±4,2 48,5±1,6 0,0 
HiStik 46,4±2,7 56,9±6,3 51,7±5,3 3,2 
Mo, Co 49,7±6,9 56,9±6,3 54,8±5,1 6,3 
HiStik + Mo, Co 49,9±1,9 56,9±2,1 53,4±3,5 4,9 
HCP 1,99 1,85   

 
Production costs of the test sowing consist of the seed cost, salary fund of mechanics, irrigators, agron-

omist, including all taxes, the cost of fuel and lubricants, fertilizers, amortization, overhead costs, cost of ir-
rigation water, storage, cleaning and storage of seeds. 

For the additional types of treatments, production costs increase from the cost of nitrogen-fixing inocu-
lant and micronutrients, and expenditures of the seed treatment. Minimum increase in production costs in-
volves the using of micro-fertilizers and it is 1.63 US dollars. Application of nitrogen fixing inoculant in-
creases production costs by 22.88 US dollars per hectare. Application of the HiStik + Mo, Co complex mag-
nifies the costs by 24.51 US dollars. 

Calculation of the economic efficiency proves the high profitability of soybean production. Thus, the 
early ripening and low-yielding variety Ivushka has profitability of 39.3-64.8 %. The full-season and high-
yielding variety Lastochka had profitability of 374.3 — 434.4 % depending on treatment. 

Soybean seed treatment of the ultra-ripening variety Ivushka with nitrogen-fixing inoculant HiStik for 
two study years showed the low efficiency. In the first year with this type of treatment, the crop yield of 
Ivushka variety was lower than in the control. In the second year it did not significantly exceed in the con-
trol. Thus, this type of treatment was the least profitable (39.3 %). The using of the pure salts of molyb-
denum and cobalt were the most profitable (64.8 %) for this variety. 

Application of the Histik + Mo, Co complex was the most cost-effective for early-ripening variety 
Birlik KV in production. Profitability of this production was 197.5 %. 

The highest profitability for the mid-season soybean variety Zhansaya was observed in the control. 
However, the using of nitrogen-fixing inoculant HiStik in combination with Mo and Co in the pre-sowing 
seed treatment resulted in a yield increase of 1.8 c/ha. The additional costs for these inoculants reduced the 
overall profitability from 388.9 to 386.2 % (Table 2). 

The good results were obtained for the late-ripening variety Lastochka. Its profitability was higher than 
in the control during any type of treatment. The seed treatment with micronutrients of molybdenum and co-
balt had the highest profitability. Profitability of this type of treatment in variety Lastochka was 434.4 %, and 
374.3 % in the control. 
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T a b l e  2  

Calculation of the economic efficiency 

Types of treatment 
Production costs 
per hectare, US 
dollars 

Crop yield, 
c/ha 

Price of 1 ton 
of commercial 
seeds, US dol-
lars 

Cost of gross 
production from 
1 ha, US dollars

Conditional 
net income 
from 1 ha, US 
dollars 

Profitability, 
% 

Ivushka 
The control  584,96 15,50 572,00 886,60 301,64 51,6 
HiStik  607,84 14,80 572,00 846,56 238,72 39,3 
Mo, Co 586,59 16,90 572,00 966,68 380,09 64,8 
HiStik + Mo, Co 609,47 16,70 572,00 955,24 345,77 56,7 

Birlik KV 
The control  584,96 29,40 572,00 1681,68 1096,72 187,5 
HiStik  607,84 28,80 572,00 1647,36 1039,52 171,0 
Mo, Co 586,59 28,80 572,00 1647,36 1060,77 180,8 
HiStik + Mo, Co 609,47 31,70 572,00 1813,24 1203,77 197,5 

Zhansaya 
The control  584,96 50,00 572,00 2860,00 2275,04 388,9 
HiStik 607,84 51,00 572,00 2917,20 2309,36 379,9 
Mo, Co 586,59 47,10 572,00 2694,12 2107,53 359,3 
HiStik + Mo, Co 609,47 51,80 572,00 2962,96 2353,49 386,2 

Lastochka 
The control  584,96 48,50 572,00 2774,20 2189,24 374,3 
HiStik  607,84 51,70 572,00 2957,24 2349,40 386,5 
Mo, Co 586,59 54,80 572,00 3134,56 2547,97 434,4 
HiStik + Mo, Co 609,47 53,40 572,00 3054,48 2445,01 401,2 

Conclusions 

1. The soybean production is highly profitable. 
2. The increase in profitability of production from ultra-ripening to late-ripening varieties was ob-

served. 
3. The pre-sowing seed treatment determined the varietal response to application of stimulants. 
4. It was the most cost-effective to use the pre-sowing treatment with salts of molybdenum and cobalt 

for varieties of Ivushka and Lastochka. The highest profitability was observed in the combined seed treat-
ment with nitrogen-fixing inoculant HiStick and salts of Mo, Co for the variety Birlik KV. Application of the 
additional treatments reduced the profitability of production in Zhansaya soybean variety. 

Acknowledgements 

This study was done within the program-targeted funding of the Ministry of Agriculture under the 
budget program 267, BR10764991 “Development of high-yielding varieties and hybrids of oilseeds and ce-
reals based on achievements of biotechnology, genetics, physiology, plant biochemistry for sustainable pro-
duction in various soil and climatic zones of Kazakhstan”. 
 
 

References 

1 �$��!C�:  A.R. `:# — "�C������# $���: :-����Cx��# �"���"�� / K.R. �$��!C�:  // ���: �UC:���� �:��C���C#   
������!CC ��� C�C# �!�:7�:��8����:!: �:�7����� \:��CC: �����C��� A���:�. ��"x.-7����. �:�Q. — Z�B�x����, 2018. — 
`. 40–44. 

2 Z���8:�:� A.A. `�����!C# ��� C�C# �:� :!: �"$�:�7����� �!�:7�:��8����:!: �:�7�����: �C�. ... ����. b�:�. ��"�: 
08.00.05 — «a�:�:�C�� C "7�� ���C� ���:���� B:�#��� :� (b�:�:�C��, :�!��C��UC# C "7�� ���C� 7���7�C#�C#�C, :����-
�#�C, �:�7������C KOG C ������:!: B:�#��� �)» / K.K. M���8:�:�. — Z., 2020. — 170 �. 

3 `���C��Cx���C� ������ 7: \��7"$�C�� G���B����. — [a�����:���� ���"��]. — \��C� �:��"7�: 
https://stat.gov.kz/official/industry/14/statistic/5 

4 c�:$���C#. G����CQC��UC#. — [a�����:���� ���"��]. — \��C� �:��"7�: https://studfile.net/preview/5050216/page:16/ 

5 z� ��C� A.A. a�:�:!C# QC���UCC ��:�� / K.K. z� ��C�, y.K. `�:�: , _.�. ��"�� �. — M.: \K_, 2019. — 252 �. 



S.V. Didorenko, G.K. Kabylbekova et al 

54  �!"��# $���������!#
�
 %��&��!�"�"� 

6 Didorenko S.V. Comparative study of soybean collection varieties by ability to symbiotic nodule formation in light chestnut 
soils of the Zaili Alatau / S.V. Didorenko, Yu.G. Karyagin, S.B. Ramazanova / Bulletin of KazNU. — 2005. — No. 3 (26). — P. 37-
44. 

7 Jaybhay S.A. Microbial inoculation of Rhizobium and phosphate-solubilizing bacteria along with inorganic fertilizers for sus-
tainable yield of soybean / S.A. Jaybhay, S.P. Taware, Ph. Varghese // Journal of Plant Nutrition. — 2017. — Vol. 40. — P. 2209-
2216. 

8 Omelyanyuk L.V. Application of biological preparation Rhizobact SP for soybean in the southern forest-steppe of Western 
Siberia / L.V. Omelyanyuk, A.M. Assanov, O.A. Yussova // Oil cultures. — 2018. — Iss. 1 (173). — P. 61-66. 

9 Nassiev B.N. Features of formation of symbiotic apparatus of grain legume / B.N. Nassiev // Bulletin of Agricultural science 
of Kazakhstan. — 2004. — No. 8. — P. 33-34. 

10 Khaitov B. Effects of Rhizobium inoculation and magnesium application on growth and nodulation of soybean (Glycine 
max L.) / B. Khaitov // Journal of Plant Nutrition. — 2018. — Vol. 41. — P. 2057-2068. 

11 Joshua G. Impact of an antarctic rhizobacterium on root traits and productivity of soybean (Glycine max L.) / G. Joshua, 
E. Jennifer, G. Manuel, C.M. Amélie // Journal of Plant Nutrition. — 2021. — Vol. 44. — P. 1-8. 

12 Suryanto P. Morpho-Physiological Characters and Soybean Productivity on Alfisol and Vertisol under Intercropping with 
Kayu Putih (Melaleuca cajuputi) / P. Suryanto, B. Suwignyo, S.D. Prianto, E.T.S. Putra, T. Alam // Agrivita Journal of Agricultural 
Science. — 2017. — Vol. 39(2). — P. 153-159. 

13 Didorenko S.V. Influence of pre-sowing seed treatment of soybean with biologically active substances on yields and produc-
tion characters / S.V. Didorenko, T.B. Mussaldinov // Bulletin of KazNU. — 2014. — No. 2 (41). — P. 188-193. 

14 Akulov A.S. Study of effectiveness of the growth stimulator Alfastim and organo-mineral micro-fertilizer Polidon bio for 
cultivating of soybean / A.S. Akulov, A.G. Vassilchikov // Legumes and cereals. — 2019. — No. 2 (30). — P. 72-77. 

15 Andreev A.A. Evaluation of effect of the Epivio preparation on growth and productivity of soybean / A.A. Andreev, 
M.K. Dracheva // Legumes and cereals. — 2019. — No. 2 (30). — P. 77-83. 

16 Eliseeva L.V. Influence of growth regulators on soybean productivity in conditions of the Chuvash Republic / L.V. Eliseeva, 
O.V. Kayukova, O.P. Nesterova // Bulletin of the Mari State University. — 2018. — Vol. 4, No. 3 (15). — P. 22-27. 

17 Zolotoreva A.V. Application of biological products in cultivation of soybean / A.V. Zolotoreva, Yu.N. Dmitrieva, 
Yu.V. Koryagin // XXI century: results of the past plus the present problems. Series: Ecology. — 2011. — No. 1(1). — P. 134-137. 

18 Tishkov N.M. Influence of microbiological fertilizer TagTeam LHO on crop yield and quality of soybean seeds 
/ N.M. Tishkov, M.V. Shkarupa // Enthusiasts of agrarian science: materials of the International scientific and practical conference. 
— Almaty, 2018. — P. 99-105. 

19  Yelisseeva L.V. Influence of fertilizing with microbiological fertilizers on crop yield and quality of soybean seeds 
/ L.V. Yelisseeva, O.V. Kayukova, I.P. Yelisseev // Bulletin of the Kursk state agricultural academy. — 2019. — No 2. — P. 33-38. 

20 Belyaev N.N. Effectiveness of microbiological fertilizers in treatment of seeds and soybean plants in the northeast of the 
Central Black Earth region / N.N. Belyaev, Ye.A. Dubinkina // Legumes and cereals. — 2019. — No 2(30). — P. 67-72. 

21 Kayukova O.V. Efficiency of additional nutrition with microbiological fertilizers on soybean / O.V. Kayukova, 
L.V. Yelisseeva, U.N. Puleeva // Development of agrarian science as an essential condition for effective functioning of agro-
industrial complex of country: materials of the All-Russian scientific and practical conference. — Cheboksary, 2018. — P. 55-58. 

22 Chumak A. Molybdenum and soybean: Opportunities and challenges / A. Chumak, M. Dovgayuk-Semenyuk // Proposition. 
— 2017. — No 2. — P. 60-62. 

23 O��� ���� � X.�. aQQ���C �:��� C�:�"�#UCC �:C, 7�C�����C� UC��� C �:�C$���� �� 7����� �����CB x���:����B: 
�C�. ... ����. �.-B. ��"�. 06.01.09 — «\�����C� :��� :» / X.�. O��� ���� �. — `�� �:7:��, 2000. — 161 �. 

24 O�:B:�: � e.Z. aQQ��� �:$C���� C �:$C$���� �� ����$:�C�� ��:�� C �C��������� �:�7:����� Lupinus luteus L.: 
� �:��Q. �C�. ... ����. $C:�. ��"� / e.Z. O�:B:�: �. — Z., 1985. — 20 �. 

25 Yagodin B.A. Nitrogen fixing ability of lucerne and its consumption of mineral nutrition elements for seed treatment with so-
lutions of molybdenum and cobalt salts / B.A. Yagodin, I.G. Zakharova // Proceedings of Timiryazev agricultural academy. — 1984. 
— No 3. — P. 69-75. 

26 Didorenko S.V. Crop yield of soybean varieties of different groups of maturity depending on pre-sowing seed treatment 
/ S.V. Didorenko, G.K. Kabylbekova, A. Zh. Saikenova, R. Zh. Kassenov // Bulletin of KazNU, Series ecological. — 2021. — 
No. 4(69). — P. 54-63. 

27 Vassin A.V. Influence of application of micro-fertilizer mixtures on crop yield structure and productivity of soybean in the 
forest-steppe conditions of the Middle Volga Region / A.V. Vassin, A.N. Burunov, V.G. Vassin, Ye.S. Kuznetsova // Legumes and 
Cereals. — 2021. — No. 4 (40). — P. 32-38. 

28 G"���$��!��:  Z.`. e�B�:�:!C# �"���C C�: ��C# �:C �� 7:�C ��B 7�:{��#B   �!:- :��:x�:� G���B����� 
/ Z.`. G"���$��!��: , `.A. RC�:����:. — K�����: Gi��7, 2014. — 24 �. 

29 R:�7�B:  T.K. Z��:�C�� 7:�� :!: :7��� / T.K. R:�7�B: . — M., 2012. — 352 �. 

30 A�8�#�: � Z.K. G:����UC# �C�: �B !����Cx���CB ���"��:  ����:-$:$: �B �"���"� A�\: 7:7:����C�, �:B�����C� 
C C�"x��C�: ���:�. ���:�����UCC / Z.K. A�8�#�: �, e.A. T"�� U� � C ��. — `O$.: A�\, 2010. — 141 �. 

 
 



Pre-sowing seed treatment of soybean… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 55 

C.A. RC�:����:, S.G. G�$��$��: �, \.@. G����: , A.M. R��C$�� �,  
_.`. K�����$�� �, `._. R��$"8 

¶2E(4E0E1+E *�++��)D* +��E0 ��+E24� �,� +}~�(4*��2 *04�2 *0* PF4�) 

`:# �"�� 8��"�8���9� �����������w V������ ����C�!������ ����w9� :�����. y�� ���������� 
Y����" $:���8� Y��������� ���w��� V������ �Y8$��8������w $����� ��������� ��w���7 ������. 
F���������� �:w9� ������� Yw������� ����7��� 2019 ���9� 139,5 ��w !�������� 2021 ���� 113,3 
��w !�����9� ����� ��������. T]� ���7"$�C����w �:������� �"������� ���� ��"������ �:������� 
Y���"��w �C����9���� $���������. Ww����� $:���8� �:#��w :���8� Y�������!� �:��������� 3,0 U/!�-
��� F����������w :w������-8�9������ 24,8 U/!�-9� ����� �"���C��. W������ �8�� V������!�� �V�� 
$������!�� �:�������w Y�������!� �:���8� �!�:�:�C#��� V���������, :��w �8���� �]�������� 
$C:�:!C#��� $������� ��������� ����� ��� ��$" ������ ]�9�����"� ������. Z������� �:# 
�]�������� Yw��"��w V� ����� �����" �:7���� �8�� ��:� �C�����"8� HiStick C��:�"�#� 7�� Co �V�� 
Mo �C��:b������������� V��� ��" �V�C������ �Y������!��. @��!����!�� Yw��"�����w �����$�������!� 
���7���!��. Z:�C$��� �V�� �:$���� �]������ ��$" �������9� Yw��"�� ���� ��"������ «� "8��» 
�:��� �V�� �:��� ��"������ «[���:x��» �:��� �8�� 7�������" �C����. X��� 7������ «Birlik KV» 
�:��� �8�� �]�������� ��:� �C�����"8� HiStick C��:�"�#� 7�� Co �V�� Mo �]�������� $��������7 
Yw��" ������� �w �:9��� �����$�������� $�������. K� «@����#» �:#����w �:��������� �:���8� 
Yw��"����� �:����" Y��������w �����$�������!�� �Y���������. 
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`:# ���C���� �C�C�"�{C� 7:�CUCC   �C�: :� ����C�!� ������:B:�#��� ����B �"���"�. A:����� ��-
��� 7�:{��C 7: 7�:C� :��� " b�:� �"���"�� ���8C�#���#  :  ��B ������B �C�: �B �C���: . A G�-
��B����� �� 7:�����C� !:�� :$��$��� ����� 7�:{��C �:����C�C�� �: 139,5 ���. !�   2019 !. �: 113,3 
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\��7"$�C�C. `����## "�:����:��� �:C 7: ��!C:��� �:��$����# :� 3,0 U/!� �� �� ��� �: 24,8 U/!� �� 
�!:- :��:�� G���B�����. c�:����:��� �����$:�����B C "� ��������B ��# 7�:C� :��� � �:��:  �:-
��� $��� " ��Cx��� �:7:��C�������C �!�:�:�Cx���C�C ���:���C,   �:� xC��� 7"��� 7��� ��C����-
�:� 7:�� �:� :$��$:��C ���#� $C:�:!Cx���C ���C ���C  �{��� ��C. _���:#{�# �����# ���:����C�"-
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C�:�"�#�:� HiStick C �C��:b��������C Co C Mo. \���xC���� �����$����:��� 7�: ������B :$��$:�:�. 
O���7:�� �"� :$��$:��" �:�#�C �:�C$���� C �:$�����  �!:��: C�7:���: ��� ��# �����-���:��:!: 
�:��� «� "8��» C 7:��:-���:��:!: �:��� «[���:x��». R�# �:��� �����!: �:��� ��C# «Birlik KV» ��C-
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C�:�"�#�:� HiStick C �:�#�C Mo C Co. A �:���B �:C «@����#» 7�C�����C� �:7:��C������B :$��$:-
�:� ��C���� �����$����:��� 7�:C� :��� �. 
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Biomorphological and phytochemical parameters of Chelidonium majus L.  
in the conditions of Kungei-Alatau 

In the pharmaceutical industry, the stability of the relationship between synthetic drugs and natural drugs has 
changed recently. This is because drugs made from natural plants are more in demand than chemically 
prepared drugs. The advantages of herbal medicines are their low toxicity, a significant complex of 
biologically active compounds, the versatility of pharmacotherapeutic effects, and the possibility of long-term 
use without obvious adverse reactions. In addition to the therapeutic effect of the biologically active 
substances contained in the medicinal products, the preventive effect is also effective. Therefore, it is 
important to analyze the composition of natural medicinal raw materials of plant origin. The aim of the work 
is to study macrodiagnostic features and composition of active natural compounds of medicinal plant 
Chelidónium majús L. C. majús plant collected in the Kungei Alatau region and medical, cosmetic and 
hygienic dry kits prepared on the basis of C. majús sold in pharmacies were used as the research object. 
Pharmacognosy, macroscopic and gas chromatography-mass spectrometry (GC-MS) methods were used in 
the research. The results of the macroscopic analysis confirmed the conformity of the composition and 
characteristics of the finished raw materials in the samples. C. majús plant samples showed stable component 
composition of sufficient biologically active substances. All samples contained 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol, Phytol, Ethyl Oleate, 9,12-Octadecadienoic acid, ethyl ester, 9,12,15-Octadecatrienoic acid, 
ethyl ester, (Z, Z, Z), Methyl 19-methyl-eicosanoate, Protopine compounds were determined. Conducting 
clinical trials to evaluate the therapeutic potential of the plant and its efficacy and safety in pharmaceutics is 
the basis for future research. The obtained results allow an objective assessment of the quality standards of 
pharmacopoeial medicinal plant C. majús materials. 

Keywords: Chelidonium majus, pharmacology, medicine, medicinal plant, alkaloids, organic compounds, 
Kungei Alatau, preparation. 

 

Introduction 

The 2020 pandemic has dramatically increased demand for herbal medicines and nutritional 
supplements in global sales. The global increase in interest in plant-based products leads to an increase in 
demand for them, and the expansion of production to meet demand is often dependent on their quality [1-3]. 
Compared to synthetic drugs, the advantages of herbal drugs are: low toxicity, presence of an important 
complex of biologically active compounds, versatility of pharmacotherapeutic effects and the possibility of 
long-term use without obvious negative reactions. Regulating all vital functions, the role of biologically 
active substances is not only effective therapeutic, but also preventive [4]. 

Phytochemical research on the medicinal plants of the flora of Kazakhstan in the pharmaceutical market 
of the country, and the creation of effective, safe and affordable medicines based on them is one of the main 
tasks. The increase in the demand for herbal medicines from daily visitors to the pharmacy shows that they 
are often used among the population [5, 6]. Each patient has the opportunity to be treated at home by 
preparing medicinal decoctions and tinctures in compliance with the rules of use. In addition, the cost of 
preparations and decoctions made from plants is relatively low. According to the requirements, medicinal 
plant raw materials should be of high quality, effective and safe [7, 8]. Even now, when pharmacology and 
the pharmaceutical industry are developed, the use of medicinal plants remains relevant. One of the widely 
used plants for the preparation of phytopreparations for skin diseases and many drugs in dermatology is the 
C. majus. 

Chelidonium majus (Papaveraceae) is a popular medicinal plant widely distributed in Europe, Asia and 
North Africa and widely used in European countries and Chinese herbal medicine against various 
diseases [9]. In traditional and alternative medicine systems, various parts of this plant are used to treat 
stomach ulcers, stomach cancer, oral infections, liver diseases, general pain and various skin condition [10]. 
Due to its choleretic and antispasmodic properties, it is widely known to treat biliary disorders, dyspepsia 
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and irritable bowel syndrome [11]. In Chinese medicine, it is used to treat whooping cough, blood stasis, 
chronic bronchitis, asthma, jaundice, gallstones and gallbladder pain, and to improve diuresis in edema and 
ascites [12, 13]. Ultrahigh dilutions (potencies) of C. majus extract have therapeutic effects against various 
types of liver diseases, including liver cancer [14]. In addition to these properties, it is known to be a popular 
medicinal plant that helps with various skin diseases. The very name of the medicinal plant, which contains 
isoquinoline alkaloids with anti-inflammatory effects, describes its cleansing properties. Therefore, it is in 
demand in dermatology and is also popular in cosmetology as a drug added to lotions and baths [15]. Due to 
the local anti-inflammatory effect, it is used in complex therapy of diseases accompanied by itching — 
psoriasis, dermatitis, eczema [16]. 

Evaluation of natural products with known biological activity requires new scientific research and 
extensive screening process. There is little data in literary sources about the chemical composition and 
pharmacological properties of C. majus grown in our country. And it is very important to perform a 
preliminary phytochemical analysis to assess the quantitative composition of pharmacologically active 
natural compounds in the plant. On the basis of the above, botanical-pharmacognostic and phytochemical 
studies of the C. majus grown in Kungei Alatau as the main source of medicinal plant raw materials were 
conducted. 

The purpose of the research work: to study the composition of macrodiagnostic features and active 
natural compounds of medicinal Chelidónium majús plant. 

Experimental 

Morphological analysis 
Identification of raw materials is carried out by the staff of the Department of Botany of the Karaganda 

University named after academician E.A. Buketov. During the analysis of morphological indicators, the 
peculiarities of growth, appearance, surface structure, color of shoots, leaves, inflorescences, flowers and 
stems were studied [17]. Samples of raw materials were studied and photographed using a Digital Micro-
scope Levenhuk DTX 30. When describing the morphology of plant samples, we used the principles de-
scribed in the works of V.N. Vekhova, L.I. Lotovoi and regulations of the Pharmacopoeia of the Republic of 
Kazakhstan [18-21]. 

C. majus plant grown in Kungei Alatauy was taken as the main object of research. In addition to 
conducting a comparative analysis, medical, cosmetic and hygienic dry sets of C. majus from three 
manufacturers (“Bella”, “Lekraset”, “DauLet”) sold in pharmacies were offered. 

Pharmacognosy method 
Freshly collected and dried plant: Aerial parts of C. majus plant from Kungei Alatau area were 

collected in dry weather. The collected plant raw materials were checked to be free of mold, mosquitoes and 
other animal pests. A minimal amount of medicinal plant raw material is spread in a thin layer. Foreign 
inclusions were checked by visual inspection or using a magnifying glass (6×). Medicinal plant raw 
materials: sampling and preparation of samples was carried out according to the general method [22]. 

Macrodiagnostic method 
External signs: The structure of the stems, leaves, and flowers in the collection of C. majús plants were 

observed with the naked eye or with the help of a (10x) magnifying glass. The color of dry raw materials is 
determined in daylight; smell — by smelling, taste — by tasting a piece of dry raw material. In the 
macroscopic analysis of the raw material, attention was paid to the shape, size, and length of the plant parts 
in the set [22]. 

Extract preparation: 5 g of crushed plant sample was placed in a 100 ml glass container. 96 % ethanol 
was used as an extractant, and 50 ml was added to the ground samples. In order to completely extract organic 
compounds from the matrix, extraction was carried out using an ultrasonic bath for 2 hours at room 
temperature, and then the samples were left in the dark for 24 hours. 

Analytical method: samples were analyzed by gas chromatography with mass spectrometric 
detector (7890A/5975C) [22]. 

Analytical conditions: 2.0 
l volume of unsplit sample injection temperature 250 °C. The separation 
was carried out using a DB-35ms chromatographic capillary column with a length of 30 m, an internal 
diameter of 0.25 mm and a film thickness of 0.25 
m at a constant carrier gas (helium) rate of 1 ml/min. 
Chromatography temperature was programmed from 40 °C (0 min hold) to 280 °C (15 min hold) with a 
heating rate of 5 °C/min. Analysis time is 63 minutes. Detection was carried out in SCAN m/z 34-750 mode. 
Agilent MSD chemstation (Version 1701EA) software was used to control the gas chromatography system, 
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record and process the obtained results and data. Data processing included detection of retention times, peak 
areas (peaks), and processing of spectral information obtained using a mass spectrometer detector. Wiley 7th 
edition and NIST'02 (total number of spectra in the libraries more than 550,000) libraries were used to 
interpret the obtained mass spectra [23, 24]. 

Results and Discussion 

The aerial parts of the C. majus plant were collected during the flowering period from the territory of 
Kungei Alatau, Almaty region, GPS coordinates: N 42°59'91'; E 78°20'07'', 1712 m above sea level. 
Perennial herbaceous plant with a short rhizome (Fig. 1). 
 

 

Figure 1. Chelidonium majus plant in Kungei Alatau region 

Morphological description 
The height is up to 80-90 cm, the branched stems are straight. Bare and hairy, with yellowish sap. The 

leaves are flat, rounded or oval in shape; upper sessile, lower — on petioles; pinnatipartite; the edge is 
round-toothed (Fig. 2). 

 

 

Figure 2. Pictures of raw material parts Chelidonium majus: A — upper side of the leaf plate; B — lower side of the 
leaf plate; C — Appearance of shoot; D — The color of the stem on the scrap; E — Appearanceof flower; F — Pedun-

cle 
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The upper side of the leaf blade is bare, dark green in color, the lower side is lighter with protruding 
veins. Venation is pinnately reticulate. Shoots straight or evading, few, rounded and ribbed. The surface is 
smooth, the color is light green, at the break it is almost white. Peduncles ascending, thin, rounded in cross 
section, thinly pubescent with simple white trichomes. Flowers at the tops of peduncles, 3-5 pieces. The 
flowers themselves are actinomorphic, consisting of 4 to broadly ovate petals of a bright yellow color, up to 
1.0 cm long. 

For a comparative study, samples of “Chelidonium majus” raw materials sold in pharmacies were taken 
from 3 different manufacturers: i) Sample s 1– “Bella” company Herbal care, wart herb, cosmetic; ii) 
Sample s 2– “Lekraset” company, dry cosmetic and hygiene product prepared from plants; iii) Sample s 3 
— “DauLet” company, cosmetic product; iv) Sample s 4–Kungei is a herbal combination prepared from the 
C. majus grown in the Alatau region. 

Macrodiagnostic features and external signs of the raw materials of selected manufacturers' products 
were analyzed. It was determined that the boxed C. majus, crushed raw materials are a mixture of leaves, 
stems, inflorescences, and parts [22]. Table 1 shows a description of a sample of cosmetic and hygiene 
products produced on the basis of the C. majús. 

T a b l e  1  

Description of preparations based on Chelidónium majus plant 

Sample Manufacturing company Description Composition 
1. Chelidónium majús, Herbal care, 30 g, 

cosmetic product, “Bella” 
A dry collection of different parts of the 
medicinal plant. Woody, dark green. The smell is 
pleasant. 

 
100 % 

2. Chelidónium majús,40 g, cosmetic and 
hygienic dry plant substance, 
“Lekraset” 

A set of dry cosmetic and hygienic plants 
prepared from plants. Woody, dark green. The 
smell is pleasant. 

 
100 % 

3. Chelidónium majús, cosmetic product, 
30 g, “DauLet” 

Dry color is brown. Most of the collection is 
woody, with many large stems and hard. The 
smell is pleasant. 

 
100 % 

4. Chelidónium majús, 30 g, a plant 
collected from Kungei Alatau territory

It consists of all above-ground parts of the plant 
collected and dried in natural conditions. Dry, 
soft, pale green. The smell is pleasant. 

 
100 % 

 
As a result of macroscopic analysis, the characteristics and composition of all dry medicinal raw 

materials meet the requirements [25, 26]. The determination of the organic compounds in the samples of the 
complete C. majus was analyzed by the gas chromatography-mass spectrometry method. The composition of 
extracts isolated from 4 samples was determined by GC/MS method. 

Analysis was performed as a result of chromatographic analysis of the extract of C. majus in the sample 
taken for the study (Table 2). 

T a b l e  2  

The result of chromatographic analysis of extracts based on Chelidónium majus 

Sample Manufacturing company The result of chromatographic analysis of the obtained extracts 
1. Chelidónium majús, Herbal 

care, 30 g, cosmetic 
product, “Bella” 

Ethanone, 1-(2-hydroxy-5-methylphenyl)-(0,92 %), Tetradecanoic acid (0,78 %), 
Tetradecanoic acid, ethyl ester(1,01 %), Ethyl 13-methyl-tetradecanoate(0,88 %), 
Hexadecanoic acid(11,00 %), Phytol(22,68 %), Ethyl Oleate(1,24 %), 9,12-
Octadecadienoic acid, ethyl ester (21,61 %), Octadecanoic acid1(6,62 %),9,12,15-
Octadecatrienoic acid, ethyl ester (17,44 %), Drometrizole (1,26 %), Methyl 19-
methyl-eicosanoate (0,69 %), Cannabidiol (1,64 %), Protopine(2,24 %) 

2. Chelidónium majús, 40 g, 
cosmetic and hygienic dry 
plant substance, “Lekraset” 

2,5-Dimethyl-4-hydroxy-3(2H)-furanone(0,79 %), Ethanone, 1-(2-hydroxy-5-
methylphenyl)-(0,63), 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, 
(R)-(0,42 %), Tetradecanoic acid(1,38 %), Pentadecanoic acid(0,84 %), 
Hexadecanoic acid (17,21 %), Phytol(15,21 %), Ethyl Oleate(1,13 %), 9,12-
Octadecadienoic acid, ethyl ester(14,13 %), Octadecanoic acid(17,96 %),9,12,15-
Octadecatrienoic acid, ethyl ester, (Z, Z, Z)- (14,61 %), Drometrizole (0,69 %), 4H-
Bis[1,3]benzodioxolo[5,6-a:4',5'-g]quinolizine, 6,7,12b,13-tetrahydro-(11,71 %), 
Protopine(3,29) 
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C o n t i n u a t i o n  o f  T a b l e  2  

3. Chelidónium majús, 
cosmetic product, 30 g, 
“DauLet” 

1-Eicosanol(1,70 %), 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, 
(R)-(0,53 %), Pentadecanenitrile (1,69 %),3,7,11,15-Tetramethyl-2-hexadecen-1-
ol(0,68 %), Tetradecanoic acid, ethyl ester(0,95 %), 9,12-Octadecadienal, dimethyl 
acetal(0,31 %), Octadecanal(1,41 %), 2-Pentadecanone, 6,10,14-trimethyl-(0,79 %), 
Pentadecanenitrile (2,87 %), 2-Heptadecanone (0,64 %), Hexadecanal(0,80 %), 
Hexadecanenitrile (4,34 %), Ethyl 9-hexadecenoate (1,88 %), 1-Nitrododecane 
(1,31 %), Octadecanenitrile (7,80 %), Phytol(27,74 %), Heptadecanoic acid, 16-
methyl-, methyl ester(2,00 %), Ethyl Oleate(2,53 %), 9,12-Octadecadienoic acid, 
ethyl ester(21,38 %),9,12,15-Octadecatrienoic acid, ethyl ester, (Z, Z, Z)-(14,10 %), 
Methyl 19-methyl-eicosanoate (0,61 %), 4H-Bis[1,3]benzodioxolo[5,6-a:4',5'-
g]quinolizine, 6,7,12b,13-tetrahydro- (2,25 %), Protopine (1,66 %) 

4. Chelidónium majús, 30 g, a 
plant collected from Kungei 
Alatau territory 

Ethanone, 1-(2-hydroxy-5-methylphenyl) (1,8 %), Tetradecanoic acid, ethyl ester 
(0,8 %), Phytol (13,8 %), Ethyl Oleate (3,6 %), 9,12-Octadecadienoic acid, ethyl 
ester(22,7 %),9,12,15-Octadecatrienoic acid, ethyl ester, (Z, Z, Z)-(17,1 %), 
Drometrizole (1,2 %), Methyl 19-methyl eicosanoate (1,1 %), Canadine (4,4 %),4H-
Bis[1,3]benzodioxolo[5,6-a:4',5'-g]quinolizine, 6,7,12b,13-tetrahydro-, (±)-
(30,2 %), Protopine (3,5 %) 

 
Sample s 1 — As a result, 14 different Ethanone, 1-(2-hydroxy-5-methylphenyl), Tetradecanoic acid, 

Tetradecanoic acid, ethyl ester, Ethyl 13-methyl-tetradecanoate, Hexadecanoic acid, Phytol, Ethyl Oleate, 
9,12-Octadecadienoic acid, ethyl ester, Octadecanoic acid, 9,12,15-Octadecatrienoic acid, ethyl ester, 
Drometrizole, Methyl 19-methyl-eicosanoate, Cannabidiol, Protopine were found to be present. Phytol 
(22,68 %) and 9,12-Octadecadienoic acid, ethyl ester (21,61 %), 9,12,15-Octadecatrienoic acid, ethyl ester 
(17,44 %) and Octadecanoic acid (16,62 %) were present in the highest percentage of the identified 
compounds. Accordingly, the chromatogram of the extract with more than 20 percent compounds was 
observed in a high peak. 

Sample s 2 — “Lecraset” company, Chelidónium majús was analyzed as a result of chromatographic 
analysis of dry cosmetic and hygienic substance extract prepared from plants. Chromatographic analysis of 
cosmetic and hygiene extract revealed 14 active substances, among which 17.96 % Octadecanoic acid, 
17.21 % Hexadecanoic acid and 15.21 % Phytol were in the highest percentage. 

Between 0 and 1 percent 2,5-Dimethyl-4-hydroxy-3(2H)-furanone (0.79 %), Ethanone, 1-(2-hydroxy-5-
methylphenyl)-(0.63 %), 2 (4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- (0.42 %), 
Pentadecanoic acid (0.84 %) and Drometrizole (0.69 %) was determined. Among the identified compounds, 
2,5-Dimethyl-4-hydroxy-3(2H)-furanone, Pentadecanoic acid was not found in other samples. 

Sample s 3 –23 compounds Chelidónium majús, were found in the chromatographic analysis of 
“DauLet” cosmetic extract. Phytol (27.74 %), 9,12-Octadecadienoic acid, ethyl ester (21.38 %) and 9,12,15-
Octadecatrienoic acid, ethyl ester, (Z, Z, Z)- (14.10 %) were compounds. According to the obtained results, 
among the 23 compounds presented in Table 2, 1-Eicosanol, Pentadecanenitrile, 9,12-Octadecadienal, 
dimethyl acetal, Octadecanal, 2-Pentadecanone, 6,10,14-trimethyl, 2-Heptadecanone, Hexadecanal, 
Hexadecanenitrile, Ethyl 9 -hexadecenoate, 1-Nitrododecane, Octadecanenitrile, Heptadecanoic acid, 16-
methyl-, methyl ester compounds were not found in other samples. 

Sample s 4 –A total of eleven main bioactive compounds were determined as a result of the 
chromatogram of the Chelidonium majus plant extract grown in Kungei Alatau. That is, they are Ethanone, 
1-(2-hydroxy-5-methylphenyl), Tetradecanoic acid, ethyl ester, Phytol, Ethyl Oleate, 9,12-Octadecadienoic 
acid, ethyl ester, 9,12,15-Octadecatrienoic acid, ethyl ester, (Z, Z, Z), Drometrizole, Methyl 19-methyl-
eicosanoate, Canadine, 4H-Bis[1,3] benzodioxolo[5,6-a:4',5'-g]quinolizine, 6,7,12b,13-tetrahydro-, (±)-, 
Protopine, according to Table 2, respectively. 

4H-Bis[1,3] benzodioxolo[5,6-a:4',5'-g]quinolizine, 6,7,12b,13-tetrahydro-, (±)- (30,2 %), 9, 12-
Octadecadienoic acid, ethyl ester (17.1 %) and Phytol (13.8 %) showed a high percentage. According to the 
obtained results, in the chromatographic analysis of the extract of Chelidonium majus grown in Kungei 
Alatau, sample No. 4, the number of compounds is less compared to other samples. 

A qualitative analysis of active natural compounds of Chelidonium majus L. plant was conducted in the 
research work. As a result of studying the chromatograms, retention time tables and mass spectra of the 
determined compounds in C. majus extracts were compiled. Each extract was found to contain several 
different active compounds. 
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The main classes of organic substances characteristic of plant-based natural objects of the components 
of the C. majus samples given above were known [20; 739]. All analyzed samples contained 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol, Phytol, Ethyl Oleate, 9,12-Octadecadienoic acid, ethyl ester, 9,12,15-
Octadecatrienoic acid, ethyl ester, (Z, Z, Z), Methyl 19-methyl-eicosanoate, Protopine compounds were 
identified [26, 27]. Qualitative composition in all studied samples is similar, quantitative difference is 
observed between samples. It is well known that quantitative measurements of the quality of plant activity 
cannot be replaced by simple biochemical or pharmacological measurements. Sample extract No. 3, Dawlet 
Company, C. majus showed the highest amount of phytochemicals in its cosmetic than other extracts, which 
may be affected by time, place of collection, extraction procedures, soil composition, humidity, and storage 
conditions [28, 29]. 

According to the literature, the phytochemical composition of C. majus plant includes alkaloids and 
other nitrogen-containing compounds, lectins, phytosterols, phenol and higher fatty acids, higher aliphatic 
alcohols, flavonoids, tannins, essential oils and vitamin C [30-32] and their results in the current study 
confirmed by the results. 

Many studies show that active substances extracted from C. majus plant have analgesic, 
dermatoprotective, immunosuppressant, antispasmodic, antituberculosis, sedative, diuretic anti-
inflammatory, antimicrobial, immunomodulatory, antitumor, choleretic, hepatoprotective, and pain-relieving 
properties[33-39]. The main components are isoquinoline alkaloids (sanguinarine, chelidonine, chelerythrine, 
berberine, protopine, coptisine), flavonoids and phenolic acid [40-43]. Both the crude extracts of C. majus 
and the purified compounds obtained from it contain a wide range of biological activities consistent with the 
traditional uses of the plant [44-47]. These components are of particular importance in the pharmacopoeia. 
However, in order to promote their commercial use, attention should be paid to studies that increase the 
therapeutic potential of plant extracts and their isolated active compounds [48-52]. The description of the 
components of the drugs obtained as a result of the research encourages future research to make decoctions 
as an anesthetic for diathesis, lichen, scabies, itchy skin, burns, and in the treatment of purulent wounds. 

Conclusion 

The characteristics of the C. majus plant collected from Kungei Alatau and the indicators of the organic 
compounds contained in it allow us to conclude that it corresponds to medicinal, cosmetic and hygienic dry 
preparations in pharmacies made on the basis of C. majus. The biologically active substances and their 
compounds contained in the C. majús plant are generating new suggestions and interest in the treatment and 
justification of their well-known efficacy against various diseases. The result of the study suggests the 
isolation of active compounds from the plant and further elucidation of their structural potential with respect 
to their various biological activities. 
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Ethnopharmacology. — 2009. —Vol. 124, No. 2. — P. 328-332. DOI: 10.1080/00365520310000942. 

 
 

K.T. R:������: �, �.�. ����: , Z.`. G"����$�� �, G.`. ��$���C�� 

9�28�? ;0*+*) B*D4*?�24*D� Chelidonium majus L. P�E(4E8E2EF 
G�,(,�J,0,8��0�~ B�2� J�+,<�(��0�~ 1P���+1E'+��E 

P����U� �C�� Y����V��$���� �C����C����� �V��-�V������� ��� ��$C9C 7��7������� ��������9� 
������������w �]�������9� �:w9� "������ Y�!����. `�$�$�, B���� �������� BC�C#��� �:���� 
��������9�� �V�����!� ����9����, ��$C9C Y������������ �����9�� 7��7������� �]������� C�. W������ 
������ �V����� ��������w �����8���9� :�����w �Y��� "������9�, $C:�:!C#��� $������� 
�:����������w ���"�� ��8���, Q�����:����7C#��� V��������w �Y7 �������9�, ����� ��9����� 
����UC#������ ]��� "���� �:����" ��������!� $:��7 ��$�����. RV����� 7��7���������w �]�������9� 
$C:�:!C#��� $������� ��������w ����� V������� �����, 7�:QC����C����� V���� �� �C����. `:�������, 
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Y������ ������ ��$C9C �V����� 8C����� �]����� �����" Y�����. @]�����w ������� — �V����� ����� 
�����8Y7 (Chelidónium május L.) Y�����!���w ����:�C�!�:��C����� ����8�������� ��� $������� ��$C9C 
�:�����������w �]����� ������". z�����" ������ ������� G��!�� K����"� ����9���� �C���9�� 
Chelidónium május Y�����!� ��� �V��B�������� ��������� �����8Y7 Y�����!� ��!������ ��������9�� 
�����, �:����C����� �V�� !C!C������ �]�9�� �C������� 7�����������. z�����" �]������� 
Q�����:!�:�C#, ����:��:7C#��� �V�� !�� B�:���:!��QC#��–����-�7����:����C# (GC-MS) V������� 
�:��������. Z���:��:7C#��� �����" �V�C������ ��!������!� ����� 8C�������w �]���� ��� 
�C7������������ �V������!�� �������. C. május Y�����!� ��!����� ���������� $C:�:!C#��� $������� 
���������w �]����� �:�7:������� �]����� �Y������. T����� ��!������ 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol, Phytol, Ethyl Oleate, 9,12-Octadecadienoic acid, ethyl ester, 9,12,15-Octadecatrienoic acid, 
ethyl ester, (Z, Z, Z), Methyl 19-methyl-eicosanoate, Protopine �:��������� ���������. W��������w 
����7� ��� V��"���� �V�� Q����U� �C����9� �C������!� ��� ��"�7�����!�� $�9���" �8�� ��C�C����� 
������"��� ���!��" $:��8����9� ������"���!� ��!�� $:����. K���9�� �V�C����� Q�����:7�#��� 
�V����� Y������ 8C������ ����� �����8Y7 ��7�����w �:�������� :$|���C �� $�9���"9� ��������� 
$�����. 

�Q�	 �@/���: Chelidonium majus, Q�����:�:!C#, ���CUC��, �V����� Y������, �����:C����, :�!��C����� 
�:��������, G��!�� K����"�, 7��7����. 

 
K.T. R:������: �, K.K. K���: , Z.`. G"����$�� �, G.`. ��$���C�� 

3�,(,�J,0,8����1�� � J�+,<�(����1�� �,1*|*+�0� Chelidonium majus L.  
- )�0,-��< 9)28�?-;0*+*) 

A Q����U� �Cx���:� 7�:��8����:��C ���$C���:��� �::��:8��C# ����" �C����Cx���C�C C 7�C�:�-
���C ������� ��C   7:�������  ���# C����C����. a�: � #���: � ���, x�: ������� �, C�!:�: ������ C� 
���"������B ����C������B �:�7:����: , 7:���"���# $:��8C� �7�:�:�, x�� ������� �, 7�C!:�: ���-
��� BC�Cx���C� 7"���. G 7��C�"{��� �� QC�:7��7����:  :��:�#��# CB �C���# �:��Cx�:���, ���xC-
������� �:�7���� $C:�:!Cx���C ���C ��B �:��C���C�, ��:!:!����:��� Q�����:����7� �Cx���:!: 
����� C#,  :��:��:��� ��C�����:!: 7�C�����C# $��  ��������B 7:$:x��B ����UC�. O:�C�: ��x�$-
�:!: ����� C# $C:�:!Cx���C ���C ��B  �{��� , �:�����{CB�#   ������� ����B ������ �B, ����� �-
��� C 7�:QC����Cx���C� bQQ���. O:b�:�"  ���: 7�:����C�C�: ��� �:���  7�C�:��:!: ������� ���:-
!: ����# ����C�����:!: 7�:C�B:����C#. }��� ��$:�� — C�"x��C� ����:�C�!�:��Cx���CB :�:$���:-
���� C �:��� � ���C ��B 7�C�:���B �:��C���C� ������� ���:!: ������C# xC��:���� $:��8:!: 
(Chelidóniummajús L.). A ��x��� � :$|���� C�����: ��C# C�7:���: ��C xC��:��� $:��8:�, �:$������ 
  ���:�� G"�!��-K����" C ��x�$���, �:����Cx���C� C !C!C��Cx���C� �"BC� ��$:��, 7�C!:�: ������ 
�� :��: � ��� � xC��:����, ����C�"����   �7����B. A C�����: ��CC C�7:���: ��C�� ���:�� Q����-
�:!�:�CC, ����:��:7CC, !��: :� B�:���:!��QCC-����-�7����:����CC (GC-MS). \��"������ ����:��:-
7Cx���:!: ����C�� 7:�� ���C�C �::� ���� C� �:��� � C B�������C��C� !:�: :!: ����#   :$���U�B. y$-
���U� ������C� C. majús 7:�����C ���$C����� �:�7:������� �:���  � �:����:x��� �:�Cx��� :� $C:-
�:!Cx���C ���C ��B  �{��� . A:  ��B :$���U�B :$���"���� �:��C���C# 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol, Phytol, Ethyl Oleate, 9,12-Octadecadienoic acid, ethyl ester, 9,12,15-Octadecatrienoic acid, 
ethyl ester, (Z, Z, Z), Methyl 19-methyl-eicosanoate, Protopine. O�: ����C� ��C�Cx���CB C�7����C� ��# 
:U���C ����7� �Cx���:!: 7:���UC��� ������C#, �!: bQQ���C �:��C C $��:7���:��C   Q����U� �C�� 
# �#���# :��: :� ��# $"�"{CB C�����: ��C�. O:�"x����� ���"������ 7:� :�#�� :$|���C �: :U��C�� 
�:��� ��x��� � Q�����:7���:!: ������� ���:!: ����C�����:!: ����# xC��:���� $:��8:!:. 

���<�$�� ��
$�: Chelidonium majus, Q�����:�:!C#, ���CUC��, ������� ���:� ������C�, �����:C��, 
:�!��Cx���C� �:��C���C#, G"�!�� K����", 7��7����. 
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s,-�? �,4-�4 Eumerus aristatus Peck, 1969 (Diptera, Syrphidae)  
�| 8,� 9*�*G*� (>,�+,�2�? 9*|*<�+*2) 

A 2022 !.   B:�� ��$:�� 7: C�"x��C� b��:�:Q�"�� S:�"����� ���:!: ��UC:�����:!: 7�C�:��:!: 7��-
�� «e��$�!����»   ���:� :��:!� B��$�� e��$�!���� !:��B G���$�� $��: :��: ���: ����:���: �"B-
�"�x��:� (Syrphidae) �:�� Eumerus � �7C�����: ���U��: C��: ���8C����:� ��C��:�, �:�:���   ��-
��:#{�� ��$:�� :7C���� ��� �: �� 7:� C� Eumerus aristatus Peck, 1969. `���U :7C�� ���:!: 7:� C-
�� :��Cx����# :� E. aristatus ���CxC�� ������ C U ��:�  :�:��:  �� !:�: �, ���7:�:���C�� !����: :!: 
���"!:���C��, Q:��:� C U ��:� "�C�: , U ��:� :��C � :�����C ����. 

���<�$�� ��
$�: Eumerus, Syrphidae, �: �� 7:� C�, A:��:x��� G���B����, e��$�!����, G���$��, �"-
BC-�"�x���C. 

 

1$������ 

Z"BC-�"�x���C (Diptera, Syrphidae) — :��: C� ����B $:!���B  C���C �������  � "�����B; 
���7�:��������  ��� ���:. A �C�: :� Q�"�� :7C���: $:��� 6000,   O�������C�� $:��� 1500  C�: . 
Z"BC �������CB C ��"7��B ������:  (:� 3 �: 25 ��), ���: x�{� x���:� C�C x���:� � ������C 7#�-
���C C�C 7:�:���C, ��:!C� ��7:�C���� 7:  ��8���"  C�" 7x��, 8�����, :�. ���!: :$�x�:  ����-
x����# �� U ��"{CB ������C#B. OC�����# ������:� C 7���U:�, # �#���# :7��C���#�C. y$������ 
���� ������ 7:���:�, x���: �� C����    :��"B�. OC���C� �CxC�:� :x��� ����::$����:: ��:!C�  C�� 
BC{���, "�Cx�:���{C� ����CB  �����B �����:��B; C�����# QC�:Q�!C,  ���#{C� �"�: Cx��� 
�"���"���. R�"!C�  C�� ��� C ����#   �� :��,   !�C�{�� ��� ��C�� C ��"B� �"7�� ���� �� ,   7���-
��;   !�����B :� C 7x��,   �"�� ���C��B C �.�. [1]. 

T:��8:!: $C:�:!Cx���:!: 7�:!�����   O�������C�� �:��C!�C �C�QC��, �CxC��C �:�:��B :$C��-
��  �"��C �C���� , ���$���, �:���� C �"�: CU ��� #�C���B ������C� [2]. G ���C� QC�:Q�!�� :��:-
�C��# :�C� C� ����B $:��8CB 7: xC��"  C�:  �:� — Eumerus Meigen, 1822. A O�������C��   1988 !. 
$��: :���x��: 140  C�:  �:�� [3]. ` ��B 7:� xC��: :7C�����B  C�:  ���xC�����: " ��CxC�:��. e:��-
�:   7������B }��������:� K�CC (GC�!C�CC, e���C�C�����, e"�����CC C ���:� x���C G���B�����) 
C� ����: 54  C�� [2]. 

A 1969 !. [.A. Ob� $��: :7"$�C�: ��: :7C���C� �: :!:  C�� �:�� Eumerus, :$���"����:!: ��   
K�����:� B��$�� (GC�!C�C#) [4]. AC� ����: :��Cx����# :� 7�:xCB 7������ C����� �:�� ���U��: C��: 
�7C�����: ���8C����:� ��C��:�. A 2022 !.   ���:� :��:!� B��$�� e��$�!���� !:��B G���$�� (����C-
�:�C# S:�"����� ���:!: ��UC:�����:!: 7�C�:��:!: 7���� «e��$�!����») ��:� $��C :��: ���� ��-
��:���: �"B b�:!: �:�� � B���������� ���8C���C�� ��C���. O�C C�����: ��CC b����7�#�:  C ��� -
���CC � :7C���C�� �"B C� K��# $��: "����: ���: CB $:��8:� �B:��� :, �: 7�C b�:�  �# ��� C �#� 
�"{��� ����B :��CxC�, x�: 7:� :�C�: �xC���� :$���"�����B �"B 7:� C�:� ������:!:  C��. 

Eumerus aristatus karabasensis Zlatanov ssp. n. 

'�	�����. S:�:�C7: Y, 29.04.2022, A:��:x��� G���B����, B�. e��$�!����, !:�� G���$��, 
46°49'36.6"N, 82°42'20.2"E, 749 � ��� "�. �. (�$:�{C� T. z�����: ). O����C7� – 1 Y, 1 
 � ���:� �� 
b�C����:�. a����7�#�� B���#��#   �:����UCC ����C�"�� �::�:!CC G_ Z_Ay \G, !. K�����. 

%�������. `���U. 
#
�
$�. S���� �CB:7�Cx���C�, ��������� 7�:���"��:�   4–5 Q����:�;   :��:�C�����: ��C���B C 

!"���B � ����B  :�:���B;   ����CB 1/5–1/4 7: ��B�:��C !:���. [CU: $����#{�-x���:� � �:�:�C���� 
(����� — ���"����) :��C :�, �: 7:� "�C���C   �"���:-���:� 7�:� �xC ��{�� ������, �� :�� �:�:-
���  C��� U �� �"�C�"��,   ��C���B � ����B  :�:���B. [CU:  ��������:, :x��� ���$: ���8C�#�-
{���#, 7:x�C 7���������:-��:�:����. [:$ :� :��: ��C# "�C�:  �:  ��B�CB "!�:  !���   �"���:-���:� 
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7�:��:� ������,   � ����B !"���B  :�:���B; ����C :�  ��B�CB "!�:  !��� — $����#{�-x�����,   
��C���B �:�x�{CB, �: :���: ����CB � ����B  :�:���B, � 7�C����� x����B " 7������!: !�����. S���-
�C ���7:�:����    C��  ��#�"�:!: �� �:$������:!: ���"!:���C��. \����:#�C� ����" 7�����C� C 
����C� !������C 7�C$�C�C�����: �� �: ���: :�" :� 7������!: !����� �:  ��B�CB "!�:  !��� C :� ���-
��!: !����� �: $�C���8�!: �����!: "!�� !����. z���C� !����C :������� :� ���# !���� 7�:���"��:� 
x"�� $:��8C� 7:�: C�� �C������ !�����. c�C�C x�����,   $��: ��:� ������. 3-� x���C� "�C�:  :�-
�:�C�����: ��$:��8:�, 7���������:-��:�:��C�; �::��:8��C� 8C�C��:��C�� 1:1,4;  ��B�C� �C�����-
��� "!:� 8C�:�: ����"!���, �C��C� — :�x���C :  ������, �7C�����: 7:x�C ����"!���;  �:�� �C�-
�����:!: ���# �  ��8��� ��:�:�� ���7:�:���� 8C�:�:: �����# Q:������; $�C�� � :��: ��C�   �C�-
��� x���C �  ��8��� ��:�:�� C�����# ��C ���$: ��������� �:�:��C� 7�:�:����� $:�:���C, �  �"�-
������ — ���C����: � � �:���, ����� ���$: ���������, �C��## $:��� ��C���#,  ��B�## :x��� �:-
�:���#. 2-� x���C� ����"�C �  ��������:-$:�: ��C ��C����C {��C��: C����C x�����C  :�:����C 
�7C�����:, ����� ��C���� C� �:�:��B 7:x�C �:��C!��� 7:�: C�� ��C�� 3-!: x���C��. O�:xC�  :-
�:��C �� x���C��B ����� x�����. K�C��� x����#, ���8C����   :��: ��CC C ���U��: C��:   �7C����-
�:� ����C. K7C�����:� ���8C���C� �:��� $��� ��� 7�C:��������, ��� C ����"!������ (�C�. 1). 

 

 

\C�"�:� 1. Eumerus aristatus karabasensis (Zlatanov ssp. n.). c�C�C: 1 — ����U (�, ! —  ��C����  
 �7C�����:!: ���8C���C# ��C���); 2 — ����� 

#�
��. `������7C���, {C�:� C 7�� �� x���:, �: ����: 7"���C�: �����, x����� $����#{C�, � ��-
�"���� :��C :�: �������7C��� C {C�:� � :x��� ���$��, ���:- C 7���:7�� �� � C�����C ���, 7���-
�Cx���C ����:-�:�:�C����; �����:7�� �� � $:��� �"����� :��C :�, � ���: :-x�����C "x������C; 
!C7:7�� �� C �������!C�� ����� � �"����� :��C :�. `������7C���   ������� ��C�� �:�x�{CB, 
7�� �� C {C�:�   ����:!C� $:��� ��C���B  :�:���B. SC7:7�� �� !:���, �������!C��   �:�:��CB 
�:�x�{CB ����: ���B  :�:���B. Z��������� ���$: $����#{C�, � ���"���� :��C :�,   ��C���B �:�-
x�{CB  :�:���B. A:�:��C �� !�"�C � �����. _� �������7C��� x"�� �������� ����� � "B ���C����:-
$:�: �B 7:�:� $��: ��:!: ������ 7: 7�������" ����, 7�:�:������B ����C 7:�:���C ����:���: $:-
��� !"���B  :�:��: . 

2
"� x�����; ���C�C, $���� C !:���C $����#{C� � ���"���� :��C :�, ��7�C ���: ��. T����  ��B 
�:! �7C�����: "��: ������; !:���C 7�����CB �:!   $������:� 1/4, �����CB C ����CB – 1/3 ������. 
z���C� $���� �7����C   �7C�����:� 1/3 �:!"� $��� C�C�C�"�{C�C. e��C�C 7�����CB C �����CB �:!   
�:�:��CB, ����CB —   ��C���B �:�x�{CB $���B  :�:���B; $����   �:�:��CB $���B 7�C��!��{CB  :-
�:���B, 7�����C� C �����C� — ����C   ��C���B �:�x�{CB ����: ��:-$���B, ����C� — �7����C   
��C���B, ����C   $:��� �:�:��CB �:�x�{CB  :�:���B. S:���C  ��B �:!   �:�:��CB 7�C��!��{CB ���-
�: ��:-$���B, ��7�C —   �:�:��CB � ���:-�����B C�C �����B  :�:���B. z���C� $���� "������: 
���8C������;  ��������:   �7C�����:� ����C � 7�����C� C ����C� !��$�#�C C� :�:�: 6 8C7C�:  ��-
����. 

������ 7�:���x���, C�C�C�"�{C�. O���:��C!�� ����: ���#. ZC��:��CBCC 7:��� ���  �� 
7�:{��� �����, ��:�� :��: ��C#, � ����� ������ x���C #x���C b2. K7C�����: b�� #x����   �C��:��C-
BC#B. @C��� R4+5 ��� r5 ���$: C�:!�"�� (�C�. 2). @C��C x�����, ��:�� ����:-$"��B SC C R1. z�����:-
 �� x�8"��C ����: ��:-$����, � ���C�C �� ����Cx���C. @"�����U� ����: ��:-$����. 
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\C�"�:� 2. Eumerus aristatus karabasensis (Zlatanov ssp. n.). P��!���� ����� ���U� 

�����
 "��C����:-: ����:�, x���:� $����#{��, �: ���$�� ���"���� :��C :�, x���:, �: ����: 
7"���C�: ���:�. _� 2–4-� ���!C��B � �:���C 7:x�C �� C�:!�"���C 7#����C $��:!: ������. e��!C�� 
$:��8�� x�����   7�C��!��{CB �:�:��CB x����B  :�:���B, ���������: 7:���7���: ����#�{CB�# 
� �����C; 7#��� ������ �7�:8�   � ����B  :�:���B; 2-� ���!C� 7������-���������:   ��C���B �:�-
x�{CB � ����B  :�:���B; 4-� ���!C� ���������:   :��:�C�����: ��C���B 7:�"7�C��!��{CB � ����B 
 :�:���B. O�����## 7:�: C�� 1-!: �����C�� x����# �: ���$�� ���"���� :��C :�,   � ����B  :�:�-
��B, ����## — $"��#, !:��#. 2-� C 3-� �����C�� !�#�U� :-$"���; 2-� �����C� �7����C   ��C���B � ��-
��B  :�:���B, "�:��xC ��{CB�# ����C; 3-� �����C�   �:�:��CB  :�:���B. 4-� �����C� x����� ���:-
 ��,   $��: ��:� ������, � :��������C ���"��:-$����#{C�C "x������C,   :x��� �:�:��CB 7�C����B 
 :�:���B, �!: ����C� ���� ���$:  :!�"��� (�C�. 3). 8-� �����C� x����� $����#{C�,   "������:� ��C-
�� �:�x�{CB � ����B  :�:���B. SC7:7C!C� ��� �� �C�"��� 4. 

` �����  :�:��C �� ���� ����: ��:-$���� C�C $����. 
 

 

\C�"�:� 3. Eumerus aristatus karabasensis (Zlatanov ssp. n.). 4-� �����C� ���U� 

 

 

\C�"�:� 4. Eumerus aristatus karabasensis (Zlatanov ssp. n.). SC7:7C!C�,  C� �$:�" 

R�C�� ���� 7,5 ��. 
)����. O:B:�� �� ���U�. O:�C�: 7:�: :!: �C�:�QC���, :��Cx����# :� ��!: ����"�{C�C 7�C-

������C: �CU:   ������ ���$:�, ��� ������:� ������; �:$  ��� $����#{C�, $�� ������ ��� :��: ��C�� 
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"�C�: ; !����: �� ���"!:���C� �� �:��:�:��C�; 3-� x���C� "�C�:  $:��8�, x�� " ���U�, :��"!���, 
�7C�����: ���!�� 7�C:��������, � #��:  ���������C  ���::$����: ���B:�#{C�C�# $:�:�����C �� 
 ��8��� C  �"������� ��:�:��B (�C�. 1);  :�:��C �� !�"�C C �:!�B x"�� $:��� �:�:��C�, x�� " ���U�. 

R�C�� ���� 8 ��. 

%!�
������ 

R�# "�:$�� � ��� ���C#  �����8CB 7�C����:  Eumerus aristatus Peck, 1969, � :7C������ 7:� C-
�:� :�C � �����   ��$�CU". 

e � $ � C U �   

7�2,-2�� �*|0���� (�B4) �*(I*(� Eumerus aristatus Peck, 1969, 
� E. aristatus karabasensis Zlatanov ssp. n. 

Eumerus aristatus Peck, 1969 Eumerus aristatus karabasensis (Zlatanov ssp. n.) 
[CU:, �:$ C ���# x�����, $����#{C� [CU: $����#{� x���:� � ���"���� :��C :�, 7:� 

"�C���C   �"���:-���:� 7�:� �xC ��{�� ������. 
[:$ :�  ��B�CB "!�:  !��� �: :��: ��C# "�C�:  x��-
���   �"���:-���:� 7�:��:� ������ 

e�����:� ���"!:���C�   x����B  :�:���B e�����:� ���"!:���C�   � ����B  :�:���B � 7�C��-
��� x����B " 7������!: !����� 

\��7:�:���C� !����: :!: ���"!:���C�� (��. Ob�, 
1969. \C�. 9) 

\����:#�C� ����" 7�����C� C ����C� !������C 7�C-
$�C�C�����: �� �: ���: :�" :� 7������!: !����� �: 
 ��B�CB "!�:  !��� C :� �����!: !����� �: $�C���8�-
!: �����!: "!�� !����. z���C� !����C :������� :� 
���# !���� 7�:���"��:� x"�� $:��8C� 7:�: C�� 
�C������ !����� 

c�C�C x���:-$"��� c�C�C x�����,   $��: ��:� ������ 
R�C�� 3-!: x���C�� "�C�:  7:x�C �� �� 8C�C��, 
�C��C� �C�������� "!:� :�x���C :  ������ (��. 
Ob�, 1969. \C�. 9) 

`::��:8��C� 8C�C��:��C�� 3-!: x���C�� "�C�:  
1:1,4;  ��B�C� �C�������� "!:� 8C�:�: ����"!���, 
�C��C� �C�������� "!:� :�x���C :  ������, �7C-
�����: 7:x�C ����"!��� 

T��8�: � �C�� ���� :��C :� T��8�:, ��� C 7�:xC� x���C ����, � ���"���� :��C-
 :� 

      8����<����. a�C�:�:!C#. _�� ��C� 7:� C�� — ���C���:� 7�C��!������:� :� !:� G���$��. 
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1969. — e. 48. — A�7. 1. — `. 201–210. 

 



	. . [��"��
& 

72  �!"��# $���������!#
�
 %��&��!�"�"� 

T.A. z�����:  

C*�*G*� +*)�2*2 (¾�D�� C*|*~�+*2) +*G�0D*2 
Eumerus aristatus Peck, 1969 (Diptera, Syrphidae) B*F* +��'��E 

2022 ���� «e��$�9����» Z���������� ]����� ��$C9C 7������w b��:�:Q�"����� ������" $��������, 
e��$�9���� �:������w :w������ ������������!� F���$�� ��"���� ���w��"��-8�$�������w 
(Syrphidae) Eumerus �]���������w $����8�"� �"�����, :�����w ����8���!� ������ �V����� 
«��C�������w» ]8 ��9� ���7����9����. Z������� Eumerus aristatus Peck, 1969 ��w� ���8� ������� 
�C7�����9��. `C7�����9�� E. �ristatus ���8� $������9� Yw�� $�� ���������w �������, �Y� 
�8$]��8���w :������"����, �]��8�������w 7�8��� ��� ������� �V�� ��������w ��w���� 
����8�������. 

�Q�	 �@/���: Eumerus, Syrphidae, ��w� ���8�, ��9�� F��������, e��$�9����, F���$��. 

 
B.V. Zlatanov 

New subspecies of Eumerus aristatus Peck, 1969 (Diptera, Syrphidae)  
from Karabas Mountains (Eastern Kazakhstan) 

In 2022, in the course of studying the entomofauna of the Tarbagatai State National Natural Park in the 
southern spur of the Tarbagatai Ridge in the Karabas Mountains, several hover flies (Syrphidae) of the genus 
Eumerus with a lanceolate-apically widened arista were caught, which are described in this paper as a new 
subspecies of Eumerus aristatus Peck, 1969. The male of the described subspecies differs from E. aristatus in 
the presence of plaque and the color of the hairs on the head, the location of the ocellar triangle, the shape and 
color of the antennae, and the color of the tint of the body color. 

Keywords: Eumerus, Syrphidae, new subspecies, East Kazakhstan, Tarbagatai, Karabas. 
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5�1,(�24*I�� �, ,I�21� 1*���+-* 4*22�< iNaturalist 

R�����, �:$������  :�:������C (citizen science), �:��� �#�� ���xC�����"� �:�� � ����C� : $C:���-
�::$���CC, �:��"7��B x���� !�:$������ 7:���� GBIF. e�� �� �����, ��:!C� 7�:Q���C:������� C�-
����: ����C ���7�Cx���C :��:�#��# �  :��:��:��C CB C�7:���: ��C# ��# ��"x�:!: ����C��. }���� 
C�����: ��C# ����� �����$:��� ���:�C�C ��# :U���C ��x��� � �����B ��$C������CB ��$�����C� �� 
7�C���� �C����� iNaturalist. R�# �:��C���C# U��C x���� 7:���� GBIF 7:�"x��� ������ iNaturalsit   
��$�Cx�:�  C��. A�7:����� :U���� 7:��:�� C ��x��� � �����B. O:�����:, x�: �: ����C ��$�����C�   
��������C ����B  �$:���B �:������C ���:�������� C�C 7:�:��C������� ���x��C#, :����: $:��8C�-
�� : ��$�����C� C���C  ��:�:� ��x��� : C �:!"� $��� C�7:���: ��� ��# ��"x�:!: ����C��. _� :��:-
 � 7:�"x����B ���"�����:  �Q:��"�C�: ��� ����"�{C� ��C���CC, �:�:��� �:���� �::� ���� : ��� 
��$�����C# iNaturalist: (1) ��$�����C� �:���: $��� :7�������: b��7���:�, C���{C� �::� ����-
 "�{"� � ��CQC��UC�, (2) ���� ��$�����C# �:���� $��� "������ �:������:, (3) "�������� !�:!��-
QCx���C� �::��C���� �:���� �::� ���� : ��� ������:�" ����" ��$�����C#. O����:���� ���:�� 
��#  �# ���C# ���:�������B ���x��C�. O:�����:, x�: �� :��: � �:��"7��B x���� GBIF �����B �:��: 
���:��:#�����: 7�: ��C�� 7�� C���:��� :7�������C# C�"x���:!: ����:��, :U��C�� ��"x�"� � ��CQC-
��UC� b��7���: , :7�����C 8CB ��$�����C�   iNaturalist C  ��CQCUC�: ��� ���" ��$�����C#. yU���� 
�:������:��C !�:!��QCx���CB �::��C��� ���� ��$�����C� # �#���# $:��� ��:��:� ����x��. R�# 7�:-
 ���C b�CB �����B ���$"���# ��C$:��� �{�������� ����C� � 7�C ��x��C�� �:7:��C������B C��:x�C-
�:  C�Q:���UCC. 

���<�$�� ��
$�: ��$C������C� ��$�����C#, GBIF, Darwin Core, ����C� ����C :  :$|��C�����B ���-
��B, !�:������, ORCID. 

 

1$������ 

K���C� :$|��C�����B �����B, 7:�"x����B C� �����B C��:x�C�: , # �#���# �C�: �� �����:�   
��"�� : $C:����::$���CC [1, 2]. e��:� 7:�B:� 7:� :�#�� ��8��� ����xC �� ����:��!C:�����:� C !�:-
$����:� "�: �#B, C�7:���"# �: �������� ���:�� ����C��Cx���:!: C 7�:������� ���:!: ����C�� [3–
8]. O�:!����"   b�:� :$����C �7:�:$�� : ��� :UCQ�: �� ��"7���8CB �C�: �B ��"x��B �:����UC� C 
CB �����{��C�   :�����:� �:��"7�   ���C �������� [9–11]. A 7:�����C� !:��  �� $:��8C�  ����   
:������� ������ : ���7�:�������CC  C�:   �:�#� �� 7�:Q���C:������� C�����: ����C, �  :�:���-
��-���"���C��� [12]. 

_� �C�: :� "�: �� 7����C�� 7�C ��x��C#  :�:����:  � ��"�:���:�" C ��x���"� �:�:!:��:#-
{��" �$:�" ��"x��B �����B [13] ���7�:�������� �: :���: 8C�:�: C 7:� :�#�� �"{��� ���: �:7:�-
�C�� � ����C#, �:$C������ 7�:Q���C:�������C C�����: ����#�C [14–19]. A ��!�:#��x�:� �C�����"-
�� ����# ��#�����:��� 7:�"xC�� ��� ��C� citizen science (C�C community science, public participation in 
scientific research) [14], �  :�:����: , �:�:��� 7:�:!��� C�����: ����#� �:$C���� C�C ����C�C�: ��� 
������, ���� ��� citizen scientists. R�# :$:���x��C# ���CB ���C �:����   �"���:#��x�:� ����� 8C�:-
�: C�7:���"���# ����C� «!���������# ��"��» [20–22], B:�# ���:� 7�#�:� 7��� :� �� # �#���# �:�-
�������. A:-7�� �B, :� ��7�� C���: 7������� C���x������ ����� (����� «citizen» "7:���$�#���# ��� 
«!:�:���C�», � �� «!������C�»), �  :- �:��B, ����:� �:x����C� "�� ������� C�: ��: ��# :$:���x�-
�C# C�����: ��C� ��  :���:� �����C�C. O: ����C� � �:��, $:��� "��x��� 7��� :�:� citizen science 
# �#���# �:x����C� «��$C������C� ��$�����C#», �:�:�:� C�7:���"���#   ������ �����C. 

A���: :����C��, x�: :$|�� �����B, �:$C�����B x���� �C����� ��$C������CB ��$�����C�,   
�C��  :�������� �"{��� ���: $������ 7: ��� ���C� � «��"x���C» C��:x�C���C. e��, ��"7���8C� 
���"��:�   Z���"���:��:� ��7:�C�:�CC : $C:����::$���CC GBIF (��. �C��) # �#���# ����C , �:$-
������ ��$C���#�C 7�CU – eBird Observation Dataset [23],  ���x��{C� >1 ����. ��$�����C�. óC��: 
�� :$���U:  C� ��"x��B �:����UC�, �:��"7��B x���� GBIF, �:��� �#�� x"�� $:��� 213 ���. 
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yx� C��:, x�: ��$C������C� ��$�����C# C���� $:��8:� 7:���UC�� ��# ��"x�:!: ����C��. ó��-
�: :�C # �#���# ��C��� ����� C��:x�C�:� �����B : $C:����::$���CC �:� C�C C�:� ����C�:�CC [24]. 
A �: ��  ���# ��:!C� "x����  ������� �:����C# :��:�C�����: ������:��C ���CB �����B C  :�-
�:��:���� CB C�7:���: ��C# ��# ��"x�:!: ����C�� ���#�" � �����C����C UCQ�: �B ��"x��B �:�-
���UC� C 7"$�C��UC�. 

e���CUC:��: ����C� :$|��C�����B �����B ��xC�����# � :U���C CB ��x��� �, �: ���� 7�: ���C C 
 ��CQC��UCC (data cleaning). Z��:�C�� :U���C ��x��� � �����B   U��:� B:�:8: �����$:���� C 7���-
��� ����   �#�� ��$:� [25–28], ���:�:��� :${�7�C�#��� ���:�� ����C�: ���   7�����B ��# ����� 
����C��Cx���:!: 7�:!����C�: ��C# R [29, 30]. A �: ��  ���# �"{��� "�{C� ���:�C�C $��C �����$:-
����   :��: �:� �� :��: � �����C��:  UCQ�: �B ��"x��B �:����UC�. [�$C������C� ��$�����C# 
C���� :7��������"� �7�UCQC�", �:�:�"� ��:$B:�C�: "xC�� ��� 7�C :U���� CB ��x��� � C 7�C!:�-
�:��C ��# ��8��C# ����x �:������:!: C�����: ��C#. 

}���� ����:� ��$:�� ����� �����$:��� ���:�C�C :U���C ��x��� � �����B C� �C���� ��# �$:�� 
��$C������CB ��$�����C�. ������: ��C�  �7:����: �� :��: � � ����C� C� �C����� iNaturalist, �:�-
�"7��B x���� ��7:�C�:�C� GBIF. 

'�	
�� � ��	������ 

%������� ���	��� iNaturalist. `C����� ��# �$:�� ��$C������CB ��$�����C� iNaturalist 
(https://www.inaturalist.org/) �����$:����  �7"���C���C "�C ���C���� T����C (`�K)   2008 !. [31]. _� 
#� ��� 2023 !. :��  ���x��� >125 ��� ��$�����C� >411 ���.  C�:  �:  ��!: �C��, ��������B >2.5 
��� ���"���C��: . G����� 7:���: ����� iNaturalist C���� �Cx��� ����"��, x���� �:�:��� :� ��!�"-
���� ��$�����C#. R����� b�: �:��: 7�C 7:�:{C �:$C���:!: 7�C�:���C# iNaturalist C�C x����  �$-
����. y��: ��C�� ��# ��$�����C# �:��� $��� Q:�:!��QC# (���C# Q:�:!��QC�) C�C �"�C:��7C��. O�C 
��!�"��� ��$�����C# �C����� 7�����!��� � �:���Cx���:� :7�������C� ����:�� 7: Q:�:!��QCC, :��:-
 ���:� �� ��$:�� ����:��:� ���C, 7:���: ����� �:��� �:!���C���# � �C�, C�C "������ �:$�� ���:�. 
A�� �: �� ��$�����C# 7:�"x��� ����"� «���$"���# :7�������C�» (NeedsID). X��C :7�������C� 7:�-
� ��������# b��7�����C (�: ���� ��$��C ����!C���C�: �����C "x����C���C ���C iNaturalist), C���� 
!�:!��QCx���"� 7�C #��" C ��$�������� :$|��� �� # �#���# �"���"����, :� 7:�"x��� «C�����: �-
������C�» "�: ��� (ResearchGrade). R�#  C�: , �:x��� �::��C���� �:�:��B �� 7:������ ���!��8�-
�C� (sensitive data), ���� Q"��UC# !������C��UCC !�:�����B. 

O:7"�#��:��� iNaturalist :$"��: ���� !�:$������ 7�:������� ����� C "�C ��������� ����:-
�:�Cx���C� :B ��:�, � �����  :��:��:���� �:��� ��� �����Cx���C� 7�:����, :$:${��{C� ��$��-
���C# U��� �B ����:�: , C�C ��$�����C#, ��������� �� :7���������� 7��C:�  �����C, �C$: �� �� 
:7��������:� ����C�:�CC. _�7�C���, 7�:��� «P�:�� \:��CC C G����» [22] :$:${���>2.2 ��� ��-
$�����C� �:�"�C���B ������C�. 

-����� iNaturalist, �
�	
���� <���/ "�
!������ �
�	�� GBIF. Global Biodiversity Information 
Facility (GBIF) — ��"7���8C� Z���"���:���� ��7:�C�:�C� :������B �����B : $C:����::$���CC 
[32]. _� ��x��: 2023 !. x���� GBIF �:��"7�: >2.2 ���� ��7C��� : ��B:���B  C�: , 7�:C�B:�#{CB 
C�>80 ���. C��:x�C�:  (��$:�:  �����B). A�� ������ $��7����: �:��"7�� ��# ����C�� 7�C �:$����-
�CC 7�� C� CB C�7:���: ��C#. R����� C� �C����� iNaturalist 7������ ����    C�� :������:!: ��$:�� 
�����B — iNaturalist Research-grade Observations [33]. A GBIF b��7:��C�"���# ��  �� ��$�����C#, � 
�:���: C���{C� «C�����: �������C�» "�: ���, � ����� �: ����C�"� � GBIF �CU���C� (CC-0, CC-
BY C�C CC-BY-NC). A :��CxC� :� «��"x��B» ��$:�:  �����B, 7������ �����B   GBIF, �:���:�� ��� 
������C C ��x��� :� ��$�����C� 7����Cx���C 7:��:���� ���C� �� "x����C��B ���C iNaturalist. \��-
��$:�xC�C 7���Q:��� :$��7�xC ��� �:���: �� ��B�Cx���"� ��$:�" C � �:���Cx���C� b��7:�� ���-
��B   GBIF, 7�C b�:� �� :U��C ��� ��x��� : ��$�����C�, �:�:��� ��!�"���� 7:���: ����C. 

��/��!
	�� ��	
���� 
����� ��<��	$� ������ iNaturalist, �
�	
���� <���/ GBIF. R�# :$��7�-
x��C# �: ����C�:��C �����B, 7�:C�B:�#{CB C� �����B C��:x�C�: , GBIF C�7:���"�� ��C��� :$���-
��� �������� Darwin Core [34], �����$:������ ��"x�:-:$���: ������:� ���:UC�UC�� Biodiversity 
Information Standards (TDWG). A�� ������, ��� 7"$�C�"����, ��� C  �!�"������C 7:���: ����#�C 
7:����� ��# �������8�!: ����C��, 7�C ����� � b�:�" ��������". ��Q:���UC# B���C��#   ��$�CU�B �: 
���:!: :7���������� ��$:�:� 7:��� (����C�: , ��!:�: �:  ��:�$U: ), 7�� C�� ��7:����C# �:�:��B 
��!������C�: ���. A �: ��  ���#   �C�" ����:�:��:��C C��:x�C�:  �����B, C�����C�"���B GBIF, 
C�Q:���UC# �:��� $��� 7������ ���� � ����:� 7:��:$�:����, �:����C�:� ���:�:��B 7:���   ���-
��B ��$:��B �����B �:��� :��Cx����#. 
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O:b�:�" �� 7�� :� b��7� ��$:�� $��� 7�:����C�C�: ��� 7:��:�� �����B iNaturalist, �:��"7��B 
x���� GBIF. R�# b�:!: x���� C����Q��� GBIF 7:�"x���  �$:��C ��$�����C�, ��������B � �:�:� 
�����C [35] C :7���������B � �:�:� [36]   Q:����� Darwin Core Archive. O: b�C� ��$�CU�� :U����� 
�:��"7�:��� ����"�{�� C�Q:���UCC: � �:��� : ��$�����C#, ����:�:�C#, � ����C# : ���� C ����� 
��$�����C#, ������ �� C�B:��:� ��$�����C�   �C����� iNaturalist. _� ����"�{�� b��7� 7�:����C�C-
�: ���  :��:��:��C C�7:���: ��C# �:��"7��B � ����C� ��#  ��CQC��UCC :7�������C# ����:�: , 
:U���C ��"x�:� � ��CQC��UCC b��7���: , �:������:��C ���� ��$�����C# C  :��:��:��C 7�: ���C 
!�:�����B. _� :��: � 7:�"x����B ���"�����:  �Q:��"�C�: ��� ���:�����UCC 7: :U���� ��x��� � 
�����B iNaturalist. 

��/
��	�	� � �� 
!�
������ 

%�
!���
�	� 
�"���/���� ������ iNaturalist $ 	�!���� DarwinCore 
�$	
��	$
 ��!�������. `����� �� C�B:��:� ��$�����C� (  �C����� iNaturalist) �:��"7��   7:-

�#B dwc: occurrence ID C dwc: reference. R�# "�����C# � �:�� ��$�����C# C�7:���"���# 7:�� dwc: 
recordedBy, ��# :7�����C 8�!: ��$�����C� — dwc: identified By. _��"���C��� �:!"� � #���� � :� 
7�:QC�� � C����CQC���:�:� ORCID (Open Researcher and Contributor ID). ó���� GBIF C�Q:���UC# :$ 
ORCID 7:���: ������ iNaturalist �:��"7��   7:�#B dwc: recorded By ID C (C�C) dwc: identified By ID. 

)$������ 
! 
���������� ��!�������. ��Q:���UC# :$ C����CQC��UCC ����:�:  7������ ����   
����:���CB 7:�#B. _�"x�:� ��� ��C�  C�� (C�C ����:�� $:���  ��:�:!: ���!�, �: �:�:�:!: "���:�� 
:7�����C�� :$|���) B���C��#   7:�� dwc: scientific Name, �::� ���� "�{C� ���! ����:�� —   dwc: 
taxon Rank. R:7:��C������� ������ : ����:�:�CC �:��"7��   7:�#B dwc:kingdom, dwc: phylum, dwc: 
class, dwc: order, dwc: family, dwc: subfamily, dwc: genus, dwc: subgenus, dwc: specific Epithet, dwc: 
infraspecific Epithet. O�C ��:$B:�C�:��C C�����: ����C �:!"� ���:��:#�����: 7�: ��C�� 7�� C��-
�:��� :7�������C#, 7:��:���" x���� GBIF �:��"7�� Q:�:!��QCC C �"�C:��7C�C, 7:��"�C 8C� :��:-
 ��C�� ��# ��$�����C�. 

)$������ 
 ��	� ��!�������. ` ����C# : ���� C  �����C ��$�����C# �:!����: ISO 8601-1:2019 
7������ ����   7:�� dwc: eventDate,   7:�� dwc: verbatim EventDate — �:!����: EXIF Q:�:!��QCC. 
��Q:���UC# :  �����C ��$�����C# ����� �:��"7��   7:�� dwc: event Time, : !:��, ���#U� C ��� —   
dwc: year, dwc: month C dwc: day �::� ���� ���:. 

#�
������. O�C ��!�"��� ��$�����C�   iNaturalist �::��C���� b��7:��C�"���# � �:���Cx���C 
C� EXIF Q:�:!��QCC �C$:   :�#��# ���"���C����C  �"x�"�. e���� ����  :��:��:��� "������ 7:-
!��8�:��� :7�������C# �::��C���. A���:����� GPS-7�C���C�C ���:�:��B �:����� �����Q:�:  
QC��C�"�� 7:!��8�:��� � �:���Cx���C. y�������� !�:������ (������ C �:7:�C�C�� ����� ��$����-
�C#) !����C�"���# � �:���Cx���C �� :��: � �::��C��� C C�7:���"��:!:   iNaturalist ����:!��QCx�-
��:!: ��� C��. ��Q:���UC# : ���:�� 7�C #��C (� �:���Cx����# C�C �"x��#)   iNaturalist :��"��� "��. 

A ��$�CU�B Darwin Core �::��C���� ����� ��$�����C#, 8C�:�� C �:�!:��, �:��"7��   7:�#B 
dwc: decimal Latitude C dwc: decimal Longitude �::� ���� ���:, 7:!��8�:��� :7�������C# �::��C-
��� —   dwc: coordinate Uncertainty In Meters. R�# "�����C# ������ C�7:���"���# dwc: country C dwc: 
country Code, ��# "�����C# �:7:�C�:  — dwc: state Province, dwc: verbatim Locality C ��. 

e��C� :$���:�, �:��"7��� x���� GBIF ������ iNaturalist  ���x��� $:��8:� :$|�� ���C$"�C -
�:� C�Q:���UCC : ��$�����C#B, �:�:��# �:��� $��� C�7:���: ��� ��# :U���C ��x��� � �����B. 
A����� 7��C�"{��� :� # �#���# �:��"7�:��� Q:�:!��QC� C �"�C:��7C���, � ����� C�B:���B ��-
$�����C�. 

%����� ��<��	$� ������ 

%����� ��
<�
� �$���������� ������	
$. A  �$:��� ��$�����C�, ��������B � �:�:� �����C, 
�:������:�� 11756 ��7C���. �� �CB b��7�����C iNaturalist :7�������� 2244 ��$�����C#, :�������� 
$��C :7�������� � �:�:� ���:��:#�����: C 7:�� ������� b��7�����C. A :7�������CC ��$�����C�, 
�:�:��� � �:� �� ��:! C����CQCUC�: ���, "x��� : ��C 79 b��7���: , C� �:�:��B 61 C���� ORCID. 
R:�# ��$�����C�, :7���������B b��7�����C, C���{C�C ORCID, �:��� �#�� 70,9 % (1593 ��7C�C). 
e��C� :$���:�, :7�������C# 11105 ��$�����C� �:��: ��������C ��� ��� �:��������, 651 ��$����-
�C� �"������#   7�: ���� �7�UC��C����C. 

1���������� ��	 ��!�������. A�$:��� ��$�����C�, :7���������B � �:�:� �����C,  ���x��� 
9702 ��7C�C, C� �:�:��B 190 — ��$�����C# 7:���: ������ iNaturalist, � :�������� — �:$�� ����� 
��$�����C# � �:��. �� b�CB 190 ��7C��� 187 :��:�C�C�� � �:�"�C���� ������C#�. A�� :�C # �#���# 
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\C�"�:� 1. \

�� ��<��	$� 
C# �:�"�C���
� ���� : ��C
C 7:�����C,
pinetorum ��
���B ��$���
� 7�:����C�C
8�:��� "����

�, � ��# 79
��� "������
$C���:� � #
�� ���#��C �

\C�"�

��7�:������
�C  ����x �

��B CB 7�:C�
���:� ���:�
�C# :��Cx��
�:���CB ���

�xC��, x�:  �

\��7�������C

"�
������.
�B ������C�
C 7������ �
 x�:   :�
�B:�C����  
���C� 7:�:$
C�: ��� �:�
��� ��# 142 
9,6 % (113 �
�, 19 �������
#�C. `�:��� 
����: ). 

�:� 2. O:!��8

����C  C��
::� ���� "�
�������C# (�

� C ���:�:� 
���� :� ����
��, �:   ���:
�� "�������

C� ��$�����C

 R�# :U���C
�, ����C�C�"
���C#� :$ �
��:� ��$��
  �� ��:�CC
$��B ���::�
��"7��� ���
��7C���. O�
�7C���) —
� �� ����C�
 ��!:, 7:!�

8�:��� :7���

��C. T:��8C
�� :${�7�C
�C�. 1). \"x�

��$�����C
� ��!�"��C  
:�:��B ��"x

�� ���� �:��

C� iNaturalist 

C �:������:
"���� �� 7�
������B ���
����CC �:x
C 7�"��, x�:
� ���� C� ��
���� : 7:!�
�C b�:� ��# 
100 � (�C�. 

�:�CC ������
��8�:��� :7

�����C# �::��

 

C��� : ��$�
C�#��� 7���
��# 7�: ���
C# �� Q:�:!�
  iNaturalist.
x�#B �:��C!�
������. 

7: ���#U��  

:��C !�:!��Q
�����"{�� 
�����C ���

x�� :$���"�
: # �: "����
�  �# ���:.

��8�:��#B :
76,1 % ��$�
2). `���C �

����B 7"��
7�������C# �

�C���   ����C

 �!"��# $����

�����C� ���
���� ���C#�

�� ��$�����
��QC#B. O�
. G�� 7�� C�
��� ����:���
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��B  C�: . \
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\C�"�:

e��C�
���C� �:��
C����C�� ��
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����C��. 

_� :��
7: :U���� �
 ��� ��# 7�

O����
science 7��
UC�: ��� 7
�C���� ��#

yU���
�����C 8C
�� �,  �# C
�#�C,   :${
� ��CQC��U
e���� ��:$
�QQC�C�UC
���C# ��# 
ORCID (��
ORCID   iN

�
���. �����

� :U����:  �
�C $��C ���

30 �7���# 2
:���x�����
"������ 7:!

� 3, �:x�C :
�$�����C#. 
C� �  ��:�:�

:� 3. _�$���

� :$���:�,  
�����C 7:�:
��"������ �

C��  ��:�C�

���
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��x��� � ���
�: ���C C  �
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# �$:�� ��$C
�" ��x��� � 
CB ��$�����
C�� ��$���
{�� ����C 
UCC) �:!"� 
$B:�C�: :�

C# �:��� $�
7:C��� ��

�� b�: $��: 
Naturalist. O

����. ��
����

��C��:� ���
�����. A ��
2018 !.   ��
�  C�� # �#
!��8�:��� :
$���"�� ���
_� :��: ��

�  ��:#��:�

���C#, ������

  ����C�C�"
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�������8�!:
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QC#� C�C �"
C������CB �
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���C#, �����
 � �����B x

"���� ��� 
����C��, x�:
��� "������ 
�$�����C� 

������:   �
O:b�:�" ���

���». � 3(11

7:�:���C� 
�x��� � 7�C

���:� ����C
#���# :$�x�
:7�������C#
������, �:�

�CC b�:!: �:
��� $��C :7

���� ���"���C
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: "x����C�C
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�:x�� ��$��
C���� 7�C �
C � ��7: ���
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�:��� B:�:8
:��: �����
7�������� �

C��:�   ��x��

���B   �� C�
������� ���
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�
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�:��� C CB � ��CQC��UC��. O:�C�: ���CxC# ORCID, ����"�� :$���C��  �C���C� �� xC��: ��������B 
b��7���:� :7�������C�. a�� C�Q:���UC# �:��"7�� �� �Cx��B �����CU�B ���"���C��: . 

e � $ � C U �   

@��40*8*�(�� ��1,(�24*I�� �, ,I�21� 1*���+-* 2*G0´4�2�? iNaturalist 

G�C���C� 
���C���:�  ��:�:!: ��x��� � 

�����B 
Z��:� :U���C C  �# ���C#  

���:�������B ���x��C� 

_�$�����C� :7�������: b��7���:�, 
C���{C� �::� ���� "�{"� � ��C-
QC��UC� 

_��CxC� " b��7���� $:��8:!: 
xC��� :7�������C� U��� :!: ���-
�:�� C (C�C) ORCID 

yU���� � ��CQC��UCC b��7���� �� 
:��: � �!: 7�:QC�#   iNaturalist 

R��� ��$�����C# "������  
�:������: 

`::� ���� C� ���� ��$�����C# 
���:�" �� Q:�:!��QCC 

K���C� ���7�������C# ��$�����C� 
7: ���#U�� � "x��:� $C:�:!CC C�"-
x����B ����:�: . 
\"x��#  ��CQC��UC# ��$�����C� 
 

c�������� !�:!��QCx���C�  
�::��C���� �:���� �::� ���� : ��� 
������:�" ����" ��$�����C# 

O:�:���C� �:x�� ��$�����C� 
�:!���"���# � 7������ ���C#�C : 
$C:�:!CC C�"x����B ����:�:  
_��CxC� �����B : 7:!��8�:��C 
:7�������C# �::��C���. A��CxC�� 
7:!��8�:��C �::� ���� "�� ���-
$: ��C#� C�����: ��C#. 
_�$�����C# �������   7������B 
��"7��B ���������B 7"���:  (  
�:�� " �����:!: 7:����C# �:-
$C���:� � #�C) 

K���C� 7�:������� ���:!: ���7:-
�:���C# �:x�� ��$�����C� � "x�-
�:� C���{CB�# ����C� : $C:�:7C-
x���:� 7�C"�:x���:��C C�"x����B 
����:�:  
`:7:��� ���C� �::��C��� � ��"!C�C 
��$�����C#�C, ���������C 7:���:-
 ������   �:������"� ���" 
K���C� �:!���: ���:��C  �����C 
��$�����C# C ���7:�:���C# �:x�� 
��$�����C� :��:�C�����: ��"! ��"-
!� 
K���C� ���x��C� 7:!��8�:��C :7-
�������C# �::��C��� C 7�C"�:x��-
�:��C ��$�����C� � "�$��C�C�:-
 ����� C�C 7�C�:���� ����C�:�C-
#� 

 
e{������:��� 7�: ���C �:������:��C :7�������C� �:��� $��� ����:� C �� C�C� :� 7�:��:�� 

C����CQC��UCC C�����"���B ����:�:  7: Q:�:!��QC#� C�C �"�C:��7C�#�, � ����� :� 7������ ����:-
��C b�CB ����:�:    �C����� iNaturalist. R�# 8C�:�: ���7�:���������B  C�: , �:�:��� ��!�: :7����-
�#���# C 7������ ����   iNaturalist $:��8C� xC��:� ��$�����C� (����:���: ���#x)  ��CQC��UC# 
�:��� $��� �C�C�����:�. X��C :$|�����C C�����: ��C# # �#���# ����C� C�C 7�:B: :7�����#���� 
 C��, ���:����"���# 7�: ��#�� �:������:��� :7�������C# ����:!: ��$�����C#, C�7:���"# �:��"7-
��� Q:�:!��QCC C�C �"�C:��7C�C. O�C :$���"���CC :8C$:�   :7�������CC ���:!: ���:����"���# 
7�����!��� �:������:� :7�������C�   iNaturalist. e���� ���:����"���# :$��{����# � C�B:���� ��-
$�����C#� (  iNaturalist), x�:$� :����:�C���# � C��:�C�� :7�������C�, 7:��:���"   GBIF b��7:��C-
�"���# �:���: � ����C# : 7:���: �����, 7�� �� ����� 8C� 7�C�����:� 7�� C����� :7�������C�. 

A: ��:!CB C�����: ��C#B 7�C�UC7C����:  ���:� # �#���# C�Q:���UC# : ���� ��$�����C#,   
���CB ��"x�#B ����:#�����: ���:����"���# �{������:  ��CQCUC�: ��� �::� ���� "�{C� � ����C#. 
y8C$�C � #���� � ���, x�: x���: ���"���C��� "���� ��� �� ���" ��$�����C# :$|����   7�C�:��, � 
���" ��!�"��C ��$�����C#   iNaturalist. A������:� 7�:���"�:� ����" b�C�C �:$��C#�C �:��� �:-
��� �#�� :� ����:���CB ���� �: ����:���CB ���. O:b�:�" ���:����"���#  ��!�� :$��{����# � C�:-
$�����C#� C�C �"�C:��7C�#� ��# :U���C �:������:��C "������:� ���� ��$�����C#. 

_�C$:��� 7�:$������  :7�:�:� 7�C :U���� ��x��� � �����B iNaturalist # �#���#  ��CQC��UC# 
!�:!��QCx���CB �::��C���, �: ���� 7�: ���� CB �::� ���� C# ������:�" ����" ��$�����C#. A �C�" 
 �# �����B :�:$���:���� !�:�����B iNaturalist (��. ������ «yU���� 7:��:�� �����B») : �:������:-
��C :7�������C# �::��C��� �:��: �"�C�� �:���: 7: �:� ����� 7�C������. e���CUC:���#   ���CB 
��"x�#B 7�: ���� �::� ���� C# �::��C��� :7C���C� ����� ��$�����C# [25] �� # �#���# �:������:�. 
O:b�:�" ���:����"���# ��xC���� :U���" ��x��� � !�:�����B �  C�"��C��UCC �:x�� ��$�����C� C 
��� ���C# ���"�����:  � C���{C�C�# � ����C#�C :$ ������B C $C:�:7Cx���:� 7�C"�:x���:��C C�"-
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x����B ����:�: . _� ����"�{�� b��7� ����"�� C�7:���: ��� �:��"7��� � ����C# : 7:!��8�:��C :7-
�������C# �::��C���, � ����� 7�C"�:x���:��C ��$�����C� � "�$��C�C�: ����� C�C 7�C�:���� 
����C�:�C#� (�"x��# 7�: ����). O: :7��" � �:��, ���x��C# 7:!��8�:��C   ����:���: ���#��:  ���-
�:  C $:���   ��"x�� :7�������C# �::��C���  ���:�����   �����Q:� GSP-7�C���C�:� �:!"� � C��-
������ : ��� : ��7�� C���:� !�:�:��UCC. A �: ��  ���#   ��"x�� �"x�:� !�:7�C #��C ��$�����C� 
���x��C� 7:!��8�:��C   7�� �� �:��C ����: –����:���: �C�:����:  # �#���#  7:��� :$�x���. O:-
�:!: :� ���x��C� 7:!��8�:��C ��# C����x��C# ��$�����C� C� ����C�� �:���: :7�����#���# C����-
�: ������ ���:��:#�����:. _�$�����C# $�� "�����C# 7:!��8�:��C, ���������   7������B ��"7��B 
���������B 7"���:    �:�� " �����:!: 7�C��� �:$C���:� � #�C �  ��:�:�  ��:#��:���� !�:�:UC�:-
 ��� �:������:, 7:b�:�" �:!"� $��� C�7:���: ��� ��# �������8�!: ����C��. 

A���: ����� "xC�� ���, x�: ���C :$|���:� C�����: ��C# # �#���# 8C�:�: ���7�:����������, 
:$�x���  C�, �:,  ��:#��:, ���� ���xC������# 7:!��8�:��� :7�������C# �::��C��� (�: ����:���CB 
�C�:����: ) ��  ����� �"{��� ����B C������C�   ���"������. X��C �� U��� :�  C� # �#���# ����C� 
C�C � #��� � :7����������C �C7��C ����::$C���C�, �: ������ iNaturalist �"������#   $:��� �{�-
�����:� 7�: ����. G�:�� �:!:, 7:����: 7�: ���C ����C� ���7:�:���C# �:x�� ��$�����C� :��:�C-
�����: ��"!CB ��$�����C�, ��������B   b�:� ���� ���"���C��:�. X��C �::��C���� U��� :!: ��$��-
���C# ���xC�����: :��Cx����# :� ��"!CB ��$�����C�, ��������B   �:� �� ����, ��:���  ��!:   !�:-
�����B C�����# :8C$��. 

0����<���� 

R�# :U���C ��x��� � �����B ��$C������CB ��$�����C� ���$"���# �7�UCQCx���C� ���:��, "xC-
�� ��{C� CB :�:$���:��C. _� :��: � ����C�� �����B C� �C����� iNaturalist, 7:�"x����B x���� 7:�-
��� GBIF, �����$:���� ��C���CC, �:�:��� �:���� �::� ���� : ��� ��$�����C#, 7�C!:���� ��# ��-
"x�:!: ����C��. O����:���� ���:�� ��# :U���C ��x��� � �����B 7: ����:�" ��C���C�. O:�����:, 
x�: ��C$:��� ��:��:� ����x�� # �#���#  ��CQC��UC# !�:�����B. O����:�����# ���:�C�� �:��� 
$��� C�7:���: ��� ��# :U���C ��x��� � �����B C� ��"!CB �C���� ��# �$:�� ��$C������CB ��$����-
�C�. 
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iNaturalist 4���1+�� �*�*��2 G*D*0*) G,?�2'* }��2�(4*�  

X�������� �C��9�� �������� (citizen science) GBIF ��¶����� 7:����� ������ �:�������� 
$C:V��������� �"���� ��7������w ����������� ������ �]�����. R�!�����, �Y7��!�� �V��$C 
������"8���� :����� 9����C �����" �8�� 7�������" ��������!��� ���V���� �������. z�����"��w 
������� — iNaturalist ��������w ��������� V"���:���� $�����"��� �����������w ��7���� $�9���" 
V���������� V�����". Z������� ���" �8�� GBIF 7:����� ������ iNaturalsit ��������� ����� ������� 
������. R���������w �:�����9� ��� ��7���� $�9���" :��������. F����������7 :���9�� 
��!������!� $�����"�����w �8��� $����� ����� ���� ������ ������� �V���� $:�9��� �Y������!��, $���� 
$�����"�����w �Y78���!� �:9��� ��7��� $:��� �V�� 9����C �����" �8�� 7���������"� ������. 
K���9�� �V�C����� ��!������ iNaturalist $�����"���� �V���� ������� ������ ��C���C���� 
�]�����������: (1) $�����"�� �C���� $��������!� $�� ����78� ������"� �����; (2) $�����" ���� 
�]��� �Y������"� �C��; (3) �Y������!�� !�:!��QC#��� �::��C������ ����� $�����" :����� �V���� ���"� 
�����. F��� �V������ ������" V������� ]�����9��. GBIF ������ �:� ������� �V�������� ��!������ 
����������� ����:��� ������"��w �]�����9�� Y� $����8� ������"!�, iNaturalist-�� $�����"�� 
������9�� ����78������w 9����C $��������!�� $�9���"9� �V�� $�����" ����� ������"!� $:�������9� 
�Y������!��. T�����" :���������w !�:!��QC#��� �::��C���������w �]�����9�� $�9���" 
�C������. T]� ���������� ������" �8�� �:���8� ��7���� �Y������ ����� :����7, �w �]�C#� �����" 
�����. 

�Q�	 �@/���: V"���:���� $�����"���, GBIF, Darwin Core, $���������!�� �������� ����C ����� �����", 
!�:��������, ORCID. 

 
N.V. Ivanova 

iNaturalist Data Quality Guidelines 

Data collected by volunteers (citizen science) significantly contributes to the biodiversity data available 
through the GBIF global portal. However, many professional researchers are skeptical about the possibility of 
using citizen science data for scientific analysis. The aim of the study was to develop guidelines for the quali-
ty assessment of iNaturalist amateur observation data. We obtained iNaturalsit data through the GBIF portal. 
Completeness and data quality were assessed. It is shown that up to a third of the observations contained in 
correct or suspicious values, however, most of the observations were of high quality and can be used for sci-
entific analysis. Based on the obtained results, the following criteria for high quality iNaturalist observations 
were developed: (1) the observation must be identified by a qualified expert, (2) the observation date must be 
indicated correctly, (3) geographical coordinates must correspond to the real place of observation. Methods 
for detecting incorrect values are proposed. It is shown that GBIF users can check the identification of obser-
vations, evaluate the scientific qualifications of experts who identified the observation in iNaturalist, and veri-
fy the date of observation. Estimating the geo data correctness is more difficult. Verification of these data re-
quires the most careful analysis with the involvement of additional information sources. 

Keywords: citizen science, GBIF, Darwin Core, consolidated data analysis, geo data, ORCID. 
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7G|,� J*)2� +0�? (Hemiptera, Aphidomorpha) 1*|*<�+*2�1,? �*�+�  
<��G+* 9)28�? ;0*+*) ( �-��2�? /�2­-¾*2­) 

A ����B������:� x���C B��$�� G"�!�� K����" �� ������ �:����  �# ���: 111  C�:  ���� C� 55 �:�: , 
7������ �����B ������� ��C Adelgidae (1  C�, 0,8 % :� :${�!: xC���  �# �����B  C�: ) C Aphididae 
(110  C�: , 99,2 %). `������ : Aphididae 7������ ���: 8 7:�������� ��C: Anoeciinae (1  C�, 0,9 %), 
Thelaxinae (2, 1,8 %), Eriosomatinae (8, 7,3 %), Lachninae (4, 3,6 %), Callaphidinae (6, 5,5 %), 
Macropodaphidinae (1, 0,9 %), Saltusaphidinae (1, 0,9 %), Chaitophorinae (7, 6,4 %), Aphidinae (80  C�: , 
72,7 %). T:��8�  ��!:  C�:   �# ���:   �:��B Aphis (24), Chaitophorus, Macrosiphoniella (7: 7), 
Brachycaudus (5), Acyrthosiphon, Uroleucon (7: 4), Cinara, Pterocomma, Forda (7: 3). A :�������B 46 
�:��B :���x��: 7: 1–2  C��. A7�� �� ��# ����B������:� x���C B��$�� G"�!�� K����" "�����: 17  C-
�: : Pemphigus birimatus, Trama rara, Betulaphis brevipilosa, B. quadrituberculata, Therioaphis trifolii, 
Macropodaphis rechingeri, Saltusaphis scirpus, Chaitophorus horii beuthani, Aphis cisticola, A. salviae, A. 
taraxacicola, Aphidura alatavica, Rhopalomyzus codonopsidis, Acyrthosiphon cyparissiae turkestanicum, 
Uroleucon pseudobscurum, Uroleucon jaceae reticulatum, Macrosiphoniella antennata antennata. 
Betulaphis quadrituberculata  7�� �� 7�C :�C��# ����� ��# G���B����� C `� ���:!: e#��-���#. Chai-
tophorus horii beuthani  7�� �� ������ ����� C   `� ���:� e#��-����. \����:����� �����  ���C-
�����:-$C:�:7Cx���:� ���7�������C�, :�:$���:��C ��:QCx���:� �7�UC��C��UCC, :��:�C������# xC�-
����:���  �# �����B  C�:  ����. `����� �::!�:!��QCx���C� ����C�. 

���<�$�� ��
$�: ��C, Aphidomorpha, Adelgidae, Aphididae, Q�"��, b�:�:!C#, B��$�� G"�!�� K����", `�-
 ����� e#��-����, G���B����. 

 

1$������ 

���$�� G"�!�� K����" :��:�C��# � !:��:� �C����� `� ���:!: e#��-���#. y�  ��#�"�   8C�:�-
�:� ��7�� ���CC �� 275 ��, �!: 8C�C�� �:��C!��� 30 ��. G"�!�� K����" :$����#�� � �� ��� �����-
�"����"� �:��: C�". A��8�# �:x�� — 7C� ó:���� (4771 � ��� "�. �.) [1].  

` ����C# : ��#B, :$C���{CB   b�:� B��$��, C�����#   �#�� ��$:� [2–6]. y����: ������� ��:$B:-
�C�:���   ��7C���CC �7�UC����:� �����C, 7:� #{���:� Q�"�� ���� b�:!: !:��:!: B��$��. _C�� 7�C-
 :�C��# :$�:� ���� b�:!: B��$��, :��: � ��{C��# �� �$:��B � �:�:  �����C, ��������B   1987 C 
2017 !!. z��x�:� (*) 7:��x���  C��,  7�� �� 7�C :�#{C��# ��# B��$�� G"�!�� K����", C�C `� ���:-
!: e#��-���#, C�C G���B�����. 

��/
��	�	� 
C�����	$
 Adelgidae 

Sacchiphantes abietis (Linnaeus, 1758) — Q��"�����C �: !�����UC����  C�, �C ��   !����B ��  �-
�:x��B �:�:��B ���� ��  ��C (Picea schrenkiana Fisch. et Mey.); 7�C"�:x�� � B :��:-����:�" 7:#�". 
y$�x���, UC��"�$:�������� $:��:-�:������� ���:QC�����  C�, ���������   "{���#B G"����� C 
G:������. 

)�����	$
 Aphididae 
8
�������	$
 Thelaxinae 

Glyphina betulae (Linnaeus, 1758) — "��C� :�C!:Q�!, �C �� �� �:�� 7:�:��C $����� (Betula 
tianschanica Rupr.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ���:-����:�" C B :��:-����:�" 7:#-
���. y$�x���, 7: �������:  ����x��{C��#, UC��"�$:�������� $:��:-�:�������, ���:-
!C!�:QC�����  C�, ���������   "{���� G"����� C �:�C�� �. �����. 

Glyphina pseudoschrankiana (Blackman, 1989) — "��C� :�C!:Q�!, �C �� �� �:�:��B ���� U�B C 
�:�� 7:�:��C $����� (Betula tianshanica Rupr.) 7�:����C �:�:�C#�C; 7�C"�:x�� � !:��:-7:������� 
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�����. \���C�, � ���C����C� $:��:-�:������� ���:-!C!�:QC�����  C�, ���������   �:�C�� �. ��-
��� (:��. �. `���). 

8
�������	$
 Anoeciinae 

Anoecia (Anoecia) corni (Fabricius, 1775) — Q��"�����C �: !�����UC����  C�, �C �� �� �:��#B 
:�:� (Carex sp.) C ����:  (Poaceae); 7�C"�:x�� � ���7�:�" 7:#�" C ������!:���� ����:��� ��� �"-
!��. \���C�, !:�����Cx���C� 7:�C�:������� ���:QC�����  C�, ���������   "{���� G"�����. 

8
�������	$
 Eriosomatinae 

Pemphigus (Pemphigus) birimatus (Ivanovskaja, 1973*) — "��C� :�C!:Q�!, �C ��   �������CB 
��"!��B !����B " :��: ��C# �C��� �:7:��� (Populus talassica Kom.);  ����x����#   !:��:-7:������B 
����B. \���C�, �������:-����� ��C� �:������� ���:-!C!�:QC�����  C�, ���������   �:�C�� �. ��-
��� (:��. �. `���). R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Thecabius (Thecabius) affinis (Kaltenbach, 1843) — !�����UC����  C�, �C ��   �C��: �B !����B �� 
�:7:�#B (Populus talassica Kom., P. nigra L.), ���:� �C!�C�"�� �� �:��C ���C�� (Ranunculus sp.); 7�C-
"�:x�� � !:��:-7:������� �����. Z���: ��, 7: �������:  ����x��{C��#, �����7�������Cx���C� 
7:�C�:������� ���:-!C!�:QC�����  C�.  

Prociphilus (Prociphilus) umarovi (Narzykulov, 1964) — "��C� :�C!:Q�!, �C ��   �C��: �B !����B 
�� �C�:�:��C (Lonicera tatarica L., L. karelinii Bge.), 7�C"�:x�� � !:��:-7:������� ����� C �C�� ��-
�:-����:�" 7:#�". y$�x���, ���$�!������:-����� ��:-�"���������C� �:������� ���:QC�����  C�, 
���������   "{���#B y���-Z����, G"����� C �:�C�� �. ����� (:��. �. `���). 

Tetraneura ulmi (Linnaeus, 1758) — !�����UC����  C�, �C ��   ��$:��8CB !����B, Q:��C�"�-
{CB�# ��  ��B��� ��:�:�� �C����   #�:  (Ulmus pumila L.), ���:� �C!�C�"�� �� �:��C ����Cx��B ���-
�:  (Poaceae); 7�C"�:x�� � 7���!:��#�, ���7�:�" C �C�� ���:-����:�" 7:#���, � ����� � !:��:-
7:������� �����. y$�x���, 7: �������:  ����x��{C��#, �����7�������Cx���C� 7:�C�:������� 
���:QC�����  C�. 

Eriosoma ulmi (Linnaeus, 1758) — !�����UC����  C�, �C ��   �7C���� C��: ����"x����B �C��:-
 �B !����B �� ����!�x� (Ulmus pumila L.), ���:� �C!�C�"�� �� �:��C C �:�" �� :�:  ��:�:�C�� (Ribes 
spp.); 7�C"�:x�� � !:��:-7:������� ����� C �C�� ���:-����:�" 7:#�". y$�x���, 7: �������: 
 ����x��{C��#, �����7�������Cx���C� 7:�C�:������� ���:QC�����  C�. 

Forda formicaria (von Heyden, 1837) — 8C�:�C� :�C!:Q�!, �C �� �� �:��#B ����Cx��B ����:  
(Elymus dahuricus Turcz., Poa angustifolia L., Festuca sulcata Hack.); 7�C"�:x�� � ���7�:�" 7:#�". \��-
�C�, !:�����Cx���C� 7:�C�:������� ���:QC�����  C�, ���������   "{���� G"�����. 

Forda marginata (Koch, 1857) — 8C�:�C� :�C!:Q�!, �C �� �� �:��#B ����Cx��B ����:  (Hor-
deum turkestanicum Nevski, Leymus ramosus (Trin.) Filat., Dactylis glomerata L., Festuca alatavica (Hack.) 
Roshev., Elymus angustus Trin.); 8C�:�: ���7�:�������  :  ��B !:���B $C:!�:U��:��B. y$�x���, 7:-
 �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� ���:-����:QC�����  C�. 

Forda pawlowae (Mordvilko, 1901) — 8C�:�C� :�C!:Q�!, �C �� �� �:��#B ����Cx��B ����:  
(Hordeum turkestanicum Nevski, Poa angustifolia L.); 7�C"�:x�� � ���7�:�" 7:#�". \���C�,  :��:x�:��-
�C���C� ���7:�����:-�:������� ���:-����:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `�-
��). 

8
�������	$
 Lachninae 

Cinara (Cinara) piceae (Panzer, 1801) — :�C!:Q�!, �C �� �� �:�� �� :�:  ��C (Picea schrenkiana 
Fisch. et Mey.); 7�C"�:x�� � B :��:-����:�" 7:#�". Z���: ��, 7: �������:  ����x��{C��#, UC��"�-
$:�������� ���:QC����� $:��:-�:�������  C�. 

Cinara (Cinara) pilicornis (Hartig, 1841) — "��C� :�C!:Q�!, �C �� �� �:��  �� �� ��C (Picea 
schrenkiana Fisch. et Mey.); 7�C"�:x�� � B :��:-����:�" 7:#�". y$�x���, 7: �������:  ����x��-
{C��#, UC��"�$:�������� $:��:-�:������� ���:QC�����  C�. 

Cinara (Cinara) pruinosae (Hartig, 1841) — "��C� :�C!:Q�!, �C �� �� �:�� �� :�:  �:�:��B 5–6- 
����CB ���� (Picea schrenkiana Fisch. et Mey.); 7�C"�:x�� � B :��:-����:�" 7:#�". \���C�, � ���C��-
��C� $:��:-�:������� ���:QC�����  C�, ���������   "{���#B y���-Z����, G"�����. 

Trama (Trama) rara (Mordvilko, 1908*) — :�C!:Q�!, �C �� �� �:��#B $�C��CB � :�" ��xC�" ���-
���C#B (Taraxacum sp., Scorzonera sp.) �����#����C �:�:�C#�C; 7�C"�:x�� � ���7�:�" 7:#�". \���C�, 
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!:�����Cx���C� 7:�C�:������� ���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). R�# 
B��$�� G"�!�� K����" "���� ����#  7�� ��. 

8
�������	$
 Callaphidinae 

Clethrobius comes (Walker, 1848) — "��C� :�C!:Q�!, �C �� �� �:��  �� �� $����� (Betula tian-
schanica Rupr.); 7�C"�:x�� � !:��:-7:������� ����� C B :��:-����:�" 7:#�". \���C�, � ���C����C� 
$:��:-�:������� ���:-!C!�:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Euceraphis punctipennis (Zetterstedt, 1828) — "��C� :�C!:Q�!, �C �� ��  ��B��� ��:�:�� �C����  
$����� (Betula tianschanica Rupr.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ���:-����:�" C B :�-
�:-����:�" 7:#���. Z���: ��, 7: �������:  ����x��{C��#, � ���C����C� $:��:-�:������� ���:-
!C!�:QC�����  C�. 

Betulaphis brevipilosa (Börner, 1940*) — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� ����CB  ��-
B"8�x��B �C����  $����� (B. tianschanica Rupr.) ����:�������C �:�:�C#�C;  ����x����#   �C�� ��-
�:-����:� C B :��:-����:� 7:#��B. \���C�, ��7���:� ���C����C� $:��:-�:������� ���:-
!C!�:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�!�� K����" "���� �-
���#  7�� ��. 

Betulaphis quadrituberculata (Kaltenbach, 1843)* — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� 
����CB  ��B"8�x��B �C����  $����� (B. tianschanica Rupr.) ����:�������C �:�:�C#�C;  ����x����#   
!:��:-7:������B ����B, ���������   �:�C�� �. ����� (:��. �. `���). \���C�, ��7���:� ���C����C� 
$:��:-�:������� ���:-!C!�:QC�����  C�. R�# G���B�����, `� ���:!: e#��-���# C B��$�� G"�!�� 
K����" C "���� ����#  7�� ��. 

Therioaphis (Pterocallidium) trifolii (Monell, 1882*) — :�C!:Q�!, �C �� �� �C���� ��:�:�� �C���-
�  ���:�:��B $:$: �B (Medicago falcata L., Trifolium pretense L., T. spp.) �����#����C �:�:�C#�C; 
7�C"�:x�� � ���7�:�" 7:#�" C ������!:���� ����:��� ��� �"!��. \���C�, !:�����Cx���C� 7:�C�:-
������� ���:QC�����  C�, ���������   "{���� G"�����. R�# B��$�� G"�!�� K����" "���� ����# 
 7�� ��. 

Tinocallis saltans (Nevsky, 1928) — �:�:Q�!, �C �� �� �C���� ��:�:�� �C����  ����!�x� (Ulmus 
pumila L.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ���:-����:�" 7:#�" C ���������� 7"�����. 
Z���: ��, 7: �������:  ����x��{C��#,  :��:x�:7�������Cx���C� ���7:�����:-�:������� ���:-
QC�����  C�. 

8
�������	$
 Macropodaphidinae 

Macropodaphis rechingeri (Remaudiere & Davatchi, 1958*) — �:�:Q�!, �C �� �� �C���#B ��7x���C 
(Potentilla bifurca L.) 7::�C�:x��; 7�C"�:x�� � ���7�:�" 7:#�". \���C�,  :��:x�:-���C���C� ��C��:-
�:�������  C� ���:QC�����, ���������   �:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�!�� K��-
��" "���� ����#  7�� ��. 

8
�������	$
 Saltusaphidinae 

Saltusaphis scirpus (Theobald, 1915*) — :�C!:Q�!, �C �� �� �C���#B :�:�: :���B ������C� 
(Carex sp.) ����:�������C �:�:�C#�C; 7�C"�:x�� � :�:�: :���� ���UC#�. \���C�, �����7�������C-
x���C� 7:�C�:������� !C!�:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). R�# B��$�� 
G"�!�� K����" "���� ����#  7�� ��. 

8
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 Chaitophorinae 

Chaitophorus capreae (Mosley, 1841) — "��C� :�C!:Q�!, �C �� �� �C���#B C �C��: �B x���8��B 
C � (Salix argyracea E. Wolf.); 7�C"�:x�� � !:��:-7:������� �����. \���C�, �����7�������Cx���C� 
7:�C�:������� ���:-!C!�:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Chaitophorus horii beuthani (Börner, 1950*) — "��C� :�C!:Q�!, �C �� ����:�������C �:�:�C#�C 
�� �C���� ��:�:�� �C����  C � (Salix argyracea E. Wolf.);  ����x����#   !:��:-7:������B ����B. \��-
�C�, ��7���:-� ���C����C� $:��:-�:������� ���:-!C!�:QC�����  C�, ���������   "{���� G:���-
���. R�# `� ���:!: e#��-���# C B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Chaitophorus leucomelas (Koch, 1854) — "��C� :�C!:Q�!, �C �� �� �C���#B, x���8��B C ������B 
7:$�!�B �:7:�# (Populus talassica Kom.); 7�C"�:x�� � !:��:-7:������� �����. Z���: ��, 7: ����-
���:  ����x��{C��#, �����7�������Cx���C� 7:�C�:������� ���:QC�����  C�. 
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Chaitophorus populialbae populialbae (Boyer de Fonscolombe, 1841) — "��C� :�C!:Q�!, �C �� �� 
�C���� ��:�:�� �C����  :�C�� (Populus tremula L.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ��-
�:-����:�" C B :��:-����:�" 7:#���. y$�x���, ��7���:-7�������Cx���C� 7:�C�:������� ���:-
QC����� 7:� C�, ���������   "{���#B y���-Z���� C G:������. 

Chaitophorus populeti (Panzer, 1801) — "��C� :�C!:Q�!, �C �� �� �C���#B �:7:��� (Populus 
tremula L.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ���:-����:�" C B :��:-����:�" 7:#���. 
Z���: ��, 7: �������:  ����x��{C��#, �����7�������Cx���C� 7:�C�:������� ���:QC�����  C�. 

Chaitophorus salijaponicus niger (Mordvilko, 1929) — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� 
�C����  C � (Salix argyracea E. Wolf., S. viminalis L.); 7�C"�:x�� � !:��:-7:������� �����. y$�x-
���, 7: �������:  ����x��{C��#, �����7�������Cx�c�C� 7:�C�:������� ���:-!C!�:QC����� 7:�-
 C�. 

Chaitophorus tremulae tremulae (Koch, 1854) — �:�:Q�!, �C �� �� �C���� ��:�:�� �C����  :�C-
�� (Populus tremula L.); 7�C"�:x�� � �C�� ���:-����:�" 7:#�" C !:��:-7:������� �����. \���C�, 
� ���C����C� $:��:-�:������� ���:QC����� 7:� C�, ���������   "{���� G"�����. 

8
�������	$
 Aphidinae 

Pterocomma rufipes (Hartig, 1841) — :�C!:Q�!, �C �� �� �:�� �� :�:  C  �� �� C � (Salix 
argyracea E. Wolf., S. sp.); 7�C"�:x�� � �"$���7C���:�" C ���7C���:�" 7:#���. \���C�, � ���C����C� 
$:��:-�:������� ���:-!C!�:QC�����  C�, ���������   "{���� G:������. 

Pterocomma salicis salicis (Linnaeus, 1758) — "��C� :�C!:Q�!, �C �� �� �:��  �� �� C �� :�:  
C � (Salix spp.); 7�C"�:x�� � !:��:-7:������� �����. y$�x���, UC��"�$:�������� $:��:-
�:������� ���:-!C!�:QC����� 7:� C�, ���������   "{���� G"����� C �:�C�� �. ����� (:��. �. `�-
��). 

Pterocomma xerophilae (Ivanovskaja, 1971) — "��C� :�C!:Q�!, �C �� �� �:��  �� �� C � (Salix 
sp.); 7�C"�:x�� � !:���� !:��:-7:������� �����. \���C�, �������:-�� ��:�"���������C� $:��:-
�:������� ���:-!C!�:QC�����  C�, ���������   "{���� G:������. 

Hyalopterus pruni (Geoffroy, 1762) — !�����UC����  C�, �C �� �� �C���� ��:�:�� �C����  �C�:-
!: �$�C�:�� (Armeniaca vulgaris Lam.), ���:� �C!�C�"�� �� ��:���C� (Phragmites australis (Cav.) Trin. 
et Steud.); 7�C"�:x�� � !:��:-7:������� ����� C �C�� ���:-����:�" 7:#�". Z���: ��, 7: �������: 
 ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:-!C!�:QC�����  C�. 

Rhopalosiphum padi (Linnaeus, 1758) — !�����UC����  C�, �C �� �� �C���� ��:�:�� �C����  x�-
���"BC (Padus racemosa (Lam.) Gilib.), ���:� �C!�C�"�� �� ����C (Poaceae); 7�C"�:x�� � ���7�:�" C 
�C�� ���:-����:�" 7:#���, ������!:���� ����:��� ��� �"!��, � ����� !:��:-7:������� �����. 
Z���: ��, 7: �������:  ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:QC�����  C�. 

Brachyunguis atraphaxidis (Nevsky, 1928) — "��C� :�C!:Q�!, �C �� �� �C���#B C ������B 7:$�!�B 
�"�x� �C (Atraphaxis virgata (Rgl.) Krassn.); 7�C"�:x�� � 7���!:��#� C � �����C���� ���7��� ���:-
��� ���7�:!: 7:#��. \���C�, C���:-�"�����C�, ��C��:-�:������� ����:QC�����  C�, ���������   
7���!:��#B (:��. �. G8C @�����8). 

Toxopterina vandergooti (Börner, 1939) — �:�:Q�!, �C �� �� �:��#B ���#x��C���C�� (Achillea 
millefolium L.); 7�C"�:x�� � ���7�:�" 7:#�". \���C�, ��7���:� ���C����C� $:��:-�:������� ���:-
����:QC�����  C�, ���������   "{���� G"�����. 

Xerobion cinae (Nevsky, 1928) — �:�:Q�!, �C �� C ��� C ����# �� �������B x���#B 7:����� 
7:��:�� Seriphidium (Artemisia spp.); 7�C"�:x�� � 7���!:��#� C ���7�:�" 7:#�". y$�x���,  :��:x�:-
���C���C�, ��C��:-�:�������, ����:QC�����  C�, ���������   7���!:��#B (:��. �. G8C @�����8). 

Aphis (Aphis) affinis (del Guercio, 1911) — "��C� :�C!:Q�!, �C �� �� �C���#B �#�� (Mentha 
asiatica Boriss., M. longifolia L.); 7�C"�:x�� � !:��:-7:������� ����� C ������!:���� ����:��� ��� 
�"!��. Z���: ��; 7: �������:  ����x��{C��#, ��7���:-���C���C� ���7:�����:-�:������� !C!�:-
���:QC�����  C�. 

Aphis (Aphis) cisticola (Remaudiere & Leclant, 1972*) — 7:�CQ�!, !�����UC����  C�, Q��"����-
�C �: �C!�C�"�{C� � �:��:x�: �B �:�:U ����B �� ����::$������ ��� #�C���� ������C# (Comarum 
palustre L., Valeriana dubia Bge.),   G"�!�� K����" ������ �� 7���C�CC (Patrinia intermedia (Horn.) 
Roem. et Schult.); 7�C"�:x�� � ���7�:�" 7:#�". \���C�, �:��:7:�C���� 7:�C�:������� ���:QC����� 
 C�, ���������   �:�C�� �. ����� (:��. �. `���). R�# G"�!�� K����" "���� ����#  7�� ��. 
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Aphis (Aphis) coronillae (Ferrari, 1872) — "��C� :�C!:Q�!, �C �� �� �:��#B ��� ��� (Trifolium pre-
tense L.); 7�C"�:x��� � ������!:���� ����:��� ��� �"!��. \���C�, ��7���:-� ���C����C� $:��:-
�:������� ���:QC�����  C�, ���������   "{���� G"�����. 

Aphis (Aphis) craccivora craccivora (Koch, 1854) — 7:�CQ�!, �C �� �� ���$�#B C �C���#B ����Cx-
��B ������C� C� �������  Asteraceae, Caryophilaceae, Rosaceae, Brassicaceae, Papaveraceae, 
Fabaceae;  ����x����#  :  ��B $C:U��:��B :� 7���!:�C� �: ���7C���CB �"!: . Z���: ��, 7: ������-
�:  ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:-����:QC����� 7:� C�. 

Aphis (Aphis) fabae fabae (Scopoli, 1763) — 7:�CQ�!, �C �� �� ���$�#B C �C���#B ������C� ��-
�����  Asteraceae, Rosaceae, Apiaceae;  ����x����#  :  ��B $C:U��:��B :� 7���!:�C� �: ���7C���CB 
�"!: . Z���: ��, 7: �������:  ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:QC����� 7:�-
 C�. 

Aphis (Aphis) farinosa farinosa (J.F. Gmelin, 1790) — "��C� :�C!:Q�!, �C �� �� �:�� ������B 7:-
$�!:  C � (Salix argyracea E. Wolf., S. viminalis L.); 7�C"�:x�� � !:��:-7:������� �����. y$�x���, 
7: �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� ���:-!C!�:QC����� 7:� C�. 

Aphis (Aphis) frangulae beccabungae (Koch, 1855) — 7:�CQ�!, �C �� �� �������B x���#B ������C� 
�������  Brassicaceae, Onagraceae, Lamiaceae, Scrophulariaceae; 7�C"�:x�� � �C�� ���:-����:�" C 
B :��:-����:�" 7:#���, � ����� � ����:��� ���, �"$���7C���C� C ���7C���C� �"!��. Z���: ��, 
7: �������:  ����x��{C��#, � ���C����C� $:��:-�:������� ���:-!C!�:QC����� 7:� C�. 

Aphis (Aphis) galiiscabri (Schrank, 1801) — "��C� :�C!:Q�!, �C �� �� ���$�#B C �C���#B 7:���-
����C�� (Galium verum L., G. aparine L.);  ����x����#   ���7�:� C �C�� ���:-����:� 7:#��B, � ����� 
�� ����:��� ��B �"!�B. y$�x���, 7: �������:  ����x��{C��#, ��7���:-� ���C����C� $:��:-
�:������� ���:QC�����  C�. 

Aphis (Aphis) longirostris (Börner, 1950*) — �:�:Q�!, �C �� �� �:��#B C �:��� :� 8���� 7:�:-
�:��C�� (Plantago lanceolata L.) 7�:����C �:�:�C#�C; 7�C"�:x�� � ���7�:�" 7:#�". \���C�, ��7��-
�:-���C���C� ��C��:-�:������� ���:-����:QC�����  C�, ���������   7���!:��#B (:��. �. G8C @�-
����8). R�# G"�!�� K����" "���� ����#  7�� ��. 

Aphis (Aphis) molluginis (Börner, 1950) — "��C� :�C!:Q�!, �C �� �� �:��#B 7:�������C�� 
(Galium aparine L.); 7�C"�:x�� � ���7�:�" 7:#�". \���C�, � ���C����C� $:��:-�:������� ���:QC��-
���  C�, ���������   "{���� G"�����. 

Aphis (Aphis) nasturtii (Kaltenbach, 1843) — 7:�CQ�!, :$���"��� �� 7���"8��� �"��� (Capsella 
bursa-pastoris L.), 7:�:�:��C�� (Plantago major L.), ������� (Rhamnus cathartica L.); 7�C"�:x�� � 
���7�:�" C �C�� ���:-����:�" 7:#���, !:��:-7:������� ����� C ������!:���� ����:��� ��� �"-
!��. y$�x���, 7: �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� ���:QC�����  C�. 

Aphis (Aphis) newtoni (Theobald, 1927) — "��C� :�C!:Q�!, �C �� �� �C���#B �����C�� (Iris 
tianschanica (Maxim.) Vved.); 7�C"�:x�� � ���7�:�" 7:#�". \���C�, � ���C����C� $:��:-�:������� 
���:QC�����  C�, ���������   "{���� G"�����. 

Aphis (Aphis) origani (Passerini, 1860) — �:�:Q�!, �C �� �� �C���#B �"8CU� (Origanum vulgare 
L.); 7�C"�:x�� � ������!:���� ����:��� ��� �"!��. y$�x���, ��7���:-7�������Cx���C� 7:�C�:-
������� ���:QC�����  C�. 

Aphis (Aphis) pomi (de Geer, 1773) — :�C!:Q�!, �C �� �� �C���#B #$�:�C (Malus sieversii (Ledeb.) 
M. Roem.) C $:#��8�C�� (Crataegus altaica Lange); 7�C"�:x�� � �C�� ���:-����:�" 7:#�". Z���:-
 ��, 7: �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� ���:QC�����  C�. 

Aphis (Aphis) pseudocomosa (Stroyan, 1972) — "��C� :�C!:Q�!, �C �� �� ���$�#B C   �:U ��C#B 
xC�� (Lathyrus pratensis L.); 7�C"�:x�� � ������!:���� ����:��� ��� �"!��. \���C�, ��7���:-
� ���C����C� $:��:-�:������� ���:QC�����  C�, ���������   "{���� G"�����. 

Aphis (Aphis) rumicis (Linnaeus, 1758) —  "��C� :�C!:Q�!, �C ��   �:U ��C#B, �� ���$�#B, �C���#B 
{� ��# (Rumex spp.); 7�C"�:x�� � ����:��� ��� �"!��, !:��:-7:������� �����, �C�� ���:-����:�" 
C B :��:-����:�" 7:#���. Z���: ��, 7: �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� 
���:-!C!�:QC�����  C�. 

Aphis (Aphis) salviae (Walker, 1852*) — "��C� :�C!:Q�!, �C �� �� �������B x���#B 8��Q�# (Sal-
via nemorosa L.) 7�:����C �:�:�C#�C; 7�C"�:x�� � ���7�:�" 7:#�". \���C�, ��7���:-���C���C� 
��C��:-�:������� ���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�-
!�� K����" "���� ����#  7�� ��. 
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Aphis (Aphis) sedi (Kaltenbach, 1843) — :�C!:Q�!, �C �� �� ���$�#B C �C���#B ������C� ������� � 
������:��: �B (Sedum hybridum L., Orostachys spinosa (L.), C.A. Mey.); 7�C"�:x�� � ���7�:�" 7:#�". 
y$�x���, 7: �������:  ����x��{C��#, !:�����Cx���C� 7:�C�:������� ���:-����:QC�����  C�. 

Aphis (Aphis) spiraephaga (F.P. Muller, 1961) — !�����UC����  C�, �C �� �� �:�:��B 7:$�!�B ��-
 :�!C (Spiraea hypericifolia L.), Q��"�����C �: �C!�C�"�� �� ��� #�C���� ������C# (Epilobium 
adnatum Griseb., Patrinia intermedia (Horn.) Roem. et Schult., Valeriana sp., Lithrum virgatum L.); 7�C-
"�:x�� � ���7�:�" C �C�� ���:-����:�" 7:#���, !:��:-7:������� ����� C ������!:���� ����:��� -
��� �"!��. Z���: ��, 7: �������:  ����x��{C��#, ��7���:-7�������Cx���C� �:�����:-���7�:� 
���:-����:QC�����  C�. 

Aphis (Aphis) taraxacicola (Börner, 1940*) — "��C� :�C!:Q�!, �C �� �� �:��#B C �:��� :� 8���� 
:�" ��xC�� (Taraxacum serotinum (Waldst. et Kit.) Poir.) 7�:����C �:�:�C#�C; 7�C"�:x�� � !:��:-
7:������� �����. \���C�, �����7�������Cx���C� 7:�C�:������� ���:QC�����  C�, ���������   
�:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Aphis (Aphis) thalictri (Koch, 1854) — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� �C����   ��C�C-
���C�� (Thalictrum collinum L., T. simplex L.); 7�C"�:x�� � !:��:-7:������� ����� C ����:��� ��� 
�"!��. \���C�, �����7�������Cx���C� 7:�C�:������� ���:QC�����  C�, ���������   "{���� G:���-
���. 

Aphis (Aphis) ucrainensis (Zhuravlyov, 1997) — "��C� :�C!:Q�!, �C �� �� �:�:��B 7:$�!�B �� :�-
!C (Spiraea hypericifolia L.); 7�C"�:x��� � ���7�:�" 7:#�". y$�x���, 7�Cx���:�:���:-����B������:-
����� ��:- �"�������#��8����C� �:�����:-���7�:� ���:-����:QC�����  C�. 

Aphis (Aphis) urticata (J.F. Gmelin, 1790) — "��C� :�C!:Q�!, �C �� �� �C���#B C ���$�#B ���7C � 
(Urtica dioica L.); 7�C"�:x�� � !:��:-7:������� �����, ����:��� ��� �"!��, �C�� ���:-����:�" 
7:#�". y$�x���, 7: �������:  ����x��{C��#, �����7�������Cx���C� 7:�C�:������� ���:QC����� 
 C�. 

Aphis (Bursaphis) grossulariae (Kaltenbach, 1843) — !�����UC����  C�, �C �� �� �C���#B ��:�:-
�C�� (Ribes meyeri Maxim.), ���:� Q��"�����C �: �C!�C�"�� �� C ��-x�� (Chamaerion angustifolium 
(L.) Scop.) C �C7��� (Epilobium hirsutum L.); 7�C"�:x�� � ���7�:�", �C�� ���:-����:�" C B :��:-
����:�" 7:#���, � ����� � !:��:-7:������� �����. y$�x���, �����7�������Cx���C� 7:�C�:������� 
���:QC�����  C�. 

Brachycaudus (Brachycaudus) helichrysi (Kaltenbach, 1843) — !�����UC����  C�, �C "{C� �� �:�-
�:x�: �B �:�:U ����B C �C!�C�"�{C� �� ��:!C� ������C# C� �������  Asteraceae, Boraginaceae; 
:���x��  :  ��B 7:#��B,  ���x�# ���7C���C� �"!�. Z���: ��, 7: �������:  ����x��{C��#, �:��:7:-
�C���� 7:�C�:������� ���:QC�����  C�. 

Brachycaudus (Prunaphis) cardui (Linnaeus, 1758) — !�����UC����  C�, �C �� �� �C���� ��:�:�� 
�C����  �:��:x�: �B 7�:�: �B, ���:� �C!�C�"�� �� ���:�:��� ����: �� (Carduus, Cirsium); 7�C"�:-
x�� � ���7�:�" C �C�� ���:-����:�" 7:#���. y$�x���, �����7�������Cx���C� 7:�C�:������� ���:-
QC����� 7:� C�. 

Brachycaudus (Prunaphis) cerasicola (Mordvilko et Nevsky, 1929) — !�����UC����  C�, �C ��   
�C��: �B !����B ��  :��:x�:�  C8�� (Cerasus tianschanica Pojark.), �C!�C�"�� ���:� �� ������C# ��-
�����  Crassulaceae, Rosaceae, Lamiaceae, Scrophulariaceae; 7�C"�:x�� � ���7�:�" 7:#�", ������!:�-
��� ����:��� ���, �"$���7C���C� C ���7C���C� �"!��. y$�x���, 7: �������:  ����x��{C��#, 
���$�!������:-�"�������:-B:�������C� �:������� ���:-����:QC�����  C�. 

Brachycaudus (Scrophulaphis) persicae (Passerini, 1860) — :�C!:Q�!, �C ��   �C��: �B !����B �� 
���x� (Prunus sogdiana Vassil.); 7�C"�:x�� � �C�� ���:-����:�" 7:#�". \���C�, ��7���:7�������Cx�-
��C� ���7:�����:-�:������� ���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Brachycaudus (Appelia) tragopogonis (Kaltenbach, 1843) — :�C!:Q�!, �C ��  �"��C �:U ��C� �:�-
�:$:�:��C�� (Tragopogon sp.); 7�C"�:x�� � 7���!:��#� C ���7�:�" 7:#�". y$�x���, ��7���:-
7�������Cx���C� 7:�C�:������� ����:-���:QC�����  C�. 

Dysaphis (Dysaphis) foeniculus (Theobald, 1923) — 8C�:�C� :�C!:Q�!, �C �� �� �:��#B, C�:!��, 
:��: ��CC ���$��� �����������B (Aegopodium alpestre Ledeb., Seseli sessiliflorum Schrenk, Sium lati-
folium L.); 7�C"�:x�� � !:��:-7:������� �����, ���7�:�", �C�� ���:-����:�", B :��:-����:�" 7:#-
���, ����:��� ��� C �"$���7C���C� �"!��. y$�x���, !:�����Cx���C� 7:�C�:������� ���:QC����� 
 C�. 

Dysaphis (Pomaphis) pavlovskyana (Narzykulov, 1957) — "��C� :�C!:Q�!, �C ��   �C��: �B !��-
��B �� �#$C�� (Sorbus tianschanica Rupr.); 7�C"�:x�� � �C�� ���:-����:�" C B :��:-����:�" 7:#���. 
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\���C�, �������:-�"�������:-�Q!����C� �:������� ���:QC�����  C�, ���������   �:�C�� �. ����� 
(:��. �. `���). 

Semiaphis aizenbergi (Narzykulov, 1957) — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� �C����  
�C�:�:��C (Lonicera microphylla Willd.), 7�C"�:x�� � ���7�:�" 7:#�". \���C�, �������:-
�"���������C� �:������� ���:QC�����  C�, ���������   "{���� G"�����. 

Hyadaphis tataricae (Aizenberg, 1935) — "��C� :�C!:Q�!, �C ��   �C��: �B !����B �� �C�:�:��C 
(Lonicera tatarica L., L. karelinii Bge.), 7�C"�:x�� � !:��:-7:������� ����� C �C�� ���:-����:�" 
7:#�". y$�x���, 7: �������:  ����x��{C��#, ��7���:��CQ��:-�"���������C� ���7:�����:-
�:������� ���:QC�����  C�. 

Cavariella (Cavariella) aegopodii (Scopoli, 1763) — !�����UC����  C�, �C �� �� �C���� ��:�:�� 
�C����  C � (Salix spp.), ���:� �C!�C�"�� �� ������������ (Aegopodium alpestre Ledeb., Seseli 
sessiliflorum Schrenk) C C ��-x�� (Chamaerion angustifolium (L.) Scop.); 7�C"�:x�� � !:��:-7:������� 
�����, ����:��� ��� �"!��, ���7�:�" 7:#�". y$�x���, �:��:7:�C���� 7:�C�:������� ���:-
!C!�:QC�����  C�. 

Cavariella (Cavariella) theobaldi (Gillette et Bragg, 1918) — !�����UC����  C�, �C �� �� �C���� 
��:�:�� �C����  C � (Salix argyracea E. Wolf.), ���:� �C!�C�"�� �� $:�{� C� (Heracleum dissectum 
Ledeb.); 7�C"�:x�� � !:��:-7:������� ����� C �C�� ���:-����:�" 7:#�". \���C�, !:�����Cx���C� 
7:�C�:������� !C!�:-���:QC�����  C�, ���������   "{���� G"�����. 

Coloradoa mesasiatica (Kadyrbekov, 2004) — �:�:Q�!, �C �� �� �C���� ��:�:�� �C����  7:��-
��� 7:��:�� Seriphidium (Artemisia heptapotamica Poljak., A. sublessingiana Poljak.); 7�C"�:x�� � 7���-
!:��#� C ���7�:�" 7:#�". \���C�, �� ��:�#��8�����C� �:������� ����:-���:QC�����  C�, ������-
���   �:�C�� �. ����� (:��. �. `���). 

Coloradoa viridis (Nevsky, 1929) — �:�:Q�!, �C �� �� �C���#B 7:���C (Artemisia vulgaris L.); 
7�C"�:x�� � ���7�:�" 7:#�". \���C�,  :��:x�:-���C���C� ��C��:-�:������� ����:-���:QC����� 
 C�, ���������   B��$�� G"�!�� K����" (_� ��C�, 1951). 

Longicaudus trirhodus (Walker, 1849) — !�����UC����  C�, �C "{C� �� 8C7: �C�� (Rosa laxa 
Retz.), ���:� �C!�C�"�� ��  ��C�C���C� (Thalictrum collinum L., T. simplex L.); 7�C"�:x�� � �C�� ���:-
����:�" 7:#�", !:��:-7:������� ����� C ����:��� ��� �"!��. \���C�, �����7�������Cx���C� 7:�C-
�:������� ���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Brevicoryne brassicae (Linnaeus, 1758) — 8C�:�C� :�C!:Q�!, �C �� �� �C���� ��:�:�� �C����  
��:!CB ������C� ������� � Brassicaceae; 7�C"�:x�� � ���7�:�", �C�� ���:-����:�" 7:#��� !:��:-
7:������� ����� C ����:��� ��� �"!��. y$�x���, 7: �������:  ����x��{C��#, �:��:7:�C���� 
7:�C�:������� ���:QC�����  C�. 

Hayhurstia atriplicis atriplicis (Linnaeus, 1761) — :�C!:Q�!, �C ��   �C��: �B !����B �� ��$��� 
(Atriplex tatarica L., A. spp.); 7�C"�:x�� � 7���!:��#� C ���������� 7"�����. y$�x���, 7: �������: 
 ����x��{C��#, !:�����Cx���C�, 7:�C�:�������, ���:-!��:QC����� 7:� C�. 

Aphidura alatavica (Kadyrbekov, 2013*) — "��C� :�C!:Q�!, �C �� �� ���$�#B 7:� U �����C #�-
�:��C (Cerasthium holosteoides Fries); 7�C"�:x�� � ������!:���� ����:��� ��� �"!��. \���C�, ���-
�� ��C� �:������� ���:QC�����  C�, ���������   "{���� G"�����. R�# B��$�� G"�!�� K����" "��-
�� ����#  7�� ��. 

Cryptomyzus (Cryptomyzus) ribis (Linnaeus, 1758) — !�����UC����  C�, �C �� �� �C���� ��:�:�� 
�C����  ��:�:�C�� (Ribes meyeri Maxim.), ���:� �C!�C�"�� �� xC���U (Stachys palustris L.); 7�C"�:-
x�� � !:��:-7:������� �����, �C�� ���:-����:�" C B :��:-����:�" 7:#���. y$�x���, �����7���-
����Cx���C� 7:�C�:������� ���:QC�����  C�. 

Capitophorus hippophaes (Walker, 1852) — !�����UC����  C�, �C �� �� �C���� ��:�:�� �C����  
:$��7CBC (Hippophae rhamnoides L.), Q��"�����C �: �C!�C�"�� �� !:��U (Polygonum coriarium Grig.); 
7�C"�:x�� � !:��:-7:������� �����. \���C�, !:�����Cx���C� 7:�C�:������� !C!�:-���:QC����� 
 C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Paraphorodon cannabis Passerini, 1860, — "��C� :�C!:Q�!, �C �� �� �C���#B C   �:U ��C#B �:�:-
7�C (Cannabis ruderalis Janisch.); 7�C"�:x�� � 7���!:��#� C ���7�:�" 7:#�". y$�x���, 7: �������: 
 ����x��{C��#, 8C�:�:���C���C� ��C��:-�:������� ���:-����:QC�����  C�. 

Ovatus crataegarius (Walker, 1850) — !�����UC����  C�, �C �� �� �:�:��B 7:$�!�B $:#��8�C�� 
(Crataegus altaicus Lange, C. songorica C. Koch), ���:� �C!�C�"�� �� �#�" (Mentha asiatica Boriss.); 
7�C"�:x�� � �C�� ���:-����:�" 7:#�". y$�x���, �:��:7:�C���� 7:�C�:������� ���:QC�����  C�. 
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Nasonovia (Kakimia) dzhetisuensis (Kadyrbekov, 1995) — "��C� :�C!:Q�!, �C �� �� ���$�#B �C��-
BC (Polemonium coeruleum L.) ����:�������C �:�:�C#�C; 7�C"�:x�� � ������!:���� ����:��� ��� 
�"!��. \���C�, �������:-����� ��C� �:������� ���:QC�����  C�, ���������   "{���� G:������. 

Rhopalomyzus (s.str.) tianshanica (Narzikulov, 1963) — "��C� :�C!:Q�!, �C ��   �C��: �B !����B 
�� �C�:�:��C (Lonicera korolkovii Stapf.) 7�:����C �:�:�C#�C;  ����x����#   �C�� ���:-����:� C 
B :��:-����:� 7:#��B. \���C�, �� ��:�#��8����:-�"���������C� �:������� ���:QC�����  C�, ���-
������   "{���� G"�����. 

Rhopalomyzus (Judenkoia) codonopsidis (Umarov, 1963*) — Q��"�����C �: !�����UC����  C�, �� 
7�� Cx�:� ������CC-B:�#C�� �C�:�:��C (Lonicera karelinii Rgl.) �C ��   �C��: �B !����B 7�:����C 
�:�:�C#�C, �� 7�:���"�:x�:� B:�#C�� Codonopsis clematidea (Schrenk) Clarke — �� ���$�#B ����:�-
������C �:�:�C#�C; 7�C"�:x�� � �C�� ���:-����:�" C B :��:-����:�" 7:#���, � ����� ������!:�-
��� ����:��� ��� �"!��, ���������   "{���� G:������. \���C�, ����� ��:-�"�������:-�Q!����C� 
�:������� ���:QC�����  C�. R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Titanosiphon dracunculi Nevsky, 1928 �:�:Q�!, �C �� �� �C���� ��:�:�� �C����  b����!:�� (Ar-
temisia dracunculus L.); 7�C"�:x�� � !:��:-7:������� ����� C ���7�:�" 7:#�". y$�x���,  :��:x�:-
7�������Cx���C� 7:�C�:������� ���:-����:QC�����  C�. 

Berberidaphis lydiae (Narzykulov, 1957) — "��C� :�C!:Q�!, �C �� �� �C���� ��:�:�� �C����  
$��$��C�� (Berberis sphaerocarpa Kar. et Kir.); 7�C"�:x�� � !:��:-7:������� ����� C �C�� ���:-
����:�" 7:#�". \���C�, ���$�!������:-����� ��:-�"���������C� �:������� ���:QC�����  C�. 

Acyrthosiphon (Acyrthosiphon) cyparissiae turkestanicum (Nevsky, 1929*) — "��C� :�C!:Q�!, �C �� 
  �:U ��C#B �:�:x�# (Euphorbia virgata Waldst. et Kit.) ����:�������C �:�:�C#�C; 7�C"�:x�� � !:�-
�:-7:������� �����. \���C�, ����� ��:-�"���������C� �:������� ���:QC����� 7:� C�, ��������� 
  �:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Acyrthosiphon (Acyrthosiphon) boreale (Hille Ris Lambers, 1952) — "��C� :�C!:Q�!, �C �� �� ���$-
�#B ��7x���C (Potentilla asiatica Juz., P. supina L.); 7�C"�:x�� � �C�� ���:-����:�" 7:#�", ������!:�-
��� ����:��� ��� C �"$���7C���C� �"!��. \���C�, UC��"�$:�������� $:��:-�:������� ���:QC��-
���  C�, ���������   "{���� G:������. 

Acyrthosiphon (Acyrthosiphon) malvae geranii (Kaltenbach, 1862) — "��C� :�C!:Q�!, �C �� �� 
���$�#B !����C (Geranium collinum L.); 7�C"�:x�� � �C�� ���:-����:�" C B :��:-����:�" 7:#���, 
������!:���� ����:��� ��� C �"$���7C���C� �"!��. \���C�, � ���C����C� $:��:-�:������� ���:-
QC����� 7:� C�, ���������   "{���� G:������. 

Acyrthosiphon (Acyrthosiphon) pisum (Harris, 1776) — 8C�:�C� :�C!:Q�!, �C "{C� �� ���$�#B 
������C� ������� � $:$: �B (Fabaceae);  ����x����#  :  ��B $C:�:7�B C 7:#��B, ��:�� 7���!:�C�. 
Z���: ��, 7: �������:  ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:-!C!�:QC�����  C�. 

Staticobium latifoliae (Bozhko, 1950) "��C� :�C!:Q�!, �C �� �� ���$�#B ������� (Limonium gmelini 
(Willd.) Kuntze); 7�C"�:x�� � ���:������ ���UC#�   7���!:��#B. \���C�,  :��:x�:���C���C� ��C���� 
!��:QC�����  C�, ���������   7���!:��#B (:��. �. G8C @�����8). 

Metopeurum fuscoviride (Stroyan, 1950) — "��C� :�C!:Q�!, �C �� �� ���$�#B 7C��� (Tanacetum 
vulgare L.); 7�C"�:x�� � �C�� ���:-����:�" 7:#�" C ������!:���� ����:��� ��� �"!��. y$�x���, 
��7���:� ���C����C� $:��:-�:������� ���:QC�����  C�. 

Microsiphum ptarmicae (Cholodkovsky, 1902) — �:�:Q�!, �C �� �� :��: ��CC ���$��� C�C �:���-
 :� 8���� ���#x��C���C�� (Achillea millefolium) 7�:����C �:�:�C#�C; 7�C"�:x�� � ���7�:�" 7:#�". 
O�C ���� ��# B��$�� G"�!�� K����" A.O. _� ��C� (1951). \���C�, 7�Cx���:�:���:-����B������:-
�� ��:�"���������C�, �:�����:-���7�:� ���:QC�����  C�. 

Sitobion (Sitobion) avenae (Fabricius, 1775) — 7:�CQ�!, �C �� �� �������B x���#B ��:!CB ����:  
(Poa angustifolia L., Leymus sp., Millium effusum L.); :���x��  :  ��B $C:�:7�B C 7:#��B, ��:�� ��C:-
QC����B ���7C���CB �"!: . y$�x���, 7: �������:  ����x��{C��#, �:��:7:�C���� 7:�C�:������� 
���:-����:QC�����  C�. 

Macrosiphum rosae rosae (Linnaeus, 1758) — Q��"�����C �: !�����UC����  C�, �C �� �� �:�:-
��B 7:$�!�B 8C7: �C�� (Rosa acicularis Lindl., R. alberti Rgl., R. platyacantha Schrenk), �C!�C�"�� �� 
��7x���" (Potentilla sp.) C C ��-x�� (Chamaerion angustifolium (L.) Scop.); 7�C"�:x�� � !:��:-
7:������� �����, ���7�:�", �C�� ���:-����:�" C B :��:-����:�" 7:#���. Z���: ��, 7: �������: 
 ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:QC�����  C�. 
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Impatientinum asiaticum (Nevsky, 1929) — �:�:Q�!, �C �� �� ���$�#B ���:��:!C (Impatiens 
parviflora DC.); 7�C"�:x�� � !:��:-7:������� �����, �C�� ���:-����:�" C B :��:-����:�" 7:#���. 
y$�x���, ����� ��:-�"�������:-!C�������C� �:������� ���:-!C!�:QC�����  C�. 

Obtusicauda moldavica moldavica (Bozhko, 1957) — �:�:Q�!, �C �� �� ���$�#B 7:����� 7:��:�� 
Seriphidium (Artemisia transiliensis Poljak., A. heptapotamica Poljak., A. sublessingiana Poljak.); 7�C"�:-
x�� � 7���!:��#� C ���7�:�" 7:#�". \���C�, ��7���:��CQ��:-����� ��:- �"�������#��8����C� �:�-
����:-���7�:� ����:-���:QC����� 7:� C�. 

Uroleucon (Uroleucon) pseudobscurum (Hille Ris Lambers, 1967*) — "��C� :�C!:Q�!, �C �� �� 
���$�#B #����$C��C (Hieracium echioides L., H. virosum Pall., H. spp.) ����:�������C �:�:�C#�C; 7�C-
"�:x�� � ������!:���� ����:��� ��� C �"$���7C���C� �"!��. \���C�, �����7�������Cx���C� 7:�C-
�:������� ���:QC�����  C�, ���������   "{���� G:������. R�# B��$�� G"�!�� K����" "���� ����# 
 7�� ��. 

Uroleucon (Uroleucon) sonchi (Linnaeus, 1767) — :�C!:Q�!, �C �� �� ���$�#B :�:�� (Sonchus asper 
L., S. arvensis L.); 7�C"�:x�� � ���7�:�" 7:#�" C !:��:-7:������� �����. y$�x���, 7: �������: 
 ����x��{C��#, �:��:7:�C���� 7:�C�:������� ���:QC�����  C�. 

Uroleucon (Uromelan) jaceae jaceae (Linnaeus, 1758) — "��C� :�C!:Q�!, �C �� �� ���$�#B  ��C��-
�� (Centaurea cyanus L., C. ruthenica Lam.); 7�C"�:x�� � ���7�:�" 7:#�". y$�x���, 7: �������: 
 ����x��{C��#, ��7���:7�������Cx���C� 7:�C�:������� ���:-����:QC����� 7:� C�. 

Uroleucon (Uromelan) jaceae reticulatum (Hille Ris Lambers, 1939*) — :�C!:Q�!, �C �� �� ���$�#B 
 ��C���� (Centaurea squarrosa Willd.) ����:�������C �:�:�C#�C; 7�C"�:x�� � 7���!:��#� C ���7�:-
�" 7:#�". \���C�, ��7���:���C���C� ��C��:-�:������� ����:-���:QC����� 7:� C�, ���������   
�:�C�� �. ����� (:��. �. `���). R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Macrosiphoniella (Phalangomyzus) antennata antennata (Holman et Szelegiewicz, 1978*) — "��C� 
:�C!:Q�!, �C �� 7: ���$�� C 7:� U �����C 7:���C 7:��:�� Oligosporus (Artemisia dracunculus L.) 
����:�������C �:�:�C#�C; 7�C"�:x�� � ���7�:�" 7:#�". \���C�, �:�!:����:-����B������:-
�� ��:�"���������C� �:�����:-���7�:� ���:QC����� 7:� C�, ���������   �:�C�� �. ����� (:��. �. 
`���). R�# B��$�� G"�!�� K����" "���� ����#  7�� ��. 

Macrosiphoniella (Macrosiphoniella) artemisiae artemisiae (Boyer de Fonscolombe, 1841) — �:�:-
Q�!, �C �� �� ���$�#B 7:���C (Artemisia absinthium L., A. vulgaris L.); 7�C"�:x�� � ���7�:�" 7:#�" C 
!:��:-7:������� �����. \���C�, !:�����Cx���C� 7:�C�:������� ���:QC����� 7:� C�. 

Macrosiphoniella (Macrosiphoniella) nitida (Börner, 1950) — �:�:Q�!, �C �� �� b����!:�� (Artemi-
sia dracunculus L.); 7�C"�:x��� � ���7�:�" 7:#�". \���C�, 8C�:�:��CQ��C� �:�����:-���7�:� ���-
�:-���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Macrosiphoniella (Macrosiphoniella) seriphidii (Kadyrbekov, 2000) — �:�:Q�!, �C �� �� ���$�#B 
7:���C 7:��:�� Seriphidium (Artemisia heptapotamica Poljak., A. juncea Kar. et Kir., A. kaschgarica 
Krasch., A. sublessingiana Poljak., A. sp.); 7�C"�:x�� � 7���!:��#� C �C���� x���C ���7�:!: 7:#��. 
y$�x���, 7: �������:  ����x��{C��#, ����B����:-�������:-�"���:-����� ��C� ��C���� ����:-
QC�����  C�. 

Macrosiphoniella (Macrosiphoniella) salaymarszoi (Szelegiewicz, 1978) — �:�:Q�!, �C �� �� ���$-
�#B C U ��:�:��B 7:����� 7:��:�� Seriphidium (Artemisia schrenkiana Ledeb., A. transiliensis Poljak.); 
7�C"�:x�� � ���7�:�" 7:#�". \���C�, ��7���:��CQ��:-����� ��C� �:�����:-���7�:� ����:QC����� 
 C�, ���������   �:�C�� �. ����� (:��. �. `���). 

Macrosiphoniella (Macrosiphoniella) terraealbae (Kadyrbekov, 2000) — �:�:Q�!, �C �� �� ���$�#B 
7:���C 7:��:�� Seriphidium (Artemisia sublessingiana Poljak., A. terraealbae Krasch.); 7�C"�:x�� � 
��C���� 7���!:��#�. \���C�, 7�C$��B�8��:-��"�!����C� 7"������� ����:QC�����  C�, ��������� 
  �:�C�� �. ����� (:��. �. `���). 

Macrosiphoniella (Asterobium) galatellae (Bozhko, 1953) — "��C� :�C!:Q�!, �C �� �� ���$�#B �:-
�:��x�C�� (Galatella biflora (L.) Nees., G. punctata (Waldst. et Kit.) Nees.); 7�C"�:x�� � 7���!:��#� C 
���7�:�" 7:#�". y$�x���, ��7���:��CQ��:-����� ��:-�� ��:�"���������C� ��C���� ����:-
���:QC�����  C�, ���������   �:�C�� �. ����� (:��. �. `���). 

%!�
������  

O: ���"������� ��8CB C�����: ��C� C ������ �C�����"���B C��:x�C�:    ����B������:� x���C 
B��$�� G"�!�� K����" �� ������ �:���� C� ����: 111  C�:  ���� C� 55 �:�: , 7������ �����B ��-
����� ��C Adelgidae (1  C�, 0,8 % :� :${�!: xC���  �# �����B  C�: ) C Aphididae (110  C�: , 99,2 
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\C�"�:� 4. `::��:8��C�  C�:  ����   ����B������:� x���C B��$�� G"�!�� K����"  
7: :��:�C�����:� xC�����:��C 

A�# ������  C�� ���� 7: �����CQC��UCC �����:  K.P. X����#�: � [7] :��:�#��# � 33 �C7��: 
�:��:7:�C���� (13  C�: , 11,7 % :� :${�!: xC���  C�: ), !:�����Cx���C� (15, 13,5 %), �����7������-
�Cx���C� (16, 14,4 %), ��7���:7�������Cx���C� (6, 5,4 %),  :��:x�:7�������Cx���C� (2, 1,8 %), UC�-
�"�$:�������� (6, 5,4 %), � ���C����C� $:�������� (10, 9,1 %), ��7���:� ���C����C� $:�������� (8, 
5,7 %), 8C�:�:���C���C� (1, 0,9 %), ��7���:���C���C� (4, 3,6 %),  :��:x�:���C���C� (5, 4,5 %), C���:-
�"�����C� (1, 0,9 %), ��7���:��CQ��:-�������:-����� ��C� (2, 1,8 %), 8C�:�:��CQ��C� (1, 0,9 %), ��-
7���:��CQ��:-����� ��:-�"���������C� (1, 0,9 %), ��7���:��CQ��:-����� ��:-  �"�������#��8����C� 
(1, 0,9 %), 7�Cx���:�:���:-����B����:-����� ��:- �"�������#��8����C� (1, 0,9 %), 7�Cx���:�:���:-
����B������:-�"���������C� (1, 0,9 %), �:�!:����:-����� ��:-�"���������C� (1, 0,9 %), ���$�!����-
��:-�"�������:-B:�������C� (2, 1,8 %), ��7���:�:�!:����:-�������:-����� ��C� (1, 0,8 %), ����B���-
�:-�������:-�"���:-����� ��C� (1, 0,8 %), �������:-�"�������:-�Q!����C� (1, 0,9 %), �������:-
�"���������C� (2, 1,8 %), �������:-����� ��C� (2, 1,8 %), ����B����:-�������:-����� ��:-
�"���������C� (1, 0, 9 %), ���$�!������:-�"�������:-B:�������C� (1, 0,9 %), ���$�!������:-����� ��:-
�"���������C� (1, 0,9 %), ����� ��:-�"�������:-!C�������C� (1, 0,9 %), ����� ��:-�"���������C� (1, 
0,9 %), �� ��:�#��8����:-�"���������C� (1, 0,9 %), ����� ��C� (1, 0,9 %), �� ��:�#��8����C� (1  C�, 
0,9 %). 

�� 7�C ������B  �8� �����B ����"��, x�:   Q�"�� ���� ����B������:� x���C B��$�� G"�!�� 
K����" ������: 7��:$������ 8C�:�: ���7�:����������  C�� (68,5 %). 

AC��, ��  �B:�#{C� �� 7������ e��C���:!: 7:�U���� � O�������C�C, �:��� �#�� �::� ���� ��-
�: 31,5 %. 

X��C ���7�����C�� b�C ������ 7: $:��� ��"7��� �����C#� — �::!�:!��QCx���C� b��������, �: 
�� 7:�"xC� ����"�{"� ����C�": �:��:7:�C�� (13  C�: , 11,7 % :� :${�!: xC���  C�: ), !:�����C-
x���C� (15, 13,5 %), 7�������Cx���C� (24, 21,6 %), $:�������� (24, 21,6 %), ���C���C� (10, 9,0 %), 
��CQ��C� ���7��� (9, 8,2 %), C���:-�"�����C� (2, 1,8 %), !:��:��������C����C� (13  C�: , 11,7 %) 
(�C�. 5). 
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\C�"�:� 5. O�:U������ �::��:8��C#  C�: ,  B:�#{CB   �:���  �::!�:!��QCx���CB b������: ,  
  ����B������:� x���C B��$�� G"�!�� K����" 

G��  C��: C� �C�"��� 5, 8C�:�: ���7�:���������� �::!�:!��QCx���C� b������� �:��� �#�� :�-
�: " Q�"�� ���� B��$�� G"�!�� K����". `���C �CB  ����#���#  ��:�C� 7�:U��� $:�������B  C�:  
(2, 4 %), �:�:��B ��:���: �� ��:���: 7�������Cx���CB. O�:U���� ���7��B, ���C���CB  7:��� �:�-
������� ��# `� ���:!: e#��-���#, 7�:U��� C���:-�"�����CB  C�:  ������: �C�� �:���. O�:U��� 
!:��:��������C����CB  C�:  �:����:x�:  ��:� (11,7 %). 

0����<���� 

A U��:�, Q�"�� ���� ����B������:� x���C B��$�� G"�!�� K����" �:����:x�: � :�:$�����, "xC��-
 �#  ��:�C� 7�:U���� !:��:��������C����CB C $:�������B  C�: , C  7:��� �::� ���� "�� :${C� 
:�:$���:��#� Q�"�� ���� `� ���:!: e#��-���# [3]. 

��!
	� $��
����� ��� ������
$
� �
������� �
��	�	� ��
�� '����	���	$� ��
�� � $����-
"
 
!��/
$���� ����
!���� ��/���	�� (	��� � BR10965224-%3-21). 
 
 

`7C�:� �C�����"�� 

1 ó"7�BC� A.Z. PC�Cx����# !�:!��QC# G���B����� / A.Z. ó"7�BC�. — K���–K��, 1968. — 260 �. 

2 G����$��:  \.�. G Q�"�� �����:QC����B ���� (Homoptera, Aphidinea) ������ ����B $C:U��:�:  Å!:-A:��:x�:!: 
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 Cx // e�. ��-�� �::�:!CC K_ G���B��:� ``\. — 1962. — e. 18. — `. 150–154. 

7 X����#�:  K.P. O����:���C# 7: �����CQC��UCC C �:�������"�� �����:  / K.P. X����#�:  // a��:�:�:!Cx���:� 
:$:����C�. — 1974. — e. 53. — A�7. 3. — `. 497–522. 
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¾,0) 

F����!� ����� G��!�� K����" �:������w ������������ $Y��!���� $��������w Adelgidae (1 ���, ���7� 
�������9�� ��������w 0.8%-�) �V�� Aphididae (110 ���, 99.2%-�) �"�����������w 55 �]��������� 
������� 111 ���� ���������. Aphididae �"��������w 8 �"����� �����9� �Y������!��: Anoeciinae (1 
���, 0.9%), Thelaxinae (2, 1.8%), Eriosomatinae (8, 7.3%), Lachninae (4, 3.6%), Callaphidinae (6, 5.5%), 
Macropodaphidinae (1, 0.9%), Saltusaphidinae (1, 0.9%), Chaitophorinae (7, 6.4%), Aphidinae (80, 72.7%). 
Xw �Y7 ��� Aphis (24), Chaitophorus, Macrosiphoniella (7 ������), Brachycaudus (5), Acyrthosiphon, 
Uroleucon (4 ������), Cinara, Pterocomma, Forda (3 ������) �]������������� �������9��. F��9�� 46 
�]������������ 1-2 ������ �Y������!��. G��!�� K����" �:������w ������������ $Y��!���� 17 ��� 
��9�8 ��� �Y�������7 :���. y���: Pemphigus birimatus, Trama rara, Betulaphis brevipilosa, 
B. quadrituberculata, Therioaphis trifolii, Macropodaphis rechingeri, Saltusaphis scirpus, Chaitophorus 
horii beuthani, Aphis cisticola, A. salviae, A. taraxacicola, Aphidura alatavica, Rhopalomyzus codonopsidis, 
Acyrthosiphon cyparissiae turkestanicum, Uroleucon pseudobscurum, Uroleucon jaceae reticulatum, 
Macrosiphoniella antennata antennata. F�������� �V�� `:������� e#��-���� �8�� Betulaphis 
quadrituberculata ���� ��9�8 ��� ����������. `:������� e#�-������ Chaitophorus horii beuthani ��9�8 
��� ��$����. `:����� �����, �������9�� $��������w ������-$C:�:7C����� :������"�, �:������ 
$�������������w $�������" ����8���!�, ������������ ���� ����������9��. z::!�:!��QC����� 
�����" �������9��. 

�Q�	 �@/���: $������, Aphidomorpha, Adelgidae, Aphididae, Q�"��, b�:�:!C#, ��� �]����, F��������, 
`:������� e#��-����, G��!�� K����". 

 
 

R.Kh. Kadyrbekov, C.V. Kolov 

Review of the aphids fauna (Hemiptera, Aphidomorpha) of the Kazakh part  
of the Kungey Alatau ridge (North Tien-Shan) 

At the moment, 111 species of aphids from 55 genera have been identified in the Kazakh part of the Kungey 
Alatau ridge, represented by the families Adelgidae (1 species, 0.9% of the total number of identified species) 
and Aphididae (110 species, 99.1%). The family Aphididae is represented by 9 subfamilies: Anoeciinae (1 
species, 0.9%), Thelaxinae (2, 1.8%), Eriosomatinae (8, 7.3%), Lachninae (4, 3.6%), Callaphidinae (6, 5.5%), 
Macropodaphidinae (1, 0.9%), Saltusaphidinae (1, 0.9%), Chaitophorinae (7, 6.4%), Aphidinae (80, 72.7%). 
In this subfamily, the subfamilies Aphidinae, Chaitophorinae, Eriosomatinae, and Callaphidinae are always 
the richest in species. The most species have been identified in the genera Aphis (24), Chaitophorus, 
Macrosiphoniella (species each 7), Brachycaudus (5), Acyrthosiphon, Uroleucon (species each 4), Cinara, 
Pterocomma, Forda (species each 3). In the remaining 46 genera, 1-2 species were noted. For the first time, 
17 species or subspecies are indicated for the Kazakh part of the Kungey Alatau ridge Pemphigus birimatus, 
Trama rara, Betulaphis brevipilosa, B. quadrituberculata, Therioaphis trifolii, Macropodaphis rechingeri, 
Saltusaphis scirpus, Chaitophorus horii beuthani, Aphis cisticola, A. salviae, A. taraxacicola, Aphidura 
alatavica, Rhopalomyzus codonopsidis, Acyrthosiphon cyparissiae turkestanicum, Uroleucon 
pseudobscurum, Uroleucon jaceae reticulatum, Macrosiphoniella antennata antennata. Betulaphis 
quadrituberculata the first time for Kazakhstan and North Tien Shan. Chaitophorus horii beuthani the first 
time for North Tien Shan too. The vertical biotopic distribution, trophic specialization features, and the rela-
tive abundance of identified aphid species are also considered. A zoogeographic analysis was made. 

Keywords: Aphids, Aphidomorpha, Adelgidae, Aphididae, fauna, ecology, Ketmen ridge, North Tien Shan, 
Kazakhstan. 
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On the jumping spider (Araneae, Salticidae) fauna  
of Almaty city (Republic of Kazakhstan) 

Spider fauna of urban landscapes in some countries remains unexplored enough. Cities of Kazakhstan are not 
exceptions. Meanwhile, spiders are one of the important components of ecological communities. One of the 
most common and most numerous families in terms of species diversity is Salticidae — the jumping spiders. 
In this study we provide new records of some jumping spider species from Almaty city. In result, we spotted 
10 species belonging to 9 genera of Salticidae family in total. Attulus fasciger (Simon, 1880) was recorded for 
the first time for Kazakhstan range and Almaty city in particular. The illustrations of general morphology and 
copulatory organs of A. fasciger are also provided. The results are expected to be used for further studies of 
the spider fauna of Almaty region, as well as to update cadastral materials on the region. 

Keywords: Aranei, fauna, new records. 

 

Introduction 

The fauna of spiders of the cities of Kazakhstan, and Almaty in particular, remains poorly studied. 
There are only data on Nur-Sultan [1] and single amateur observations listed in the GBIF global reposito-
ry [2]. Other information on complex studies of cities of Kazakhstan we could not find. At the same time, 
this kind of research in human settlements is relatively well conducted in other countries. Research on spi-
ders in settlements was carried out in India [3], in Mexico [4], Belgium [5], Indonesia [6], etc. 

Meanwhile, spiders are also part of the urban ecosystem. As predators, mainly hunting other arthropods, 
they themselves are food for other animals, including insects. And the largest (= most spacious) spider fami-
ly in the world is Salticidae — the jumping spiders. They are widespread around the world, consisting of 
small tomedium-sized spiders and numbering some 6431 species described worldwide [7]. As of 2017, 
157 species were recorded in Kazakhstan [8]. They are active predators, often diurnal. Representatives of 
this family demonstrate relatively complex behavior, have object vision and rely on it during hunt [9, 10]. As 
the other spider groups, jumping spiders are significantly sensitive to anthropogenic disturbances [11-13]. 

This study has a faunistic character and is aimed at updating the available data on the species of jump-
ing spiders inhabiting the territory of Almaty city. We suppose that this work will fill the existing gap in the 
periodicity of faunistic studies of the region. 

Experimental 

Specimens were collected predominantly manually, by catching in bottles or vials from July 2020 to 
June 2022 on territory of Almaty city. The material from pitfall traps [14, 15] was included in this work. The 
traps were located in park areas of A. Baitursynov square (43.247N 76.927E, 6 traps for 5 days), Al-Farabi 
Kazakh National University campus (43.222N 76.921E, 18 traps for 5 days) and Sairan reservoir (43.243N 
76.865E, 17 traps for 5 days). 

The identification of species was carried out using araneae — Spiders of Europe [16], Jumping spiders 
(Arachnida: Araneae: Salticidae) of the world [17] and [18]. This work does not take into account juveniles, 
which are not identifiable to species. 

The collected material was fixed in 70 % ethanol and labeled, first with a temporary date, time, and se-
rial number and then, after identification, with permanent labels. We used MBS-9 binocular stereoscopic mi-
croscope (“LOMO”, Russian Federation) during identification. The spiders were filmed with a smartphone 
camera “Samsung Galaxy A50” (“Samsung Electronics”, Republic of Korea), using a macro lens with 4x 
magnification. Photos and videos were taken using the “Timestamp Camera Free” (ver. 1.202) program, 
thanks to which the date, time, location and coordinates were placed on them. 
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All material belongs to zoological collection of Institute of zoology, the Committee of Science of the 
Ministry of Science and Higher Education of the Republic of Kazakhstan. The information about distribution 
of species provided according to World Spider Catalog [7], while data about habitat and maturity period — 
according to “Spiders of Kazakhstan” [19] and araneae — Spiders of Europe [16]. 

Results and Discussion 

The list of species that we spot on the territory of city during research is given below. 
 

Family Salticidae Blackwall, 1841 
Genus Aelurillus Simon, 1885 
Aelurillus v-insignitus (Clerck, 1757) 
Material: Kazakhstan: 1�, Almaty, Sairan, western coast, hortobium, 43.239N 76.866E, pitfall traps, 

15-20.04.2021 (leg. L.V. Kim). 
Distribution: Europe, Turkey, Caucasus, Russia (Europe to Far East), Kazakhstan, Central Asia, China. 
Habitat: Ground-dweller, common on south-facing slopes of stony steppes, stony debris and pebble 

riverbanks. 
Maturity period: May to June. 
 
Genus Attulus Simon, 1889 
Attulus fasciger (Simon, 1880) 
Material: Kazakhstan: 3�� 1
, Almaty, Shevchenko str., 102, on walls, 43.2449N 76.9327E, manual 

collecting, 27.07.2020 (leg. L.V. Kim). 
Distribution: Russia (Middle Siberia to Far East), China, Korea, Japan. Introduced to North America. 
Habitat: Artificial structures, such as stone walls, wooden sheds, buildings, greenhouses and farmhous-

es [20]. 
Maturity period: May to November [20]. 
Remark: First record in Kazakhstan. 
 
Genus Evarcha Simon, 1902 
Evarcha arcuata (Clerck, 1757) 
Material: Kazakhstan: 1� 1
, Almaty, KazNU campus, hortobium, 43.2228N 76.9199E, manual col-

lecting, 5.10.2020 (leg. L.V. Kim). 
Distribution: Europe, Turkey, Caucasus, Russia (Europe to Far East), Kazakhstan, Iran, Central Asia, 

China, Japan. 
Habitat: In open habitats on low vegetation, mainly moist habitats, but also on dry heathland. 
Maturity period: April to September, but males to October. 
 
Genus Heliophanus C.L. Koch, 1833 
Heliophanus potanini Schenkel, 1963 
Material: Kazakhstan: 1
, Almaty, Shevchenko str., 89b, herpetobium, 43.2451N 76.9313E, manual 

collecting, 20.06.2021 (leg. L.V. Kim); 1
, Almaty, Shevchenko str., 89b, herpetobium, 43.2451N 
76.9313E, manual collecting, 25.07.2021 (leg. L.V. Kim). 

Distribution: Afghanistan, Central Asia, Mongolia, China. 
Habitat: No data. 
Maturity period: April to September. 
Remark: Second female was pregnant, 5 juveniles came out from the egg sac on 22.08.2021 (at least 29 

days). 
 
Heliophanus turanicus Charitonov, 1969 
Material: Kazakhstan: 1�, Almaty, Shevchenko str., 89b, herpetobium, 43.2454N 76.9328E, manual 

collecting, 5.05.2021 (leg. L.V. Kim). 
Distribution: Kazakhstan, Central Asia. 
Habitat: No data. 
Maturity period: May to June, but males to October. 
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Genus Philaeus Thorell, 1869 
Philaeus chrysops (Poda, 1761) 
Material: Kazakhstan: 1
, Almaty, country house, on terrace, 43.1981N 76.9565E, manual collecting, 

18.06.2021 (leg. L.V. Kim); 1
, Almaty, near Almaty Arena, hortobium, 43.2664N 76.8178E, manual col-
lecting, 06-07.2021 (leg. A.B. Yeszhanov); 1
, Almaty, Zhetysu-1 microdistrict, manual collecting, 
15.10.2021 (leg. Yu.A. Zima). 

Distribution: Europe (not Scandinavia), North Africa to Middle East, Turkey, Caucasus, Russia (Europe 
to Far East), Iran, Central Asia, Afghanistan, China, Mongolia, Korea. 

Habitat: Common dweller of south-facing stony slopes and pebble riverbanks. 
Maturity period: May to June, but females until August. 
Remark: First female was pregnant, egg sac spotted on 23.06.2021. 23 juveniles hatched on 4.07.2021 

(at least 12 days). 
 
Genus Phlegra Simon, 1876 
Phlegra fasciata (Hahn, 1826) 
Material: Kazakhstan: 1�, Almaty, near Almaty Arena, hortobium, 43.2664N 76.8178E, manual col-

lecting, 06-07.2021 (leg. A.B. Yeszhanov). 
Distribution: Europe, Turkey, Caucasus, Russia (Europe to Far East), Kazakhstan, Central Asia, Iran, 

Afghanistan, India, China, Mongolia, Korea, Japan. 
Habitat: Ground-dweller, occurring in grass, under stones, on pebble riverbanks and stony lakeshores. 
Maturity period: May to June. 
 
Genus Pseudeuophrys Dahl, 1912 
Pseudeuophrys obsoleta (Simon, 1868) 
Material: Kazakhstan: 1�, Almaty, Gogol str., 133, on the iron fence, 43.2590N 76.9313E, manual col-

lecting, 2.05.2022 (leg. L.V. Kim); 1� 1
, Almaty, KazNU campus, hortobium, 43.2192N 76.9218E, manu-
al collecting, 27.05.2021 (leg. L.V. Kim). 

Distribution: Europe (not Scandinavia), Turkey, Caucasus, Russia (Europe to Far East), Iran, Kazakh-
stan, Central Asia, China. 

Habitat: Mixed forests, on lower parts of tree trunks and also on south-facing stony slopes. 
Maturity period: May to June, but females until August. 
 
Genus Pseudicius Simon, 1885 
Pseudicius courtauldi Bristowe, 1935 
Material: Kazakhstan: 1
, Almaty, Esentai river, on the iron fence, 43.2349N 76.9203E, manual col-

lecting, 12.05.2022 (leg. L.V. Kim); 2��, Almaty, Esentai river, on the iron fence, 43.2349N 76.9203E, 
manual collecting, 14.05.2022 (leg. L.V. Kim). 

Distribution: Greece to China. 
Habitat: A dweller of standing tree trunks, under loose bark and in bark crevices. 
Maturity period: June to August, but overwintering specimens can be collected in November to January. 
 
Genus Rudakius Prószy�ski, 2016 
Rudakius cinctus (O. Pickard-Cambridge, 1885) 
Material: Kazakhstan: 1sub-adult 
, Almaty, Zhibek Zholy str., 124, dendrobium, 43.2619N 76.9438E, 

manual collecting, 3.08.2020 (leg. L.V. Kim); 2

, Almaty, Institute of Zoology, 43.211N 76.912E, manual 
collecting, 28.02.2022 (leg. L.V. Kim et A.K. Bekitayeva);1�, Almaty, Esentai river, on the iron fence, 
43.2349N 76.9203E, manual collecting, 12.05.2022 (leg. L.V. Kim). 

Distribution: Azerbaijan, Iran, Central Asia to China. 
Habitat: No data. 
Maturity period: No data. 
 
We recorded 24 individuals of 10 species belonging to 9 genera of Salticidae family in total. Several 

species were observed outside the specified maturity period. Aelurillus v-insignitus (Clerck, 1757) and 
Pseudicius courtauldi Bristowe, 1935 were found earlier, while females of Evarcha arcuata (Clerck, 1757) 
and Philaeus chrysops (Poda, 1761) were spotted later. Probably they were not noted at those periods. A sin-
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gle individual of A. v-insignitus is the only member of the family that was found using pitfall traps — there-
by it is suggested that this method is inefficient for salticid spider collecting at least in this case. 

According to previous publications of other researchers, we assume that Attulus fasciger (Simon, 1880) 
was recorded for the first time from Kazakhstan and Almaty city in particular [21-23]. It was considered by 
Jerzy Prószy�ski in 1968 [24] as a synonym of Attulus godlewskii (Kulczy�ski, 1895) — morphologically 
similar to A. fasciger species, that resides in West Asia and described by Kulczy�skifrom a single, damaged 
female specimen. Later, Prószy�ski revived A. godlewskii and A. fasciger as valid species (self-
correction) [22]. However, in publications both of these species were recorded in the Kazakhstan exactly [7, 
20, 25, 26]. 

 

 

a –Attulus fasciger (Simon, 1880), male habitus. Magnifi-
cation — 8x 

 

b — Attulus fasciger (Simon, 1880), male left palp. Magni-
fication — 56x 

 

c — Attulus fasciger (Simon, 1880), female habitus. Mag-
nification — 8x 

 

d — Attulus fasciger (Simon, 1880), female epygine. Mag-
nification — 56x 

Figure 1. Attulus fasciger (Simon, 1880), male (a, b) and female (c, d) from Almaty city. 
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Conclusions 

24 individuals of 10 species belonging to 9 genera of Salticidae family is recorded in total. Attulus 
fasciger (Simon, 1880) was recorded for the first time for Kazakhstan range and Almaty city in particular. 
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[.A. GC�, Z.X. `������: �, K.T. X����:  

;0(*+� ~*0*��2�F (C*|*~�+*2 5���)G0�1*��) ��1E�8E'-P�(�1'E 
 (Araneae, Salticidae) J*)2*�� 

G��$�� �������!� ������� ����8�Q������w Y����8� Q�"���� ���������� ����� ���������!��. 
F����������w �������� �� ���������� ������������9��. `:����� �����, Y����8���� b�:�:!C#��� 
��"�������������w ��w���� �]������������w $���. e�������w V��������!� $:���8� �w ��w �����9�� 
�V�� �w �Y7 �]�����������w $��� — Salticidae — �����!�8–Y����8����. T]� ������"�� K����� 
���������9� ���$�� �����!�8–Y����8� ���������w ��w� ���$����� ]�����9��. _V�C������� Salticidae 
�]���������w 9 �]��������9��� ������� $����9� 10 ��� �������9��. Attulus fasciger (Simon, 1880) 
��9�8 ��� F�������� �"��9���� �V�� :��w �8���� K����� ��������� ��������. `:����� $��!� 
�. fasciger ���7� �:�Q:�:!C#�� ��� �:7"�#UC#��� ��8�������w �"������� $����!��. _V�C������� 
K����� :$������w Y����8� Q�"����� :��� V�� ������"!�, �:����-�� :�� �������w ���������� 
�����C������� ��w���"9� 7�������"9� $:����. 

�Q�	 �@/���: Aranei, Q�"�a, ��w� ���$����. 

 
[.A. GC�, Z.X. `������: �, K.T. X����:  

9 J*)2� �*)1,--�1*1)2��1,- (Araneae, Salticidae) 8,�,4* ;0(*+�  
(5���)G0�1* 9*|*<�+*2) 

P�"�� 7�"�:  !:�:���CB ����8�Q�:    ���:�:��B ������B :������# 7����Cx���C ��C�"x���:�. S:�:�� 
G���B����� �� # �#���# C����x��C��. Z���" ��� 7�"�C # �#���# :��C�C C�  ����B �:�7:����:  
b�:�:!Cx���CB �::${��� . y��C� C� ����B ���7�:���������B C ��C$:��� ��:!:xC������B 7: 
 C�: :�" ����::$���C� �������  # �#���� Salticidae — 7�"�C-����"�xC�C. A ����:#{�� 
C�����: ��CC �� 7�C :�C� �: �� ������ : ���:�:��B  C��B 7�"�: -����"�xC�:  !:�:�� K�����. A 
���"������ �� :$���"�C�C 10  C�: , :��:�#{CB�# � 9 �:���. Attulus fasciger (Simon, 1880) $�� 
 7�� �� ���:�"����C�: �� �� ����C�:�CC G���B����� C !:�:�� K�����   x����:��C. e���� 7�C ����� 
C�������UCC :${�� �:�Q:�:!CC C �:7"�#�C ��B :�!��:  A. fasciger. \��"������ 7���7:��!����# 
C�7:���: ��� ��# �������8CB C�����: ��C� Q�"�� 7�"�:  K����C���:� :$����C, � ����� ��# 
:$�: ���C# �������: �B �����C��:  7: "������:�" ��!C:�". 

���<�$�� ��
$�: Aranei, �: �� ������, Q�"�� 7�"�: , :${�# �:�Q:�:!C#, 7�"�C-����"�xC�C, 
b�:�:!Cx���:� �::${��� :. 
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G.�. Z�B�"�: �*, e.�. Z"������ �, S.e. `C�7�� �, K.`. X�"$�� �,  
K. Z"!��, T.`. R����$�� �, `.R. `�����: � 

&��	�	
	 !
	����� � ��	
��	�
�
����, ����	�, ��/���	�� 
*�$	
� ��� �
�����
�������: carinamakhmudova2015@gmail.com  

&��0�4,-*2�� �, ,���4�0�2�´ B�|2���,�,G2,�+� ��(�22,8, (*+���*0* 
���4�+*-�+�0�? ��(�?�+-* Asteraceae, 2*<,4�È�<�� 2* <�*2�2��   

-  �(�22,( G*21� ����,42,? J0,�� 9*|*<�+*2* 

O������ �#��  �8��"  �C���C� ��x��: ���CC ��"x�:-:$���: �������B ������, :7C�� ��{CB ��-
�"������ C�����: ��C�, 7�: :�C��B   ��$:���:�CC «`�����:� $���» \SO «����C�"� $:���C�C C QC-
�:C���:�"�UCC». G�:�� �:!:, �����# ���C# ������ ��7�� ���� �� 7�C ��x��C� C������� C  �C���C# � 
��$:�� `�����:!: $����. A ����:#{�� ������ 7������ ���� C�����: ��C# 7������ C����� ������� � 
Asteraceae, B���#{CB�#   `�����:� $���� 7�C�:��:� Q�:�� G���B����� (����� — `T). y7C���� ��-
�:��, C�7:���"�{C��#   ��$:�� `T: "��: C# B�����C# ������:!: �����C���, :7�������C� �C����7:-
�:$�:��C ���#�. R��� C�Q:���UC# :$ "��: �:� �����CC B���#{CB�# :$���U:  �� ������� �����, ��-
�:���C ��� C b����Cx���  C��. e���� 7������ ���� ������ 7: ���"������� :7�������C#  �B:����C 
���#� 7������ C����� ������� � Asteraceae.   

���<�$�� ��
$�: `�����:� $���, :7�������C�  �B:����C, ������� : Asteraceae, ���:�� ��$:�� ��-
�����B $���: , �:B�����C� $C:����::$���C#, Seed Vault, Millennium Seed Bank, Kew Gardens. 

 

1$������ 

R: �CB 7:� $:��8C��� : �����, �"��# : $����B C �$������C#B �� $"�"{��, 7������ �#�� ��$� 
C����xC�����: QC�����. _: ���: :����C��, x�: ��# �:!:, x�:$� ��8� $"�"{�� $��: ���C� �� b�:�:-
!Cx���C $:!����, ���C� :�: # �#���# �� ����:#{C� �:����, x��: ��" ��:$B:�C�: ���8C�C�� � :C 
!:�C�:��� C �����:����� b�:�:�C�"   C�:� � ���. T���C ���#�  �7:��#�� C����: ���"� ��$:�" — 
 ����� ����#   $C:����::$���C�. 

e���CUC:��: ������C# C�7:���: ��C�� ��# ��x��C# $:������ C :$��!x��C# $:��� $��!:���# CB 
7:������ � :��� ��.   

`������ : Asteraceae (Compositae) �:��: 7: 7�� " ��� ��� :��C� C� ����B "�7�8��B   �: ��-
����:� ����C�����:� �C��. \�����C# b�:!: ������� � # �#���# ���"��:� ������� ����B ������ , ��# 
��x��C# �#�� ��$:�� ��C�. y7�� ���:��:� ���CUC�� ���:�:  �C��  �:B�: �#�� �����$:�xC�:  �� 
�:����C� �: �B ������� ����B 7��7����:  C� 7�C�:���B C��:x�C�: . a�: ��"7���8�� ������� : 
�:�"�C���B ������C�, xC��: �:�:  �:�:��B :U��C ����# 7�C����:   950, �  C�:  — :�:�: 20 000. 
y�C ���7�:�������� �� $:��8�� x���C z���:!: 8��� C 7:x�C  :  ��B ����::$C���C#B. T:��8"� �:-
�� �:��� �#�� ��� #�C���� ������C#, B:�# :�:�: 2 % �:��� �#�� ���� �# C�C �"�����C�C [1, 2]. 
O������ C���C ���:�:��B �:�:  ������� �: Aster, Helianthus, Chrysanthemum, Tagetes C �. �. # �#���# 
���:���C ���C, C $:��8C��� : C� �CB C���� ������� ���:� ���x��C�. Z�:!C�  C�� ������� � # -
�#���# C��:x�C���C ����# ��# ���CUC��. _��:�:��� C� �CB 8C�:�: �"���C C�"���# ��� : :{C ��# 
7�:C� :��� � 7�:�"��:  7C���C#.  

a��:$:���Cx���C� C�����: ��C# ������ ��� C�Q:���UC� : 7�C!:�: ���CC C C�7:���: ��CC 
������C�, C�7:���"���B �����C, 7�:�C ��{C�C   ������:� �����:��C   � :�� B:�#��� �. _� :��: � 
�:$�����B �����B 7�: :�#��# C�����: ��C#, x�:$� ����C ��"x�:� 7:�� ������C� C�7:���: ��C� 
������C�, � � �������8C� QC�:BC�Cx���C� ����C�:�  �#��#���# �:��C���C#, :� ���� ����� �� CB 
��x�$�"� ���C �:���. G�:�� �:!:, ������C# ����� # �#���# C��:x�C�:� 7�:�: :���� C# C ���� �7:-
�:$:� $:��$� � �:��#���C. A b�:� � #�C �:B�����C� ����C�����:!: $C:����::$���C# :������# :x��� 
:� ���� ���:� �C��C��, �:�:�"�   ����:#{��  ���#  �7:��#�� �������� $���C 7:  ���" �C�".  

A G���B�����   ����C�"�� $:���C�C C QC�:C���:�"�UCC ������C� Q"��UC:�C�"�� `�����:� 
$��� 7�C�:��:� Q�:�� G���B�����, �:�:��� 7�C ���� "�� �:��"��Cx��� : C �:����C� 361 :$����U C� 
������� � Asteraceae, � C����: 124  C�� C� 49 �:�: . �� �CB 20 :$���U:  :��:�#��# � ������� ����� 
 C���, 66 :$���U:  — � ���:���C ���  C��� C 52 :$���U� — � 7C{� ��  C���.   
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`:!����: :7"$�C�: ����� ������, �� ����C�:�CC G���B�����  �# ���: :�:�: 196 ������� ��-
��B  C�:  C� 74 �:�: , x�: �:��� �#�� x�� ���"� x����  ��!: ������� �   ���7"$�C��, ���xC�� ��-
{�!: �: 885  C�: . `������ : Asteraceae :x��� ����{��: ������� �����C ��� ��C. óC��: ����:�:  
�������  �: :���:  ��C�:: �:� Artemisia L. — 40  C�: , Achillea L. (9), Saussurea L. (9), Inula L. (8), 
Centaurea L. (7), Cirsium Hill. (6), Serratula L., Senecio L., Tanacetum L., Jurinea L., Echinops L. (�::�-
 ���� ���: 4–5). _��xC�� ����# 39 �:�: , �:��� �#�{CB :�C� ������� �����  C�. T:��8C��� :  C-
�:  ������� � # �#���# ��:!:����C�C ��� ��C C�C 7:�"�"�����Cx���C (153  C��). O������ C���C 
������� � :$C����   ����B ����Cx��B b�:�:!:-!�:!��QCx���CB "��: C#B. `���C �CB :$���"���� 
����:QC��, ���:QC��, 7�CB�:QC��, !��:QC��, 7����:QC�� C ��. [3]. 

������: ����C :���x���, x�: ����C� ���"���:!: 7:���UC��� ������� ���:� Q�:�� G���B�����, 
:� �{����� �����, :x��� ���::$|����� C �"������#   �������8CB C�����: ��C#B [4]. 

T��: :$���"���: �� #��  C�:  ��:��:U ����B ������C�, �:�:��� 7:���UC����: �:!"� C�7:��-
�: ����#   ��x��� � !��$CUC�: : Argeratum conyzoides L., Galinsoga parviflora Cav., Crassocephalum 
crepidioides (Benth.) S. Moore, Calyptocarpus vialis Less., Sonchus arvensis L., Eclipta prostrata L., 
Synedrella nodiflora (L.) Gaertn., Tridax procumbens L. C Emilia sonchifolia (L.) DC. ex Wight. [5–17]. 

[������ ����� ������C# C!����  ���"� �:��   ���CUC�� � �:����� ���:����C# x��: �x���:� 
UC C�C��UCC, � �����  �:�#� � :�  ����   7�:C� :��� : �������    ��8C ��C [18]. O:x�C 80 % �C��-
��� ��� C��B ����� �� C�#� :� 7����C�C ����CUC:��:� ���CUC�� [19]. `:!����: :�x��" A���C��:� 
:�!��C��UCC ���� ::B�����C# (Ayz), 80 % �������C# �C�� ���:��� 7:��!����# �� ����CUC:���� ��-
����� �. A $:��8C��� � ���:�:  ��x��C# C�7:���"���# b�������� C ���C ��� �:��C���C# �������-
 ����B ������C� [20]. A ����:#{��  ���#   �C�� ��$�������# �:�� 7:���$���C# ������� ����B ���-
���C� C�-�� CB �:������:� bQQ���C �:��C 7�C ��x��CC :7���������B ��$:�� ��C� C ��# ���C� : �:�, 
x�: CB C�7:���: ��C� $��:7���: [21].  

`������ : Asteraceae  ���x��� 24 000 7�C������B  C�: , :� 1600 �: 1700 �:�: , ���7�:����-
�����B 7:  ���" �C�", �� C����x��C�� K������C��. y�: �:��:7:�C�, 7:��:���" :�: C���� $:��-
8"� �:�U�����UC�  C�:    ����Cx��B ��C���Cx���CB 7:#��B, ���CB ��� "��������, B:�:��:-
"�������� C �"$��:7Cx���C�. Asteraceae  ���x��� ��C 7:�������� �: Asteroideae, Barnadesioideae C 
Cichorioideae [22]. A �::� ���� CC � ���"{C�C "��: C#�C C�����: ��C# ������� ����B ������C�   
:��:8��CC CB ���C �:��C ��# ��x��C# �#�� ��$:�� ��C�, ��7�C���, �����x�:-�:�"�C���B ��$:�� �-
�C�, b7C��7�CC, ��� ����C# ���"���, !�7��:��Cx�:��C, :���: , :7"B:���, �:��:� $:����C C ��. x���: 
7::{�#���# C�-�� ���CxC# " ������C� ������� ����B � :���  [23, 24].  

AC�� ������C� C� ������� � ��:��:U ����B ����� 7�:# �#�� �C"���Cx���C� bQQ���   !�"77� 
!C7���:�C�: , 7�C ��$:�� ��C#B 7:x�� C ����U� [25]; "����8��� !C7���C7C���Cx���C� �:��:#�C#   
��x��� � ���C�:�!"�#��� [26]; :���� ��� �:�"�:���8C�#�{�� ����� C� �� �����x�:-�:�"�C��"� �C�-
���" [27]; "�"x8��� 7��CQ��Cx���:� ��: ::$��{��C� C "��:�#�� b�C��:7:b� b�C��:UC�:  [28]. 

A������� ������C#, ���:����C�"�{C� ���C:��C������� bQQ���: Achillea tenuifolia Lam. (�C�. 
Achillea santolina L.), Anthemis melampodina subsp. Deserti (Boiss.) Eig (�C�. Anthemis $eserti Boiss), Ar-
temisia absinthium L., Baccharis trimera (Less.) DC, C. crepidioides (Benth.) S. Moore, Helichrysum 
leucocephalum Ausfeld, Laggera decurrens (Vahl) Hepper C J.R.I. Wood, Senecio ovatus subsp. stabianus 
(Lacaita) Greuter (�C�. Senecio stabianus Lacaita) C Silybum marianum (L.) Gaertn [29].  

Achillea tenuifolia Lam. C� ����� � :�� ���C �:���� 7: "�����C� � :$:���B ���C���:  [30]. \��-
���C# Achillea arabica Kotschy (�C�. Achillea biebersteinii Hub. -Mor.), Ageratum conyzoide L., 
Chromolaena odorata (L.) R.M. King C H.Rob., C. crepidioides (Benth). S. Moore, C. cardunculus L. (�C�. 
Cynara scolymus L.), Eclipta prostrata (L.) L., E. praetermissa Milne-Redh, Gundelia tournefortti L., 
Gymnanthemum amygdalinum (Delile) Sch. Bip. (�C�. Vernonia amygdalina Delile), Inula racemosa Hook 
F., Launaea intybacea (Jacq.) Beauverd (�C�. Lactuca runcinata DC.), Solidago chilensis Meyen, Sphaeranthus 
indicus L. C Vernonia elaeagnifolia DC :$������ ���C!C7���C7C���Cx���C� ����� C�� [23].  

ó�: C�����# ��  ::�"���CC " �������B $���: , x�:$� �:B���C�� ���:� 7�C�:��:� $:!���� :? `�-
����:� $��� — b�: ��:���� :�!��C��, 7:��:#��: ���$"�{C� 7:�������C# � :�� �C�����#�����:��C, 
7:7:����C# C :$�: ���C# �:����UC:���B :$���U: , 7�: ���C �C����7:�:$�:��C ���#�. ��Q:���UC#, 
�:�:�"�  ��{���   ��$# `�����:� $���, �:���� 7:��:#��: :$�: �#���# C $��� �:��"7�:�.  

`�����, B���#{C��#   `�����:� $����, �:���� ��!����C�: ����#. �:�# b�:  ��!�� ��:��:, �:-
�:!: C �� !�����C�"�� "�7�B�, C, x���: �:��� ��:C�� $:��8�, x��  :� ��{��C� C� �C�:� 7�C�:�� [31]. 
Millennium Seed Bank ���:����"�� �:��� ��� ��"7���  ��:�:��x��� ����� �:����UCC   7:�� C 7:�-
����C ��� CB �C����7:�:$�:��� �� �x�� 7:����"�{�� �����7:��C�: �C   $��� C :$��$:��C ���#�. 
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`:$������   �C�:� 7�C�:�� ������ ����� ����: #��# �:��"7���C ��# C�7:���: ��C# 7�C 
�:��� ���CC �7C��� ���#� 7:��� �:!:, ��� :�C C����CQCUC�: ���, :7�������� CB  �B:����� C 7:�-
� ������� CB  ��:��# �C����7:�:$�:��� [32, 33].  

O�:�:��C�����:��� �C��C ���#� " ��:!CB �C�CB  C�:   ���C�"�� :� ���xC�����:� �:  ��!: 
�C8� 32 ���, ��� ��# Ulmus carpinifolia [34–36]. ��-�� ���:� C����xC :��C 7�:�:��C�����:��C �C��C 
�C�CB  C�:  $����� ���#�, B���#{C� �C�C�  C��, 7�CB:�C��# "������� ��$:���� ��� 7�:�:��C����-
�:���� �C��C ������:!: �����C���. 

A ��$:� �$:�� �:!: C�C C�:!: �C�:!:  C��  ����x����# ��:!: 7"���B C�C ����� C��B ���#�, � 
����� ���#�, ���������B �����:���C [32, 36, 37]. ó���:�� b�CB 7�:$���, :����{CB�# 7:��� "$:��C 
�������, :U��C ����#   Millennium Seed Bank � 7:�:{�� ����!��:�:!Cx���:!: ����C��. O"���� ��-
���� $��C C�"x��� " $:��� x�� 4000 :$���U:  C� 20 ������� , C $��: :$���"���:, x�: :�C  ����x�-
���# � x���:�:� :� 10 �: 73 %. 

O:�:� ���#� — b�: ������ ����� ��B��C��  ��C ��C#, �:�:��� �� 7:� :�#�� :��: ������: 
7�:������� U���� 7:7"�#UC#� ���#� 7�C �:$�����CC �C�C������B ���$: ��C� ���#� � " ������C� 
C ���7����"��. R:��Cx� ���:!: �� �: ���:!: �:��:#�C# — ����� ��$:�� �:��"��C�:  ������:!: $��-
��. A b�:� ��"x�� ��:$B:�C�: :7�����C�� "��: C#, �:�:��� 7��:�:�� ��� �:��:#�C� 7:�:# ���#�. 
O������ �#�� C������, �:� Q���, x�:, ����:���: ����: � #��� 7:�:� ���#� � ���C�C-�C$: ��"!C�C !�-
���Cx���C�C 7�C������C [38–40]. 

G�:�� �:!:, ���� 7:�#�C� :$ C����CQC��UCC. O�: ���C C����CQC��UC� �C�:����"{CB ������C� 
�:  C�: :!: "�: �# :x��� ��:��:. Millennium Seed Bank ���:����"�� 7�C��!��� ���xC������� "�C-
�C# ��# �$:�� !��$����B :$���U: , 7������ �#�{CB $:��8"� x���� :�:$����:� 7:7"�#UCC [38]. 

_� 7�C���� A��C�:$�C���CC 7:�����:, x�: ����:� �:��"��Cx��� : � ������C��:� ��"�$:� 7:-
� :�C�: "�"x8C�� ��$:�" 7: :$��7�x��C� ��:�: �# ���#�, �� 7��7#��� "# �:��"7" � ���:��8� :� 
7����� [37, 38]. 

'�	������ � ��	
�� 

A ��$:�� C�7:���: ��C ������:� �����C�� 7������ C����� ������� � Asteraceae, B���#{C��#   
������:� $���� 7�C�:��:� Q�:�� G���B����� [40]. O:��� �$:��, C����CQC��UCC C :xC���C ������:� 
�����C�� $�� 7:� ��!�"� ��!C�����UCC C B�����C� 7�C �C��:� ���7����"��. 

R�!C�����UC# ���#� 7�: :�C����   �"8C���:� �:����� 7�C 9–10 %  ����:��C C ���7����"�� 
25º`   ��x��C� 3–10 ����,   �� C�C�:��C :�  C�� :$���U�. z���� ������ 7:��{��C   !�����Cx��� 
Q���:�� ��# ��C�����:!: C�C �����: ������:!: B�����C# 7�C -18°C � �C�C� �C�C��!����, C�7:��-
�"����   ��x��� � C��C���:�� :��:�C�����:�  ����:��C, ��xC��# � �:����� �$:�� �: 7�: ����C# 
b��7��C����: . `�����, C�7:���: �����   ����:� C�����: ��CC, 7:� ��!��C � "�����:�" B�����C�: 
� ��C� ������, �:�:��� 7�: ��#�C ��  �B:�����   ��x��C� 30 ���� � ���� �$:��, � ����� ������, �:-
�:��� B���C�C�� 6–7 ���.  

R�# :7�������C# �C����7:�:$�:��C ���#�, ������� ����B �� B�����C� ex situ, C�7:���: ��C 
:${�7�C�����"� ���:�C�" 7�:��{C ��C# �� ��:�� ��:$���� [41] `:!����: 7�� C��� ISTA (Interna-
tional Seed Testing Association — Z���"���:���# ���:UC�UC# ����C�: ��C# ���#�), �� �7:�:$�:��� � 
7�:������C� ����C�"���# �:���: xC���� ������. A C�����: ��CC $��: 4 7: �:��:��C 7: 100 ��"x��-
�:  �$�����B xC���B ���#�. `����� �������� ��C�� �� �� �:����: " ��������� �"$����� ($"���-
��� QC����). `�:� ��# 7�:��{C ��C# ��7�:!����C�: ��C �� ����"�{C� ���C��: �:x�: 16 x��:  7�C 
20ºC, ��7�C���, � 16:00 �: 08:00 x; ����: 8 x 7�C 30ºC, ��7�C���, 08:00–16:00 x. O�:�:�8C� ������ 
7:��xC�� ��C�� 7:��� 7 ����, 14 C 7:��� 21 ��#. X��C ������ 7�:������C 7:��� 21-!: ��#, �: 7:��x�� 
7�:�:����C �: 28-!: ��#. \:��:� �:���� $���   4 ���� ��C����, x�� ���#. 

O�:U���  �B:����C :7�����#�C 7: Q:��"��: �"���  �B:����C x�����B 7: �:��:����, �������# 
�� 4. `�:�:��� 7�:������C# :7�����#�C 7: Q:��"��: �:�Cx��� : ���#�, 7�:�:�8CB x���� 7 ����, ��-
����:� �� :${�� �:�Cx��� : ���#�, 7�:�:�8CB  :  ���# �����. 

A�� ����� �� �C����7:�:$�:��� C 7:����"�{�# :U���� ���"�����:  $��C 7�: �����   "��: C#B 
��$:���:�CC «`�����:� $���» \SO «����C�"� $:���C�C C QC�:C���:�"�UCC», K�����, G���B���� [42]. 

R�# :U���C �C����7:�:$�:��C C�7:���: ��C �C�C�"� 100 ���#� ��# ����:� 7: �:��:��C. @C�-
���7:�:$��� C ���C����7:�:$��� ������ 7:��xC�� ��C, C�7:���"# UCQ�: :� C�:$�����C� � " ��C-
x��C�� :� 10 �: 30 ���, 7:�"x���:� 7:� �����:�C��:��:7:�. A�� C�:$�����C# :U��C ��C��  :��C� C 
��� �� �:��"��C�:�, x�:$� "����8C��  :��:���� �C������Cx���C� :8C$�C C ���:x�:��C   C����-
7����UCC ���"�����:  �C����7:�:$�:��C. 
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G��  C��: C� �C�"��� 3, ��C$:��8�� �:�Cx��� : :$���U:  7������ C����� ������� � Asteraceae 
$��: �:$���: C ���:���: �� B�����C�   2015 !:�" — 82 :$���U�. A $�C���8C� 2–3 !:�� �:��: $"��� 
7�: ��C��  �B:����� :$���U: , ���:�����B �� B�����C�   2013 !:�", x�:$� ������� 7�� :� :��: �-
�����:� �����x��C� : 7�:U���� �C����7:�:$�:��C �:B���#���B :$���U:  C, �::� ���� ���:, :$ bQ-
Q���C �:��C  �$�����B ���:�:  B�����C#, �: ���� ����:���: ������ ���:�� B�����C# 7:� :�#�� 
�:B���C��  �B:����� ���#� �C�CB  C�:  ������� � Asteraceae.    

R�# �:!:, x�:$� 7:�#��, ��� x���: ��:$B:�C�: 7�:C� :�C�� �$:��, x�:$� 7:7:��#�� C :$�: �#�� 
B���#{C��#   `�����:� $���� �����C��, ���C� "��: C#  �C#�� �� 7�:U���  �B:����C, $��C C�7:��-
�: ��� ���"������ 7�:��{C ��C# ���#� ���:�:��B 7������ C����� ������� � Asteraceae, �:$�����B 
�� ����C�:�C#B ����Cx��B Q�:�C��Cx���CB ���:�:  G���B����� (��. ��$�.).  

e � $ � C U �   

5�|)0­+*+� ��,�*È�-*2�� ��(�2 2�1,+,��< ���4�+*-�+�0�? ��(�?�+-* Asteraceae 2* �+,0� w1,G��2* 

_�� ��C�  C�� 
P�:�C��Cx���C� 

���:� 
R��� �$:�� }���:��� 

%  �B:����C   !:� �$:�� C   
!:� 7: �:��:� 7�: ���C 

Achillea millefolium L. (29) 22.08.2013 [��. 80 (2014) 57 (2017) 
Achillea millefolium L. (25K) 16.08.2014 [��. 53 (2014) 42 (2017) 
Achillea millefolium L. (25K) 04.08.2014 [��. 90 (2014) 67 (2017) 
Achillea millefolium L. (25) 15.07.2014 [��. 80 (2014) 67 (2017) 
Achillea millefolium L. (11K) 14.09.2014 [��. 80 (2014) 57 (2018) 
Achillea millefolium L. (11K) 13.09.2014 [��. 57 (2014) 47 (2020) 
Achillea millefolium L. (11) 12.09.2014 [��. 80 (2014) 67 (2018) 
Achillea millefolium L. (11) 15.09.2014 [��. 67 (2014) 40 (2018) 
Achillea millefolium L. (10) 11.09.2014 [��. 40 (2014) 20 (2018) 
Achillea millefolium L. (10) 20.09.2014 [��. 87 (2014) 73 (2018) 
Achillea millefolium L. (10) 18.09.2014 [��. 80 (2014) 63 (2018) 
Achillea millefolium L. (10) 09.10.2014 [��. 77 (2014) 87 (2020) 
Achillea millefolium L. (10) 09.10.2014 [��. 77 (2014) 87 (2020) 
Achillea millefolium L. (2) 14.09.2014 [��. 83 (2014) 77 (2020) 
Achillea millefolium L. (2) 11.09.2014 [��. 57 (2014) 40 (2020) 
Tanacetum vulgare L. (10) 09.09.2014 [��. 57 (2014) 7 (2018) 
Tanacetum vulgare L. (10) 09.09.2014 [��. 80 (2014) 15 (2020) 
Tanacetum vulgare L. (2) 13.09.2014 [��. 43 (2014) 12 (2020) 
Tanacetum vulgare L. (2) 13.09.2014 [��. 70 (2014) 8 (2020) 
Artemisia absinthium L. (25) 10.09.2018 [��. 63 (2018) 37 (2020) 
Cichorium intybus L. (25) 07.07.2014 [��. 100 (2014) 30 (2020) 
8����<����. (29) z�7����� e#��-����; (25K) G������ C e������ K����"; (25) z�C�C���C� K����"; (11K) G�������C���C�; 
(11) A:��:x��� ����:�:7:x�C�; (10) z�7����� ����:�:7:x�C�; (2) e:$��-X�C����C�. [��. – ������� �����  C�. 

 
K���C� �����B ��$�CU�  7:� :�#�� :����C��, x�: 7�:U���  �B:����C :$���U:  � !:���C 7�����. 

_�7�C���, :$���U� Achillea millefolium L., �:$������   (10) Q�:�C��Cx���:� ���:��, C���� 7�:U��� 
 �B:����C 87–73   2014 C 2018 !:��B, �::� ���� ���:. y$���U� Achillea millefolium L., �:$������   
e:$��-X�C����:� Q�:�C��Cx���:� ���:��, ���:����C�"�� 7�:U���  �B:����C 83–77   2014 C 2020 
!:��B �::� ���� ���:. y$���U� Tanacetum vulgare L., �:$������   (10) Q�:�C��Cx���:� ���:��, ��-
�:����C�"�� 7�:U���  �B:����C 80–15   2014 C 2020 !:��B �::� ���� ���:. y$���U� Tanacetum 
vulgare L., �:$������   e:$��-X�C����:� Q�:�C��Cx���:� ���:��, ���:����C�"�� 7�:U���  �B:��-
��C 43–12   2014 C 2020 !:��B �::� ���� ���:. y$���U� Artemisia absinthium L., �:$������   (25) 
Q�:�C��Cx���:� ���:��, ���:����C�"�� 7�:U���  �B:����C 63–37   2018 C 2020 !:��B �::� ���� ��-
�:. y$���U� Cichorium intybus L., �:$������   (25) Q�:�C��Cx���:� ���:��, ���:����C�"�� 7�:U��� 
 �B:����C 100–30   2014 C 2020 !:��B �::� ���� ���:. 

RC�!����� �� �C�"��� 4 ���:����C�"�� ���"������ 7�:��{C ��C# ���#� ���:�:��B 7������ C-
����� C� ������� � Asteraceae C 7:�C���C�  �B:����C 7�C 7: �:��:� ����C�: ��CC.  
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@]����� «T:���C�� �V�� QC�:C���:�"�UC# C���C�"��» \ZG «e]��� $����» ����B�������� 
���!����!�� ������"�����w �V�C������� �C7�������� 9����C-$���� $��" ������������w ��9�8�� 
�:7������ $����!��. `:����-�� :�� ��������� �:7������ e]��� $������w �]������ ����9"8���� 
7�� ����� �"���"9� $�9�����9��. K �:���� F����������w ��$C9C Q�:������w �]��� $������� (V�� 
����� — eT) ���������� Asteraceae �]������������w ������"����� ]���9��. e]��� $�������!� 
�:���������� V������: �]��� �����C���� �����" 8�������, �]�����w Y���8�w��!�� ������" 
�C7�����9��. `�����9�� �]�������� �V�����, �V���� �V�� b����C����� ������!� 8����� ����� $Y�" 
�"���� ��7���� $����!��. `:����� ����� Asteraceae �]���������� �]���������w Y���8�w��!�� 
������" �V�C������ �"���� �V�������� ��������!��. 

�Q�	 �@/���: �]��� $����, Y���8�w��!��  ������", Asteraceae �]�������, �]��� $���������w �]��� 
V�������, $C:V����������� �����", Seed Vault, Millennium Seed Bank, Kew Gardens. 
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K.Kh. Makhmudova, T.Sh. Murzataeyva, G.T. Sitpayeva, A.S. Yelubayeva,  
A. Mugan, B.S. Dukenbayeva, S.D. Sarzhanova 

Researches for the determination of seed material viability of Asteraceae family 
representatives stored in the Seed bank of the natural flora of Kazakhstan  

We present to your attention the beginning of a series of scientific and educational articles describing the re-
sults of research conducted in the laboratory “Seed Bank” of the RSE “Institute of Botany and 
Phytointroduction”. This series of articles is also aimed at attracting interest and attention to the work of the 
Seed bank. Current article presents studies of representatives of the Asteraceae family stored in the Seed bank 
of the Natural flora of Kazakhstan (hereinafter SB). Methods used in SB operation are described: conditions 
of seed material storage, determination of seed viability. Information on conditional division of stored sam-
ples into medicinal, ornamental and endemic species is given. Data on the results of determining the germina-
tion rate of seeds of representatives of the Asteraceae family are also presented. 

Keywords: Seed bank, germination definition, Asteraceae family, methods of seed banks working, biodiversi-
ty conservation, Seed Vault, Millennium Seed Bank, Kew Gardens. 
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>-�4�2�� in vitro � ��8�2��*I�,22*� ��,�,G2,�+­ ��0�1+,-,8, ¬24�(�1* 
2�4|-�I1�� ��(�����2�1*� Niedzwedzkia semiretschenskia B. Fedtsch 

A ������ 7�C ����� b��7��C���������� ������ 7: 7:�"x��C� ���7�Cx���:� �"���"�� ����:!: ���C�-
�: :!:  C�� ���� �U�C# (C���� C���#) ���C��x�����# Niedzwedzkia semiretschenskia :� C�B:���B ��-
�#� C� 7�C�:���B 7:7"�#UC� �� �!� G���B�����. ��"x��:  �C#�C� !:��:�����:!: �:��� � 7C������-
�:� ����� Z"���C!� C `�"!� ��  �B:����� ���#�, �� ���C �:� 7:$�!::$���: ��C� C "�:�����C� in 
vitro. O�: ����� :U���� �:bQQCUC���� �����:���C#   B:�� ��:!:�����:!: �C��:x�����: ��C# ���7-
�Cx���CB 7:$�!: . c����: ���:, x�: in vitro  �B:����� ���#� �� 7�� �8��� 25 % �� ����� G�:7�, ���-
�C������#  �B:����� :���x����� 7�C CB 7:�����   7:x ����� �"$�����. A�����C�   ����" UC�:�C�C�� 
6-$���C���C�:7"�C�� (TKO) 7�C :�C�: � :$���: ��C� ����"�� C� ������ ���#�:���, � �� ���C �:�" 
7:$�!::$���: ��C� " �7C������B b��7����:  7�:�:���:  � ����:#{C�C �C���#�C. A�# ���:, x�: :7-
�C�����:� ����:� ��# �C��:��:�����:!: �����:���C# # �#���# ����� �  �����C�� 0,5 �!/� TKO � 
����C������� �:bQQCUC���:� �����:���C# 7,84 ��  �:�:� 7������. c����: ���:, x�: 7�C ��7:�C-
�: ��CC   "��: C#B �C��:� 7:�:�C�����:� ���7����"��   ��x��C� 6 ���#U�  7�:$C�:x��# �"���"�� 
C���� C���C �:B���#�� �C����7:�:$�:��� C  :�������C ��� �:�� 7�C 7����:��   ���UC:������ 
"��: C# � ��: :� �:�����. A ���"������ ��$:�� 7�: ����:   ����C�   �"���"�" ������, �C��:��:-
�����:� �����:���C� C �:����� ��7:�C�: ����# �:����UC# in vitro ���C��: :!:  C�� N. 
semiretschenskia. 

���<�$�� ��
$�: Niedzwedzkia semiretschenkia, ��!�����UC#, �"���"�� in vitro, :U���� �:bQQCUC���� 
�����:���C#. 

 

1$������ 

_��� �U�C# ���C��x�����# Niedzwedzkia semiretschenskia B.Fedtsch (C���� C���# ���C��x�����# 
(Incarvillea semiretschenskia (B. Fedtsch.) Grierson) :��:�C��# � ��� ���8C� 7���:!��: �� ���C���� 
7"�����:� Q�:�� `������ K�CC C # �#���# ��C��� ����� 7������ C����� ��:7Cx���CB ������C� 
������� � Bignoniaceae  : Q�:�� G���B����� [1]. AC� N. semiretschenskia,  7�� �� :7C������ T.K. 
P��x���:   1915 !:�"   ó"-��C���CB !:��B, �������   G����"� ��C!" \G C   `7C�:� 
Z���"���:��:!: �:��� :B���� 7�C�:�� C 7�C�:���B ���"��:  �: ����"�:� :x��� ����:!:, 
"��:b����Cx�:!: C C�x����{�!: ���C��: :!:  C�� [2, 3]. `���"�� :����C��, x�:, �:!����: �C�����"�-
��� ������ [4], ����� ���:��:#������� po� Niedzwedzkia, b��e�Cx��� ��# !op $���e��� pe� ó" C 
��C (���� �"-������C� !:��), 7:����� ����C :��:�C�� � po�" Incarvillea Juss,  ���x��{C� 16  C-
�: , 7�:C�������{CB   :��: �:�   �!:-��7����B ���:��B GC��# C _e7���,   }C�B��-eC$����:� ��-
!:��� [5].  

O: �C�����:� Q:��� N.semiretschenskia — ���:���C �:� ��:!:������ ������C� �: 30 ��  ��:�:� 
� !"��:�C�� �����C ���$�#�C 7�C :��: ��CC ��� �����{C�, � :x�������C, 7��C��:- C�C 7���x��:-
�����x�����C �C���#�C, � ��"7���C :�C�:x���C U �����C, ���7:�:������C ��  ��B"8��B  �� �� � 
7"�7"�: ��, ��"$x��:- :�:��: C���� � 7#��� ����"!������C �:7���#�C  ��xC�:� C 7�:�:� 
�:�:$:x�:� � x������# ��������C �����C�C ��$���C [6]. 

`: �������� :!���Cx����� ����� ���7�:�������C#  C�� ���C���� �����������C 7:7"�#UC#�C 
 ��!: ��C "x����� :${�� 7�:{���� 7 !� � xC�����:���� �� $:��� 25–28 ���#x ����: :�������B �"�-
�:  �� !�C�C���B C {�$�C���B ���:��B 7"������B �C��:!:�C�   �"-������CB !:��B [4]. A ����:#-
{��  ���# ������ ����� ���:��C ����:!:  C��   ���xC�����:� ���7��C 7:� ������ ����:7:!���:�" 
 :������ C� ( �7�� ��:��),   ���"������ x�!: ���:xC������� �C�:����"{C� 7:7"�#UCC ���C��� N. 
semiretshenskia ��B:�#��# 7:� "!�:�:� ��!����UCC [7].  
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AC� N. semiretshenskia ���:����"���# ���  ��:�:-���:���C �:� ������C� ��# :�������C# �� �!� 
G���B����� C `������ K�CC. A��:���� ������C# :��Cx����# :$C����� U ����C�� ($:��� 300 U ���: ) 
C 7�:�:�:8��C��, :$������  ��:�:� "��:�xC :���� � ���"B� C �:�:�". A7�� ��  C� N. 
semiretshenskia $��   ����   �"���"�"   e�8������:�, � �����   S�� �:� (K�����) $:���Cx���CB ��-
��B [8]. 

y$�:� �C�����"�� 7: $�C��:�:��� �����  C��� Incarvillea 7:�����, x�: �C�:����"{C� 7������-
 C���C �:�� # �#���# ����CUC:����C ��x�$���C ��� ��C C C���� �� C�7:���: ��C�� �������C �C-
���#�C GC��# ���:��:��C «Wabuyou» ��# ��x��C# 7�� �:�CC, ���#�CC, !�7��C�� C :�C�� [9–11]. `:-
 �������� BC�Cx���C� C�����: ��C# Incarvillea ssp.  �# C�C  ��:�:� �:������C�   ������C#B $C:-
�:!Cx���C ���C ��B ����$:�C�: , �:�:��� :$������ 7�:�C : :�7��C�������, ���C�C��:$���, ��-
�C!�7��C���� C ��"!C�C bQQ�����C [12]. A��:�:� �:������C� �����:C�:    ������C#B Incarvillea 
� #�� ��� � CB :$��$:�C ��{C� ����� C�� [13]. A ����:#{��  ���# C� ����C�����:!: ����# 
C���� C���C  ������� ����:���: ���"��"��: ����::$�����B �:�:���7��:C���B �����:C�:  
���C�C�C�: :!: �C7� (C�:C���� C��C�, C����!���C� K, C���� C����C� C ��.) �  �������:� 
���C�:UCU�7�C �:� ���C �:���� [14–16], � �8� 12 Q��C�b���:C���B !�C�:�C�: , :���� ��{CB 
!�7��:7�:����:��:� ����� C� [17, 18]. A�# ����  ��:��# ���C���C������# ���C �:��� C 
UC�:�:��Cx����# ���C �:��� b�������:  I. Emodi 7�:�C  b7C���������B :7"B:�� �B ����:� x��: ��� 
Hep-2 [19].  

c�C�����:���  C�� N. semiretshenskia C ���"����:��� �!:  ����:�:���!: C�"x��C# 7:�x���C �� 
 C���� "x����-$:���C� �.y. T���"�C� «��� ���x��8C�, ������ ���:xC�������, � :!���Cx����� C 
"��:-�:���C�: ���:� 7�:{���� ���7�:�������C#, x"�:� �:B���C 8C��# ��� �C� 7���:!��: �� ��-
�C��, �� �{� C ����C : U ��"{C� ���:���C ���  C�, 7���7���C ��� ��#   ����C#   �"���"�" _�-
�� �U�C# ���C��xC����# ����"�C ��� :�:$:!: :��:8��C#...» [4]. y��"��� C� 7:��:U���:� ��"x�:� 
C�Q:���UCC C ������ ���$�# C�"x���:��� ��������C����CB  C�:  C���� C���C I. semiretshenskia C I. 
olgae C� G���B����� C GC�!C�CC :���x����#   C�����: ��C#B �C�����CB "x���B [20]. 

}���� ��8CB C�����: ��C� # �#�:��   ����C� in vitro C :U���� ��!�����UC:��:� �7:�:$�:��C 
N. semiretschenskia ��# �:B�����C# "�C�����:!:  C�� C �!: �������8�!: ��"x�:!: C�"x��C#, C���:-
�"�UCC, ��C���:�"�UCC C 7����Cx���:!: C�7:���: ��C# 7���7���C �:� ���"B:"��:�xC :� �:�:�:-
"��:�xC :� ���:���C �:� C ������� ���:� �"���"��. 

'�	������ � ��	
��  

A ��x��� � C�B:��:!: �����C��� N. Semiretschenskia C�7:���: ��C ������ �$:�� 2016 ! C� 
7�C�:���B 7:7"�#UC�  �"-������CB !:��B, 7:�"x����� C� !��$���� ����C�"�� $:���C�C C QC�:C�-
��:�"�UCC (K�����, G���B����). R�# 7: �8��C#  �B:����C 7:��� B�����C# 7�: :�C�C 7���:$��$:�-
�" ���#� 0,001 % ���� :�:� !C$$�����: :� �C��:�� (SG), � ����� ���C������: �� $C:��C�"�#�:�:� 
WORMic&BioZZ (eyy «BioInvest, G���B����), 7������ �#�{C� �:$:� ����� �:�7������B �C��:-
$C:�:!Cx���CB :�!��:�C��������B �C��CB "�:$���C�. 

A b��7��C�����B in vitro C�7:���: ��C :${�7�C�#�"� ���:�C�" �"���C C�: ��C# b��7����:  
[21] C 7C��������� �����: ��# 7�:��{C ��C# ���#� — ����� G�:7�; ��# �C��:�����:���C# — ����� 
Z"���C!�-`�"!� � 7:�: C��:� �:�U�����UC�� ����:-�C��:�:��� (½ Z`) � 7: �8����� "�: ��� 
�!��� 8 !/�, 30 !/� ��B��:�� C � �:$� ���C�� 6-$���C���C�:7"�C�� (TKO) C !C$$�����: :� �C��:�� 
(SG); ��# C��"�UCC �:���:$���: ��C# — ����" ½ Z` �  �����C�� �-��Q�C"��"��:� �C��:�� (_cG) 
C�C C��:�C�����#�:� �C��:�� (�ZG). 

`���C�C��UC� C�B:��:!: �����C��� 7�: :�C�C 7"��� 7:����: ������:� :$��$:��C 70 % 
b���:�:�   ��x��C� 1 �C� C 0,1 % ���� :�:� �"����   ��x��C� 5–10 �C�.  O�:��{C ��C� ���#� 7�:-
 :�C�C ����Cx���C �7:�:$��C: 1) in vitro �� ����� G�:7�,   :��"��� CC :� �{��C#; 2) in vivo,   7:x-
 ���:� �"$������ — �:�Q : 7:x � : 7���C� (1:1:2)   �:������B "��: C#B. G"���"������� �:�"�� � 
 �!����C ���C b��7������C �:������C   � ��: :� �:����� � 16-x��: �� Q:�:7��C:�:� C ���7����"-
�� 26–28:`. \:�� C ��� C�C� :U��C ��C 7: �:�Cx��� " b��7����:  � ��� C 8C�C�# 7:$�!��C C �:�C-
x��� : 7:$�!:  �� b��7�����. G:bQQCUC��� �����:���C# (G�) ����xC�� ��C, ��� :${�� �:�Cx��� : 
:$���"�{CB�# 7:$�!:     ��C����, ������:� �� xC��: 7�� Cx��B b��7����:  C�C 7���C�: ����B 
�C��:7:$�!: . 

R�# �:����C# ����� �:� �:����UCC in vitro :$���U:  N. semiretschenskia x���� ����C�����:!: ��-
���C��� 7��� :�C�C �� ���C� ��7:�C�: ��C# 7"��� �:B�����C# 7�:$C�:x��B ������C� �� $��!:��:-
�����:� ½ Z` �����   B:�:�C���:� ������ 7�C ���7����"�� +2:` C C�����C �:���� :� �{��C# :�:-
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e � $ � C U �  2  

>0��2�� 8,�(,2*0­2,8, �,�+*-* ��+*+�0­2,? ���4� #  2* ��8�2��*I�,22�? �,+�2I�*0 in vitro 
2�4|-�I1�� ��(�����2�1*� Niedzwedzkia semiretschenskia 

S:��:������� �:���   
½ Z`, �!/� 

G:�Cx��� : b��7����: \�!�����UC#, % G:�Cx��� : 7:$�!:  :� :��:!: 
b��7����� 

TKO 0,5  11 50,0* 3,5 
TKO 1,0 5 100,0 2,0 
TKO 1,0 + SG 1,0 4 50,0 1,2 
TKO 0,8 + 0,5 SG 9 66,6 1,0 
8����<����. TKO, 6-$���C���C�:7"�C�, SG !C$$�����: �# �C��:��; * :��: ������: � Q:��C�: ��C�� ����"��. 
 

_� ����� ½ Z` � 0,5 �!/� TKO " 50 % b��7����:  :���x����� ��!�����UC# 7:$�!:  � :��: ��-
������ :$���: ��C�� ����"�� 7�� Cx�: " :��: ��C# 7:$�!�, �:�:��� ����� ����������# 7:  ��� 7:-
 ��B�:��C 7�� Cx�:!: 7:$�!�. A :��CxC� :� ����"��, 7:�"x���:!: C� ���#�:��� �� ����:!Cx�:� ���-
��, C��"UC�: ����� ����"� :$����� �:�Q:!����� 7:���UC��:�. O�C 7:����"�{�� 7���C�: ��CC 
����"�� �� � ��C� ����� :���x����� ��!�����UC# �: �B 7:$�!:  (�C�. 1 !). 

O�C 7:�����  ��B"8�� 7�:�:���:  �� ����" ½ Z` �  �����C�� 1 �!/� TKO "  ��B b��7����:  
:���x����� ���C �UC# �:��� 7��"8��B 7:x�� C :�������C� �:7:��C������B 7:$�!:  (�� ���C �:� 
7:$�!::$���: ��C�)   ��x��C� ���#U� �"���C C�: ��C# (�C�. 1 �).  

R���� 7:�"x����� ��� C��� 7:$�!C ��C�:� 4–5 �� ���C�C �� :�������� "��: �� ��!����� ��C-
�:� 1,5–2 �� (�C��:x�����: ��C�) C 7���C�: ��C �� �:���:���"� ($�� ��!"�#�:�� �:���) C :7����� 
����� �  �����C�� TKO ��# �C��:�����:���C#. 

A�C#�C� !:��:�����:!: �:��� � 7C�������:� ����� �� bQQ���C �:��� �C��:x�����: ��C# C 
�:��: �� 7�������� 7:�"x����B �C��:7:$�!:  7������ ����   ��$�CU� 3. 

e � $ � C U �  3  

>0��2�� 8,�(,2*0­2,8, �,�+*-* ���4� 2* �,G�8,,G�*|,-*2�� in vitro 2�4|-�I1�� ��(�����2�1*� 
Niedzwedzkia semiretschenskia 

O�������� �:��� �� :�C� 7����� S:��:������� �:���  ½ Z`, �!/� 
�:���:�� 0,5 TKO 1 TKO 

G:�Cx��� : C�B:���B x�����:  6,43±0,53� 5,43±0,79� 4,8±1,64�

G:�Cx��� : 7:�"x����B 7:$�!:  10,14±1,05� 13,29±1,15$ 9,4±1,3�

Z���C������# ��C�� 7:$�!�,�� 6,50±0,82� 3,0±0,26$ 1,40±0,35 

G:�Cx��� : "��:  �� 7:$�!� 3,29±0,8� 2,00±0,58�$ 1,20±0,45$

G:bQQCUC��� �����:���C# 1,57±0,31� 2,48±0,21$ 2,12±0,14�$

8����<����. ��8, 6-!��/������
�
���; �, !, $ — �:��: ����� :��CxC# ����"  ��C�����C   ���:�� 7�C p ý 0,05. 
 

_�C$:��8C� 7:�������� G� 2,48 �:��C!���# �� ����� ½ Z` � 0,5 �!/� TKO. c ��Cx��C� �:�U��-
���UCC TKO �: 1 �!/� �� 7: �8��: C�����C �:��� 7:$�!::$���: ��C#   �:���:��, 7:�������� $�� 
�C�C�������, G�1,57. 

R�# �������8�!: �C��:�C���C�: ��C# C�7:���: ��C ����" � 0,5 �!/� TKO, �:�:��# :$��7�xC �-
�� ����C�����"� ��:�:��� �C���C�: ��C# 7:$�!:  �: �����C�C 7���������C �:���. \��"������ 
:U���C ��!�����UC:��:� �7:�:$�:��C N. semiretschenskia   B:�� x�����B�����:!: 7���C�: ��C# �� 
C��"UC�"�{�� ����� 7������ ���� �� �C�"��� 2.  

 

 

\C�"�:� 2. ������C �:��� �����:���C# in vitro   B:�� 7���C�: ��C# �C��:7:$�!:  N. semiretschenskia  
�� ����� ½ Z` � 0,5 �!/� TKO 
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O�: �����:� �C��:x�����: ��C� C x�����B�����:� 7���C�: ��C� 7:�"x����B 7:$�!:  7:� :�C-
�C 7�: ���C �C���C�: ��C� �"���"�� N. semiretschenskia ��# 7�: ����C# �������8CB b��7��C����: . 

R�# C��"�UCC �C�:!����� �����:������ 7:$�!C  ��:�:� 3–4 �� � 4–5 �C���#�C 7������C ��C �� 
1/2 Z` ����" � 0,3 �!/� - 0,5 �!/� �ZG C�C _cG (�C�. 2 �). ó���� ���#U �"���C C�: ��C# �� ����� 
����� 7:$�!� Q:��C�: ���# 7�:���� ����"�, �: �CQQ����UC�: �C �:��8�:  �� :���x��C �� 7�:�#-
���CC � "B ���#U�  C��"$�UCC �� C��"UC�"�{CB �����B. O�C b�:� " :��: ��C# 7:$�!� 7�:�:���-
�:�� :�������C� �: �B 7:$�!: , x�: � #���:,  ��:#��:, � 7�:�:�!C�: ����� ����� C�� b��:!���:!: 
TKO. O: �C�����"���� ������, ��# ��#�C# bQQ���� UC�:�C�� ��:$B:�C�: 7�: :�C�� ��:!:�����:� 
7���C�: ��C� �����C��� �� $��!:��:�����"� ����" [23, 24]. 

\��"������ :7��:  7: ��7:�C�: ��C� 7:�����C, x�: ��7:�C�: ����� ������C# ���xC�����: :�-
��� ��C   ��� C�CC :� ������C�, �"���C C�"���B   ���UC:�����B "��: C#B, :��Cx��C�� :��"��� C�� 
��� C�C# �: �B 7:$�!:  (�C�. 1 �). A�# ���:, x�: ��# ��7:�C�: ��C# �"x8�  ��!: :�$C���� 7:$�!C �� 
����� 2 ��  ��:�:�, 7:��:���" 7�:U���  :�����: ���C# " ���:�����B ������C� 7�:������ ���xC-
�����: ���������, x�� " $:��� �:���B ������C�. 

A ���"������ 7�: �����:� ��$:�� �:����� ���7�Cx����# �:����UC# ���C��: :!:  C�� (�C�. 1 �), 
7:�"x����# :� C�B:���B ���#� C� 7�C�:���B 7:7"�#UC� N. semiretschenskia. 

%!�
������ 

�� ����:, x�: �C��:��:�C�: ��C� in vitro :��: ��: �� �7:�:$�:��C ��!"�#�:�:  �:��� UC�:�C-
�C�: :!: �#�� ��C�"�C�: ��� �� ���C �:� 7:$�!::$���: ��C�. ��7:���: ��C� ����:!: 7:�B:�� 7:-
� :�#�� ���xC�����: " ��CxC�� �:bQQCUC��� �����:���C# C �:B���#�� U����� 7�C����C C�B:��:!: 
!��:�C7� [25].  

c����: ���:, x�: �7:�:$�:��� �7C������B b��7����:  7�:�:���:  N. Semiretschenskia � ��!���-
��UCC 7:$�!:  C �������� �:7:��C������B 7:x��  ���C�: ���   �� C�C�:��C :� !:��:�����:!: �:���-
 � 7C�������:� �����. Z:�Q:!����Cx���C� bQQ��� b��:!���:!: UC�:�C�C�� TKO �� C��� :� �!: �:�-
U�����UCC. O�C �:�� 0,5 �!/� " 7�� Cx��B b��7����:  :���x��:�� :�������C� 7:$�!� " 50 % b��7���-
�: , :��: ������:� :$���: ��C� �:�Q:!���:!: ����"�� C ����C�����:� �:�Cx��� : 7:�"x����B de 
novo 7:$�!: . O�C " ��Cx��CC �:�U�����UCC �: 1 �!/� TKO ��� C�C� 7:$�!� ��$�����:�� "  ��B 7��-
 Cx��B b��7����:  $�� ����"�:!�����. G:�$C��UC# TKO � SG "����8��: bQQ���C �:��� ��!�����UCC 
  � � ����, ������� �:�Cx��� : 7:�"x����B 7:$�!:  �� 7�� �8��: 1–1,2 :� :��:!: b��7�����. 

S:��:������� �:���  ½ Z` ����� �"{��� ���:  �C#� �� C�����C �:��� 7:$�!::$���: ��C# C 
�:��: �� 7�������� 7:�"x����B 7:$�!:  7�C CB �������8�� 7���C�: ��CC. c����: ���� :$�����# 
�� C�C�:��� ����" bQQ���C �:���� �����:���C# C ��x��� �����C 7���������C 7:�"x����B �C�-
�:7:$�!: . O:�������C ��C�� 7:$�!:  C �:�Cx��� � "��:  �� �:���:���:� ����� � �C�C������� �:-
bQQCUC���:� �����:���C# $��C �:��: ���:  �8�, x�� �� ����� �  �����C�� TKO. _� $��!:��:-
�����:� ����� Q:��C�: ��C�� ��C���� 7:$�!C �: 6,5 ��, C���{C� 3–4 "��� �� 7:$�!�. _� ����� � 
7: �8����� "�: ��� 1 �!/� TKO Q:��C�: ��C�� "�:�:x����� 7:$�!C ��  �8� 1,2 �� � 1–2 "����C. 
`����C� 7�������� �:���   �:x����CC � ����C������� 7:��������� 7:$�!::$���: ��C# :���x��C�� 
�� ����� � 0,5 �!/� TKO, �:�:��# # �#���# :7�C�����:� ��# �C��:�C���C�: ��C# 7�� Cx�:� �"���"-
��. 

c����: ���:, x�: ��!�����UC:���# �7:�:$�:��� N. semiretschenskia ���#���#   B:�� 
7���C�: ��C# �� C��"UC�"�{�� ����� � 0,5 �!/� TKO. _� 7�:�#���CC � "B 7�������, ��xC��# :� 
  ����C# 7�� Cx��B b��7����:  (0 7�����), 7:��������  7:���7���: 7: �8����# :� 1,75 �: 2,48. Z��-
�C������# C�����C �:��� �����:���C# :���x����� ��  �:�:� 7������ (G� 7,84) � 7:����"�{C� � "-
������� ��C���C��   B:�� �������8�!: 7���C�: ��C# �� � ��C� �����. O:�"x����� ������ � C��-
������ "�� : �:�, x�: ��!�����UC:���� 7:���UC�� 7:��� �:��C���C# ����C�"��   B:�� ��:!:����-
�:!: 7���C�: ��C# ��C�����# �: :7��������:!: "�: �#. 

y$���"���:, x�: ��C�����:� �"���C C�: ��C� �� ����� � TKO :��CU������: 7: �C#�: �� �7:-
�:$�:��� ���7�Cx���CB 7:$�!:  � "�:�����C�. A�����C�   C��"UC�"�{"� ����" �"��C�:  _cG C 
�ZG  ��� ��: :$���: ��C� ����"�� " :��: ��C# 7:$�!�, �: �� 7�C :�C�: � ��� C�C� �:��8�: . R�# 
"�������C# 7�:�:�!C�: ���:!: bQQ���� UC�:�C�C�� 7�: :�C��# ��!"�#��:� 7���C�: ��C� 7:$�!:  �� 
$��!:��:�����"� ����" ��# �������8CB b��7��C����: . 

A �C�: :� 7����C�� ��# �:B�����C# ����CB C b����Cx��B  C�:  7�C�:��:� Q�:��   ��x��� � 
�:7:��C�����:!: � ����CUC:���� 7:�� �� ���:x�C��� C �������� $�����   7:�����C� !:�� 8C�:-
�: �:����� �:����UCC in vitro [26]. \��"������ :7��:  7:�����C, x�: 7�:$C�:x��# �"���"�� N. 
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semiretschenskia B:�:8: 7����:�C� "��: C# ��7:�C�: ��C# 7�C �C��:� 7:�:�C�����:� ���7����"�� C 
 :������ �C ��� �:�� 7:��� 6 ���#U�  B�����C#. 

O:�"x����� ���"������ � C�������� "�� :  ��:�:� ��!�����UC:��:� �7:�:$�:��C b����Cx�:!: 
 C�� C���� C���C ���C��x����:� C : bQQ���C �:��C 7�C�����C# ���:�� �"���"�� ��������# 
�:B�����C# C  :�7�:C� :��� � !����Cx���CB ���"��:  U���:!: ���:���C �:!: C ������� ���:!: 
������C# N. semiretschenskia. 

0����<����  

1. y7�C������� b��7����:� ��#   ����C# N. Semiretschenskia   "��: C# in vitro # �#���# �7C-
������# x���� 7�:�:���� � 7�� ��C ����:#{C�C �C���#�C. 

2. R�# �C��:��:�����:!: �����:���C# N. semiretschenskia bQQ���C �: 7�C�����C� ���:�:  
�� ���C �:!: 7:$�!::$���: ��C# C �C��:x�����: ��C# �� ����� ½ Z` � 0,5 �!/� -1 �!/� TKO. 

3. `�������:x�:� ��7:�C�: ��C� 7�:$C�:x�:� �"���"�� 7�C �C��:� 7:�:�C�����:� 
���7����"�� 7:� :�#�� �:����� ��7:�C�: ���"� �:����UC� "�C������B :$���U:  ���C��: :!:  C�� 
N. semiretschenskia ��# �������8�!: ��"x�:-7����Cx���:!: C�7:���: ��C#. 
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s�4|-�I1�� ��(�����2�1*� Niedzwedzkia semiretschenskia 
B. Fedtsch ��0�1+E ¬24�(�8E2EF ��8�2��*I��0�~ ~*GE0�+E B�2� in vitro �28E|) 

Z������� F����������w :w�����!����!� ��$C9C 7:7"�#UC#��w $����7�� �]���������� ���� �U�C# 
(C���� C���#) ���C��x�����# Niedzwedzkia semiretschenskia �C��� ���������� ���C��� ������w 
���7�C����� ������� ��" $:���8� �V���C$���� �������� ��������!��. Z"���C!�-`�"! �:������ 
:�������w !:��:����� �]������w �]�����w Y�"���, �� ���C �� Y���������w �����"��� �V�� in vitro 
��������"��� V���� ���������. K��7�C����� Y��������� �Y7 ������ �C��:�����8���" ������� �Y$�� 
�:bQQCUC����� $�9���" ���!������. In vitro �]�����w Y�!�8��!� G�:7 :�������� 25%-��� ��7�9����9� 
���������, :�����w ����C����� Y�!�8��!� �:7���� �"$�������� V�����!� :���9��" ������� $�������. 
y���9� 6-$���C���C�:7"�C� UC�:�C�C��� ��!��" �]��� �����9� ]�7�������� ����"� �����"���, ��9�� 
��7�������� $�� Y���������w �7C������ b��7����������� �� ���C �� Y���������w �����"��� V�����. 
ZC��:��:������ �Y$�� �8�� :w����� :��� �]������ 0,5 �!/� 6-$���C���C�:7"�C� �:������� :��� 
$:��7 ��$��������9� ���������, ����8� 7������� ����C����� �Y$�� �:bQQCUC���� 7,84 �]��9��. 
K��� �� $:�� �Y��� :w ���7����"�� ��9������� �����" ������� C���� C���#��w 8��� �������!� 
������ Y���8�w $:�������9� �V�� ����� $Y�������w ���UC:������ ��9������ �"�����9�� ����� 
Y�"�� ���7��� ������������!� ����������. @]��� �V�C������� ]�7� �������� ��!��", 
�C��:��:������ �Y$�� ���!������ �V�� N.semiretschenskia ���C��� ������w in vitro ��7:�C����!�� 
�:����UC#�� �������.  

�Q�	 �@/���: Niedzwedzkia semiretschenkia, ��!�����UC#, in vitro ������. 

 
 



 &������ in vitro � ����������
���� !L
!
-�
!"J… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 123 

V.K. Mursaliyeva, B.T. Sarsenbek, A.T. Algazy, S.K. Turasheva,  
T.M. Mukhanov, T.Sh. Murzataeva, G.T. Sitpaeva 

Establishment of in vitro and regeneration ability  
of the relict endemic Niedzwedzkia semiretschenskia B. Fedtsch 

The experimental data of obtaining in vitro culture of the rare relict species Niedzwedzkia (Incarvillea) 
semiretschenskia, from the initial seeds collected in natural population in the south of Kazakhstan were pre-
sented. The influence of plant growth regulators in Murashige and Skoog nutrient mediums on seed germina-
tion, adventitious shoot formation and rooting in vitro was studied. The propagation coefficient for micro-
cutting was estimated during four passages. It was shown, that in vitro germination did not exceed 25% on 
Knopp medium, and the maximum of germination was during seed planting in the soil substrate. The addition 
of 6-benzylaminopurine to the nutrient medium induced the callus formation from cotyledon’s tissue and ad-
ventitious shoots from apical explants of seedlings with native leaves. It was found that the optimal for clonal 
propagation is the MS medium, containing 0.5 mg/l 6-benzylaminopurine; in this case, a maximum propaga-
tion coefficient of 7.84 was at the second passage. It was found during conservation at a low positive temper-
ature for 6 months; the tube-culture plants of Incarvillea retain their viability and restore their growth when 
transferred to the stationer conditions of the light room. As a result of research the in vitro establishment and 
micropropagation of endemic species were carried out and deposited in vitro collection of 
N. semiretschenskia was created.  

Keywords: Niedzwedzkia semiretschenkia, regeneration, in vitro culture. 
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7�+�(�|*I�� )�0,-�? (�1�,10,2*0­2,8, �*|(2,B�2�� � ���42���,�2,8, 
<�*2�2�� in vitro ��41,8, -�4* �(,�,4�2� w2��-�1,8, 40� �,<�*2�2�� 

A ������ 7������ ���� ���"������ C�����: ��C� 7: �:B�����C� ����:!:  C�� ������C# ��:�:�C�� 
��x� ��:!: (Ribes janczewskii)   "��: C#B in vitro. a�:�  C� ��:�:�C�� $:��� "��:�xC  � $:����#�, 
 ���C���#� C �C��C� ���7����"���, � ����� �:����C� $:��8:� �:�Cx��� : 7:�����B  �{��� , ���CB 
��� ���:�$C�: �# �C��:��, 7:�CQ��:�� C ���:UC��� 7: ��� ���C� � ��"!C�C  C���C. \���� �� 
7�: :�C�C�� C�����: ��C# 7: �����$:��� $C:��B�:�:!CC ��# �:B�����C# b�:!: C�x����{�!:  C��. 
K �:���C ����:� ��$:�� 7:�:$���� bQQ���C ��# ����C�C��UC# C   ����C� b��7����:  ��:�:�C�� 
��x� ��:!:   �"���"�" in vitro,   ��x��� � ����C�C�"�{�!: �!����  �$��� 12 %-��� ���� :� 7����C�C 
 :�:�:�� � ���C�:� ����C�C��UCC 5 �C�, !�� �C����7:�:$�:��� b��7����:  �:��C!�� �: 73,3 %. e��-
�� ��# �"���C7�C��UCC :7�C�C�C�: �� �:���  7C�������:� ����� WPM � �:$� ���C�� TKO 0,5 �!/�, 
SG 0,4 �!/� C �ZG 0,1 �!/�, �:�:��� 7:� :�C� 7:�"xC�� 4,83 �: �B 7:$�!� �� b��7����. R�# ������-
��:x�:!: B�����C# �C��:7:$�!:  ��:�:�C�� ��x� ��:!: ��C$:��� :7�C������� "��: C�� $���  �-
$���� 7C��������# ����� WPM � �:$� ���C�� ����C��   �:�U�����UCC 20 !�/�,   ���"������ x�!: 7�C-
�:�� 7:  ��:�� 7:$�!:  C �:�Cx��� " �C����  $�� �C��C�, �����:���C� 7:$�!:  �� ��$�����:��. 
T��� �:����� �:����UC# ��:�:�C�� ��x� ��:!:   �"���"�� in vitro, �:�:��# 7:� :�C� �����:�C�� C 
�:B���C�� b�:� U�����  C�. A ����:#{��  ���# �C��:��:�����: �����:���: 250 7:$�!: , C� �:�:��B 
120 7:$�!:  $��C �"���C C�: ��� �� 7C��������B �����B ��# ��������:x�:!: B�����C#. 

���<�$�� ��
$�: in vitro �"���"��, Ribes janczewskii, 7C��������# ����� WPM, ��������:x�:� 
B�����C�, ����C�, ����C�C�"�{C� �!����, �C��:��:�����:� �����:���C�, �C��:7:$�!C. 

 

1$������ 

`:B�����C� C 7:�������C� $C:�:!Cx���:!: ����::$���C#  B:�C�   xC��: $�����: :B���#���B 
���x� �B ��UC:������B C������:  ����:!: !:�"����� �. \�����C#   X �:7�, K�CC, K���C�� C���� 
�:� C�C C�:� ����"� ����:��C. O�CxC���C b�:!: # �#���# ����:7:!����# ��!�"���    C�� ���7�8�C 
������,  �7��� ��:��, ���:C������ � C �C���# �:��"����:�7:�:$�:���  C�:    QC�:U��:��B [1, 2].  

G���B���� 7: ����::$���C� $C:���"��:  ����C�����:!: �C�� ���C����  ��"{�� ����: ����C !:-
�"�����  }��������:� K�CC [3]. `�:C�� :����C��, x�:,   U��:�, 12 % ������C� # �#���# b����Cx��-
�C ��# G���B����� C ��:!C� C� �CB ��B:�#��#   ����"�� ����CB C ��B:�#{CB�# 7:� "!�:�:� C�x���:-
 ��C# [4]. 

y��C� C� ���CB  C�: , 7:� ��!8CB�# ��!��C �:�"  �C#�C�, # �#���# ��:�:�C�� ��x� ��:!:, 
�:�:��# ����8� 7�:C��������   "{���#B C �:�C��B !:���B ���   !:��B `������ K�CC (e#��-����, 
O��C�:-K���) [5, 6]. A ����:#{��  ���# R. janczewskii ��B:�C��# �� !���C C�x���: ��C# C ��������   
G����"� ��C!" G���B����� [7]. `�:�:�C�� ��x� ��:!: ��B:�C��# 7:� "!�:�:� C�x���: ��C#, :$"-
��: ����:!: 7:x�C 7:���� :��"��� C�� ������ ���:!: ������:!:  :�:$�: ���C#, B:�#��� ���:� ��#-
�����:���� x��: ���,  �7��:� ��:��, :��"��� C�� ��{C���B C ���: :�����: C������B ���. A �:  ��-
�# ���  C� C����  ���:� ���x��C� ��# b :��UCC, :$��7�x��C#  ��B !�"77 7:���: ������,   �:� xC��� 
�����UC:���:  C C�����: ������ $��U����� !����Cx���C� �����C��:� [8, 9]. 

A ����:#{��  ���# ��:�:�C�� ��x� ��:!:   7�C�:�� 7�:C�������� �� ����C�:�CC G���B�����, 
G��!�������, e���C�C����� C c�$��C�����. AC� �������   G����"� ��C!" G���B����� [10] C   
Z���"���:���� ������� �C�� [11]. 

`�:�:�C�� ��x� ��:!: $��� ��� ���   x���� 7:����:!: $:���C�� a�"���� P���U� ��x� ��:!:. 
a�: �C��:7����� �"�����C�  ��:�:� �: 100–150 ��. O:$�!C ������C# !:���, �:�:��� 7:$�!C �:�:�C-
��:!: U ���, 7:��� ����: #��# !�#��: ��:-������C. [C���# ��"7���, !:��� �: 15 ��   �C������, 7#-
�C�:7������ � ��"7���C, :�����C �:7���#�C C ����U� C���� :��: ��C��. `�C�" � �����#����C 
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��:�C����C 7�B"xC�C ��������C. [C��: �# 7����C��� � :$�CB ��:�:� !:��#, $����#{�#. G��# �C��� 
��"7�:�"$x����. } ����   C���. O�:�� — x����� �:���� #!:�� �C�����:� �: 13 ��, ��:������, 
�:��� ���   � !"��� [12, 13].  

R.janczewskii  :$������ U�����C 7�C������C, ���C�C ��� "��:�xC :��� �  �����C� ���:�:���� 
$��!:���# 7:�����" U ����C�,  ��:��# "��:�xC :��� �  ���C���#� C $:����#� (�"x�C���# �:���, 
��7�:�C:� �C���� ), 7�:�� $:!���  ��:�C� �:������C�� ���:�$C�: :� �C��:��, 7:�CQ��:�:  C ��-
�:UC��: ,   �:�:��B �:������C�  �8�, x��   �"���"���B �:���B [14, 15].  

`�:�:�C�� # �#���# ��C$:��� 7:7"�#��:� ����C �������C# C U���:� #!:��:� �"���"�:�   �C��, 
$��!:���# ���CxC�   ���  ��:�CB �:�U�����UC� 8C�:�:!: �7����� $C:�:!Cx���C ���C ��B  �{��� , 
���C:��C����: , ��B��: ,  C���C�:  C �C��������B �:�7:����: . O:��8� — ��"7���8C�   �C�� 
7�:C� :�C���� x���:� ��:�:�C��   7:�����C� !:��, �� ��� ����"�� \:��C#, A��C�:$�C���C#, `���-
�C�� C# C _: �# z�����C# [16]. A ����:#{��  ���# !�C$��� $:����C, ���C� ��� �"x�C���# �:�� 
(Sphaerotheca morsuvae), ��7�:�C:� �C����  (Mycosphaerella ribis) C �������:� (Pseudopeziza ribis), 
# �#���# :��C�C C� :��: ��B 7�:$��� ��# 7�:C� :�C����� x���:� ��:�:�C�� [8, 16, 17]. y��C� C� 
��C$:��� bQQ���C ��B ���:�:  ��8��C# b�:� 7�:$���� # �#���# ��� C�: �# !C$�C�C��UC# 7"��� 
�:����C# "��:�xC �B �:��: . e��C� :$���:�, �C�:����"{�# Q:��� ��:�:�C�� ��x� ��:!: 7������ -
�#�� �����UC:���� C������, ��� C��:x�C� 7�C����:   ��:�:� "��:�xC :��C � $:����#�, $:���  ��:-
�:!: "�: �# �#�� B:�#��� ���:-U����B 7�C����:  7: ��� ���C� � �"{��� "�{C� �:��C����:�.  

A ������ ����B "��: C#B ��:�:�C�� ��x� ��:!: �����:�����# �������C C :� :����C [8]. R:�-
�C���C#   :$����C $C:��B�:�:!CC :$��7�xC ��� �: �� ���:��, �:�:��� C�7:���"�� ��# �:B�����C# 
C :U���C $C:����::$���C# ������C�. O�#�:� C�7:���: ��C� $C:��B�:�:!Cx���CB C����"����: , ��-
�CB ��� �"���C C�: ��C� in vitro C ��C:�:���� �UC#, :�����:�� U����� ���:�:� ��# ��"7�:���8��$-
�:!: �����:���C#, �:B�����C# C ��C���:�"�UCC, ��B:�#{CB�# 7:� "!�:�:� C�x���: ��C#  C�:  ���-
���C� [18].  

_�C$:��� 7:7"�#���� ��# �����:���C# ��� ����B �"���"� # �#���# �C��:��:�����:� �����:-
���C�. Z��:� �C��:��:�����:!: �����:���C# 7:� :�#�� B���C�� �����C��   �"���"�� in vitro ��C-
�����:�  ���#. `:B���C�� ���:��8� "� 7����" ������C� in vitro �:��: �C$: �:��� �# "��: C# ��# 
�������:!: �:��� (in vitro) C :$��7�xC �# �����:-, ��������:x�:� B�����C�, C�C 7�C���## ��C:�:�-
��� �UC� ��# :$��7�x��C# ��C�����:!: B�����C# [19–21]. 

A ����:#{��  ���# C�7:���: ��C� �"���"�� in vitro ��# B�����C# �C��:7:$�!:  � ��������� 
�:��:� 7������ �#�� �:$:� ����x�������� ������!Cx���C� C����"���� ��# 7:������C ��������:x�:-
!: �:B�����C# !����Cx���CB ���"��:  ������C� [22–24]. 

������: ����C C�7:���"�� �C��:��:�����:� �����:���C� ��:�:�C�� ��# ��"7�:���8��$�:!: 
7�:C� :��� �, �����: ������:!: �:B�����C# !���:7����� Ribes [25, 26]. ��7:���: ��C� ����:!: ��-
�:�� 7:� :�#�� 7: ��C�� bQQ���C �:��� :��:�: ���C# �: 100 %,   5–10 C $:��� ��� " ��CxC�� �:bQ-
QCUC��� �����:���C# C �� 2–3 !:�� "��:�C��  ������C�   7�:C� :��� : �: �B :��:�: �����B �:�-
�:  C Q:�� [27, 28]. }���� C�����: ��C# $��: 7�: ���C �$:� ����C�����:!: �����C��� ��:�:�C�� 
��x� ��:!:, :7�C�C�C�: ��� "��: C# ����C�C��UCC b��7����: ,   ����C�   �"���"�" in vitro, �C��:-
��:�����:� �����:���C� C ��������:x�:� B�����C� ��# �����:���C# C �:B�����C#  C��. 

'�	������ � ��	
�� 

A ��x��� � :$|���� C�����: ��C# $�� C�7:���: �� ����C������� �����C�� ��:�:�C�� ��x� -
��:!: (Ribes janczewskii). Z����C�� $�� �:$���   e"���������:� :$����C, e:��$C���C� �-�, S_OO 
«`�����-c!��». G::��C����: �:�!:�� E070°23.994', 8C�:�� N42°06.526',  ��:�� ��� "�. �. 2351 � 
(�C�. 1). _�  ��B b��7�B C�����: ��C# b��7�����  ���{C ��C   �"���"������B �:�"��B   Q�����:-
�����:� �:�����. _� ����:� 7:���   Q�����:�����:� �:����� $��C "����: ���� � ��:�C:���� ����� 
SMD 5050 60 led/m, Q:�:7��C:� �:��� C� 16/8, ���7����"�� 24–26°C. 
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�����: ��� b
�   ����C���
�C���� ����C
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x��� ����"�
 �!/� C SG 0

C C�: ��: 7

��� 
�C��:7:$�

�. R�# b�:!:
�C C�"x���

� C �ZG 0,1
SG 0,4 �!/�
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^L"�6

1)/2023

 `�:�:�C�� �

�
��	
�
 in
C�7:���: ��
bQQ���C �:
��B "��: C
C�C��UCC: I
��7����� �{
���:� $"��!
�:� ����� W
����: .  

7:�:$��B b�
�C�C��"�:�
vitro. R�#

�{C�  ��C��
0,5 �!/�; IV
: 25 b��7��

�!�   �"���"
$��C  �$��
����"�{C�
 �!/�; III —

� C �ZG 0,1
C� 7�: :�C�

#B in vitro ��
�C��. T��C
I — ��B��:��
0 !�/�. a��7

Q���C �:��C
����� $��C

��/
��	�	�

�
��	
�
 in
  ��#   ����
�#���# ����
�:����C��U
�� :� # �#�

6�:���� %!�


��x� ��:!:

vitro  
�� 7��"8��
:��� ���� :�
C#B ���C���

— 6% H2O2

{������: 7�
!�. R�# :U��

WPM (Woody

�7����:  $�
� (eRz) C !C

b�:!: $���
���: I — W
— eRz 0,2

���: , ��$��

"�� in vitro
��� !:��:�
�  ��C����:

— WPM � TK
 �!/�. _� ��

�:��   ��x��

�:�:�C�� �
C�"x��� ��

� 60 !�/�; III
7�����  ���
C "��: C� $�
��#�� �� 4-

� 

vitro  
�C#   �"���

�C�C�"�{C�
UC�. y��C�
���# �:��Cx�

&�= 6�#�
#�


�� 7:x�C :��
�:  7����C�
�-$:���. R�#

2; II — 12% 
�:�� ��C ��
��C bQQ���
y Plant Med

��C C�7����
C$$�����: �
� C�7:���: �

WPM $��!:��
�!/� C SG 0

����C� 7�:

$��: 7�: �
�: TKO, SG
I — WPM 

KO 1,0 �!/�, 
�����  ��C�
�C� 21 ��#.  

��x� ��:!: 
���"�{C�  
I — ��B��:�
�{C ��C   �
��C C�"x��
�� ���#U �"

�"�" in vitro 
� ���� :�, �
� C� 8C�:�:
��� C ��"�


���J�
�
 ��:

 

�:����CB 7:
C  :�:�:�� 

# 7:�$:�� :7
H2O2; III —

���C���:� �
�C �:��C ��
dium). _� ���

�� ����Cx��
�# �C��:�� (S
��� 7C�����

�:������#; I
0,5 �!/�. _� 
: :�C�:��   

����: C����
G C C��:�C�-

$��!:��:��
SG 0,4 �!/�
��� C�����:

$��: C�"x�
 ��C���� ��
� 90 !�/�; IV

�"���"�����
� ����"�{C
"���C C�: �

# �#���# 7�
�:�:��� �� �
: 7�C���#��
�:$��   C�7

:6�
F����…

127

:$�!: . R�#
(H2O2). y�-

7�C�����:�
— 24 % H2O2,

�C��C��C�:-
���C�C��UCC
����  ��C-

�� !:��:��
SG) ��# ��-
����# �����
II — Ge 0,2
������  �-
��x��C� 21

��: ��C� 7:
-3-����#��#

�����#; II —
� C �ZG 0,1
: ��C# $��:

��:  �C#�C�
� $��� 7C��-
V — ����C�
��B �:�"��B
C� 7������-
��C#.  

�� :���7��-
�:����  �-

��B ���� :-
7:���: ��CC

 

7 

# 
-
� 
, 
-
C 
-

� 
-
� 
2 
-
 

: 
# 

— 
 

: 

� 
-
� 
B 
-

-
-
-
C 



*.�. Z<�"�:�, �.*. �}!�6-�#
&� � ��. 

128  �!"��# $���������!#
�
 %��&��!�"�"� 

[30]. K��������C ��� ���� :�:� # �#���# 7����C��  :�:�:��. A ��8CB 7�����"{CB ��$:��B $��� 
�:������ bQQ���C �:��� C�7:���: ��C# 12 % ���� :�� 7����CcC  :�:�:�� ��# ����C�C��UCC 7��"8-
��B 7:x�� #$�:�C [31, 32]. A ����:� C�����: ��CC $��� C�"x��� bQQ���C �:��� �����B �:�U�����-
UC� 7����C�C  :�:�:�� ��# ����C�C��UCC 7��"8��B 7:x�� ��:�:�C�� ��x� ��:!:. 

G��  C��: C� ���"�����:  (��$�. 1),  ��:��# �:����C��UC# ��$�������� �� I-�  ��C����. ��QC-
UC�: ���:��� 7��:!���:� �C��:Q�:�:� ��$�����:�� " 13 b��7����:  C� 15, x�: �:��� C�: 86,7 %. 
O�:U��� �C����7:�:$�:��C b��7����:  �:��� C�: �:���: 13,3 %. c ��Cx��C� �:�U�����UCC 7����C�C 
 :�:�:�� �: 24 % (III  ��C���) 7�C ��: � ����:�" " $:��8�� x���C b��7����:  �: 66,7 %. c 10 b��-
7����:  ��$������# :�:! C �:���: 5 b��7����:  �:B���C�C �C����7:�:$�:���. _�C$:��� �#!�C�, �: 
7�C b�:� bQQ���C ��� �7:�:$:� ����C�C��UCC C� ��������C ����B $�� ���� :� 12 % 7����C�C  :-
�:�:�� (II  ��C���), 11 b��7����:  $��C ����C�����C C �:B���C�C � :� �C����7:�:$�:��� (73,3 %). 
\:�� 7��:!���:� �C��:Q�:�� ��$������# �:���: " 3-B b��7����: , 1 b��7���� 7:�"xC� :�:!. A :7"$-
�C�: ����B ��$:��B 7: �C��:��:�����:�" �����:���C� ��:�:�C�� :x��� ���: �����B : ���C��B 
����C�C��UCC. A 2012 !:�" $�� :7"$�C�: �� 7�:�:�:� 7: �����:���C�  C�:  Rubus C Ribes, !�� � -
�:�� ���:����: ��C C�7:���: ��� !C7:B�:�C� ����UC# [25]. O�C ����C�C��UCC 7��"8��B 7:x�� ��:-
�:�C�� x���:� $��� 7�C������ ��:!:b��7��# ����C�C��UC# � 7:�:{�� ���� :�� «T�C��C���», � 
����� �C�UC��, b�C�: :!: �7C��� C B�:�!���C�C�� [33]. y����: ��$:� 7: ����C�C��UCC � 7:�:{�� 
7����C�C  :�:�:�� :7"$�C�: ��: �� $��:. 

e � $ � C U �  1  

5�|)0­+*+� �+���0�|*I�� ¬1��0*2+,- �(,�,4�2� w2��-�1,8, 

A��C��� ��QCUC�: ���:��� 
b��7����:  

_���:� b��7����:  @C����7:�:$�:��� b��7���-
�:  

8� % 8� % 8� % 
I — 6 % H2O2 13 86,7 - 0 2 13,3 
II — 12 % H2O2 3 20 1 6,7 11 73,3 
III — 24 % H2O2 - 0 10 66,7 5 33,3 

 
e��C� :$���:�, 12 % ���� :� 7����C�C  :�:�:�� # �#���# bQQ���C ��� ��# 7: ��B�:���:� ���-

�C�C��UCC 7��"8��B 7:x�� ��:�:�C�� ��x� ��:!:. T��� 7:�"x���  ��:��# ���7��� �C����7:�:$�:-
��C b��7����:  �: 73,3 % C �C��C� 7�:U��� �:����C��UCC. 

��"�������� 
��
$�
"
 �
!�"� 
R�# �C��:��:�����:!: �����:���C# C�7:���"���# ����Cx��� ��!"�#�:�� �:���. y�C 7:�$C��-

���# C��C C�"����:,   �� C�C�:��C :� !��:�C7�. _�7�C���, ��# �����:���C# ���:�:��B  C�:  ��:-
�:�C�� �� b��7� ��!�����UCC :��: �:!: 7:$�!� � �:�� ���:����"�� C�7:���: ��� !:��:�� TKO 2,0 
�!/� C �ZG 0,5 �!/� [25]. �� ����:, x�: �C�C��"�:�  �C#�� �� 7�:�CQ���UC� 7:$�!:  $�"��C�C   
�C��CB �:�U�����UC#B (:� 0,1 �: 1μM), �: C�!C$C�"�� "��C���C� 7:$�!:  [34]. y����: ��$:�� 7: 
C�"x��C�  �C#�C# �C���C�� C �C�C��"�:�� �� �C��:��:�����:� �����:���C� ��:�:�C�� ������: �� 
$��:.  

\��"������ C�����: ��C� 7:�����C (��$�. 2), x�: �:$� ���C� !:��:�:    �:���  7C�������:� ���-
�� C!���� ���x� "� �:�� 7�C  �!����C �:� �����:���CC. _� �:���:���:�  ��C���� C�����: ��C# (I 
 ��C���) 7�:U��� ��!�����UCC �:��� C� �:���: 32 %,   �������, � :��:� 7��"8�:� 7:x�C $��: :$��-
�: ��: 0,36 7:$�!: . T:��� �:!:, :$���: ����� 7:$�!C $��C 7�:B: �Q:��C�: ���. `����##  ��:�� 
:$���: ����B 7:$�!:  �:��� C�� 0,58 ��, �:�Cx��� : �C����  2,75 8� �� b��7����. O�C C�7:���: �-
�CC �C���C�� ( ��C��� II) ��!�����UC# �:��� C�� 64 %. ` �"���C C�: ���:� 7:x�C $��: :$���: ��: 
0,88 7:$�!:  �� b��7����. O:$�!C $��C :$:�:$������ C  ��:�:�:����, :����: �C���# $��C 7�:B: 
�Q:��C�: ���. [C��: �# 7����C��� $��� �������:!: �������. A�C#�C� �C���C�� ��  ��:�:�:��:��� 
7:$�!:  :���x����# C ��# ��"!CB �"���"�. _�7�C���, ��# C��:�� �C��:�C���:!: �� ����� � �C���C�:� 
$��C 7:�"x��� ��C$:���  ��:�C� 7:$�!C, x�� 7�C C�7:���: ��CC TKO [35]. 

 
 
 



����� «	�
�

I — WPM $
II — WPM �
III — WPM 
IV — WPM
*8����<���

 
_� III 

T:��� �:!:,
[C��: �# 7
x��: 3,68 �
$��: bQQ�
UC# 5 
M #
vitro [36]. a
2,0 �!/�, SG
�:�C�� x��
��UCC 7:$�
�����:� �:

��7:�
�"��:� ���
7:x�C $��:
�� b��7���
!:  �:��� C
��!�����UC
����"�� 7�
 

e��C�
TKO ��# �
��� :7�C��
���C�� TK
7:$�!C $��

'���

In vitr

��$:�� ��C
�"���C C�"

�
���. �����

A

A��C�

$��!:��:����
� Ge 0,2 �!/�
� TKO 0,2 �!
 � eRz 0,2 �!

��. `����## ��

 ��C���� C�
, $��: ��QC
7����C��� "
�C����  �� b
���C ��� C 
# �#���# ��
aQQ���C �:
G 0,1 �!/� C
��:� [37]. R
�!: , �: C  
�C�C�: ��C

���: ��C� �C
��C   :��: �
: ��!����C�

��. y����: "
C�� �:���: 

CC 7:$�!:  C
C C�7:���: 

\C�"�:� 2. \

� :$���:�, �
��!�����UCC 
������  ��C

KO 0,2 �!/� 
�C C�7:���:

��
�����
�
ro �"���"�� 
C� C ��# ��
"�� �� 7C��

����. ��
����

�C#�C� !:��:

��� 

��# 
� C SG 0,5 �!/
!/� C SG 0,5 �
!/� C SG 0,5 �
���CU� ���xC��

�����: ��C#
��C�: ��: �

" :$���: � 8
��7����. `�
��# ��:�:�

�C$:��� :7�C
:��� TKO 7:
C �ZG 0,5 �
R�# Ribes ma
 ��#!C ��C�
C� C �:��    
C�C��"�:�� 
��CC 7�� Cx
�: ��: 0,68 
" �C����  $�

0,88 ��. K 
C� ����"��:
 ��CC b�:!: 

�!��C�: ����
�

�C�����"���
:��: �:!: 

C���:�. e��
C SG 0,5 �!
 ��� ��# :7

� ��/��
���
��:�:�C��

���: :!: C $
�������� ��

���». � 3(11

:�����:!: �:

G:�

/� 
�!/� 
�!/� 
����� �� "�: �

# $�� 7:�"x
��C$:��8��
8CB�# 7:$�!
����##  ��:
�C�� �:�:�C
C�����:� �
:�� �������
�!/� $��C "�
agellanicum
� 7:$�!:   
 ��:�" ����
( ��C��� IV

x�:!: 7:$�!
7:$�!: . T�

��� 7�:B: �
 �:���C :��
:� �"���"��
!:��:�� [34

�� 7:$�!C ��
�:$� ���C��

�� ������
7:$�!� C� 7

�, ��#   ����
!/� # �#���#

7�C�C��UCC
��� 
 ��:!C�C C
$����:!: ��
���� � �:$�

^L"�6

1)/2023

:��� � �� ��!�

�- : 7:$�!: 
8� 

0,36±0,11 
0,88±0,17 

1,48±0,16* 
0,68±0,14 

�� 0,05. R�����

x�� ����C��
� �:�Cx��� :
!:  $��� B:

:�� 7:$�!:  
C��:� (Ribes
��# �����:�
��# C ��"!C�
�7�8�: 7�C
�:$� ���C�

   ��:�". c
���#��# [38]
V) $��: ���
�. O�:U���
��: 7:�"x��
Q:��C�: ��
��x����#, x�

�. O:$�!C �
4]. 

�:�:�C�� ��
TKO 0,2 �!/�

C ��8C ��
7��"8�:� 7:
�C#   �"���
# bQQ���C �
7C�������:

C�����: ����
����:���C#
� ���C�� U

6�:���� %!�


�����UC� :��

, A��:�� 7:$
�� 

0,58±0,0
1,31±0,0
1,23±0,0
0,88±0,0

�  �������   

������ 7�:U
: 7:$�!:  � :
:�:8: �Q:�
�:��� C�� 1

s aureum). K
���C# �:7:�
�C C�����: 

C������ ��#
� 1,0 �!/� TK

c ��Cx��C�
. 
��� bQQ���C
��!�����UCC
�: ����C���
�� �C��: �#
�: �C�C��"�
C�:� $�"��

�x� ��:!: �� 7
� C SG 0,5 �!/

��"������ 7
:x�C ��:�:

�"�" in vitro
��� !:��:�
:� ����� ��#

�#�C C�7:��
# ��:�: �B
UC�:�C�C�: 

&�= 6�#�
#�


�: �:!: 7:$�

$�!: , G:�- 

03* 2,7
05* 3,2
03* 3,6
05* 5,0
 C�� �����CB ±

U��� :$���: 
:��:� 7��"8

��C�: ���. A
,23 ��. e���

K �:�� "���
��C������B 
 ��C#�C. _�
#   ����C#  
KO 7�C :�C
�:�U�����U

C ���. y��
C �:��� C� �
���:� �:�Cx

# 7����C���.
�:� bQQ���C
C�C C x���C

 

7C�������:� 
/� 

7:�� ������
�C�� ��x� 
7C��������

������� �:x
# �C��:��:�

��"���# ��# 
������C�. `

 , �� C����


���J�
�
 ��:

e �

�!� 

 : �C���� , 
8� 

O

75±0,25 
25±0,17 
68±0,17 
0±0,35* 
± ���������:�

 ��C# 7:$�!
8�:� 7:x�C
A �������, 
�� C�7:���:
� ���, x�: 
7:$�!:    

�7�C���, !:�
  �"���"�" i
C�: �� �:���
UCC TKO ��

��x��: ����
�:���: 56 %
x��� : �C���
. `����##  �
C �: C�7:��
C�C $��C 7

����� WPM 

��, x�: C�7
 ��:!: # �#
�# ����� WP
x����C��. O
�����:!: ��

�C� C��UCC
`��������:,
x��C�� ��"

:6�
F����…
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� $ � C U �  2

O�:U��� ��-
!�����UCC 

32% 
64% 
88% 
56% 

� :8C$�C. 

!:  — 88 %.
 — 1,48 8�.
$��: 7:�"-

: ��C� TKO
�:�U�����-
�"���"�� in
��:�� TKO
in vitro ��:-
�: � ��!���-

�C���: �7C-

�����C� ���-
%. �� :��:�
��  — 5 8�
��:�� 7:$�-
��"���# ��#

7:�"x��� C�

�  

7:���: ��C�
���# ��C$:-

PM � �:$� -
O:�"x�����
���:���C#.

C  C�"���B
, b��7�����

"x�� , �:!��

 

9 

 

. 

. 
-

O 
-
n 
O 
-
-
-

-
� 
� 
-
# 
� 

� 
-
-
� 
. 

B 
� 
� 
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b��7����� 
�:�U�����U

O�C C
# �#���# TK
1,07 ��, �:
������� 7�
�Cx��� : �C

_� III 
x��� : �C��
3,03 8� �: 
2).  

7�+�(

A

I — WPM $
II — WPM �
SG 0,4 �!/� 
III — WPM 
SG 0,4 �!/� 
IV — WPM
SG 0,4 �!/� 
*8����<����
 

y$�x�
!:��:�� C�
��# �:�U��
��# �:�U��
�!/� C SG 0
C�7:���: �
���C� 7:$�
$��� ��C$:
�C�������

 

� — 
$��!:�

\

e��C�
�� ��x� �
7C�������:

�, �.*. �}!�6

"�:���#�� 
UC#B (0,5–1,
C�"x��CC ��
KO 0,5 �!/�
:�Cx��� : �
�C�:�� 7: �
C����  �� 2,
 ��C���� 7�

���  7,43 8�
 �B 7:$�!: 

(�|*I�� ��+

A��C��� 

$��!:��:����
� TKO 0,5 �!
C �ZG 0,1 �
� TKO 1,0 �!
C �ZG 0,1 �
 � TKO 1,5 �!
C �ZG 0,1 �

�. `����## ����

�: ��# ����
����  ���:�
����UC# TKO
����UC# 7:�
0,2 �!/�. [41
��C� TKO   
�!:    �"���
:��� bQQ���
� ���"������

I — WPM  
��:������# 

\C�"�:� 3. O:

� :$���:�, b
�:!: # �#��

:� ����� x��

6-�#
&� � ��.

[39]. A ��8
0 �!/�).  

���Cx��B �:
� ( ��C��� II
�C����   — 
�:�Cx��� " 7
,63 8� (��$�
�C�:��    �
�. O�C ����C
 . A��:�� " 

+*+�0­2,? ��

A��:��
$�!: 

��# 0,57±0
/�, 

�!/� 
0,57±0

!/�, 
�!/� 

0,56±0

!/�, 
�!/� 

0,61±0

�CU� ���xC����

��:���C# 7:
� ���x��C�. _
O 7�C :�C��
� �#��. e��
]. O�C ����
�:�U�����U

�"�� in vitro
�C �:� [26].
�.  

! — I
0,5 �

�

:�$:� !:��:�

QQ���C �:�
��# WPM � �
��� 21 ���� 

. 

8�� C�����:

:�U�����UCC
). T��: :$�
6,10 8�. _�
7:$�!: , �:�

�. 3, �C�. 2).
��:�" 7:$�!:
C�����:� �
 ��CxC����

��4� 40� (�1

R��
� 7:-
, �� 

G:�- 
$�!: 

0,02 1,00±

0,02 1,00±

0,02 1,00±

0,02 1,00±

��� �� "�: �� 

:$�!:  � �:�
_�7�C���, �
� � $:��8��

�, :7�C�����
��:���CC Ri
UC#B 0,25 �
o [38]. R�#
 e:!�� ��� �

II — WPM � T
!/�, SG 0,4 �!

�ZG 0,1 �!/�

�:  ��# �C��

� 7C�������
�:$� ���C��
$��: :$���

: ��CC $��:

C TKO $��
��: ��: 4,83
� �:���:���
���: 0,90 8

:  �:��� C�
:�U�����UC
�� 1,18 ��,

1�,10,2*0­2

�� 1 
 : 7:-
 , 8� 

G:�- 
����

±0,00 3,83±

±0,00 3,90±

±0,00 3,90±

±0,00 3,67±

0,05. R�����  

�� 8C�:�:
��# �����:�
�" �����:��
��� �:x����
ibes magella

�!/� C�C 0,50
�����:���C
�� $��!:��:

TKO 
!/� C 

� 

$ —
1,0

�:��:�����:!

�:� ����:� �
� TKO 0,5 �
�: ��: 4,83

 

: C�"x��:  �

�:  �# ���:
3 �: �B 7:$
�:�  ��C���

8�. A��:�� 7

� 1,53 ��, �:
CC TKO (1,5

� �:�Cx��� 

2,8, �*|(2,

 : �C-
� , 8� 

A��:
!:

±0,21 0,36

±0,18 1,07

±0,22 1,53

±0,19 1,18

 �������    C

C�7:���"��
���C# ��:�:
��C� �:7:�
�C�� !:��:�
nicum ���"�
0 �!/� 7�:�
C# ��:�:�C�
:�����:� ��

— III — WPM
0 �!/�, SG 0,4

�ZG 0,1 �!

!: �����:���

��# �C��:��
�!/�, SG 0,4
8� �: �B 7

 �!"��# $����

�C#�C� UC�:

:, x�: bQQ�
$�!� �� b��7
�� (I  ��C��
7:$�!� " ��C

:�Cx��� : 7:
�!/�) $��: 

 : �C����  —

,B�2�� �(,�,

R��� 
:�� 7:$�-
: , �� 

G:�
!

6±0,03* 0,

7±0,03* 4,

3±0,02* 2,

8±0,03* 3,

C�� �����CB ± 

� TKO [40].
:�C�� �����
��C������B 
�:  $��: TK
������ C����
�"UC�: ��: 
�� x���:� $

���� ���C ��

M � TKO 
 �!/� C 
!/� 

"

�C# ��:�:�C�

�:�����:!: �
4 �!/� C �Z
7:$�!:  (�C

������!#
�
 %

:�C�C�� TK

��C ��� �:
����,  ��:�

��) $�� 7:�
CxC���� �� 0

:$�!:  2,00 
:$���: ��:

— 4,10 8� (�

e �

,4�2� w2��

21 (7�C�:��)
�- : 7:$�-
!: , 8� 
90±0,06* 

83±0,25* 

00±0,15* 

03±0,19* 

���������:� :

 y����: �:
�:� (Ribes r
7:$�!: , � $

KO 0,4 �!/�
��: ��C# 7:
����C�����
$��!:��:���
� $��C 7:�"

" — IV — WP
1,5 �!/�, SG 

�ZG 0,1

�� ��x� ��:!

�����:���C
ZG 0,1 �!/�.
C�. 3). A ���

%��&��!�"�"�

KO   �����B

:������C��
�� �:��� C��
�"x�� �C�C-
0,36 ��, �:-

8� C �:�C-
,   �������,
��$�. 3, �C�.

� $ � C U �  3

�-�1,8, 

) 
G:�- : �C-
���� , 8� 

2,63±0,22* 

6,10±0,23* 

7,43±0,34* 

4,10±0,23* 

:8C$�C. 

�U�����UC#
ubrum) �C�-
$:���  ��:-

�, �ZG 0,02
:�����C, x�:
�:� �����:-
����# �����
"x��� 7:�:-

 

PM � TKO 
0,4 �!/� C 

1 �!/� 

!: 

C# ��:�:�C-
. _� ����:�
�"������ C�-

� 

B 

� 
� 
-
-

-
, 
. 

 

# 
-
-
2 
: 
-
� 
-

-
� 
-



^L"�6�:���� %!�
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#�
���J�
�
 ��:6�
F����… 
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����: ��C# 155 7:$�!:  $��C �C��:��:�����: �����:����. \����:������ 7:$�!C $��C C�7:���: �-
�� ��# :7�C�C��UCC 7�:�:�:�� ��������:x�:!: B�����C#. 

)�������
<�
� �������� 
e�B�C�� ��������:x�:!: B�����C# # �#���# bQQ���C ��� 7:�B:�:� ��# B�����C# b��7����:    

�"���"�� in vitro   ��x��C� ��:!CB ���#U� . a�:� ���:� 7:� :�#�� �:���:�C�: ��� �:�� C ��� C�C� 
������C� C # �#���# b�:�:�Cx���C  �!:����. `�������:x�:� B�����C� 7�C���#���# � "x��:� ���-
�Cx��B Q���:�: : ���7����"��, "��: C# C��"��� ���:!: :� �{��C# C�C ����:��, �:���  �����, 
 ���x�# �:�U�����UCC �C�����:  C�C ��B��:��, ���CxC�/:��"��� C� ��!"�#�:�:  �:��� ������C�, 
:��:�Cx���CB �!���:  C C�!C$C�:�:  �:��� [42]. y��C� C� :��: ��B "��: C� ��# ��������:x�:!: 
B�����C# # �#���# C�7:���: ��C� :��:�Cx���CB �!���: , ���CB ��� ��B��:�� C�C ����C�. _�7�C���, 
��# 7:$�!:  ��C � �:������C� ��B��:�� C ����C�� (2 %) 7:� :�C�: �:B���C�� b��7����� �: 30 ���#-
U�  [43]. Vitis vinifera B���C��# 12 ���#U�  7�C " ��Cx��CC �:������C# ����C�� �: 2,5 % [44].   

c��: C# ��������:x�:!: B�����C# 7:$�!:  ��:�:�C�� ��x� ��:!: C�"x��� �� $��C. e��,   ��-
8�� ��$:�� $��: C�"x��:  �C#�C� ��B��:�� C ����C��   ����Cx��B �:�U�����UC#B 7�C ��������:x-
�:� B�����CC ��:�:�C�� ��x� ��:!:.  

`�� ���C� � "B :��:�Cx���CB �!���:  7:�����:, x�: ����C� C���� $:��� 7:�:�C������� bQQ��� 
�� ��������:x�:� B�����C� ��:�:�C�� ��x� ��:!:. A ���"������ �"���C C�: ��C# b��7����:  �� 7C-
��������� ����� � �:$� ���C�� ����C�� " ������C� :��"��� : ��� ��!��C ��# �C���C�� �:���. O�C 
" ��Cx��CC �:�U�����UCC :��:�Cx���:!:  �{��� � :�����C 7�C�:��� �:���{��C��. e��, 7�C C�7:��-
�: ��CC ����C��   �:�U�����UCC 10 !�/� 7�C�:�� 7:  ��:�� 7:$�!:  �:��� C� 0,04 �� C 7: �:�Cx��� " 
�C����  0,70 8�. G:�U�����UC# 20 !�/� 7�C ��� � " ��Cx��C�  ��:�� 7:$�!:  �:���: �� 0,04 �� C 7: 
�:�Cx��� " �C����  0,14 8� �� b��7����. O�C ����C�����:� �:�U�����UCC ����C�� (30 !�/�) 7�C�:�� 
7:  ��:�� 7:$�!:  :��"��� : ��, � �:�Cx��� : �C���� ,   �������, " ��CxC�:�� �� 0,82 8�. y����: 
��:C� :����C��, x�: 7�C  C�"����:� :��:��� b��7����:  ��C$:��� :7�C������� "��: C�� # �#��# V 
 ��C���. c �C����  �� $��: ����x��: B�:�:��, 7:$�!C �:B���C�C ������� ����{����� U ��. A �: 
 ���# ���, ��  ��C����B IV C VI $��� ����x��: C������C� U ��� ������. c ���:�:��B b��7����:  ��-
xC���C ������� �C���# C�C 7:$�!. O�C 7: �:��:� �"���C C�: ��CC �C��:7:$�!C 7�:�:��C�C ���-
��:�����#. T��� 7:�"x��� 100 % �C����7:�:$�:��� �C��:7:$�!: . 

O:�:�C������� bQQ��� ����C�� 7:�� ������ C ��# ��:�:�C�� x���:�. a��7����� B���C�C   
7C�������:� ����� � �:$� ���C�� 2 % ��B��:�� C 2 % ����C��   ��x��C� 18 ���#U�  [43]. R:$� ���C� 
10 !�/� ����C�� 7:� :�C�: �:B���C�� b��7����� Vitis heyneana   ��x��C� 12 ���#U�  [45]. 

e � $ � C U �  4  

@���,�+ (�1�,�,G�8,- �(,�,4�2� w2��-�1,8, - +���2�� 4-< (���I�- 

A��C��� 

1 ���� 120 ���� 
 

O�C�:�� @C����7:�:$�:���, 
% 

A��:�� 
7:$�!: , ��

G:�- : �C-
���� , 8�. 

A��:�� 
7:$�!: , ��

G:�- : �C-
���� , 8�. 

A��:�� 
7:$�!: , 

�� 

G:�- : �C-
���� , 8�. 

I — ��B��:�� 30 
!�/� 

0,86±0,05 3,64±0,47 0,99±0,07 5,55±0,65 0,13 1,91 60 

II — ��B��:�� 
60 !�/� 

1,23±0,09 4,55±0,34 1,25±0,06 4,25±0,54 0,03 0,09 60 

III — ��B��:�� 
90 !�/� 

1,11±0,07 3,36±0,41 1,14±0,08 3,45±0,45 0,02 -0,3 50 

IV — ����C� 
10 !�/� 

1,13±0,07 4,86±0,46 1,17±0,09 5,00±0,53 0,04 0,70 100 

V — ����C� 20 
!�/� 

1,09±0,08 3,60±0,31 1,13±0,10 4,30±0,72 0,04 0,14 100 

VI — ����C� 
30 !�/� 

0,91±0,06 4,36±0,34 0,91±0,05 5,18±0,38 0,00 0,82 100 

8����<����. R�����  �������    C�� �����CB ± ���������:� :8C$�C. 
 
��7:���: ��C� ��B��:��   ��x��� � :��:�Cx���:!: �!���� 7�C ��: � :��:�C�����: B"�8��" ��-

�"�����". _�  ��B b��7�����B I, II C III  ��C���:  7�C�"��� : �� B�:�:� ������, �C���# ������C. `���-
������# �:�U�����UC# ��B��:�� (30 !�/�) 7�C ��� � ��C$:��8��" 7�C�:��" 7: �:�Cx��� " �C����  — 
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1,91 8�,  ��:�� 7:$�!:  " ��CxC���� �� 0,13 ��. _�!��C ��# �C���C�� 7: �:�Cx��� " �C����  $�� 
��QC��C�: �� �� III  ��C���� :7���. T�� :���x�� :�7�� �C����  (-0,3 8�),  ��:�� 7:$�!�,   �������, 
" ��CxC���� �� 0,02 ��. _� II  ��C���� b��7��C����� 7�C�:�� $�� �����xC�������: 0,03 �� 7:  ��:�� 
C 0,09 8� 7: �:�Cx��� " �C����  (��$�. 4, �C�. 4). A U��:�, ����:��# �� :��"��� C� # �:� ��!��C �:� 
�C���C�C QC�C:�:!Cx���:!: �:���, " ������C� $��� 7:�"x��� �C���# �C����7:�:$�:��� 7:��� ����-
����:x�:!: B�����C#. Z���C������� 7�:U��� �C����7:�:$�:��C 7�C 7: �:��:� �"���C C�: ��CC 
�:��� C� 60 % 7:��� ��������:x�:!: B�����C#. T:��� �:!:  ���: :����C��, x�: " b��7����:  7�C�"�-
�� : �� B�:�:� �C����  C 7:$�!: .  

 

� - ��B��:�� 30 !�/� $ - ��B��:�� 60 !�/�   - ��B��:�� 90 !�/� 

! - ����C� 10 !�/� � - ����C� 20 !�/� � - ����C� 30 !�/� 

\C�"�:� 4. ZC��:7:$�!C ��:�:�C�� ��x� ��:!: �� ��������:x�:� B�����CC 

\��"������ 7:���� ���, x�: "��: C# ��:$B:�C�: 7:�$C���� C��C C�"����:. A ��8�� :7��� 7�C 
C�7:���: ��CC ��B��:�� 7:�:�C������B ���"�����:  �� ��$�����:��. y����: ��# ��"!CB  C�:  ���-
���C� ��B��:�� 7:� :�#�� B���C�� b��7����� ��C�����:�  ���#. _�7�C���, Castanea sativa B���C�C�� 
  ��x��C� 48 ���#U�  �� ����� � �:$� ���C�� 30 !�/� ��B��:�� [46]. Citrus jambhiri �"���C C�: ��C �� 
7C�������"� ����" WPM � 25 !�/� ��B��:��, !�� b��7����� �:B���#�C �C����7:�:$�:���   ��x��C� 
!:�� [47]. 60 !�/� ��B��:�� $�� bQQ���C �� ��# b��7����:  Prunus avium × P. Cerasus   "��: C#B 
����:��. a��7����� B���C�C 16 ���#U�    ���CB "��: C#B [48]. 

e��C� :$���:�, :7�C������� "��: C�� ��# ��������:x�:!: B�����C# �C��:7:$�!:  ��:�:�C�� 
��x� ��:!:   �"���"�� in vitro # �#���# 7C��������# ����� WPM � �:$� ���C�� ����C�� 20 !�/�. O�C-
�:�� 7:  ��:�� 7:$�!:  C �:�Cx��� " �C����  $�� �C��C�, �����:���C� 7:$�!:  �� ��$�����:��. 
a��7����� �:B���#�C � :� �C����7:�:$�:���   ��x��C� 4-B ���#U�  $�� 7�:���"�:x�:� 7�������C 
������C�. A ���"������ b�:� ��$:�� $��� �:����� in vitro �:����UC# ��:�:�C�� ��x� ��:!: ��#  �:-
B�����C#  C��. 

0����<���� 

������: ��C�   �C��, � #������ � �����$:��:� $C:��B�:�:!CC �C�:����"{�!: C�x����{�!:  C-
�� ��:�:�C�� ��x� ��:!:, ��������:�   G����"� ��C!" G���B�����, �� 7�: :�C�C��. e��C� :$��-
�:�,   ���"������ ��8�� ��$:�� $��� �����$:���� ��B�:�:!C#   �"���"�� in vitro 7: �:B�����C� C 
 :�7�:C� :��� " ��:�:�C�� ��x� ��:!:. y7�C�C�C�: �� 7�:�:�:� �C��:��:�����:!: �����:���C# 
C ��������:x�:!: B�����C# 7:$�!:    �"���"�� in vitro. _� :��: � b�:� ��$:�� �C��:��:�����: ���-
��:���� 250 7:$�!: , C� �CB 120 7:$�!:  �"���C C�: ��� �� 7C��������� ����� ��# ��������:x�:!: 
B�����C#. e��, $��� �:����� �:����UC# ��:�:�C�� ��x� ��:!:   �"���"�� in vitro, �:�:��# 7:� :�C� 
�����:�C�� C �:B���C�� b�:� U�����  C�. 
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K.`. _]�����, R.K. R����$��: �, `.`. �����: �, �._. `����: �,  
K.e. c�C����: �, K.K. G��C����: � 

 ���1 1�|4���+E2 w2��-�1�? ~*�*~*+ +��E2 �*~+*) �'E2 (�1�,10,2*04�  
1PG�?+) B�2� ,�+* (��|E(4E in vitro �*~+*) B*D4*?0*��2 ,F+*?0*24��) 

Z������� ��x� ��C� ������� Y�����!���w (Ribes janczewskii) �C��� ���������� ����� in vitro ��9������� 
�����" $:���8� ������"�����w �V�C������ �Y������!��. F��������w $]� ���� �"�"���9�, �C#�������!� 
�V�� �Y��� ���7����"��9� �Y�����, �:����� ����� $���� ������!� ����9���� ���:�$C� ��8����, 
7:�CQ��:���� �V�� ���:UC��C���� �C#��� 7������ ��������w �Y7 �Y�8���� ����C��. y��9�� ����� 
$]� �:����7 ���" ��"7� �Y�!�� ����� �����" �8�� $C:��B�:�:!C#�� �����" $:���8� �8������ 
������"��� ���!����!�� �:�. @]����� �C���� ��������������" �V�� ��x� ��C� ����������w 
b��7��������� in vitro Y��������� ��!��" ��w�����, ����C�C��UC#��" ���C�� 5 �C�"� $:����� 
����C����" �!���� ������� 12% �"��!� ����� �:��9� ���������� ��w�����, :�� ��9����� b��7������w 
Y���8�w��!� 73,3% ����� �����. `:����-��, �Y$���" �8�� WPM �:������ :�������w �]���� TKO 0,5 
�!/�, SG 0,4 �!/� �V�� �ZG 0,1 �!/� �:�" ������ :w�������������, $]� $�� b��7������ 4,83 ��w� 
Y���� ��"9� ��������� $����. ��x� ��C� ����������w �C��:Y��������� :��� �������� �����" �8�� �w 
:w����� ��9��� ������� 20 !/� �:�U�����UC#��9� ����C� �:���9�� WPM �:������ :����� ��w�����, 
�V�C������� Y������w $C����!� ��� ��7���� ������w �:9����" 7����������� �Y��� $:���, Y������w 
�Y$��� $���������. y�� $�9��� ����� �Y$���"!� �V�� �����"9� ��������� $������ ��x� ��C� 
����������w in vitro �:����UC#�� �������. F����!� "������ 250 Y���� �C��:�Y$�������, :��w 120 
Y����� :��� �������� �����" �8�� �:������ :�������� Y�������. 

�Q�	 �@/���: in vitro Y�����, Ribes Janczewskii, WPM �:������ :�����, :��� �������� �����", ����C�:�, 
��������������9�8���, �C��:�Y$���", �C��:Y��������. 

 
A.S. Nurtaza, D.A. Dyusembekova, S.S. Islamova , I.N. Samatova, A.T. Umirzakova,  

A.A. Kakimzhanova 

Optimization of conditions for micropropagation and medium-term storage in vitro  
of a rare Ribes janczewskii for conservation 

This article presents the results of studies on the in vitro conservation of a rare species of the Yanchevsky 
currant plant (Ribes janczewskii). This type of currant is more resistant to diseases, pests and low 
temperatures, and also contains a large amount of useful substances, such as ascorbic acid, polyphenols and 
anthocyanins compared to other types. Previously, no research has been done to develop biotechnology to 
conserve this endangered species. In this work, effective sterilization and the introduction of Yanchevsky 
currant explants into in vitro culture were selected, a 12% hydrogen peroxide solution was chosen as a 
sterilizing agent with a sterilization mode of 5 minutes, where the explant viability reached up to 73.3%. 
Also, for multiplication, the composition of the WPM nutrient medium was optimized with the addition of 
BAP 0.5 mg/l, GA 0.4 mg/l and IMC 0.1 mg/l, which made it possible to obtain 4.83 new shoots per explant. 
For the medium-term storage of Yanchevsky currant microshoots, the WPM nutrient medium with the 
addition of mannitol at a concentration of 20 g/l was chosen as the most optimal condition, as a result of 
which the increase in shoot height and number of leaves was low, shoot propagation was not observed. A 
collection of currant Yanchevsky in in vitro culture was created, which allows propagating and preserving 
this valuable species, and 250 shoots were successfully micropropagated, of which 120 shoots were cultivated 
on nutrient media for medium-term storage. 

Keywords: in vitro culture, Ribes janczewskii, WPM nutrient medium, medium-term storage, mannit, steriliz-
ing agents, micropropagation, microshoots. 
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A 7�:U���� C�"x��C# S��$��C# ����C�"�� b�:�:!CC ������C� C �C :���B (SVER)  �# ���� 16  C�:  
������C�, :��:�#{CB�# � 12 �:��� C� 10 ������� , ����� �� :���x� 8CB�# ��# :�������B Q�:�C��Cx�-
��CB ���:�:  (P\) G���B�����: G�����"��:!: P\ — 2  C�� (Allium caeruleum C A. obliquum), a�$C�-
��:!: P\ — 1 (Allium strictum), Å��:-c�������:!: P\ — 5 (Alyssum dasycarpum, Amberboa nana, 
Amberboa turanica, Arnebia decumbens C Asparagus breslerianus) C e:$:�-�8C���:!: P\ — 8  C�:  
(Bromus arvensis, B. squarrosus, Epilobium tetragonum, Matthiola superba, Psephellus sergii, Salix 
vinogradovii, Schoenoplectus hippolyti C Silene tatarica). `���C ��B:�:� Bromus arvensis # �#���# �: �� 
 C�:� ��# Q�:�� G���B�����. O:�"x����� ���"������ �"{��� ���: ���8C�#�� C���{C��# 7������ -
���C# : ���7�:�������CC 7�C ������B  C�:   : Q�:�� G���B�����.  

���<�$�� ��
$�: �:7:����C� � Q�:��, � ����C# : ����:��B:����CC, Q�:�C��Cx���C� ���:��,  C�� 
�:�"�C���B ������C�, K�C#. 

 

1$������ 

\��"�����:� C�"x��C# Q�:�� ����C�:�CC G���B�����   XIX–XX  ���B ����: 9-�:��:� C����C� 
«P�:�� G���B�����» (1956–1966). O:����� 7:� �����UC�� \. A. G����C��, `. K. K$�"�C�:� $�� C���� 
«`7C�:� �:�"�C���B ������C� G���B�����» [1]. `7C�:� :������# �� 7:����, : x�� � C�������� "�� 
U���� �#� ��$:�, 7:� #{����B �: ��  C��� Q�:�� \��7"$�C�C G���B���� [2–16]. 

A 2015 !:�" ����8C� ��"x��� �:��"��C�:� T:���Cx���:!: ���� c�y \K_ (!. X�����C�$"�!, 
\:��C����# P�����UC#) O.A. G"�C�: �� C 7�:Q���:�:� ��Q���� $C:�:!CC C !�:!��QCC G:������-
��:!: !:�"����� ���:!: 7���!:!Cx���:!: C���C�"�� (!. G:������, \��7"$�C�� G���B����) Å.A. O���-
�:!C��� $�� C�CUCC�: �� ����"���:���� 7�:��� «P�:�� 7�C!���Cx��B ����C�:�C� G���B����� C 
\:��CC». O�:���  ���x��   ��$# � � ��7�� ���C#: �:����C� ����� �  C��"������C !��$�����C :$���-
U��C C �� C�C# S��$��C�  ����C�"�� b�:�:!CC ������C� C �C :���B c�y \K_ (SVER) C G:������-
��:!: !:�"����� ���:!: 7���!:!Cx���:!: C���C�"�� (KSPI) � U����  �# ���C# �: �B  C�:  Q�:�� 
\��7"$�C�C G���B����. O:�����,   �C�" :$|���C ��B 7�CxC�, ���� $�� 7���C���: ��  : «P�:�" 
c����» [17], :����: �"��  :8�C !��$����� b����7�#�� G:��������:� :$����C, ��� ���  �# ��7����# 
x���� ��  B:�C�   �:���  z�"������:!: 7���:. A �:���  C�7:��C����� ����:!: 7�:���� �: ��:�:�� \:�-
�C���:� P�����UCC  :8�C: O.A. G"�C�: , Z.`. G�#�� , X.S. PC�C77: , A.a. A������: (T:���Cx���C� 
��� c�y \K_); _.A. z:�:���� �, X._. O:�!�� ���# C _.S. X�:BC� (����C�"� b�:�:!CC ������C� C �C-
 :���B c�y \K_). Z�:!C� C� �CB # �#���# � �:���C ��"7��B Q�:�C��Cx���CB � :�:� �� ����C�:-
�CC c���� [18–23]. 

`: ��:�:�� \��7"$�C�C G���B����   7�:���� 7�C�#�C "x���C� Å.A. O����:!C�, y.A.  T:�:�"�C-
�� C `.�. G"��: . \�8��C�� �"�: :��� � G:��������:!: !:�"����� ���:!: 7���!:!Cx���:!: C���C�"-
�� #���:� ����� $�� 7�C���� ��!�C���C�. _� ������ �:���� �� ����� :7"$�C�: ��: :�:�: 2500  C-
�:  C $:��� 3500  C��"�����B :$���U: . O: 7�C�UC7C������ 7�CxC��� �� ����� 7"$�C�"���# �:���: 
��  C��, " �:�:��B C�����#  C��"������ !��$����� :$���U�. _� ����� 7�C ����� �:���: �C�:���-
�"{C� ������C#, �"���"����  C�� :��"��� "��. 

y!�:��"� �:��   :�!��C��UCC C����C# ����� ��!��� z���"������ ��#���� ��"�C \P A.K. Z"-
BC�. O:��� �����C O.A. G"�C�: � $��C C����� � � �: ������� ��$:��, 7:� #{����� Q�:�C��Cx�-
��C� ��B:���� �� ����C�:�CC G���B����� [24, 25]. O"$�C�"���# ��$:�� # �#���# 7�:�:����C�� ���-
�:� ����. 
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2
$�� $��� ��� ��
�� ����	�
��
"
 ��  
Amaryllidaceae J. St.–Hil. 

1. Allium caeruleum Pall.: «G���B����, Å��:-G���B�������# :$�����, B��$�� `������C���C� G�-
����", �:�C�� $�C� !���CU� G�����"��:!: ��7: ���C��,   �"���B " �"x�#, 26–27 VI 2010, O.A. G"�C-
�: » (SVER). y${�� ���7�:�������C�  C��: K����, G���B����, GC�!C�C#, Å��:-X �:7�����# \:��C#, 
e���C�C����, c�$��C����, `C��U�#� [29]. \��7�:�������C�   \G: 2. e:$.-�8C�., 4. `��C7. $:�., 9. 
e"�!., 10, 11. z�7. C A:��. ����:�:7., 12. z���., 16. T��7���., 18. T��B. –K���., 24. R�"�!. K���., 25. 
z�C�. K���., 25�. G���. e����. K���:, 26. ó"–��. !:�� [30]. 

2. Allium obliquum L.: (Alliaceae) «\��7"$�C�� G���B����, Å��:-G���B�������# :$�����, B��$�� 
`������C���C� G�����", �:�C�� $�C� !���CU� G�����"��:!: ��7: ���C��, 26–27 VI 2010, O.A. G"�C-
�: » (SVER). y${�� ���7�:�������C�  C��: K����, A:��:x�:-X �:7�����# \:��C#, G���B����, GC�!C-
�C#, G����:#���, Z:�!:�C#, \"���C#, Å��:-X �:7�����# \:��C#, z�7����# `C$C��, `C��U�#� [29]. 
\��7�:�������C�   \G: 2. e:$.-�8C�., 10. z�7. ����:�:7., 23. e��$., 24. R�"�!. K���. [30]. 

2
$�� $��� ��� ��
�� 3
!
�-&�����
"
 �� 

e:$:�-�8C���C� Q�:�C��Cx���C� ���:� �� �� ��� C ��7��� !���CxC� � ó��#$C���:�, G"�!��-
��:� C y���$"�!��:� :$����#�C. R�# �: �B  C�:  ����:!: ���:�� 7�C :�C� $�C���8C� �:x�C �� 
�:7��������B ����C�:�C#B \P. 

Asteraceae Bercht. & J.Presl 

3. Psephellus sergii (Klokov) A. L. Ebel.: (Asteraceae) «G���B����, G"���������# :$�����, 7:�. 
A���C�C�: ��, ���:���7�, 19 VI 1998, _�������:» (SVER). y${�� ���7�:�������C�  C��: K����, G�-
��B����, z�7����# `C$C�� [29]. \��7�:�������C�   \G: 11. A:��. ����:�:7. (?), 22. K���� [30]. T�C-
���8C� �:x�C �� �:7��������B ����C�:�C#B \P: y���$"�!���# :$�����–S"$���C���C� !:�� [18]. 

Brassicaceae Burnett 

4. Matthiola superba Conti: «G���B����, G"���������# :$�����, $�C� _�"��"���:!: ��7: ���C��, 
:������:��C 7:�. e����� K"�C��:����:!: (`��C:����:!:) ���:��, 18 VI 2010, O.A. G"�C�: » (SVER). 
y${�� ���7�:�������C�  C��: G���B����, G����:#���, `C��U�#� [29]. \��7�:�������C�   \G: 3. ���., 
9. e"�!., 10. z�7. ����:�:7., 11�. G���., 12. z���., 15. G�.–y��., 18. T��B.–K���., 21. e"�����., 28. G�-
���. [31]. T�C���8C� �:x�C �� �:7��������B ����C�:�C#B \P: y���$"�!���# :$�����–7:�. _: :�"�-
��� S����:!: ���:�� [18]. 

Caryophyllaceae Juss. 

5. Silene tatarica (L.) Pers.: «G���B����, G"���������# :$�����, :��. !. G:������, VI 1984, Å.A. 
O����:!C�» (SVER). y${�� ���7�:�������C�  C��: O�C$���C��, T����"��, }��������:-X �:7�����# 
\:��C#, A:��:x�:-X �:7�����# \:��C#, PC��#��C#, S�����C#, G���B����, `� ��:-X �:7�����# \:�-
�C#, _:� �!C#, O:��8�, Å��:-X �:7�����# \:��C#, c���C��, z�7����# `C$C�� [29]. \��7�:�������C� 
  \G: 3. ���., 6. O�C���7., 7. K���$. [32]. T�C���8C� �:x�C �� �:7��������B ����C�:�C#B \P: y���-
$"�!���# :$�����–T"�"�"���C� ���:� (Z.N. Ryabinina, M.S. Knyazev, 2009). 

Cyperaceae Juss. 

6. Schoenoplectus lacustris subsp. hippolyti (V.I. Krecz.) Kukkonen: (= Scirpus hippolyti V. Krecz.) 
«G���B����, G"���������# :$�����, c$�!����C� (K�������C���C�) ���:�, 7�� �� $���! �. c$�!��, 
����8: :-:�:�: �# ���:UC�UC#, VI 1997, Å.A. O����:!C�» (SVER). y${�� ���7�:�������C�  C��: 
KQ!��C����, K����, K�"�, T"�#�C#, }��������:-X �:7�����# \:��C#, óC��, ���C#, ����, G���B����, 
��$��: ��, GC�!C�C#, G����:#���, G���, Z:�!:�C#, `� ����� G� ���, O��C����, O�C�:���, `�B�-
�C�, Å��:-X �:7�����# \:��C#, e���C�C����, z��� �����, e"�����C����, e� �, c�$��C����, z�7��-
��� SC����C, z�7����# `C$C�� [29]. \��7�:�������C�   \G: 1. y��. :${. `����, 6. O�C���7., 13�. T"-
��xC, 13$. Z��!�8�., 28. G����., 29. z�7. e� [30]. T�C���8C� �:x�C �� �:7��������B ����C�:�C#B 
\P: G"�!�����# :$�����–�. G"���� Z:��:"�: ��:!: ���:�� [33]. 
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Onagraceae Juss. 

7. Epilobium tetragonum L.: «G���B����, :������:��C !. G"������, ���:� �b�:7:���, �"!, 05 VII 
1988, �. ó����B, e. P��:�: �,  A. `���:�: Cx» (SVER). y${�� ���7�:�������C�  C��: K�$��C#, K�-
�C�, K����, K ���C#, K�:���C� :���: �, T�������C� :���: �, ������ T���CC, T����"��, T���!C#, T:�-
!��C#, G������C� :���: �, G�7��C� 7�: C�UCC, }��������:-X �:7�����# \:��C#, G:��C��, GC7�, ó�-
B:��: ��C#, R��C#, A:��:x�:-a!����C� :���: �, A:��:x�:-X �:7�����# \:��C#, PC��#��C#, P���-
UC#, S�����C#, A��C�:$�C���C#, S��UC#, A��!�C#, ����, ������C#, ����C#, G���B����, GC�!C�C#, 
G����:#���, G�C�, G ��"�"-_����, [C ��-`C�C#, [��:�:, Z������, Z��:��:, _C��������, `� ����� 
G� ���, O�����C��, O:��8�, O:��"!��C#, \"���C#, `���C�C#, `CUC�C#, Å��:-X �:7�����# \:��C#, 
��7��C#, � �UC#, � ��U��C#, e���C�C����, z��� �����, e"�C�, e"�UC#, e"�����C����, c���C��, 
c�$��C����, z�7����� SC����C, z�7����# `C$C��, Å!:��� C# [29]. \��7�:�������C�   \G: 3. ���., 4. 
`��C7. $:�., 6. O�C���7., 7. K���$., 7�. Z"!:��., 8. a�$., 11. A:��. ����:�:7., 11�. G���., 12. z���., 
14. O�C����., 17. Z"��–�"�., 18. T��B. –K���., 21. e"�����., 22. K����, 24. R�"�!. K���., 25. z�C�. 
G"�!. K���., 26. ó"-��. !:��, 29. z�7. e�. [35]. T�C���8C� �:x�C �� �:7��������B ����C�:�C#B \P: 
ó��#$C����# :$�����–��. G"�� CxC, A���� (P. V. Kulikov, 2005); y���$"�!���# :$�����–K�$"�����C�, 
T"!"�"������C� C G" �������C� ���:�� [18]. 

Poaceae Barnhart 

8. Bromus squarrosus L.: «G���B����, :��. !. G"������, 7:��� ���C e:$:�, VI 1996, Å.A. O����:-
!C�» (SVER). y${�� ���7�:�������C�  C��: K�$��C#, K��C�, K����, K ���C#, T�������C� :���: �, 
T:�!��C#, }��������:-X �:7�����# \:��C#, `� ��:-}���������� GC���, GC7�, ó�B:��: ��C#, A:�-
�:x�:-X �:7�����# \:��C#, P���UC#, S��UC#, A��!�C#, ����, ����, ����C#, G���B����, GC�!C�C#, 
G����:#���, G�C�, G���, [C ��-`C�C#, Z:�!:�C#, Z��:��:, `� ����� G� ���, `� ��:-z�7����# X -
�:7�, O�����C��, \"���C#, Å��:-X �:7�����# \:��C#, ��7��C#, � ��U��C#, e���C�C����, z��� ��-
���, e"�C�, e"�UC#, e"�����C����, c���C��, z�7����# `C$C��, `C��U�#�, Å!:��� C# [29]. \��7�:-
�������C�   \G: 6. O�C���7., 7. K���$., 7�. Z"!:��., 8. a�$., 9. e"�!., 10. z�7. ����:�:7., 10�. c�"��", 
11. A:��. ����:�:7., 11�. G���., 15. G�.–y��., 17. Z"��–�"�., 22. K����, 23. e��$., 24. R�"�!. K���., 
25. z�C�. K���., 28. G����., 29. z�7. e�. [28]. T�C���8C� �:x�C �� �:7��������B ����C�:�C#B \P: 
ó��#$C����# :$�����–T���C���C�, GC�C����C� C G�����C���C� ���:�� [19]; y���$"�!���# :$-
����� — :$���: ���:, 7:  ��� :$����C [18]. 

9. Bromus arvensis L.: «G���B����, :��. !. G"������, 7:��� ���C e:$:�, VI 1996, Å.A. O����:!C�» 
(SVER). y${�� ���7�:�������C�  C��: K�$��C#, T�������C� :���: �, T:�!��C#, GC7�, A:��:x�:-
a!����C� :���: �, P���UC#, S��UC#, A��!�C#, ����, ����C#, G�C�, [C ��-`C�C#, `� ����� G� ���, 
\"���C#, ��7��C#, z��� �����, e"�UC#, c���C��, Å!:��� C# [29]. \��7�:�������C�   \G: A �7C��� 
Q�:�� G���B����� 7: `.K. K$�"�C�:� [1]  C� :��"��� "��. T�C���8C� �:x�C �� �:7��������B ����C-
�:�C#B \P: ó��#$C����# :$�����–7:�. G�"�:#���C� [. A. \#���: � CHPU [19]; y���$"�!���# :$-
����� — �7:���Cx���C  :  ��B ���:��B 18]. 

Salicaceae Mirb. 

10. Salix vinogradovii A.Skvorts. (Salicaceae) «G���B����, G"���������# :$�����, G"��������C� �-
�,  ������ : ��!   500 �  :��:x��� �!�:$C:����UCC (G"��������:!: !:�"�C ���C����), VI 1997, Å.A. 
O����:!C�». y${�� ���7�:�������C�  C��: }��������:-X �:7�����# \:��C#, A:��:x�:-X �:7�����# 
\:��C#, G���B����, Å��:-X �:7�����# \:��C#, c���C�� [29]. \��7�:�������C�   \G: AC� :��"��� "�� 
 : «P�:�� G���B�����», �: C�����#   `.K. K$�"�C�:� [1]. T�C���8C� �:x�C �� �:7��������B ����C-
�:�C#B \P: ó��#$C����# :$�����–T���C���C�, GC�C����C�, A�������C�, G�����C���C� �–�� �: ���C 
c� [1]; y���$"�!���# :$����� — :$�x��   ����B ���:��B [18]; G"�!�����# :$����� —  :��:x��� 
7����� ���7�:�������C#   Å��:� z�"����� 7�:B:�C� 7: ���� e:$:� [34]. 

2
$�� $�� ��� ��
�� ��!����
"
 �� 
Amaryllidaceae J. St.–Hil. 

11. Allium strictum Schrad.: «G���B����, K���$C����# :$�����, K����-T����, 25 V 2009, O.A. G"-
�C�: » (SVER). y${�� ���7�:�������C�  C��: K����, K ���C#, T"�#�C#, }��������:-X �:7�����# 
\:��C#, óC��, ó�B:��: ��C#, A:��:x�:-X �:7�����# \:��C#, P���UC#, S�����C#, A�"�����## Z:�!:-
�C#, ���"���, ����C#, G���B����, GC�!C�C#, G����:#���, Z:�!:�C#, `� ��:-X �:7�����# \:��C#, 
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Польша, Южно-Европейская Россия, Швейцария, Тува, Украина, Западная Сибирь, Якутия [29]. Рас-

пространение в РК: 18. Балх.-Алак., 23. Тарб., 24. Джунг. Алат., 25. Заил. Алат. [30] 

Новые виды для флоры Южно-Устюртского ФР 

Asparagaceae Juss. 

12. Asparagus breslerianus Schult. et Schult. f.: «Казахстан, Мангистауская область, плато Устюрт, 

Устюртский государственный заповедник, колодец Кокусем 43°10′
 
с. ш.; 54°53′

 
в. д. 11 V 2009, П.В. 

Куликов» (SVER). Общее распространение вида: Афганистан, Северо-Центральный Китай, Внутрен-

няя Монголия, Иран, Казахстан, Монголия, Северный Кавказ, Пакистан, Цинхай, Таджикистан, За-

кавказье, Туркменистан, Узбекистан, Синьцзян [29]. Распространение в РК: 6. Прикасп., 8. Эмб., 9. 

Тург., 13. Сев. Усть-Урт, 13а. Бузачи, 14. Приарал., 15. Кз.-Орд., 16. Бетпакд., 18. Балх.-Алак., 20. Кз.-

Кум [30]. 

Asteraceae Bercht. & J.Presl 

13. Amberboa nana (Boiss.) Iljin: «Казахстан, Мангистауская область, Каракиянский район, плато 

Устюрт, кордон Кендырли Устюртского заповедника, подножие каменного склона 42°57′
 
с. ш.; 54°41′

 

в. д. 27–29 IV 2009, П.В. Куликов» (SVER). Общее распространение вида: Иран, Закавказье, Узбеки-

стан [29]. Распространение в РК: 13. Усть-Урт, 13 б. Мангышл. [35]. 

14. Amberboa turanica Iljin: «Казахстан, Мангистауская область, Каракиянский район, Устюрт-

ский гос. заповедник, близ колодца Кокусем 43°10′
 
с. ш.; 54°53′

 
в. д. 11 V 2009, П.В. Куликов» 

(SVER). Общее распространение вида: Афганистан, Иран, Казахстан, Киргизстан, Пакистан, Таджи-

кистан, Закавказье, Туркменистан, Узбекистан, Синьцзян [29]. Распространение в РК: 6. Прикасп., 8. 

Эмб., 9. Тург., 12. Зайс., 13. Усть-Урт, 14. Приарал., 15. Кз.-Орд., 16. Бетпакд., 17. Муюн-Кум, 18. 

Балх.-Алак., 20. Кз.-Кум., 24. Джунг. Алат., 26. Чу-Ил. горы, 28. Карат. [36]. 

Boraginaceae Juss. 

15. Arnebia decumbens (Vent.) Coss. et Kralik: «Казахстан, Мангистауская область, плато Уст-

Урт, колодец Сарсорка, пески, у родника 42°42′
 
с. ш.; 54°06′

 
в. д. 26 IV 2009, П.В. Куликов» (SVER). 

Общее распространение вида: Афганистан, Алжир, Алтай, Канарские острова, Центрально-

Европейская Россия, Египет, страны Персидского залива, Иран, Ирак, Казахстан, Киргизия, Кувейт, 

Ливан-Сирия, Ливия, Монголия, Марокко, Северный Кавказ, Оман, Пакистан, Палестина, Саудовская 

Аравия, Синай, Южно-Европейская Россия, Таджикистан, Закавказье, Тунис, Турция, Туркменистан, 

Узбекистан, Синьцзян [29]. Распространение в РК: 6. Прикасп., 8. Эмб., 9. Тург., 10а. Улутау, 12. 

Зайс., 13. Сев. Усть–Урт, 13 б. Мангышл., 14. Приарал., 15. Кд.–Орд., 16. Бетпакд., 17. Муюн-Кум., 

18. Балх.-Алак., 23. Тарб., 24. Джунг. Алат., 25. Заил. Кунг. Алат., 26. Чу-Ил. горы, 28. Карат., 29. Зап. 

ТШ [36]. 

Brassicaceae Burnett 

16. Alyssum dasycarpum Stephan ex Willd.: «Казахстан, Мангистауская область, Каракиянский 

район, окрестности Устюртского заповедника, зимовье Кизилсиингир, 42°49′
 
с. ш.; 54°07′

 
в. д. 25–26 

IV 2009, П.В. Куликов» (SVER). Общее распространение вида: Афганистан, Алтай, Иран, Ирак, Ка-

захстан, Киргизия, Ливан-Сирия, Пакистан, Палестина, Южно-Европейская Россия, Таджикистан, 

Закавказье, Турция, Туркменистан, Узбекистан, Синьцзян [29]. Распространение в РК: 6. Прикасп., 7. 

Актюб., 8. Эмб., 9. Тург., 10. Зап. мелкосоп., 12. Зайс., 13б. Мангышл., 14. Приарал., 16. Бетпакд., 17. 

Муюн-Кум., 18. Балх.-Алак., 23. Тарб., 24. Джунг. Алат., 25. Заил. Кунг. Алат., 26. Чу-Ил. горы, 27. 

Кирг. Алат., 28. Карат., 29. Зап. ТШ [35]. 

 

Данное исследование финансировалось Комитетом науки Министерства науки и высшего обра-

зования Республики Казахстан (Программа BR18574125 «Изучение современного состояния видового 

разнообразия сосудистых растений Казахстана с использованием современных методов ботаники, 

молекулярной генетики и биоинформатики», 2023–2024 гг.). Авторы благодарят В.А. Мухина за по-

мощь в создании сайта «Flora of the Ural», а также М.С. Князева и Е.А. Шурову за неоценимую по-

мощь в определении таксонов. М.А. Жолдыбека за подготовку Карта-схемы флористических рай-

онов Казахстана, на основе флористического районирования во Флоре Казахстана. 
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W��������� ��� ���"����� b�:�:!C#�� C���C�"����w !��$��C��� (SVER) ������" $�������� 
F����������w ������!�� Q�:�C��C����� �"������� (PK) �8�� $]��� $�������9�� 10 �]������ 12 
]�7���� ������� Y�����������w 16 ���� ���������: F�����" PK — 2 ��� (Allium caeruleum �V�� A. 
obliquum), X�$� PK — 1 ��� (Allium strictum), yw������ ������ PK — 5 ��� (Alyssum dasycarpum, 
Amberboa nana, Amberboa turanica, Arnebia decumbens �5�� Asparagus breslerianus) �V�� e:$��-X��� 
PK — 8 ��� (Bromus arvensis, B. squarrosus, Epilobium tetragonum, Matthiola superba, Psephellus sergii, 
Salix vinogradovii, Schoenoplectus hippolyti �V�� Silene tatarica). e�$��9�� Y��������� �������� Bromus 
arvensis F�������� Q�:���� �8�� ��w� ��� $:��7 ��������. K���9�� �V�C����� F�������� Q�:�����-
�� ��������!�� ��������w �����"� �"���� �:��� $�� ������������ ����������� ��w������. 

�Q�	 �@/���: Q�:��9� �:���8�, :��������� ���� �"���� �V��������, Q�:�C��C����� �"������, ��-
����� Y�����������w �������, K�C#. 

 
Yu.V. Perezhogin, O.V. Borodulina, N.G. Erokhin, S.A. Kubentaev 

Floral finds on the territory of Kazakhstan 

In the process of studying the Herbarium of the Institute of Plant and Animal Ecology (SVER), 16 plant spe-
cies belonging to 12 genera from 10 families that were not previously noted for certain floristic regions (FR) 
of Kazakhstan were identified: Karatau FR – 2 species (Allium caeruleum and A. obliquum), Emben FR – 
1 species (Allium strictum), South Ustyurt FR – 5 species (Alyssum dasycarpum, Amberboa nana, Amberboa 
turanica, Arnebia decumbens and Asparagus breslerianus) and Tobol-Ishim FR – 8 species (Bromus 
arvensis, B. squarrosus, Epilobium tetragonum, Matthiola superba, Psephellus sergii, Salix vinogradovii, 
Schoenoplectus hippolyti and Silene tatarica). Among the finds, Bromus arvensis is a new species for the flo-
ra of Kazakhstan. The results obtained significantly expand the existing understanding of the distribution of 
these species in the flora of Kazakhstan. 

Keywords: addition to flora, location information, floristic areas, vascular plant species, Asia. 
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óC�����:��� ���!��:  ����B������:� "������:� !�"77C�: �C, :$C���{��   A:�!:-c������:� ����"-
��x��,   2022 !:�"  :��:��� �: ���:����B 801 ���. b����7�#�: . Z������ Q������ "� ������� : 
�C�����8CB 7:��� �B b�C�C �C :����C ������:B:�#��� ����B 7:��� C 7���$C{ C ���$"�� C��"���-
 ���:!: �:���{��C# 7:!:�: �#. A �: ��  ���# 7�C�:�::B������ :�!��C��UCC 7�����!��� CB ����-
���8"� :B���". A ��$:�� 7�: ���� ����C� �C�����"���B �����C��:  C 7:�"x����B ����� �:$�� ��-
��B ���"�����:  7: �:7�#����:�" C�"x��C� �C���C�C xC�����:��C ���!��:  C CB  ������� ����: :� 
!C$��C � :�:$���:��#�C C������C# 7�C�:��:-��C���Cx���CB "��: C� ��!C:��. O�:��8������ 7�:-
����� "������:� !�"77C�: �C ���!��:  ��x���#   1954 !:�" C � 7����� ��C 7�:�:�����# �: 1994 !:-
��. ����C ��: ��C, �:$�x� ���!��:  7������ �#�� �:$:�   b�:  ���# :$�x�:� ��!"�#�:��:� ���:-
7�C#�C�. z���� ����"7C� �:�!: �������� 7��C:� ��7����CC CB xC�����:��C, �:�:��� � #���C � ��-
"�������� :������:� C $���:������ :�. O:�����:, x�:  :��::$�����# �C���C�� xC�����:��C 7:7"-
�#UCC ���!��:  7:��:���� �� C�C� :� 7�:�"��C �:��C ��� :��:# C :$ :�����:��C ���� CB :$C���C#. 
S�"$:��# C 7�:�:��C������# ��7����C#   xC�����:��C �C :���B   2000-B !:��B  :��C���   ���"����-
�� �C���:!: �:���{��C# ����  :�:7:#, ��� ���   b�:� 7��C:� C�-�� 14-�����!: :��"��� C# 7: ��B�:��-
�:!: ��:��  �����CB ����B  :�   �����"� !C��:!��QCx���"� ���� 7�:C�:8�: 7: �������:�  ���B�-
�C� 7�"�:  C �:�, :$�����C� :��� C ���. [C8�   2010–2011 !:��B ��x��:�� �: :� 7:7:����C� :����-
��B  :�:��:  �����C  :���C, C � ��B 7:� �: 2022 !:�� :�C �C�:!�� �� 7�����B��C. �����:   b�:  ��-
�# ��x��:�� C�����C �:� 7�C��{��C� xC�����:��C 7:!:�: �# ���!��: . O�:����C�C�: ��� 7�CxC�� 
 ������� 7��C:�Cx���:� ����: :� C�$C�������:� !C$��C ���!��: . O:�����:, x�: 7�CxC�:� b�:!: # -
���C# �:��� $��� ���������# $:����� — �C�7��C#, �:�:��# C����CQCUC�"���# ��:�:��x�:���� ��$:-
�� ��C#, x�: :$|#��#�� �� C�$C��������� B������� (!C$�"�,   :��: �:�, ���:7:� C���� �:�C 8C� 
����C). eC�7��C#, 7:- C�C�:�", �:��� ��"�C�� ��C!!����� ��B��C��:� ��7"��� ��"!CB  �:�:���-
7����B $:������   :�!��C���B �C :���B,   �:� xC��� �:���!C:��:!: 7�����������, �:�:��� 7:��:#�-
�: ��!C���C�"�� " 7:!C$8CB �C :���B. O:!:�: �� �C :���B 7:��� ����: :!:  ������!: 7����� ���-
!��:   :������ �C ����# x���� ����:���: ��� �: 7�����!: "�: �# C�-��  ��:�:� 7�:�: C�:��C ���   
7��C:�� ��7����CC, ��� C  ��:�:� xC�����:��C. O:b�:�" ��� �C���CB :��: ��C� ��# :����� 7�:-
����� ��:�� U���:!: ���: :�:$�: �#��:!: ���"��� � "x��:� �C���C�C �!: xC�����:��C 7:�  �C#�C�� 
7�C�:��:-��C���Cx���CB "��: C�.  

���<�$�� ��
$�: ���!��C, "�������# !�"77C�: ��, �C���C�� xC�����:��C, �:��: �# $���, :$ :����-
�:��� ����C�:�CC,  �����## !C$���, �C�7��C#, 7�:����� �C :���B.   

 

1$������ 

_� ����C�:�CC G���B����� �����C���� ������UC# � ����:�" " ��Cx��C� xC�����:��C 7:7"�#UCC 
���!��:  (Saiga tatarica L.), :�:$���: "������:� !�"77C�: �C, �:�:��# �C!�C�"��   7������B A:��-
��:-c������:!: ����"��x�#. A b�:� !�"77C�: ��   2022 !:�" ���xC�� ��:�� $:��� 801 ���. !:�:  [1]. 
e��:� # ���C�  �� ��: 7�:�C :��xC �� �C��"��CC ����" 7�C�:�::B������C ���"��"���C C ����-
��� �������C��, �:�:��� "� ������� : �"{��� ����B 7:��� �B ���!����C ������:B:�#��� ����B 
7:��� C 7���$C{. ` :��:� ��:�:��, 7�����!����# 7�:�:����� :B������ ���:7�C#�C# C�-�� :7����C# 
7: �:���C# ��C�����:!: 7��C:�� ��7����CC C �������:!:  :�����: ���C# xC�����:��C, ���   2000-� 
!:��, � ��"!:� — Q������ ���$"�� �C���:!: �:���{��C# xC�����:��C �C :���B. `���"�� :����C��, 
x�: ������:B:�#��� ����� 7�:C� :�C���C ����� ����� ���$: ��C �:���{��C# 7:!:�: �# ���!��:    
!:�� � !:����: $:��� �C��:� xC�����:���� [2–4]. A7�:x��, �� �: ������:� b��7� ��:$B:�C�:��� C�-
�"��� ���:� ��!"�#UCC xC�����:��C ���!��:  �� ��� C��# 7:� �:����C�, :����: �: �CB 7:� ��� :$:�-
�: ����B 7����:���C� 7: :7�C�����:�" ��8��C� ����:� 7�:$����. O�C b�:� C� ����:, x�: ����� 
7�:����� :�"{��� �#��#   1954–1998 !:��   7��C:��  ��:�:� xC�����:��C � "x��:� 7�:!�:�� 7�C-
�:���B ���"��:  [4–8].  ��7:���: ��C� ��:�� U���:!: ���: :�:$�: �#�{�!:�# $C:�:!Cx���:!: ��-
�"���   7�:��8�����B ���8��$�B 7������ �#���#  7:��� :$:��: ����� C ��:$B:�C��� �� !:�"���-
�� ���:� "�: �� ��# "�"x8��C# 7�:�: :���� ���:� 7�:!����� ������, ��� ��� 7�:�"��C �:��� 7:-
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!:�: �# ���!��:  ��� �#���� � :${�� ��!C:�����:� 7�:�"��C �:���� ����:!: �:!��:!: ��:�� (: �U C 
�:�). 

_�8� U��� — 7������ C�� ������ ���:-C��:�Cx���:� :$:${��C� ���"�����:  C�"x��C# xC����-
�:��C ���!��:  "������:� !�"77C�: �C ��#  �# ���C# C :$:��: ��C# ��!:�C��� :7�C�����:!:, b�:-
�:!Cx���C $�� ����:!: C�7:���: ��C# C �:��: ���:!: 7��"��:���C# 7:!:�: �# ���!��: . 

'�	������ � ��	
�� 

y$|���:� C�����: ��C� # �#���# "�������# !�"77C�: �� ���!��: , :$C���{�#   ����"��x�� 
A:�!C C c����. \��:� C�����: ��C# ���7:�:���   7������B O�C���7C���:� �C�����:��C. _�C$:��-
8"� 7�:{��� ���C���� �:����# ���"�"�#�C ��# �� �C��, 7�:���# 7: ��B�:��� �:�:�:� B�������C�"-
���# �: :���: ���CxC�� :�����B !�:�C���� (GC8C C c���� e"��� `�����, T������ `����� C �.�.). 
z���� ���7:�:���� 7��������{C� �� �C�" �:�C�� ��� `���:���, G���:���, K{�:���. _�C$:��8�# 
!�"$C��  ���C�����:!: ���x�����C#   �� ��:-��7���:� x���C —   $������� �. K{�:��� [9].  

R�# ��C���� ��!C:�� B��������� �����# �:��C��������:��� C ���"8�C :���, �����C�: �� ��-
�C� ���7����"�� C �C�����  ����, ���:����:x�:� �:�Cx��� : ���:�Q����B :����:  7�C  ��:�:� C�-
7��#��:��C. 

z�������� Q:�� z�7���:-G���B������:� :$����C   2021 !:�" �:��� �#�� 15 133,9 ���. !�,   �:� 
xC��� �:��: �� "!:��# 12 307,2 ���. !�, C�C 81% ����C�:�CC :$����C [10]. A ����:� C�����: ��CC 
��� C������"�� ����C�:�C# A:�!:-c������:!: ����"��x�#   7������B z�7���:-G���B������:� C K��-
��"��:� :$������, �:�:��# # �#���# ����::$C���C�� "������:� !�"77C�: �C ���!��: . \��:� C����-
�: ��C# $:!�� 7���$C{���C C ���:�:����C ������:B:�#��� �����C "!:��#�C. O�C b�:�, ��� 7:��-
�� ��� ���:�:��� C�����: ��C# [11, 12], :${�# ��!����UC# ������ ����B �:��: �B "!:�C� C :7"�-
���C ��C� ������ B��������: ��# �:��: �B "!:�C� T:���:��C���:!:, G�����: ��:!:, @��!��C���:!: 
���:�:  z�7���:-G���B������:� :$����C. e����   G"����!��C���:� ���:�� K����"��:� :$����C ��-
�xC�� ����# 0,63 ��� !� ��!���C�: ����B 7���$C{,   ��������:� — 0,9 ��� !�, C�C �::� ���� ���: 
50 C 63 % :� :${�� 7�:{��C [13]. O: C�����: ��C#� Z.@. Z�B��$��: � [14], �� ��!:��#8�C� ���� 
:����:x��# ��!����UC#  ����x����#   7����B _�����"� �� 7�:{��C 30 %. 

y��: ���C 7�CxC���C ��!����UCC �:��: �B "!:�C� 7:�"7"�����:� C 7"�����:� �:� # �#���# 
" ��Cx��C� 7:!:�: �# ��:�� C, �::� ���� ���:, ��!�"��C �� ��C�CU" 7�:{��C C �� ��!"�C�"���� 7�-
��!:� ��:��. a�C ������ 7:�� ��������# C�Q:���UC�� �C����UC:��:!: �:��C�: ��C# C !�:C�Q:�-
��UC:��:!: �:���C�: ��C# 7: :7�������C� ���7��C ��!����UCC �:��: �B "!:�C� [15–18].  \��:� 
:$C���C# ���!��:  "������:� 7:7"�#UCC 7: b�C� ������ # �#���# ��C$:��� ��!���C�: �����. 

A 7������B A:�!:-c������:!: ����"��x�# :���x����# 7���!�"��� �:��: �B "!:�C�   � #�C � 
��"!�:!:�Cx���  �7��:�, 7�C :�#{C� � ��!����UC:���� 7�:U�����  $�C�C 2–5-�C�:����: :� �:�� 
 :��"! ���������B 7"���: , ��:�$C{ ��:�: :�:  C ����  :�:7:#, :��"��� C� 7���$C{�:$:�:�:  C 
:����:!: 7�����{��C# ��:�� �� :��������� 7���$C{� [9, 11, 13, 15]. a�C ��!�"��C  �C#�� �� $C:-
7�:�"��C �:��� C Q�:�C��Cx���C� �:���  ��� :��:#, 7�C :�#� � �$:� C 7:# ���C�  ���: :� b�:�CC 
7:x  ���x�� C   $"�"{��. 

A ����:#{��  ���# �:�C�C�"�� ����C� Q�������C� B:�#��� � [19], " �:�:��B C�����# �:��"7 
�C8� � :!���Cx���:� 7���$C{�:� 7�:{��C  $�C�C � ����������C 7"�����C. A �: ��  ���# C�����# 
���:�:�:� �:�Cx��� : B:�#���  � ��"7���C 7���$C{���C 7�:{��#�C, �:�:��� �� C�7:���"���#   
7:��:� ���� [20]. ó���������  �7�� ��:��  :��"! ���������B 7"���:  � #��� � ���, x�: ����C�  ��-
����U� :$�x�: �� �:!"� ���:��: �C!�C�: ��� �� :��������� 7���$C{� C�-�� ��:C�:��C �����7:���, 
:��"��� C# ��$:x�� �C��, 7�:B: :$��"�C ����B �:�:! C �. �. [20]. a�:,   � :� :x�����, :��CU������: 
����� ����# �� �:��:#�CC 7���$C{  :��"! �C��# [21, 22]. A z�7���:-G���B������:� :$����C C�����# 
3 720,7 ���. !� ������ ��7��� (18 % :�  ��� 7�:{��C ����C�:�CC), $:��8�# x���� �:�:��B ��:���Cx�-
��C �:��"7�� ��# ������ C �:��� $��� C�7:���: ��� ��#  �7��� �C :���B. y����: b�C !:�"�����-
 ����� 7���$C{�, ��� 7�� C�:, �C���: "������ :� ���������B 7"���: , x�: ��C����  ��:#��:��� ��-
�:��:!: 7�����{��C# �C :���B ����C�C  ������U��C 7:����8� :� �"�: . O:b�:�" :��������� 7�-
��$C{� C���� $:��� �C��"� 7���$C{�"� ��!�"��" [19].  

`"{��� "�� C�����: ��C# C������C# Q�:�C��Cx���:!: $C:�:!Cx���:!: ����::$���C#  ������-
 C�  �7��� ��:�� [21, 22]. R�# $:!���B  C���C 7�CU C ����:7C���{CB ���7��B �::${���  C���� 
$:��8:� ���x��C� ��!����UC# 7���$C{ C�-�� 7��� �7���  :��"! ���������B 7"���: , � ����� :��"�-
�� C� �:��8�CB �C :���B �� :��������B  ��:�:7�:�"��C ��B ����#B [23]. 
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e���# ��:�C 8�#�# �C����� �C :��: :��� � :��CU������: 7: �C#�� �� �:��:#�C� 7���$C{   
�����B :$C���C# ���!��: . `: ������:� " ��Cx��C� xC�����:��C CB 7:!:�: �#  ��� ��� :$��7:�:-
���:��� " ������B Q�����:  C�-��  :��:��:� �:��"���UCC �� 7���$C{�. O: ����C��Cx���C� ������ 
[24], xC�����:��� : �U C �:�  :  ��B ����!:�C#B B:�#���    A:�!:-c������:� ����"��x��   7������B 
z�7���:-G���B������:� :$����C   2021 !:�" �:��� C��  ��!: 752,3 ���. !:�: , x�: �:��� �#�� 62 % CB 
7:!:�: �#  :  ��� :$����C. K xC�����:��� ��"7�:!: �:!��:!: ��:�� �::� ���� ���: 436, 8 ���. !:�: , 
�:8���� 157,0 ���. !:�: ,  ��$���:  2 ���. !:�: . A��!:  �7�����:� 7:!:�: �� ������:B:�#��� ��-
��B �C :���B �:��� �#�� 1,3 ��� !:�: . O��:$������ ����C� �:!���� ��:� — 55,7 %; ��"7��� �:-
!���� ��:� �:��� �#��  32,4 %; �:8��C — 11,7 %;  ��$���� — 0,2 %. e��C� :$���:�, �:�C�C�"�� 
: U� C �:��, � �:�:��� �:$� C�:�� �:7:��� C�:� �:�Cx��� : ���!��: , x�:  �C#�� �� �:��:#�C� 7:x-
 ���:-����C�����:!: 7:��: � ��!C:�� �� �x�� " ��Cx��C# 7���$C{�:� ��!�"��C �� ��C�CU" 7�:{��C.   

��7:���: ��C�� �C�����"���� C��:x�C�C 7: C�"x��C� b�:�:!CC C 7�:����" ���!��: , CB ���-
!:��:� xC�����:��C, � ����� :�:$���:��#�  ������� ����: :� !C$��C: C� �7�UC��C�C�: ���:!: �"�-
���� «Saiga news», ��������� C ��"!CB C��:x�C�: .  

G�:�� b�:!:, C�7:���: ��C�� �:$�� �����  � :��, �:�:��� $��C 7:�"x���   ���"������ C�"x�-
�C# ���C :�:$���:���� ��� C�C# "������:� !�"77C�: �C ���!��: . y��: :� b�CB C�����: ��C� # �#-
�C�� ������, �:�:��� $��C 7:�"x��� �� R����$����:� $C:�:!Cx���:� ���UC:���� (7. @��C$��, z�-
7���:-G���B�������# :$�����) 7: ���!:��:� 7�:�"��C �:��C C $C:�:!Cx���:�" ����::$���C� ��� #-
��B �::${��� , ��7:��#��:��C  :�:��: , B�������C��C��� �����:!: 7:��: � C C����xC :��C ���:-
�:��B ��"!CB 7�C�:��:-��C���Cx���CB 7:���������. G�:�� b�:!:, $��C 7�C ��x��� ��$�����C# �� 
���!����C   �� :��, �:�:��� �:������C�� � ��x��� 1980-B !:�:  �� b�:� ���UC:���� 7��C:�Cx���C   
��x��C� ��:!CB ���. O:�"x�����  � :�� 7: :�:$���:��#� �C���C�C xC�����:��C ���!��:  C 7�CxC-
��B CB ����: :� !C$��C 7:� :�#�� 7����:�C�� 7"�C ��"x�: :$:��: ���:!: ��8��C# 7�:$���� CB 
7�:��8����:!: 7�:�����.  

��/
��	�	� � �� 
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_� ��8  �!�#�, ��:�C���� 7����:�������# �C�"�UC#. óC�����:��� "������:� !�"77C�: �C ���!�-
�:  �:��C!�� ���:���:!: "�: �#, � !:�"����� ����� ���"��"�� :�����C�� �� !:�: � � 7�C�#�C� ��-
8��C# :$ CB C�7:���: ��CC C�-�� :��"��� C# 7�C�����:!: ��"x�:!: :$:��: ��C# �� C��"��� ���:!: 
��!"�C�: ��C#. Z���" ��� 7�:����� b�CB �C :���B :�"{��� �#��# C��� ��. A G���B����� 7���: �# 
7�:����: �# :B:�� ��x�����   1952 !:�" [4–7] C � 7����� ��C :�"{��� �#���� �: 1998 !:��.  `: ��-
����:� :��"��� C� ��"x�:!: :$:��: ��C# 7�:����� ���!��:  �:��: :$|#��C�� ����C� �:�!: �����-
��� ��C���C�� CB xC�����:��C   �:�U� ��  ��� ��  ��� ����C�:�CC G���B�����. e�����UC# � �7��" 
xC�����:��C �����C����   �����C�� 1990-B !:�: . _�7�C���,   "������:� !�"77C�: ��   1994 !:�" 
���xC�� ��:�� 274 ���. !:�:  ���!��: , � "��   1998 !:�" CB :����:�� 104 ���. !:�:  ("$��� 42,5 ���. 
!:�:  /!:�). z����   ��x��C� ��C�����:!:  �����C :���x����� "��:�xC �# ��7����C#   xC�����:��C 
�C :���B: �:�Cx��� : ���!��:  �� 7�� �8��: 6–20 ���. !:�: . RC���C�� xC�����:��C ���!��:  
7������ ���� �� �C�"��� 1.   

 

\C�"�:� 1. RC���C�� xC�����:��C "������:� !�"77C�: �C ���!��:  
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A b�C !:�� ���C C�C�: ��C�� 7�C�:�::B������ !:�"����� ����� ���"��"�� C b�:�:!Cx���C� 
:${��� ����� :�!��C��UCC, ��� ��� �xC���:��, x�: 7�CxC�:� ����:!: ��C���C# xC�����:��C ���!��:  
# �#���# $���:������ :. ���:�:!Cx���:� �:7�: :����C� $:��$� � $���:������ :� �:����: �������-
��� :��:�  :��"! ���!��: , C CB ���� ��x��C 7:xC���� ��� � #{����B �C :���B. y����: �������-
8�� ����:� " ��Cx��C� 7:!:�: �# 7:��� ��:!CB ��� ��7����CC (�C�. 1)  �� ��: :$����"� ����UC� 
�����:!: �������C#, �:�:�:� ����: ���$: ��� �:���{��C# xC�����:��C �C :���B C�-�� �C����B 7:-
���  ������:B:�#��� ����B "!:�C� C 7���$C{. 

e:���: �:!��  ����  :7�:� :  :��:��:��C 7�:��8����:� �:$�xC ���!��: . a�� ���� �� �: � 
��# G���B�����. A��!: �� 1955–1993 !:��   G���B����� $��: �:$��: 5,5 ��� ���!��: , :� �:�:��B 7:-
�"x��: 91,4 ���. � �: ���:!: �#��. A z�7���:� G���B����� ����C������� ��!:�: �C 7�CB:�#��# �� 
1979–1983 !:��, �:!�� ���!:��: �:$� ��:�� 7: 20–40 ���. b��. [6–8]. A 7:�����C� !:� 7�:����� ���-
!��:  "������:� !�"77C�: �C (1998 !.) $��: �:$��: 3,6 ���. 8� C� !�"77C�: �C   104 ���. :�:$��. 
z�!:�: �C 7�:C� :�C�C�� 7�C ����C�����:� xC�����:��C "������:� !�"77C�: �C   298 ���. !:�:  
(1992 !.), 7:b�:�" 7�C xC�����:��C   800 ���. !:�:  (2022 !.) 7�:��8������ 7�:����� ���!��:  
�:��: �xC����  7:���  :��:���� C ���� ��:$B:�C���.     

_� �: ������:� b��7� ��"x�:� :$:��: ��C� 7�:����: :� �:$�xC ���!��:  $"��� 7�: :�C���# 
��  :���, �"{��� "�{�� �: :� 7�C�:�::B����:� 7����C!�� : ��:$B:�C�:��C �{� $:��8�!: " ��C-
x��C# 7:!:�: �# ���!��: . O�:�C �C�C 7�:����� ���!��:  ��!������ :$����: �" C�7:���: ��C�� 
���CB ����C�: , ��� "�Cx�:���C�, �C� C��UC#, :������ C ��"!C�, 7: �"{��� " �7���C�"# � �� :�-
�:��:��C �:���:�# ��� 7�:U���:�  :�����: ���C# xC�����:��C,  ������ C� ���C�"��:!: $���:����-
�� � �� Q:�� 7��C:�Cx���:!: ����: :!:  ������!: 7�����, � �����  :������ C# ��"!CB �C�C�C�"�-
{CB $C:�Cx���CB C �$C:�Cx���CB Q���:�: . O�C b�:� C�C �� 7�C :�#��# �C���C� ��"x��� �: :�� : 
7�������: �:7"��C�:� xC�����:��C 7:7"�#UC�: ������C�"���# �C8� !C7:���Cx����#  :��:��:��� C 
��:$B:�C�:��� ������ ���:!: ���8C���C# ������ ����::$C���C#.   

A7�:x��, ����� ���$: ��!"����C�: ��: 7����:���C� 7�:�����   2022 !.   �:�Cx��� � 10 % [2]. 
e��:� C�|#�C� C� 7�C�:�� (80 ���. b��. C� 800 ���. :�:$��) �� � �C ��8C� ����� 8"� 7�:$���" 7�:-
�C :��xC� C $"��� �::� ���� : ��� :�C���C#� ������B Q�����: , �:�:��� ���$"�� �"{��� ���:!: 
"����8��C# 7:!:�: �# b�:� !�"77C�: �C ���!��: . \���� ������� 7�:�����   G���B����� �:!�C �:�-
�C!��� 35–39 % (1976–1977 !!.) :�  ��� xC�����:��C 7:!:�: �#, C b�: �xC���:�� 7���7�:����:� C�-�� 
�:���{��C# ���!��:    7:����"�{C� !:��. Z���C�����: �:7"��C�:� �:��:� �xC������ �:$�x� 15–
25 % :� 7:!:�: �#. O�C ���CB �:����C �B,   2022 !:�" �:��: $��: $� C�|#�� C� 7�C�:�� 120–200 
���. !:�: . 

y����: b�� ���:�����UC#   �: �������B "��: C#B ����� b�:�:!Cx���C �� :$:��: ���, ��� ��� 
:���x����# "��:�xC :� C������C� ��C����. _�7�C���,   �����B �"{��� : ��C# "������:� !�"77C-
�: �C ���!��:  � �����C�� ��  ��� 7�:C�:8�: 7:���7���:� 7: �8��C� ���7����"��  :��"B�, !�� -
��� :$���:�,   B:�:���� 7��C:� !:��, $:��� x�� �� 20`., �:�:�:� �:��� �"{��� ����� :$���:� C�-
���C�� �C���Cx���C� 7�:U����   ������ ���:� 7�C��{��CC xC�����:��C �C :���B [25].    

K�!:�C�� ��"x�:!: :$:��: ��C# C��"��� ���:� �:���:�C�"��:� ��!"�#UCC xC�����:��C 7:7"-
�#UC� �:���� $��� 7:���:�� �� �: �B 7�C�UC7�B, �:�:���, � :��:� ��:�:��,  ����:�:��� "�: ��-
� :�#�C $� 7:�����C# 7�C�:�::B�����B ���"��"� C �����:!: �������C#, � ��"!:� — "xC�� ��C C�-
���xC :��� 7�C�:��:-��C���Cx���CB "��: C�. y��: �:� U���� ���:�����UC� �:���: $��� �:����C� 
"��: C� "��:�xC :!: �"{��� : ��C# !�"77C�: �C ���   !:�� $:��8:�, ��� C ���:� xC�����:��C, � 
"x��:� �� UC��Cx���:�  :��::$����:� ������ ���:� �C���C�C. ����C ��: ��C, ��:$B:�C�: "xC��-
 ���, x�: 7��C:�� ��7����CC xC�����:��C ���!��:  x�{�  ��!: :$"��: ���� C������C�� 7�C�:��:-
��C���Cx���CB "��: C�, � �� �:���: �:$�x�� �C :���B. A7�:x��, �����# �� 7�C�����, x�: ��# " ��C-
x��C# ��:�:��C 7�C��{��C# 7:!:�: �#   !:�� ��7����CC :�������� :�:$���:  ����� :�!��C��UC# 
:B���� ���!��:  :� $���:������:!: :������� �� !:�"����� ���:� "�: ��, ��� b�: $��: ������:   ��-
x��� 2000-B !:�:  [26].      

z���� ��:$B:�C�: "������, x�: ���!��C :$������ C����xC�����:� 7�:�: C�:����   $��!:7:�"x-
��� 7��C:��, �:�:��# �:��� :$��7�xC�� ���!:��:� 7�C��{��C� 7:!:�: �# $:��� x�� �� 30–50 %. 
O�C b�:� 7:�C���C� xC�����:��C �:��� $���  �� ��: ������C 7�CxC���C: �� !���:� "�: �� — C�-
�:{��C�� !��:Q:��� ������ C�$�C�C�!:� 7�C " ��Cx��CC xC�����:��C :� ����:���CB ���#��:  ��-
�#x �: �:��� ���#x :�:$��; �� :�!��C�����:� C 7:7"�#UC:��:� "�: �#B — �� �x�� ����::$�����B 
$:������,   �:� xC���  ��� ��{CB b7C�::�CC (��7�C���, 7����������, #{"� C ��.) C �����  �"��C-
7:7"�#UC:��:� ���"��"�� �::��:8��C# 7:�: ; �� b�:�C�����:� "�: �� — �� �x�� C������C# 7�:-
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�"��C �:��C C  C�: :!: ����::$���C# ����C�����:��C,  :��C��: ��C# ��"�: ,  :������ C#  :��:  C 
��. O�C b�:� ������ C ��:�:��C C������C# �C���C�C xC�����:��C 7:7"�#UC� ���!��:  �:!"� $��� 
�C���: ���"8��� ��#�����:���� x��: ���, ��7�C���, 7�:����:�, $���:������ :� C C��"��� ����� 
"����8��C�� ������ CB ���!:��:� �C!��UCC [6, 8, 26–31]. 

G��  C�C�, �C��� ���!��:  7:� ��!����# ��:!C� :7���:��#� �� �����B "�: �#B C����BCx���:� 
:�!��C��UCC 7:7"�#UCC. y����:  :������ C� ��:!CB Q���:�: ,  �C#�{CB �� CB �:�����:��� C 
������:���, �:��� $��� �����: �������� C �� ���#�� :${"� ������UC� �C���C�C xC�����:��C 7:-
7"�#UCC. A �: ��  ���# CB  :������ C� �:��� $��� 7�:�:��C�������, C :$"��: ���: ��:!:Q���:�-
�:���� C ���C����:���� � #��� ����" �C�C. yx� C��:, 7:b�:�" ���xC������# x���� :$�"������B 
7�CxC� 7�C�:��:� ���:��!"�#UCC 7:!:�: �# 7:7"�#UC� ���!��:  ���$: �:������, ��� $:��� ������-
�Cx���C, C �:�C� ��:��� !C7:���Cx���C�  ��:#��:����� B�������, x�� �:����C� ��"x�: �:�������� 
 � :��.  

_��C $��C 7�: ����� �:7�#������ C�����: ��C# �C���C�C xC�����:��C �C :���B � ��C���C-
x���C�C 7:�������#�C, ���!:��:� 7�:�"��C �:���� U��C��:� ����C�����:��C, C������C�� ���7��C 
:$ :�����:��C ����C�:�CC, ����{���:���� ��!C:�� �:��8�C�C �C :����C [32]. T��: 7:�����:, 
x�:  :��: �# �C���C�� xC�����:��C 7:!:�: �# ���!��:  :$"��: ���� :$���C���C C������C#�C 7�C-
�:��:-��C���Cx���CB "��: C�, �:�:��� �"{��� ���: �����Q:��C�"�� ����� :$C���C# �C :���B. 
A�# ���� �:��: ����# �� C�C�:��� xC�����:��C ���!��:  :� �:��:#�C# �:��: :� $��� C "��: C�  :-
�:7:���$���C#. 

 ����C ��: ��C, ��# ���!��:  :x���  ���� 7�:�"��C �:��� ��� :��:# C :$ :�����:��� 7���$C{ 
– �"{��� : ��C� $:��8:!: �:�Cx��� � :������B  :�:��: , � �C�:� — ���!�. A:�� ��# ���!��� �C�-
����: $:���  ����, x�� �7�UCQCx���C� �:��, :�:$���: �� ���: ��B   �����C�� ����. _� �C�"��� 2 
7������ ���: �: �����:� C�7:���: ��C� ���!����C C ������:B:�#��� �����C �C :����C   ��x��� � 
 :�:7:# ����:7:!����B  :�:��:    �����B :��: ��B ���: :� C :���: .  

   

 

\C�"�:� 2. `: �����:� C�7:���: ��C� C��"��� ����B  :�:��:  ���!����C C ������:B:�#��� �����C 
 �C :����C, :������:��C :���� K����:�, 2022 !. 

     y����C�, x�: 7�C  :�����:� �:������CC :$#��������� "��: C�� CB  ��C ��C# # �#���# ����� ���CxC� 
���!� [32]. R�����  � :� �� :�C!C�������, ����� ����� $��: :���x��:, x�: C����: ���CxC� �:��� C 7C��#,   
�:� xC��� ���!�, # �#���# :��: ��� "��: C�� $��!:7:�"x�:!: �"{��� : ��C# ���!��:  [5]. _�8C C�����: ��C# 
 7�� �� �������Cx���C 7:�� ������� b�:�  � :� C ���� :��: ��C� �:��: ���: 7:��!���, x�: 7�C ��QCUC�� 
:��:!: C� Q���:�:  (7C{C C�C  :��) ���C�"��: $"��� "����8����# �:�Cx��� : ���!��: . z���� �� :����C�, 
x�:   C�����"��:� ��!C:�� :�������  :�:��� 7:7:��#���# �C8� 7��C:�Cx���C, x���� ������ ����:���: ���,   
���"������ 7: ��B�:���:!: ��:��  �����CB ����B  :�. y����: C�-�� ��C�����:!: 7:��7���C# B:�:��:!: 7��C:�� 
!:��, ��:� ����B  :� :��"��� : ��   1995–2009 !:��B,   b�:  ���# 7����:B�C  �� 7�"�� C �:��, :$�����C ��-
��:!:xC������� :���� C ���C. yx� C��:, �� $���:������ :, � C����: "����8��C� �:x��  :�:7:#   b�:� 7��C:� 
�7�: :UC�: ��: !�"$:�"� ��7����C�   xC�����:��C ���!��:  [25].  
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e��C� :$���:�,  �����8C� "��: C�� ��"x�:!: :$:��: ��C# 7�:����� ���!��:  # �#���# 7�: �-
���C� 7:��:$�:!: ����C�� 7�CxC�  :��::$����:� 7��C:�Cx�:��C   �C���C�� xC�����:��C 7:!:�: �# 
���!��: , �  :��:��:���� �:��� ���C# 7�:!�:���B �:�����.  

O�C b�:� :��: ��� 7��7#��� C�� � ���:�" :$:��: ��C� # �#���# :��"��� C� ����C� 7: ������-
 ���:� ��!"�#UCC xC�����:��C 7:7"�#UC�, �:�:��# C���� ���C������ B�������. _�7�C���, �xC����-
�#, x�: $:��8:� ���x��C� C����  ����7��� 7���� �C :���B :� �����B 7�CxC�: #{"��, $���:��CU�, 
��"��, 7����������� C ��. [26, 33].  _� �: ������:� b��7�, :x��� ��:!:  �C���C# "���#���#  �# ��-
�C� 7�CxC� ����: :�  ������� !C$��C ���!��: , ��� ��� �xC�����#, x�: C����: b�: # ���C� :���� ��� 
�"{��� ���:�  �C#�C� �� �C���C�" xC�����:��C �C :���B. y${�7�C������� �xC�����#, x�: ����:-
 �#  �����## !C$��� ���!��:  7�:C�B:�C� :� 7����������� (pasterellosis). z��xC������# x���� C�����:-
 ������,   �:� xC��� C ���"$����� b��7����,  �: � C  �: � "���� ��� �� ���"�  :��:��:���, 7��7�-
�C�"#  �"�����:��C 7:!C$8CB ���!��: , :����: �: �CB 7:� :�C �� �:!"�  �# C�� ��C!!����� ��B�-
�C�� b�:� $:����C   ����� �����C� 7��C:� [34–40].  

Z���" ���, ���C 7���7:�:�C��, x�: 7���� ���!��:  7�:C�B:�C� :� �C�7��CC, �:�:��# �:��� 
 :��C��"�� " �:7����B �C :���B 7�C 7:����CC   7���"�����C� x��� �:���B 7:��� �:��# �:�:��B 
 ��:�:$���: �B 7:$�!: , ��7�C���, � "�:����B $:$: �B ������C�, �: ����: C��# 7:�#���� !C$��� 
���:7:� C���B ���:� 7:��� �:�:  �:���:   ����� �����C� 7��C:�. K���C� �"$U� 7:!C$8�� ����C 
7:�����, x�: :��: :� �� 7C���C# 7���� !C$���� # �#�C�� � "�:����� ������C# ($:$: ��, ����:��� �� 
C 7:�"�"�����Cx�C), �"�����:� �:�Cx��� : �:�:��B �:��C!�: 93 %. �� �CB �� �:�� ��U���� 
(Medicago sp.), ��7x���C (Potentilla sp.) C !:�U� (Polygonum sp.) 7�C8�:�� 26 %, 22 C 12%, �::� ����-
 ���: [41]. 

z���� ��  7�� �� "�����, x�: C����: �C�7��C# �:��� # �#���# ��C!!����� ��B��C��:� ��7"�-
�� ��!C���C�"��:�  ���C C�����: ����#�C �:7"��� "�{�� �:���!C:��:� $:����C — 7�����������, 
$�����CC �:�:�:�  ��!�� 7�C�"��� "�� " ��:�: �B �C :���B   ��B�������B 7"�#B. �����: 7:b�:�" 
��"!C� �C :���� �� !C$�"�, :�:$���: ���xC������# x���� 7:��:��:!: 7:�:��� �, �:�:�:� �� "�7� ��� 
�����C���# :� ��:�:��x�: 7:!C$8CB ��$:�� 8CB ���:�. y��� 8C��# �:�:��#� �$C ����#   ��:!:xC�-
������ !�"77�C 7: 10–20 :�:$�� C $��!:7:�"x�: �:�C ��� �: :���C.  e���� ��!�: :$|#��#���#  ���# 
7�����, �!:  ����7�:���, ��:�:��x�:��� C C�$C�������:��� 7�:U���� �������:!: C�B:�� �C :���B,   
:��: �:� C� ���:7:� C��:!: :��: �:!: ���:x�:!: 7:!:�: �#. ����C ��: ��C, ����: �#  �����## 
!C$��� �C :���B �� # �#���# ������:�.  

T:��� �:!:, b�� $:����� �� C����#�� ��:�:��� 7�C��{��C# 7:!:�: �#, ��7�C���,   !:�� ��7���-
�CC "�������# !�"77C�: ��  :�����: C���� �� ����C� !:� 7:��� ����: :� !C$��C $:��� 50 % �C :�-
��B (27140 C 26400 !:�: , �::� ���� ���:, 7: "x��" 2010 C 2013 !:�: ).  A !:��  ��:�:� xC�����:��C 
$��7�����C����# !�"77C�: ��  :�����: C�� xC�����:��� 7:��� 7����� $:��� 85 % �C :���B �� 8��-
�:� !:� (242000 !:�:  C 285000 !:�: , �::� ���� ���: 7: "x��"   2015 C 2021 !:�: ). Z:��: ���� 
7���7:�:�C��, x�: C�-��  ��:�:� 7�:�: C�:��C ���!��:  b�:� 7�:U��� 7������ �#�� �:$:� ������ ��-
��� ��B��C�� ��!"�#UCC CB xC�����:��C. A:  �#�:� ��"x�� ����: �#  �����## !C$��� �� �:��� # -
�#���# 7: :�:� ��# :���:x�C C ��� $:��� 7�CxC�:� C :��: ��C�� �:�����:!: ��7���� �� CB �:$�x". 
e�� ��� ���� ���C �:7"��C��, x�: �: �CB 7:� �� C� ����� 7�� :7�CxC�� ���:!: 7����� �C :���B, �:, 
 �� �� �:, ��� ���xC��B :��: ��C� ��# $��7:�:��� �, ��� ���  :�����: ���C� CB xC�����:��C �: 
7�����!: "�: �# 7�:C�B:�C� �:����:x�: $����:.  

O������ ����:� :$:${��C� �"{��� "�{CB � ����C� 7: ������ ���:� ��!"�#UCC xC�����:��C 
���!��:  7:���� ���, x�: 7����� x�� ���:����: ��� 7�������� CB 7�:�����, ��:$B:�C�:  �# C�� 
:��: ��� �C�C�C�"�{C� �!: �C���C�" 7�C�:��:-��C���Cx���C� Q���:�� ��# "�"x8��C# 7�:!�:��, 
� �����, ���:�C��   ��!:�C�� �:$�xC  ����7�"�  ������� !C$��� ���:�:�:� x���C 7:7"�#UCC.   

_�:$B:�C�: "������, x�: �{� :��:� 7�:$���:� 7�C ��"x�:� :$:��: ��CC C��"��� ���:� ��!"-
�#UCC 7:!:�: �# ���!��:  # �#���# :7�������C� ���:��C 7���$C{��B "!:�C�, �: ���� :7�������C� 
:7�C�����:!: �:�Cx��� � �C :���B �� ��C�CU� 7�:{��C � "x��:�  �7������B ����� �:��8�CB �C-
 :���B. \��"������ C�����: ��C�   b�:� ��7�� ���CC $"�"� :7"$�C�: ���   ����"�{�� ��$:��. 
�����: b�:� 7:�������� �:���� $��� �{� :��:� :��: :7:��!��{�� �:������:� 7�C �����x��CC ���-
!��:  � C��"��� ���:�" C�|#�C� C� 7�C�:��.     

0����<���� 

y7�������C� 7�CxC� �C���Cx���CB # ���C�   xC�����:��C 7:!:�: �# ���!��:  C�"x��: �:���-
�:x�: ���$: C�-�� CB ������:!: :$���� �C��C,  ��:�:� 7�:�: C�:��C,  ����7�:� 7��C:�Cx���:� ���-
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�: :�  ������� !C$��C, �C���:!: ����:7:!���:!:  :������ C#,   �:� xC��� :!���Cx��C# �C!��UC:�-
��B 7"��� C �����:��:� �:$�xC.  

_� �: ������:� b��7� ��$�������# $����:� 7�C��{��C� 7:!:�: �# "������:� !�"77C�: �C ���-
!��:    ����"��x�� A:�!C C c����, �:�:�:� :$"��: ���: ��:!:����C� ��7���:� �� �:$�x" �� Q:�� 
"�"x8��C# ��# �CB 7�C�:��:-��C���Cx���CB "��: C�. \���:�8���# 7:!:�: ��  ��� ��� $��7:�:���-
 : " ������B Q�����:  C�-�� 7:���  ������:B:�#��� ����B "!:�C� C 7���$C{, 7:b�:�" :�C 7�:�#� 
:!���CxC�� CB �:�Cx��� :. y����: 7�C�:�::B������ :�!��C��UCC  ���"7��� �� �{� $:��8�� " ��C-
x��C� xC�����:��C 7:!:�: �#, �:�C C�"# b�: ��7�������"��:���� "$��C 7:7"�#UCC �� �x�� 7��C:-
�Cx���:� ����: :�  ������� !C$��C �C :���B C ��7�����{��{�!:�# $���:������ �.  

A�# ���:, x�:  :��::$�����# �C���C�� xC�����:��C ���!��:  �� C�C� :� �:�Cx��� � �:��� C 
����  :�:7:#. S:�� ��7����CC xC�����:��C �: 7����� � 7��C:�:� ����: :!:  ���B��C#  :�:��: , 
!:��  ��:�:� xC�����:��C — � 7��C:���C �:������:� :$ :�����:��C ����C�:�CC ���� CB :$C���C#. 
O���7:�:���:, x�:  �����## ����: �# !C$��� ���!��:   �� ��� ��������:� $:������ — �C�7��C��, 
�:�:��# �:��� # �#���# ��C!!����� ��B��C��:� ��7"��� ��!C���C�"��:�  ���C C�����: ����#�C 
�:7"��� "�{�� �:���!C:��:� $:����C — 7�����������, $�����CC �:�:�:�  ��!�� 7�C�"��� "�� " ��:-
�: �B �C :���B   ��B�������B 7"�#B. A b�:� ��"x�� ��!�: :$|#��#���#  ���# 7�����, �!:  ����7-
�:���, ��:�:��x�:��� C C�$C�������:��� 7�:U���� �������:!: C�B:�� �C :���B,   :��: �:� C� ���:-
7:� C��:!: :��: �:!: ���:x�:!: 7:!:�: �#. O:!:�: �� �C :���B C�-��  ��:�:� 7�:�: C�:��C  :�-
����� �C ����# x���� ����:���: ��� �: 7�����!: "�: �#   ��$�� 7��C:�� xC�����:��C, 7:b�:�" �� 
�:��� ��"�C�� :��: ��C�� ��# �:�����:!: ��7���� �� CB 7�:�����.     

y��: ��# 7�:$���� �����x����#   :��"��� CC ���:�:�:!CC �: �������B ��"x�: :$:��: ����B 
���:�����UC� 7: 7�:����" ���!��: , B:�# 7�:��8�����# �:$�x� ���!��:    G���B����� $��� :$�x-
��� ���:7�C#�C�� C 7�:C� :�C���� 7��C:�Cx���C   1954–1993 !!.  

O�: ������� ����C� 7:� :�#�� �xC���� :��C� C� :��: ��B ��C���C�  — 7������� �"{��� "�-
{�� xC�����:��C � �!: 7�:!�:��:� �:����UC�� ��  ��CxC�" ���!:��:!:  :�7�:C� :��� � 7:!:�: �#, 
�:�:�:� ��:$B:�C�:  �xC��#�� 7: C����xC :��C 7�C�:��:-��C���Cx���CB "��: C�, !�� ��� :$��-
�:�, x���� �C���C�" 7�:�"��C �:��C ��� #��B �::${���  �� ����CB C �C��CB 7���$C{�B C ���7��C 
:$ :�����:��C ����C�:�CC. G�:�� b�:!:,   b�:� 7������� ��:$B:�C�:  ���x��� 7:7�� :x��� �:bQ-
QCUC���  ����7�:!: 7����� ���:�:�:� x���C 7:!:�: �#, :� �:�:�:� �����# C�$� C���#. O�C �:��� ��-
�CC ��"x��B ���:�����UC� 7: �:$�x� ���!��:  ��:$B:�C�: "xC�� ��� ����� :${"� ���:��� 7���-
$C{��B "!:�C�. R���:� ��7�� ���C� $"��� :$�"������# ���C   ����"�{�� ��$:��.   
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X��� ��� @���� Y��� �����9����9� ��$Y��������w ������������ ����� �:$���w ���� 2022 ���� 
���:����� 801 ��w ����9� ����� Y���. @��!������ Q�������� $]� ���"�������w �"��8��"�8���� 
����7���� ��� ������������ ��7��7 ��������� ������ �V�� :�����w ����� ������� ����� �����"�� 
����7 �����. `:����� $��!� ��$C9���� �:�9�" ]������� :����� :��� V�� �:�9�"�� ]������. Z������� 
��$Y������ ������w �C���C����� �V�� :�����w �Y����!� ��77�� �����"�� �������w ��$C9C-
��C������ ��9���������w Y�!��" ����8����������� ]8������� �������" $:���8� V��$C �����C����� 
��� $]��� ����9�� ���� �V�C�����!� �����" ���!������. y��� ��$Y������ �:$�� Y����V��7��� �"��" 
1954 ���� $������7, ����� ������ $:��7, 1994 ���9� ����� ���9����. T����8� ��������, :� ����� 
�C������� �"��" V�����!� �����"8���� ������ $:���. `:��� ����� :�����w ������w ]��� �:����"� 
����w� �����, $]� 8������ ��� ��" ��� $���:�������7�� $��������� ���. K�$Y��� 7:7"�#UC#����w 
�:���� �V������ �C���C���� �:��9���� 8Y7��w Y�������!��� �V�� :�����w ����������� ���������w 
�"���"��� $��������� ����� �Y������!��. 2000-8� ��������9� ���"����� ������w �Y7 �V�� ]����� 
�:���9�� �:����"� �"��" :���������w ����� ������"� �V�C������� �"����9��, Y������ :�� ����w�� 
���!������ !C��:!��QC#��� ����!� �Y����!� ���!�� �"�����w 14 ��� $:�� ������� �9�����w 
$:���"��� $���������, #9�C �:9����� ��� �:��������w ��$"�, �Y���� ��� Y��������w ��#����"�. e�� 
2010-2011 ������� �8�� �" �:�������� ���!�� �"��� ��w���� �:����" $�������, �:��� $��� 2022 
���9� ����� :��� �8��8�� �]�9�9�� �:�. RV� :�� ����� ��$Y������ ������w �������� Y�"� 
$�������. K�$Y��������w �Y����!� �������� ��77�� �����"���w ��$�7���� ������9��. 
GY������!�����, $]� �]$������w ��$�$� �]�7��� ���� �"�" — �C�7��C# $:�"� ������, #9�C �"�"��w 
Y�7�����!���� ����������, $]� :��w Y������ ����8���!���� ������������� (��!������ �� �:�9������ 
�Y���!�� ��������� Y�!��). eC�7��C# ���"����� :�!��C���������!� $���� �� ��8�!���� �"�"�����w, 
�:��w �8���� Y�!�� ���"������� ����� ���������� �]�7��� 7������������w �:����9�8 ��B��C��� 
$:�� �����. K�$Y��������w �Y����!� ��77�� �����"���� �����!� ���"����� ���� $����8� ������ 
�����, #9�C �:����" ����w���� �� :�����w ���� �� �:9��� Y��������9��� $��������� $]���9� 
��w!��!� �����!� ���7��� ���!��. `:������� ��$C9C-��C������ ��9��������w V������� :�����w 
������w �C���C����� ������ :����7, �]���� �]��� Y���-Y�� ��w������� ���"���� �"��"�� �:�9� 
��!�� �:�. 

�Q�	 �@/���: ��$Y������, ����� �:$�, ��� �C���C����, ���-8Y7 $�����, �"�����w �"���"�, �Y����!� 
�����", �C�7��C#, ��� 8��"�8���9�. 
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M.K. Sapanov, K.M. Akhmedenov 

Natural and historical prerequisites for saiga hunting in Kazakhstan 

The number of saigas in Kazakhstan's Ural group, which inhabits the Volga-Ural interfluve, increased to a 
record 801,000 in 2022. Local farmers claim that these animals severely devastate agricultural fields and pas-
tures and demand artificial reduction of the population. At the same time, nature conservation organizations 
suggest their further protection. In this study, we analyzed the literature and our own results on the dynamics 
of saiga numbers and their spring mass mortality in conjunction with changes in the natural and climatic con-
ditions of the region. Industrial shooting of saigas, the Ural saiga group, began in 1954 and continued inter-
mittently until 1994. In other words, saiga hunting was a routine regulatory activity at that time. Then there 
was a long-term period of depression in their numbers, which was attributed to excessive shooting and poach-
ing. It has been shown that the wave-like dynamics of saiga population numbers depends entirely on the 
productivity of the grass stand and the watering of their habitat. A deep and prolonged depression in the num-
ber of animals in the 2000s resulted from a severe reduction in watering places, as during this period, due to a 
14-year absence of surface runoff of spring meltwater into the local hydrographic network, ponds and sor-
rows dried up everywhere and lakes and rivers shallowed. It was only in 2010-2011 that new recharge of 
open reservoirs with melt water began, and since then they have never dried out until 2022. It was at that time 
that the saiga population began to increase rapidly. The reasons for the periodic mass selective spring mortali-
ty of saigas were analyzed. It is shown that this phenomenon could be caused by a noncontagious disease, 
timpania, which is identified by the rapidity of the disease, which explains its selective nature (mainly seden-
tary females giving birth perish). Timpania, apparently, could serve as a trigger mechanism for triggering 
other secondary diseases in animals, including contagious pasteurellosis, which is constantly registered in 
dead animals. The number of animals after the mass saiga mass mortality in spring recovers in a few years to 
the previous level due to high fecundity, both in periods of depression and high numbers. Therefore, there is 
no reason to cancel the industrial shooting of such a valuable self-renewable resource, taking into account the 
dynamics of its abundance under the influence of natural and climatic condition. 

Keywords: saigas, Ural grouping, population dynamics, fodder base, area watering, spring mortality, timpani, 
animal fishery. 
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Analysis of the syngenesis pioneer stage on the iron ore enterprises dump sites in the 
Kostanay region 

Study of primary stages of syngenesis at the dumps of the Sokolovsko-Sarbai Mining and Processing Produc-
tion Association, including Sokolovsky, Sarbaisky, Kacharsky deposits was carried out. In total, during the 
study, 63 geobotanical descriptions were compiled; pioneer grouping being found in 15 of them. Waste and 
poor rocks of iron ore open pits dumps are difficult to demutate during first few years after backfilling com-
pletion, therefore, succession initial stage here proceeds extremely slowly. However, succession rate gradual-
ly increases as the edaphic conditions of the ecotype improve and phyto-environment develops. Moreover, 
during the study, division of soils into saline and non-saline ones was discovered, establishing that this factor 
greatly influenced projective cover and species composition of the pioneer plants discovered. Floristic data 
were processed using IBIS 7.2 program developed by Zverev. Qualitative and quantitative accounting of 
plants was carried out in accordance with generally accepted botanical methods, during the application of 
which such parameters as occurrence, general and partial projective cover were noted. It was ascertained that 
on saline soils halophytes and weedy species with wide ecological amplitude predominate, while on non-
saline ones different types of wormwood are most stable. All species on the dumps with non-saline substrates 
show wide ecological amplitude. 

Keywords: pioneer group, iron ore industry dumps, biodiversity, technogenic landscape, succession, 
syngenesis, pioneer plants, flora, dump overgrowth. 

 

Introduction 

Modern society faced many challenges that threaten both health and, in general, the existence of the 
human population. In order to preserve and develop their species, humans resort to intensive and extensive 
nature use, bringing the global ecological crisis and the Earth's ecosystem destruction closer [1-3]. 

Products of processing of minerals, such as iron, oil, coal and others, have become an inevitable conse-
quence of ensuring comfortable life of people. However, the extraction of these resources often leads to irre-
versible harm for the environment. So, there is a complete (rarely partial) destruction of soil and vegetation 
cover as significant changes occur in the lithogenic basis, and hydrological regime of the area. These lead to 
the substitution of natural landscapes by natural-technogenic or absolutely technogenic ones, in both cases, 
the restoration of disturbed ecosystems taking lengthy periods of time. But, regretfully, even in centuries, the 
original natural communities will not be formed. Late 20th century witnessed the largest anthropogenic im-
pact in the history of mankind. On a planetary scale, the anthropogenic transformation of terrestrial land-
scapes has led to the replacement of forests by forest and forest-meadow landscapes; those of steppe and for-
est-steppe complexes by field and agricultural landscapes [4-6]. 

Restoration of some technogenic landscapes may proceed through reclamation and self-overgrowing. In 
other words, the relative laboriousness and high cost of reclamation, as well as gaps in the legislation, allow 
users of natural resources resorting to a wait-and-see tactics that is to self-overgrowth. The Republic of Ka-
zakhstan has to face the problem of unliquidated open pits and mines handling, despite No. 386 Order of the 
Minister for Investment and Development dated May 24, 2018, which postulates the rules for drawing up a 
plan for the elimination of the consequences of subsoil use for each object of the subsoil plot, including open 
pits and dumps of overburden and waste rocks, and poor ores. The Order contains requirements for the state 
of the area after liquidation. It should be noted that one of the most important results of the final liquidation 
is “the restoration of the natural ecosystem to the maximum similarity with the ecosystem that existed before 
the subsoil use activities” [7-9]. 

In the course of this study, we studied the degree of natural overgrowing of dumps of the iron ore indus-
try in the Kostanay region. All dumps are on the balance sheet of the enterprises, passports and EIA projects, 
which indicate the stage of reclamation and subsequent monitoring, having being supplied for each of them. 
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However, not all dumps need reclamation, for example, there is no indication of such in the EIA Project for a 
local project for filling an external bulldozer dump on the eastern and southeastern sides of the Sokolovsky 
open pit for 2021, because in the course of work within the framework of this project, it is not planned to 
disturb the vegetation cover, since dumping will take place on the already changed area. Consequently, long-
term prospects are not considered in this document [10]. Thus, self-overgrowing is an important factor in the 
formation of vegetation cover on dumps. 

Self-overgrowing of industrial dumps occurs in three stages of syngenesis: 
• pioneer group (low projective cover (PC) 10-15 %, 13-25 species), 
• group-thicket community (PC — more than 15 %, 20-50 species), 
• complex phytocenosis (diffuse community) (PC more than 30 %, 20-50 species). 
The rate of natural overgrowth depends on many factors. Selectivity is determined by the probability of 

the introduction of ovules from neighboring phytocenoses and is strictly determined by the biological charac-
teristics and ecological conditions of dumps. Often, favorable conditions in the first years after dumping fa-
vor the overgrowth of rocks by a small number of species, seeds of which get to dumps faster, gaining an 
advantage. The edaphic factors of each ecotope influence the selectivity of seed germination, and as well as 
establish the course of development of the vegetation cover of technogenic landscapes. Pioneer species usu-
ally have high germination energy [11-17]. 

In the current article, we analyze the pioneer stage of syngenesis in the dumps of iron ore enterprises in 
the Kostanay region. 

Experimental 

There are two large enterprises processing iron ore on the territory of the Kostanay region: “SSGPO” 
JSC and “Kachary Ruda” JSC, which were one legal entity until 2020; and currently they are part of the 
ERG group. “SSGPO” is engaged in the development of the Sokolovsky, Sarbaisky and Kurzhunkulsky open 
pits; whereas “Kachary Ruda” that of the Kacharsky open pit [18]. 

The Sokolovsky, Sarbaysky and Kacharsky deposits of magnetite ores are located in the northwestern 
part of Kazakhstan in the Turgai belt, which also extends into Russia. The Turgai deposits are associated 
with volcanic-sedimentary rocks of the Trans-Ural zone. These deposits, together with other smaller satellite 
deposits and the likes, form an extended magnetite-bearing belt extending in the NNE-SW directions — the 
Turgai belt, which extends from the Sarbaisky deposit in the south to the Glubochensky deposit in the 
north [19, 20]. 

In the course of this study, the waste dumps of SSGPO JSC were studied: the South-East one of the 
Sokolovsky open pit, South-West — of the Sarbaisky and South-West — of the South-Sarbi area; as well as 
s 7 railway dump of “Kachary Ruda” JSC. Technogenic mineral formations in the form of loose sandy-
argillaceous overburden rocks of the platform cover were transported to these dumps by road and rail 
transport, the raw material for which were flasks, sands, and clays [21-24]. 

The study was carried out in the spring-summer period of 2022. The objects of study are situated in the 
Kostanay region, located in the northwestern part of the Republic. This territory is characterized by sharp 
continental climate with a wide range of temperatures in winter and summer, day and night. The highest av-
erage temperature of +210` on the location of Rudny is characteristic for July, while the lowest average an-
nual temperature of -15,40` is typical for the same territory for January. In some years, a more significant 
short-term extreme decrease in temperature to -400` was also observed. The northern and central part of the 
Kostanay region, the territory of Rudny belong to a slightly humidified moderately warm agro-climatic zone, 
which is characterized by moisture coefficient values in the range of 0.8-1.0 during the vegetative active pe-
riod from May to August and the sum of temperatures of above 10 °C in the range of 2200-2500 °C, which 
in general can be considered as favorable conditions for plant growth [25]. 

In the studied territories, there are ordinary and southern chernozems, dark and medium chestnut soils, 
complexes of these soils with salty soils, and others. The mechanical composition is dominated by heavy 
loamy and clayey soils, a large proportion of soils being those of sandy loam [25]. 

To study the flora of technogenic ecotopes, a route-expeditionary research method was used. A total of 
63 geo botanical descriptions were compiled. Floristic data were processed using the IBIS 7.2 program de-
veloped by A.A. Zverev [26]. Qualitative and quantitative accounting of plants was carried out in accordance 
with accepted methods; occurrence (%), total and partial projective cover (PPC, %) were noted [14, 27]. 

Calculation of numerical data, such as herbage density (pcs/m2), number of species (pcs), occur-
rence (%), and partial projective cover (%) was carried out according to the indicators previously referred to. 



Analysis of the syngenesis pioneer… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 161 

The frequency of occurrence made it possible to distinguish classes of constancy (hereinafter CC) in the de-
scriptions: in total, five CCs were identified, with a step of 20 %: I — 20 %; II — 40 %; III — 60 %; IV — 
80 %; V — 100 % [12]. 

Results and Discussion 

The rock dumps of the iron ore quarries of the Sokolovsky, Sarbaisky and Kacharsky deposits are new-
ly formed geomorphological objects devoid of plants. Freshly dumped rock heaps are initially devoid of veg-
etation and are therefore ideal models for studying the stages of ecosystem formation. 

Fifteen geo botanical descriptions were analyzed: CP 1-5, CP 43-47, CP 48-52, made on non-saline and 
saline dumps, having a backfill age of 2-5 years and falling under the definition of a pioneer group (Fig. 1). 

 

K B 

Figure 1. Location of the studied ecotopes of the pioneer plant group: K — South-West open pit  
of the Sarbaisky deposit, B — s 7 dump of the Kacharsky open pit 

In the course of the study, it was noted that saline soils are characterized by an extremely low number 
of species in the pioneer group — no more than 7 species (Table 1, Fig. 2), while the total projective cover 
(hereinafter TPC) is 16 % on average. Two species Isatis costata and Chenopodium album are characterized 
by the V class of constancy and are absolute dominants in this community. It is also worth noting that on 
highly saline soils, Polygonum salsugineum is distinguished by a high class of constancy (Table 2). All spe-
cies are either adventitious or weedy. Two species of steppe zonal flora, Achillea nobilis and Poa 
angustifolia, with low occurrence and activity were found. 

T a b l e  1  

Characteristics of then Pioneer Stage Cenopopulations 

Cenopopulation Date Dominants TPC % Species number
CP-1 18 V 2022 Artemisia dracunculus L. <1 3 
CP-2 18 V 2022 Koeleria cristata (L.) Pers. <1 2 
CP-3 18 V 2022 Artemisia marschalliana Spreng. <1 4 
CP-4 18 V 2022 Koeleria cristata (L.) Pers. <1 3 
CP-5 18 V 2022 Conyza canadensis (L.) Cronqist 1 1 
CP-43 19 V 2022 Isatis costata, Chenopodium album, Polygonum salsugineum 30 4 
CP-44 19 V 2022 Isatis costata, Chenopodium album, Polygonum salsugineum 20 5 
CP-45 19 V 2022 Isatis costata, Chenopodium album, Polygonum salsugineum 40 4 
CP-46 19 V 2022 Lactuca tatarica, Polygonum salsugineum 30 3 
CP-47 19 V 2022 Isatis costata 40 3 
CP-48 19 V 2022 Isatis costata, Chenopodium album <1 2 
CP-49 19 V 2022 Isatis costata, Chenopodium album <1 3 
CP-50 19 V 2022 Isatis costata, Chenopodium album <1 4 
CP-51 19 V 2022 Isatis costata, Chenopodium album <1 4 
CP-52 19 V 2022 0 0 0 
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Figure 2. Pioneer stage on saline (K) and non-saline (B) dumps 

T a b l e  2  

List of pioneer plants and their occurrence (in %), settling on saline soils of dumps 

Plant species Occurrence (in %) 
Isatis costata C.A. Mey. 90 
Chenopodium album L. 90 
Polygonum salsugineum M. Bieb. 50 
Achillea nobilis L. 10 
Lactuca tatarica (L.) C.A. Mey. 10 
Poa angustifolia L. 10 
Tripleurospermum inodorum (L.) Sch. Bip.  10 

 
Two years after the completion of backfilling, 7 species also settled on the dump of ferruginous lime-

stone (Table 3). The pioneer group on these dumps consists of thin plants, the projective cover reaching 1-
2 %. (Fig. 2). The steppe species Artemisia dracunculus, A. marschalliana and the weed species Artemisia 
sieversiana form groups with the highest class of consistency. More than 70 % of pioneer plants in these 
cenopopulations are steppe plants. 

T a b l e  3  

List of pioneer plants and their occurrence (in %), settling on non-saline soils of dumps 

Plant species Occurrence (in %) 
Artemisia dracunculus L. 80 
Artemisia marschalliana Spreng. 60 
Artemisia sieversiana Willd. 60 
Achillea nobilis L. 20 
Conyza canadensis (L.) Cronqist 20 
Koeleria cristata (L.) Pers. 20 
Tragopogon orientalis L. 20 

 
Table 4 shows the taxonomic structure of the general floristic list of the pioneer group on the dumps of 

“SSGPO” JSC and “Kachary Ruda” JSC. The total number of families represented in the pioneer grouping 
on saline and non-saline dumps is 5. The largest one in terms of the number of species and genera are 
Asteraceae (6 genera, 8 species), then Poaceae (2 genera, 2 species), Brassicaceae, Chenopodiaceae and 
Polygonaceae -1 genus and 1 species each. The only species found on both saline and non-saline soils is 
Achillea nobilis L. 
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T a b l e  4  

Taxonomic structure of the pioneer grouping of dumps 

Taxonomic indicators Value 
Total number of species 13 
Total number of genera 11 
Total number of families 5 
Number of single-species genera 10 
Number of single-species families 3 
Number of homogeneous families 3 
Share of species in 5 leading families, % 100 

 
It should be noted that, according to the data of 2008 obtained by Yu.V. Perezhogin the largest families 

on the territory of the Kostanay region are: Asteraceae (201 species), Poaceae (105), Fabaceae (80), 
Chenopodiacceae (67), Brassicaceae (66), Caryophyllaceae (53), Cyperaceae (49), Rosaceae (49), 
Ranunculaceae (38), Scrophulariaceae (36), Lamiaceae (33), Apiaceae (32), Boraginaceae (29), and 
Polygonaceae (26) [28]. 

Various studies of individual territories of the Kostanay region also show the predominance of the fami-
lies Asteraceae, Rosaceae, Polygonaceae [29, 30], Poaceae and Fabaceae [31]. The plants found by us in 
pioneer communities on dumps are also the representatives of the most common families in the region. 

In the course of the study of overgrowing of iron ore dumps of the Sokolovsky iron ore open pit, carried 
out in 1974, 16 species of overgrowing pioneers were identified, the most common of which were Atriplex 
nitens Borkh., Polygonum aviculare, and Kochia prostrata (L.) Beck. The authors of the report also point to 
the presence of groups of fireweed (Chamerion angustifolium (L.) Holub etc.) and melilot (Melilotus 
officinalis (L.) Pall.) in the pioneer groups [32]. 

Studies conducted in 2003 [11] showed that the total number of species with projective cover of 10–
25 % on favorable soils (Quaternary loams, Neogene sands and sandy loams) reached 55 species, while 23 
species with a coverage of 5-15 % were found under unfavorable conditions on saline flasks and Chegan 
loams. Dominant families: Asteraceae, Poaceae and Chenopodiaceae. This quantity noticeably exceeds that 
obtained during our studies, but, as far as we can judge by the lists given, the author for some reason includ-
ed species of the group-thicket community in the composition of the pioneer species. 

The results of studies of self-overgrowing of dumps of various industries, carried out on the dumps of 
the Kempirsai nickel deposit (Aktobe region, Kazakhstan, South Urals), carried out by specialists from the 
Ural Federal University, showed that the pioneer group on the dumps of 1-4 years is characterized by a low 
projective cover — 10-20 %, and the number of species also turned out to be similar to our study — from 6 
species. However, the species composition differs sharply: the highest occurrence on dumps 1-4 years old is 
characterized by the species Bassia prostrata, Polygonum aviculare. Species such as Achillea nobilis, 
Lactuca tatarica, and Poa angustifolia noted in our study were found on a 6-year-old dump [33]. 

The study of self-overgrowing of dumps of the Korfovsky granodiorite deposit (Khabarovsk Territory, 
Russia) showed at the pioneer stage — 1-2 years after the end of the dumping — 2-3 plant species, after 5 
years — 4 species, dominant species being Artemisia vulgaris L. and Trifolium hybridum L.  

While the number of pioneer species in the nickel and iron ore dumps barely reaches 55, a completely 
different picture is presented in the coal mining dumps of Kuzbass (Russia), where the composition of the 
rocks is strikingly different from those studied in our study. For example, in the course of research, 131 spe-
cies of pioneer plants were discovered in the sandstone dumps of the Kedrovsky open pit. The most active 
species are Artemisia sieversiana, Salsola collina, Sonchus arvensis, Taraxacum officinale and Tussilago 
farfara, dominant families being Asteraceae, Poaceae, Fabaceae, Brassicaceae, Rosaceae, Chenopodiaceae, 
Salicaceae, Onagraceae, Polygonaceae, Lamiaceae [11, 15]. 

As for the dominant families, it should be noted that in all studies at the stage of pioneer groupings, 
species from Asteraceae, Chenopodiaceae, and Polygonaceae prevail. 

Conclusion 

On conducting a study of the patterns of natural overgrowing of dumps of mining enterprises in the 
Kostanay region on the example of the dumps of “SSGPO” JSC and “Kachary Ruda” JSC, we came to the 
following conclusions: 
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1) the dumps of iron ore open pits during the first few years after backfilling are difficult to demutate 
and the initial stage of succession proceeds here very slowly; 

2) the rate of succession gradually increases with the improvement of the edaphic conditions of the 
ecotope and the formation of a phyto-environment; 

3) pioneer groups are formed on dumps with the participation of both ruderal species and species of 
zonal phytocenoses, although quantitatively the former predominate; 

4) Isatis costata and Chenopodium album have the highest class of constancy (V) on saline soils at the 
pioneer stage, Polygonum salsugineum has a fairly high class of constancy (III) as well; mainly these are 
halophytes and a weedy species with a wide ecological amplitude; 

5) Artemisia dracunculus (V), A. marschalliana (IV), A. sieversiana (IV) show the greatest constancy 
on non-saline soils, all the species having wide ecological amplitude. 
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C,�+*2*? ,G0���2�F +�(E� �)4*�� 1��E�,��24*��2�F  
�?E24E0��E24�8E ��28�2�|4EF ��,2��0E1 1�|�FE2 +*04*) 

`:�:�: , `���$��, F�8�� ��� :�������� �:�� ��9����, «`:�:�: -`���$�� ��"-��� $����" Y��������� 
$�������!���w» («``GWT» KF) �������������!� �C�!������w $����7�� ����w������ ������" ���!������. 
Z������� 7C:������ �:7������" ��������� F:������ :$������w ����� ���� Y����V��$� ������������w 
Y���!���� Y�" �V������� ������" �V�C������ �C7�����9��. z�����"�� $����9� ��7�� �8 
!�:$:���C����� �C7������ �������, :�����w :� $���"���� 7C:������ �:7������" ��$����. e���� 
�"���� ��� :���������� $:� �V�� $��������9�� �����������w ���������� �]� �#����9����� 
�����!� ��9�8�� $����8� ��� �8���� ���"��UC#��� 7�:U������ �C��, �:������� $]� ����� 
�"�U���C#��w $����7�� ����w� Y�� $�#" ������. K�����, b�:�:7��w b��QC#��� ��9������� ��� 
QC�::�����w 7���� $:�"� ������9�� ����� �"�U���C# ��������9� $�������7 ������. `:����-��, 
������" $�������� �:7������w �]��� �V�� �]���� $:��7 ����� $Y���"� �V�� $]� Q���:� ��$��9�� 
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7C:������ Y�����������w 7�:��UC#��� ��$��� ��� ������ �]������ ����� V��� ������� �������9��. 
P�:�C��C����� �������� K.K. z ���  V�����!�� IBIS 7.2 $�9��������� ������ Yw�����. W�����������w 
��7���� �V�� ������ ���$� ���7� ��$�����9�� $:���C����� V������!� �V���� ����!� ���������, 
:����� �:����" $�������� 7���� $:�", ���7� �V�� ���� 7�:��UC#��� ����" �C#��� 7���������� 
���7 Y�����. OC:������ ��������� �]��� �:7��������� ��!������ !��:QC���� ��� ��w b�:�:!C#��� 
��7�C�"���� $�� ����8Y7��� $���� ������!� ���������, �� �]���� �:7��������� �"�����w ������� 
�w �]����� $:��7 ��$�����. e]������9�� �"$������ $�� ��������� $����� b�:�:!C#��� ��7�C�"��9� 
C�. 

�Q�	 �@/���: 7C:������ �:7������", ����� �"������w ����������, $C:V���������, ��B�:!����� 
����8�Q�, �"�U���C#, �C�!����, 7C:������-Y���������, Q�:����, �����������w Y���!���� Y�"�. 

 
X.K. `C���x"�, K._. G"7�C#�: , S.@. `"����!��C�� 

;2*0�| ��,2��2,? �+*4�� ��28�2�|* 2* ,+-*0*< B�0�|,�)42�< ���4����+�? 
9,�+*2*?�1,? ,G0*�+� 

O�: :�C�:�� C�"x��C� 7�� Cx��B ����C� �C�!����� �� :� ���B «`:�:�: ��:-`���$����:!: !:��:-
:$:!��C�����:!: 7�:C� :��� ���:!: :$|��C���C#» (Ky «``SOy»),  ���x�# `:�:�: ��:�, `���$��-
��:�, G�x����:� ����:�:����C#. A��!:   B:�� ��8�!: C�����: ��C# $��: �:��� ���: 8�������#� ��C 
!�:$:���Cx���CB :7C���C#, 7�Cx�� 7C:�����# !�"77C�: �� :$���"����   7#����U��C C� �CB. y� ��� 
7"���B C $����B 7:�:� �����:�"���B ������:  7�� �� ����:���: ��� 7:��� �� ��8��C# :���7�C 
��"��: 7:������# ���"��UC:���� 7�:U�����, C, ����: ������:, ��x�����# ����C# �"�U���CC ����� 
7�:������ ������ �������:. y����: ��:�:��� �"�U���CC 7:���7���:  :�������� 7: ���� "�"x8��C# 
b��QCx���CB "��: C� b�:�:7� C :$���: ��C# QC�:�����. e����   B:�� C�����: ��C# �� :$���"�C�C 
x���:� ��������C� !�"��:  �� ���:������ C �����:������ C "����: C�C, x�: ������ Q���:� :����� 
$:��8:�  �C#�C� �� 7�:���C �:� 7:����C� C  C�: :� �:���  :$���"�����B ���C ������C�-7C:���: . 
P�:�C��Cx���C� ������ $��C :$��$:���� � 7:�:{�� 7�:!����� IBIS 7.2, �����$:����:� 
K.K. z ��� ��. G�x��� ����� C �:�Cx��� ����� "x�� ������C� :�"{��� ���   �::� ���� CC � :${�-
7�C�#���C $:���Cx���C�C ���:���C,   B:�� 7�C�����C# �:�:��B :���x��C�� ���C� 7��������, ��� 
 ����x���:���, :${�� C x����:� 7�:���C �:� 7:����C�. y$���"���:, x�: �� ���:�����B !�"���B �� 
7C:����:� ����CC   :��: �:� 7��:$������ !��:QC�� C �:����  C�� � 8C�:�:� b�:�:!Cx���:� ��-
7�C�"�:�,   �:  ���# ��� �� �����:�����B !�"���B ��C$:��8C� 7:��:#��� :� :��Cx����# ������  C-
�� 7:���C. A��  C�� �� �����B :� ���B � �����:������ �"$�����:� :$������ 8C�:�:� b�:�:!Cx�-
��:� ��7�C�"�:�. 

���<�$�� ��
$�: 7C:�����# !�"77C�: ��, :� ��� �����:�"��:� 7�:��8����:��C, $C:����::$���C�, 
��B�:!����� ����8�Q�, �"�U���C#, �C�!����, ������C#-7C:����, Q�:��, ���:��������C� :� ��: . 
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 �*-2�+�0­2,� *2*+,(����1,� ���0�4,-*2�� *2*+,(����1�< �,1*|*+�0�?  
0��+* �,�2� ,G�12,-�22,? �*|2,8, 8�,8�*J����1,8, ��,��<,B4�2�� 

TC:C��C��UC# �� :��: ��CC �:��:#�C# �:�Q:�:!:-����:�Cx���CB 7:��������� �C����  ������C� # -
�#���# "�:$��� �7:�:$:� ��# :U���C �:��:#�C# :��"���{�� �����. }���������� G���B����,  ���-
x��{C� G���!���C���"� C c����"��"� :$����C, # �#���# ��!C:�:� �: ���xC�������C 7�:��8���-
���C  �$�:���C. }��� ����:#{�!: C�����: ��C# — 7�: ���C ��� �C�����:� C�����: ��C� ����:�C-
x���CB 7:��������� �C����  Pinus sylvestris, 7�:C�������{CB   ���������B 7"����B }��������:!: G�-
��B�����. \��"������ 7:�����C, x�: ����C������� 7:�������C ��C�� C 8C�C�� �C���, �:�{C�� ���:-
QC��� :$���"���� ��# !. `��7�� �, �:�{C�� b7C����C�� �C��� — ��# !. @�����!���, �C������  ��-
��C�C{ — ��# !. T��B�8�, ��C�� 7�: :�#{�!: 7"x�� — ��# !. G���!����, 8C�C�� 7�: :�#{�!: 7"x-
�� — ��# !. T��B�8�. T:��8�# x���� 7�C����:   ���C�: ��� �� �C��:� C ������� "�: ��,  ��:�C� �:-
bQQCUC���  ��C�UCC $�� :���x�� �:���: ��# �C������  ����C�C{ (��:�#��B B:�: ) B :C �:���. y�-
��x��:, x�: �C�C������� 7:�������C ����:�Cx���CB ���"��"� B :C Pinus sylvestris :$���"���� ��# 
7�:��8�����B ���������B 7"���:  }��������:!: G���B�����: G���!����, T��B�8�, e��C���" C 
@�����!���, �:!�� ��� ��# �. c����" C !. `��7�� �  �� ���x��C# $��C �� ������� C  ��:�:� "�: ��. 
O:�"x����� ������ �:��: 7�C���#�� ��# $C:C��C��UCC � C�7:���: ��C�� ������B ��������C�. 

���<�$�� ��
$�: Pinus sylvestris, }���������� G���B����, B :#, ����:�Cx���C� 7:�������C, $C:C��C-
��UC#, C����xC :���. 

 

1$������ 

Z�:!C� ������C#   7�:U���� � :�!: �:��� C ��� C�C# �����C ����# � Q���:���C :��"���{�� 
�����, ��� $C:�Cx���C�C, ��� C �$C:�Cx���C�C. \���UC# ����C������B :�!��C��:  �:��� 7�:# �#��-
�# �� ����Cx��B "�: �#B,   �:� xC��� :��������# ��  �"������� ���:��CC :�������B ����:�, ������ 
C :�!��:  [1, 2].  

c�:$��� C��C���:�:� ��# ��:!:����CB ������C�  ���"7��� �C��: �� 7����C��, �:�:��� B:-
�:8: ���!C�"�� �� C������C# ���7��C :� �{��C#, �:��"7�:�  ��!C, � ����� �� ����:7:!����� Q��-
�:��,  ���x�# ��!�#����C� ���:�Q��� [3–5]. e��, :7C���� C������C# ����:�Cx���CB 7:��������� 
�C��� Betula czerepanovii   "��: C#B ��B�:!���:!: ��!�#����C# !. Z"������� [6]. y���x��� ����UC# 
�C����  B :���B ������C� �� 7�:��8����:� ��!�#����C�. A�# ���:, x�: 7�C " ��Cx��CC ���:�Q��-
�:!: ��!�#����C# ��C�����# ������� ����:� 7�: :�#{CB C ���C�C�#UC:���B ������ �C��� ��C �C-
$C���:�   "��: C#B !. G����: : [7], �:��� �C$C���:� C 7CB�� �C$C���:�   "��: C#B !. S:��:-
K������� [8, 9], �:��� :$���: ���:�   "��: C#B !. _: :�"���U�� [10] C `����-O����$"�!� [11], �:-
��� b�������:�   "��: C#B !. �"������ [12]. O�C b�:� ��$�������# " ��Cx��C� �:�{C�� b7C����C-
�� ��� "�C���C� $�������B Q"��UC� �C���� , $:��� �:�:��C�C C 8C�:�C�C ����: #��# ��:�#��� B:-
�� " B :���B �"���"�. 

`:��� :$���: ����# — "�:$��# �"���"�� ��# :�������C# 7�:��8�����B !:�:�:  C 7�: ����C# 
$C:C��C��UCC �� �:�Q:�:!Cx���:� C ����:�Cx���:� "�: �#B [13, 14].  

}��� ����:#{�� ��$:�� — 7�: ����C� ����C�� C������C� ����:�Cx���:!: ���:��C# B :C Pinus 
sylvestris L. (������� : � :���� — Pinaceae), 7�:C�������{�� �� ����C�:�CC G���!���C���:� :$-
����C (}���������� G���B����). 

%!���	� � ��	
�� ������
$���� 

y$|���:� C�����: ��C# # �#�C�� �C���# �:��� :$���: ���:�, �:$����:� �� ����C�:�CC }��-
������:!: G���B�����   15 �:x��B (��$�. 1).  
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e � $ � C U �  1  

/,�1� ,+G,�* ��,G <-,� �,�2� 40� ��,-�4�2�� ���0�4,-*2�?  

s �:x�C  
:�$:�� 7�:$� 

_��������� 7"��� Z���: :�$:�� 7�:$ B :C 

1 !. @�����!�� O�:{��� 7���� !:�:���C� K�C���:� 
2 !. @�����!�� O��� _�"��� 
3 !. `��7��  `� �� 7���� K�C���:� 
4 �. c����" K�C���, �� �� 
5 !. G���!���� `:��C�: ��, O��� ������:�:�:��C�:  
6 !. G�������� S:�:���:� 7��� 
7 !. G�������� O:����C  :��� K�C���� 
8 !. G���!���� Å!:-A:��:�, a��:7��� 
9 !. G���!���� }���������� 7��� �"���"�� C :���B� 

10 !. G���!���� O��� O:$��� 
11 !. e��C���" O��� A:��:� 
12 !. e��C���" K �:����UC#, �� �� 
13 !. T��B�8 K�C���, �� �� 
14 !. T��B�8 \��:���# 7�:�"���"�� 
15 !. G���!���� Z���"�"�, 7��� 

 
A�� �:x�C :�$:�� 7�:$ ��B:�C�C�� �� �� �:� �����:#�CC :� � �:�:$C����B �:�:! C �� ����C�:-

�CC 7�:��8�����B ���������B 7"���: , �:!�� ��� �. c����" # �#�:�� �:���:���, �: ���� ����C�:-
�C��, �� �:�:�:� :��"��� "�� ��B�:!���:� ��!�#����C�. 

` ��C� �:$������ �����C�� B :C QC��C�: ��C   �����C � `���"��-P���C�!� (!�CU��C�:�7C�� 
96 %: :�� �C��C��C�: ����#   �::��:8��CC 1:1:1) ��# :$��U �xC ��C# C ����#!x��C#. O:7���x��� 
�����  �7:��#�C  �"x�"� � 7:�:{�� ���CUC���:!: �����7��#. R�# ����:� �:x�C C�!:�� �C ��C �� 
����� 10–15 7��7����: . ������: ��C 7:�"x����� ����� �� �C��:��:7� «TC:���-4» � :�"�#���C 10 
×, 20 ×, �C����C 4 ×, 10 ×, C������C� �C��:7��7����:  :�"{��� �#�C � 7:�:{�� 7�:!����� Altamy 
Studio 10.1. ��"x��� ����"�{C� ����:�Cx���C� :�:$���:��C B :C: �:�{C�� �C���, ��C�� �C���, �:�-
{C�� b7C����C��, �C����� ��:�#�:!: B:��, �:�{C�� ���:QC���   ������� x���C, ��C�� C 8C�C�� 
7�: :�#{�!: 7"x��.  

y$��$:��" Q:�:!��QC� 7�: :�C�C   7�:!����� Paint 10.1. y7C���C� ����:�Cx���CB 7:��������� 
7�: :�C�C   �::� ���� CC � _._. X!:�: :� [15] C B. Radovanovich � �:� �:���C [16].  

\��x�� �:��: ���:��C ����CxC# 7:�"x����B ���"�����:   7�: :�C��# � C�7:���: ��C� ��C���C#  
Z����–cC��C [17],  ��xC�� ��C �����C� 7:�������C 7�C����� (Z±m) C �:bQQCUC���  ��C�UCC (Cv). 

��/
��	�	� � �� 
!�
������ 

`:��:#�C� B :C �:��� :$���: ���:� # �#���# C��C���:�:� ��!�#����C# C "B"�8��C# �:��:#�C# 
:��"���{�� ����� [8, 9, 12–14].  

K���C� 7:�"x����B �����B (��$�. 2, �C�.) 7:�����, x�: �C��:��:7Cx���C� 7:�������C  ���C�"�� 
  �� C�C�:��C :� ����� 7�:C�������C#.  

O: �:�{C�� �C��� ����C������� 7:�������C (4,67 ���) $��C  �# ���� ��# :$���U: , 
�:$�����B   !. `��7�� �,   �� ��� :�:�: K�C����, �C�C������� (2,55 ���) — ��# !. @�����!���, 
7�:{��� 7���� !:�:���C� K�C���:�. R����� 7�C����  ���C�: �� :� 3,33 �: 49,3 %, 7�Cx�� 
����C������� �:bQQCUC���  ��C�UCC :���x�� ��# !. `��7�� �. R�# ��C�� B :C �:��� ����C������� 
���x��C# (9,01 ���) :$���"���� �����   !. `��7�� �,   �� ��� :�:�: K�C����, �:!�� ��� 
�C�C������� (5,49 ���) ��# !:�:���:!: 7���� `:��C�: �C !. G���!����. O�C����  ���C�: �� :� 4,19 
�: 23,03%, 7�Cx�� ����C������� �:bQQCUC���� :$���"���� ����� ��# !. `��7�� �.  

O�C���� �:�{C�� b7C����C�� �C��� C����#��# :� 0,13 ��� (!. T��B�8, \��:���# 7�:�"���"��) �: 
0,22 ��� (!. @�����!��, 7��� _�"���). G:bQQCUC���  ��C�UCC �:��� C� :� 9,45 �: 22,09 %, 7�Cx�� 
����C������� 7:�������C :���x��� ��# !. @�����!���.  

RC����� ��:�#��B B:�:    �C���#B �:��� C����#��# :� 0,19 ��� (7��� O:$��� !. G���!����) �: 
0,89 ��� (�� �� :�:�: K�C���� !. T��B�8�). R����� 7�C����  ���C�"�� � ����C������� �����B:�. 
e��, �:bQQCUC���  ��C�UCC ��# �C���� , �:$�����B   ���:�� K�C���� !. T��B�8�, �:��� C� 146,26 %, 
x�: ���xC�����: 7�� �8���  ���C�: ��C� :�������B ����:�Cx���CB 7:���������. 
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e � $ � C U �  2  

;2*+,(����1�� �,1*|*+�0� <-,� �,�2� ,G�12,-�22,? �| �*|2�< +,��1 �G,�* 2* +����+,��� 
x�2+�*0­2,8, 9*|*<�+*2* 

s O:��-
�����C 

e:�{C�� 
�C���, ��� 

 

R�C�� 
�C���, 
��� 

e:�{C�� 
b7C����C-

��, ��� 

RC����� 
 ����C-

�C{�, ��� 

e:�{C�� 
���:QC�-
��, ��� 

R�C�� 7�:-
 :�#{�!: 

7"x��, ��� 

�C�C�� 
7�: :�#{�-

!: 7"x��, 
��� 

1 Z±m 2,55±0,09 5,75±0,13 0,21±0,02 0,24±0,02 0,81±0,33 3,22±0,09 1,23±0,09* 
Cv, % 11,11 6,66 22,09 29,44 122,08 8,05 22,71 

2 Z±m 5,68±0,34 7,35±0,25* 0,22±0,01* 0,60±0,07* 0,62±0,22 1,69±0,03* 1,62±0,03* 
Cv, % 17,89 10,14 9,58 32,62 25,55 5,25 6,09 

3 Z±m 4,67±0,77* 9,01±0,69* 0,20±0,01 0,39±0,07 0,92±0,04* 5,78±0,20* 1,64±0,03* 
Cv 49,3 23,03 15,39 51,72 12,69 10,25 5,5 

4 Z±m 3,04±0,42 5,90±0,08 0,18±0,00 0,28±0,04 0,53±0,04 3,04±0,06 1,01±0,11 
Cv 41,1 4,61 2,37 48,22 20,5 5,59 32,81 

5 Z±m 2,31±0,09 5,49±0,4 0,13±0,00* 0,24±0,04 0,34±0,03* 3,50±0,19* 1,10±0,03 
Cv 11,65 19,86 8,53 52,06 23,12 15,87 8,68 

6 Z±m 2,62±0,03 5,47±0,1* 0,15±0,01* 0,23±0,02 0,50±0,02 2,82±0,06* 1,17±0,03* 
Cv 3,52 5,25 12,71 21,59 9,96 6,42 8,9 

7 Z±m 2,60±0,28 5,82±0,10 0,16±0,01 0,42±0,08 0,56±0,04 2,65±0,20 1,4±0,21 
Cv 32,03 5,22 19,32 59,89 20,88 22,65 44,88 

8 Z±m 2,94±0,03 7,24±0,09* 0,16±0,01 0,25±0,02 0,48±0,03 3,76±0,07* 1,2±0,03* 
Cv 3,33 3,72 10,98 19,17 18,99 5,82 7,1 

9 Z±m 3,17±0,07 7,71±0,18* 0,16±0,01 0,45±0,09 0,67±0,05* 4,62±0,36* 1,43±0,06* 
Cv 6,17 6,94 9,56 58,27 23,4 23,57 12,2 

10 Z±m 2,93±0,04 5,58±0,27 0,15±0,01* 0,19±0,01* 0,54±0,04 3,31±0,1* 1,35±0,03* 
Cv 4,4 14,41 16,37 19,46 20,83 9,13 7,37 

11 Z±m 2,97±0,04 6,13±0,07* 0,15±0,02 0,27±0,04 0,59±0,04 3,40±0,06 1,31±0,06* 
Cv 3,93 3,37 15,06 46,35 19,01 5,17 13,4 

12 Z±m 2,64±0,07 5,62±0,08* 0,16±0,01 0,21±0,01 0,56±0,11 3,23±0,06* 1,19±0,04* 
Cv 7,65 4,19 13,24 16,16 19,73 5,72 10,.45 

13 Z±m 3,38±0,05 7,01±0,07* 0,16±0,01 0,89±0,43 0,58±0,04 4,18±0,05* 1,47±0,04* 
Cv 4,1 2,96 21,85 146,26 20,92 3,36 7,92 

14 Z±m 2,84±0,06 6,53±0,17* 0,13±0,01* 0,20±0,01 0,43±0,04 3,33±0,25 1,66±0,29* 
Cv 6,03 7,95 15,1 14,67 27,09 22,76 52,48 

15 Z±m 3,01±0,05 6,58±0,26* 0,14±0,01* 0,21±0,02 0,50±0,03 4,03±0,30* 1,35±0,06* 
Cv, % 4,50 3,96 15,32 24,65 19,4 7,52 12,28 

*8����<����. R:��: ���:��� :��CxC� 7�C�����   ��� ���CC � �:���:��� 7�C \ý0,05. 

 
e:�{C�� ���:QC��� �C��� ��# �:��� :$���: ���:� 7:������ �C�C������� ���x��C# ��# O���� 

������:�:�:��C�:  !. G���!���� (0,34 ���), � ����C������� — ��# �� ��� :�:�: K�C���� !. 
`��7�� � (0,92 ���). R����� 7�C���� �����  ���C�: �� �� �C��:�, ������� C  ��:�:� "�: ��. e��, 
����C������� �:bQQCUC���  ��C�UCC �:��� C� 122,08 % ��# !. @�����!���, �C�C�������, 9,96 % — 
!:�:���:!: 7���� !. G��������. 

Z���C������� ���x��C# ��C�� 7�: :�#{�!: 7"x�� $��C :$���"���� ��# �C����  �:���, 
�:$�����B   }��������:� 7���� �"���"�� C :���B� !. G���!���� (4,62 ���), �C�C������� — ��# 
7���� _�"��� !. @�����!��� (1,69 ���). R����� 7:��������  ���C�"�� �� �C��:� C ������� "�: ��, :� 
5,17 �: 23,57 %. ZC�C������� ���x��C# �:bQQCUC����  ��C�UCC (3,36 %) :���x��� ��# �C���� , 
�:$�����B   �� ��� !. T��B�8�, ����C������� (23,57 %) — ��# }��������:!: 7���� �"���"�� C 
:���B� !. G���!����. 
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!. @�����!��, 7�:{��� 7���� !:-

�:���C� K�C���:� 
!. @�����!��, 7��� _�"��� !. `��7�� , �� �� 7���� K�C���:� 

 
. c����", K�C���, �� �� !. G���!����, �:��C�: ��, 7��� 

@�����:�:�:��C�:  
!. G��������, !:�:���:� 7��� 

  

!. G��������, 7:����C  :��� 
K�C���� 

!. G���!����, �!:- :��:�, a��:-
7��� 

!. G���!����, }���������� 7��� �"��-
�"�� C :���B� 

  

 

!. G���!����, O��� O:$��� !. e��C���", 7��� A:��:� !. e��C���", � �:����UC#, �� �� 

   
!. T��B�8, K�C���, �� �� !. T��B�8, \��:���# 7�:�"���"�� !. G���!����, Z���"�"�, 7��� 

\C�"�:�. O:7���x��� ����� B :C �:��� :$���: ���:�, 7�:C�������{CB   ����Cx��B �:x��B G���!���C���:� C 
c����"��:� :$������ (}���������� G���B����) 
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O:�������� 8C�C�� 7�: :�#{�!: 7"x�� C����#��# :� 1,19 ��� (�� �� :�:�: � �:����UCC !. e�-
�C���") �: 1,66 ��� (\��:���# 7�:�"���"�� !. T��B�8). O�C����  ���C�"�� �� �C��:� C ������� 
"�: ��, �:���: ����C�����:� ���x��C�  ���C�"�� ��  ��:�:� "�: �� — 52,48 %. 

0����<����  

e��C� :$���:�, �:��: :����C��, x�: ��$�������# �:��: ����� :��CxC# 7: ����:�Cx���C� 7:-
�������#� C ���7��C  ���C�: ��C# 7�C����:  B :C �:��� :$���: ���:� C� �����B �:x�� �$:��. c���-
�: ���:, �� ����!�#������B C ���:��!�#������B "x�����B (!. G��������, 7:�. c����", !. `��7�� ) 
��$�������# �����C� �C��:��:7Cx���C� 7:�������C, � ����� �C�C������� �:bQQCUC����  ���C�:-
 ��C#. R�# ���������B 7"���:  � 7�:��8������ ��!�#����C�� 7�C����C  ���C�"�� � $:��8�� x��-
�:�:�.  

O:�"x����� ������ �:!"� C�7:���: ����# ��# $C:C��C��UCC :��"���{�� �����   ���������B 
7"����B G���!���C���:� :$����C.  
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G. e"��8: �, K.G. F��C 

«�+��0E 8�,8�*J��0�~ '�D) +�8E G*� ~*�*D*? B*���*D�2�F  
*2*+,(��0�~ 1P���+1E'+��E2 �*0��+��(*0� *2*+,(��0�~ |��++�) 

W��������� ��7����������w �:�Q:�:!C#���-����:�C#��� �Y������8������w ���-���� ��!������ $C:-
C��C��UC# �:�8�9�� :�����w ���-����� $�9���" �8�� �:����� �V���. F���9���� �V�� ­����" :$���-
����� ����C��� y������ F�������� ���"�� Y����V��7��� 8�9���������� $�� Yw��. z�����"��w 
������� — y������ F����������w ���������������� Y����� Pinus sylvestris ��7����������w 
����:�C#��� �Y������8������ ������������ ������" ���!��". _V�C����� �Y����������, ��7������w 
]�����9� ��� ���, ���:QC�� ����w��9���w ����C����� �Y������8���� — `V�$��  ���������; 
��7���� b7C����C����w ����w��9� — @�����9�� ���������; :���������w �C������ — T����8 
���������; Y����!�8 8:9�����w ]�����9� — F���9���� ��������� �V�� Y����!�8 8:9�����w ��� 
��9� T����8 ��������� ��$��9��. T��!������w $���� $Y��!� �Y��� �V�� :���8� ��w!���� Y�!���7 
:������, �:9���  ��C�UC# �:bQQCUC���� ����9�� ������������w ����������������w (8���� 
�����������w) �C������ �8�� 9��� $��!������. Pinus sylvestris ���������w ����:�C#��� 
�]�����������w �w �Y���!� �Y������8���� y������ F����������w Y����V��7��� �������������: 
F���9����, T����8, e������" �V�� @�����9��, �� ­����" �V�� `V�$��  �"������ �8�� $����� �V� 
:��� �V�� �:9��� ��w!���� $:���. K���9�� ���������� ����� ���������� �:����� :����7 
$C:C��C��UC# �8�� �:����"9� $:����. 

�Q�	 �@/���: Pinus sylvestris, y������ F��������, ������, ����:�C#��� �Y������8���, $C:C��C��UC#, 
Y�!��!�8���. 

 
 

K. Tuleshova, K.K. Kali 

Comparative anatomical study of anatomical parameters of Pinus sylvestris leaf  
of different geographical origin 

Bioindication based on the state of morphological and anatomical indicators of plant leaves is a convenient 
way to assess the state of the environment. Central Kazakhstan, which includes the Karaganda and Ulytau re-
gions, is a region with significant industrial emissions. The purpose of this study is to conduct a comparative 
study of anatomical indicators of Pinus sylvestris leaves growing in settlements of Central Kazakhstan. The 
results showed that the maximum parameters of leaf length and width, mesophyll thickness were found for 
Satpayev city, leaf epidermal thickness for Zhezkazgan city, reservoir diameter for Balkhash city, conducting 
beam length for Karaganda city, and conducting beam width for Balkhash city. Most of the signs varied at a 
low and medium level, a high coefficient of variation was noted only for the diameter of the containers (resin 
passages) of pine needles. It was noted that the minimum indicators of the anatomical structures of Pinus 
sylvestris needles were found for industrial settlements of Central Kazakhstan: Karaganda, Balkhash, 
Temirtau and Zhezkazgan, while for Ulytau settlement and Satpayev town all values were at an average and 
high level. The obtained data can be used for bioindication using green spaces. 

Keywords: Pinus sylvestris, Central Kazakhstan, pine needles, anatomical parameters, bioindication, varia-
tion. 
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>,��+*2,-0�2�� ��8������)´È�< �,�)0�I�? Populus diversifolia Schrenk  
- �,?(*< ��1 &0� �  ��4*�­� � ���(�2�2��( 10,2��,-*2�� in vitro 

A:�����: ���C� ��!����C�"�{CB 7:7"�#UC� Populus diversifolia Schrenk bQQ���C �: 7�: :�C�� � 
7�C�����C�� ��:�C�: ��C# in vitro, x�: 7:� :�#�� "��:����: C   ����: :� �:�Cx��� � 7:�"x��� 7:��-
�:x��� �����C��   �:��������B � ������:� �:��� :� �C����:� C  ����C�� ������C#   ������ ���"� 
����" :$C���C#. A ����C� P. diversifolia   �"���"�" in vitro bQQ���C �: 7�: :�C��   �C��C� 7��C:� 
7:��� �� ��8��C# QC�C:�:!Cx���:!: 7:�:#. y��:����C� :��� ���� 8C� x�����C ��C�:� 6–7 �� � 2–3 
7:x���C C� :�:$�����B 7���: �B ���� ��  ����C�C�: ��C :� ��7�:QC��:� �C��:Q�:�� :�$��C ���-
��� «T��C���» (1:1) 10 �C� C ���� :�:� 0,1% HgCl2 5 �C� C 7:��{��C �� ����". y7�C������# ����� 
��# ��:�����:!: �C��:�����:���C# — Z`, TKO-0,1 �!/�; SG-0,02 �!/�; A1-0,5 �!/�; !���:�� 20 
!/�.R�# 7��� :�� ������C� C� in vitro   �:��������"� �"���"�" �"x8C� �"$�����:� # �#���# �:�Q + 
x���:��� + 7��:�, 50/40/10 �::� ���� ���:. R�#  :�����: ���C# �"!����B ���: , 225 8� �����U�    
�:��������B (zG`)  ����C�C �� ����C�:�CC GSc «T��������:� ����:� B:�#��� :»   ������ �. ��C, C 
200 8� �� ����C�:�CC GSc «y������:� !:�"����� ���:� "x������C� 7: :B���� ���:  C �C :��:!: 
�C��»   ������ ���C `������#. O�C�C ���:��� �����U�    ������ ���C ��C �:��� C�� 95 %,   ������ 
���C `������# 43 %. 

���<�$�� ��
$�: Populus diversifolia, ���7�Cx���C� ������C#, ��:�����:� �C��:�����:���C�, �C�:!�-
���, �:���������# �"���"��. 

 

1$������ 

`���C ��� ����B 7:�:� �"���!: �� �:7:�#  ����#���#  ��:�:� �:�����"B:"��:�xC :����. AC� 
:��:�C��# � xC��" �������C��B 7:�:� 7�C �����7���CC 7���: , :$�����CC ���"8�C �B ���:�:  G�-
��B����� � ���:������C 7:x ��C C :�������CC 7�:��8�����B U����:  C ���������B ����. a�: 
��C��� ����#  ��:�:�� :����# ��� ����# 7:�:��, �7:�:$��# 7�:C��������   7"������B C 7:�"7"�-
�����B "��: C#B Å��:!: G���B�����. e"���!� ����:�C����# (Populus diversifolia Schrenk) — ���� : 
�������  ��CxC��, � ��!"��:� ����C�C��:� ��:�:�. R:��C!���  ��:�� 11–16 �. T:��8C��� : ���� �-
�  C���� B:�:8:  ��������� U���������� �� :�, ��:!:�� :����� b����7�#��  ����x����# ����:. 
A��:�� �� :�� �: ��x���  �� ���C#  ���C�"�� :� 30–40 �� �: 2,5–3 �. RC����� �� :��   ������� 35–
45 ��, " ��C$:��� �����B b����7�#�:  �:��C!��� 90–100 ��,   C����xC�����: ����CB ��"x�#B –—
� �8� 150 �� [1, 2]. 

e"!�C — b�: "�C������� 7:������� ����, ���7�:����������   ��C���B ��!C:��B `������ K�CC 
C 7�:C�������{C� "��:� ����:�   �:�C��B C ������B ���, :�:$�� ���C��: �� �C7 ����C�����:��C, 
�:B���C 8C� x���� ����Cx�:� Q�:��. A ����:#{��  ���# �"!����� ���� �:��� �#�� ����� 10 % :� 
7�:{��C, ���C����:� C�C   60-B !:��B XX  ���. S�� ���C 7�CxC���C 7: �������:� ��!����UCC �"-
!����B b�:�C���� C 7�����{��C# ������ ���:!:  :�:$�: ���C# �"!����B ���:  # �#���# ����:7:-
!����� 7��:$���: ��C# 7�#�:!: ( ��"$�C, 7:����) C �:� ���:!: (����!"�C�: ��C� ��:�� ���) B����-
����, � ����� ��C���Cx���C� C������C# — ��C��:� 7:��7���C�, 7�C :�#{�� �  :�������C� C��"8�-
�C# 7:������B C �����: �B ����C�:�C�    �!���UC:���� 7��C:�. `����� C�� ��!����UCC �"!����B 
b�:�C���� # �#���# ����C������# ����� �C7� ����C�����:��C, x�: �:7�: :������# :$���: ��C�� ���-
�Cx��B �C7:  �:�:�x��: . R�!���C�: ����� �"!����� b�:�C����� :��Cx����# ����8C�  C�: �� 
����::$���C�� C 7:�C����:� 7�:�"��C �:���� [3]. A ��:�C 8CB�# "��: C#B ��:$B:�C�: 7�C���C� 
����"���:��:!: ����"��  ���C��:!: �"���"��:!: ������C# C �:����C� ��C�:!: ��7: ���:!: ���C�� 
��#  ��B �"!����B b�:�C����. O:��:���"   �: �������� 7��C:� ����: �� :��:���� ������ ���:� 
 :�:$�: ���C� �"!�� ,   `������ K�CC ��:$B:�C�: 7: �������:� ��� C�C� C��"��� ���:!: �"!���:!: 
���: :�����: ���C# [4–6].  
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O:��:���" �"���!� 7�:B: �����:�����# x�����: ��C�� [1], U����::$����:  �$���� �"x8C� 7: 
B�������C��C��� ���� �# C �����:�C�� CB ���:�:� ��:�����:!: �C��:�����:���C#, :��Cx��{C��# 
 ��:�:� ��:�:���� C bQQ���C �:���� �����:���C#,  :��:��:���� 7:�"x��C# :��:�:��:!: 7:��-
�:x�:!: �����C���   ���7�Cx���CB "��: C#B. A �: ������:� �C�� ��#  �!����C �:!: �����:���C# 
���:�� $C:��B�:�:!CC ����: #��#  �� $:��� ���xC���C [7]. y�:$���: b�:� ���:� ���"���� ��# 7:�:� 
���� �� , ��"��: �����:�����B ����CUC:����C �7:�:$��C [8]. A���{C ��C� 7:���:x�:!: �����C�-
��   �:��������B 7:� :�#�� 7: �8��� 7�C�C ���:���, �:���{��� ��:�  ���{C ��C# �: ����������B 
������: , "��C�#�� 7��C:� 7:����C C��"��� ����B ��������C� [9]. 

`���: ������:,   ��:�C 8���# �C�"�UCC ��C��� ����� ��8��C�� ����xC  :�����: ���C� ��!-
����C�"�{CB 7:7"�#UC� �"���!C # �#���# " ��Cx��C� �� xC�����:��C 7"��� C��"��� ���:� 7:����C. 
A � #�C � b�C� ��#  :�����: ���C# ��!����C�"�{CB 7:7"�#UC� P. diversifolia C �������8�!: ������-
 ���:!: ���: :�7�:C� :��� � 7�: ����� b��7��C����� 7: :7�C�C��UCC �C��:�����:���C# :�:-
$�����B 7���: �B ���� �� , 7:�"x��C# ��:�: �B �����U�  C CB ��C���:�"�UCC. `:B�����C� b�:!: 
���C��: :!:  C�� ��� "�C�����:!: �:�7:����� QC�:U��:�� # �#���#  ���:� 7�:$���:�, :������-
�:�   �:� ��UCC : $C:�:!Cx���:� ����::$���CC, �:�:�:� ���CQCUC�: �� G���B����. 

%!���	� � ��	
���� 

R�# 7:�"x��C# ���7�Cx���CB ������C� P. diversifolia   �C��C� 7��C:� 7:��� �� ��8��C# QC�C:-
�:!Cx���:!: 7:�:# C� :�:$�����B 7���: �B ���� ��  P. diversifolia, 7�:C�������{CB   7:���B ���C 
��C, �������C :��:����C� :��� ���� 8C� x�����C ��C�:� 20–25 ��. A ����C� in vitro 7�: :�C�C 
� "�# �7:�:$��C: 1) :��� ���� 8C� x�����C �������C �� ��!����� ��C�:� 6–7 �� � 2–3 7:x���C, 
����C�C�: ��C C  ����C ��C �� 7C�������"� ����"; 2) 7�:��{C ��C 7:$�!C C� :��� ���� 8CB x�-
����: , ���C�C �� ��!����� � :��:� 7:x�:�, ����C�C�: ��C C  ����C ��C �� 7C�������"� ����". A 
:$:CB  ��C����B  :� ��7�:QC��:� �C��:Q�:�� ����C�C�: ��C :�$��C ������ «T��C���» (1:1) 10 �C� 
C ���� :�:� 0,1 % HgCl2 5 �C�, 7�:�� ��C 3 ����  ����C���:� �C��C��C�: ���:�  :�:�.  

R�#  �# ���C#  �"�����CB �C������B C�Q��UC� $������"� x���� 7:$�!:   ����C ��C �� 7�:-
 :��UC:��"� 7C�������"� ����" VISS (��B��:�� — 10,0 !/�, !C��:�C��� ����C�� — 8,0 !/�, ��:���-
 :� b������� — 4,0 !/�, KH2PO4 — 2,0 !/�, MgSO4•7H2O — 15,0 !/�, �������� — 6,0 !/�). O:��� x�!: 
�:������C 1–3 �����C   x�8��B O���C 7�C ���7����"�� 23…25°`. 

R�#   ����C# in vitro 7:�"x����� ���7�Cx���C� �C�C x�����C 7:��{��C   7�:$C��C � 7C������-
�:� ����:� Z"���C!� C `�"!� (Z`) � ��!"�#�:���C �:���: 6-$���C���C�:7"�C� (TKO)   �:�U�����-
UCC — 0,3 �!/� C 	-C��:�C�-3-����#��# �C��:�� (�ZG) — 0,01 �!/�. O:��� Q:��C�: ��C# �C����  
�C�C-x�����C 7������C ��C �� 7C��������� ����� ����Cx�:!: �:��� � ��# �:��� C �����:���C#: 

1. Z`, TKO — 0,1 �!/�; SG — 0,01 �!/�; ��B��:�� — 30 !/�; �_ — 5,7. 
2. Z`, TKO — 0,1 �!/�; SG — 0,01�!/�; ��B��:�� — 20 !/�; �_ — 5,7. 
3. Z`, A1 — 0,5 �!/�; TKO — 0,2 �!/�; SG — 0,02 �!/�; ��B��:�� — 20 !/�; �_ — 5,7. 
4. Z`, A1 — 0,5 �!/�; TKO — 0,1 �!/�; SG — 0,02 �!/�; ��B��:�� — 20 !/�; �_ — 5,7. 
5. Z`, A1  — 0,5 �!/�; TKO — 0,1 �!/�; SG — 0,02 �!/�; !���:�� — 20 !/�; �_ — 5,7. 
\��"������ b��7��C����� :U��C ��C 7:��� 3-!: 7������.  G:bQQCUC��� �����:���C# �����C� �� 

1 7����� ��# ����:!: !��:�C7�,  ��xC�� ��C 7: Q:��"��: P=a/10b*c; (!�� � — �:�Cx��� :  �: � :$-
���: � 8CB�# 7:$�!: ; b — �:�Cx��� : 7:$�!: ,  ��������B ��# �����:���C#; � — �:�Cx��� : 7��-
�����). 

\����:������ �C�C x�����C 7������C ��C �� 7C��������� ����� ��# �C�:!����� — Z`�ZG 
— 0,5 �!/� C Z` ½ + �ZG — 0,5 �!/�.  

`���� ����C�C�: ��C   � �:��� � (AG-75-01) 7�C �� ���CC 0,8–1,0 ���:�Q��   ��x��C� 25 �C�. 
\�����C# in vitro  ���{C ��C 7�C ���7����"�� +23–25°`, :� �{���:��C 40 
mol m-2s-1, 16-x��: :� 
Q:�:7��C:��. \�����C# � �:��� :� �C����:� 7������C ��C   �:�������� � ����Cx��� �::��:8��C�� 
�:�7:����:  �"$������:x���:��� + 7��:�, 80/20; �:�Q + x���:���, 50/50; �:�Q + 7��:�, 80/20; �:�Q + 
x���:��� + 7��:�, 50/40/10 C  ���{C ��C   "��: C#B ��7�CU�. 

R�#  :�����: ���C# �"!����B ���:  C ���:��� ����C#   ����B ��!C:��B G���B����� 7:�"x����� 
�����U� P. diversifolia   �:��������B � ������:� �:��� :� �C����:� (zG`) $��C  ������� �� � "B 
"x�����B. 1. _� ����C�:�CC GSc «T��������:� ����:� B:�#��� :» Sc «c7�� ���C� 7�C�:���B ���"�-
�:  C ��!"�C�: ��C# 7�C�:�:7:���: ��C# K����C���:� :$����C» (GPS �::��C����:  ��:�� ��� 
"�: ��� �:�# – 383 �; N 44,45455; E 76,20147). \���C�����:���, 7�:C�������{�# �� "x�����: e"���!� 
����:�C����# (Populus diversifolia), T��$��C� C�C���C� (Berberis iliensis), e����C��  �� C���� 
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(Tamarix ramosissima), [:B "��:�C����� (Elae�gnus angustif
lia), óC�!C�� ����$�C���� 
(Halimodendron halodendron), � � ��"�!�����# (Salix songarica), `:�:��� !�����# (Glycyrrhiza glabra), 
��C�Cx�:  ����x����# ��C� ����: C���� (Iris graminea). O:x � �� "x����� �"7��x���#, ������C 
 ����x����# �:�� ��  �7���. 2. _� ����C�:�CC GSc «y������:� !:�"����� ���:� "x������C� 7: :B-
���� ���:  C �C :��:!: �C��» Sc «c7�� ���C� 7�C�:���B ���"��:  C ��!"�C�: ��C# 7�C�:�:7:��-
�: ��C# e"���������:� :$����C». (GPS �::��C����:  ��:�� ��� "�: ��� �:�# — 190 �; N 42,58502; E 
68,01143). \���C�����:���, 7�:C�������{�# �� "x�����: e����C��  �� C���� (Tamarix ramosissima), 
[:B "��:�C����� (Elae�gnus angustif
lia), e"���!� [C� C�: � (Turanga Litwinowiana), óC�!C�� ����$-
�C���� (Halimodendron halodendron), � � ��"�!�����# (Salix songarica),  ��$����# �:��x�� (Alh�gi). 
O:x � �� "x����� !�C�C��:-7��x���#.  

��/
��	�	� � �� 
!�
������ 

��"x��C� ����Cx��B �7:�:$:    ����C# in vitro 7:�����:, x�: ��# 7:�"x��C# ���7�Cx���CB ���-
���C� P. diversifolia ��C$:��� bQQ���C �: C�7:���: ��C� :��� ���� 8CB x�����:  ��C�:� 6–7 �� � 
2–3 7:x���C C ����C�C��UC# :� ��7�:QC��:� �C��:Q�:�� :�$��C ������ «T��C���» (1:1) 10 �C� C 
���� :�:� 0,1 % HgCl2 5 �C� � 7:����"�{�� 3-�����:� 7�:�� �:� ����C���:� �C��C��C�: ���:� 
 :�:�. O�C C�7:���: ��CC ���:!:  ��C���� ��!�����UC#   "��: C#B in vitro �:��� �#�� 60–68 %. \��-
���C#, ���  C��: �� �C�"��� 1, C���C ���C ��� �:�� C ��� C�C�, � �C���# — #��:-������� U ��.  
 

  

\C�"�:� 1. \:�� C ��� C�C� P. diversifolia   �"���"�� in vitro 

`7:�:$   ����C# in vitro 7�:��{C ��C�� 7:$�!:  C� :��� ���� 8CB x�����:    ��$:���:���B 
"��: C#B, � 7:����"�{��  �����:� �� 7C�������"� ����" $�� �� bQQ���C ��. \�����C# C���C ���-
$�� �:�� C ��� C�C�, �C���# $��C � ���:-�������C C  C��CQCUC�: �����C, ��  ��B"8��B 7:$�!:  
:���x�� ����:�, � " :��: ��C# 7:$�!:  :$���: ���# ����"�. G:�Cx��� : 7:�"x����B ���7�Cx���CB 
������C� �:��� C�: 20–35 %.  

O:�C�: ��7�:QC��:� �C��:Q�:��,   ������C#B �:��� ��� C ����# 7��:!����# �C��:Q�:��, �:-
�:��# �� 7:!C$��� 7�C ����C�C��UCC. O�C 7:����� ���������B ������C� �� 7C�������"� ����" �: 
 ������� 7��:!����# �C��:Q�:�� ��x��� ��� C ����# C �:��� 7:!"$C�� ������C#. A: C�$����C� b�:-
!: 7�C 7:����� ������C� �� 7C�������"� ����" ��# ��:�����:!: �C��:�����:���C#, :��: ������: 
 �x���#�C $������"� x���� 7:$�!:  C 7:��{��C �� 7�: :��UC:��"� ����" VISS [10] (�C�. 2). 

 

 �)    $)   

� — :��"��� C� C�Q��UCC; ! — $�����C�����# C�Q��UC# 

\C�"�:� 2. O�: ���� �������:� C�QCUC�: ���:��C b��7����:  �� ����� VISS 
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:�:��B ��"x
��:� C�Q��U
:� �����, x�
�����C����:
  �7:�:$�� 
��:�. z�����
� Q:��C�: �
"����: ���C

1. Z`, TKO
2. Z`, TKO
3. Z`, A1 —
4. Z`, A1 —
5. Z`, A1 —
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����� 7: :7
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��"�: ��� :

C�: ���. ��
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7�C :�C�: C
CC. AC�C�:
$:����C� :
��C# $��C :
  �C�C x���
�:!: �:��� �

 SG — 0,01 �
 SG — 0,01�
KO — 0,2 �!/
KO — 0,1 �!/
KO — 0,1 �!/

�����:� �����

7C�������:
:�� �:bQQCU

�. [C���# C 
C� !���:�� 

TKO — 0,1
  ������� —

$���: ����B
����C ��C �
_� ����� Z`
�# �C�����. ó

��C� �� 7C���
— 0,5 �!/�; !

� �:��� :� �C

��C� C :$���:

1

����� �����!!

1)/2023

C �"���C C�
������CC :�
CB � !C$��C. 

, 7�: �����
:� !�C$�:� 
�$���: ���

���C 7������
� ��# �:��� 

�!/�; ��B��:��
!/�; ��B��:��
/�; SG — 0,02
/�; SG — 0,02
/�; SG — 0,02

� �� ��:�����

:� ����� ��#
UC��� �����
���$�C C���
7�C ��: � 7

1 �!/�; SG —
— 4,5. R�C�
B 7:$�!:  �:
�� 7C�������
` ½ + �ZG 
ó���� 4–5 �

�)

�����:� ����
!���:�� — 2
C����� �� ��

: ��C� �:���

2 3

!��%}��] L
L

�: ��C# " x�
�: ��C# 7:$
O�: ���� �

��# 7: ��B�
C�Q��UCC, 

�. 
�C ��C �� 7
C �C��:����

� — 30 !/�; �_
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2 �!/�; ��B��:
2 �!/�; ��B��:
2 �!/�; !���:

�:� �C��:���

# �:��� C ��
�:���C# �:�
�C � ���:-��
7: �8��C�

— 0,02 �!/�;
�� 7:$�!:  �
: 4–6 8�. 
��� ����� �
— 0,5 �!/�,
����� :$���

�� Z`, TKO —
20 !/�; �_ — 5
���� Z` ½ + 

� :� �C�����

4
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�� 7�: :��U
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�: $��� ��
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���:���C� P

����:���C#
��� �#�� ���
������ U ��

� �:bQQCUC�
; A1 — 0,5 �
�� 4–6 �����

��# �C�:!���
, x���� 2 ���

�: ��C� �:��

$

— 0,1 �!/�; S
5,7; 
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� " ������C� P

5

ulus diversifol

  7�:# C�C�
� , � ����� 7
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��:bQQ���C
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�C�. 3). 
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\C�"�:� 7. z������� :7��:  7:  :�����: ���C� �"!����B ���:  

A���:� ����"�{�!: !:��   Q��:�:!Cx���:� Q��� — ��x��:  �!���UCC,   ����CC ��� �����C# 7:-
x�� 7�: ���� �:�C�:�C�! 7:���:� �����U�  �"���!C   ������ ���C ��C. O�C�C ���:��� �����U�  
�:��� C�� 95 % (�C�. 8). Z:�C�:�C�! 7�C�C ���:��C �����U�    ������ ���C `������# 7�: :�C�C 
:����� ����"�{�!: !:��   ��x���  ��"7���C# ������C�   Q��" 7:�:#, 7�C�C ���:��� �:��� C�� �C8� 
43 %. _C���#  ��C ���:���   7:������� ��"x�� � #���� � 7:��� :� ��:�:� C �C�C�C �C :����C. 
 

    
 

\C�"�:� 8. Z:�C�:�C�! :������ 7:����C �����U�  �"���!C �� ����C�:�CC GSc «T��������:� ����:� B:�#��� :» 
�� ������ ���C ��C 

0����<����  

A:�����: ���C� ��!����C�"�{CB 7:7"�#UC� Populus diversifolia bQQ���C �: 7�: :�C�� � 7�C-
�����C�� ��:�C�: ��C# in vitro, x�: 7:� :�#�� "��:����: C   ����: :� �:�Cx��� � 7:�"x��� 7:��-
�:x��� �����C��   �:��������B � ������:� �:��� :� �C����:� C  ����C�� ������C#   ������ ���"� 
����" :$C���C#.  

A ����C� P. diversifolia   �"���"�" in vitro bQQ���C �: 7�: :�C��   �C��C� 7��C:� 7:��� �� ��-
8��C# QC�C:�:!Cx���:!: 7:�:# C� :�:$�����B 7���: �B ���� ��  P. diversifolia. R�#   ����C# bQ-
Q���C �: C�7:���: ��� :��� ���� 8C� x�����C ��C�:� 6–7 �� � 2–3 7:x���C C ����C�C��UC# :� ��-
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7�:QC��:� �C��:Q�:�� :�$��C ������ «T��C���» (1:1) 10 �C� C ���� :�:� 0,1 % HgCl2 5 �C� � 7:-
����"�{�� 3-�����:� 7�:�� �:� ����C���:� �C��C��C�: ���:�  :�:�. 

y7�C������# ����� ��# ��:�����:!: �����:���C# Z`, TKO — 0,1 �!/�; SG — 0,02 �!/�; A1 — 
0,5 �!/�; !���:�� — 20 !/�; �_ — 5,7, !�� �:bQQCUC��� �����:���C# �:��C!���   ������� — 4–5, � 
��C�� 7:$�!:  �� 4–6 ������   ������� 5,4–7,0 ��, �:�Cx��� :  �: � :$���: ����B 7:$�!:  4–6 8�.  

R�# 7��� :�� ������C� C� in vitro   �:��������"� �"���"�" :7�C������� �"$�����:� # �#���# 
�:�Q+x���:���+7��:�, 50/40/10 �::� ���� ���:.  

R�#  :�����: ���C# �"!����B ���: , 225 8� �����U�    �:��������B (�������# �:��� �# �C���-
��)  ������: �� ����C�:�CC GSc «T��������:� ����:� B:�#��� :»   ������ �. ��C, C 200 8� �� ���-
�C�:�CC GSc «y������:� !:�"����� ���:� "x������C� 7: :B���� ���:  C �C :��:!: �C��»   ������ 
���C `������#. O�C�C ���:��� �����U�    ������ ���C ��C �:��� C�� 95 %,   ������ ���C `������# 
43 %. 
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Ë0� B�2�  ��4*��� P|�24��E2EF *0~*�+*��24* B,D*0) ~*)�E G*�  
Populus diversifolia Schrenk �,�)0�I����2 in vitro 10,24*) *�~�0�  

~*0��2* 1�0+E�) 

\�!����C#9� ]8���7 ������ Populus diversifolia Schrenk 7:7"�#UC#��� ����� ���7��� ������"�� 
in vitro ��9������� ��:���" ������ ���!��!�� �C����, ��$�$� :� ����� ������ ��$�� ������� 
�:���������� Y����������� ������ V�� ��77�� ��"9�, �:����–�� ��$C9C �������" �"��9��� 
:���9��"9� ��������� $�����. P. diversifolia Y����������� in vitro ��9������ ��!��"�� ��� ���!������ 
QC�C:�:!C#��� ����8��� ���� �#����9�� �:w ���!��!�� �C����. �������!�� 7��� �9�8������ 2-3 
$��8�!� $�� 6-7 �� $�� ������ ��������!�� �����8���� �C����7, «T��C���» �9�����8���� (1:1) 10 
�C�"� �V�� 0,1% HgCl2 7��7�������� 5 �C� ��7�:QC��� �C��:Q�:����� ������������������ �V�� 
:��� V�� �:������ :���9� ��!������. G�:��� �C��:�Y$���" �8�� :w����� �:������ :��� �]���� – Z`, 
TKO-0,1 �!/�; SF-0,02 �!/�; A1-0,5 �!/�; !���:�� 20 !/�. W����������� in vitro ��9������� �:������� 
Y��������� �"�����" �8�� �w ����� �"$�����50/40/10 �Y�8������!� �:�Q + ���� �:7���� + �]� $:��7 
��$�����. e:9�� :��������� ���7��� ������" �8�� �:������������!� 225 ���� �Y8�� (TG`) ��� 
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Y������w ����$����9� «T������ :���� 8��"�8���9�» GZZ �"��9���� �V�� 200 ���� �Y8�� 
`�����C# Y������w ����$����9� «y����� :���� �V�� ���"����� ���C���� �:�9�" �Y�����!� 
����������� ��������» GZZ �"��9��� :���9������. ��� Y������w ����$����9� �Y8�������w 
Y���8�w��!� 95%, �� `�����C# Y������w ����$���� 43% �]����. 

�Q�	 �@/���: Populus diversifolia, ���7�C����� Y���������, ��:���� �C��:�Y$���", �C�:!����, 
�:������� Y�������.  
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Restoration of endangered Populus diversifolia Schrenk population in the basins of the 
Ile and Syrdarya rivers by in vitro cloning 

The restoration of regressing populations of Populus diversifolia Schrenkis effectively carried out using in 
vitro cloning, which allows you to quickly and in large quantities obtain planting material in containers with a 
closed root system and plant in their natural habitat. The introduction of P. diversifolia into in vitro culture is 
effectively carried out in the winter period after the completion of physiological dormancy. Annual lignified 
cuttings 6-7 cm long with 2-3 buds from selected plus trees were sterilized from saprophytic microflora with 
Belizna bleach (1:1) for 10 minutes and a solution of 0.1% HgCl2 for 5 minutes and placed on the medium. 
The optimal medium for clonal micropropagation is MS, BAP-0.1 mg/l; GA-0.02 mg/l; B1-0.5 mg/l; glucose 
20 g/l. To transfer plants from in vitro to container culture, the best substrate is peat + chernozem + sand, 
50/40/10, respectively. For restoration of forests 225 pcs. seedlings in containers were planted on the territory 
of the Bakanas Forestry in the delta of the river and 200 pcs. on the territory of Otrar State Institution for the 
Protection of Forests and Wildlife in the delta of the Syrdarya River. The survival rate of seedlings in the del-
ta of the Ili River was 95% and in the delta of the Syrdarya River 43%. 

Keywords: Populus diversifolia, aseptic plants, clonal micropropagation, rhizogenesis, container culture. 
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In silico study of the interaction features of microRNAs obtained from the diet 

To investigate the effect of diet on the expression of genes is a new direction that has every chance to influ-
ence the development of diseases. Due to this, exogenous diet derived miRNA can make a positive contribu-
tion to genes of mRNA, opening up new opportunities for the use of food mi-RNAs to maintain health and 
fight diseases. There is considerable interest in the use of circulating miRNAs derived from the diet as bi-
omarkers, and the potential for the use of dietary-derived mammalian miRNAs may represent a powerful new 
therapeutic strategy for the treatment of diseases. According to this assessment, miRNAs play a beneficial 
role in the genesis of socially significant diseases such as obesity, diabetes, endocrine diseases. This article at-
tempts to collect possible information to strengthen the theory of dietary miRNAs and its action. More pre-
cisely, the mechanisms of miRNAs and mRNA target genes that are associated with genes accountable for the 
appearance of endocrine diseases, the binding sites of miRNA and mRNA target genes have been revealed. A 
special mechanism in the progress in the diseases is played by a violation of the regulation of the expression 
of target genes, which makes it possible to detect the disease at early stage. The bioinformatics computational 
approach of binding genes and miRNA was performed using the NewGeneralScanning program. As a result 
of the databases of genes and miRNAs involved in diseases of the endocrine systems were composed. Genes 
and miRNA binding sites have been identified, the expression of which is disrupted in significant diseases of 
endocrinology. 

Keywords: miRNA, mRNA, genes, dietary miRNA, endocrinology diseases, binding sites, markers, genetic 
expression. 

 

Introduction 

The meaning of uptake of food-derived active small RNAs (sRNAs) in recipient organisms may have 
significant mechanisms and play important role for our understanding of oral therapy and nutrition. 
Exosomal miRNA widely are presented in the animal and plant products, e.g., in biological liquids (synovial 
fluid, blood, saliva, urine) and the supernatant of cell cultures [1]. Changesor dys-regulation in miRNAs 
composition may influence anomalous expression of genes and proteins [2]. It has been acknowledged that 
miRNAs are furthermore contained in plants (vegetables, fruits) and animal products, also deficiency of 
same dietary origin of miRNAs cannot be remunerated for by internal synthesis [3]. miRNAs are engaged in 
the gastrointestinal tract and absorbed into the blood, transported to cells. The exogenous exosomes are re-
leased and pass into the circulation, which is so obsessed by altered organs [4]. It was being tested that die-
tary miRNAs engaged and penetrated by mammalians to the shape of exosomal to participate in life direction 
and engage in reactions to pathological causing in the organism, especially to cells to contribute the tumor-
suppressive consequence of exosomal miRNAs derived from milk [5, 6]. Dietary bioactive pieces through 
miRNAs may influence and affect intensity of numerous genes. 

Food miRNAs are RNA molecules with a length of less than 200 nucleotides, which are usually partici-
pated in the regulation of other cellular processes. In particular, miRNAs are involved in the post-
transcriptional regulation of gene expression. This process is known as RNA interference [7]. After pro-
cessing, miRNAs bind specific complementary sequences in messenger RNA transcripts and regulate gene 
expression by repressing translation and/or degradation of the target mRNA. The absorption of dietary 
miRNAs obtained from the diet considered that through an effect to the expression of genes. A gene expres-
sion processes the absorbing organism, was first found in Caenorhabditis elegans [8]. It was found that these 
RNAs suppress many genes after serving as a matrix for the formation of miRNAs, when dsRNAs were add-
ed to the diet or expressed in the bacteria that make up the diet of this organism. There is considerable inter-
est in the use of circulating miRNAs derived from the diet as biomarkers [9], and the potential for the use of 
dietary-derived mammalian miRNAs may represent a powerful new therapeutic strategy for the treatment of 
diseases [10]. According to this assessment, miRNAs play a beneficial role in the genesis of socially signifi-
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cant diseases such as obesity, diabetes, endocrine diseases. This article attempts to collect possible infor-
mation to strengthen the theory of dietary miRNAs and its action in different kingdoms. 

Diseases of the endocrine system are recognized one of the common diseases in our society. Endocrine 
diseases occur in the process of disruption of the normal hormonal background, which leads to the develop-
ment of hyperfunction, hypofunction, and dysfunction of the endocrine organs. Current problems of modern 
endocrinology are the diagnosis and treatment of diseases such as diffuse toxic goiter, thyroiditis, autoim-
mune thyroiditis, and diabetes mellitus, diabetic nephropathy, acromegaly, prolactinoma, insulinoma, 
Itsenko-Cushing and Larone syndrome, hyperparathyroidism and obesity [11]. Hormonal disorders can be 
associated not only with the consequence of external influences, but also with hereditary factors of genes. 
Genes in the endocrine system are linked to the activation of function by encoding protein hormones, 
transport proteins, receptors, transcription factors and other molecules. For example, information about the 
mutation of the RET gene allows you to prevent the risk of developing cancer and start therapy using preven-
tive methods [12]. And also the detection of a PROP1 gene mutation eliminates the need for surgical treat-
ment, and to continue treatment with STH drugs [13]. Recently, there has been a surge of interest in the role 
of small non-coding RNAs, and several reports focus on the effect of miRNAs on their target genes, which 
are related to nephropathy. Predictive in silico analysis of specific target genes showed that these mRNAs 
associated with the realization of metastatic potential are involved in several signaling pathways and regulate 
as yet unexplored genes that can be studied in the future. The appearance of diseases of the associated endo-
crine system is associated with a change in gene expression, which occurs in two directions, with increased 
expression, miRNAs can be used as oncogenes, and with reduced expression they can be a suppressor [14]. 
A decrease in the expression of some mRNAs results for the decrease in gene expression. Offering the in-
formation about gene anomalous makes it important to set up the case of mutation and diagnose diseases at 
an early stage, before heavily level of diseases [15]. As a result of the databases of genes and miRNAs in-
volved in diseases of the endocrine systems were created. The connections of genes and miRNA, the expres-
sion of which is disrupted in significant diseases of endocrinology, have been revealed. 

This observation confirms the important overview to research for needed biomarkers that in the future 
will characterize of the endocrinology diseases. The search for biomarkers is complicated by the biological 
specialty of each personal body, individual lifestyle, as well as taking various drugs and biological active 
nutritional supplement. 

Experimental 

Using bioinformatical methods, it was possible to classify a database of genes and microRNAs associ-
ated with the disease. In the NCBI database (http://www.ncbi.nlm.nih.gov/) and DisGeNET 
(https://www.disgenet.org/) a search for target genes was performed. Thanks to the publications that were 
published on the website (http://www.ncbi.nlm.nih.gov/pubmed/) the connection of the gene with the disease 
was found out. At the same time, it is necessary to identify a group of corresponding genes participated in the 
occurrence of pathology for the main types of endocrine diseases. The miRNA nucleotide sequences were 
downloaded from miRBase (http://www.mirbase.org/). In the process, it was found out that some genes and 
miRNAs are associated with several endocrine diseases. Bio informatic calculation of the binding character-
istics of disease genes and miRNAs was performed using the New General Scanning program. The New 
General Scanning program determines the following miRNA-miRNA binding characteristics: (a) initiation of 
miRNA-mRNA binding from the first nucleotide of miRNA; (b) localization of miRNA CC in the 5'-
untranslated region (5'UTR), coding domain sequence (CDS) and 3'-untranslated region (3'UTR) of mRNA; 
(c) nucleotide interaction patterns of miRNA and mRNA; (d) free energy of interaction between miRNA and 
mRNA (�G, kJ/mol); (e) ratio �G/�Gm (%) (�Gm equals free energy of binding of miRNA to its fully 
complementary nucleotide sequence). New General Scanning finds hydrogen bonds between adenine (A) 
and uracil (U), guanine (G) and cytosine (C). The free interaction energy (�G) of the G and C pair is 
6.37 kJ/mol, the A and U pair is 4.25 kJ/mol, and the G and U, A and C pair is 2.12 kJ/mol [16, 17]. The 
number of hydrogen bonds in the interactions is G-C — 3; A-U — 2; G-U and A-C one each, respectively. 
The work revealed that certain genes and miRNAs from the diet showed an association with the above dis-
eases. 

Results and Discussion 

We have created databases of genes and miRNAs participated to the occurrence of endocrine diseases. 
A total of 2009 genes and 6596 miRNAs responsible for the development of diseases of the endocrine sys-
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tems were identified. A bioinformatic analysis of their interactions was carried out using the New General 
Scanning program, as a result of which 846 genes and 4689 miRNAs were selected. 142 genes have been 
identified, the expression of which is disrupted during the development of diseases of the endocrine system. 
These genes include: ABCC8, ACE, ACSL1, ACVR1B, ADD1, ADGRL2, ADRB1, AHSG, AKT2, ANGPTL8, 
APC, APOA1, APOA5, AQP4, ARMC5, ATM, ATP1A1, ATP2A2, ATP2A3, ATRNL1, ATXN2L, BAX, BDNF, 
BMP2, BMP4, BSCL2, C3, CACNA1D, CARTPT, CCN2, CCND1, CD2AP, CD81, CDH23, CDK5R1, 
CDON, CISD2, etc. (Table 1). And for the purpose to do research, there are used miRNAs which are ob-
tained from Arachis hypogaea, Bos taurus, Brassica oleracea, Capra hircus, Citrus sinensis, Citrus 
reticulata, Cucumus melo, Cucumus sativus, Equus caballus, Festuca arundinacea, Gallus, Helianthus 
annus, Helianthus argophyllus, Malus domestica, Oryza sativa, Ovis aries, Phaseolus vulgaris, Prunus 
persica, Solanum lycopersicum, Solanum tuberosum, Theobroma cacao, Triticulum aestivum, Vitis vinifera 
and Zea mays. 

T a b l e  1  

Genes responsible for development of endocrinology diseases 

Diseases Genes (PMID) Diseases Genes (PMID) 
Acromegaly ACE (28712073), BAX (16343104), 

CYP11B2 (17003099), E2F1 (31828584), 
EHMT1 (30948746), FTO (28913579), 
GIPR (28179449), IGF1R (25871641), 
INS (17652220), KL (30818110), 
MTHFR (26154858), NPPB (18037753), 
TNFRSF11B (29895074), TRH (24111551) 

Goiter 
 

ACVR1B (11069203), ATRNL1 
(31347686), BAX (11351299), PIK3CA 
(31347686), CDH23 (15375577), CCND1 
(11288983), DIO2 (17940114), FOXE1 
(26267147), GLIS3 (29083325), GRPEL1 
(23535966), IDH2 (11713206), KLLN 
(23724128), PTCH1 (31127647), PTGDS 
(16684826), SDHB (28780189), SPAG9 
(19820019), SPP1 (29355489), TEK 
(11397875), TRH (3097618), WDR62 
(30884127) 

Alloxan 
diabetes 

ACE (22191573), ACSL1 (9452481), 
ATP2A2 (16123366), ATP2A3 (16123366), 
BAX (23090186), HMOX1 (18375438), 
MAP3K5 (18342293), PDX1 (16123366), 
PPARA (14563825), PRKCA (12198386), 
SERPINE1 (21757225), SIRT1 (23792339), 
STS (24497646), TGFB1 (23090186), 
YWHAH (18342293) 

Hyperaldosteronism
 

ADD1 (12107246), APC (18247045), 
ATP1A1 (23416519), ARMC5 (24905064), 
KCNJ5 (25322277), CACNA1D 
(26606680), CRH (24302625), 
KCNK9 (19878209), CYP11B2 (28388725), 
DRD2 (11864730), NR3C1 (29167167), 
OCRL (29567944), PPARA (29222092), 
SCNN1A (15475529), SERPINE1 
(19625761), SFRP2 (24087794), TGFB1 
(19625761) 

Autoimmune 
thyroiditis 

ADGRL2 (26301688), ATXN2L (26301688), 
C3 (31579073), CD81 (27860532), CXCL11 
(31813786), GAS6 (31129420), INS 
(15928253), LPP (22922229), NKD1 
(26301688), PTCH1 (16405407), PTPN22 
(28948825), SMAD3 (25429627), SMN1 
(27476469), SMN2 (27476469), TNFRSF25 
(9064334) 

Hyperinsulinism ABCC8 (29493090), ACE (25154650), 
AKT2 (29484683), BSCL2 (30552349), 
CARTPT (30649980), DBH (27778639), 
EHMT1 (30938760), FANCC (22482891), 
FASN (31164724), HMOX1 (19171794), 
HNF1A (29493090), INS (30131390), 
NR3C1 (31199473), RPS6KB1 (15692808), 
SH3BP4 (30637573), SERPINE1 
(10595645), SIRT1 (30506571), 
PDX1(31207434), PIK3CA(31467576), 
PIK3CD (31467576), PPARA (31547433), 

Cushing 
Syndrome 

ACE (16924268), ARMC5 (29370219), BDNF 
(28982330), CACNA1D (26743443), CDH23 
(28413019), CRH (31041631), CTNNB1 
(28911199), CYP11B2 (30769265), DRD2 
(11864730), E2F1 (27935805), FASN 
(18782871), GIPR (28931750), IGF1R 
(11888846), IGF2 (11888846), KCNJ5 
(17525485), LGR6 (12587537), NR3C1 
(31613324) 

Hyperparathyroidis
m 
 
 

ACE (17142213), APC (26163537), CCND1 
(21541686), FECH (30094461), HNF1A 
(23979948), KL (31135568), MAFK 
(15009006), MTHFR (23534584), SDHB 
(16688763), TNFRSF11B (20808842), 
USP6 (24742829), ZNRD2 (15009006) 
 

Diabetes 
Mellitus 

ABCC8 (17259403), ACE (22064603), ACSL1 
(22308341), ACVR1B (11334431), ADD1 
(15187197), ADRB1 (18378355), AHSG 
(20124547), AKT2 (15166380), 
ANGPTL8 (30191588), APC (15240665), 
APOA1 (14988232), APOA5 (19765959), 

Hypothyroidism 
 

ACE (31396276), ANGPTL8 (31380419), 
APC (27457726), APOA1 (27457726), 
APOA5 (15941710), AQP4 (30593981), 
ATM (29847168), ATP2A2 (26064889), 
ATXN2L (29666563), BDNF (30119135), 
PIK3CA (31495205), PIK3CD (31495205), 
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AQP4 (19748503), ARMC5 (15988104), 
ATM (21315178), ATP2A2 (25270119), 
BAX (9576088), BDNF (27981512), 
BMP2 (29857981), BMP4 (26769046), 
BSCL2 (16435205), C3 (29029276), 
CARTPT (30649980), CCN2 (12446618), 
CCND1 (30462152), CD2AP (15149332), 
CDH23 (28245897), CISD2 (29237418), 
CRH (30280757), CTNNB1 (29135090), 
CXCL11 (28753646), CYP11B2 (27992114) 
DBH (29225702), DIO2 (29641285), 
E2F1 (29526568), EHMT1 (31725337), 
EIF2S3 (28055140), ELN (31096818), ENPEP 
(29156994), ERBB3 (30927244), 
FASN (31202106), FGFR1 (31082455), 
FN1 (29960272), FOS (26599598), 
FTO (30933732), FZD5 (31726413), 
GAS6 (30508521), GATA3 (28765956), 
GIPR (30910378), GLIS3 (31340201), 
HAMP (31296086), HFE (30657865), 
HHIP (31794697), HMOX1 (31332605), 
HNF1A (31215021), ICA1 (11029035), 
IGF1R (31847392), IGF2 (30536889), 
IGF2BP2 (25661373), IGFBP5 (30684263), 
INS (29890547), KCNJ5 (11544614), 
KL (31185930), KRAS (30443000), 
LDLR (30831097), LGR6 (30030074), 
MAFA (23975026), MAP3K5 (29627323), 
MTHFR (30675189), NEFL (31138085), 
NOG (29943307), NPPB (31567942), 
PIK3CA (31539141), PIK3CD (31317389) 
PON1 (31597668), PPARA (31029826), 
PRKCA (31743046), PTCH1 (31726413), 
PTF1A (26184423), PTGDS (20136655), 
PTPN22 (31732921), RCAN1 (30583978), 
RPS6KB1 (29496905), SERPINE1 (28321652), 
SIRT1 (30599900), SLC25A4 (28223503), 
SMAD3 (31071302), SPP1 (30268840), 
STAT3 (31848914), STS (28040286), TEK 
(31102457), TGFB1 (31461798), THBS2 
(31391172), TNFRSF11B (30855435), ZFHX3 
(27790247)  

PPARA (29720336), CDK5R1 (22987596), 
PTPN22 (27182965), CRH (30508752), 
CTNNB1 (28191619), DIO2 (30508752), 
SIRT1 (30736780), EHMT1 (28870812), 
ELN (30595370), ENPP1 (15811553), 
FASN (30272292), STAT3 (30027933), 
FGFR1 (30595370), TGFB1 (18190611), 
FOXE1 (28727628), TRH (30590076), 
HAMP (31700042), ZIC2 (28870812) 

Insulinoma 
 
 
 
 
 
 
 

ABCC8 (15613469), CACNA1D (8529524), 
CCND1 (29225069), CORO1A (26756113), 
CRHR1 (21106875), CTNNB1 (19427668), 
EHMT1 (31731177), HAMP (28179377), 
IGF2 (27667266), INS (31249641), KL 
(28993191), PDX1 (22114719), SMAD3 
(22275377), STAT3 (11024034) 
 

Parathyroid 
Adenoma 

 

CCND1 (23660642), E2F1 (31535356), 
ENPEP (31751311), FZD5 (22576020), 
IDH2 (27038812), GLIS3 (30403657), KL 
(18682507), MAFK (15009006), SFRP1 
(27071708), SH3BP4 (30347604), SMAD3 
(12161532), TBC1D9 (17299072), ZNRD2 
(27038812) 

Diabetic 
Nephropathy 

ABCC8 (24357461), ACE (28177196), 
ADD1 (15187197), APOA1 (28478047), 
ATP2A2 (28761152), BDNF (20557422), 
BMP4 (30158674), C3 (31798904), 
CCN2 (30720184), CTNNB1 (29572435), 
E2F1 (23902294), EHMT1 (31373167), 
FN1 (29568954), GAS6 (28513288), 
HHIP (31794697), HNF1A (28502589), 
IGF1R (27082896), IGF2 (31182468), 
INS (31737684), MAP3K5 (31154867), 
MTHFR (23822721), PIK3CA (30899370), 
PIK3CD (22056625), PPARA (31585912), 
PTGDS (29253627), SMAD3 (31734275), 
STAT3 (29291386) 

Prediabetes 
syndrome 

AHSG (30515292), ANGPTL8 (26910534), 
BDNF (27062899), BMP4 (29943307), 
CRHR1 (29948652), EHMT1 (29082261), 
FTO (26334876), HNF1A (26240958), 
HAMP (28841871), HHIP (31590446), IGF2 
(29939900), IGF2BP2 (25755232), 
INS (28473613), INTS3 (30307821), 
NOG (29943307), SERPINE1 (31690939), 
SPP1 (29151224), TNFRSF11B (29151224) 
 

Endemic 
Cretinism 

DIO2 (15911145), FOXE1 (23079472), 
TRH (782770) 

Prolactinoma BMP4 (22366961), CCND1 
(24373949), CDH23 (28413019), DRD2 
(22127489), E2F1 (16766265), ERBB3 
(19401448), FGFR1 (22801565), FOS 
(3398845), LIFR (12574225), PIK3CA 
(29726995), PIK3CD (29726995), 
PPARA (30021235), SDHB 
(26259135), SMAD3 (30946881), 
TGFB1 (30946881), TNFRSF11B 
(29895074), ZNRD2 (29230669) 
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miR-23b has recently been established to be associated with diseases, such as diabetes mellitus, 
prediabetes syndrome, gestational diabetes, hypothyroidism, that reduced the inhibition of gene expres-
sion [18]. miR-23b was derived from animal products Equus caballus, Ovis aries. Inflammatory regulation 
factor-associated miRNAs in animal models and milk-derived miR-12030, miR-9007, miR-1582, miR-1648-
5p, miR-1637, miR-2127, miR-11976, miR-7475-5p, miR-2885 have been shown a higher score occurrence 
of diseases. 

Interaction analysis showed that miR-1281 has binding sites with 9 genes: ATM, BMP4, CTNNB1, 
IGF2BP2, KCNK9, KLLN, SIRT1, SMAD3, ZFHX3. In this case, binding occurs in all cases in 5'UTR. The 
binding energy values vary in the range from -85 to -93kJ/mole. Changes in the expression of these genes, in 
turn, are associated with the occurrence in the following diseases of the endocrine system: diabetes mellitus, 
hypothyroidism, prolactinoma, diabetic nephropathy, Cushing's syndrome, insulinoma, prediabetic syn-
drome, hyperaldosteronism, alloxan diabetes, hyperinsulinism, autoimmune thyroiditis, parathyroid adeno-
ma, etc [19]. In the gene of mRNA, CTNNB1 gene has a connection with diabetes mellitus, in addition, there 
is a connection with diseases such as Cushing's syndrome, diabetic nephropathy, hypothyroidism, 
insulinoma. miR1281 has been found to promote differentiation of Bos taurus animal products. 

In turn, miR-7475-5p has binding sites with 7 genes: ACVR1B, KCNK9, MAFK, NKD1, PPARA, 
YWHAH, ZFHX3. In this case, binding occurs in all cases in 5'UTR. The binding energy values vary in the 
range from -110 to — 115 kJ/mole. In our result, it was shown that miR-7475-5p derived from Gallus has a 
high score. Changes in the expression of these genes, in turn, are associated with the causing of the following 
diseases of the endocrine system: diabetes mellitus, hyperaldosteronism, parathyroid adenoma, hyperparathy-
roidism, autoimmune thyroiditis, alloxan diabetes, diabetic nephropathy, diabetes mellitus during pregnancy, 
prolactinoma, hyperinsulinism, hypothyroidism, etc. It was noted that miR-9007 which is presented in Equus 
caballus, in turn, binds only to three genes: ADRB1, CXCL11, and INS. The binding sites are located in the 
5'UTR sections, respectively. The interaction energy had values of -83kJ/mole for the ADRB1 genes, — 
84 kJ/mole for the CXCL11 gene, and -82 kJ/mole for the INS gene. The genes ADRB1, CXCL11 are associ-
ated with diabetes mellitus. The INS gene is associated with acromegaly, autoimmune thyroiditis, diabetes 
mellitus, prediabetes syndrome, diabeticnephropathy, gestational diabetes, hyperinsulinism, insulinoma. 
miR-2885 (derived from Bos taurus) binds to five genes: AKT2, BMP2, CDK5R1, HMOX1, NOG [20]. In 
addition to the CDK5R1 gene, binding sites are located in the 5'UTR regions [21, 22]. And the interaction 
energy ranges from -106 to -129kJ/mole. 

Also with three genes: NR3C1, DRD2 and ZIC2 forms miR-3141 interactions. Binding sites are located 
in the 5'UTR sites. The energy indices of their interaction are in the range of -93 (-99) kJ/mole. The NR3C1 
gene is associated with diabetes mellitus, hyperaldosteronism, hyperinsulinism, Cushing's syndrome. The 
DRD2 gene encodes the dopamine receptor, a protein located on the surface of neurons, coupled with G pro-
teins and inhibiting adenylate cyclase under the influence of dopamine [23]. The ANKK1 gene is located in 
the regulatory zone of the DRD2 gene and regulates its expression. 

Only with two genes ACL1 and CCND1 forms miR-1552-3p interactions. The binding sites are located 
in the 5'UTR regions, and the interaction energy varies in the following values: -99-(-101) kJ/mole. The 
CCND1 gene has a connection with diabetes mellitus, parathyroid adenoma, prolactinoma, hyperparathyroid-
ism, insulinoma. The binding characteristics of miRNA and mRNA their target genes responsible for the de-
velopment of oncological and borderline gastrointestinal diseases are presented in Table 1 and Figures 1, 2. 
And more detailed information about miRNAs is presented in Table 2. 
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Figure 1. Interaction mechanism of miRNAs and mRNAs of the genes participated in development of endocrinology 
system diseases 
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T a b l e  2  

Types of miRNAs are derived from animal products and fruits or vegetables 

 

 

 
 

The ADD1, ENPP1, and PPARA genes have binding sites of one miRNA — miR-12023, expression 
changes of which are indicated for diseases such as gestational diabetes, hypothyroidism, alloxan diabetes, 
diabetes mellitus, diabetic nephropathy, gestational diabetes, prolactinoma, hyperaldosteronism, 
hyperinsulinism, hypothyroidism. miRNA binding sites are located in 5'UTR and 3'UTR. The free binding 
energy is high and varies within -98-(-110) kJ/mole (Fig. 2). 

Similarly, to the above genes, the ACL1, PIK3CD genes bind to miR-8989 that derived from Equus 
caballus [24]. The ALDH2 gene also has a binding site for miR-1552-3p. miRNA binding sites are located 
only in 5'UTR. The free binding energy varies within -97-(-99) kJ/mole. For these two genes, changes in ex-
pression are indicated for diseases of the endocrine system such as diabetes mellitus, diabetic nephropathy, 
gestational diabetes, prolactinoma, hyperinsulinism, hypothyroidism. 

In the analysis of endocrine diseases, the highest energy values (�G =-127kJ/mole) are shown for bind-
ing sites of miR-11976 to LPP genes. The lowest energy values (�G =-78kJ/mole,) were for miR-138-5p 
binding sites to the SDHB genes. Most of the binding sites are localized in 5'UTR [25]. 

miR-2131-3p, miR-1584, miR-12030, miR-7475-5p, miR-2899, miR169c-3p, miR395a, miR-1814, 
miR-6568-5p have been identified that are participated in the occurrence of diabetes mellitus disease. And 
also miR-7475-5p, miR-12214-5p, miR-1281, miR-6552-5p, miR-1770, miR-3141 are presented in Bos tau-
rus, Gallus, which are useful in the development of hypothyroidism [26-28]. miR390, miR390a-5p have 
binding sites in the mRNA of the HFE gene responsible for the development of diabetes mellitus, the pres-
ence of interactions has been established with the following miRNAs [29] (Fig. 2). The binding sites are in 
5'UTR, and the free energy is determined within -106 kJ/mole. The SERPINE1 gene interacts with miR-
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2331-3p. Changes in its expression are associated with the development of alloxan diabetes, diabetes melli-
tus, prediabetes syndrome, diabetic nephropathy, gestational diabetes, hyperaldosteronism, 
hyperinsulinism [30]. The binding sites are located in the 5'UTR section. And the binding energy values are -
102 kJ/mole. The PTSN1 gene has binding sites for two miRNAs (miR-6528, miR-12243-3p), which are as-
sociated with the development of diseases such as autoimmune thyroiditis, diabetes mellitus, gestational dia-
betes [30]. Binding sites are localized in 5'UTR. The binding energy has high values that range from -110(-
113) kJ/mole. The CARTPT gene is a target for five miRNAs (miR-390b, miR-390b-5p, miR-390d, miR-
390-5p, miR-390). And all these miRNAs are obtained of plants, especially Citrus sinensis, Malus 
domestica, Oryza sativa, Solanum lycopersicum, Solanum tuberosum, Theobroma cacao, Triticum aestivum, 
Vitis vinifera, Zea mays, Cucumis melo. There are different views to the models of plant miRNAs as an af-
fected source to correct the expression of their target genes [31, 32]. Several types plant miRNAs have been 
detected to be present in human tissues to target genes regulating the processes in disease control. In addi-
tion, a big kingdom of exogenous miRNA delivery suggests to use in herbal and nutria medical way on hu-
man health [33]. Its expression is associated with the development of diabetes mellitus and hyperinsulinism. 
The binding sites are in 5'UTR. The interaction energy varies in the values of -104 kJ/mole. The gene 
CRHR1 that responsible for the diseases, such as insulinoma and prediabetes syndrome, established by bind-
ing higher score of 97 with miR-1648-5p. And the miR-169c-3p of Citrus sinensis, Solanum tuberosum, Zea 
mays showed a high score of 98, within the gene APC responsible for the diabetes mellitus, 
hyperaldosteronism, hyperparathyroidism, hypothyroidism. 

An analysis of the interactions of miRNA with the corresponding target genes responsible for the de-
velopment of endocrine diseases showed that among the 9 common gene sequences obtained, the maximum 
energy is -115 kJ/mole, for the binding site of ZFHX3 with miR-7475-5p at a score of 92. All binding sites 
are localized at the 5'UTR region of the genes. Analysis of interactions of miRNA and mRNA genes re-
vealed miRNAs: miR-23b, miR-12030, miR-9007, miR-1582, miR-1648-5p, miR-1637, miR-2127, miR-
11976, miR-7475-5p, miR-2885, miR-1281, miR-3141, miR-1552-3p, miR-12023, miR-8989, miR-2131-3p, 
miR-1584, miR-2899, miR169c-3p, miR395a, miR-1814, miR-6568-5p, miR-12214-5p, miR-1281, miR-
6552-5p, miR-1770, miR-2331-3p, miR-6528, miR-12243-3p, miR-390b, miR-390b-5p, miR-390d, miR-
390-5p, miR-390 that are involved in the manifestation of endocrine diseases. Thus, the results included in 
this study can provide insight into the mechanism of communication of endocrine diseases and help develop 
new diagnostic biological markers and therapeutic influences for patients. 

Conclusion 

As a result of this work, miRNAs and mRNA binding sites of target genes participated in the develop-
ment of endocrine diseases were created. The interactions of miRNAs with associated genes have been 
proved, as well as the142 genes responsible for the development of diseases and the expression of which is 
disrupted in significant diseases of endocrinology. These genes include: ABCC8, ACE, ACSL1, ACVR1B, 
ADD1, ADGRL2, ADRB1, AHSG, AKT2, ANGPTL8, APC, APOA1, APOA5, AQP4, ARMC5, ATM, ATP1A1, 
ATP2A2, ATP2A3, ATRNL1, ATXN2L, BAX, BDNF, BMP2, BMP4, BSCL2, C3, CACNA1D, CARTPT, 
CCN2, CCND1, CD2AP, CD81, CDH23, CDK5R1, CDON, CISD2, etc. miR-1281 binding sites have been 
established with 9 genes: ATM, BMP4, CTNNB1, IGF2BP2, KCNK9, KLLN, SIRT1, SMAD3, ZFHX3, asso-
ciated with the development of endocrine diseases, respectively. According to the results obtained, the main 
high data indicators were miRNAs of Bos taurus, Gallus, Equus caballus. And the miR-169c-3p ofCitrus 
sinensis, Solanum tuberosum, Zea mays showed a high score of 98, within the gene APC responsible for the 
diabetes mellitus, hyperaldosteronism, hyperparathyroidism, hypothyroidism. All binding sites are localized 
at the 5'UTR region of the genes. Analysis of interactions of miRNA and mRNA genes revealed miRNAs: 
miR-23b, miR-12030, miR-9007, miR-1582, miR-1648-5p, miR-1637, miR-2127, miR-11976, miR-7475-
5p, miR-2885, miR-1281, miR-3141, miR-1552-3p, miR-12023, miR-8989, miR-2131-3p, miR-1584, miR-
2899, miR169c-3p, miR395a, miR-1814, miR-6568-5p, miR-12214-5p, miR-1281, miR-6552-5p, miR-1770, 
miR-2331-3p, miR-6528, miR-12243-3p, miR-390b, miR-390b-5p, miR-390d, miR-390-5p, miR-390 that 
are involved in the manifestation of endocrine diseases. 
 
 



In silico study of the interaction… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 193 

References 

1 Yáñez-Mó, M., Siljander, P.R., Andreu, Z., Zavec, A.B., Borràs, F.E., Buzas, E.I., Buzas, K., Casal, E., Cappello, F., & 
Carvalho, J. et al. (2015). Biological properties of extracellular vesicles and their physiological functions. Extracell Vesicles., 4; 
270662015. http://doi.org/10.3402/jev.v4.27066 

2 Sun, J., Aswath, K., Schroeder, S.G., Lippolis, J.D., Reinhardt, T.A., & Sonstegard, T.S. (2015). MicroRNA expression pro-
files of bovine milk exosomes in response to Staphylococcus aureus infection. BMC Genomics, 16; 8062015. 
https://doi.org/10.1186/s12864-015-2044-9 

3 Zempleni, J., Aguilar-Lozano, A. A., Sadri, M., Sukreet, S., Manca, S., Wu, D., Zhou, F., & Mutai, E. (2017). Biological ac-
tivities of extracellular vesicles and their cargos from bovine and human milk in humans and implications for infants. J Nutr., 147; 3–
10. http://doi.org/10.3945/jn.116.238949 

4 Wang, X., Ning, Y., Zhou, B., Yang, L., Wang, Y., & Guo, X. (2017). Osteoarthritis associated microRNA expression signa-
ture. Integrated bioinformatics analysis. Mol Med Rep, 1833-1838. http://doi.org/10.3892/mmr.2017.8057 

5 Otsuka, K., Yamamoto, Y., Matsuoka, R., & Ochiya, T. (2018). Maintaining good miRNAs in the body keeps the doctor 
away: Perspectives on the relationship between food-derived natural products and microRNAs in relation to exosomes/extracellular 
vesicles. Mol Nutr Food Res., 62; 2018. http://doi.org/10.1002/mnfr.201700080 

6 Ju, S., Mu, J., Dokland, T., Zhuang, X., Wang, Q., Jiang, H., Xiang, X., Deng, Z.B., Wang, B., Zhang L., et al. (2013). Grape 
exosome-like nanoparticles induce intestinal stem cells and protect mice from DSS-induced colitis. Mol Ther., 21; 1345–1357. 
http://doi.org/10.1038/mt.2013.64 

7 Carthew, R.W., & Sontheimer, E.J. (2009). Origins and mechanisms of miRNAs and siRNAs. Cell, 136; 642–55. 
https://doi.org/10.1016/j.cell.2009.01.035 

8 Timmons, L., & Fire, A. (1998). Specific interference by ingested dsRNA. Nature, 395; 854. http://doi.org/10.1038/27579 

9 Byron, S.A., Van Keuren-Jensen, K.R., Engelthaler, D.M., Carpten, J.D., & Craig, D.W. (2016). Translating RNA sequenc-
ing intoclinical diagnostics: opportunities and challenges. Nat Rev Genet., 17; 257–71. http://doi.org/10.1038/nrg.2016.10 

10 Wittrup, A., & Lieberman, J. (2015). Knocking down disease: a progress report on siRNA therapeutics. Nat Rev Genet., 16; 
543–52. http://doi.org/10.1038/nrg3978 

11 Stanislav, O. (2018). Diseases of the endocrine system. Comenius University in Bratislava. Faculty of Medicine, 1st edition. 
28-54. 

12 Giovanni, C., Roberto, R., Antonietta, P., & Cristina, D.P. (2009). The RET gene and medullary thyroid cancer: from muta-
tions to the planning of therapy. Chir Ital., 61(5-6); 531-538. 

13 Rohayem, J., et al. (2016). Long-Term Outcomes, Genetics, and Pituitary Morphology in Patients with Isolated Growth 
Hormone Deficiency and Multiple Pituitary Hormone Deficiencies: A Single-Centre Experience of Four Decades of Growth Hor-
mone Replacement. Horm Res Paediatr., 86(2); 106-116. http://doi.org/10.1159/000448098 

14 Zhang, B., Pan, X., Cobb, G.P., & al. (2007). MicroRNAs as oncogenes and tumor suppressors. Dev. Biol., 302(1); 1-12. 
http://doi.org/10.1016/j.ydbio.2006.08.028 

15 Lewis, B.P., Burge, C.B., & Bartel, D.P. (2005). Conserved seed pairing, often flanked by adenosines, indicates that thou-
sands of human genes are microRNA targets. Cell, 120(1); 15–20. http://doi.org/ 10.1016/j.cell.2004.12.035 

16 Garg, A., & Heinemann, U. (2018). A novel form of RNA double helix based on G•U and C•A+ 325 wobble base pairing 
RNA. New York, 24; 209–218. http://doi.org/10.1261/rna.064048.117 

17 Leontis, N.B., Stombaugh, J., & Westhof, E. (2002). The non-Watson-Crick base pairs and their 351 associated isostericity 
matrices. Nucleic Acids Res., 30(16); 3497-531. http://doi.org/10.1093/nar/gkf481 

18 Mao, G., Zhang, Z., Huang, Z., Chen, W., Huang, G., Meng, F., Zhang, Z., & Kang, Y. (2017). MicroRNA-92a-3p regulates 
the expression of cartilage-specific genes by directly targeting histone deacetylase 2 in chondrogenesis and degradation. Osteoarthri-
tis Cartilage, 25; 521–532. http://doi.org/10.1016/j.joca.2016.11.006 

19 Otsuka, K., Yamamoto, Y., Matsuoka, R., & Ochiya, T. (2018). Maintaining good miRNAs in the body keeps the doctor 
away. Perspectives on the relationship between food-derived natural products and microRNAs in relation to exosomes / extracellular 
vesicles. Mol Nutr Food Res., 62; 2018. http://doi.org/10.1002/mnfr.201700080 

20 Ju, S., Mu, J., Dokland, T., Zhuang, X., Wang, Q., Jiang, H., Xiang, X., Deng, Z.B., Wang, B., Zhang, L., et al. (2013). Grape 
exosome-like nanoparticles induce intestinal stem cells and protect mice from DSS-induced colitis. Mol Ther., 21; 1345–1357. 
http://doi.org/10.1038/mt.2013.64 

21 Shuzhi, Zh., Tao, L., Jun, L., Qianyi, L., Changjing, H., Na, W., Qinghua, Q., Hui, C., Xun, X., Haibing Ch., & Zhi, Zh. 
(2016). miR-23b-3p induces the cellular metabolic memory of high glucose in diabetic retinopathy through a SIRT1-dependent sig-
naling pathway. Diabetologia, 59(3); 644-54. http://doi.org/10.1007/s00125-015-3832-0 

22 Marta, G., Eusebio, Ch., Francesca, A., Domenica, M., Biagio, A., Maria, M., Rossella, L., Salvatore, A.P., Fiorillo, A.S., 
Daniela P.F., et al. (2020). MicroRNA-1281 as a novel circulating biomarker in patients with diabetic retinopathy. Front Endocrinol 
(Lausanne), 11; 528. http://doi.org/10.3389/fendo.2020.00528 

23 Lowry, D., Paul, H., & Reimer, R. (2021). Impact of Maternal Obesity and Prebiotic Supplementation on Select Maternal 
Milk microRNA Levels and Correlation with Offspring Outcomes. Br. J. Nutr., 1, 1. http://doi.org/10.1017/S0007114521001197 



Ye.Ye. Yerkinkazhina, A. Bekenkali et al 

194  �!"��# $���������!#
�
 %��&��!�"�"� 

24 Chen, X., Gao, C., Li, H., Huang, L., Sun, Q., & Dong, Y. (2010). Identification and Characterization of microRNAs in Raw 
Milk During Different Periods of Lactation, Commercial Fluid, and Powdered Milk Products. Cell Res., 20; 1128–1137. 
http://doi.org/10.1038/cr.2010.80 

25 Aarts, J., Boleij, A., Pieters, B., Feitsma, A. L., van Neerven, R., Ten K.J.P., et al. (2021). Flood Control: How Milk-Derived 
Extracellular Vesicles Can Help to Improve the Intestinal Barrier Function and Break the Gut-Joint Axis in Rheumatoid Arthritis. 
Front. Immunol., 12; 703277. http://doi.org/10.3389/fimmu.2021.703277 

26 Huntzinger, E., & Izaurralde, E. (2011). Gene Silencing by MicroRNAs: Contributions of Translational Repression and 
mRNA Decay. Nat. Rev. Genet., 12; 99. http://doi.org/10.1038/nrg2936 

27 Bryniarski, K., Ptak, W., Martin, E., Nazimek, K., Szczepanik, M., Sanak, M., et al. (2015). Free Extracellular miRNA Func-
tionally Targets Cells by Transfecting Exosomes from Their Companion Cells. PLoS One, 10(4); e0122991. 
http://doi.org/10.1371/journal.pone.0122991 

28 Ivashchenko, A.T., Pyrkova, A.Y., Niyazova, R.Y., Alybayeva, A., & Baskakov, K. (2016). Prediction of miRNA Minding 
Sites in mRNA. Bioinformation, 12; 237–240. http://doi.org/10.6026/97320630012237 

29 Dever, J.T., Kemp, M.Q., Thompson, A.L., Keller, H.G.K., Waksmonski, J.C., Scholl, C.D., et al. (2015). Survival and Di-
versity of Human Homologous Dietary MicroRNAs in Conventionally Cooked Top Sirloin and Dried Bovine Tissue Extracts. PLoS 
One, 10(9); e0138275. http://doi.org/ 10.1371/journal.pone.0138275 

30 Izumi, H., Kosaka, N., Shimizu, T., Sekine, K., Ochiya, T., & Takase, M. (2012). Bovine Milk Contains MicroRNA and 
Messenger RNA that are Stable Under Degradative Conditions. J. Dairy Sci., 95; 4831–4841. http://doi.org/10.3168/jds.2012-5489 

31 Golan-Gerstl, R., Lavi-Moshayoff, V., Elbaum, Y.S., & Leshkowits, D. (2017). Characterization and Biological Function of 
Milk Derived miRNAs. Mol. Nutr. Food Res., 61; 1. http://doi.org/10.1002/mnfr.201700009 

32 Rosa, J.L., Francisco, A.D., Irene, R., Javier, L., Antonio, C., Francisco, G., Gracia, M.Q., Cristina, V., Fernando, R., Raul 
M.L., et al. (2021). MiRNAs profile as biomarkers of nutritional therapy for the prevention of type 2 diabetes mellitus: From the 
CORDIOPREV study. Clin Nutr., 40(3); 1028-1038. http://doi.org/10.1016/j.clnu.2020.06.035 

33 Si, X., Xiangmei, D., Xuehua, W., Li, W., Chenguang, W., Shengjun, W., & al. (2019). Circular RNA Expression Profiling 
and the Potential Role of hsa_circ_0089172 in Hashimoto’s Thyroiditis via Sponging miR125a-3p. Mol Ther Nucleic Acids, 17; 38-
48. http://doi.org/10.1016/j.omtn.2019.05.004 

34 Zhao, Q., Liu, Y., Zhang, N., Hu, M., Zhang, H., Joshi, T., et al. (2018). Evidence for Plant-Derived xenomiRs Based on a 
Large-Scale Analysis of Public Small RNA Sequencing Data from Human Samples. PLoS One, 13; e0187519. 
http://doi.org/10.1371/journal.pone.0187519 

35 Rakhmetullina, A., Pyrkova, A., Aisina, D. & Ivashchenko, A. (2020). In Silico Prediction of Human Genes as Potential Tar-
gets for Rice miRNAs. Comput. Biol. Chem., 87; 107305. http://doi.org/10.1016/j.compbiolchem.2020.107305 

36 Dai, X., Zhuang, Z., & Zhao, P. (2011). Computational Analysis of miRNA Targets in Plants: Current Status and Challenges. 
Brief. Bioinformatics, 12; 115–121. http://doi.org/10.1093/bib/bbq065 

 
 

X.X. X��C����C��, A. T�������C, T.T. e:��"���: �, @.E. G����: �, �.A. K���$�� � 

5*I�,22*2 *0�2D*2 (�5sC P|*�* ���1�++��) ���1'�0E1+��E2 in silico |��++�) 

RC�����w !�� b��7����C#���� V����� ������" — $]� �"�"��w ���"��� V��� ��"��w $����� ��������!� 
$�� ��w� $�9��. y����w ��������� b��:!����� ��9����� ����9�� �C\_F �����"����� �����" �V�� 
�"�"������ �����" �8�� ��9����� �\_F-�� 7�������"��w ��w� �������������� �8� �����. 
\�UC:���� ����9�� ���������9� �C\_F-����� $C:������ ������� 7�������"9� ����� ����9"8���� 
$�� �V�� ��UC:���� ����9�� ����:����������w �C\_F-��� �:����" ��������!� �"�"����� ����"��w 
��w�, ��8�� ����7� ��� ������!C#��� ]���"� ������. y�� $�9���"9� �V����, �C\_F ��������, ���� 
�C�$���, b��:��C���� �"�"��� �C#��� V��"������ ��w��� $�� �"�"�����w !����C����� $��$�� ����� 
�:����� �Y� ��������. Z������� ����-����� �C\_F ��:�C#��� �V�� :��w V������� ��9���" �8�� 
������ $:����� ��7������ �C��"9� V����� �������. RV����� ��������, b��:��C���� �"�"�����w 
���"���� $��������� �������� !�������w �\_F �V�� �\_F Y���� V��������"� ���������, �������� 
!�������w �C\_F �V�� �\_F $����������" :������� ���������. K"�"��w ���"���� �������� 
!�������w b��7����C#��� �����"��w $]���"� ����8� �Y� ��������, $]� �"�"�� ���� ������"9� 
��������� $�����. S�����-�C\_F-�� $��������� ������"!� �����9�� $C:C�Q:����C����� ���7��" 
V���� NewGeneralScanning $�9�����������w �Y��!���� ����!� ��������. K���9�� �V�������� 
�V�C������� b��:��C���� ������w �"�"������ ��������� !����� ��� �C\_F �V�������� $����� 
�]�����. Z�w���� b��:��C�:�:!C#��� �"�"����� b��7����C#�� $]���9�� !����� ��� �\_F 
$����������" :������� ���������. 

�Q�	 �@/���: �C\_F, �\_F, !�����, �C������ �C\_F, b��:��C�:�:!C#��� �"�"���, $�������" 
���������, ���������, !�� b��7����C#��. 
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X.X. X��C����C��, A. T�������C, T.T. e:��"���: �, @.E. G����: �, �.A. K���$�� � 

In silico �|)��2�� ,�,G�22,�+�? -|*�(,4�?�+-�� (�1�,5s9,  
�,0)��22�< �| �*I�,2* 

������: ��C�  �C#�C# �C��� �� b��7����C� !��:  — b�: �: :� ��7�� ���C�, �:�:�:� C����  �� 8��-
�� 7: �C#�� �� ��� C�C� ��$:�� ��C�. T��!:���# b�:�" �C\_G, 7:�"x����# C� b��:!���:� 7C{C, �:-
��� :���� ��� �: ��  :��:��:��C ��# C�7:���: ��C# 7C{� �B �C\_G ��# 7:�������C# ��:�: �# C 
$:��$� � $:����#�C. `"{��� "�� ���xC������� C������ � C�7:���: ��C� UC��"�C�"�{CB �C\_G, 
7:�"x����B C� ��UC:��,   ��x��� � $C:������: , C 7:���UC�� C�7:���: ��C# �C\_G ����:7C���{CB, 
7:�"x����B C� ��UC:��, �:��� 7������ �#�� �:$:� �: "� �:{�"� ����7� �Cx���"� ������!C� ��# 
��x��C# ��$:�� ��C�. `:!����: b�:� :U����, �C\_G C!���� $��!:7�C#��"� �:��   !����� �:UC����: 
���xC��B ��$:�� ��C�, ���CB ��� :�C���C�, �C�$��, b��:��C���� ��$:�� ��C#. A ����:#{�� ������ 
7���7�C�#�� 7:7���� �:$����  :��:��"� C�Q:���UC� ��# "���7���C# ��:�CC 7C{� �B �C\_G C �� 
����� C#. e:x���, :7�������:  ��C�:����� C� �C\_G C �\_G !��: -�C8����, �:�:��� � #���� � 
��� C�C�� b��:��C���B ��$:�� ��C�, :7�������� ����� � #�� ��C# �C\_G C �\_G !��: -�C8����. 
y�:$"� �:��   ��� C�CC ��$:�� ��C# C!���� ���"8��C� ��!"�#UCC b��7����CC !��: -�C8����, x�: ��-
��  :��:��:��� :$���"�C�� ��$:�� ��C� �� ������ ����CC. TC:C�Q:����Cx���C�  �xC��C������� 
7:�B:� � C�"x��C� � #�� ��C# !��:  C �C\_G $��  �7:���� � C�7:���: ��C�� 7�:!����� 
NewGeneralScanning. A ���"������ 7:�"x����B �����B $��C �:����� $��� �����B !��:  C �C\_G, 
"x��� "�{CB   ��$:�� ��C#B b��:��C���B �C����. A�# ���� ����� � #�� ��C# !��:  C �C\_G, b��-
7����C# �:�:��B ���"8����# 7�C ���xC��B b��:��C�:�:!Cx���CB ��$:�� ��C#B. 

���<�$�� ��
$�: �C\_G, �\_G, !���, �C��Cx����# �C\_G, b��:��C�:�:!Cx���C� ��$:�� ��C#, ����� 
� #�� ��C#, �������, b��7����C# !���. 
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>�<,B��+­ ��(�2 � �*|-�+�� ���2I�- 1*)�)1,-,8, ,4)-*2��1* 1,1-�*8�| 
(Taraxacum kok-saghyz L.E. Rodin) 2* ,G�*|I*< �,�- in situ �,�)0�I�?:  

« ,0�2,� ,|��,», « *��B*|», «9�8�2­» 

y�" ��xC� �:�-��!�� (Taraxacum kok-saghyz L.E. Rodin) — b����C� ���!:���B �:�C� e#��-���#. T. 
kok-saghyz ��� C��:x�C�  ��"x"�� C C�"�C�� :${�7�C���� 7���7���C �:� ������:B:�#��� ���:� �"��-
�"�:� ��#  :����� ��C#   �:�� "������:!: ��C���� �#�� ����� X �:7�, `� ���:� K���C�C, K�CC. 
O�:$����   �:�, x�: 7�C   ����CC T. kok-saghyz   �"���"�"   "��: C#B ex situ �C����7:�:$�:��� b�:!: 
b����Cx�:!:  C�� x���: ��C�����#. A ������ 7�: ����� ��� �C������� C�����: ��C#  �B:����C ��-
�#� C ��� C�C# ��#�U�  T. kok-saghyz �� :$���U�B 7:x  �!: in situ 7:7"�#UC�, :$���U�B 7:x  "x����:  
ex situ C �� �:����x���CB "�C ��������B �:�Q:!�"���B. ������: ��C# 7�: :�C�C��   "��: C#B ��7-
�CU�. K �:�:�  7�� �� 7:�����: ���xC�����: �"x8��  ��� C�C� ��#�U�  T. kok-saghyz �� :$���U�B 
7:x  in situ 7:7"�#UC� «G�!���», «`������», «`:���:� :���:»   ��� ���CC � 8C�:�: C�7:���"����C 
�:����x���C�C "�C ���������C �:�Q:!�"����C  «T:!�����» C «P���:».  O:��  ���#� T. kok-saghyz    
:$���U� 7:x � 7���!:��:� �:�� !. K����� �� bQQ���C ��,  �B:�����  ���#� ������ �C���# C ��#�U� 
�� ��� C ����#. \��"������ ����:#{CB C�����: ��C� ��"��� :$:��: ��C�� 7�: ����C# ��������B 
C�����: ��C� �:��� � 7:x  in situ 7:7"�#UC� T. kok-saghyz. `���"�� �����$:���� "�:$���C� � �:$� ��-
�C �:�7:����:  7:x  in situ 7:7"�#UC� T. kok-saghyz �7�UC����: ��# C���:�UC�: ���:!: T. kok-
saghyz. ��7:���: ��C� b�:!: «�7�UC����:!:» "�:$���C# :$��7�xC� 7: �8��C� 7�:�"��C �:��C C "�-
�:�xC :��C C���:�"UC�: ���:!: T. kok-saghyz. 

���<�$�� ��
$�: T. kok-saghyz,  �B:����� ���#�, ��� C�C� ��#�U� , 7:x � in situ 7:7"�#UC�, �:���  
7:x . 

 

1$������ 

_��"������� ��"x"� (_G) # �#���# ������!Cx���C� ���"��:� ��# b�:�:�C�C �����: C����  ��-
�:� ���x��C� ��# 7�:��8����:��C, ���CUC��, �����7:��� C :$:�:��. _G ��:$B:�C�   7�:C� :��� � 
8C�:�:!: �#�� C����C� (8C�� ��# ���:���: , � �:�:$C���,  ��:�C7��: , BC�"�!Cx���C� 7��x���C, 
������ � �:����U�7UCC  C   ��:!C� ��"!C� �: ���) [1–4]. y${��C�: :�  ���:� _G   2016 !:�"  �:-
��� C� 7�C����: $24 ����, 7�C :$|��� 7:���$���C# _G — 12,9 ��� � , � � 2023 !:�" 7�:!�:�C�"��:� 
�!: 7:���$���C� " ��CxC��# �:  16,5 ��� � (Z���"���:���# !�"77� 7: C�"x��C� ��"x"�� — IRSG) [5, 
6]. 

aQQ���C �:� ���:� 7:�������C# �C�: :!: ����� _G ��"��� C�����: ��C# C   ����C�   �"��-
�"�" ��"x"�: :!: :�" ��xC�� �:�-��!�� (Taraxacum kok-saghyz L.E. Rodin)   �:�� "������:!: ��C���� 
�#�� ����, !�� ����CUC:���� C��:x�C� _G ��:7Cx���:� ���� : !� �# (Hevea brasiliensis (Willd. ex A. 
Juss.) Muell. Arg.) �� 7�C�C ����# [1–4].  

y�" ��xC� �:�-��!�� (T. kok-saghyz) — b����C� ���!:���B �:�C� e#��-���#. T. kok-saghyz – 
��� C��:x�C�  ��:�:��x��� ���:!: ��"x"�� C 7:�C��B��C��, 7��$C:�C�� C�"�C�� :${�7�C����  7��-
�7���C �:� ������:B:�#��� ���:� �"���"�:� ��#  :����� ��C#   �:�� "������:!: ��C���� �#�� 
����� X �:7�, `� ���:� K���C�C, K�CC. ������: ��C# T. kok-saghyz  7�: :�#��#   `�K, G�����, 
S�����CC, ó�BCC, \:��C���:� P�����UCC, GC�����:� _��:��:� \��7"$�C��, G:���, G���B�����, C��-
���# 8C�:�C� �7�:� �� ������ T. kok-saghyz  [7, 8].  

8����
����� � ������
$����� ��	��	$���
� �
<$���
� ����� 
!�	���� 
�
$��<��� T. kok-
saghyz. O�:$����   �:�, x�:   "��: C#B in situ, �� ���!:���B �:�C��B e#��-���# T. kok-saghyz �C�-
���7:�:$��, �!: U��:7:7"�#UCC �7:�:$�� � ���:7:�������C�, �:������C� ��"x"��   �:��#B �:�-
��!��� ��C ��8��, �:��C!��� 14–27 % [9]. y����:   "��: C#B ex situ (C���:�"�UCC) �:������C� ��"-
x"��   �:��#B T. kok-saghyz "����8����# [10], C $�� "B:�� �: ��:�:�� x��: ��� T. kok-saghyz ����:-
 C��# ���C����7:�:$���, C�x�����. A "��: C#B C���:�"�UCC �:��"������# �7:�:$�:��� T. kok-saghyz  
� �:��#��� ���xC�����: ��C�����# [1].  
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Z:��: 7���7:�:�C��, x�:  ��:��# �C����7:�:$�:���,  ��:��# �:��"������# �7:�:$�:��� � 
��"!C�  C��� ������C�, ��C ��8�� �:������C� ��"x"��   �:��#B T. kok-saghyz :$��7�xC ����# :�:-
$���:��#�C ������ ���:� 7:x ���:� ����� :$C���C# b�:!: b����Cx�:!:  C�� ������C�.  

}��� ����:#{�!: C�����: ��C# — 7�: ���C ��� �C�������  C�����: ��C#  �B:����C ���#� C 
��� C�C# ��#�U�  T. kok-saghyz �� :$���U�B 7:x  �!:  in situ  7:7"�#UC�, �� :$���U�B 7:x  "x����:  ex 
situ C �� �:����x���CB "�C ��������B �:�Q:!�"���B.  

'�	
�� � ��	������ 

������: ��C#  �B:����C ���#� C ��� C�C� ��#�U�  T. kok-saghyz 7�: �����   "��: C#B ��7�CU�, 
  7����C�: �B ���:��#B ��# ������� �� :$���U�B 7:x  ���B in situ 7:7"�#UC� T. kok-saghyz: `:���:� 
:���: (43:1´32´´ N, 79: 59´24´´X,  ��:�� ��� "�. � 1927 �); G�!��� (43:1´32´´N, 79:13´39´´E,  ��:�� 
1837 � ��� "�. �); `������ (42:55´4´´N, 79:37´11´´E,  ��:�� 1854 � ��� "�. �). 

R�# ��� ���C# C�7:���: ��� :$���U� 7:x � 7���!:��:� �:�� !. K����� 
(43°15�24.1�N, 76°55�43�E), � ����� �:����x���C� "�C ��������� �:�Q:!�"���: 

G:����x���C� "�C ��������� �:�Q:!�"�� «T:!�����». ��!:�: C����: yyy «[��� e:�Q». 
www.lamatorf.ru. `:��� : �:�Q  ��B: :�, �:�Q �C�C����, 7��:�, C� ����#�: �# (�:�:�C�: �# �"��), 
�:�7�����:� �C�������:� "�:$���C�, Bacillus subtilis, ���xC ��{C� �!���, !"���. `:������C� ���-
�:b������: : N — 300, P — 30, K — 400 �!/�, pH 5,5–6,5. `:������C� �C��:b������: : S, Mg, Ca, B, 
Fe, Zn, Mo, Cu, Mn. 

S�"�� "�C ���������  «P���:». S�"�� 7C��������� � �C��:b��������C, ����� G, � 7: �8��-
��� �:������C�� :�!��Cx���CB �:�7:����: . `:��� :  ��B: :� �:�Q, �C�C���� �:�Q, 7��:�, C� ���-
�#�: �# (�:�:�C�: �#) �"��, �:�7�����:� �C�������:� "�:$���C� � �C��:b��������C. `:������C� 
����:b������: : N — 350, P — 400, K — 500 �!/�!, pH 6–7. www.facko.ru. 

`�����:� �����:���C�  7�: ����: �:!����: ���: �UC:��:�" 7�����" [11] C C� ������ ���:-
��� 7: �����: ����C� C���:�"U���:  [12, 13]. O�: ����: :7�������C�  :�������B �:��:#�C� ��� #-
�C��:!: ������C# [14]. ��7:���: ���  ����������� ���:��   �������Cx���:� ����C��C�C [15]. S���"-
�:����Cx���C� �:���  :$���U:  7:x  :7�������   [�$:���:�CC BC�Cx���CB ����C�:  G���B��:!: ��-
"x�:-C�����: �������:!: C���C�"�� 7:x : ����C# C �!�:BC�CC C�. c.c. c�7��: �, K�����. 

��/
��	�	� � �� 
!�
������ 

��/
��	�	 1. O��C:� 7�:������C# ���#� �
�-��"�/� �� :$���U�B 7:x  in situ 7:7"�#UC� T. kok-
saghyz ����#�"� �: 7:�"�:��–� "B ���#U� . A�� ������, �7:�:$��� � 7�:������C�,�� 7�:������� �� 
�:�:��C� 7��C:� 7–14 �"�:�,  b���!C# 7�:������C# �� 3-� �"��C �C���# �: 15 %. 

e��, �� 3-� �"��C 7�:������� �: 5–15 % ���#�,  �� 9-� �"��C  �: 45–51 %  �� :$���U�B 7:x  «`:-
���:� :���:» C «`������», �: 72–75 %  �� :$���U�B 7:x � «G�!���». y�������� ������ T. kok-saghyz 
�� 7:x � «`:���:� :���:» 7�:������� C �:���: x���� 7:��:�� ���#U� (�C�. 1). 

A��:#��:, �:���  7:x  in situ 7:7"�#UC� T. kok-saghyz :$��7�xC ��� ����#�"�:��� 7��C:�� 7�:-
������C# ���#�. \���#�"�:��� 7��C:�� 7�:������C# ���#� �� 7:x �B in situ  7:7"�#UC� T. kok-saghyz 
— b�: �7:�:$  ��C ��C# ����:!:  C��. R�"��:�  7�:������C� ���#� ��  �!:��: �C�:�"  C�" �����-
�C�. e��, �:�:��C� $��!:7�C#���� 7��C:�, x���: ����#���# ��$��!:7�C#���� 7��C:�:�, ��7�C���, 
���:�:����C,  7�C :�#{C� � !C$��C ��#�U�   [9, 10]. 

��/
��	�	 2. _� �:����x���:� "�C �������:� �:�Q:!�"��� «T:!�����» "�� �� 9-� �"��C  �� 
�7:�:$��� � 7�:������C� ������ T. kok-saghyz  7�:�������,  �B:����� ���#� �:��C!��� 82–87 %. e: 
���� C��"��� ���: �:������� "�C ��������� �:�Q:!�"�� «T:!�����»    ��� ���CC � :$���U��C 7:x  
in situ  7:7"�#UC� T. kok-saghyz  �:���{��� 7��C:� 7�:������C# ���#� � � "B C 7:�"�:�� ���#U�  �: 
7–9 �"�:�. e:�Q:!�"�� «T:!�����» :$��7�xC ��� ���C �:� 7�:������C� (82–87 %) C ��� C�C� ��#�U�  
"��   7��C:� �: 9 �"�:�, :����:   �������8�� � 27 C 57 �"���� ��#�U� !C$�"� (�C�. 1) C � 7#�:�"-
8���:�" ���#U" :������# �:���: ��C�Cx��� b����7�#�� ��#�U�  (3–5 ��#�U�  C� 185 ��#�U� ), ��-
�7:�:$��� � U ����C�. 
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\C�"�:� 1. \�� C�C� ��#�U�   T. kok-saghyz �� :$���U�B  7:x �: a — «`:���:� :���:»; b — «`������»; c — 
«G�!���»; d — �:����x���C� "�C ��������� �:�Q:!�"�� «T:!�����». A��B�C� �#� �� 9-� �"��C,  �����C� �#� 

�� 27 –� �"��C, �C��C� �#� �� 57-� �"��C 7:��� �� � 

e��C� :$���:�, �:��: �����xC��, x�: �:�Q:!�"�� «T:!�����» ���: 7�C!:��� ��# 7:�"x��C# 
������� T. kok-saghyz. A��:#��:, b�: � #���: � �C��C� �:������C�� Q:�Q:��. e��,   �:�Q:!�"��� 
«T:!�����»  �:������C� ����:b������:  ����"�{��: N — 300, P — 30, K — 400 �!/�. A � #�C � b�C� 
  ����:#{�� ��$:�� C�7:���: ��  �:�Q:!�"�� «P���:» � :��:�C�����:  ��:�C� �:������C�� Q:�Q:-
��, � �:������C�� ����:b������: : N — 350, P — 400, K — 500 �!/�!. 

��/
��	�	 3. _�  �:�Q:!�"��� «P���:» ��#�U� T. kok-saghyz ���C �: ��� C ����# 7�� �� x���-
�� ���#U�. y����: �� 7#��� ���#U ��#�U� �� �:�Q:!�"��� «P���:» :������   ��� C�CC, 52–64 % ���-
���C� :��C����. O: $C:����� �C��� 3±1 !���� ��#�U� �� �:�Q:!�"��� «P���:»  ����8�   ��� ���CC 
� ��#�U��C �� :$���U�B 7:x  in situ 7:7"�#UC� �:�-��!��� «G�!���» 8 ±1 !����   2,6 ����  C `������ 
5±1 !����   1,6 ���� (�C�. 2). 

 

 

\C�"�:� 2. `�#�U� T. kok-saghyz  �� :$���U�B 7:x �: a — «G�!���»; b — «`������»; c, d — �� �:�Q:!�"��� 
«P���:». O#��� ���#U ��� C�C# ��#�U� ,  C�!C�C����� :�:$C 
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��/
��	�	 4. c��:�xC :��� ��#�U�  T. kok-saghyz �  ��:�C� ���7����"��� (+ 30, +35:`)  �� :$-
���U�B 7:x  in situ 7:7"�#UC� �:�-��!��� «`:���:� :���:»   6 ��� C «`������»    2,5 ����  �8� "�-
�:�xC :��C ��#�U�  �� �:�Q:!�"��� «P���:».  

G�� C� ����:, 7�C  ��:�CB ���7����"��B T. kok-saghyz "B:�C� �� 7:�:�: �C���# �:����C "��B��� 
x���Cx�: C�C 7:��:����. e: ���� �:�Cx��� :  ��:B8CB �C����  ��"�C� 7:��������� ���7��C "B:�� 
:�" ��xC�� �� 7:�:�. A  7��C:�  �B:�� C�  "��: C�   ��:�CB ���7����"� (+30, +35:`) ������:!: 
!�"��� �:�Cx��� : �"BCB �C����  �� :$���U�B 7:x � «`:���:� :���:»   6 ��� C «`������»    2,5 ���� 
����8� �:�Cx��� � �"BCB �C����  ��#�U�   �� �:�Q:!�"��� «P���:». `:B�����C� ������B ��  ��:-
B8CB �C����  � C�������� "�� : �:B�����CC ����$:�C���   "��: C#B  ��:�CB ���7����"�. `:!����: 
�C�"��" 3, �� ��#�U�B �:�Cx��� : �"BCB �C����  5 8� �� :$���U� 7:x �  «`:���:� :���:», �� :$���U� 
7:x � «`������» — 9 C 24 C 23 8� — �� �:�Q:!�"��� «P���:». 

 

 

\C�"�:� 3. `�#�U� T. kok-saghyz   7��C:�  �B:�� C�  "��: C�   ��:�CB ���7����"� (+ 30, +35:`) ������:!: 
!�"��� �� :$���U�B 7:x �: «`:���:� :���:» (�), «`������» (b) , �:�:Q!�"���  «P���:» (c, d). ó�� �����  ���#U 

��� C�C# ��#�U� , C����"���� :�:$C 

_�$�����C# 7:�����C, x�:  :�� ���$: "����C ����# 7:x :� «`:���:� :���:» C ����7�C ����# �� 
��� !:�8��. e:!�� ��� 7:x :� «`������» C �:�Q:!�"��:� «P���:»  :�� "����C ����# �"x8� C �� 
���  :�� �� ����7�C ����#.  

G:��C ��#�U�  T. kok-saghyz �� :$���U�B 7:x � «`:���:� :���:»   1,5–2 ���� ��C���� �:���� ��-
#�U�  T. kok-saghyz  �� :$���U�B 7:x � «`������» (10 ��) C �:�Q:!�"��� «P���:» (11 ��). G:��C T. 
kok-saghyz �� :$���U�B 7:x � «`:���:� :���:»  �B:�#� �� 7������ 7:x � !:�8��, �:��C!�#  :�" �� 
��� !:�8�� (�C�. 4).  

e��C� :$���:�,   ��$:���:���B "��: C#B 7�:���:����C�: ���, C�C�C�: ���  �7:�:$�:��� �:��# 
T. kok-saghyz  "B:�C��  !�"$� 7:x � � �C��:�  ��!:���:���� �: !�"��: �B  :�. 
 

 
\C�"�:� 4. G:��C ��#�U�  T. kok-saghyz �� :$���U�B 7:x � «`:���:� :���:»  (�) , «`������» (b) C �:�Q:!�"��� 
«P���:» (c). A:�� ����7�C ����# �� ��� !:�8�� � 7:x :� «`:���:� :���:» (d) C �� ����7�C ����# �� ��� !:�8-

�:  � 7:x :� «`������» (e) C �:�Q:!�"��:� «P���:» (f). �����"���� :�:$C 
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A 7��C:� ��� C�C# ��#�U�  x����� ���#U� C����"���� :�:$C �� :$���U�B  7:x : «G�!���»,  «`�-
�����» C «`:���:� :���:»  �"x8�� ��� C�C� ��#�U�  T. kok-saghyz :$��7�xC ��C :$���U� 7:x � «G�-
!���», �����## ����� �������:� x���C C �:��# ��#�U�  7������ ����   ��$�CU� 1. `���"�� :����C��, 
x�: �� :$���U�B 7:x � «`:���:� :���:» ����� �������:� x���C ��#�U�    1,5 ���� ����8�, � �:��#    
1,5  ���� $:��8� �:��# ��#�U�  �� :$���U�B 7:x � «`������» (��$�. 1, �C�. 5). ["x8�� ��� C�C� ��-
#�U�  :$��7�xC ��C :$���U� 7:x � «G�!���». 

e � $ � C U �  1  

#*��* ���2I�- T. kok-saghyz 2* ,G�*|I*< �,�- in situ  �,�)0�I�? 

y$���U� 7:x � in situ 7:7"�#UC� Z���� �������:� x���C ��#�U�, ! Z���� �:��# ��#�U�, ! 
«G�!���» 6 ±1 7±2 
«`������» 3±0,3 2±0,3 
«`:���:� :���:» 2±0,3 3±0,2 
e:�Q:!�"�� «P���:» 2 ±0,3 2± 0,3 

 

 
\C�"�:� 5. `�#�U�  T. kok-saghyz  �� :$���U�B 7:x �: a — «G�!���»; b — «`������»; c — «`:���:� :���:», 
x�� ������ ���#U ��� C�C# ��#�U� ;  :������:� �:��:#�C�: x�� ����� ���#U ��� C�C# ��#�U� , C����"���� 

:�:$C 

A "��: C#B ��7�CU� �� C�7������B :$���U�B 7:x  in situ 7:7"�#UC� T. kok-saghyz, ��#�U� U �-
�"� �� 8���:� ���#U ��� C�C#, �: ���� �:��C!��� Q��� :��:!����� !������C ��� �:�:���  ������C#  
(�C�. 6). R�# 7�:������C# ���#�, �:���, ��� C�C# ��#�U�  �� 7:x �B in situ  7:7"�#UC� T. kok-saghyz    
"�:$���C#, �:�Q#��� ��$����C �� ���$"���#. 

 

 

\C�"�:� 6. } ����C� ��#�U�  T. kok-saghyz �� :$���U�B 7:x : a — «`:���:� :���:»; b — «`������», 8���:� 
���#U ��� C�C# ��#�U� ,  :������:� �:��:#�C�: !������C ��� �:�:��� :�:$C 

S:�8�C � ��#�U��C T. kok-saghyz   7��C:� ������ ���� (+30–35:`) $��C  ������� C� 7:��{�-
�C# �� :������� "x����C. c����: ���:, x�:   "��: C#B 7:�C � ��#�U� T. kok-saghyz  �� :$���U�B 7:x-
 � «`������» �� "B:�C�C �� ����C� 7:�:�, �:!�� ��� ��#�U� �� �:�Q:!�"���  «P���:», ����:��# �� 
7:�C , 7:�����C�� ��"��:�xC ��C � ������ ����, "B:�C�C �� ����C� 7:�:�, �: ���� �C���#  ���B��C 
C 7:��� 7:�C���C# ���7����"��  �: � ��!����C�: ��C (�C�. 7). 
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a                                  b 

\C�"�:� 7. `�#�U� T. kok-saghyz    7��C:�  �B:�� C�  �����!: 7:�:#,    "��: C#B :�����:!: !�"��� :$���U� 7:x-
 � «`������» (�)  C �� �:�Q:!�"��� «P���:» (b). A:���:� ���#U ��� C�C# ��#�U� . A:������:� �:��:#�C�  !�-

�����C �:� ������ :������:� 

��/
��	�	 5.  _� :$����B 7:x � 7���!:��:� �:�� !. K�����  �B:����� ���#� (5–6 %) C ��� C�C� 
��#�U�  T. kok-saghyz ������ �C��C�. R�#  :����� ��C# T. kok-saghyz   7���!:��:� �:�� !. K����� 
��:$B:�C�: C�7:���: ��C� "�:$���C� 7:��:���C (�:�Q#��� ��$����C). T�� "�:$���C� 7:��:���C 
������ �:�-��!��� �� :$���U�B 7:x � 7���!:��:� �:�� �� 7�:������� (�C�. 8) C ��#�U� �� ��� C �-
���#. 

 

 
a                                   b 

\C�"�:� 8. O�:������C� ���#� T. kok-saghyz �� :$���U�B 7:x �: in situ 7:7"�#UCC «`:���:� :���:»: (a) C 7���-
!:��:� �:�� !:�:��  K����� (b) �� 9-� �"��C 7:��� �� �. A:������:� �:��:#�C� � ��C����� :�:$C,  �B:�� 

\��"������ C�����: ��C� 7��C:�:   :��:!����� T. kok-saghyz  �� :$���U�B  in situ / ex situ  7:x  C 
�� �:����x���CB �:Q:!�"���B 7������ ����   ��$�CU� 2. 
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e � $ � C U �  2  

@���,4� ,2+,8�2�|*  ���2I�- T. kok-saghyz  2* ,G�*|I*< �,�-  in situ  �,�)0�I�?, 2* ,G�*|I*< �,�- 
)�*�+1,-  ex situ � 2* 1,((�����1�< )2�-���*0­2�< +,�J,8�)2+*< 

y��:!����Cx���:� 
�:��:#�C� 

y$���U� 7:x �  in situ  7:7"�#UC� G:����x���C� �:�Q:-
!�"�� 

y$���U� 7:x � "x����:  
  "��: C#B ex situ, 7���-

!:��:� �:�� K����� 
«e"��:��», 
(43,132 N, 
79,5924 X 

 ��:�� 
1927 � 

«`������»,
42,554 N, 
79,3711 E 

 ��:�� 
1854 � 

«G�!���», 
43,132 N, 
79,1339 E 

 ��:�� 
1837 � 

«P���:»
 
 

«T:!�����» 43,15241N, 
76,5543 
 ��:�� 
920 � 

 

43,17380N, 
76,42267 E. 

 ��:�� 
718 � 

O��C:�� :��:!����� ��#�U� , ���#U� 
Å ��C����� 3 3 3 2 1 1 1 
�����"���� 4 4 4 4 `�#�U� 

!C$�"� 
`�#�U� 
!C$�"� 

`�#�U� 
!C$�"� 

AC�!C������� 5 5 5 5    
Z:�:���  
!������C ��� 

6 6 6 6    

`�����-
!������C ��� 

7-8 7-8 7-8 7-8    

`�����  
!������C ��� 

y��"��� "�� -//- -//- -//-    

`"$���C����� y��"��� "�� -//- -//- -//-    
 

A "��: C#B ��7�CU� �� :$���U�B 7:x  in situ 7:7"�#UC�  «`:���:� :���:»  (�������"!�C�C���� 
�:��� ), «`������» (�#���:-�"!�C�C���� �:��� ) C «G�!���» (�#���:-�"!�C�C���� �:��� ) ��#�U� 
7�:B:�#�  �� Q��� :��:!����� :� � C�C���:!: �: !������C �:!: �:��:#�C#, U ����C#, �:�:��� !���-
���C ��� (6 ���#U ��� C�C#) C ������-!������C ��� (7–8 ���#U ��� C�C#) :�:$C. `�#�U� �� �:�Q:-
!�"��� «P���:» �:��C!��� ��B �� :��:!����Cx���CB �:��:#�C�, x�: C �� :$���U�B 7:x  in situ 
7:7"�#UC�, �: � 7#�:!: ���#U� ��� C�C# ( ��!C�����:� �:��:#�C�) x���� ��#�U�  !C$���. 

`�#�U� �� �:�Q:!�"��� «T:!�����» ���C ��� ��� C ����#   7�� �� ���#U   ��� ���CC � ��#�-
U��C �� :$���U�B 7:x  in situ 7:7"�#UC�. _: " �� ��  �:�:� ���#U ��� C�C# $:��8�# x���� ��#�U�  
(� ��C����B :�:$��) �� �:�Q:!�"��� «T:!�����» !C$���. c��:�xC :��� � ���� (+35°`)    "��: C#B 
7:�C �   �8� " ��#�U�  �� :$���U�B 7:x  in situ 7:7"�#UC�   ��� ���CC ��#�U��C �:�Q:!�"��� «P��-
�:». 

_� :$���U�B 7:x  ex situ "x����:  7���!:��:� �:�� K����� ������ 7�:������� :x��� ���$: C 
x���� ���#U ��#�U� !C$�"�. \��"������ C�����: ��C� ����:#{�� ��$:�� 7:�����C, x�: ��#   :�����-
 ��C# T. kok-saghyz   7���!:��:� �:�� !. K����� 7�#�:� 7:��  ���#�   :������� !�"�� �� bQQ���C-
 ��, ������ �� 7�:�������, ����"�� C�7:���: ��� ��������� �7:�:$ �����:���C# T. kok-saghyz. e: 
���� ������ T. kok-saghyz ����"�� 7�:��{C ��� �� �:�Q#��B ��$�����B, � "B���#x�"� ������" 7���-
�:�C��   :������� !�"��. R�#  �:��� C ��� C�C# T. kok-saghyz �� 7:x � 7���!:��:� �:�� K����� ��-
:$B:�C�: "�:$���C� 7:��:���C, �:�:�:�  �:�#� ��� �:��: $�C�� � �:��#� �� !�"$C�" ����!��C# 
:��: �:�  ����� CB. O:��:���C — b�: "�:$���C#,   �:�C���    ����C� 7��C:� ��� C�C# �:�-��!���, 
�:!�� �!: �:��� �# �C����� ���$: ��� C�� C �� �:��� C�7:���: ���  !�"$:�: ��������:!: :��: �:!: 
"�:$���C# [16]. \:�� "�:$���C# 7:��:���C bQQ���C �:  �7:��#�� �:�Q#��� ��$����C. R�# 7: �-
8��C# "��:�xC :��C C 7�:�"��C �:��C C���:�"UC�: ���:!: T. kok-saghyz   �:���  "�:$���C# 7:�-
�:���C  ����"��  ���xC�� �:�7:����� ������ ���:�  7:x ���:� ����� :$C���C# b�:!: b����Cx�:!: 
 C��.  

0����<���� 

A7�� �� 7�:���:����C�: ��: �"x8�� ��� C�C� ��#�U�  b����Cx�:!:  C�� T. kok-saghyz �� :$-
���U�B 7:x  in situ 7:7"�#UC� «G�!���», «`������», «`:���:� :���:»   ��� ���CC � 8C�:�: C�7:��-
�"����C �:����x���C�C "�C ���������C �:�Q:!�"����C «T:!�����» C «P���:». O:��  ���#� �
�-
��"�/�   :$���U� ex situ 7:x � 7���!:��:� �:�� !.K����� �� bQQ���C ��,  �B:�����  ���#� ������ 
�C���# C ��#�U� �� ��� C ����#. `���"�� 7�: ���C �������:� C�����: ��C� �:��� � 7:x  in situ 7:7"-
�#UC� T. kok-saghyz. `7�UC����: ��# C���:�"UC�: ���:!: T. kok-saghyz ��:$B:�C�: �����$:���� 
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"�:$���C� � �:$� ���C �:�7:����:  7:x  in situ 7:7"�#UC�  b�:!: b����Cx�:!:  C�� ������C�. ��-
7:���: ��C� b�:!: «�7�UC����:!:» "�:$���C# :$��7�xC� 7: �8��C� 7�:�"��C �:��C C "��:�xC :��C 
C���:�"U�: ���:!: T. kok-saghyz. 
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F.\. W��"�C� 

«/}|4� 1P0», « *��B*|», «9�8�2» �,�)0�I��0*��2�F 
in situ +,���*~ �08E0��E2� 1P1-�*D�| (Taraxacum kok-saghyz L. E. Rodin)  

+}~�(�2�F P2)E B�2� 1P'�++��E2EF 4*()�  

z�����"��w ��w������9�. GY�-��9�� (Taraxacum kok-saghyz L. E. Rodin) — e#��-���� ��" ������ 
�w9��������w b����C!�. T. kok–saghyz — �Y���9�� 7�� C�"�C���w �Y�� ������� X"�:7���w, `:������� 
K���C����w, K�C#��w $������� ��������w �:w����� ����9���� Y���" �8�� 7���7���C ��� 
�"��8��"�8���� ��������� ������� ��w���� �����9��. ZV���� ������, T. kok-saghyz ex situ 
��9������� �����9� ��!��!�� ����� :�� b����C����� �����w Y���8�w��!� �C� �Y��������. @]�����w 
�������. T. kok-saghyz �]������w Y�"� ��� Y���� ���"�� :��w 7:7"�#UC#������w in situ �:7���� 
��!�������, ex situ "x����������w �:7���� ��!������� �V�� �:����UC#��� V�$�$�7 8������� 
�:7���������� ������������ ������"��� ���!��". z�����"��� ������� ��9������� ���!������. 
z�����" �V�C������� «T:!�����» �V�� «P���:» �C#��� ��w���� �:���������� �:����UC#��� V�$�$�7 
8������� �:7����������� ��������9���� «e]��� �Y�», «`������», «G�!��» 7:7"�#UC#������w 
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in situ �:7���� ��!�������� T. kok-saghyz �Y8��������w ����������� ����� ���"� �Y��������. K����� 
��������w ��" $Y��������!� ����9���w �:7���� ��!������� T. kok-saghyz �]����� ��$" �C���� ����, 
�]�����w Y�!�8��!� Y�� �Y��� �V�� �Y8����� ���������. F:�������. y�� ������"�����w 
�V�C������ T. kok-saghyz. 7:7"�#UC#������w in situ �:7���� �]���� $:���8� �!���-��!����� 
������"��� ���!��"��w ��!�������� $:��7 ��$�����. T. kok-saghyz 7:7"�#UC#������w in situ �:7���� 
�:�7:����������w �:�7����� $�� ��w�����8�� ������ ��!����!�� T. kok-saghyz �8�� V�����" �����. 
T]� «������» ��w�����8�� �:����" ��!����!�� T. kok-saghyz Y�������!� ��� �]�������9�� 
���������.  

�Q�	 �@/���: T. kok-saghyz, �]�����w Y�"�, �Y8�������w ���"�, 7:7"�#UC#�����w in situ �:7���9�. 

 
 

K.R. Uteulin 

Seed germination and development of seedlings of rubber dandelion kok-saghyz 
(Taraxacum kok-saghyz L.E. Rodin) on in situ soil samples of populations:  

“Salt Lake”, “Saryzhaz”, “Kegen” 

Dandelion kok-saghyz (Taraxacum kok-saghyz L.E. Rodin) is endemic to the intermountain valleys of the 
Tien Shan. T. kok–saghyz – as a source of rubber and inulin is generally recognized as a promising crop for 
cultivation in the temperate zone of a number of countries in Europe, North America, Asia. The problem is 
that when T. kok–saghyz is introduced into culture in ex situ conditions, the viability of this endemic species 
often decreases.  

The purpose of the work. To conduct comparative studies of seed germination and development of T. kok-
saghyz seedlings on soil samples of its in situ populations, on soil samples of ex situ sites and on commercial 
universal peat soils. The research was carried out in a greenhouse.  

Research results. For the first time, significantly better development of T. kok-saghyz seedlings was shown on 
in situ soil samples of the populations “Kegen”, “Saryzhaz”, “Salt Lake” in comparison with the widely used 
commercial universal peat soils “Bogatyr” and “F�sco”. Sowing T. kok-saghyz seeds in soil samples of the 
foothill zone of Almaty is not effective, seed germination is extremely low and seedlings do not develop.  

Conclusions. The results of these studies serve as a justification for conducting detailed studies of the compo-
sition of soils in situ populations of T. kok-saghyz. It is necessary to develop a fertilizer with additives of soil 
components in situ populations of T. kok-saghyz specifically for the introduced T. kok-saghyz. The use of this 
“special” fertilizer will ensure an increase in the productivity and stability of the introduced T. kok-saghyz.  

Keywords: T. kok-saghyz, seed germination, seedling development, soils in situ populations. 
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Clinical and laboratory assessment of hormonal and metabolic disorders in 
experimental animals with alloxan, streptozotocin and dithizone diabetes 

The basic place in experimental diabetology is engaged by chemical models of diabetes. In these patterns, 	-
cells in pancreatic islet tissue are selectively targeted by diverse agents. Pathogenetic mechanisms of hormo-
nal and metabolic disorders in animals were studied on models of alloxan, streptozotocin and dithizone diabe-
tes. The experiment was carried out on male Wistar rats. Three models of experimental diabetes were created. 
The groups were equal in terms of observation time (6, 12, 24 months) and number. A complex of laboratory-
biochemical methods of lipid and protein metabolism was consumed. Serum enzymes were also determined. 
The level of glycemia in the studied animals after the introduction of alloxan and streptozotocin ranged from 
13.4 to 18.6 mmol/l, glucosuria, polydipsia, polyphagia were observed. A significant (p<0.01) increase in 
glycemia by 3.10 times, glycated hemoglobin - by 3.16 times, a decrease (p<0.01) of IRI - by 3.76 times and 
C-peptide - by 2.05 times in animals with streptozotocin diabetes compared with intact animals. Serious lipid 
metabolism disorders were discovered in alloxan, streptozotocin, and especially dithizone diabetes (24 
months of follow-up). This was manifested in a significant (p<0.01) increase in the level of triglycerides - by 
1.66 times, atherogenic index (p<0.01) - by 4.43 times and a decrease (p<0.05) in the level of HDL - by 1 43 
times compared with the intact CI3 group, as well as an increase in FFA, TCH, LDL, VLDL. In animals with 
alloxan and dithizone diabetes, the functional activity of the pituitary gland was lessened (the level of growth 
hormone and CTH (p<0.01), the adrenal cortex and pancreatic �-cells (p<0.01), the activity of the 
sympathoadrenal system was enlarged, which was reaffirmed by a significant (p<0.01) by an increase in the 
level of adrenaline, noradrenaline - by 1.42 times. An above pronounced suppression of the endocrine glands 
was observed in animals with streptozotocin diabetes. 

Keywords: models of experimental alloxan, streptozotocin and dithizone diabetes; glycated hemoglobin, C-peptide, in-
dicators of lipid and protein metabolism, indicators of corticotropic hormone, adrenaline, norepinephrine, cortisol, free 
hydrocortisone; glucagon, insulin. 

 

Introduction 

Research in recent decades has shown a marked rise in the incidence of diabetes mellitus. 80-90% are 
patients with diabetes mellitus type 2 [1-3], and therefore, this medical problem is of excellent social and 
economic importance, and also increases the workload of general practitioners in the Republic of Kazakh-
stan [4]. 

However, there is still no consensus on which of the listed factors (insulin resistance or defective 	-cell 
function) is primary. Hyperglycemia itself can be the reason of both insulin resistance and 	-cell failure. 
Studies [5, 6] assert the multifactorial etiology of type 2 diabetes mellitus and the considerable role of non-
genetic (external) factors in the development of diabetes, for example, eating disorders [7]. According to the 
literature data [8], the main place in experimental diabetology was occupied by chemical models of diabetes, 
in which 	-cells of the islet tissue of the pancreas were selectively affected by various agents. The advantage 
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of these models lays in the preservation of the excretory function of the pancreas and in the absence of surgi-
cal traumatization of animals [9-11]. 

Alloxan and streptozotocin diabetes are the most widely used chemical models of experimental diabetes 
mellitus. Their benefit lies in the relative ease of reproduction, high selectivity of effects on 	-cells, low tox-
icity of the diabetogenic doses of drugs used, the possibility of obtaining diabetes of varying severity and 
continuation in almost all animal species, including small laboratory animals. This makes it probable to man-
age research on a high amount of material [12-14]. 

The pathogenesis of dithizone diabetes was studied in some detail. Dithizone, which is chemically 
diphenylthiocarbazone, combines with zinc in the pancreatic islets 2-5 minutes after administration. The re-
sulting zinc dithizonate breaks 	-cells, causing insufficiency of the insular apparatus. Dithizone in 
diabetogenic doses does not have a direct toxic effect on the body of rabbits. Parenchymal dystrophy of the 
liver, kidneys, lungs and heart, as well as the initial signs of fibrosis of these organs, were found in the 
chronic course of the disease, as a result of diabetic and toxic effects of heavy metal salts, defiant to metabol-
ic disturbance [15-24]. 

Of specific interest is the pathology of the endocrine organs. Inspection of the adenohypophysis in 
alloxan diabetes revealed dystrophy with degranulation of the cytoplasm of basophils, necrosis of individual 
cells, and further development of hyalinosis and cystic degeneration. The weight of the pituitary gland de-
creased. The content of growth hormone in it did not vary with newly developed diabetes, and decreased 
with chronic diabetes. Sharp hyperemia and dystrophic changes in cells were noted in the adrenal glands in 
acute forms of alloxan diabetes. A magnification in the total weight of the adrenal glands with a sharp expan-
sion of the fascicular zone and narrowing of the glomerular zone was revealed in chronic diabetes lasting 
more than a year. Foci of destruction were often discovered in the fascicular and reticular zones, necrosis of 
individual cells – in the cerebral. These changes were accompanied by an increase in the production of ster-
oids and a decrease in the content of ascorbic acid [25, 26]. The expressiveness of the described changes, as 
well as a decrease in the content of adrenaline in organs and tissues, were directly dependent on the severity 
of insular insufficiency [27, 28]. 

The goal: to carry out a comparative analysis of hormonal and metabolic disorders in animals on mod-
els of alloxan, streptozotocin and dithizone diabetes, depending on the observation period. 

Experimental 

Three models of experimental diabetes were constructed on 450 male Wistar rats in a chronic experi-
ment – alloxan A (35 mg/kg), streptozotocin S (30 mg/kg) and dithizone D (32 mg/kg), identical in terms of 
observation periods (6, 12, 24 months) and number (50 individuals in each subgroup). Animals were shared 
into subgroups A1 (6 months), A2 (12 months), A3 (24 months); S1 (6 months), S2 (12 months), S3 (24 
months); D1 (6 months), D2 (12 months), D3 (24 months). Intact animals of the same age groups served as 
control: 30 individuals in each subgroup – CI1 (6 months), CI2 (12 months), and CI3 (24 months). Mainte-
nance, nutrition, skin care animals during the experiment and after breeding. They were performed in ac-
cordance with international requirements for the protection of animals used for scientific purposes [29, 30]. 
The design of this study was accepted by the Ethical Commission at the Karaganda Medical University (pro-
tocol No. 3 of 07/11/2022). 

The degree of compensation of carbohydrate metabolism was predetermined by the level of glycated 
hemoglobin (HbA1c) in the blood, using a laboratory analyzer DCA-2000 MT (BAYER, Germany). Blood 
was taken from the tail vein to determine metabolic parameters in experimental animals. The concentration 
of C-peptide in the blood serum was defined by the method of immunoluminometric analysis 
“Immunotech” (Czech Republic). A set of laboratory and biochemical methods of lipid and protein metabo-
lism by enzymatic colorimetric methods (CHOD-PAP, GPO-PAP) was carried out on an automatic biochem-
ical analyzer “TARGA-2000” (“BIOTECHNICA INSTRUMENT”, Italy). 

The following blood serum enzymes were measured to assess the functional state of internal organs (ac-
cording to Reitman and Frenkel): aspartate aminotransferase (ACaT), alanine aminotransferase (AlAT), lac-
tate dehydrogenase (LDH) [31, 32]. Indicators of hormone metabolism were determined by ELISA using kits 
from DSL (USA) with subsequent measurement of optical density on a Spectra Classic reader from 
Tecan (Austria). The content of the following hormones was determined: corticotropic hormone (CTH), epi-
nephrine, norepinephrine, cortisol, free hydrocortisone; 17-ketosteroids, 17-hydroxycorticosteroids, gluca-
gon, insulin, growth hormone (GH); thyroid-stimulating hormone (TSH); thyroxine (T4); thyroxine (T3). 
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The received data were processed by the method of variation statistics. The arithmetic mean sam-
ple (M), the standard deviation (�), and the error of the arithmetic mean (m) were determined. Significance 
of differences was assessed by Student's t-test. The relationship of quantitative characteristics was studied by 
the method of correlation analysis. The significance of the linear correlation coefficient (Pearson) and 
rank (Spearman) was checked on the basis of Student's t-test. The correlation coefficient r, which is calculat-
ed in Excel using the fx function, statistical functions, the CORREL function were used to quantify the close-
ness of the connection [33, 34]. 

Results 

The glycemia level of experimental animals after the injection of alloxan and streptozotocin ranged 
from 13.4 to 18.6 mmol/L. In addition, glucosuria, polydipsia, polyphagia were observed in rats, the weight 
of rats decreased by 30-60 g, and then increased to 180–220 g. The state of carbohydrate balance is intro-
duced in Table 1. In animals of all three models, the level of glycemia tended to rise depending on the con-
tinuance of observation, so the level of glucose was higher at 24 months of supervision. Thus, a significant 
increase in the level of glucose in the blood (p<0.01) by 2.72 times was revealed in animals of the A3 group 
compared with CI3. The glycemia index was higher in groups with streptozotocin diabetes than in animals 
with alloxan and dithizone diabetes. Thus, in animals of the S3 group (p<0.01), the glycemia index was in 
3.10 times higher compared to the CI3 group. Glycemic indices in subgroups D1, D2 and D3 were lower 
than in animals with alloxan and streptozotocin diabetes, but significantly high (p<0.05) by 2.38 times com-
pared with CI3 group. 

Immunoreactive insulin (IRI) in intact animals was in the diapason from 4.48 to 4.52 
U/ml, while a 
significant reduction in IRI indicators was revealed (p<0.01) in animals with alloxan diabetes: in A1 group – 
in 1.91 times compared with CI1 group, in A2 – in 2.18 times compared with CI2 group, in A3 – in 2.28 
times compared with CI3 group. The most significantly (p<0.01) IRI values were in animals with 
streptozotocin diabetes, especially in the S3 subgroup – in 3.76 times compared to CI3. In subgroups with 
dithizone diabetes, IRI values were reduced by 6.3% compared with control groups and ranged from 4.28 to 
4.25 
U/ml (Fig. 1). 

 

 

Figure 1. Indicators of IRI and HbA1c in the blood of rats with experimental diabetes (24 months of observation) 

Significantly (p<0.01), the highest levels of glycated hemoglobin were in subgroups S1 and S3 – in 
2.58 and 3.16 times higher compared to CI2 and CI3. This indicator was significantly (p<0.01) in 2.22 times 
higher in groups A1, A2 and A3 than in intact animals. HbA1c was significantly in 2.10 times higher in sub-
groups with dithizone diabetes than in groups CI (p<0.01) (Table 1). 

The level of C-peptide differed in animals of group S3 with streptozotocin diabetes – it was in 2.05 time 
lower in comparison to group CI3. This indicator was in 1.38 time lower in animals of group A3, while the 
level of C-peptide was in 1.02 time higher in subgroup D3 compared to group CI3. A slight increase in the 
content of lactate in the blood of animals was revealed in all models of diabetes by 0.09 mmol/l compared 
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with intact animals. The level of pyruvates was increased in experimental animals by 1.16 times. The Lac-
tate/Pyruvic acid ratio was lower in animals with streptozotocin diabetes, indicating progression of carbohy-
drate metabolism (Fig. 1). 

An increase in all parameters of lipid metabolism in rats with various models of diabetes was revealed 
with enlarge in the observation period (24 months) in groups A3, S3, D3, and CI3 (Table 2). A rise increase 
in the level of FFA by 1.38 time was registered in group S3 compared to group CI3. The level of FFA in 
group D3 was increased by 1.23 time; in group A3 – by 1.26 time compared with the intact CI3 group. 

T a b l e  1  

Indicators of carbohydrate metabolism in the blood of rats with experimental diabetes 

 

Index 
Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control 

K1 
(n=50) 

K2 
(n=50) 

K3 
(n=50) 

S1 
(n=50) 

S2 
(n=50) 

S3 
(n=50) 

D1 
(n=50) 

D2 
(n=50) 

D3 
(n=50) 

CI1 
(n=30) 

CI2 
(n=30) 

CI3 
(n=30) 

Glucose, 
mol/l 

11,75± 
0,58 

11,3± 
0,55 

12,8± 
0,53++ 

12,4± 
0,61 

13,1± 
0,59 

14,6± 
0,57++ 

9,5± 
0,56 

10,4± 
0,55 

11,2± 
0,51+ 

4,2± 
0,04 

4,5± 
0,04 

4,7± 
0,04 

IRI, 
mcU/ml 

2,36± 
0,12** 

2,05± 
0,10°° 

1,98± 
0,10++ 

1,73± 
0,08** 

1,48± 
0,07°° 

1,2± 
0,06++ 

4,28± 
0,11 

4,27± 
0,14 

4,25± 
0,12 

4,51± 
0,04 

4,48± 
0,04 

4,52± 
0,04 

C-
peptide, 
pmol/l 

246,2± 
17,3 

244,4± 
17,2 

247,4± 
16,4 

187,5± 
15,3 

178,4±
16,8 

165,8±
12,7 

347,3±
14,4 

348,4±
13,2 

350,0± 
17,3 

339,4± 
16,4 

340,2±
15,1 

341,5±
14,9 

HbA1c, % 10,35± 
0,12* 

10,44± 
0,14° 

10,36± 
0,11+ 

12,02± 
0,22** 

11,84±
0,23°° 

14,78±
0,25++ 

9,77± 
0,12** 

9,75± 
0,15°° 

9,79± 
0,14++ 

4,86± 
0,12 B 

4,88± 
0,13B 

4,65± 
0,14 B 

Lactate, 
mmol/l 

1,45± 
0,07 

1,48± 
0,07 

1,51± 
0,07 

1,47± 
0,07 

1,49± 
0,07 

1,52± 
0,07 

1,44± 
0,07 

1,47± 
0,07 

1,50± 
0,07 

1,42± 
0,01 

1,43± 
0,01 

1,41± 
0,01 

Pyruvic 
acid, 
μmol/l 

58,3± 
2,86 

61,3± 
3,00 

64,0± 
3,14 

59,6± 
2,92 

63,4± 
3,11 

66,9± 
3,28 

58,8± 
2,88 

61,4± 
3,01 

64,2± 
3,15 

57,4± 
0,52 

57,2± 
0,51 

57,6± 
0,52 

Lactate/ 
Pyruvic 
acid 

0,024 0,024 0,023 0,024 0,023 0,022 0,024 0,023 0,023 0,024 0,025 0,024 

Note - **p<0.01; * p<0.05 compared to similar indicators in control group CI1; °°p<0.01; °p<0.05 compared to control group 
CI2; ++ p<0.01; + p<0.05 compared to control group CI3 

T a b l e  2  

Indicators of lipid and protein metabolism in the blood of rats with experimental diabetes 

Index 

Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control 
K1 
(n=50
) 

K2 
(n=50) 

K3  
(n=50) 

S1 
(n=50) 

S2 
(n=50)

S3 
(n=50) 

D1 
(n=50)

D2 
(n=50) 

D3 
(n=50) 

CI1 
(n=30) 

CI2 
(n=30) 

CI3 
(n=30)

FFA, μmol/l 0,43± 
0,02 

0,49± 
0,02 

0,53± 
0,03 

0,44± 
0,02 

0,51± 
0,02 

0,58± 
0,03 

0,45± 
0,02 

0,49± 
0,02 

0,52± 
0,03 

0,40± 
0,004 

0,41± 
0,004 

0,42± 
0,004 

Total 
cholesterol, 
mg/dl 

213,6
± 
9,78 

215,3± 
10,01 

219,2± 
10,10 

215,3± 
9,91 

219,4±
10,26 

221,3± 
10,35 

223,3±
9,77 

229,8± 
9,92 

231,6± 
10,03 

196,2± 
1,78 

197,4± 
1,79 

199,8±
1,79 

TG, mg/dl 137,3
± 
1,82*
* 

141,2± 
0,96°° 

148,6± 
0,17++ 

144,2± 
1,87* 

158,0±
0,11°° 

158,5± 
0,61++ 

152,8±
0,89**

159,1± 
0,14°° 

162,3± 
0,15++ 

97,4± 
0,88 

98,3± 
0,88 

97,6± 
0,88 

HDL 
cholesterol, 
mg/dl 

44,4± 
2,32 

42,2± 
2,21 

40,1± 
2,11+ 

39,6± 
2,28 

37,3± 
2,17 

32,5± 
2,08+ 

45,1± 
2,36 

43,4± 
2,22 

41,3± 
2,12+ 

59,4± 
0,44 

58,8± 
0,44 

59,1± 
0,44 

LDL-
cholesterol, 
mg/dl 

162,2
± 
0,87 

164,3± 
7,07* 

171,5± 
7,28+ 

171,1± 
6,91* 

175,3±
7,12° 

179,2± 
7,31+ 

160,6±
6,89 

163,4± 
7,03 

167,5± 
7,23+ 

138,2± 
1,24 

139,1± 
1,25 

138,8±
1,25 

VLDL 
cholesterol, 

22,4± 
1,00 

23,6± 
1,16 

25,7± 
1,26+ 

25,6± 
1,01 

28,9± 
1,17° 

29,9± 
1,27++ 

22,1± 
1,03 

24,3± 
1,19° 

26,2± 
1,28+ 

19,3± 
0,17 

19,5± 
0,18 

19,8± 
0,18 
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mg/dl 
Atherogenic 
index 

3,6± 
0,15*
** 

3,8± 
0,17°°°

3,9± 
0,19++ 

3,7± 
0,16** 

3,8± 
0,18°°°

3,9± 
0,19++ 

3,5± 
0,16**

3,7± 
0,18°°° 

3,9± 
0,19+++ 

0,89± 
0,02 

0,92± 
0,02 

0,88± 
0,02 

Apo K-1, 
mg/dl 

140,1
± 
6,96 

138,4± 
6,93 

136,2± 
6,87 

136,3± 
6,92 

131,2±
6,82 

128,4± 
6,78 

141,8±
6,95* 

137,6± 
6,89 

135,5± 
6,84 

142,3± 
1,28 

143,1± 
1,29 

143,3±
1,29 

Apo B, mg/dl 118,2
± 
5,1 

122,5± 
5,2 

129,4± 
4,9 

120,8± 
5,2 

129,4±
4,7 

132,6± 
6,1 

118,8±
5,6 

118,4± 
5,1 

124,1± 
5,6 

115,4 
±1,04 

116,3± 
1,05 

116,8±
1,05 

Total protein, 
mmol/l 

67,3± 
3,30 

66,2± 
3,24 

65,8± 
3,22 

67,1± 
3,29 

65,4± 
3,20 

65,2± 
3,19 

67,0± 
3,28 

65,5± 
3,21 

65,3± 
3,20 

69,3± 
0,62 

68,8± 
0,62 

68,7± 
0,62 

Albumin, 
mmol/l 

46,9± 
2,30 

46,4± 
2,27 

45,8± 
2,24 

46,3± 
2,27 

44,3± 
2,17 

43,2± 
2,12 

45,5± 
2,23 

45,1± 
2,21 

44,8± 
2,20 

48,3± 
0,43 

48,5± 
0,44 

48,8± 
0,44 

AST, nmol/s.l 17,5± 
0,86 

17,4± 
0,85 

17,8± 
0,87 

17,9± 
0,88 

18,0± 
0,88 

18,3± 
0,90 

17,7± 
0,87 

17,9± 
0,88 

18,0± 
0,88 

17,2± 
0,15 

17,4± 
0,16 

17,5± 
0,16 

ALT, nmol/s.l 16,4± 
0,80 

16,5± 
0,81 

16,8± 
0,82 

16,7± 
0,82 

17,1± 
0,84 

17,3± 
0,85 

16,8± 
0,82 

17,0± 
0,83 

17,2± 
0,84 

16,4± 
0,15 

16,2± 
0,15 

16,0± 
0,14 

Note - ***p<0.001; **p<0.01; * p<0.05 compared to similar indicators in the control group CI1; °°°p<0.001; °°p<0.01; °p<0.05 
compared to control group CI2; +++ p<0.001; ++ p<0.01; + p<0.05 compared to control group CI3 

 
Similehe level of total cholesterol in intact animals (196.2 – 199.8 mg/dl) and in groups with alloxan 

and streptozotocin diabetes, a slight increase in this indicator to 221.3 mg/dl was determined. The total cho-
lesterol index increased by 1.16 times in animals of group D3 in comparison with group CI3. A significant 
difference in the level of triglycerides in animals with experimental diabetes from that of intact animals was 
revealed. Thus, the level of triglycerides in subgroup A3 (p<0.01) was in 1.49 times higher compared to 
group CI3. The level of triglycerides in animals of group S3 (p<0.01) was in 1.59 times higher; and this in-
dex was in 1.66 time higher in group D3 (p<0.01) in comparison with the control group CI3. 

A reliable (p<0.05) decrease in HDL content was noted in experimental animals of group A3 – in 1.47 
time, in group S3 – in 1.81 time, in group D3 – in 1.43 time compared with group CI3. 

The level of LDL-cholesterol in animals of groups A2 and A3 was significantly (p<0.05) increased by 
1.20 and 1.23 times, respectively, compared with groups CI2 and CI3. Animals with streptozotocin diabetes 
showed an increase in LDL-cholesterol by 1.23-1.29 time (p<0.05), in animals of the D3 group – by 1.21 
time in comparison with CI3 (p<0.05). 

The identical characteristic dynamics was observed in the indicator of VLDL-cholesterol. In animals of 
the A3 group, this indicator was 1.29 times significantly (p<0.05) higher than in the CI3 group. A significant 
(p<0.05) increase in VLDL cholester-l was detected in animals with streptozotocin diabetes (groups C2 and 
C3) by 1.45 and 1.51 times, respectively, compared with CI2 and CI3 groups. A significant increase in this 
indicator was found only in animals with dithizone diabetes of groups D2 and D3 (p<0.05) – by 1.24 and 
1.32 times compared with CI2 and CI3 groups. 

The atherogenic index in intact animals was in the range of 0.88-0.92, while in animals of groups A3, 
S3 and D3 this indicator was significantly (p<0.001) higher by 4.43 times. 

Sufficiently high background levels of Apo A-l (142.3 mg/dl, 143.1 and 143.3 mg/dl) and low levels of 
Apo B (115.4, 116.3 and 116.8 mg/dl) were noted in animals of control groups CI1, CI2 and CI3. Comparing 
these values with group A3, it is seen that the level of Apo A-1 decreased to 136.2 mg/dl, and the level of 
Apo B increased to 129.4 mg/dl. Apo A-1 levels decreased to 128.4 mg/dl in animals of subgroup S3, while 
Apo B level increased to 132.6 mg/dl. The level of Apo A-1 was 135.5 mg/dl in animals of subgroup D3, the 
level of Apo B was 124.1 mg/dl (Table 2). 

A negligible decrease in total protein values, depending on the raise in the observation period, was 
found in experimental animals with different models of diabetes in groups A3, S3 and D3. A slight increase 
in AST and ALT was registered in animals with streptozotocin and dithizone diabetes. 

A decline in the level of hormones, depending on the increase in the observation period, was found in 
experimental animals. Thus, the level of CTH in the blood of animals with alloxan diabetes subsidenced in 
animals of group A1 to 37.1 pM/l, in animals of group A2 – to 36.7 pM/l, in animals of group A3 – to 35.4 
pM/l. A decrease in the level of corticotropin in the blood was noted in animals with dithizone diabetes of 
group D1 – up to 37.6 nm/l, group D2 – up to 36.9 nm/l, group D3 – up to 36.2 nm/l. Whereas in animals 
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with streptozotocin diabetes, ACTH values were minimal compared to animals with alloxan and dithizone 
diabetes and ranged from 35.3 to 32.2 pM/l (Table 3). 

The level of adrenaline in the blood of the control groups was 2.14-2.16 nM/l, while this index in all 
experimental animals was significantly high (p<0.01). Thus, adrenaline decreased from 5.43 to 3.12 nm/l 
(A3 is 1.45 times higher than CI3) in animals of the groups with alloxan diabetes. The level of adrenaline in 
animals with streptozotocin diabetes decreased from 5.31 to 3.07 (1.42 times more compared to CI3). The 
level of adrenaline in animals with dithizone diabetes decreased from 5.37 to 3.03 (1.4 times more than CI3). 

Analogous dynamics was noted in the study of the level of norepinephrine. Thus, low rates at 24 
months of observation were established in groups of animals A3, S3 and D3. Whereas the level of norepi-
nephrine was significantly (p<0.05) high at 6 and 12 months of observation. Thus, this indicator increased in 
animals of subgroup A2 by 1.86 times, in animals of subgroup S2 – by 1.85 times, in animals of subgroup 
D2 – by 1.80 times compared with group CI2. 

Cortisol levels in animals of control groups (18.4-18.6 μM/l) were compared. Thus, cortisol level was 
18.2 μM/L in animals with alloxan diabetes at 6 months of observation. This decreased to 15.8 μM/l (A2) 
after 12 months of follow-up and recovered to 17.3 μM/l after 24 months of follow-up (A3). The cortisol 
level tended to decrease as the observation period increased in animals with streptozotocin (14.5; 13.3; 12.4 

M/l) and dithizone (18.1; 17.4; 15.5 
M/l) experimental diabetes. The synthesis of cortisol was reduced by 
1.5 times in the animals of group S3 compared to group CI3. 

T a b l e  3  

Indicators of blood hormones in rats with experimental diabetes 

Index 
Alloxan diabetes Streptozotocin diabetes Dithizone diabetes Control 

K1 
(n=50) 

K2 
(n=50) 

K3  
(n=50) 

S1 
(n=50) 

S2 
(n=50) 

S3 
(n=50) 

D1 
(n=50) 

D2 
(n=50) 

D3 
(n=50) 

CI1 
(n=30) 

CI2 
(n=30) 

CI3 
(n=30) 

ACTH, 
pM/l 

37,1 ± 
1,3 

36,7 ± 
1,7 

35,4 ± 
1,3 

35,3 ± 
1,6 

33,7 ± 
1,5 

32,2 ± 
1,4 

37,6 ± 
1,8 

36,9 ± 
1,3 

36,2 ± 
1,6 

37,4 ± 
0,3 

38,2 ± 
0,2 

37,9 ± 
0,3 

Adrenali
ne, nM/l 

5,43 ± 
2,4*** 

4,88 ± 
0,22°°° 

3,12 ± 
0,15++ 

5,31 ± 
0,23** 

4,59 ± 
0,22°° 

3,07 ± 
0,12 

5,37 ± 
0,23** 

4,61 ± 
0,19°°° 

3,03 ± 
0,13++ 

2,14 ± 
0,02 

2,16 ± 
0,01 

2,15 ± 
0,02 

Norepine
phrine, 
nM/l 

4,15 
±2,05* 

3,88 ± 
0,12° 

2,52 ± 
0,11+ 

4,03 ± 
0,19* 

3,86 ± 
0,17° 

2,92 ± 
0,13 

4,08 ± 
0,18* 

3,76 ± 
0,15° 

2,66 ± 
0,12+ 

1,92 ± 
0,02 

2,08 ± 
0,02 

2,11 ± 
0,02 

Cortisol, 
μM/l 

18,2 ± 
0,88 

15,8 ± 
0,75 

17,3 ± 
0,7 

14,5 ± 
0,8 

13,3 ± 
0,7 

12,4 ± 
0,6 

18,1 ± 
0,87 

17,4 ± 
0,81 

15,5 ± 
0,6 

18,6 ± 
0,2 

18,5 ± 
0,2 

18,4 ± 
0,15 

Glucago
n, ng/ml 

23,3 ± 
1,4 

22,5 ± 
1,3 

21,3 ± 
1,2+ 

20,1 ± 
1,3 

17,2 ± 
1,2 

16,9 ± 
1,1+ 

24,1 ± 
1,4 

22,4 ± 
1,3 

20,6 ± 
1,1 

26,41 ± 
0,2 

26,39 ± 
0,3 

26,42 ± 
0,2 

STH, 
ng/ml 

1,48 ± 
0, 06** 

2,32 ± 
0,11°° 

3,07 ± 
0,14++ 

1,21 ± 
0,04** 

1,96 ± 
0,08°° 

2,14 ± 
0,08++ 

1,98 ± 
0,09** 

2,65 ± 
0,12°° 

3,14 ± 
0,14+++ 

5,5 ± 
0,05 

5,3 ± 
0,05 

5,2 ± 
0,04 

TSH, 
mcU/ml 

3,72 ± 
0,11** 

5,76 ± 
0,11°° 

8,79 ± 
0,13++ 

1,16 ± 
0,09** 

1,41 ± 
0,1°° 

1,67 ± 
0,12 

3,55 ± 
0,11 

4,68 ± 
0,13 

5,70 ± 
0,12 

2,25 ± 
0,01 

2,27 ± 
0,02 

2,28 ± 
0,01 

e3, nM/l 7,43 ± 
0,44 

7,02 ± 
0,45 

6,82 ± 
0,43 

6,44 ± 
0,42 

6,56 ± 
0,44°° 

4,73 ± 
0,39++ 

7,32 ± 
0,46 

6,76 ± 
0,38 

6,44 ± 
0,41 

9,24 ± 
0,1 

9,24 ± 
0,09 

9,26 ± 
0,08 

e4,nM/l 132 ± 
7,5 

130 ± 
6,9 

128 ± 
6,2 

118 ± 
6,5 

114 ± 
5,6 

103 ± 
5,7 

131 ± 
6,2 

133 ± 
6,9° 

132 ± 
5,9 

135 ± 
1,5 

134 ± 
1,1 

133 ± 
1,1 

Note - ***-p<0.001; **-p<0.01; *-p<0.05 compared with similar indicators in control group CI1; °°°-p<0.001; °°-p<0.01; °-
p<0.05 compared with group CI2; +++ - p<0.001; ++ - p<0.01; + - p<0.05 compared with control group CI3 
 

The study of the contrainsular hormone (glucagon) in experimental animals showed that the level of 
glucagon was reduced, especially in streptozotocin diabetes in animals of group S3 – significantly (p<0.05) 
in 1.56 times compared with group CI3. A slight decrease was registered in animals with alloxan and 
dithizone diabetes. 

We noted significant differences in the content of growth hormone in animals with experimental diabe-
tes. If in intact animals its level was 5.5-5.2 ng/ml, then as the period of observation of diabetes increased, 
the level of growth hormone increased. So, at 6 months of observation, there were significantly (p<0.01) the 
lowest levels of GH in group A1 (in 3.71 times), S1 (in 4.54 times), D1 (in 2.77 times); A2 (in 2.28 times), 
S2 (in 2.7 times), D3 (in 2.0 times) and A3 (in 1.69 times), S3 (in 2.42 times) and D3 (in 1.56 times) com-
pared with intact animals (Fig. 2). 
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Figure 2. Indices of hormones in the blood of rats with experimental diabetes 

The level of TSH in the blood of animals of groups CI1, CI2 and CI3 was equal to 2.25-2.28 mcU/ml, 
respectively. The level of TSH significantly (p<0.01) increased in animals with alloxan diabetes depending 
on the observation period: in animals of group A1 – in 1.65 times compared with CI1; in animals of group 
A2 – in 2.53 times compared with CI2; in animals of group A3 – in 3.85 times compared with CI3. The TSH 
index decreased in animals with streptozotocin diabetes as the observation period increased in comparison 
with intact animals. Thus, the level of TSH significantly (p<0.01) decreased in 1.93 times in animals of sub-
group S1 compared to the CI1 group; in animals of subgroup S2, the level of TSH decreased (p<0.01) in 1.6 
times compared to group CI2, in animals of subgroup S3 this indicator decreased in 1.36 times compared to 
group CI3. In animals with dithizone diabetes, the TSH index increased as the observation period increased, 
but was lower than in animals with alloxan diabetes. 

The level of T3 in animals with alloxan diabetes was slightly lower compared to intact groups. The lev-
el of T3 hormone in experimental animals decreased as the observation period increased. The lowest level 
was registered in animals with streptozotocin diabetes in subgroups S1 (p<0.01) – in 1.66 times and S2 – in 
1.95 times in comparison with groups CI1 and CI2 (Fig. 2). The level of T4 in control animals in groups `I1, 
`I2 and `I3 was in the range of 133-135 nM/l, but in animals with experimental diabetes it decreased with 
an increase in the observation period. In all animals with experimental models, T4 index was less than in in-
tact animals, but in animals of group S3 it was in 1.3 times less than in group CI3. 

Discussion 

Conclusion, we can assume that the experimental data helped to reveal many aspects of the etiology and 
pathogenesis of the early stages of diabetes mellitus. In animals with alloxan and streptozotocin diabetes in 
the stage of pre-diabetes, latent diabetes and in the early periods of obvious diabetes, a decrease in insulin 
secretion and the development of absolute insulin deficiency were demonstrated. Animals with dithizone 
diabetes develop relative insulin deficiency. Hormonal insulin antagonists can cause both the development of 
diabetes mellitus in animals and the transition of prediabetes and latent diabetes to overt. 

So, in alloxan and streptozotocin models of diabetes, carbohydrate balance disorders identical to pa-
tients with diabetes mellitus type 1 were revealed, and in dithizone diabetes, changes characteristic of pa-
tients with diabetes mellitus type 2 were revealed. In animals with streptozotocin diabetes, a significant 
(p<0.01) raise in glycemia in 3.10 times, glycated hemoglobin in 3.16 times, IRI decrease (p<0.01) in 3.76 
times and C-peptide in 2 .05 times compared with intact animals. 

Whereas, expressed lipid metabolism disorders was detected in alloxan, streptozotocin and, especially, 
dithizone diabetes (after 24 months of observation). It is reflected in a significant (p<0.01) increase of tri-
glycerides levels in 1.66 times, atherogenic index (p< 0.01) – in 4.43 times and a decrease (p<0.05) of HDL 
levels – in 1.43 times compared with intact group CI3, as well as increase in FFA, total cholesterol, LDL, 
VLDL. 

The activity of the sympathoadrenal system was increased in animals with alloxan and dithizone diabe-
tes. It was confirmed by a significant (p<0.01) increase in the level of adrenaline, norepinephrine, as well as 
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a decrease in the functional activity of the pituitary gland (decrease in the level of growth hormone (p<0.01) 
and CTH), adrenal cortex and �-cells of the pancreas. A more pronounced inhibition of the endocrine glands 
was registered in animals with streptozotocin diabetes. 

Conclusions 

To sum up the functional activity of the pituitary gland (growth hormone level and CTH (p<0.01), the 
adrenal cortex and pancreatic �-cells was reduced (p<0.01) in animals with alloxan and dithizone diabetes. 
The activity of the sympathoadrenal system was increased in the indicated animals. These facts were con-
firmed by reliable (p<0.01) increase of the level of adrenaline, norepinephrine in 1.42 times. More expressed 
inhibition of endocrine glands was registered in animals with streptozotocin diabetes. Inhibition of the func-
tional activity of adrenal and thyroid hormones in animals with streptozotocin diabetes leads to depletion of 
the structural and functional reserve. In alloxan and dithizone diabetes, the indicators of adrenal and thyroid 
hormones had a phase character: from the period of 6 months – signs of depression, followed by adaptive 
restructuring and resistance by 12 months and signs of some compensatory activation by 24 months of ob-
servation. 
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a��7��C������� �C�$��:�:!C#�� ��!��!� :����� ���� �C�$�����w BC�C#��� �:�������� �����. T]� �:-
��������� V������ �!������ ]���$��� ����������w �������!� 	-���"8������� ��w������ ����� V��� 
�����. @��"�������9� !:��:����� �V�� ����$:�C����� $]���"�����w 7��:!����C����� 
��B��C������ ���:����, ����7�:�:�:UC� �V�� �C�C�:� ���� �C�$��� �:����������� ���������. eV���C$� 
�8�� AC���� �]������w ����� �!�" �]�������� �:��������. a��7��C������� ���� �C�$�����w �8 
�:���� �������. T�����" �:7������w "����� (6, 12, 24 ��) �V�� ���� $:���8� $����� $:���. 
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[C7C���� ��� ��"�� �����"�� ������"��w ����B������-$C:BC�C#��� V���������w ��8��� �:�������7, 
�����" Q���������� �� ���������. K��:���� ��� ����7�:�:�:UC��� ��!��!����� ����� b��7��C������� 
���"�������9� !�C���C# ��w!��� 13,4-��� 18,6 ��:��/�-!� ����� �"���C��, !���:�"�C#, 7:�C�C7�C#, 
7:�CQ�!C# $�������. `���7�:�:�:UC� ���� �C�$��� $�� ���"������� $�����" �:$��� ����9���� 
!�C���C#��w 3,10 ���, !�C�C����!�� !��:!�:$C���w — 3, 16 ���, IRI — 3, 76 ��� �V�� `–7�7�C���w – 
2,05 ��� (�<0,01) �:9�����"� $�������. K��:����, ����7�:�:�:UC� �V�� V������ �C�C�:� ���� 
�C�$������ �C7C���� �����"���w �"�� $]��������� ��������� (24 ����� $�����"). T]� 
��C!�CU��C���� ��w!�����w 1,66 ���, ����:!������� C��������w (�<0,01) 4,43 ��� �V�� @e[O ��w!�����w 
(�<0,05) C�3 $]�����9�� �:$���� ��������9���� 1,43 ���, �:����–�� ZFF, @�`, ee[O, 
eWe[O����������� (�<0,01) �:9�����"� $�������. K��:���� �V�� �C�C�:� ���� �C�$��� $�� 
���"������� !C7:QC���w Q"��UC:������ $���������!� �Y������� (Y�" !:��:�� ��� GeS ��w!��� 
(�<0,01), $����� ���� $�����w ������� �V�� ]��� $�����w �-���"8����� ( �<0,01), �C�7��:�������C� 
��������w $���������!� �:9��������, $]� �������C�, �:��������C� ��w!���� �:9������" ������ 
(�<0,01) — ����������� 1,42 ���!� ��������. `���7�:�:�:UC� ���� �C�$��� $�� ���"������� �8�� 
�����UC# $��������w �]������w ����� �����"� $�������. 

�Q�	 �@/���: b��7��C������� ���:����, ����7�:�:�:UC� �V�� �C�C�:� ���� �C�$�����w �:��������, 
!�C�C����!�� !��:!�:$C�, `-7�7�C�, �C7C��� �V�� ��"�� �����" �Y������8����, �:��C�:��:7�� 
!:��:�, �������C�, �:��������C�, �:��C�:�, $:� !C��:�:��C�:� �Y������8����, !����!:�, C��"�C�. 
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�:x��� Q�������. c�: ��� !�C���CC " b��7��C���������B �C :���B 7:���   ����C# ���:����� C 
����7�:�:�:UC�� �:��$���# :� 13,4 �: 18,6 ��:��/�, ����x��� !���:�"�C#, 7:�C�C7�C#, 7:�CQ�!C#. c 
�C :���B �: ����7�:�:�:UC�: �� �C�$��:� ��$�����:�� �:��: ���:� (�<0,01) " ��Cx��C� !�C���CC 
  3,10 ����, !�C�C�: ���:!: !��:!�:$C�� —   3,16 ����, ��C���C� (�<0,01)�\� —   3,76 C `-7�7�C�� 
—   2,05 ���� 7: ��� ���C� � C��������C �C :����C. e#����� ���"8��C# �C7C��:!: :$���� $��C 
 �# ���� 7�C ���:����: :�, ����7�:�:�:UC�: :� C :�:$���: �C�C�:�: :� �C�$��� (24 ���#U� ��-
$�����C#). a�:  ����C�:��   ���xC�:� (�<0,01) 7: �8��CC "�: �# ��C!�CU��C�:  —   1,66 ����, C�-
����� ����:!���:��C (�<0,01) —   4,43 C ��C���CC (�<0,05) "�: �# [OAO —   1,43 ���� 7: ��� ���C� 
� C������:� !�"77:� G�z, � ����� :$���"���: " ��Cx��C� `@G, y�`, [O_O, [Oy_O. c �C :���B 
� ���:����: �� C �C�C�:�: �� �C�$��:� $��� ��C���� Q"��UC:������# ���C �:��� !C7:QC�� ("�:-
 ��� !:��:�� �:��� C `eS (�<0,01), �:�� ���7:x�x�C�:  C �-����:� 7:����"�:x�:� ������ (�<0,01), 
7: �8��� ���C �:��� �C�7��:�������: :� �C�����, x�: $��: 7:�� ������: ���xC������� (�<0,01), 
�� �x�� 7: �8��C# "�: �# �������C��, �:��������C�� —   1,42 ����. T:���  �������:� 7:�� ���C� 
��$:�� �����  �"������� �����UCC :���x��: " �C :���B �: ����7�:�:�:UC�: �� �C�$��:�. 

���<�$�� ��
$�: �:���C b��7��C��������:!: ���:����: :!:, ����7�:�:�:UC�: :!: C �C�C�:�: :!: 
�C�$���, !�C�C�: ����� !��:!�:$C�, )-7�7�C�, 7:�������C �C7C��:!: C $���: :!: :$����, 7:������-
�C �:��C�:��:7�:!: !:��:��, �������C��, �:��������C��, �:��C�:��, � :$:��:!: !C��:�:��C�:��; 
!����!:�, C��"�C�. 
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7G������22,�+­ )�0)8*(� -,4,�2*GB�2�� � -,4,,+-�4�2��  
- 9*�*8*24�2�1,? ,G0*�+�  

A ������ 7�: ���� ����C� :B ��� "��"!��C  :�:���$���C# C  :�::� ����C# ����C ������:!: C !:�:�-
��:!: �������C# G���!���C���:� :$����C, 7������ ���� ������ 7: 7�:�#����:��C ����� C CB 
��B�Cx���:� �:��:#�CC, ����� : bQQ���C �:� ��$:�� �::�"���C� �C�����  :�::� ����C#. }��� ��$:-
�� — C�"xC�� ���7��� :B ��� "��"!��C  :�:���$���C# C  :�::� ����C# C CB ��B�Cx���:!: �:��:#�C# 
����C ������:!: C !:�:���:!: �������C# G���!���C���:� :$����C �� 7��C:� 2010–2020 !:�: . \���:-
�7���C ��� ����C�  �:�Cx��B �����B ��10 ���, � C����: Q:��� «y ��$:��  :�:7�: :���B C �����C-
��UC:���B �::�"���C�   \��7"$�C�� G���B����». �� 421 ������CB ���������B 7"���:  :$����C 245 
:$��7�x��� U������C�: �����  :�:���$���C�� (89,9 %), 166 — ��U������C�: ����� (9,9 %) C 8 — 
7�C :���� (0,2 %). yB �� U������C�: �����  :�:���$���C��   !:�:���CB �����:��#B :$����C �:-
��� �#�� 98 %, :B �� U������C�: �����  :�::� ����C�� 78,43 %. O�:�#����:���  :�:7�: :���B ��-
���   ������:� �����:��C C���� ������UC� � " ��Cx��C� C �:��� �#�� 80,5 %, �C�����  :�::� ����C# 
����� " ��CxC���� �� 81,2 %. A !:�:���:� �����:��C 7�:�#����:��� ����� :������� ��C�����:�. yB-
 �� ������:!: �������C# U����������  :�:���$���C�� C  :�::� ����C�� �� C�����"���� 7��C:� 
���xC�����: " ��CxC��#. O:�"x����� ���"������ C�����: ��C� "���� ��� �� �:, x�:   ����:#{�� 
 ���# C�����# ���xC������# �C�7�:7:�UC# ����" :$��7�x���:���� �������C# U������C�: �����  :-
�:���$���C�� C U������C�: �����  :�::� ����C��. e�B�Cx���:� �:��:#�C� �����  :�:���$���C# C 
�����C��UCC   ������:� �����:��C :������# �� ��"�: ��� :�C�����:� "�: ��, x�: 7�C :�C� �  ��:-
�C� 7:���#� C "B"�8��C� ��x��� � 7C��� :�  :��. 

���<�$�� ��
$�:  :�:���$���C�,  :�::� ����C�, 7C��� �#  :��, !:�:����# �����:���, �������# ����-
�:���,  :�:7�: :���# ����, �����C��UC:���# ����, :xC����� �::�"���C#, G���!���C����# :$�����. 

 

1$������ 

\��7"$�C�� G���B���� :$������ ��"7���C ��7����C 7:�����B C��:7����B, $��!:���# x��" 
������ ��� C ��� b�:�:�Cx���C�, �"���"���� C ��"x��� 7:���UC��, :����:  :���� ���"���   ������ 
:!���Cx���. G���B���� :��:�C��# � ������� � ��QCUC�:�  :���B ���"��: , 7�CxC�:� �:�" �����C� 
7:�������C :$|���  :�� �� �"8" �������C#. y$��7�x��C� �������C# $:��8C� :$|��:� ��x��� ���:� 
 :�� :��:��#���# ���� �:����:���� ���7�������C#  :���B ���"��:  �� ����C�:�CC C CB ����UC:-
�����:� C�7:���: ��C�. O�:$���� C���� C��:�Cx���C� B�������, �������C� ������ �{�   �: ����:� 
 ���# �� $��: �:����:x�: :$��7�x��: 7C��� :�  :�:� ���   ������:�, ��� C   !:�:���:� �����:��C, 
�����# 7�:$���� ���"����� C   ����:#{��  ���# [1]. 

_�"�: ��� :�C�����:� ��B�Cx���:� �:��:#�C� C ��!�#����C�  :�:C��:x�C�:  # �#���# :��: -
���C ����x��C, ��8��C� �:�:��B 7:� :�C� :$��7�xC�� �������C� ��x��� ���:�  :�:�. R:�!:��:x��� 
7�C:�C������ ����xC :$��7�x��C# �������C# 7C��� :�  :�:� :�������   7�:!����� «G���B����–
2030» C   O:����CC O���C����� \G G����-@:����� e:��� � [2–4]. 
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_��CxC� �:��"7� � $��:7���:�"  :�:���$���C�   �:����:x��B :$|���B �:��� :$��7�xC�� �:-
$�����C� �Cx�:� !C!C��� — ���x� :� ���� 7�:QC����C�C �� �:���: �C������B ��$:�� ��C�, �: C 
:����B ���7C���:���B C�Q��UC� C ��:!:xC������B ��:7Cx���CB $:������ [5]. 

��Q��UC:���# ��$:�� ���:��� # �#���# :��:� C� :��: ��B 7:��������� ����C :${�� 7��:�:!CC 
x��: ���,   ���xC�����:� ���7��C �� C�#{�� :� ��x��� � C B��������  :�:7:�!:�: �C, ��B�Cx���:!: 
�:��:#�C#  :�:7�: :���B C �����C��UC:���B �����, ��x��� � C :$|��� 7:�� ���:�  :�� �������C�, 
� ����� ���C����:-!C!C��Cx���:!: $��!:"���:��� �. 

G�x��� ����#  :�� :��� C� 7�C:�C�����B ����x !C!C��� :��"���{�� �����   G���B�����, b�: 
:$"��: ���: ��"��:���� �:��:�  :�:7:���$���C#, ����:7:!�����  :������ C�� ��  :�:C��:x�C�C, 
����� ������ ���:���� �7:�:$:   :�:7:�!:�: �C [6]. 

_�B ���� �:��"7�:� 7C��� :�  :��, �:��:#�C� �C����  :�:���$���C# C  :�::� ����C#, � ����� 
:xC���� ��:x��B  :�, � �:�����C�, �� ������ �:���� "�"!"$�#���# ���xC������� :���� ��C��   
��B�Cx���:� 7:������� C   7��C:�Cx���:� ���:��� C�Q�����"��"��, �:�:��# ��B:�C��#   7�:B:� 
��B�Cx���:� �:��:#�CC, x�: 7�C :�C� � $:��8C� 7:���#�  :��,   ���8��$�B G���B����� :�C �:��� -
�#�� �: 40 %  ��!: :$|���, x�:  �8�, x��   `�K (11 %), A��C�:$�C���CC (23), \:��CC (21 %). 

aQQ���C �:��� �:��"������B ��"�$   \��7"$�C�� G���B����� :������ :� ���CB �����, ��� A�-
�C�:$�C���C#, ����C#, \:��C#, !�� �� ���#x" 7:���$C����� 7�CB:�C��# 1,5–4 �:��"��C��, �:!�� ���   
��"!CB ������B b�:� 7:�������� �:��� �#�� 0,3–1,3 x��: ��� [1, 4]. 

}��� ��$:��: C�"xC�� ���7��� :B ��� "��"!��C  :�:���$���C# C  :�::� ����C# C CB 
��B�Cx���:!: �:��:#�C# ����C ������:!: C !:�:���:!: �������C# G���!���C���:� :$����C �� 7��C:� 
2010–2020 !:�: . 

'�	������ � ��	
�� 

\���:�7���C ��� ����C�  �:�Cx��B �����B �� 7��C:� 2010–2020 !:�:  Q:��� «`���C��C�� 
:��"���{�� �����» — «y ��$:��  :�:7�: :���B C �����C��UC:���B �::�"���C�   \��7"$�C�� 
G���B����», ������ T��: _�UC:�����:� ����C��C�C K!����� � 7: ������!Cx���:�" 7���C�: ��C� C 
��Q:���� \��7"$�C�C G���B����. 

��/
��	�	� � �� 
!�
������ 

G���!���C����# :$����� # �#���# ��"7���8�� 7�:��8����:� �:�:� }��������:!: G���B�����, 
����C�:�C# :$����C ���C���� 15,7 % :� :${�� 7�:{��C G���B����� (427 982 ��2) C  ���x��� �� #�� 
!:�:�:  :$�����:!: ���x��C# C �� #�� ������CB :��"!: . O: ������ �� 2020 !:�,   G���!���C���:� 
:$����C 7�:�C ��� 7,38 % :� :${�!: �������C# ������ (1 376 882 x��: ���); C� �CB ������C� �C���C 
�:��� �#�� 21,41 % (278 891 x��: ��) [7, 8]. 

_� ����C�:�CC G���!���C���:� :$����C ��B:�C��# 421 ������C� ���������� 7"���. `:!����: 
������ T��: ��UC:�����:� ����C��C�C �� 2020 !:�, C� �CB 245 :$��7�x��� U������C�: �����  :�:-
���$���C�� (89,9 % ������:!: �������C#), 166 — ��U������C�: ����� (9,9 %) C 8 — 7�C :���� (0,2 
%). G:�Cx��� : ������CB ���������B 7"���: , :B �x����� U������C�: �����  :�::� ����C��, �:-
��� �#�� 30, !�� 7�:�C ��� 28,77 %  ��!: ������:!: �������C# :$����C. A ������CB ��!C:��B G���-
!���C���:� :$����C C�����# 7 �����C��UC:��:-:xC����B �::�"���C�,   �:� xC��� 3 — � ��B��Cx�-
��:� C 2 — � $C:�:!Cx���:� :xC���:�. óC�����:��� �������C#, :B �x���:!: :xC���:�, �:��� �#�� 29 
357 x��: �� (10,09 %). 

_� 2020 !:�   G���!���C���:� :$����C ��B:�C�C�� 11 !:�:���CB ���������B 7"���: . yB �� 
U������C�: �����  :�:���$���C��   !:�:���CB �����:��#B :$����C �:��� �#�� 98 %, �:!�� ��� :B-
 �� U������C�: �����  :�::� ����C�� 78,43 %. A !:�:���CB ��!C:��B G���!���C���:� :$����C 
C�����# 12 �����C��UC:��:-:xC����B �::�"���C�,   �:� xC��� 7 — � ��B��Cx���:� C 5 — � $C:�:-
!Cx���:� :xC���:�. óC�����:��� �������C#, :B �x���:!: ����� "�{C�C :xC�����C �::�"���C#�C, 
�:��� �#�� 567 046 x��: �� (51,89 %) (�C�. 1). 

O�:�#����:���  :�:7�: :���B �����   G���!���C���:� :$����C �:��� C�� 7659,9 ��, C� �:�:-
��B 2185,5 �� (28,53 %) 7�CB:�#��# �� ������"� �����:���. T:��8�# 7�:�#����:��� �����   ������:� 
�����:��C :$"��: ���� �C���:� :�������:���� ���������B ���� ��"! :� ��"!� C :� ���:���B U��-
��: . 

A G���B����� $��C 7�C�#�� C ����C�: ��� !:�"����� ����� 7�:!����� 7: ��� C�C� C �:���-
�C��UCC ����:�� �C����  :�:���$���C# C  :�::� ����C#. z� 7:�����C� 20 ��� $��: ����:���: ��UC:-
������B 7�:!���� 7: :$��7�x��C� ������:!: �������C# 7C��� :�  :�:�. O�� �# 7�:!����� 7:� ��-
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�  :�:���$�
UCC, C�-�� x�
�:$�:��C, �:
� C� Q���:�
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��C����:-��

:� ����C�, �
$B:�C��B ��
C�"���� 7��

45,9 ��   2
�� �� �:� ��
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��:��C 7�:�#
C� ���C C��
��7C�����:�
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��� �����C��U
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�:8� �C���
� ���:��� C

: :���B ����
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��� ���:C�
�: ��� :�C�
� ������ C�
�� � � ��C�,
 �:  �C#�{
�� ���� 7��
:���{��C�.
��$���C� ��
"��: C� 7�:

� 7:�:�C���
: 264,4 ��  
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��� ������C
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{CB �� :$��7
��7�C#�C� 7

��������B 7
:�C ��C#. `
���"� �C��
  2020 !:�". 

� 7"���; `_O

��   ������:�
� 2010–2020 
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��B ����� �
CB. A �����
������# —

:� �����:��C
(��) 

�C�C{�:-�:
�:#�CC C ��
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7�x��C� 7C�
7: b��7�"���
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O — ������C�
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�
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���� ����x� 
�� ��������

����� �.  
� ��:x��B  
� :xC{����#

5. O:�������

��  :�::� 
B ������CB �
#��� ����B 
���:#{��  �
(�����C��UC
� 7�:U���:�
���  :��, 7
�����C, x�: �
B ��:�:  �$�
�::�"���CC

6. O:�������C

�
&�, �.�. \!6

���C#� :� �
7: 7�:C� :

��� :$��$:�

 :�   ������
# 81,1 %, :��

�C ��$:�� �::
:$��

 ����C#   ��
���������B 
����C�, ��:
���#. A $:�
:���#) �C��

�. 
�:B:�#{C� 
�: �:����C 
���� ����#
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:��� " ��x��
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:xC���" x�
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�"���C� �C��
����C �� 7��C:
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�� ���:� 7C
��UC# :����

�C �� 7��C:
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�����  :�::�
:� 2010–2020
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y� :� ��:x�

�����:��C, 
������CB ��
�C# :�B:�: 

���� !:�:���
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C�����UCC, x
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��������B 7
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"{��� �#��#
8�:�, �����
7"����B   :
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A ����:#{��  ���# ����� "�{C� :xC����� �::�"���C#  ���$:���C � :C b��7�"���UC:���� ��-
�"��� C �"������#   ���:���, :�������� ��$:���� � " ��Cx���:� ��!�"��:�,  �� b�: 7�C :�C� � ��-
�::� ���� C� ��B�:�:!CC :xC���C ��:x��B  :� 7�:������ ������. 

0����<���� 

yB �� ������:!: �������C# G���B����� U����������  :�:���$���C�� �� C�����"���� 7��C:� 
���xC�����: " ��CxC��#. y����: 7�:$���� �:B���#���# C # �#���#  ����� ���"����:�   � #�C � 
7:��:#���� " ��Cx��C�� 7:���$�:��C  :�� ��# U������C�: ���:!: B:�#��� ���:-C��� :!: 
 :�:���$���C# �������C# C ��# B:�#��� ���:� ��#�����:��C. 

O:�"x����� ���"������ C�����: ��C� "���� ��� �� �:, x�:   ����:#{��  ���# C�����# 
���xC������# �C�7�:7:�UC# ����" :$��7�x���:���� �������C# U������C�: �����  :�:���$���C�� 
C U������C�: �����  :�::� ����C��. \���C�"���� !:�"����� ����� 7�:!����� �����!C ���   
:��: �:� 7�:$���" :$��7�x��C# �������C# U����������  :�:���$���C��.  

O�:$����  :�::� ����C#, 7��C�"{��� ���:, ��8����# ���:C������ :� �:������B :xC����B 
�::�"���C�, ��# "����8��C# �C7�:7:�UCC ��:$B:�C�: "xC�� ��� 7�C�UC7 «�����"�:!:» UC��� 
C�7:���: ��C#  :�� (U������C�: ���:�  :�:���$���C� — U������C�: ���:�  :�::� ����C�»). 

e�B�Cx���:� �:��:#�C� �����  :�:���$���C# C �����C��UCC   ������:� �����:��C :������# �� 
��"�: ��� :�C�����:� "�: ��, x�: 7�C :�C� �  ��:�C� 7:���#� C "B"�8��C� ��x��� � 7C��� :� 
 :��. a�: �:��� ��!��C �: :����C���# �� �:��:#�CC ��:�: �# C ���C�����B "��: C#B �C��C 
������:!: �������C#. 

_�:$B:�C�: 7: �8��C� C�Q:��C�: ���:��C C ���C����:� !���:��:��C ������:!: �������C# 7: 
 :7�:��� C�7:���: ��C#  :�� C 7�:$���  :�::� ����C#, :�:$���: 7�C ��U������C�: ���:� 
 :�:���$���CC C :��"��� CC �C����� �����C��UCC. a�C ���� 7:� :�#� �:����� ��:$B:�C��� 
���C������ "��: C#, :$��7�xC ��{C�  ��:�C� 7:�������C ��x��� � �C��C ������:!: �������C#. 
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Z������� F���9���� :$������w �"�� �V�� ���� �]�9������� �"��� ��$�����" �V�� �" ����" 
������������� ������"� ������9��, ���������w ]�����9� ��� :�����w ��B�C����� ��9����, �:����-
�� �V��� ������ :$|����������w �C������!� �"���� �������� ��������!��. �¢���	�� �����	�: 2010-
2020 ������ ����w����!� F���9���� :$������w �"�� �V�� ���� �]�9������� �"��� ��$�����" �V�� 
�" ����" ������������� �V�� :�����w ��B�C����� ���-������� ����" �V������� �������". W���� 10 
��� �8����!�, :��w �8���� «F�������� \��7"$�C�������9� �" �]$��� �V�� �V��� �]�����������w 
�]���� �"����» ���7�� �:���8� ����������� ����:�7���C �� �����". y$�����w 421 �"����� 
������������w 245–� :��������������9�� �"��� (89,9%), 166-� — :����������������9�� (9,9%) 
�V�� 8-� �������������� �"��� (0,2%) ���������� ����!��. y$�����w ������� ���������� 
:��������������9�� �"��� ����" 98%, :��������������9�� ������9�� �"��� ����" 78,43% 
�]�����. K"����� �������������� �" �]$��� ����������w ]�����9� 80,5%-9�, �V��� ������ �� 81,2%-
9� ]�9����. F������ �������� ���������w ]�����9� Y�!������� �����. z�����" ����w���� �"�� 
�]�9������� :������ �"��� �V�� �����C��UC#��� ����" ����������� �����. z�����"��w ����9�� 
�V�C������ �����!� "������ B������ :��������������9�� �"��� ��$�����" �V�� 
:��������������9�� �����C��UC#��� ���������� ��" �������� ����������� �C�7�:7:�UC# $�� 
������ �Y�������. K"����� ��������!� �"��� ��$�����" �V�� �V��� ����������w ��B�C����� ���-���� 
����9������������� ��w!���� ����7 :���, $]� �"�� �" ��7�����w ��� �:9��"��� �V�� ��8����"��� 
V������. 

�Q�	 �@/���: �"��� ��$�����", �"�� ����", �"�� �", ������� ���, �"����� ���, �" �]$��� ������, 
�V��� ������, ������" �]���������, F���9���� :$����. 

 
N.Zh. Yerdessov, K.y. Omarova, Ch.U. Ismailov 

Provision of water supply and sanitation services in Karaganda region 

The article analyzes the coverage of water supply and sanitation services among the rural and urban popula-
tion of Karaganda region; presents data on the length of networks and their technical condition, as well as the 
effectiveness of water disposal system facilities. The aim of the work: to study the degree of coverage of wa-
ter supply and sanitation services and their technical condition among the rural and urban population of Kara-
ganda region for the period 2010-2020. Retrospective analysis of secondary data with a depth of 10 years, 
form: “On the work of water supply and sewage facilities in the Republic of Kazakhstan”. Among 421 rural 
settlements of the region – 245 are provided with the centralized water supply (89,9%), 166 with the decen-
tralized water supply (9,9%) and 8 with the transported water supply (0,2%). Coverage of the centralized wa-
ter supply in urban areas of the region is 98%, coverage by the centralized sewage system is 78.43%. The 
length of water supply networks in rural areas tends to increase with an increase of 80.5%, the drainage sys-
tem also increased by 81.2%. In urban areas, the length of networks remained unchanged. The coverage of 
the rural population with central water supply and sanitation significantly increased during the study period. 
The results of the research indicate that at present there is a significant imbalance between the provision of 
the population with centralized water supply and centralized water disposal. The technical condition of water 
supply and sewerage networks in rural areas remains at an unsatisfactory level, which leads to high losses and 
deterioration of drinking water quality. 

Keywords: water supply, wastewater disposal, drinking water, urban area, rural area, water supply network, 
sewerage network, treatment facilities, Karaganda region. 

 
 

References 

1 (2017). Tselevye pokazateli k Protokolu po problemam vody i zdorovia Konventsii po okhrane i ispolzovaniiu 
transgranichnykh vodotokov i mezhdunarodnykh ozer (Respublika Kazakhstan). Evropeiskaia ekonomicheskaia komissiia 



^-�!L�O���
!"J %!�%��6� &
�
!��-F���� � &
�

"&������… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 223 

Organizatsii Obedinennykh Natsii [Targets for the Protocol on Water and Health Problems of the Convention on the Protection and 
Use of Transboundary Watercourses and International Lakes (Republic of Kazakhstan). United Nations Economic Commission for 
Europe]. Astana. Retrieved from https://unece.org/fileadmin/DAM/env/water/meetings/Water_ 
Convention/2016/Projects_in_Central_Asia/Baseline_study_and_target_indicators_to_the_Protocol_on_Water_and_Health_May_20
17_RUS.pdf (Date of application 05.11.2022) [in Russian]. 

2 Kazakhstan — 2030. Protsvetanie, bezopasnost i uluchshenie blagosostoianiia vsekh kazakhstantsev. Poslanie Prezidenta 
strany narodu Kazakhstana 1997 goda [“Kazakhstan — 2030. Prosperity, security and improvement of the well-being of all Kazakh-
stanis”. The Message of the President of the country to the people of Kazakhstan in 1997]. Retrieved from 
https://adilet.zan.kz/rus/docs/K970002030_ (Date of application 13.11.2022) [in Russian]. 

3 Edinstvo naroda i sistemnye reformy — prochnaia osnova protsvetaniia strany. Poslanie Glavy gosudarstva narodu 
Kazakhstana ot 1 sentiabria 2021 goda [“The unity of the people and systemic reforms are a solid foundation for the prosperity of the 
country”. Message of the Head of State to the People of Kazakhstan dated September 1, 2021]. Retrieved from 
https://adilet.zan.kz/rus/docs/K2100002021 (Dateofapplication09.11.2022) [in Russian]. 

4 Kovalenko L.M., Ryspaeva, A.B., & Aleksandrova, A.I. (2011). Vodoobespechenie naseleniia Karagandinskoi oblasti v 
ramkakh \rogrammy «pitevaia voda» [Water supply to the population of the Karaganda region within the framework of the “Drink-
ing water” program]. Meditsina i ekologiia — Medicine and e�ology, 3, 15–19 [in Russian]. 

5 Nurkenova, A.T., Duzbaeva, N.M., & Baltabekova, A. (2011). Nekotorye pokazateli kachestva pitevoi vody goroda 
Karagandy [Some indicators of the quality of drinking water in the city of Karaganda]. Vestnik Karagandinskogo universiteta. Seriia 
Biologiia. Meditsina. Geografiia — Bulletin of Karaganda University. Series Biology. Medicine. Geography, 3(63), 38–45 [in 
Russian]. 

6 Vsemirnaia organizatsiia zdravookhraneniia. Pitevaia voda [World Health Organization. Drinking water]. Retrieved from 
https://www.who.int/ru/news–room/fact–sheets/detail/drinking–water (Date of application 02.11.2022) [in Russian]. 

7 Ofitsialnyi sait Akimata Karagandinskoi oblasti [Official website of the Akimat of Karaganda region]. Retrieved from 
https://www.gov.kz/memleket/entities/karaganda/activities/404?lang=ru (Date of application 26.10.2022) [in Russian]. 

8 Itogi Natsionalnoi perepisi naseleniia 2021 goda v Respublike Kazakhstan [Results of the National Population Census of 
2021 in the Republic of Kazakhstan]. Retrieved from https://www.stat.gov.kz/for_users/national/2020 (Date of application 
30.10.2022) [in Russian]. 

9 Otraslevaia programma «Pitevaia voda» na 2002–2010 gody. Postanovlenie Pravitelstva Respubliki Kazakhstan ot 23 
yanvaria 2002 goda No. 93 [The industry program “Drinking water” for 2002-2010. Resolution of the Government of the Republic of 
Kazakhstan dated January 23, 2002 No. 93]. Retrieved from https://adilet.zan.kz/rus/docs/P020000093_ (Date of application 
16.11.2022) [in Russian]. 

10 Programma «Ak bulaq» na 2011–2020 gody. Postanovlenie Pravitelstva Respubliki Kazakhstan ot 24 maia 2011 goda 
No. 570 [The program “Ak Bulak” for 2011-2020. Resolution of the Government of the Republic of Kazakhstan dated May 24, 2011 
No. 570]. Retrieved from https://adilet.zan.kz/rus/docs/P1100000570 (Date of application 19.11.2022) [in Russian]. 

11 Kontseptsiia razvitiia zhilishchno-kommunalnoi infrastruktury do 2026 goda. Utverzhdena Postanovleniem Pravitelstva 
Respubliki Kazakhstan ot 23 sentiabria 2022 goda No. 736 [“The concept of housing and communal infrastructure development until 
2026”. Resolution of the Government of the Republic of Kazakhstan No. 736 of September 23, 2022 was approved]. Retrieved from 
https://adilet.zan.kz/rus/docs/P2200000736 (Date of application 23.11.2022) [in Russian]. 

 
 
 
 



224  �!"��# $���������!#
�
 %��&��!�"�"� 

DOI 10.31489/2023BMG3/224-240 

cRG 911.375.62 

G.@. G"8��$��*, K._. Z"��!��C� � 

��/������ ����
������� 
��$����	�	 ����� ���-����!�, ����	�, ��/���	�� 
*�$	
� ��� �
�����
�������: kosherbay822@mail.ru 

6�,8�*J����1�? *2*0�| ,<-*+* ,GÐ�1+*(� ,G�*|,-*2�� 8,�,4* ;0(*+�  
2* ���(��� ;0(*0�2�1,8, �*?,2* 2* G*|� 6&  

c�$��C��UC# ��!:��#8��!: ��# 7�������� $:��8C� C�7����C�� 7���� :${��� :�, ��� ��� !:�:�� :��-
�� ����# ���7:�:$���C � :$��"�C ��C� $:��8�!: �:�Cx��� � �������C#   C�" ��QCUC�� C�Q��-
���"��"��. y$���: ��C� # �#���# :��C� C� :��:  Q:��C�: ��C# !:�:���:� �����, 7:� :�##  ���{C-
 ��� �:�:�:� 7:�:���C� ��# "�"x8��C# ��x��� � �C��C �� �:���:   7������B !:�:��, �: C �����: �� �� 
7�������C. S:�:� K�����, ��� C ��:!C� !:�:��-�C��C:��C�C, ��:���"��# � 7�:$���:� ��B ���C :7-
���������B "��: C�, �7:�:$�� "�{CB "�: ��� :���C� �7�:�� !:�:���. }��� ����:!: ��"x�:!: C�-
����: ��C# —  �# ���C� 7�:$�����B �:�, !�� :���x����#  ��:��# ��!�"����:��� 8�:�,  ������ C� 
x�!: UCQ�: �# ��� C���# �:�� �� �7:�:$�� 7:����� C���{C��# �7�:�. _�"x��# ���xC�:��� C�����:-
 ��C# $��� :$:��: ��� ������UC#�C   �Q��� ��� C�C# !:�:���:!: 7�:������� �, :�C���C�: ���:� �� 
7: ��������� �:��"7 � "��"!�� C �� "��: C# :�!��C��UCC �: ������:!: �C��, $��C�"�{�!:�# �� 
UCQ�: C��UCC. Z��:�:�:!C# C�����: ��C# �����x�����   �$:�� �:UC����:-b�:�:�Cx���CB 7:������-
��� !:�:�� K����� �� 7�C���� K����C���:!: ���:�� � 7:����"�{�� QC�����UC�� 7:�  C�"��C��UC� 
C��C���:�:  ����:�� :$���: ��C# �� $��� !�:C�Q:���UC:���B �C����. y��: ��� ���"�����:� C����-
�: ��C# # C����  C�"��C��UC#    C�� ����:!��QCx���:!: �����C��� 7�:$�����B ����, x�: ��:$B:�C-
�: "xC�� ��� 7�C 7:����"�{�� :�!��C��UCC :$���: �������B "x������C� �  �����C�� 7�������:  
 ��8��� �����, :���� ��{�� 7�#�:�  �C#�C� �� " ��Cx��C� �7�:��. }���:��� ����:!: C�����: ��C# 
7�:# �#���#   C������CC �:�7������B 7:�B:�:  :�!��C��UCC !:�:���:� �����, � C����: C���!��UCC 
�C���� "x��� :$���: �������B "x������C� � 7:����"�{C� �:�C�:�C�!:� ��# "�"x8��C# 7�:U���:  
7���:��� ���C# ���� ��# :$"x����B. 

���<�$�� ��
$�: :$���: ��C�, ��QCUC�, !:�:����# �����, "�$��C��UC#, !�:C�Q:���UC:���# �C�����, 
����:!��QC#, 7�:������� ����� ������, ��� C���# �:��, K�����, K����C���C� ���:�. 

 

1$������ 

S:�:� K����� �:��:C� C� 8 ���:�: , �: �� ��!:��#8�C� ���� C�����# :������# 7�:$���� �:�:-
U����Cx�:��C, x�: "�C�C ��� ��!�"��" �� ��:�C 8C��# C��:�Cx���C �:x�C 7�C�#���C#. `:!����: 
�:�"����" «O�:!����� ��� C�C# !:�:�� K����� �: 2025 !:�� C ��������:x��� 7���7���C � �: 2030 
!:��», 7������ ����:�" ��C�:� !:�:�� K����� X�$:���:� R:��� ��   C��� 2022 !:��, ���!:���� 
7�C�:�� �������C#   ������� �� �#���# 7�C����: 50 ���#x�� x��: �� � "x��:� ������ ���:!: 7�C-
�:��� �������C# (7�C$�C�C�����: 40 %) C �����: �C!��UCC (7:�#��� 60 %). X����� ����� 7�C�:�� 
�:��� �#�� 7:�#��� 20 ���#x, x�: ������ 6–7 ���  ��������#   ��:$B:�C�:��C �:����C# �� �:!: �:-
�Cx��� � "x�$��B ���� [1]. O�C�:�� �������C#  ��� ��� �7�:� �� �C���, x�: 7�C :�C� � ���:C����-
�� " �: �B �C��B ����C : , �:   ��"x�� � !:�:�:� K�����  :��C��� 7�:$���� � ���CxC�� �:x�x�:� 
�����:��C. O:�C�: �:x�x�:� �����:��C, �{� :��C� #�:��� ��� C�C# !:�:���:!: 7�:������� � # �#-
���# x������ �C��� ����C �, x�: :��"7C�"�� ���xC�����"� ����C�:�C�, �� ����� �:�:�:� �:!�: 
$� 7�:�C ��� $:��8�� �:�Cx��� : �������C�, � �:7"��� "�{C� "�CU� �:!�C $��� ��:�!��C�: ��� 
7:� 7: �8��C� 7�:7"���:� �7:�:$�:��C C 7:���UC����:!:  ������C# 7����: �B ���:�:  :�!��C��-
UCC � C���C# :${��� ���:!: �����7:��� ��# 7��� :��C $:��8�!: �:�Cx��� � 7�����C�:  �� :��" 
7:����". 

ZC��:���:���# �����:��� �: ����:!: �C7� "B:�C�   ��$��C�, "��"7�# ����: � �������:� ��-
���:���, x�:   7���7���C � �7:�:$�� �::� ���� : ��� �:�U�7UCC «:$|����   8�!: :� �:��"7�:��C». 
R���$�� ���"{�!: (2022-!: !:��) :$:���x�� :�7�� �:� �:x�:� 7: "� ������C� S��7���� !:�:�� K�-
���� �: 2040 !:��, !�� $"�"� ���7:�:���� ����� ��:��C�: ����� �: �� 7:�CU����� — «���:�Cx�-
��C� U����» (K����C���C� C @����"��C� ���:��), «`� ����� U����» (@����"��C� C e"���C$��C� 
���:��), «z�7����� U����» (K����"��C� ���:�), «A:��:x���  :�:��» (Z���"��C� C e"���C$��C�) C 
«Å!:-z�7����� U����» (_�"���$����C� C K����"��C�). R���:� ��8��C� �C��� �� :� :$:����� :� 
��:$B:�C�:��C ��� C ��� C���{C��# �� ���:�:�������:� "�: �� 8 ���:�:  !:�:��, x�: C���� � :C 
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���:�����C. O:�CU����Cx�:��� :��: � ����# �� ��C���CC ��!�"��C �� ��:�C 8C��# U���� !:�:�-
��:!: 7�:������� �, � ����� �7:�:$�� �C ���CQCUC�: ���  :� ����C� :$|���:  �� ����C�:�CC ���-
:�:  � �:$�����C�� $������ 7: ����!:�C#�. 

K����C���C� ���:� # �#���# C��:�Cx���C� U����:� !:�:�� K�����, C ��:�C 8C� B��$�� !:-
�:���:!: 7�:������� � C���� 7�#�"� � #�� � �:!��-�: C���: � 8C��# C `���C���C�, C `: ����C� 
���:�:�. K����C���C� ���:� 7�C 7����CB ����C�:�C�����B �������B !:�:�� K����� 7������ �#� 
�:$:� ����U� :${��� ���:� C �"���"��:� �C��C, �:, � ��x��C��  �����C, !:�:� 7�C�:��C�C� �#� 
����C�:�C�, �  :��C�8C�   C��:�Cx���:� x���C ��QCUC� ��������B "x����:  �7:�:$�� : �� ��CBC�-
�:�" ��B ��" ������   ���:� ��7�� ���CC.  

���# ��$:��8"� 7�:{���   18,4 ��2, K����C���C� ���:� ���"�"�C�"��   ��$� �#� :$|���:  
�C�����#�����:��C, x�:  ��x�� �� �:$:� ���C �:� �:����C� ��$:xCB ���� C B�:�Cx�:� " ��Cx��C� 
7�:��:��C �������C#. T"�"xC !:�:�:�-�C��C:�C�:� C !:�:�:� ���7"$�C�����:!: ���x��C#, K����� 
��C�$���: �����C ����# �  ��:�C� "�: ���  �"������� �C!��UCC, x�: �:����� �: �� ����xC ��# !:-
�:���:!: �"�: :��� �. A ����:� C�����: ��CC ��U��� ������ �� :$���: �������B "��"!�B, ��� ��� 
���: ��8���:����C� # �#���# ��C$:��� �����$C���:� ����!:�C�� !:�:���:!: �������C#, ���$"�{�� 
7:��:#��:!:  �C���C# �: ��:�:��. 

` 7:# ���C�� �: �B Q:�� !�:7�:������� ����B/!:�:���CB $:��8CB �����B C 7����: �B ���:-
�:  7�:������� ���:� ����C�C�C C ��8C��:!: :$"x��C#   ��8CB !:�:��B C :${��� �B �:��: C����-
�: ��� C :$���"�C ��� �: �� ���:�:����:��C C # ���C# [2]. \����$:��� ����C�Cx���CB �:�����, �7:-
�:$�� "�{CB "��:�xC :��C, �:�7����:��C C �:UC����:�" $�����" !:�:�: , :�:$���:  ���� ��# ��-
8��C# ����x !:�:���:!: 7���C�: ��C#   7:��7�����Cx���C� 7��C:� [3].  

S:�:�� 7:  ���" �C�" ��# C�C : � :�� ��������CC ����� «!:�:���C �� 10, 15 C�C 20 �C�"�». a�� 
U��� x���: # �#���# x����� ������!CC 7: �:���{��C�  �$�:�:  C �:��C���C� "��:�xC :!: C ��:�:-
 :!: !:�:���:!: �C����� 7"��� 7::{���C# 7�8CB C  ��:�C7����B 7�:!"�:�. 10, 15 C�C 20-�C�"���� 
!:�:� C�C ���:�, �:�:��� ��# ��!�#��:��C �� ���� ��� !:�:�:� x–���
	, — b�: �C7 �C�����, ��-
7�� ������ �� ��C���C� �� C�C�:��C :� � �:�:$C���, 7:� :�## !:�:���C� �C���#� 7�8�:� C�C �� 
 ��:�C7��� �:$C�����# �: :��: ��B "�:$��    7������B :7��������:!:  ������:!: 7��C:�� :� � :�!: 
�:�� [4]. `C����� 7�:������� ���:!: 7���C�: ��C# U����� !:�:�� ���$"�� �:����C# �:UC����:� C�-
Q�����"��"��   U����� ��# 7:������C ��� C�C# �: �B �::${��� , ����: ������:, �:����C# "��:�xC-
 �B �::${���  C ���� [5]. ` �:��:� �7�:�� �� "��"!C :$|���: ,  �# ���C� 7�:������� ���:� ���"�-
�"�� ����Cx��B :$|���:  � ����Cx���C Q"��UC#�C (�: ���� Q"��UC:�����:!: :$|����) C :7����-
�#�{�� �:�C !:�:���CB ���C$"�:  C���� ��8��{�� ���x��C� ��# "�"x8��C# 7�:������� ���:� 
�7�� ���C :��C :$|���: , �:  �� �{� ���: x�: C� ����: [6].  

y7�C�C��UC# ���7�������C# !:�:���CB :$|���:  7�C ��QCUC�� !:�:���CB ������ �:��� 7: �-
�C�� �7�� ���C :��� �:��"7� �C����� � "��"!��. y��"��� C� :U���C ���"��"�� ����::$���C# !:�:�-
��CB �:�7:����:  (�: ���� !:�:���CB :$|���:   ��B  C�:  7�:��8����:��C, � #�����B � �:UC����:-
b�:�:�Cx���:� ��#�����:����) :!���CxC ��� ���"��:� 7���C�: ��C� �: �B 7:�CU����Cx���CB !:�:-
�:  [7]. A "��:�xC :� !:�:���:� 7���C�: ��CC 7:C�� :7�C�����:!: ����:7:�:���C# ��# �����7:��-
�: ��C# C���� ��8��{�� ���x��C� ��# "7�� ���C# ���7�������C�� ����C.  

e��C� :$���:�, 7:C�� ����:7:�:���C# ���$"�� 7:��:$�:� C�Q:���UCC ��# 7�: ����C# 7��-
 C���:� :U���C Q���:�: ,  �C#�{CB ��  �$:� [8]. _�$�������� �:�� !:�:�:  7�C :�C� � $������ 
C������C#� ����8�Q�� C :��"���{�� �����, " ��Cx��C� ���$: ��C� � C��:x�C���, :$���: ��C� C 
�:UC������ "��"!�� C �.�., x�: 7�C :�C� ��� � 7:�:�C������� ���"�������, ��� C � ���xC������� 
"!�:���. A b7:B" ��� C�C# �: �������B ��B�:�:!C�,  ���x�# :${�:��� C����"����:  !�:C�Q:���-
UC:���B �C���� (S�`), 7:�"x��C� ��$:�:  !�:7�:������� ����B �����B C CB  C�"��C��UC# ����:-
 #��# 7�:{� [9].  

`:UC�����# C�Q�����"��"�� 7:�:!��� :�:����� :${��� ����� ��7���� x���: "7"������B C�  C-
�" C ���::U������B 7�:������� . a�: 7�C ������  �C���C� � 8C�:��, !�"$C�� C Q���"��� �:UC���-
�:��C, �:�:��� �:!"� $��� 7���:��� ���� ����Cx���C !:�:���C�C ������C [10]. S:�:���:� ��� C�C� 
7:-7������" �����C ����# � �C����:� 7�:������� ���:!: ���� ���� � :${��� ����B :$|���: , :�:-
$���: :$���: �������B C ���CUC���CB "x������C�. A�# ���C� ���� ���� �   ����Cx��B �C7�B :$-
{��� ����B "x������C� C CB � C�"{CB ��B��C���B C���� ��8��{�� ���x��C� ��# �:���{��C# �:-
UC����:!: ���� ���� � [11]. � �##��  �����  :����$: ����� ���"��:� ��# �:�C�����, ��x��� ����� 
8�:�� :���� ��� �C���:�  �C#�C� �� ���:� �C��# C ��"!C� ��7���� �:UC����:� �C��C  :  ��� �C-
��. cxC�� �# ��C�����:� ���x��C� :$���: ��C#   !:�:���:� :${��� �, "x���� �{������: C�����: �-



$.E. $%+��-�=, *.Z. �%!������&� 

226  �!"��# $���������!#
�
 %��&��!�"�"� 

�C  ��C�:� #�� ����" :$���: ��C�� C �C���C�:� �C�C{�:!: ���:C������ � C CB �:UC����:-
7�:������� �����C 7:������ C#�C [12]. cx���� C 7:�C�C�C  �� $:��8� 7�C����� U���:��� �:UC-
����:!: ��7C���� — � #���, �:�:��� 7:�:����� C :$��7�xC ��� �: ��C� ����" �����C, —   ���!C-
�: ��CC �� 7:��#���C# C ��CBC���� $���� C# C  :�����: ���CC 7:��� �CB. y����: ���:�:��� �::$-
{��� � C���� $:��8� �:UC����:� C�Q�����"��"��, �: ���� :$|���: , �:�:��� 7�:C� :�#� C 7:����-
�C ��� �:UC������ ��7C���, x�� ��"!C�. y${��� ����� U�����, $C$�C:���C, :${��� ����� $�����-
�� C 7���C ��"��� ������C, !�� ���C �:!"� �:$C�����#,  ��C�:����� : ��� C �����C ��� �:UC���-
��� � #�C [13]. A �:  ���# ��� ���� ���� :   :$���: ��CC 7�C ����: 8C�:�:�  �C���C� "x���B, 7�:-
������� ����� ���"��"��� 8�:� C�C, $:��� �:������:, 7�:������� ���:�" �� ���� " �����CB 8�:� 
"���#�:�� ���:  �C���C# [14].  

A 7:�����C� !:��  �C���C� "���#�:�� ���:C������ " C ��� C�C� �: �B :$���: �������B U��-
��: , �: �� CB 7�:������� ���:�" ���7�������C� 7: !:�:��� [15]. \����:#�C� ����" �:�:� C 8�:-
�:� C���� ��8��{�� ���x��C� ��# �:$C���:��C ����� C �� ���� �   :$���: ��CC. O: ��� ���C� � 
�C������C ��xC����C#, :��: �����C ��  �$:��,   �C�����B, :��: ����B �� $�C�:��C, !:����: ����-
8�  �C���C# "�����: �����:#�C� �: 8�:��, ��� $"��: C���C�"UC:������� ��B��C�� ���7�������C# 
�����   $�C�����{C� 8�:�� �:��� C�$����� 7�:$���� $:��8CB �����:#�C� �: 8�:�� [16]. y$���:-
 �������� "x������C# # �#�� �:$:� :7�:� 7:���:��C# ��:�: :!: �������C#, �7:�:$�:!: 7:��� ��� 
� :C �"��� �� �x��  ��:�:C��������"�����B !������. y��: �:� $��C� ������� ����# 7�C :$"x��CC 
  �����B 8�:�, x�:  :  ������:� 7��C:�� ���C���� ��C$:��8"� x���� (:� 9 �: 11 ���, �:!����: 
���������� ZC�C������ � :$���: ��C# \��7"$�C�C G���B����). R�QCUC� ����   8�:��B # �#���# 
7�:$���:�, ���"{�� ���� �� � ��:$���C��� �:��:� !:�:��, �   ��8�� ��"x�� C K����C���:!: ���-
:��. K����C���C� ���:�   �Q��� :$���: ��C# 7������ ��� 42 :�!��C��UC#�C, 29 C� �:�:��B !:�"���-
�� �����, � 13 — x������.  

2020–2021 "x�$��� !:� 7������ ��� �:��C�!���:� "x�{CB�#   �:�Cx��� � 36258 8�:���C�: , C� 
�:�:��B 33169 :$"x��C��   !:�"����� ����B 8�:��B, � 3089 —   x�����B. 2021 !:� :������: ���# 
���:C������ :� � "B 7�C���:�� �� 300 "x��Cx���CB ���� � !C����CC s 34 C 8�:��-!C����CC s 144, 
�: �� 7:�����C� ���#�C���C# �� ��QC��C�: ��: ���:C������ : �C :��:� !:�"����� ���:� 8�:��, x�: 
7:� :�C�: $� 7: ��C�� "�: ��� :�����C# :$���: �������B "��"! �:!����:  �#�C#� �: :!: UCQ�: :-
!:  ���. R����# �:�|����"�� :��: � ����# :�x���C C 7: 7�CxC�� ��C����8�!: ������ ���:!: 7�C-
�:��� �������C#   ��x��C� 7:�����CB ���   ������� ���:�:  (722 x��: �� �� 2021 !:�),   ���� "��"7�# 
�C���"   ����:� 7:�������� �� 2021 !:� — K����"��:�" � 7:���������   7148 x��: �� [17]. R����� 
Q��� # �#���# :��C� C� �:��� �#�{CB, �: �� ��:C� ��$��� C : ��"!CB 7��������B, � C����: 7�:��:-
��C �������C# C C��:�Cx���C ��:�C 8���# ����C�:�CC ���:��, # �#�{�!:�# ��C����8C� C� 8 ���-
:�:  !:�:�� K�����.  

}���� ����:!: C�����: ��C# $��: C�"x��C� �"{��� "�{�� �C�"�UCC 7: C���{C��# 8�:����� 
"x������C#� C  �# ���C� 7�:$�����B "x����:  � 7: �8����� �7�:�:� �� :$���: �������� "��"!C. 

z���x��C C�����: ��C# # �#�C��: 
- �$:� :������B �����B 7: :$���: �������� "x������C#� C �C��:"x������ K����C���:!: ���-

:��; 
- �:����C� ��� C���B �:� � �C����UC��   500 � ��# :7�������C# !���CU, �::� ���� "�{CB �:�-

U�7UCC «:$|���:    8�!: :� �:��"7�:��C»; 
-  �xC����C� �:�Cx��� ����B 7:���������   ����:� ��� C��:� �:�� � 7�C�����C�� C����"���-

���C# 7�:������� ���:!: ����C��; 
- 7�C ����C� ��:���Cx���CB ���:�����UC� 7: 7: �8��C� ��x��� � 7���:��� ���C# :$���: �-

������B "��"!, :7�������C� 7:���UC�����B �:� ��# �����{��C# �: �B 8�:�, � ����� 7: 7�����:��" 
!���CU �"{��� "�{CB �C��:"x����: . 

%!���	� � ��	
�� ������
$���� 

y$|��� C�����: ��C#: :$���: �������� "x������C# K����C���:!: ���:�� !:�:�� K�����. 
��B:���� ������: «RC���C�� :��: ��B �:UC����:-���:!��QCx���CB 7:��������� 7: !:�:�" 

K�����» [18], «��:!C ��$:�� �� 2021 !:�» [17], «G���� �C��:"x����: » C «\���C�! 8�:� �� 2020 
!:�» [19] C :������� ������ (�:�Cx��� : �������C# �� 2020 !:�; 7�:��:��� �������C# �� 2020 !:�; 
�:�Cx��� : �������C#    :������ 0–14 �� 2020 !:�; :${�� �:�Cx��� : �:�: �����C� �� 2020 !:�) �:�-
7��CC ESRI [20], C���!�C�: ��C� �� :��: � 7���Q:��� ArcGISPro. 
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Z��:�� C�����: ��C#: `$:� «����B» �����B � 7:����"�{C� 7�C���7���C�� �::��C��� 7:-
������ :� C���!�C�: ��CC Q���� csv. (Comma-Separated Values) C 7:����: � 8C� �� �C� ����C� ���-
 C���B �:� �:!����: �C����UCC   500 � � "x��:� Q���:�� �:7�:�C ���C#, x�: 7:� :�C�: ������C �� 
����" — ���"��C�C�: ���"� ��� C��"� �:�" �  �����C�� :$|���: , "��:��#�{CB 7:���:��C� ���-
8�"�:  :� :$|���:  :$���: ��C# (�C�. 1). 

 

 

\C�"�:� 1. `$:� �����B 7: :$���: �������� "x������C#� � �:$� ���C�� �::��C���   Q:����� csv 
(Comma-Separated Values) [19] 

`$:� �����B 7���7:��!�� :$��{��C� � :������� C��:x�C��� � U���� 7:�"x��C# �7C��� !:�"-
����� ����B :$���: �������B "x������C�, ��� ��� x������ �� C���� �� �:$:� ��:$B:�C�:��C   "x�-
��. y��"��� C� ��:$B:�C�:��C   "x���  ������:,   7�� "� :x�����, 7: �:UC����:-b�:�:�Cx���:� 
7�CxC��, ��� ��� �� �����# ����# �:��� 7:� :�C�� ��$� :$"x��C�   x����:� 8�:�� �� :7��������"� 
7���". O: ��������� �$:� �����B 7�C �� � �:�", x�:   :��: " ����C�� $��C  �#�� 29 !:�"����� ��-
��B 8�:�: 8�:��-!C����C# s 8, !C����C# s 15, :${�:$���: �������# 8�:�� s 16, !C����C# s 18, 
�CU�� s 24, !C����C# s 25, !C����C# s 34, !C����C# s 36, �CU�� s 39, !C����C# s 46, 8�:��-
�CU�� s 54, :${�:$���: �������# 8�:�� s 55, :${�:$���: �������# 8�:�� s 58, !C����C# s 62, 
:${�:$���: �������# 8�:�� s 67, :${�:$���: �������# 8�:�� s 75, !C����C# s 79, �CU�� s 90, 
:${�:$���: �������# 8�:�� s 95, :${�:$���: �������# 8�:�� s 96, !C����C# s 120, :${�:$���:-
 �������# 8�:�� s 124, :${�:$���: �������# 8�:�� s 128, �CU�� s 134, :${�:$���: �������# 
8�:�� s 135, 8�:��-!C����C# s 136, 8�:��-!C����C# s 144, !C����C# s 147 C :${�:$���: �����-
��# 8�:�� s 167. 

`���:� ��:$B:�C�: $��: :$���C���# � C���{���# ���"��"��, �:!����: �:�:�:� 7�:C� :�C��# 
7�C�� 8�:���C�:    :$���: �������� "x������C#. R����� 7�:U��� :��: � ����# �� �:������B !�:-
!��QCx���CB �:��B, x�: C���"���# �C��:"x������C. G����� �C��:"x���:� 7:��� ��� :7��������"� 
����C�:�C� � :B ��:� $�C�����{CB :$���: �������B "x������C�   �� C�C�:��C :� Q:��� :$"x��C# 
(8�:�� �: ���8����� :$"x��C��, � ����� � ����B��C� C �"���C� #�����C :$"x��C#). `7C�:� �C��:-
"x����:  K����C���:!: ���:�� 7������ C��#   ����"�{�� 7:�#���   �:�Cx��� � 29 �:� (  ��:$��B 
$��C "������ 8�:��, 7�C #������ ��# 7:��"7���C# 7: :7��������:�" �C��:"x����"): s 1 (��# :$"-
x��{CB�# �� ����B��:� #����: !C����C# s 36 C :${�:$���: �������# 8�:�� s 124; ��# :$"x��{CB-
�# �� �"���:� #����: 8�:��-!C����C# s 8), s 2 (��# :$"x��{CB�# �� ����B��:� C �"���:� #����B: 
!C����C# s 15), s 3 (��# :$"x��{CB�# �� ����B��:� C �"���:� #����B: :${�:$���: �������# 8�:�� 
s 16), s 4 (��# :$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 67; ��# :$"x��-
{CB�# �� �"���:� #����: !C����C# s 18), s 6 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 36; 
��# :$"x��{CB�# �� �"���:� #����: !C����C# s 25), s 10 (��# :$"x��{CB�# �� ����B��:� #����: 
:${�:$���: �������# 8�:�� s 124; ��# :$"x��{CB�# �� �"���:� #����: !C����C# s 46), s 12 (��# 
:$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 124; ��# :$"x��{CB�# �� �"���:� 
#����: :${�:$���: �������# 8�:�� s 55), s 14 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 
62; ��# :$"x��{CB�# �� �"���:� #����: !C����C# s 34), s 16 (��# :$"x��{CB�# �� ����B��:� #��-
��: :${�:$���: �������# 8�:�� s 67; ��# :$"x��{CB�# �� �"���:� #����: :${�:$���: �������# 
8�:�� s 75 � ���CxC�� C�����C �:!: :$���: ��C#), s 17 (��# :$"x��{CB�# �� ����B��:� #����: 
:${�:$���: �������# 8�:�� s 128; ��# :$"x��{CB�# �� �"���:� #����: !C����C# s 79), s 19 (��# 
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:$"x��{CB�# �� ����B��:� #����: 8�:��-!C����C# s 136; ��# :$"x��{CB�# �� �"���:� #����: :$-
{�:$���: �������# 8�:�� s 95), s 20 (��# :$"x��{CB�# �� ����B��:� C �"���:� #����B: :${�:$��-
�: �������# 8�:�� s 96), s 21 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 36; ��# :$"x��-
{CB�# �� �"���:� #����: �7�UC��C�C�: ����# !C����C# s 120); s 25 (��# :$"x��{CB�# �� ����B-
��:� #����: :${�:$���: �������# 8�:�� s 124 C :${�:$���: �������# 8�:�� s 128; ��# :$"x��-
{CB�# �� �"���:� #����: :${�:$���: �������# 8�:�� s 135), s 27 (��# :$"x��{CB�# �� ����B��:� 
#����: :${�:$���: �������# 8�:�� s 58; ��# :$"x��{CB�# �� �"���:� #����: 8�:��-!C����C# 
s144), s29 (��# :$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 167; ��# :$"-
x��{CB�# �� �"���:� #����: !C����C# s 34), s 30 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# 
s 147; ��# :$"x��{CB�# �� �"���:� #����: :${�:$���: �������# 8�:�� s 16), s 31 (��# :$"x��-
{CB�# �� ����B��:� #����: !C����C# s 147; ��# :$"x��{CB�# �� �"���:� #����: :${�:$���: �����-
��# 8�:�� s 95), s 32 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 147; ��# :$"x��{CB�# �� 
�"���:� #����: 8�:��-�CU�� s 54), s 33 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 147; 
��# :$"x��{CB�# �� �"���:� #����: !C����C# s 25), s 34 (��# :$"x��{CB�# �"���:� #����B: !C�-
���C# s 25; ��# :$"x��{CB�# �� ����B��:�: :${�:$���: �������# 8�:�� s 16), s 35 (��# :$"x��-
{CB�# �� ����B��:� #����: !C����C# s 62; ��# :$"x��{CB�# �� �"���:� #����: !C����C# s 34), s 
36 (��# :$"x��{CB�# �� ����B��:� #����: !C����C# s 62; ��# :$"x��{CB�# �� �"���:� #����: :${�-
:$���: �������# 8�:�� s 96), s 37 (��# :$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 
8�:�� s 167; ��# :$"x��{CB�# �� �"���:� #����: :${�:$���: �������# 8�:�� s 96), s 38 (��# 
:$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 128; ��# :$"x��{CB�# �� �"���:� 
#����: !C����C# s 18), s 39 (��# :$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 
58; ��# :$"x��{CB�# �� �"���:� #����: !C����C# s 18), s 40 (��# :$"x��{CB�# �� ����B��:� #��-
��: :${�:$���: �������# 8�:�� s 128, ��# :$"x��{CB�# �� �"���:� #����: :${�:$���: �������# 
8�:�� s 55), s 41 (��# :$"x��{CB�# �� ����B��:� #����: :${�:$���: �������# 8�:�� s 167, ��# 
:$"x��{CB�# �� �"���:� #����: :${�:$���: �������# 8�:�� s 75) C s 42 (��# :$"x��{CB�# �� ��-
��B��:�/�"���:� #����B: :${�:$���: �������# 8�:�� s 124). 

_� :��: ��CC 7:�"x����B :������B �����B $��C 7�:C� ����� 7�:U���� 7: ����C�" ���7:�:-
���C#, $�C�:��C "x������C� 7: :��:8��C� � :$:���x����� �C��:"x������, � ����� :7�������C# 
�:� ��� C�� ����:� 8�:�� �� �����:#�CC   500 ����:  � 7:����"�{C� ��7:����C�� :�������C 
������C :� �:�7��CC ESRI �� 7���Q:��� ArcGISPro � 7�C�����C�� C����"����� :$:!�{��C# ���-
��B (EnrichTool) [20]. 
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\:�� !:�:�: , 7�:C�B:�#{C� C����xC�����:   :� �� �� b�C Q"������������� Q���:��, �����# 
�xC���� �:UC����: �������������, �: ��C �$:# �� ����� �:!"� C����C�� CB Q"��UC:�C�: ��C�, ��-
�"8C  ���7�������C� ������ ����" ������:B:�#��� �����C C !:�:���C�C  C���C C�7:���: ��C# C 
:7�� ��  ��C�C�" ���������C# !:�:�: . a�: ���7:�:$�:��� "x���� 7��C�"{��� � :�����:!: 7�:-
������� �, x��������� 7:����C �� ��$:�" C�-�� ���7:�:$�:��C "x���� �:UC������ C������C ���:�:  C 
���7:�:$�:��� ����� C�� �: "� �����:��" :7��xC ��� ���B:�� �� C�Q�����"��"�", �:�:��� :�� 7:-
�:�����. e:x���C ������ ��C "�������C# b�CB ���:x��B �$:�  # �#���# � �  C�� ���:!:  �� ��� C-
�C� C 7���� �� 7�:���   7�:$��B,  �C�����# � 7�����C�:  7�C!:�:���B 7:���: . G���:� C� b�CB 
������  7�C :�C� � "����8��C� 7�:������� ����B ������:  !:�:�� [21]. ó���C :$|���:  :${���-
 ���:!: :$��"�C ��C#, ���CB ��� 8�:��, $:���CU� C�C 7�� C������ ����� ����C#, �:�:��� :$��7�-
xC ��� :��: ��� !:�:���C� Q"��UCC, �:!"� �"x8� "�: ��� :�#�� :${��� ����� ��7�:��, 7�:� C!�# 
b������� «"���B !:�:�: » [22]. Z���" �:UC������ ��7C���:�, �C����:� C ����::$���C�� �"{���-
 "�� 7:�C�C ���  ��C�:� #�C,   �:  ���# ���  �C#�C� 7�:��:��C �������C# �� �:UC������ ��7C��� 
:��CU������:� C ��#��:� [23]. cx���C�   �:UC����:� ��#�����:��C C Q:��C�: ��C� �:UC�����B � #-
���, ����� C ��7C���� C���� ��8��{�� ���x��C� �� �:���: ��# Q:��C�: ��C# ��x��� � �C��C C ��:-
�: �# :������:!: x��: ���, �: C ��# �:����C# �:UC����: "��:�xC �B �::${���  [24]. O:�C�C�� :�-
����:!: ��xC����C# 7���7:��!���, x�: "x�{C��#, �C "{C�   ��$��!:7:�"x��B ���:��B, �:!"� 7:��-
{��� �"x8C� 8�:�� �� 7�������C � :�!: ���:��. y����: B�������C��C�C :�������B �CU, ��x��� : 
8�:���:!: :$���: ��C# C B�������C��C�C ���:��  ��C�:����� "�� :x��� ��:���� :$���:�, �:��� �# 
����:�:���� �:���C  �$:�� 8�:�� �� ������B :$���: �������B �����B [25]. e���C�:�C����:� ��-
 ���� : 7�C 7���:��� ���CC :$���: �������B "��"! # �#���#  �����8C� b������:� �:����C# ��:�:-
 �B C ���:����B "��: C� �C��C   !:�:��B [26]. _��� ���� :   :$���: ��CC # �#���# �������:� �:UC-
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����:� 7�:$���:�   ��� C ��{CB�# ������B [27]. O:����:��� 7�:������� ����B 7���7���C    C����-
�: ��C#B   :$����C :$���: ��C# B:�:8: C� �����, :�:$���:   ���CB :$����#B, ���  �$:� 8�:��, �:-
�:��� ����C�"���#   ����Cx��B C���C�"UC:������B, ���:!��QCx���CB C ������B !�:!��QCx���CB 
��!C:��B.  

_: �7:�:$� 7�:������� ���:!: C�����: ��C#, ���� ���C :�C 7:���UC����: �:!"� $��� C�7:��-
�: ���   �:�7������B C�����: �������CB ������!C#B, ��� 7�� C�:, Q��!����C�: ��� C C�:�C�: ���, 
�� 7�C�C��#  :  �C���C� ��:!:xC������� ��7���� �:������"�����B Q���:�:  [28]. y7�C�����:� 
���7�������C� :$���: �������B ���"��:  $��: ���"����:� 7�:$���:�, C C�"x��C� �:��"7�:��C :$��-
�: �������B "x������C�   $����B ���:��B 7:�:!��� ���"��: 7���C�: ��� ���7:�:���C� :$���: �-
������B "x������C� C �7:�:$�� : ��� �$�����C�: ���:�" ��� C�C� :$���: ��C# [29].  

z� 7:�����C� !:�� ���:7C��# ���xC������� :$|�� C�����: ��C� 7:�C�C�C   :$����C !�:!��QC-
x���:!: :$���: ��C#, 7:��:���" C�����: ����C C� ����B �����B �C�UC7�C� 7�C����C U���:��� C�"-
x��C# # ���C� :$���: ��C# � 7�:������� ���:� �:x�C ����C# [30]. �:�#  ���:��� :$���: ��C# ��# 
����� �����!:  :������ B:�:8: ���:�"����C�: ���, �:��"7" � "x������C#� ��# :$"x��C# ����� ���-
��!:  :������ "���#���# ���:����:x�:�  �C���C�. _��� �:����:� ���7�������C� "x������C� ��# 
�:8�:���:!: :$���: ��C#   C�:�C�: ����B !:�:���CB ���:��B �:��� 7�C ���C � ���� ���� " :$��-
�: �������B  :��:��:���� [31]. `:UC����:� ���� ���� : ���:����C�"�� ������UC� � "�C���C�   
���"������ ���7�������C# �:UC����:-b�:�:�Cx���CB !�"77 C 7�:������� ����B "�:$��  C ���:����-
�: . cxC�� �# CB 7�C ������:��� 7�C�UC7�� 7�:������� ���:!: �� ���� �,  ���: 7:�#��,  7C�� �-
���# �C !:�"����� ����� "��"!C   b�" �:���� C�C, ��:$:�:�, :$��7�xC ��� :�C���: �� "�: ��� �:�-
�"7�:��C ��# ����Cx��B �:UC����:-b�:�:�Cx���CB !�"77 [32]. y$���: ��C� # �#���# :��C� C�  ��-
���8CB ��7���:  �C��C x��: ���, �7:�:$�� "�{C� b�:�:�Cx���:�" C �:UC����:�" $��!:7:�"xC�. 
y��"��� C� �������{�!: �:��"7� � :$���: �������� "��"!�� ��# ����� �:��� ��������# �� CB :${�� 
$��!:7:�"xCC. G�:�� �:!:, ���:����:x�:� 7����:���C� :$���: �������B  :��:��:���� �:��� "�C-
�C�� �:UC����:� ���� ���� : [33]. O:�C�C��  �$:�� 8�:�� ��7�� ���� �� ���8C���C� �:��"7� � :$-
���: ��C� 7"��� :���$���C# � #�C ����" ����:� �C������ � "x�{�!:�# C  �$������ C� ��$:�:�, 
�: ��C������� 7:����C �� ��$:�" C ��"!C� $������ �:!"� 7:��8��� ����#�  �$C���� 8�:��, �:�:-
���   7�:�C �:� ��"x�� $��C $� ���������� [34]. O�:������� ����#  C�"��C��UC# C ������C�! �:-
UC�����B 7�:$��� — $��U����# ������!C# ��# :�"{��� ���C# C������C�   7:�C�C��. O: ���� �:!:, 
��� !:�:��  �� $:��8� 7���B:�#� � «��7�:������� ���:�» !�:!��QCC 8�:���:!: :$���: ��C#, !�� �:-
�� :B ���   ����8�� ���7��C :7�����#��, !�� "x�{C��# 7:��{��� 8�:�",  ���: "xC�� ���, !�� ��-
B:�#��# ����������� 8�:��, � !�� CB ���. T:��� ��������#  C�"��C��UC# ���7:�:���C# 8�:�, x�� 
���:!��QCx���C� ������ 7: ���:���, 7�����!��� �: "� 7���7���C " ��# C�"x��C# (��) 7���7:��!��-
��B 7:������ C� ������C# 8�:� ��# "x�{CB�#, �::${���  C ��� C�C# [35].  

R���:� C�����: ��C� 7:� :�C�:  �!�#�"�� �� 7�:$���" 7:� ��"!C� "!�:�, � C����: � 7�C����-
�C�� !�:C�Q:���UC:���B ��B�:�:!C�, :��: � ��{CB�# ��  C�"��C��UCC :$|���:  �  �����C�� �#�� 
���C$"�C ��B �����B. R�����, 7�C��������   ����:#{�� C�����: ��CC, # �#���# C��:��: :����-
���C C 7������ ���� �� 2020–2021 !:�. X��!:���� 7�C�:�� 8�:���C�:  C� !:��   !:� �� �#���#   
������� :�:�: 10 %, x�: 7: �8��� "�: ��� ��QCUC�� "x��Cx���CB ���� C 7�C :�C� � ��:$B:�C�:��C 
���:C������ � �: �B !:�"����� ����B :$���: �������B "x������C� �  ����C�� ���8���:!: (�� ��-
��B��:� C �"���:� #����B) :$���: ��C#. R�# �������:!: �����:����C#  :7�:�:  7: �:�Cx��� " :��-
�� ����B "��"!   :$���: ������:� �Q���  :��C��� ��:$B:�C�:���   C��C C�"����:� 7:�B:�� 7�C 
C�"x��CC ����:!: C� �C��:"x����:  C :$���: �������B "x������C�. A :${�� 7�:7:�UCC :� �:�Cx�-
�� � �������C# (~223,3 ���#x �� 2021 !.) �:��C�!��� 8�:���C�:  !:�"����� ����B :$���: �������B 
"x������C� �:��� �#�� 14,85 %. A ���x��� �� 2020 !:�, xC�����:��� 8�:���C�:    K����C���:� 
���:�� $��� �� �� 30738 "x��C���, :$"x��{CB�#   29 !:�"����� ����� 8�:��B (~1059 "x��C�:    
������� �� :��" 8�:�"). `���"�{C� "x�$��� !:� (2020–2021) ��QC��C�: �� �:�� �:�Cx��� � :$"-
x��{CB�# �:!����: �������" ���x��C�   10 % C �:��� C� 33169 "x��C�:  (~1143 "x��C��   ������� 
�� :��" 8�:�"), x�: �� �: 7�C�:��" �� 100 x��: ��   ������� �� ����"� 8�:�", �: �:�7����UC# ��-
QCUC�� "x��Cx���CB ����   K����C���:� ���:�� 7�:C� :�C��# �C8� �� �x�� ���:C������ � 7�C���:�� 
� C���{���# 8�:��� C $��  :� ����C# �: �B :$|���: . A � :� :x�����, �:�Cx��� : :$"x��{CB�#   
�:�Cx��� � 3089 ���7:�:�C�C��   13 x�����B 8�:��B (~237 "x��C��   ������� �� :��" 8�:�"), x�: 
���:����C�"�� ����CU"   "��: C#B ��# ��x��� ���:!: 7���:��� ���C# :$���: �������B "��"!. _C��-
����"�{C� ����C� $�� :��: �� �� 29 !:�"����� ����B 8�:��B C 29 �C��:"x�����B, ���7�����#�{CB 
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"x��C�:  � ��C$:��� $�C��: ���7:�:������ "x�$��� �� ����C#�,   �� C�C�:��C :� C���{�� ��-
!�"��C (�C�. 2). 

 

 

\C�"�:� 2. G���� 8�:� C �C��:"x����:  K����C���:!: ���:�� [19] 

O�� ��   �7C��� �C��:"x����:  C��� "x���:� s 1 7�:{���� :�:�: 117 !� � :B ��:� "�CU K$�#, 
T�����: �, @��$���, G:����"�: �, T:!��$�� $����� C T���"����: �, !�� ��# :$"x��{CB�# 7���:�-
�� ���� 3 "x�$��B �� ����C# — !C����C# s 36 C :${�:$���: �������# 8�:�� s 124 ��# :$"x��-
{CB�# �� ����B��:� #����, � ��# :$"x��{CB�# �� �"���:� #���� — 8�:��-!C����C# s 8. y${�:$��-
�: �������# 8�:�� s 124 # �#���# ���8���:�, �: ���� :$"x��C� 7���:��� �#���#   � "B Q:���B — 
�� �"���:� C ����B��:� #����B. SC����C# s 36 ���7:�:���� �� ����C�:�CC �C��:"x����� s 6 C 
�����## �C����UC# :� �:�:  (  7�C���  �#� �:� s 138 7: "�CU� ��!�$"��C�: �) 7: �C��:���:�" s 
1 �:��� �#�� 7:�#��� 800 ����: , � � "x��:� 7�8�!: ���8�"��   ������� :�:�: 1 �C�:�����. _� 
2020–2021 "x�$��� !:�   !C����CC s 36 xC��C�:�� 824 8�:���C�� C � "x��:� ���!:��:!: 7�C�:���   
10 % C���� $:���  ��:�C� 7:�������� �� 2022–2023 !:�. `�� C���# �:��   500 ����:  �: ����:� 8�:-
�� 7: :��:8��C� � �C��:"x����" s 1 ���7�:�����#���# �� �� �� �: "�CU� T:!��$�� $�����, � �� 
��7�� �: "�CU� T���"����: �, x�: :B ��� ��� �C8�  :��:x�"� x���� �C��:"x����� s 1. `:!����: 
:������� ������ ESRI �� 2020-� !:�,   ��� C��:� �:�� (500 �) !C����CC s 36 7�:�C ��C 438 ����� 
(:� 0 �: 14 ���), x�: �:��� �#�� 22,58 % :� :${�!: �:�Cx��� � �C�����   "7:�#�"�:�  �8� ��� C��:� 
�:��. y${�:$���: �������# 8�:�� s 124 �: ���8���:� Q:��:� :$���: ��C# ���7:�:���� �� ����C-
�:�CC �C��:"x����� s 12, C �����## �C����UC# :� �:�:  �C��:"x����� s 1 �:��� �#�� 7:�#��� 1,5 
��, � � "x��:� 7:���:��C# ���8�"�� — $:��� 2 ��.  

_� 2020–2021 "x�$��� !:�   ����:� 8�:�� xC��C�:�� 516 "x��C�: . `�� C���# �:��   500 � �C-
��� �� �::� ���� "�� �C��:"x����" s 1, :!���CxC �#�� 7�����x��C�� "�CU ���� � C G�$��$�� $���-
��. ��:��-!C����C# s 8 # �#���# ��C��� ����� :$���: �������� "x������C�� C� ���B 7���xC����-
��B, x�: ���7:��!����# �� ����C�:�CC �C��:"x����� s 1. _� 2020–2021 "x�$��� !:�   ����:� 8�:�� 
xC��C�:�� 1170 "x��C�: . ��B:�# C� U����� �C��:"x����� s 1, �����## �C����UC# �: 8�:��-
!C����CC �:��� �#�� 7:�#��� 570 ����: , x�: �::� ���� "�� �:�U�7UCC «:$|���:    8�!: :� �:��"7-
�:��C». A :$:���x����� ���C  ������:� 7��C:� �� ����C�:�CC �C��:"x����� s 1   b��7�"���UC� 
$��C   ����� 4 �:�7�����: �C��� �:�7����� «Lamiya», «Palladium», «Double Star»   2021-:� !:�" C 
«Qarasai Park»   2022-:� !:�", x�: 7:���UC����: " ��CxC� �:�Cx��� : �"����{CB�#   :$���: �����-
��B "��"!�B. 
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ZC��:"x���:� s 2 7�:{���� 7:�#��� 115 !�����:  C���� :B �� "�CU e:�� $C, T���"����: �, 
����� Z������ � C _�"���$�� $�����. SC����C# s 15 # �#���# :$���: �������� "x������C��, ��-
7�� ������ �� :�����C� "��"! �: ���8����� �C7:� :$"x��C#. _� 2020–2021 "x�$��� !:�   ����:� 
!C����CC xC��C�:�� 2022 "x��C��, � ���� !C����C# $��� :$���: ���   1937-:� !:�". R����� 7:����-
���� # �#���# ��C ��8C� 7: ���:�" ���#�" � !C����C�� s 34, 7���:��� �#�{�� :$���: �������� 
"��"!C �� �"���:� #����. `�� C���# �:��   500 � 7:��� ��� U��������"� x���� �C��:"x����� s 2 C 
�����## �C����UC# :� ��C$:��� "������: ���7:�:�����B �:�:  �:��� �#�� 7:�#��� 750 �, �:   ���-
��B 7: �8��C# $��:7���:��C 7���� C���C# ���� ��:$B:�C�:���   7�����:��� !���CU �C��:"x�����, 
��� ��� ����� �:�� ���7:�:���� �� 8C�:�C� 7�:�7���:� `��Q"��C��, x�: " ��CxC ��� �C�� ��# :$"-
x��{CB�#. _� ����C�:�CC �C��:"x����� �� 7:�������  ���# $��C   ����� �C��� �:�7����� Dial 
Residence (2022-:� !:�) C Elif Towers (2019-�� !:�), � �� 2024-�� !:� ��7���C�: ��:   ����C�   b��-
7�"���UC� �C�:!: �:�7����� «Meridian Apartments». O���7���C ���C �:���C ��# ���:C������ � �:-
 �B :$���: �������B "x������C� �:!"� 7:��"�C�� �������C� �:�� �� �:�!: :-��� ����������� U��-
��:� «MegaPark», � ����� "x���:�   � ������ "�CU T���"����: �–S:!:�#–Z����xC–K����� $C � ��-
�����: �� �:���:� 20-311-004-019, :$:���x����� ��# ���:C������ � ���C�C�����C �:!: ����C#, �: 
��"������:!: �C7�. 

e���C�:�C# �C��:"x����� s 3 �:��:C� C� ���B ����:�: : �������:!: (7�:C� :��� ���:!:), x���-
�:!: C ��:!:� ���C���B �:�:    7����Cx���C C����Cx�:� 7�:7:�UCC. A 7���� ��� C�C# !:�:�� 7�:-
C� :��� ����� ����:�, ���7:�:������   K����C���:� ���:��, 7���C�"���# 7�������C ��# �������-
8�� 7���:�C����UCC C�7:���"��:� ����C�:�CC. R:7:��C�����: � C���{���# 7����� $�� $� 7��-
�7���C ��� 7:b��7���  ��"7 ������ x����:!: ����:�� ��# ��:�!��C��UCC 7:� �: �� ��:!:� ���C�-
��� �C��� ����C � C !:�"����� ����� "x������C#, ��� ��� x������ ����:� 7�: :UC�"�� ���7:���-
�C� !:�:���:� ����C�:�CC C, ��� �����, ��� ������ C�, �C���C !:�:�� C���� �:7:��C�����:� ���-
��:#�C� ��# 7��:�:���C#. R:7:��C�����: � �������:�"  �8� ��:C� :����C�� C �:, x�: �#� "�CU �"-
�����# C  ��"����: :$�� ����# �� x����:� ����:��, x�: ���"8��� ���:x�"� �:�:��"� C�Q�����"�-
�"�" C �� CB ����� ��# 7:�|���� :$���: ��C�� "��C� "�CU�, 7:�C���{C� �����7:���"� �:��"7�:��� 
C :�����C� "��"! ��"�$��C b�������:� 7:�:{C.  

ZC��:"x���:� s 3 7������ ��� � "�# :$���: ��������C "x������C#� — �CU��� s 24 C :${�-
:$���: ������:� 8�:�:� s 16. [CU�� s 24 7���:��� �#�� :$���: ��C� �� ����B��:� #���� C 7�C�� 
:�"{��� �#���# � 5-!: ������, x�: 7������ ���: �� ����� �C��:"x����: , ��� ��� ��# ����� 7������ -
���� �C8� :��� 8�:�� � «7:����» :$���: ��C�� — :${�:$���: �������# 8�:�� s 16. _� 2020–2021 
"x�$��� !:�   ����:� 8�:�� :$"x��:�� 1060 8�:���C�: , x�: # �#���# 7:��������� ����:!C� �C�� 
������!: "�: �# ��!�"����:��C. `������ �����:#�C� 7: �C��:"x����" �:��� �#�� 7:�#��� 800 �, � :� 
:��������B "x����:  �:��� �:��C!��� 2 ��. O:� "������"� ����� ���C 7�:C� :��� ���"� �:�" "�� 
7�:C� :�C��#  ��"7 ��������B "x����: , x�: ����C�: � ����# x������C ���:C�������C �:�7��C#-
�C, 7:� �: �� �C��� �:�7�����. ` 2019 7: 2022 !:�� $��C   �����   b��7�"���UC� ����"�{C� �C-
��� �:�7�����: «MB 52», «Atlant», «@G �� e�8������:�»   2019-:� !:�", «12 ���#U� »,   2021-:� 
!:�" C «Auezov City»   2022-:� !:�". G 7���xC�������  �8� �C��� �:�7������   2023-� !:�" �:-
$� #��# «Raimbek Park», «Life town», «Almatym» C «Millenium Park», x�:   ���� 7: ��C� ��!�"��" �� 
C���{"��# �:UC����"� C�Q�����"��"�". `:!����: 7����� �����:�{C�:  �C8� " �����:�{C�� 
«Auezov City» �� ����C�:�CC 7���"��:����: 8�:���:� "x������C�, �: $"��� �C :�: x������ C�C 
!:�"����� ����� — ��C� ����:. 

ZC��:"x���:� s 4 ���7:��!����# 7:�C!:�:� 7: "�CU�� K$�#–e"�!"� y����–G"���$��: �–
S������–G������ $�����–\:��$��C� �. y$"x��{C��# �� ����B��:� #���� 7�C���7���� � :${�:$��-
�: ������:� 8�:�� s 67, � �� �"���:� #���� � !C����CC s 18, ���7:��!��{���# �� ����C�:�CC �C�-
�:���:�� s 38. ZC��:"x���:� s 4 # �#���# x����� C��:�Cx���C ��:�C 8�!:�# ���:�� «e�����», x�: 
#��:  ��������#   ����C �:� x����:� �����:��� C ���CxC�� �#�� "��CB C «��C �B» "�:x��, 7�:�C :-
��x�{CB ���:x�:� ���"��"��, Q:��C�: � 8���# �{� � �:����� �:����C# ���7:��C A�����. G:�U�7-
UC# 8�!: :� �:��"7�:��C �:$������ :�x���C, ��� ���   ��� C��:� �:�� 8�:�� s 67 ��B:�#��#   
$:��8�� x���C x������ ����C �, � ��# 7:��{��C# !C����CC s 18 8�:���C��� ���� ��:$B:�C�:���   
7�����x��CC "�CU� \:��$��C� �, # �#�{���# :��:� C� ��C$:��� ��!�"�����B   !:�:���:� 7�:�����-
�� �. A 2022-:� !:�" 7���C�"���# ���x�   b��7�"���UC� �C�:!: �:�7����� «Oner», 7:���{�!:�# :7-
���������� ������� �� 7:b��7�"� ��:�!��C��UC� !:�:���:� ����� � 7:���7����� :����:� :� x���-
��B �C��B ����C :    U��������:� x���C   "!:�" ��:!:� ���C���� �C��� �:���, 7:����"�{�� 
��:�!��C��UCC C ���8C���C# "�CU ��# �:����C#  ��������B 7:�:� 7:� :${��� ����� �����7:��, � 
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�����  ��"7� x�����B ������ 7:� �:����C� �:UC����:� C�Q�����"��"��. ���:�Cx���C� ���:� e����-
��, �� C����x��C�� e������–1, e������–2, e������–3 (�: � "x��:� C���{���# x����:� �����:��C), �� 
��!:��#8�C� ����  : ��:!:� �� :� �x��� ���������� !:�:���:!: 7�:������� � C �"������#   ��:�!�-
�C��UCC  ��B �:�7:����:  � "x��:� C��:�Cx���C ��:�C 8���# �����:��C   ���:��B e�����–2 C e��-
���–3 (�C�. 3). 

 

 

\C�"�:� 3. G:�Cx��� : "x��C�:  7: :$���: �������� "x������C#� [19] 

ZC��:"x���:� s 6 :B ��� ��� "x���:� 7: "�CU�� _����$�� �–@��$���–Z����xC–T:!��$�� $�-
����–T���"����: �–e:�� $C C C���� �� � :�� ����C�:�CC 3 :$���: �������B "x������C# — �CU�� 
s 39 C !C����C# s 36 � ����B��C� #���:� :$"x��C# C !C����C# s 25 � �"���C� #���:� :$"x��C#. 
`:!����: ���������� �C��:"x�����, :$"x��{C��# �� �"���:� #���� �:!"� :$"x����#   !C����CC s 
25, � �� ����B��:� #���� —   !C����CC s 36. `������ �����:#�C� �: :$���: �������B "x������C� 
 ���C�"���# :� 250 �: 700 �, � ����C�����:� �:��� �:��C!��� 1,5 ��. _� 2020–2021 "x�$��� !:�   
!C����CC s 25 xC��C�:�� 808 :$"x��{CB�#, �   !C����CC s 36 — 824, x�: # �#���# 7:��������� 
�C�� ������!: "�: �# 7: K����C���:�" ���:�". A 7���� �����7:���:� �:��"7�:��C ����C�:�C# ���-
�:!: �C��:"x����� # �#���# :��:� C� ��C$:��� "�:$��B, ��� ��� ���� �:��"7 � "�CU�� � :��:��:�:�-
�C� � C���C�� C  ���������C 7:�:���C ��# :${��� ���:!: �����7:���   7�:�C :7:�:��"� ���-
QC�" ��:�:�" ("�CU� T:!��$�� $����� C G�$��$�� $�����), � ����� �#� "�CU � :��:��:�:��C� � C-
���C�� ("�CU� _�"���$�� $����� C @���:����). R:7:��C������� 7��C�"{��� :� # �#���# ���CxC� 
�C�CC ����:7:�C���� �� :��:�C�����: �:��"7�:� �����:#�CC, x�: 7: �8���,   U��:�, �:$C���:��� 
!������ ����:!: �C��:"x�����. _� ����C�:�CC ����:!: �C��:"x����� s 6 ����x��: �C8� :��: 7:-
���UC����:� ���:C������ : — @G �� 7�����x��CC "�CU e:�� $C C O��QC�: �, �:   ������ �:���� 
 ��"��# 7�:������ ��$:��. 

ZC��:"x���:� s 10 ��B:�C��# �� "x����� 7: "�CU�� G�$��$�� $�����–Z�����–G������ $�����–
���� �–e:�� $C–G:����"�: �. R�# :$"x��{CB�# �� ����B��:� #���� ����� 7������ ���� :${�:$��-
�: �������# 8�:�� s 124 (��B:�C��# �� ����C�:�CC �C��:"x����� s 12), � ��# :$"x��{CB�# �� �"�-
��:� #���� — !C����C# s 46. `����## �C����UC# �: :$���: �������B "x������C� �:��� �#�� :� 350 
�: 800 �, x�: �::� ���� "��   $:��8�� ���7��C �:�U�7UCC «8�!: :� �:��"7�:��C» C ����� 7��C�"-
{��� :� # �#���# :��"��� C� ��"7��B 7�:�7���:  �� ����C�:�CC �C��:"x�����. _� 2020–2021 "x�$-
��� !:�   !C����CC s 46 xC��C�:�� 1436 "x�{CB�#, x�:   7:��:�� ���� 7�� �8��� ������� �:��" 
7: K����C���:�" ���:�", �   :${�:$���: ������:� 8�:�� s 124 xC��C�:�� 516 "x�{CB�#. z���� ��-
:$B:�C�: "xC�� ��� � � Q���� ��# 7:�C���C# ��!�"����:��C !C����CC s 46, 7:�C�: ����CU�   �:-
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�Cx��� � :$"x��{CB�#   ��� ���CC �: 8�:�:� s124. O�� �� Q��� �����x����#   �:�, x�: :${�:$��-
�: �������# 8�:�� s 124 # �#���# ���8���:�, �: ����, 7:�C�: :$"x��{CB�# �� ����B��:� #����, 
���� C :$"x��{C��# �� �"���:� #����. A�:�:� Q��� �����x����#   �:�, x�:, ����:��# �� �:�C��"� 
����CU" (  3 ����)   �:�Cx��� � "x��C�: , �:�Cx��� : 7��7:�� ������ # �#���# 7����Cx���C �B:�C� 
— 70   8�:�� s 124 C 85   !C����CC s 46. 

ZC��:"x���:� s 12 :B ��� ��� � ����� "�CU G������ $�����–K"b�: �–S:!:�#–���� � � ���C-
xC�� �� ����C�:�CC "7:�#�"�:�  �8� :${�:$���: ������:� 8�:�� s 124 C :${�:$���: ������:� 
8�:�� s 55. R�# :$"x��{CB�# �� ����B��:� #���� ����� :$:���x��� 8�:�� s 124, � ��# :$"x��-
{CB�# �� �"���:� #���� — s 55. y 8�:�� s 124 !: :�C�:�� ����:!C�  �8� C ���� ����� �Q:�"�C-
�: ���  �C���C� �� 8�:�� s 55 — �� 2020–2021 "x�$��� !:�   ��� xC��C�:�� 1021 :$"x��{CB�# 
(7�C 57 7��7:�� ����#B), x�: �::� ���� "�� ����������C��Cx���:�" "�: �� 7: K����C���:�" ���-
:�". �� �: :  ������B �C��B �:�7����:  ���xC��# �C8� �C�:� �:�7���� «Assem Plaza», �������   
b��7�"���UC�   2020 !:�". _�B:����C� ����:!: �C��:"x����� � 7�:C� :��� ���:� $��:�, x�: 7���C-
�"���# 7�������C   ��������:x�:� 7���7���C �, �:��� 7�C ���C � �: :�  �B� ��� C�C# ����:!: "x�-
���� K����C���:!: ���:��, ��� ��� �����: ��: b�:  �� � 7�:$C �C "�CU� K"b�: � :� "�CU� S:!:�# �: 
7�:�7���� \����$��� � 7����������� :� :�:� ������ ��# x�����B �����:�{C�: . 

ZC��:"x���:� s 14 C���� :B �� "�CU R"����: �–e"���$�� �–\����$���–e"�!"� y���� � ���C-
xC�� �� ����C�:�CC !C����CC s 62 C :${�:$���: ������:� 8�:�� s 167 � ����B��C� #���:� :$"x�-
�C#. y$"x��{C��#, 7�:�C ��{C� �� ����C�:�CC �C��:"x����� s 14, � ����B��C� #���:� :$"x��C# 
C�"�   !C����C� s 62, � � �"���C� #���:� —   !C����C� s 34, ���7:�:����"� �� ����C�:�CC �C�-
�:"x����� s 29. A !C����CC s 62 �� 2020–2021 "x�$��� !:� xC��C�:�� 1110 "x�{CB�#, x�: ����:-
!C�  �8� ������!: 7:�������#, �: C���� 7: �8���"� ��!�"��" � "x��:� ���!:��:!: 7�C�:���   10 
%, �   !C����CC s 34 — 2026 "x��C�:  (7�C 94 7��7:�� ����#B), x�: # �#���# ��C ��8C� 7:������-
��� 7: K����C���:�" ���:�". `��:C������ : 7�C���:��C � !C����CC s 34 �� 300 x��: �� C���� 7:-
���UC�� � 7:����C� ��!�"��C, �: 7�C�:�� "x�{CB�# # �#���# 7����������� C   7���7���C � 7�C �-
��� � ��:$B:�C�:��C :�!��C��UCC �: �B "x�$��B ����. _�:$B:�C�: �{� "xC�� ��� �:� Q���, x�: 
���:C������ : 7�C���:�� # �#���#  �������� ��8��C��, C " ���8C���C# ����C�:�CC "x�$�:!: "x��-
����C# ���� � :C :!���Cx��C#, � �:�Cx��� : "x��C�: ,   2020–2021 "x�$�:� !:�" 7�� �8� 8�� 
������� �:�Cx��� : :$"x��{CB�# 7: K����C���:�" ���:�"   � � ����, $"��� ����C, ��� ��� C��:�C-
x���C� ���:� e������ 7:b��7�: :� �C ����# x������C �����:�{C���C, � �� �C��� �:�7�����, x�: 
$��C 7:���:���   7:�����C� !:��, �� 7:�7����C 7:� ���$: ��C� :�!��C��UCC :$���: �������B "x-
������C� 7�C �C��B �:�7�����B. 

ZC��:"x���:� s 16 ��B:�C��# �� ����C�:�CC C��:�Cx���:!: ���:�� e����� C   ����:#{��  ���# 
# �#���# :��C� C� ��C$:��� ������C ����B   �����B �:x�x�:� �����:��C. S���CU� ����:!: �C��:-
"x����� 7�:B:�#� 7: $���!: :� ����C�:�CC :���� `����� C "�CU �����C��, e����C� �, G"���$��: �, 
e"�!"� y���� C K$�#, C��# ����C�:�C� 7:�#��� 85 !�. _� ����C�:�CC �C��:"x����� C�����# :${�:$-
���: �������# 8�:�� s 75 � C�����C ��� :$���: ��C�� C :$"x��C�� �� �"���:� #����, �"�� �:$��-
 ���: C ��7�� ���� "x��C�C ����:!: �C��:"x�����. R�# :$"x��{CB�# �� ����B��:� #���� 7������ -
���� :$���: �������# 8�:�� s 67, ���7:��!��{�#�# �� ����C�:�CC �C��:"x����� s 4, ����� :7C-
����:!: 7�C  ����CC ����:!: C�����: ��C#. ��:�� s 75 �� 2020–2021 "x�$��� !:� C�xC��#���� 781 
"x��C�:� (7�C 62 7��7:�� ����#B), x�: �C�� ������!: 7:�������# 7: K����C���:�" ���:�", �: ��:$-
B:�C�: "xC�� ��� �:� Q���, x�: �����# 8�:�� �� 7���:��� �#�� ���8����� Q:���� :$"x��C#. \��-
��:#�C� �: 8�:�� s 75  ���C�"���# :� 400 �: 900 ��, x�:,   U��:�, :$|#��#���# Q���:�:� ���CxC# 
x����:!: �C�:!: ����C �. R: 8�:�� s 67, :7C����:� ����� 7�C �����:����CC �C��:"x����� s 4, 
�����:#�C� ��# 8�:���C�:  �C��:"x����� s 16  ���C�"���#   ���x��C#B :� 900 �: 1300 �, x�: # �#-
���# ��"�: ��� :�C������� 7:���������. _� ����C�:�CC �C��:"x����� C�����# �#� �C��B �:�7���-
�:  — «Z��Bb����», «@�!���"» C «K���� T"���»,   �������   b��7�"���UC�   2012-:� !:�", � ����� 
�: �� �C��� �:�7���� «LakeTown»,   �������   2021-:� !:�". O:b��7�:� :� :��C� C��:�Cx���:!: 
���:�� e������ ��:$B:�C�: 7�:C� :�C�� � :� ����C�� ������ ��# :�!��C��UCC C�Q�����"��"��, ��� 
���   ����:#{��  ���# :$���: �������� "x������C# �� ����C�:�CC �C��:"x����� s 16 �� �::� ����-
 "�� �:�U�7UCC «8�!: :� �:��"7�:��C», C   7���7���C � �: �� � �������� ����� �C��# �:!"� "�C-
�C�� ��!�"��" �� C���{"��# :$���: ������"� C�Q�����"��"�". 

ZC��:"x���:� s 17 C���� :B �� !���CU 7: "�CU�� @��$���–S�!��C��–G������ $�����–e:�� 
$C–@��:�: �. R�# :$"x��{CB�# �� ����B��:� #���� ����� 7������ ���� :${�:$���: �������# 8�:�� 
s 128 (���7:�:���� �� ����C�:�CC �C��:"x����� s 40), � ��# :$"x��{CB�# �� �"���:� #���� — 
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!C����C# s 79. _� 2020–2021 " 79 — 1601 (7�C 103 7��7:�� ����#B), x�: # �#���# x�� ����� 7:����-
����� 7: ��!�"����:��C   K����C���:� ���:��. ZC��:"x���:� s 17 ���7:��!����# 7: �:����� " � 
7�:C� :��� ���:� �:�:�, x�:   7���7���C � $"��� 7���������, � :� :$:�C 8C��# ����C�:�CC   7��-
�7���C � 7�����"� 7:�  ����:�:���� ��� C�C�, �: �� ��!:��#8�C� ���� C�����# �C8� "x����C 7:� 
���:C������ : �C��B ����C :  (��7�C���, «Auezov City»). _� ����C�:�CC �C��:"x����� s 17 �� 
C�����# �: �B �C��B �:�7����: , �:  �8� �� ����C�:�CC 7�:C� :��� ���:!: ����:��   2021-:� !:-
�" $�� ����   b��7�"���UC� �C�:� �:�7���� «Nomad 2», � ����C�:�CC �:�� ��C$:��� �:��"7�:�   
����:#{��  ���# # �#���# �� �� :$���: �������� "x������C#. 

ZC��:"x���:� s 19 ���7:��!����#   � ������ "�CU ���� �–S:!:�#–T���"����: �–T:!��$�� $�-
����–G:����"�: �—e:�� $C. y$"x��{C��# �� ����B��:� #���� �����7���� �� 8�:�:�-!C����C�� s 
136, � :$"x��{C��# �� �"���:� #���� — �� :${�:$���: ������:� 8�:�:� s 95. A 2020–2021 "x�$-
�:� !:�"   8�:��-!C����CC s 136 xC��C�:�� 765 "x��C�:  (7�C 76 7��7:�� ����#B), �   8�:�� s 95 
— 1446 (7�C 81 7��7:�� �����), x�: �� �: 7#�:�" 7:�������� ��!�"����:��C 7: K����C���:�" ���-
:�". �� �: �B   ������B � �������B ����:  �C��#  ����#���# �C�:� �:�7����  «Kayra»,   ����-
���   2018-:� !:�" C ��"$��� �:� «Sorrento»,   �������   2021-:� !:�". 

ZC��:"x���:� s 21 ���7:��!����#   � ������ "�CU @��$���–_����$�� �–K$�#–T���"����: �. 
y$"x��{C��# �� ����B��:� #���� 7�C���7���� � !C����CC s 36, ��� C 8�:���C�C � �C��:"x����:  
s 1 C s 6, � :$"x��{C��# �� �"���:� #���� 7�C���7���� � !C����CC s 120. _� 2020–2021 "x�$��� 
!:�   !C����CC s 120 xC��C�:�� 1332 (7�C 84 7��7:�� ����#B), x�: �� x�� ����  �8� ������!: 7:��-
�����# 7: K����C���:�" ���:�". `������ �����:#�C� �: :$���: �������B "x������C�  ���C�"���# 
:� 300 �: 700 �, � ����C�����:� �:��C!��� 1300 �. _� ����C�:�CC   �����   b��7�"���UC� �#� �C-
��B �:�7����: , ����C �:�:��B: «}����������»   2018-:�, «Exclusive Life» C «Z:�:������»   
2019-:� C «Nur-Ay Residence»   2021-:� !:��B, x�: �7:�:$�� "�� 7: �8��C� ��!�"��C �� C���{"�-
�# C�Q�����"��"�". 

ZC��:"x���:� s 25 ���7:��!��� ����C�:�C��   7��C����� "�CU K$�#–\:��$��C� �–@��$���–
K"b�: �–�� x���:–T�����: �. _� ����C�:�CC �C��:"x����� ���7:��!����# 2 :$���: �������B "x-
������C# — �CU�� s 134 C :${�:$���: �������# 8�:�� s 135. R�# :$"x��{CB�# �� �"���:� #���� 
7���:��� ���� 7���xC������#  �8� 8�:�� s 135, � ��# :$"x��{CB�# �� �"���:� #���� — :${�:$-
���: �������� 8�:�� s 124 C s 128. _� 2020–2021 "x�$��� !:�   8�:�� s 135 xC��C�:�� 919 "x�-
{CB�#, x�: ����:!C� �C�� ������!: 7:�������# 7: K����C���:�" ���:�". �� �: �B � �������B ���-
�:  �C��# ��:C�  ����C�� �C�:� �:�7���� «[�!����», x�: $�� ����   2019-:� !:�" C # �#���# 7��-
 �� �� ����C�:�CC ����:!: �C��:"x����� ��"7��� 7�:���:�   7�:U���� �:x�x�:� �����:��C K���-
�C���:!: ���:�� C  �:�� "�CU� K$�#. 

ZC��:"x���:� s 27 :$���"�� 7:�C!:� � :B ��:� "�CU \����$���, \:��$��C� �, e:�� $C, S����-
��, G"���$��: �, T�"�C�: ��:!:, K�����, e"���$�� �, R"����: � C e"�!"� y����. R�# :$"x��{CB�# 
�� ����B��:� #���� ����� 7���:��� ���� :${�:$���: �������# 8�:�� s 58, !�� �� 2020–2021 "x�$-
��� !:� xC��C�:�� 622 "x��C��. R�# :$"x��{CB�# �� �"���:� #���� ����� 7������ ���� 8�:��-
!C����C# s 144, !�� �� 2020–2021 "x�$��� !:� xC��C�:�� 1142 "x��C��. `������ �����:#�C� 7: �C�-
�:"x����"  ���C�"���# :� 300 �: 500 �, � ����C�����:� :� 700 �: 1000 �. R�# 7: �8��C# $��:7���:-
��C "x�{CB�# �C��:"x����� ���� ����� �:���{��C# "x�����   ���:�� "�CU� e:�� $C ��# "����8��C# 
 ��:#��:��C 7�����x��C# ����:� "�CU� 7�C �:��� ���CC 7"�C �: :$���: ������:!: "x������C#. 

ZC��:"x���:� s 29 C���� :B �� "�CU G������ $�����, e����C� �, T����: �, e"���$�� �, K���� 
C T�"�C�: ��:!:. R�# :$"x��{CB�# �� ����B��:� #���� ����� 7���:��� ���� :${�:$���: �������# 
8�:�� s 167, ���7:�:�����# �� �C��:"x����� s 14. R�# :$"x��{CB�# �� �"���:� #���� ����� 7��-
�:��� ���� !C����C# s 34, ���7:�:�����# �� ����C�:�CC �C��:"x����� C :7C�����# ����� 7�C ���-
��:����CC �C��:"x����� s 14. `C�"�UC# � ������ �C��:"x����:� �B:�� � 7�����"{C� (s 27), ��� 
���   :$:CB ��"x�#B C�����# 7�����x��C� "�CU� e:�� $C, x�: 7:�C���� ��x��� ����� 7:�������� 
$��:7���:��C (�C�. 4). 
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\C�"�:� 4. `�� C���# �:�� ��# !:�"����� ����B :$���: �������B "x������C� 
 K����C���:!: ���:�� [19] 

ZC��:"x���:� s 30 C���� :B �� "�CU \����$���, _����$�� �, Z����: :� C `��Q"��C��. R�# 
:$"x��{CB�# �� ����B��:� #���� ����� 7���:��� ���� !C����C# s 147, !�� �� 2020–2021 "x�$��� 
!:� xC��C�:�� 1072 "x��C�� C � ��� ����� 7�C���7���� "x��C�C �C��:"x����:  s 31, 32 C 33. R�# 
:$"x��{CB�# �� �"���:� #���� ����� 7������ ���� :${�:$���: �������# 8�:�� s 16, ���7:�:���-
��# �� ����C�:�CC �C��:"x����� s 3, ������� �����:#�C� �: �:�:�:�  ���C�"���# :� 1,5 �: 2 ��. 

ZC��:"x���:� s 31���7:�:��� 7: �:����� " � �C��:"x����:� s 30 � :B ��:� "�CU Z����: :�, 
@���:����, Z������ � C _�"���$�� $�����. y$"x��{C��# �� ����B��:� #���� C���� �:��"7 � !C�-
���CC s147, ���7:�:����:� �� �:������ �C��:"x����� s 30, � :$"x��{C��# �� �"���:� #���� 7�C-
���7���� � :${�:$���: ������:� 8�:�� s 95, ���7:�:����:� �� ����C�:�CC �C��:"x����� s 19, 
������� �����:#�C� �: �:��  ���C�"���# :� 1,5 �: 2 ��. 

ZC��:"x���:� s 32 ���7:�:���   � ������ "�CU Z����: :�–_����$�� �–S:!:�#–                     
@���:����. y$"x��{C��# �� ����B��:� #���� C���� �:��"7 � !C����CC s 147, ���7:�:����:� �� 
�:������ �C��:"x����� s 30, � :$"x��{C��# �� �"���:� #���� 7�C���7���� � G\ `�[ s 54 C���C 
O��QC�: � (G���B������:-\:��C����# �7�UC��C�C�: ����# 8�:��-�CU��), !�� �� 2020–2021 "x�$��� 
!:� xC��C�:�� 797 "x�{CB�# (7�C 66 7��7:�� ����#B), C # �#�{���# :��:� C� ��C$:��� $��:7����B, 
��� ��� �CU� �# ��:�:��  �B:�C� �� 7�8"� "�CU" C :�!��C�"�� $��7��7#��� ���"� ����". 

ZC��:"x���:� s 37 C���� :B �� "�CU R"����: �–e����C� �–T����: �–S���: ��:!:–G� �����:� 
C ���C T:��8�# K����C���. y$"x��{C��# �� ����B��:� #���� ��7�� ����   :${�:$���: ������"� 
8�:�" s 167, ���7:�:����"� �� �C��:"x����� s 14, � :$"x��{C��# �� �"���:� #���� ��7�� ����   
:${�:$���: ������"� 8�:�" s 96, ���#�" � :$"x��{C�C�# � �:����CB �C��:"x����:  s 36 C 20. _� 
2020–2021 "x�$��� !:�   ����:� "x�$�:� "x������CC xC��C�:�� 1760 "x��C�:  (7�C 100 7��7:�� �-
���#B), x�: # �#�:�� �����C� 7:��������� 7: ��!�"����:��C   K����C���:� ���:��. 

ZC��:"x���:� s 38 ��B:�C��#   � ������ "�CU G������ $�����–S�!��C��–@��$���–
\:��$��C� �. y$"x��{C��# �� ����B��:� #���� 7�C���7���� � 8�:�� s 128, ���7:�:����:� �� ���-
�C�:�CC �C��:"x����� s 40, ���#�" � :$"x��{C�C�# � �C��:"x����:   s 40, 17 C 25.R�# :$"x��-
{CB�# �� �"���:� #���� 7������ ���� !C����C# s 18 (���#�" � :$"x��{C�C�# � �C��:"x����:  s 4 
C 39), !�� �� 2020–2021 "x�$��� !:� xC��C�:�� 1047 "x��C�:  (7�C 79 7��7:�� ����#B). 

ZC��:"x���:� s 40 ���7:�:���   � ������ "�CU K"b�: �–@��$���–@��:�: �–e:�� $C. R�# 
:$"x��{CB�# �� ����B��:� #���� ����� 7������ ���� :${�:$���: �������# 8�:�� s 128, � ��# :$"-
x��{CB�# �� ����B��:� #���� 7������ ���� :${�:$���: �������# 8�:�� s 55, ���7:�:�����# �� 
����C�:�CC �C��:"x����� s 12. `������ �����:#�C� �: 7���xC������B  �8� "x�$��B �� ����C� :� 
�:�:  �� ����C�:�CC �C��:"x����� s 40  ���C�"���# :� 300 �: 700 �, x�: �::� ���� "�� �:�U�7UCC 
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«8�!: :� �:��"7�:��C», C ��!�"����:��� �����B 8�:� �� �#���# �������" ���x��C� C�C �� ����:-
!: �C��. 

y������: ��:C�  ����C�� �C��:"x����C, �� C���{C� �� ����C�:�CC :$���: �������B "x�����-
�C�, — s 20, 33, 34, 35, 36, 39, 41 C 42. �����: �� ���CB �C��:"x�����B 7�:# �#���# ���:����:x-
�:��� ����� �C��:"x����: , :�C���C�: ����# �� �:, x�:$� :$"x��{C��# ����:!: �C��:"x����� C��-
�C �:��"7 � :$���: ��C� �� �:��"7�:� �����:#�CC. 

0����<���� 

O:� :�# C�:!C 7�: �����:!: ����C��, �����C�"��, x�: 7:�� ��������# C $�� �:!: :$:���x����# 
7�:$���� ��QCUC�� 8�:����B ����, �: :7C�����#  �8� �C�"�UC# $:��� �������: �7:�:$�� 7������-
 C�� ����C�" � "x��:� !�:!��QCx���:!: 7:�:���C#. _��CxC� 29 !:�"����� ����B 8�:� # �#���# ��-
�:����:x���, x�: :$:��: � ����# C ���, x�: 7:������� 8�:���:� "x������C� $��: :$���: ��:   ��-
���:� 1992-:� !:�". K����C���C� ���:� # �#���# :��C� C� �C�C�"�{CB    :7�:�� �:x�x�:� ��-
���:��C C :$���: ��C# �: �B ��$:xCB ����, x�: 7: �8��� 7�C�#!������:��� ����:� ����C�:�CC. O:-
�:$��# ������UC# 7�C :�C� � " ��Cx��C� �:�Cx��� � �C�����, x�: ��7�#�"�  �C#�� �� �7�:�   :$-
���: �������B "��"!�B. e���� �����: ����� # �#���# Q���:� $C�C�! C��� C 7:b��7�:� 7������:�-
�C� C���{CB�# :$���: �������B "x������C� 7:� 7���:��� ���C� :$���: �������B "��"! �� � "B 
#����B, ��� ��� ������ Q���:� # �#���# :��:� C� 7�CxC�  :��C��: ��C# ��QCUC�� ����   :$���: �-
������B "x������C#B.  

G:�U�7UC# �:�Q:���:� !:�:���:� �����, :�C���C�"#�� �� 7: �8��C� �:�Cx��� � :$|���:  7: 
7���:��� ���C� "��"!, 7:�:����� � �:�" �� ���$: ��C# 7: :�!��C��UCC :��B   �:��"7�:� ���C"�� 
$�� ��:$B:�C�:��C 7��:�:���C# $:��8CB �����:#�C�. ��:���C�C # �#���# x����� �: ������:!: 
:${��� �, ���7:�:$�:� 7: � :C� !��������C� 7�� �� 7���� C!����# �� �Cx�:� � �:�:$C�� $�� �:-
 ��8���:�����!:, x�: :!���CxC ��� CB    ��C����B 7��:�:���C# 7"�C �: 8�:����B "x������C�. 
O�� :��x������ ���$: ��C�� � 8�:����� "x������C#� # �#���# $��:7���:��� :$"x��{CB�# C 7��-
:�:���C� ��C������B �����:#�C�,   �:� xC��� C � 7�����x��C�� 8C�:�CB 7�:�7���:  C "�CU, ��C���� 
"�������� 7:��������. O�����:�� C���{CB�#   $��� �C��:"x����:  C " ��Cx��C� �:�Cx��� � 8�:� � 
�:$�����C�� �:�U�7UCC «:$|���:    8�!: :� �:��"7�:��C» 7:� :�#�� 7: ��C�� "�: ��� :$���: �-
������B "��"! � "����8��C�� �:�Cx��� � :$"x��{CB�#   8�:��B, � ����� ��C�C�� ��!�"��" �� 7��-
7:�� �������C� �:��� , x�:, ��� ���"�����, �:��� 7�C ���C � "�"x8��C� 7�:U���� 7:�"x��C# ����C�. 
 
 

`7C�:� �C�����"�� 

1 K�C��� !:�:�� K����� (12 ����#$�# 2022 !.). O�:!����� ��� C�C# !:�:�� K����� �: 2025 !:�� C ��������:x��� 
7��� �: 2030 !:��. — [a�����:���� ���"��]. — \��C� �:��"7�: https://www.gov.kz/memleket/entities/almaty/ docu-
ments/details/344101?lang=ru 

2 Li Y. GIS and urban data science / Y. Li, Q. Zhao, C. Zhong // Annals of GIS. — 2022. — Vol. 28 (2). — P. 89-92. 
https://doi.org/10.1080/19475683.2022.2070969  

3 Torinos-Aguado B. Using Maps to Boost the Urban Proximity: Analysis of the Location of Public Facilities According to the 
Criteria of the Spanish Urban Agenda / B. Torinos-Aguado, I. Rabanaque, C. López-Escolano // Sustainability. — 2022. — 
Vol. 14 (2). — P. 1-22. https://doi.org/10.3390/su14148534  

4 Logan T. The x-minute city: Measuring the 10, 15, 20-minute city and an evaluation of its use for sustainable urban design 
/ T. Logan, M. Hobbs, L. Conrow, N. Reid, R. Young, M. Anderson // Cities. — 2022. — Vol. 131(7). — Article ID 103924. 
https://doi.org/10.1016/j.citis.2022.103924  

5 Khaled Al Shawabkeh R. The role of social infrastructure services in developing the city centre planning: A framework for 
delivering sustainable cities in Jordan / R. Khaled Al Shawabkeh, E. Alobaidat, M. Ibraheem Alhaddad, A. Alzouby // Ain Shams 
Engineering Journal. — 2022. — Vol. 13 (6). — P. 15. https://doi.org/10.1016/j.asej.2022.101800  

6 Xu R. Density pattern of functional facilities and its responses to urban development, especially in polycentric cities / R. Xu, 
W. Yue, F. Wei, G. Yang, T. He, K. Pan // Sustainable Cities and Society. — 2021. — Vol. 76. — Article ID 103526. 
https://doi.org/10.1016/j.scs.2021.103526  

7 Xu R. City components–area relationship and diversity pattern: towards a better understanding of urban structure / R. Xu, 
G. Yang, Z. Qu, Y. Chen, J. Liu, L. Shang, S. Liu, Y. Ge, J. Chang // Sustainable Cities and Society. — 2020. — Vol. 60(1-2). — 
Article ID 102272. https://doi.org/10.1016/j.scs.2020.102172  

8 Elsheikh R. GIS-based Services Analysis and Multi-Criteria for Optimal Planning of Location of a Police Station 
/ R. Elsheikh // Gazi University Journal of Science. — 2022. — Vol. 35 (4). — P. 1248-1258. https://doi.org/10.35378/gujs.828663  



��
�����O�!#�= �����: 
]&�"� 
-��#"�6� 
-��:
&���� �
�
�� *�6�",… 

����� «	�
�
���. ��������. ��
������». � 3(111)/2023 237 

9 Ogryzek M. Geospatial tools in the analyses of land use in the perspective of the accessibility of selected educational services 
in Poland / M. Ogryzek, K. Podawca, A. Cienciaÿa // Land Use Policy. — 2022. — Vol. 122 (90). — P. 1-12. 
https://doi.org/10.1016/j.landusepol.2022.106373  

10 Latham A. Social infrastructure and the public life of cities: Studying urban sociality and public spaces / A. Latham, 
J. Layton // Geography Compass. — 2019. — Vol. 13 (7). — Article ID e12444. https://doi.org/10.1111/gec3.12444  

11 Xu R. Inequality of public facilities between urban and rural areas and its driving factors in ten cities of China / R. Xu, 
W. Yue, F. Wei, G. Yang, C. Yi, K. Pan // Scientific Reports. — 2022. — Vol. 12(1). — P. 1-15. https://doi.org/10.1038/s41598-
022-17569-2  

12 Cai R. Policy-driven education-led gentrification and its spatiotemporal dynamics: Evidence from Shanghai, China / R. Cai, 
L. Hu, S. He // Geographical Journal. — 2022. https://doi.org/10.1111/geoj.12440  

13 Fraser T. Trust but verify: Validating new measures for mapping social infrastructure in cities / T. Fraser, 
N. Cherdchaiyapong, W. Tekle, E. Thomas, J. Zayas, C. Page-Tan, D.P. Aldrich // Urban Climate. — 2022. — Vol. 46. — P. 1-63. 
https://doi.org/10.2139/ssrn.4065162  

14 Ye C. Spatial equity in accessing secondary education: Evidence from a gravity-based model / C. Ye, Y. Zhu, J. Yang, Q. Fu 
// Canadian Geographer. — 2018. — Vol. 62 (1). — P. 452-469. https://doi.org/10.1111/cag.12482  

15 Ghodousi M. Spatial-temporal analysis of point distribution pattern of schools using spatial autocorrelation indices in 
Bojnourd city / M. Ghodousi, A. Sadeghi-Niaraki, F. Rabiee, S.-M. Choi // Sustainability. — 2020. — Vol. 12 (18). — P. 1-26. 
https://doi.org/10.3390/su12187755  

16 Liao C. Is “Attending Nearby School” Near? An Analysis of Travel-to-School Distances of Primary Students in Beijing Us-
ing Smart Card Data / C. Liao, T. Dai // Sustainability. — 2022. — Vol. 14(7). — P. 1-12. https://doi.org/10.3390/su14074344  

17 yQC� K�C�� K����C���:!: ���:��. \��"������ ��$:�� �� 2021. — [a�����:���� ���"��]. — \��C� �:��"7�: 
https://www.gov.kz/memleket/entities/almaty-almaly/documents/details/288476?directionId=7404&lang=ru 

18 K!����� : ��UC:�����:� ����C��C�C K!����� � ������!Cx���:!: 7���C�: ��C# C ��Q:�� \��7"$�C�C G���B����. — 
[a�����:���� ���"��]. — \��C� �:��"7�: https://stat.gov.kz/region/268020/statistical_information/industry 

19 R�7�������� :$���: ��C# !:�:�� K�����. \���C�! 8�:� �� 2020 !:�. — [a�����:���� ���"��]. — \��C� �:��"7�: 
https://bilimalmaty.kz/ 

20 ESRI. — 2022. — [a�����:���� ���"��]. — \��C� �:��"7�: https://www.esri.com/en-us/home 

21 Brueckner J. Urban sprawl: Diagnosis and remedies / J. Brueckner // International Regional Science Review. — 2000. — 
Vol. 23(2). — P. 160-171. https://doi.org/10.1177/016001700761012710  

22 Chen K. A framework towards the decision-making of pubic service facilities in smart cities / K. Chen, G. Reichard, J. Yuan, 
Q. Li // Constraction reserch congress. — American Society of Civil Engineers, 2020. — P. 876-885. 
https://doi.org/10.1061/9780784482865.093  

23 Mazumdar S. The built environment and social capital: A systematic review / S. Mazumdar, V. Learnihan, T. Cochrane, 
R. Davey // Environment and Behavior. — 2017. — Vol. 50 (2). — P. 119-158. https://doi.org/10.1177/0013916516687343  

24 Delmelle E. Social satisfaction, commuting and neighborhoods / E. Delmelle, E. Haslauer, T. Prinz // Journal of Transport 
Geography. — 2013. — Vol. 30. — P. 110-116. https://doi.org/10.1016/j.jtrangeo.2013.03.006  

25 Scandurra R. Opting out of neighbourhood schools: The role of local education markets in student mobility / R. Scandurra, 
A. Zancajo, X. Bonal // Population, Space and Place. — 2022. — Vol. 28(5). — P. 1-15. https://doi.org/10.1002/psp.2542  

26 Ramadan M. Spatial Equity Priority Modeling of Elementary and Middle Schools through GIS Techniques, El-Taif City, 
Saudi Arabia / M. Ramadan, N. Khairy, H. Alogayell, I. Alkadi, I. Ismail, R. Ramadan // Sustainability. — 2022. — Vol. 14(19). — 
P. 1-21. https://doi.org/10.3390/su141912057  

27 Wu Y. Exploring the Equity and Spatial Evidence of Educational Facilities in Hangzhou, China / Y. Wu, X. Zheng, L. Sheng, 
H. You // Social Indicators Research. — 2020. — Vol. 151 (3). https://doi.org/10.1007/s11205-020-02417-5  

28 Lubienski C. Geo-spatial analyses in education research: the critical challenge and methodological possibilities 
/ C. Lubienski, J. Lee // Geographical Research. — 2016. — Vol. 55(1). — P. 89-99. https://doi.org/10.1111/1745-5871.12188  

29 Yao L. Exploring the Evolution of the Accessibility of Educational Facilities and Its Influencing Factors in Mountainous Ar-
eas: A Case Study of the Rocky Desertification Area in Yunnan, Guangxi, and Guizhou / L. Yao, M. Lv, T. Li, D. Wang, X. Cao 
// International Journal of Geo-Information. — 2022. — Vol. 11(5). — P. 296. https://doi.org/10.3390/ijgi11020296  

30 Cobb C. Geospatial Analysis: A New Window Into Educational Equity, Access, and Opportunity / C. Cobb // Review of Re-
search in Education. — 2020. — Vol. 44 (1). — P. 97-129. https://doi.org/10.3102/0091732X20907362  

31 Lee J. Equal access to early childhood education in South Korea using the Geographic Information System / J. Lee, Y. Jang 
// International Journal of Early Years Education. — 2017. — Vol. 25(2). — P. 171-189. 
https://doi.org/10.1080/09669760.2017.1287559  

32 Marques J. Accessibility to primary schools in Portugal: a case of spatial inequity? / J. Marques, J. Wolf, F. Feitosa 
// Regional Science Policy and Practice. — 2020. — Vol. 13(3). — P. 693-707. https://doi.org/10.1111/rsp3.12303  

33 Sharma G. Spatial and social inequities for educational services accessibility — A case study for schools in Greater Mumbai 
/ G. Sharma, G. Patil // Cities. — 2022. — Vol. 122(7). https://doi.org/10.1016/j.cities.2021.103543  

34 Dustan A. Commuting to educational opportunity? School choice effects of mass transit expansion in Mexico City 
/ A. Dustan, D. Ngo // Economics of Education Review. — 2018. — Vol. 63. — P. 116-133. 
https://doi.org/10.1016/j.econedurev.2018.01.006  



$.E. $%+��-�=, *.Z. �%!������&� 

238  �!"��# $���������!#
�
 %��&��!�"�"� 

35 Alexander M. School deserts: Visualizing the death of the neighborhood school / M. Alexander, V. Massaro // Policy Futures 
in Education. — 2020. — Vol. 18(6). — P. 787-805. https://doi.org/10.1177/1478210320951063  

 
 

F.@. GY8��$��, K._. Z"��!��C� � 

6;u G*|*��24* ;0(*0� *)4*2�2�F (��*0�24* ;0(*+� ~*0*��2�F  
GE0E( G��) ,GÐ�1+E0��E(�2 ~*(+)4�F 8�,8�*J��0�~ +*04*)� 

T�!��!� "�$��C��UC# �:9�� ������� ����� ����� $:���, Y������ C�Q���]����� ��78���9��� 
$��������� ������� �Y7 B������ ������ �Y����� �������. T���� $��" ���� �8���� 9��� ����, :��� ��� 
�������� �� Y��� ���" ��7���� �������" �8�� ��� ]�7���� �V�$C���"!� ��������� $������ ������� 
:����� ����7������"��w ��!��������w $���. K����� ������ �Y7��!�� �C��C:��� ������� �C#��� ���� 
�]�9��������w �]������� ����9��������"9� ��7�� ������ $��!��� $�� ��9��������w �����7�"8���!� 
7�:$�������� ��7 $:���. T]� 9����C ������"��w ������� — �����7�����w �:9��� ��������� 
$��������� 7�:$������� ���������� ������", ��$�$� UCQ���� ��� C���� ����� �:��� $�� �]������� 
��$� �������. z�����"��w 9����C ��w������9� ���������!� ��w���� �:� ������"!� �V�� 
UCQ�������"9� ��!�����!�� ������"C V����� ]���������" ��9��������� $�9�����9�� ������� 
��w������� �����" ���������9� ������UC#������ ��!�����!��. z�����" V��������� K����� �"������w 
��������� K����� ��������w V��"������-b�:�:�C����� �Y������8����� �C��"���, �:��� ����� 
!�:��7������� ������� (SK@) $�������� $���� $��" ����:����w C��C���:������ $������" �8�� 
���!���" �������. z�����"��w ��!��!� �V�C���� 7�:$������� :�������� ����:!��QC#��� �����C�� 
�������  C�"��C��UC#��" $:���, :�� �]�������w ���"��� ������� V��� ������ ������ :��� 
7������������ ��!��� :����7, $���� $��" ����������� �����!� ]���������" ������� �����" �����. T]� 
������"��w �]�����9� ������� :����� ]���������"��w ��8���� �V���������w Y�!��"����, ���7 
�������� $���� ��"8����9� :��� $��" 7�:U������� �������" �8�� ������� �:�C�:�C�!7�� $���� $��" 
����������� ���7�� ��" ����������w C���!��UC#����� �Y������. 

�Q�	 �@/���: $���� $��", ��78����, ������� :���, "�$��C��UC#, !�:��7������� ����, ����:!��QC#, 
��w�������� ��������, ��� C���� �����, K�����, K����� �"����. 

 

 

K.Zh. Kusherbay, A.N. Mussagaliyeva 

Geographical analysis of the coverage of educational facilities in Almaty on the 
example of Almaly district based on GIS 

The urbanization of today has presented a great challenge to society, because cities are unable to serve a larg-
er number of people due to the lack of infrastructure. Education is one of the foundations of the formation of 
the urban environment, allowing the younger generation to be nurtured to improve the quality of life not only 
within the city, but also far beyond its borders. The city of Almaty, like many million-plus cities, faced the 
problem of a lack of certain conditions that contribute to meeting the demand of citizens. The purpose of this 
research is to identify problem areas where there is a high workload of schools, as a result of which the digital 
service area is not able to cover the existing demand. The scientific significance of the study was justified by 
trends in the development of urban space, focused on universal access to services and on the conditions of the 
organization of the modern world based on digitalization. The methodology of the study consisted in collect-
ing socio-economic indicators of the city of Almaty on the example of Almaly district, followed by filtering 
for visualization of indicators of the education sector based on geoinformation systems (GIS). The main result 
of the study was the visualization of problem areas in the form of cartographic material, which must be taken 
into account in the subsequent organization of educational institutions with the introduction of environmental 
parameters that have a direct impact on the increase in demand. The value of this study is manifested in the 
change of integrated approaches to the organization of the urban environment, namely the integration of ac-
counting systems of educational institutions with subsequent monitoring to improve the processes of provid-
ing places for school students. 

Keywords: education, scarcity, urban environment, urbanization, geoinformation system, cartography, spatial 
data, service zone, Almaty, Almaly district. 
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