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�M�� �k�l�Z�l�l�•�� �^�h�k�e�•�^�`�m�}�l�v�k�y�� �\�i�e�b�\�� �n�j�Z�d�p�•�c�� �l�h�g�d�h�^�b�k�i�_�j�k�g�h�]�h�� �\�_�j�f�b�d�m�e�•�l�m�� �g�Z��
�f�•�d�j�h�k�l�j�m�d�l�m�j�m�� �]�•�i�k�h�\�h�]�h�� �\�¶�y�`�m�q�h�]�h���� �h�k�d�•�e�v�d�b�� �k�Z�f�_�� �\�h�g�Z�� �\�b�a�g�Z�q�Z�}�� �n�•�a�b�d�h-�f�_�o�Z�g�•�q�g�•�� �c��
�l�_�i�e�h�l�_�o�g�•�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �d�•�g�p�_�\�h�]�h�� �]�•�i�k�h�\�h�]�h�� �\�b�j�h�[�m���� �I�h�d�Z�a�Z�g�h���� �s�h�� �^�h�[�Z�\�d�Z��
�l�h�g�d�h�^�b�k�i�_�j�k�g�h�]�h���\�_�j�f�b�d�m�e�•�l�h�\�h�]�h���i�h�j�h�r�d�m���n�j�Z�d�p�•�€�������������f�f���m���d�•�e�v�d�h�k�l�•�����������\�•�^���f�Z�k�b���]�•�i�k�m���}��
�h�i�l�b�f�Z�e�v�g�h�x�� �^�e�y�� �n�h�j�f�m�\�Z�g�g�y�� �s�•�e�v�g�h�€�� �f�•�d�j�h�k�l�j�m�d�l�m�j�b�� �]�•�i�k�h�\�h�]�h�� �d�Z�f�_�g�x�� �F�_�l�h�^�h�f��
�k�d�Z�g�m�x�q�h�€���_�e�_�d�l�j�h�g�g�h�€���f�•�d�j�h�k�d�h�i�•�€���i�•�^�l�\�_�j�^�`�_�g�h �m�l�\�h�j�_�g�g�y���h�^�g�h�j�•�^�g�h�€���k�m�p�•�e�v�g�h�€���k�l�j�m�d�l�m�j�b��
�•�a �s�•�e�v�g�b�f���j�h�a�l�Z�r�m�\�Z�g�g�y�f���d�j�b�k�l�Z�e�•�\���]�•�i�k�m.  

�D�e�x�q�h�\�•�� �k�e�h�\�Z�� �\�¶�y�`�m�q�_ �]�•�i�k�h�\�_�� �\�_�j�f�b�d�m�e�•�l�����f�•�p�g�•�k�l�v�� �i�j�b�� �k�l�b�k�d�m���� �k�l�j�m�d�l�m�j�Z����
�k�d�Z�g�m�x�q�Z���_�e�_�d�l�j�h�g�g�Z���f�•�d�j�h�k�d�h�i�•�y. 

 
The article aims the study of the structure formation of gypsum binder with the different 

fractions of non-organic aggregate �± vermiculite powder. Two fineness degrees of vermiculite 
powder have been used with average size 0.14 mm and 0.01 mm. To determine the optimal amount 
of the aggregate, the gypsum binder samples are prepared in which the content of vermiculite 
powder is changed from 0 % to 8 %. After curing, a compression strength is defined the entire 
sample batches. The samples with 2 % of the aggregate demonstrate the maximal compression 
strength 25 MPa. This percentage has been used during following researches. To determine the 
impact of fineness degree on the filled gypsum material, three sample batches have been made. The 
first batch does not contain the aggregate, the second and third ones contain 2 % vermiculite 
powder with two types of dispersity. After curing, a compression strength has been defined the 
entire sample batches. As the testing results show, the addition of filler with average size 0.01 mm 
increase both the compression strength and a bending strength by 50 %. The fine-dispersed powder 
fills the cavities between the crystals of calcium sulfate dihydrate. It allows to increase the number 
of contacts between the crystals and enhance the strength of the sample.  The investigation of the 
structure formation has been executed by scanning electron microscopy. The electron microscope 
photos of the gypsum samples and the aggregate with average size 0.14 mm demonstrate a 
nonuniform distribution of the structure elements. Also, a partial ties vermiculite and the gypsum 
crystals are observed. In opposite, the electron microscope photos of the gypsum samples and the 
aggregate with average size 0.01 mm show a uniform distribution of the structure elements. 
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Moreover, the branched structure with contact bonds between vermiculite and the gypsum crystals 
is found. The usage of vermiculite powder as a filler for the gypsum products rises an efficiency of 
constructions due to the bigger strength, improved thermal insulation, and fire-resisting property. 

Keywords: gypsum binder, vermiculite, compression strength, structure, scanning electron 
microscopy. 
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�^�h�k�b�l�v�� �i�h�r�b�j�_�g�b�f�b�� �a�Z�� �j�Z�o�m�g�h�d�� �g�b�a�v�d�h�€��
�\�Z�j�l�h�k�l�•���� �e�_�]�d�h�k�l�•�� �h�[�j�h�[�e�_�g�g�y���� �g�_�a�g�Z�q�g�h�€��
�s�•�e�v�g�h�k�l�•���� �Y�d�� �i�j�Z�\�b�e�h���� �\�� �[�m�^�•�\�g�b�p�l�\�•�� �^�m�`�_��
�j�•�^�d�h�� �\�b�d�h�j�b�k�l�h�\�m�x�l�v�k�y�� �]�•�i�k�h�\�•�� �\�b�j�h�[�b�� �y�d��
�l�Z�d�•���� �F�Z�c�`�_�� �\�k�•�� �[�m�^�•�\�_�e�v�g�•�� �f�Z�l�_�j�•�Z�e�b����
�\�b�]�h�l�h�\�e�_�g�•�� �g�Z�� �]�•�i�k�h�\�•�c�� �h�k�g�h�\�•���� �}��
�]�•�i�k�h�[�_�l�h�g�g�b�f�b���� �Y�d�� �a�Z�i�h�\�g�x�\�Z�q�•��
�a�Z�k�l�h�k�h�\�m�x�l�v���g�_�h�j�]�Z�g�•�q�g�•�����d�\�Z�j�p�h�\�b�c���i�•�k�h�d����
�d�_�j�Z�f�a�b�l���� �r�e�Z�d�h�\�Z�� �i�_�f�a�Z���� �c�� �h�j�]�Z�g�•�q�g�•��
���^�_�j�_�\�g�Z�� �k�l�j�m�`�d�Z���� �l�b�j�k�Z���� �k�h�e�h�f�Z���� �h�q�_�j�_�l����
�f�Z�l�_�j�•�Z�e�b���� �I�h�a�b�l�b�\�g�_�� �a�g�Z�q�_�g�g�y�� �\�\�_�^�_�g�g�y��
�h�j�]�Z�g�•�q�g�b�o�� �g�Z�i�h�\�g�x�\�Z�q�•�\ �m�� �l�h�f�m���� �s�h�� �\�h�g�b��
�a�g�Z�q�g�h�� �i�h�d�j�Z�s�m�x�l�v�� �l�_�i�e�h�l�_�o�g�•�q�g�•��
�\�e�Z�k�l�b�\�h�k�l�•�� �]�•�i�k�h�\�b�o�� �_�e�_�f�_�g�l�•�\����
�_�e�Z�k�l�b�q�g�•�k�l�v���� �f�•�p�g�•�k�l�v�� �i�j�b�� �m�^�Z�j�•�� �c�� �a�e�Z�f�•����
�H�^�g�Z�d���m�\�_�^�_�g�g�y���p�b�o���g�Z�i�h�\�g�x�\�Z�q�•�\�����g�Z�\�•�l�v���m��
�f�Z�e�b�o���^�h�a�Z�o�����a�[�•�e�v�r�m�}���\�h�^�h�i�h�l�j�_�[�m���]�•�i�k�h�\�h�€��
�k�m�f�•�r�•�� �g�Z�� ����-20 ������ �s�h���� �\�•�^�i�h�\�•�^�g�h����
�i�h�^�h�\�`�m�}�� �i�j�h�p�_�k�� �k�m�r�•�g�g�y�� �\�b�j�h�[�•�\�� �•�� �j�•�a�d�h��
�a�g�b�`�m�}�� ���g�Z�� ����-������ ������ �f�•�p�g�•�k�l�v�� �i�j�b�� �k�l�b�k�d�m����

�G�_�h�j�]�Z�g�•�q�g�•�� �g�Z�i�h�\�g�x�\�Z�q�•�� �a�m�f�h�\�e�x�x�l�v��
�a�g�Z�q�g�h�� �d�j�Z�s�•�� �i�h�d�Z�a�g�b�d�b�� �n�•�a�b�d�h-�f�_�o�Z�g�•�q�g�b�o��
�\�e�Z�k�l�b�\�h�k�l�_�c�� �]�•�i�k�h�[�_�l�h�g�m���� �Z�e�_�� �a�[�•�e�v�r�m�x�l�v��
�k�_�j�_�^�g�x�� �]�m�k�l�b�g�m���c�� �d�j�b�o�d�•�k�l�v�� �\�b�j�h�[�•�\�� �•��
�k�m�l�l�}�\�h�� �i�h�]�•�j�r�m�x�l�v�� �€�o�� �l�_�i�e�h�a�Z�o�b�k�g�•��
�\�e�Z�k�l�b�\�h�k�l�•���� �>�e�y�� �i�h�d�j�Z�s�_�g�g�y�� �l�_�i�e�h�•�a�h�e�y-
�p�•�c�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c�� �l�Z�� �a�[�_�j�_�`�_�g�g�y��
�f�•�p�g�h�k�l�•�� �^�h�p�•�e�v�g�b�f�� �}�� �\�b�d�h�j�b�k�l�Z�g�g�y��
�k�i�m�q�_�g�b�o�� �a�Z�i�h�\�g�x�\�Z�q�•�\���� �H�^�g�b�f�� �•�a�� �l�Z�d�b�o�� �}��
�k�i�m�q�_�g�b�c�� �\�_�j�f�b�d�m�e�•�l���� �y�d�b�c�� �r�b�j�h�d�h��
�a�Z�k�l�h�k�h�\�m�}�l�v�k�y�� �\�� �[�m�^�•�\�g�b�p�l�\�•�� �>������ ���@���� �I�•�k�e�y��
�\�b�i�Z�e�m�� �k�i�m�q�_�g�b�c�� �\�_�j�f�b�d�m�e�•�l �i�j�h�k�•�x�}�l�v�k�y �•��
�d�j�m�i�g�Z�� �n�j�Z�d�p�•�y�� �a�Z�k�l�h�k�h�\�m�}�l�v�k�y�� �^�e�y��
�\�b�]�h�l�h�\�e�_�g�g�y�� �e�_�]�d�b�o�� �[�_�l�h�g�•�\���� �>�j�•�[�g�m��
�n�j�Z�d�p�•�x�� �g�_�h�[�o�•�^�g�h�� �m�l�b�e�•�a�m�\�Z�l�b���� �L�h�f�m��
�i�h�r�m�d�� �r�e�y�o�•�\�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �\�•�^�o�h�^�•�\���� �y�d�•��
�g�Z�d�h�i�b�q�m�x�l�v�k�y�� �i�•�^�� �q�Z�k�� �\�b�j�h�[�g�b�p�l�\�Z��
�k�i�m�q�_�g�h�]�h�� �\�_�j�f�b�d�m�e�•�l�m���� �}�� �Z�d�l�m�Z�e�v�g�b�f��
�g�Z�m�d�h�\�h-�l�_�o�g�•�q�g�b�f���a�Z�\�^�Z�g�g�y�f. 

�:�g�Z�e�•�a�� �h�k�l�Z�g�g�•�o�� �^�h�k�e�•�^�`�_�g�v�� �•��
�i�m�[�e�•�d�Z�p�•�c�� �R�\�b�^�d�_�� �l�\�_�j�^�•�g�g�y�� �]�•�i�k�m�� �l�Z��
�c�h�]�h���\�b�k�h�d�•���n�h�j�f�m�\�Z�e�v�g�•���\�e�Z�k�l�b�\�h�k�l�•���^�Z�x�l�v��
�f�h�`�e�b�\�•�k�l�v�� �k�d�h�j�h�l�b�l�b�� �\�b�j�h�[�g�b�q�b�c�� �i�j�h�p�_�k����
�i�•�^�\�b�s�b�l�b�� �h�[�h�j�h�l�g�•�k�l�v�� �n�h�j�f���� �g�Z�e�Z�]�h�^�b�l�b��
�\�b�]�h�l�h�\�e�_�g�g�y�� �a�[�•�j�g�b�o�� �\�_�e�b�d�h�j�h�a�f�•�j�g�b�o��
�_�e�_�f�_�g�l�•�\�� �[�m�^�•�\�_�e�v�� �•�� �a�g�b�a�b�l�b�� �\�Z�j�l�•�k�l�v��
�[�m�^�•�\�g�b�p�l�\�Z���� �F�Z�x�q�b�� �i�h�j�•�\�g�y�g�h�� �f�Z�e�m��
�k�_�j�_�^�g�x�� �]�m�k�l�b�g�m, �\�b�j�h�[�b�� �g�Z�� �h�k�g�h�\�•�� �]�•�i�k�m��
�o�Z�j�Z�d�l�_�j�b�a�m�x�l�v�k�y�� �^�h�k�l�Z�l�g�v�h�x�� �f�•�p�g�•�k�l�x����
�g�b�a�v�d�h�x�� �l�_�i�e�h�i�j�h�\�•�^�g�•�k�l�x�� �c�� �\�b�k�h�d�b�f�b��
�a�\�m�d�h�•�a�h�e�y�p�•�c�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b���� �\�h�g�b��
�e�_�]�d�h�� �i�•�^�^�Z�x�l�v�k�y�� �f�_�o�Z�g�•�q�g�•�c�� �h�[�j�h�[�p�•��
���i�b�e�y�x�l�v�k�y�����j�•�`�m�l�v�k�y���� �k�\�_�j�^�e�y�l�v�k�y���l�h�s�h), 
�^�h�[�j�_�� �n�Z�j�[�m�x�l�v�k�y�� �\�� �j�•�a�g�•�� �d�h�e�v�h�j�b���� �M��
�]�•�i�k�h�\�b�o�� �[�_�l�h�g�•�\�� �}�� �j�y�^�� �k�e�Z�[�d�b�o�� �k�l�h�j�•�g����
�g�_�^�h�k�l�Z�l�g�y�� �\�h�^�h�k�l�•�c�d�•�k�l�v���� �k�o�b�e�v�g�•�k�l�v�� �^�h��
�h�[�
�}�f�g�h�€�� �^�_�n�h�j�f�Z�p�•�€���� �s�h�� �i�j�b�a�\�h�^�b�l�v�� �^�h��
�\�b�d�j�b�\�e�_�g�g�y���\�b�j�h�[�•�\���a���]�•�i�k�m���>���@�����g�_�^�h�k�l�Z�l�g�y��
�k�l�•�c�d�•�k�l�v�� �\�� �m�f�h�\�Z�o�� �\�b�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m�j [4], 
�h�k�h�[�e�b�\�h���i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �h�j�]�Z�g�•�q�g�b�o��
�g�Z�i�h�\�g�x�\�Z�q�•�\���� �P�•�� �g�_�^�h�e�•�d�b�� �f�h�`�m�l�v�� �[�m�l�b��
�m�k�m�g�m�l�•�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �\�\�_�^�_�g�g�y�� �^�h�� �k�d�e�Z�^�m��
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�j�•�a�g�b�o�� �^�h�[�Z�\�h�d���� �M�� �k�l�Z�l�l�•�� �>���@�� �g�Z�\�_�^�_�g�h��
�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�_���^�h�k�e�•�^�`�_�g�g�y���f�_�o�Z�g�•�q�g�b�o����
�l�_�j�f�•�q�g�b�o���•�� �^�_�n�h�j�f�Z�p�•�c�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c��
�k�i�•�g�_�g�h�]�h���]�•�i�k�m�� �i�j�b�� �^�•�€�� �\�b�k�h�d�h�€���l�_�f�i�_-
�j�Z�l�m�j�b���� �Q�b�k�l�b�c�� �]�•�i�k���� �a�\�b�q�Z�c�g�b�c�� �k�i�•�g�_�g�b�c��
�]�•�i�k�� �•�a�� �j�•�a�g�h�x�� �]�m�k�l�b�g�h�x (800 �d�]���f3, 
650 �d�]���f3������ �k�i�•�g�_�g�b�c�� �]�•�i�k�� �a�•�� �k�d�e�h�\�h�e�h�d�g�h�f��
�Z�[�h�� �a�•�� �k�i�m�q�_�g�b�f�� �\�_�j�f�b�d�m�e�•�l�h�f�� �l�_�k�l�m�\�Z�e�b�� �\��
�•�g�l�_�j�\�Z�e�•�� �l�_�f�i�_�j�Z�l�m�j�� ����-�������� �ƒ�&�����J�_�a�m�e�v�l�Z�l�b��
�i�h�d�Z�a�m�x�l�v���� �s�h�� �a�\�b�q�Z�c�g�b�c�� �k�i�•�g�_�g�b�c���]�•�i�k��
�g�b�a�v�d�h�€���s�•�e�v�g�h�k�l�•���]�_�g�_�j�m�}���f�_�g�r�_���l�_�j�f�•�q�g�b�o��
�l�j�•�s�b�g���� �g�•�`�� �]�•�i�k�� �\�b�k�h�d�h�€�� �s�•�e�v�g�h�k�l�•�� �i�j�b��
�i�•�^�\�b�s�_�g�•�c�� �l�_�f�i�_�j�Z�l�m�j�•���� �H�^�g�Z�d �m�\�_�^�_�g�g�y��
�k�d�e�h�\�h�e�h�d�g�Z�� �a�[�•�e�v�r�m�}�� �l�_�j�f�•�q�g�m�� �m�k�Z�^�d�m�� �c��
�j�h�a�l�j�•�k�d�m�\�Z�g�g�y�� �]�•�i�k�h�\�h�]�h�� �d�h�f�i�h�a�b�l�m�� �i�•�k�e�y��
�i�e�Z�\�e�_�g�g�y�� �k�d�e�h�\�h�e�h�d�g�Z���� �\�� �l�h�c�� �q�Z�k�� �y�d��
�k�i�•�g�_�g�b�c�� �\�_�j�f�b�d�m�e�•�l�� �a�g�Z�q�g�h�� �i�h�e�•�i�r�m�}��
�f�_�o�Z�g�•�q�g�m�� �f�•�p�g�•�k�l�v���� �a�f�_�g�r�m�}�� �m�k�Z�^�d�m�� �c��
�j�h�a�l�j�•�k�d�m�\�Z�g�g�y�� �]�•�i�k�h�\�h�]�h�� �d�h�f�i�h�a�b�l�m�� �i�j�b��
�\�b�k�h�d�•�c���l�_�f�i�_�j�Z�l�m�j�•���� 

�M�� �j�h�[�h�l�•�� �>���@�� �i�h�d�Z�a�Z�g�h���� �s�h��
�l�j�b�f�_�l�Z�n�h�k�n�Z�l�� �g�Z�l�j�•�x�� �}�� �k�m�q�Z�k�g�b�f�� �a�Z�k�h�[�h�f��
�i�j�h�l�b�� �i�h�\�a�m�q�h�k�l�•�� �^�e�y�� �]�•�i�k�h�d�Z�j�l�h�g�g�b�o��
�e�b�k�l�•�\���� �y�d�b�c�� �i�j�h�l�b�^�•�} �^�_�n�h�j�f�Z�p�•�€ �]�•�i�k�m �m��
�\�h�e�h�]�h�f�m�� �k�_�j�_�^�h�\�b�s�•�� �i�•�^�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�f����
�:�\�l�h�j�Z�f�b�� �>���@�� �\�b�\�q�_�g�h�� �i�h�\�_�j�o�g�_�\�m��
�\�a�Z�}�f�h�^�•�x�� �l�j�b�f�_�l�Z�n�h�k�n�Z�l�m�� �g�Z�l�j�•�x �a��
�d�j�b�k�l�Z�e�Z�f�b�� �k�m�e�v�n�Z�l�m�� �d�Z�e�v�p�•�x�� �� �a�Z�e�_�`�g�h �\�•�^��
�j�•�a�g�b�o���d�j�b�k�l�Z�e�h�]�j�Z�n�•�q�g�b�o���Z�k�i�_�d�l�•�\�����A�Z�\�^�y�d�b��
�l�Z�d�h�f�m�� �i�•�^�o�h�^�m���\�� �d�•�g�p�_�\�h�f�m�� �i�•�^�k�m�f�d�m��
�\�^�Z�e�h�k�y�� �\�b�y�\�b�l�b�� �i�j�b�g�p�b�i�� �j�h�[�h�l�b�� �\�d�Z�a�Z�g�h�€��
�^�h�[�Z�\�d�b�� �y�d�� �\�b�k�h�d�h�_�n�_�d�l�b�\�g�h�]�h�� �a�Z�k�h�[�m��
�i�j�h�l�b�� �i�h�\�a�m�q�h�k�l�•�� �•�� �\�b�\�_�k�l�b�� �a�Z�]�Z�e�v�g�_��
�m�y�\�e�_�g�g�y�� �i�j�h�� �a�Z�k�h�[�b�� �i�j�h�l�b�� �i�h�\�a�m�q�h�k�l�•���� �P�•��
�\�b�k�g�h�\�d�b�� �f�h�`�m�l�v�� �^�h�i�h�f�h�]�l�b�� �\�� �i�h�r�m�d�m�� �l�Z��
�h�p�•�g�p�•�� �g�h�\�b�o�� �j�_�q�h�\�b�g�� �a�� �l�h�q�d�b�� �a�h�j�m�� �€�o��
�i�j�b�g�p�b�i�m�� �j�h�[�h�l�b�� �y�d�� �Z�]�_�g�l�•�\�� �i�j�h�l�b��
�i�h�\�a�m�q�h�k�l�•�����Q�_�j�_�a �\�_�e�b�d�_�� �h�k�•�^�Z�g�g�y�� �c�� �g�b�a�v�d�m��
�h�^�g�h�^�_�g�g�m���f�•�p�g�•�k�l�v���[�m�^�•�\�_�e�v�g�h�]�h���]�•�i�k�m���c�h�]�h��
�\�b�d�h�j�b�k�l�Z�g�g�y�� �^�e�y�� �k�Z�f�h�\�b�j�•�\�g�x�\�Z�e�v�g�h�]�h��
�[�m�^�•�\�_�e�v�g�h�]�h�� �j�h�a�q�b�g�m�� �h�[�f�_�`�_�g�Z���� �M�� �j�h�[�h�l�•��
�>���@�� �]�•�i�k�� �f�h�^�b�n�•�d�m�}�l�v�k�y�� �^�h�^�Z�\�Z�g�g�y�f��
�k�m�e�v�n�h�Z�e�x�f�•�g�Z�l�g�h�]�h���p�_�f�_�g�l�m���c���l�j�v�h�o���l�b�i�•�\��
�i�h�^�j�•�[�g�_�g�b�o�� �]�j�Z�g�m�e�v�h�\�Z�g�b�o�� �^�h�f�_�g�g�b�o��
�r�e�Z�d�•�\ �a�\�b�q�Z�c�g�h�€�� �^�b�k�i�_�j�k�g�h�k�l�•�� ���k�_�j�_�^�g�•�c��
�j�h�a�f�•�j�� �q�Z�k�l�b�g�h�d�� ���������� �f�d�f������ �m�e�v�l�j�Z�l�h�g�d�h�€��
���k�_�j�_�^�g�•�c�� �j�h�a�f�•�j�� �q�Z�k�l�b�g�h�d�� ���������� �f�d�f���� �c��
�m�e�v�l�j�Z�^�b�k�i�_�j�k�g�h�€�� ���k�_�j�_�^�g�•�c�� �j�h�a�f�•�j��

�q�Z�k�l�b�g�h�d ���������� �f�d�f���� �k�l�m�i�_�g�•�\�� �i�h�^�j�•�[�g�_�g�g�y����
�;�m�e�h�� �a�¶�y�k�h�\�Z�g�h���� �s�h�� �•�a�� �a�f�_�g�r�_�g�g�y�f�� �j�h�a�f�•�j�m��
�q�Z�k�l�b�g�h�d �k�l�m�i�•�g�v�� �]�•�^�j�Z�l�Z�p�•�€ �a�[�•�e�v�r�m�}�l�v�k�y����
�f�•�d�j�h�k�l�j�m�d�l�m�j�Z�� �k�l�Z�}�� �s�•�e�v�g�•�r�h�x���� �Z��
�h�^�g�h�^�_�g�g�Z���f�•�p�g�•�k�l�v���i�•�^�\�b�s�m�}�l�v�k�y��  

�:�\�l�h�j�Z�f�b�� �>���@�� �\�b�\�q�Z�e�Z�k�y�� �k�l�j�m�d�l�m�j�Z����
�i�h�\�_�^�•�g�d�Z���c���\�e�Z�k�l�b�\�h�k�l�•���]�•�i�k�h�\�b�o���j�h�a�q�b�g�•�\���a��
�j�•�a�g�b�f�b�� �l�b�i�Z�f�b�� �^�j�•�[�g�b�o�� �a�Z�i�h�\�g�x�\�Z�q�•�\����
�>�h�k�e�•�^�`�_�g�g�y �f�_�l�h�^�h�f�� �k�d�Z�g�m�x�q�h�€��
�_�e�_�d�l�j�h�g�g�h�€�� �f�•�d�j�h�k�d�h�i�•�€�� �i�h�d�Z�a�Z�e�h�����s�h��
�g�Z�y�\�g�•�k�l�v�� �q�Z�k�l�b�g�h�d�� �a�Z�i�h�\�g�x�\�Z�q�•�\�� �•�k�l�h�l�g�h��
�\�i�e�b�\�Z�}�� �g�Z�� �n�h�j�f�m�� �c�� �j�h�a�f�•�j�� �d�j�b�k�l�Z�e�•�\�� �]�•�i�k�m��
�\�� �f�•�`�n�Z�a�g�•�c�� �i�_�j�_�o�•�^�g�•�c�� �a�h�g�•���� �I�h�j�b�k�l�•�k�l�v��
�]�•�i�k�h�\�h�€�� �f�Z�l�j�b�p�•�� �\�� �j�h�a�q�b�g�Z�o�� �[�•�e�v�r�Z���� �g�•�`��
�i�h�j�b�k�l�•�k�l�v���q�b�k�l�h�€���]�•�i�k�h�\�h�€���i�Z�k�l�b�����Z���j�h�a�i�h�^�•�e��
�i�h�j�� �a�Z�� �j�h�a�f�•�j�Z�f�b�� �a�f�•�s�m�}�l�v�k�y�� �m�� �[�•�d �i�h�j�� �a 
�f�_�g�r�b�f�b�� �j�h�a�f�•�j�Z�f�b���� �N�h�j�f�Z�� �•�� �j�h�a�f�•�j��
�d�j�b�k�l�Z�e�•�\�� �m�� �i�_�j�_�o�•�^�g�•�c�� �a�h�g�•�� �a�Z�e�_�`�b�l�v�� �\�•�^��
�r�h�j�k�l�d�h�k�l�•�� �i�h�\�_�j�o�g�•�� �q�Z�k�l�b�g�h�d�� �a�Z�i�h�\�g�x�\�Z-
�q�•�\���� �<�e�Z�k�l�b�\�h�k�l�•�� �j�h�a�q�b�g�•�\�� �l�Z�d�h�`�� �a�Z�e�_�`�Z�l�v��
�\�•�^�� �r�h�j�k�l�d�h�k�l�•�� �i�h�\�_�j�o�g�•�� �a�_�j�g�Z���� �H�[�j�h�[�e�x-
�\�Z�g�•�k�l�v���� �q�Z�k�� �l�m�`�Z�\�•�g�g�y�� �c�� �l�_�i�e�h�i�j�h�\�•�^�g�•�k�l�v��
�a�f�_�g�r�m�x�l�v�k�y�� �a�• �a�[�•�e�v�r�_�g�g�y�f�� �r�h�j�k�l�d�h�k�l�•��
�i�h�\�_�j�o�g�•�� �a�_�j�g�Z���� �Z�� �f�•�p�g�•�k�l�v�� �•�� �h�i�•�j�� �\�h�^�y�g�•�c��
�i�Z�j�•�� �a�j�h�k�l�Z�x�l�v���� �H�l�`�_���� �i�j�b�� �\�b�[�h�j�•��
�f�•�g�_�j�Z�e�v�g�h�]�h�� �a�Z�i�h�\�g�x�\�Z�q�Z�� �i�_�j�_�\�Z�]�m�� �k�e�•�^��
�\�•�^�^�Z�\�Z�l�b�� �a�Z�i�h�\�g�x�\�Z�q�Z�f�� �a�� �r�h�j�k�l�d�h�x��
�i�h�\�_�j�o�g�_�x�� �^�e�y�� �d�j�Z�s�h�]�h�� �a�q�_�i�e�_�g�g�y����
�G�Z�c�[�•�e�v�r�_���\�•�^�i�h�\�•�^�Z�x�l�v�� �p�b�f �d�j�b�l�_�j�•�y�f��
�k�i�m�q�_�g�b�c�� �\�_�j�f�b�d�m�e�•�l �•�� �k�i�m�q�_�g�b�c�� �i�_�j�e�•�l����
�D�j�•�f�� �p�v�h�]�h���� �p�•�� �g�Z�i�h�\�g�x�\�Z�q�•�� �}�� �g�_�]�h�j�x�q�b�f�b����
�Z�� �g�Z�� �\�•�^�f�•�g�m�� �\�•�^�� �g�_�h�j�]�Z�g�•�q�g�b�o���� �l�Z�d�b�o�� �y�d��
�d�_�j�Z�f�a�b�l���� �}�� �[�•�e�v�r�� �e�_�]�d�b�f�b���� �l�_�i�e�h�}�f�g�b�f�b�� �c��
�^�_�r�_�\�b�f�b���m���\�b�j�h�[�g�b�p�l�\�•���>���@�� 

�<�b�a�g�Z�q�_�g�g�y�� �f�_�l�b�� �l�Z�� �a�Z�\�^�Z�g�g�y��
�^�h�k�e�•�^�`�_�g�g�y�� �F�_�l�h�x�� �p�v�h�]�h�� �^�h�k�e�•�^�`�_�g�g�y�� �}��
�\�b�a�g�Z�q�_�g�g�y�� �h�k�h�[�e�b�\�h�k�l�_�c�� �n�h�j�f�m�\�Z�g�g�y 
�k�l�j�m�d�l�m�j�b�� �]�•�i�k�h�\�h�]�h�� �\�¶�y�`�m�q�h�]�h�� �i�j�b�� �\�b�d�h-
�j�b�k�l�Z�g�g�•�� �j�•�a�g�b�o�� �n�j�Z�d�p�•�c�� �g�_�h�j�]�Z�g�•�q�g�h�]�h��
�a�Z�i�h�\�g�x�\�Z�q�Z���± �\�_�j�f�b�d�m�e�•�l�h�\�h�]�h�� �i�h�j�h�r�d�m����
�>�e�y�� �^�h�k�y�]�g�_�g�g�y�� �f�_�l�b�� �g�_�h�[�o�•�^�g�h���� �\�b�a�g�Z�q�b�l�b��
�h�i�l�b�f�Z�e�v�g�m�� �d�•�e�v�d�•�k�l�v�� �\�_�j�f�b�d�m�e�•�l�h�\�h�]�h��
�i�h�j�h�r�d�m���� �\�k�l�Z�g�h�\�b�l�b���� �y�d�� �k�l�m�i�•�g�v�� �i�h�^�j�•�[-
�g�_�g�g�y�� �a�Z�i�h�\�g�x�\�Z�q�Z�� �\�i�e�b�g�_ �g�Z�� �f�•�p�g�•�k�l�v�� �i�j�b��
�k�l�b�k�d�m�� �l�Z�� �a�]�b�g�•�� �a�j�Z�a�d�•�\�� �]�•�i�k�h�\�h�]�h�� �d�Z�f�_�g�x����
�^�h�k�e�•�^�b�l�b�� �f�•�d�j�h�k�l�j�m�d�l�m�j�m�� �h�l�j�b�f�Z�g�b�o��
�a�j�Z�a�d�•�\�� �f�_�l�h�^�h�f�� �k�d�Z�g�m�x�q�h�€�� �_�e�_�d�l�j�h�g�g�h�€��
�f�•�d�j�h�k�d�h�i�•�€�� 



�A�[�•�j�g�b�d���g�Z�m�d�h�\�b�o���i�j�Z�p�v���M�d�j�Z�€�g�k�v�d�h�]�h���^�_�j�`�Z�\�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���a�Z�e�•�a�g�b�q�g�h�]�h���l�j�Z�g�k�i�h�j�l�m 
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�H�k�g�h�\�g�Z���q�Z�k�l�b�g�Z���^�h�k�e�•�^�`�_�g�g�y 
�F�Z�l�_�j�•�Z�e�b�� �l�Z�� �f�_�l�h�^�b���^�h�k�e�•�^�`�_�g�v�� 

�Y�d���k�b�j�h�\�b�g�m�� �\�� �j�h�[�h�l�•�� �[�m�e�h�� �\�b�d�h�j�b�k�l�Z�g�h��
�\�_�j�f�b�d�m�e�•�l�h�\�b�c�� �d�h�g�p�_�g�l�j�Z�l�� �<�Z�k�b�e�v�d�•�\-

�k�v�d�h�]�h�� �j�h�^�h�\�b�s�Z�� ���M�d�j�Z�€�g�Z���� �D�b�€�\�k�v�d�Z��
�h�[�e�Z�k�l�v������ �o�•�f�•�q�g�b�c�� �l�Z���f�•�g�_�j�Z�e�h�]�•�q�g�b�c�� �k�d�e�Z�^��
�y�d�h�]�h���g�Z�\�_�^�_�g�h���\���l�Z�[�e���������>���@�� 

 
 

�L�Z�[�e�b�p�y���� 

�O�•�f�•�q�g�b�c���k�d�e�Z�^���\�_�j�f�b�d�m�e�•�l�m���<�Z�k�b�e�v�d�•�\�k�v�d�h�]�h���j�h�^�h�\�b�s�Z��[9] 

�<�f�•�k�l���h�d�k�b�^�•�\������ 
SiO2 TiO2 Al2O3 Fe2O3 FeO CaO MgO MnO Na2O K2O H2O 
32,09 1,22 8,79 11,01 1,97 9,18 7,23 0,17 0,50 5,38 6,77 

 

�Y�d�� �[�Z�q�b�f�h���� �k�d�e�Z�^�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�g�h�]�h��
�\�_�j�f�b�d�m�e�•�l�m�� �f�•�k�l�b�l�v�� �h�k�g�h�\�g�•�� �d�h�f�i�h�g�_�g�l�b����
�s�h�� �m�l�\�h�j�x�x�l�v�� �p�_�f�_�g�l�g�b�c�� �d�e�•�g�d�_�j���� �l�Z�d�•�� �y�d��
�d�Z�e�v�p�•�x�� �h�d�k�b�^�� �&�D�2�����d�j�_�f�g�•�x�� �h�d�k�b�^�� �6�L�22, 
�h�d�k�b�^�b�� �)�H2O3, Al2O3���� �0�J�2���� �I�•�^�� �q�Z�k��
�i�j�h�k�•�x�\�Z�g�g�y�� �k�i�m�q�_�g�h�]�h�� �\�_�j�f�b�d�m�e�•�l�m�� �[�m�e�h��
�h�l�j�b�f�Z�g�h�� �k�e�x�^�y�g�_�� �[�h�j�h�r�g�h�� �a�� �^�j�•�[�g�b�f�b��
�n�j�Z�d�p�•�y�f�b�� �\�_�j�f�b�d�m�e�•�l�m�� �•�a�� �k�_�j�_�^�g�•�f��
�j�h�a�f�•�j�h�f�� �q�Z�k�l�b�g�h�d�� ���������� �f�f���� �Q�Z�k�l�b�g�Z��
�\�_�j�f�b�d�m�e�•�l�m�� �[�m�e�Z�� �i�h�^�j�•�[�g�_�g�Z�� �m �f�e�b�g�•��
�l�h�g�d�h�]�h �i�h�f�_�e�m�� �^�h�� �k�_�j�_�^�g�v�h�]�h�� �j�h�a�f�•�j�m��
�q�Z�k�l�b�g�h�d�������������f�f. 

�Y�d�� �\�¶�y�`�m�q�_�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�\�k�y�� �]�•�i�k��
�f�Z�j�d�b���=-���������\�e�Z�k�l�b�\�h�k�l�•���y�d�h�]�h���\�•�^�i�h�\�•�^�Z�x�l�v��
�>�K�L�M���;���<��������-�������>�����@�����>�e�y���^�h�k�e�•�^�`�_�g�v���[�m�e�h��
�\�b�]�h�l�h�\�e�_�g�h�� �l�j�b�� �k�_�j�•�€�� �a�j�Z�a�d�•�\���� �I�_�j�r�Z�� �k�_�j�•�y��
�a�j�Z�a�d�•�\�� �f�•�k�l�b�e�Z�� �]�•�i�k�� �•�� �\�h�^�m���� �^�j�m�]�Z�� �l�Z�� �l�j�_�l�y��
�k�_�j�•�€�� �f�•�k�l�b�e�b�� �^�h�[�Z�\�d�m�� �g�Z�i�h�\�g�x�\�Z�q�Z���� �>�e�y��
�^�j�m�]�h�€�� �k�_�j�•�€ �\�b�d�h�j�b�k�l�h�\�m�\�Z�\�k�y��
�l�h�g�d�h�^�b�k�i�_�j�k�g�b�c�� �\�_�j�f�b�d�m�e�•�l�h�\�b�c�� �i�h�j�h�r�h�d��
���L�<�I���� �a�� �j�h�a�f�•�j�h�f�� �q�Z�k�l�b�g�h�d�� �g�Z�c�[�•�e�v�r��
�i�j�_�^�k�l�Z�\�g�b�p�v�d�h�€�� �n�j�Z�d�p�•�€�� ���������� �f�f���� �^�e�y��
�l�j�_�l�v�h�€���± �a�� �j�h�a�f�•�j�h�f�� �q�Z�k�l�b�g�h�d�� �g�Z�c�[�•�e�v�r��
�i�j�_�^�k�l�Z�\�g�b�p�v�d�h�€�� �n�j�Z�d�p�•�€�� ���������� �f�f���� �M�� �\�k�•�o��
�l�j�v�h�o�� �k�_�j�•�y�o�� �\�h�^�h-�]�•�i�k�h�\�_�� �\�•�^�g�h�r�_�g�g�y�� �[�m�e�h��
�h�^�g�Z�d�h�\�b�f�� �•�� �k�l�Z�g�h�\�b�e�h�� ���������� �=�j�Z�g�b�p�x��
�f�•�p�g�h�k�l�•���i�j�b���a�]�b�g�•���l�Z���]�j�Z�g�b�p�x���f�•�p�g�h�k�l�•���i�j�b��
�k�l�b�k�d�m�� �\�b�a�g�Z�q�Z�e�b�� �g�Z�� �a�j�Z�a�d�Z�o�� �j�h�a�f�•�j�h�f��
40�u40�u�������� �f�f���� �\�b�]�h�l�h�\�e�_�g�b�o�� �•�a�� �l�•�k�l�Z��
�k�l�Z�g�^�Z�j�l�g�h�€�� �d�h�g�k�b�k�l�_�g�p�•�€���� �q�_�j�_�a�� �^�\�•�� �]�h�^�b�g�b��
�i�•�k�e�y���d�h�g�l�Z�d�l�m���]�•�i�k�h�\�h�]�h���\�
�y�`�m�q�h�]�h���a���\�h�^�h�x��
�a�]�•�^�g�h �a �>�K�L�M���;���<��������-82 [10]. 

�<�i�e�b�\�� �j�h�a�f�•�j�•�\�� �q�Z�k�l�b�g�h�d�� �L�<�I�� �g�Z��
�k�l�j�m�d�l�m�j�m�� �]�•�i�k�h�\�h�]�h�� �d�Z�f�_�g�x�� �^�h�k�e�•�^�`�m�\�Z�e�b��

�f�_�l�h�^�h�f�� �_�e�_�d�l�j�h�g�g�h�€�� �f�•�d�j�h�k�d�h�i�•�€���� �>�e�y��
�^�h�k�e�•�^�`�_�g�v�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�e�b�� �k�d�Z�g�m�x�q�b�c��
�_�e�_�d�l�j�h�g�g�b�c�� �f�•�d�j�h�k�d�h�i�� �-�6�0-6390 
���\�b�j�h�[�g�b�p�l�\�h�� �y�i�h�g�k�v�d�h�€�� �n�•�j�f�b�� �-�H�R�O���� �a��
�_�e�_�d�l�j�h�g�g�h-�a�h�g�^�h�\�b�f�b�� �i�j�b�k�l�Z�\�d�Z�f�b�� �^�e�y��
�e�h�d�Z�e�v�g�h�]�h�� �f�•�d�j�h�Z�g�Z�e�•�a�m���� �_�g�_�j�]�h�^�b�k�i�_�j-
�k�•�c�g�b�c�� �k�i�_�d�l�j�h�f�_�l�j�� ���(�'�6���� �•�� �o�\�b�e�v�h�\�b�c��
�k�i�_�d�l�j�h�f�_�l�j�� ���:�'�6���� ���\�b�j�h�[�g�b�p�l�\�h�� �Z�g�]-
�e�•�c�k�v�d�h�€�� �n�•�j�f�b�� �2�;�)�2�5�'�� �,�1�6�7�5�8�0�(�1�7�6������
�J�h�a�^�•�e�v�g�Z�� �a�^�Z�l�g�•�k�l�v�� �_�e�_�d�l�j�h�g�g�h�]�h��
�f�•�d�j�h�k�d�h�i�Z�� �������� �g�f���� �f�Z�d�k�b�f�Z�e�v�g�b�c�� �^�•�Z�f�_�l�j��
�a�j�Z�a�d�Z�� �������� �f�f���� �Z�\�l�h�f�Z�l�b�a�Z�p�•�y�� �i�_�j�_�f�•�s�_�g�g�y��
�k�l�h�e�b�d�Z�� �a�j�Z�a�d�Z�� �a�Z�� �l�j�v�h�f�Z�� �g�Z�i�j�y�f�d�Z�f�b���± 
X, Y, �=���� �h�i�l�b�f�Z�e�v�g�b�c�� �g�Z�o�b�e�� �k�l�h�e�b�d�Z�� �a�j�Z�a�d�Z��
�^�h 15�h. 

�F�•�d�j�h�n�h�l�h�]�j�Z�n�m�\�Z�g�g�y�� �i�h�\�_�j�o�g�•��
�a�j�Z�a�d�Z�� �•�� �€�€�� �Z�g�Z�e�•�a�� �i�j�h�\�h�^�b�\�k�y�� �r�e�y�o�h�f��
�k�d�Z�g�m�\�Z�g�g�y�� �•�� �\�b�\�_�^�_�g�g�y�� �g�Z�� �f�h�g�•�l�h�j��
�d�h�f�i�
�x�l�_�j�Z���� �M�� �g�b�`�g�•�c�� �q�Z�k�l�b�g�•�� �d�Z�^�j�•�\��
�\�d�Z�a�m�}�l�v�k�y���� �i�j�b�k�d�h�j�x�\�Z�e�v�g�Z �g�Z�i�j�m�]�Z��
(15 �d�<������ �a�[�•�e�v�r�_�g�g�y�� �a�g�•�f�d�Z���� �f�Z�k�r�l�Z�[�g�Z��
�f�•�l�d�Z���� �g�h�f�_�j�� �d�Z�^�j�m���� �g�h�f�_�j�� �a�j�Z�a�d�Z����
�A�h�[�j�Z�`�_�g�g�y�� �h�l�j�b�f�m�\�Z�e�b�� �\�� �j�_�`�b�f�•��
�\�l�h�j�b�g�g�b�o���_�e�_�d�l�j�h�g�•�\���� 

�>�h�k�e�•�^�`�_�g�g�y�� �\�i�e�b�\�m�� �d�•�e�v�d�h�k�l�•�� �c��
�k�l�m�i�_�g�y�� �i�h�^�j�•�[�g�_�g�g�y�� �L�<�I���g�Z�� �f�•�p�g�•�k�l�v�� �>�e�y��
�a�¶�y�k�m�\�Z�g�g�y �h�i�l�b�f�Z�e�v�g�h�€���d�•�e�v�d�h�k�l�•���L�<�I �[�m�e�h��
�\�b�a�g�Z�q�_�g�h �f�•�p�g�•�k�l�v�� �a�j�Z�a�d�•�\�� �i�j�b�� �a�]�b�g�•�� �•�a��
�a�f�•�g�h�x�� �d�•�e�v�d�h�k�l�•�� �^�h�[�Z�\�d�b�� �\�•�^�� ���� ���� �^�h�� �������� ����
�\�•�^�� �f�Z�k�b�� �p�_�f�_�g�l�m�� ���j�b�k���� ���������J�_�a�m�e�v�l�Z�l�b��
�k�\�•�^�q�Z�l�v���� �s�h�� �h�i�l�b�f�Z�e�v�g�h�x�� �}�� �d�•�e�v�d�•�k�l�v��
�l�h�g�d�h�^�b�k�i�_�j�k�g�h�]�h�� �i�h�j�h�r�d�m�� �[�e�b�a�v�d�h�� ���� ���� 
�P�y���\�_�e�b�q�b�g�Z���[�m�e�Z���i�j�b�c�g�y�l�Z���^�e�y �i�h�^�Z�e�v�r�b�o��
�^�h�k�e�•�^�`�_�g�v��
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�J�b�k�����������A�Z�e�_�`�g�•�k�l�v���f�•�p�g�h�k�l�•���i�j�b���a�]�b�g�•���\�•�^���d�•�e�v�d�h�k�l�•���^�h�[�Z�\�d�b 
 
 

�>�e�y�� �h�p�•�g�d�b���\�i�e�b�\�m�� �k�l�m�i�_�g�y��
�i�h�^�j�•�[�g�_�g�g�y�� �L�<�I�� �^�e�y�� �d�h�`�g�h�€�� �k�_�j�•�€�� �a�j�Z�a�d�•�\��
�[�m�e�h �\�b�a�g�Z�q�_�g�h���]�j�Z�g�b�p�x���f�•�p�g�h�k�l�•���i�j�b���a�]�b�g�•��

�l�Z���]�j�Z�g�b�p�x���f�•�p�g�h�k�l�•���i�j�b���k�l�b�k�d�m�����J�_�a�m�e�v�l�Z�l�b��
�\�b�i�j�h�[�m�\�Z�g�v���g�Z�\�_�^�_�g�h���g�Z���j�b�k��������  

 
 

 
 

�J�b�k�����������A�Z�e�_�`�g�•�k�l�v���f�•�p�g�h�k�l�•���i�j�b���k�l�b�k�d�m (1�����• �i�j�b���a�]�b�g�•����2�����\�•�^���j�h�a�f�•�j�m���n�j�Z�d�p�•�€���g�Z�i�h�\�g�x�\�Z�q�Z�� 

 
�Y�d�� �\�b�^�g�h�� �a�� �j�b�k���� ������ �[�•�e�v�r�_�� �i�h�^�j�•�[�g�_�g�Z��

�n�j�Z�d�p�•�y�� �L�<�I�� �^�h�a�\�h�e�b�e�Z�� �i�•�^�\�b�s�b�l�b��
�f�•�p�g�•�k�l�v�� �]�•�i�k�h�\�h�]�h�� �d�Z�f�_�g�x�� �f�Z�c�`�_�� �g�Z�� ���� % 
�i�j�b�� �k�l�b�k�d�m�� �l�Z�� �f�Z�c�`�_���g�Z�� ������ ���� �i�j�b�� �a�]�b�g�•����
�L�h�g�d�h�^�b�k�i�_�j�k�g�b�c�� �g�Z�i�h�\�g�x�\�Z�q���a�Z�i�h�\�g�x�}��
�i�h�j�h�`�g�b�g�b�� �f�•�`�� �d�j�b�k�l�Z�e�Z�f�b�� �^�b�]�•�^�j�Z�l�m��

�k�m�e�v�n�Z�l�m�� �d�Z�e�v�p�•�x���� �s�h�� �^�Z�}�� �f�h�`�e�b�\�•�k�l�v��
�a�[�•�e�v�r�b�l�b�� �d�•�e�v�d�•�k�l�v�� �d�h�g�l�Z�d�l�•�\�� �f�•�`��
�d�j�b�k�l�Z�e�Z�f�b���� �Z�� �\�•�^�i�h�\�•�^�g�h, �•�� �i�•�^�\�b�s�b�l�b��
�f �•�p�g�•�k�l�v�� �\�¶�y�`�m�q�h�]�h���� �L�<�I���f�•�k�l�b�l�v�� �m �k�\�h�}�f�m��
�k�d�e�Z�^�•�� �Z�d�l�b�\�g�•�� �n�h�j�f�b�� �d�j�_�f�g�_�a�_�f�m�� �•��
�Z�e�x�f�•�g�•�x���� �m�� �a�\�
�y�a�d�m�� �a�� �q�b�f�� �i�j�b �^�h�^�Z�\�Z�g�g�•��

�J�h�a�f�•�j���n�j�Z�d�p�•�€�����f�f 
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�c�h�]�h �^�h�� �]�•�i�k�m�� �i�•�^�\�b�s�m�}�l�v�k�y�� �k�l�m�i�•�g�v��
�]�•�^�j�Z�l�Z�p�•�€�� �]�•�^�j�Z�\�e�•�q�g�h�]�h�� �\�
�y�`�m�q�h�]�h�� �a�Z��
�j�Z�o�m�g�h�d�� �m�l�\�h�j�_�g�g�y�� �p�_�g�l�j�•�\�� �d�j�b�k�l�Z�e�•�a�Z�p�•�€����
�Q�_�j�_�a�� �g�b�a�v�d�m�� �l�_�i�e�h�i�j�h�\�•�^�g�•�k�l�v�� �k�Z�f�b�o��
�q�Z�k�l�b�g�h�d�� �\�_�j�f�b�d�m�e�•�l�m���� �Z�� �l�Z�d�h�`�� �a�Z�\�^�y�d�b��
�l�h�g�d�b�f�� �i�j�h�r�Z�j�d�Z�f�� �i�h�\�•�l�j�y�� �f�•�`�� �e�m�k�h�q�d�Z�f�b��
�k�e�x�^�b�� �h�l�j�b�f�Z�g�b�c�� �f�Z�l�_�j�•�Z�e �o�Z�j�Z�d�l�_�j�b�a�m-
�}�l�v�k�y���g�b�a�v�d�h�x���l�_�i�e�h�i�j�h�\�•�^�g�•�k�l�x���c���\�b�k�h�d�h�x��
�\�h�]�g�_�k�l�•�c�d�•�k�l�x���� �Z�� �l�Z�d�h�`�� �_�k�l�_�l�b�q�g�•�k�l�x����
�o�•�f�•�q�g�h�x�� �k�l�•�c�d�•�k�l�x���� �g�_�l�h�d�k�b�q�g�•�k�l�x����
�\�•�^�k�m�l�g�•�k�l�x���^�b�f�h�m�l�\�h�j�_�g�g�y�� 

�>�h�k�e�•�^�`�_�g�g�y�� �k�l�j�m�d�l�m�j�b�� �]�•�i�k�h�\�b�o��
�a�j�Z�a�d�•�\�� �a�� �^�h�[�Z�\�d�h�x �L�<�I�� �a�Z�� �^�h�i�h�f�h�]�h�x��
�_�e�_�d�l�j�h�g�g�h�€�� �f�•�d�j�h�k�d�h�i�•�€�� �G�Z���i�h��̂Z�g�b�o��
�n�h�l�h�]�j�Z�n�•�y�o�� �i�j�h�[�� ���j�b�k���������� �a�� �j�•�a�g�b�f�b��
�j�•�\�g�y�f�b�� �a�[�•�e�v�r�_�g�g�y �f�h�`�g�Z�� �i�h�[�Z�q�b�l�b���� �s�h��
�k�l�j�m�d�l�m�j�Z�� �^�h�k�e�•�^�`�m�\�Z�g�h�]�h�� �]�•�i�k�h�\�h�]�h��
�d�Z�f�_�g�x�� �f�Z�} �m �k�\�h�}�f�m�� �k�d�e�Z�^�•�� �]�h�e�q�Z�k�l�•��
�d�j�b�k�l�Z�e�b�� �]�•�i�k�m���� �<�b�o�h�^�y�q�b�� �a�� �f�Z�k�r�l�Z�[�m��
�a�g�•�f�d�•�\���� �f�h�`�g�Z�� �\�b�a�g�Z�q�b�l�b���� �s�h�� �j�h�a�f�•�j�b��
�]�h�e�h�d�� �k�l�Z�g�h�\�e�y�l�v�� �\�•�^�� ���� �^�h�� ������ �f�d�f���� �s�h��
�\�•�^�i�h�\�•�^�Z�}�� �k�l�Z�g�^�Z�j�l�g�•�c�� �k�l�j�m�d�l�m�j�•�� �]�•�i�k�m��

 

       

 

�J�b�k�����������F�•�d�j�h�n�h�l�h�]�j�Z�n�•�€���]�•�i�k�m���[�_�a���^�h�[�Z�\�d�b 
 

 
�A�j�Z�a�d�b�� �a�� �L�<�I�� �a�� �j�h�a�f�•�j�h�f�� �n�j�Z�d�p�•�€��

0,14 �f�f�� ���j�b�k���� ������ �i�j�b�� ������-�������� �d�j�Z�l�g�h�f�m��
�a�[�•�e�v�r�_�g�g�•�� �i�h�d�Z�a�m�x�l�v�� �g�_�h�^�g�h�j�•�^�g�b�c��
�j�h�a�i�h�^�•�e�� �k�d�e�Z�^�m�� �g�Z�� �i�e�h�s�b�g�•�� �\�•�^�d�h�e�m��
�]�•�i�k�h�\�h�]�h�� �d�Z�f�_�g�x���� �I�j�b�� �[�•�e�v�r�h�f�m��
�a�[�•�e�v�r�_�g�g�•�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �i�e�h�s�b�g�Z��

�\�_�j�f�b�d�m�e�•�l�h�\�h�€�� �^�h�[�Z�\�d�b�� ���s�h�� �h�a�g�Z�q�Z�}��
�i�_�j�\�b�g�g�m�� �k�e�x�^�y�g�m�� �[�m�^�h�\�m������ �Z�� �l�Z�d�h�`��
�g�_�h�^�g�h�j�•�^�g�•�� �a�\�
�y�a�d�b�� �\�_�j�f�b�d�m�e�•�l�m�� �a��
�d�j�b�k�l�Z�e�Z�f�b�� �]�•�i�k�m�� ���j�h�a�r�Z�j�m�\�Z�g�g�y�� �\�� �^�_�y�d�b�o��
�q�Z�k�l�b�g�Z�o����
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�G�Z���_�e�_�d�l�j�h�g�g�b�o���n�h�l�h�]�j�Z�n�•�y�o���a�j�Z�a�d�•�\���a��

�L�<�I�� �a�� �j�h�a�f�•�j�h�f�� �n�j�Z�d�p�•�€�� ���������� �f�f�� �� ���j�b�k���� ������
�[�Z�q�b�f�h�� �\�•�^�g�h�k�g�h�� �h�^�g�h�j�•�^�g�b�c�� �j�h�a�i�h�^�•�e��
�k�d�e�Z�^�m�� �g�Z�� �i�e�h�s�b�g�•�� �\�•�^�d�h�e�m�� �]�•�i�k�h�\�h�]�h��

�d�Z�f�_�g�x���� �I�j�b�� �[�•�e�v�r�h�f�m�� �a�[�•�e�v�r�_�g�g�•��
�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y���j�h�a�]�Z�e�m�`�_�g�Z���[�m�^�h�\�Z���L�<�I���l�Z��
�€�€�� �[�_�a�i�h�k�_�j�_�^�g�•�c�� �a�\�
�y�a�h�d�� �a�� �d�j�b�k�l�Z�e�Z�f�b�� �]�•�i�k�m��
���m�l�\�h�j�x�x�l�v���h�^�g�h�j�•�^�g�m���k�l�j�m�d�l�m�j�m���� 
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�J�b�k�����������F�•�d�j�h�n�h�l�h�]�j�Z�n�•�€���]�•�i�k�h�\�b�o���a�j�Z�a�d�•�\���a���L�<�I���a���j�h�a�f�•�j�h�f���n�j�Z�d�p�•�€�������������f�f 

 
�:�g�Z�e�•�a�m�x�q�b�� �h�l�j�b�f�Z�g�•�� �j�_�a�m�e�v�l�Z�l�b����

�f�h�`�g�Z�� �a�j�h�[�b�l�b�� �\�b�k�g�h�\�h�d���� �s�h�� �i�h�^�j�•�[�g�_�g�g�y��
�g�b�a�v�d�h�\�b�i�Z�e�v�g�h�]�h�� �\�_�j�f�b�d�m�e�•�l�m�� �^�h�� �n�j�Z�d�p�•�€��
0,14 �f�f�� �i�h�\�g�•�k�l�x�� �g�_�� �j�m�c�g�m�}�� �c�h�]�h��
�i�j�h�k�l�h�j�h�\�b�o�� �a�\�
�y�a�d�•�\ �•�� �a�Z�k�l�h�k�h�\�m�\�Z�l�b�� �c�h�]�h��
�y�d�� �^�h�[�Z�\�d�m�� �g�_�� �^�h�p�•�e�v�g�h���� �h�k�d�•�e�v�d�b �i�h�f�•�l�g�b�f��
�} �c�h�]�h�� �g�_�h�^�g�h�j�•�^�g�b�c�� �j�h�a�i�h�^�•�e�� �i�h�� �h�[�¶�}�f�m��
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�d�Z�f�_�g�x�� �^�h�^�Z�\�Z�g�g�y�f���l�h�g�d�h�^�b�k�i�_�j�k�g�h�]�h��
�\�_�j�f�b�d�m�e�•�l�h�\�h�]�h�� �i�h�j�h�r�d�m�����I�h�d�Z�a�Z�g�h���� �s�h��
�m�\�_�^�_�g�g�y�� �L�<�I �a�� �j�h�a�f�•�j�h�f�� �g�Z�c�[�•�e�v�r��
�i�j�_�^�k�l�Z�\�g�b�p�v�d�h�€�� �n�j�Z�d�p�•�€��0,01 �f�f�� �m��
�d�•�e�v�d�h�k�l�•�� ���� ���� �\�•�^�� �f�Z�k�b�� �p�_�f�_�g�l�m�� �^�Z�e�h�� �a�f�h�]�m��
�a�[�•�e�v�r�b�l�b�� �f�•�p�g�•�k�l�v�� �i�j�b�� �a�]�b�g�• �f�Z�c�`�_�� �g�Z��
50 ���� �• �i�j�b�� �k�l�b�k�d�m���± �g�Z�� ������ ������ �>�h�k�e�•�^�`�_�g�g�y��
�f�•�d�j�h�k�l�j�m�d�l�m�j�b�� �a�j�Z�a�d�•�\�� �f�_�l�h�^�h�f�� �k�d�Z�g�m�x�q�h�€��
�_�e�_�d�l�j�h�g�g�h�€�� �f�•�d�j�h�k�d�h�i�•�€�� �i�•�^�l�\�_�j�^�b�e�h��
�m�l�\�h�j�_�g�g�y�� �h�^�g�h�j�•�^�g�h�€�� �k�m�p�•�e�v�g�h�€�� �k�l�j�m�d�l�m�j�b��
�•�a�� �s�•�e�v�g�b�f�� �j�h�a�l�Z�r�m�\�Z�g�g�y�f�� �d�j�b�k�l�Z�e�•�\�� �]�•�i�k�m�� 
�<�b�d�h�j�b�k�l�Z�g�g�y�� �l�Z�d�h�]�h�� �i�h�j�h�r�d�m�� �y�d��
�g�Z�i�h�\�g�x�\�Z�q�Z�� �]�•�i�k�h�\�b�o�� �\�b�j�h�[�•�\�� �}�� �n�Z�d�l�h�j�h�f����
�s�h�� �a�g�Z�q�g�h�� �i�•�^�\�b�s�m�}�� �_�n�_�d�l�b�\�g�•�k�l�v��
�\�b�]�h�l�h�\�e�_�g�b�o�� �d�h�g�k�l�j�m�d�p�•�c�� �a�Z�� �j�Z�o�m�g�h�d��
�[�•�e�v�r�h�€�� �f�•�p�g�h�k�l�•���� �i�h�e�•�i�r�_�g�g�y�� �l�_�i�e�h-
�l�_�o�g�•�q�g�b�o�� �i�h�d�Z�a�g�b�d�•�\�� �l�Z�� �\�h�]�g�_�l�j�b�\�d�h�k�l�•��
�k�i�h�j�m�^�����H�l�`�_, �i�_�j�k�i�_�d�l�b�\�g�b�f�� �g�Z�i�j�y�f�d�h�f��
�^�e�y���i�h�^�Z�e�v�r�h�]�h���\�^�h�k�d�h�g�Z�e�_�g�g�y���]�•�i�k�h�[�_�l�h�g�m��
�}�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �g�h�\�h�]�h�� �f�h�^�b�n�•�d�h�\�Z�g�h�]�h��
�\�¶�y�`�m�q�h�]�h�� �a�� �j�•�a�g�h�f�Z�g�•�l�g�b�f�b�� �g�Z�i�h�\�g�x�\�Z-



�A�[�•�j�g�b�d���g�Z�m�d�h�\�b�o���i�j�Z�p�v���M�d�j�Z�€�g�k�v�d�h�]�h���^�_�j�`�Z�\�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���a�Z�e�•�a�g�b�q�g�h�]�h���l�j�Z�g�k�i�h�j�l�m 

 �A�[�•�j�g�b�d���g�Z�m�d�h�\�b�o���i�j�Z�p�v���M�d�j�>�M�A�L��������19�����\�b�i������88 

14 

�q�Z�f�b���a���j�h�a�f�•�j�h�f���^�h���g�Z�g�h�q�Z�k�l�b�g�h�d���\�d�e�x�q�g�h����
�a�Z�e�m�q�_�g�g�y�� �\�� �]�•�^�j�Z�l�Z�p�•�c�g�•�� �i�j�h�p�_�k�b�� �g�h�\�•�l�g�•�o��
�Z�d�l�b�\�g�b�o�� �f�•�g�_�j�Z�e�v�g�b�o�� �^�h�[�Z�\�h�d�� �Z�[�h��

�_�n�_�d�l�b�\�g�b�o�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�b�o�� �j�_�q�h�\�b�g����
�k�m�q�Z�k�g�b�o�� �k�m�i�_�j�i�e�Z�k�l�b�n�•�d�Z�l�h�j�•�\�� �l�Z�� �•�g�r�b�o��
�o�•�f�•�q�g�b�o���^�h�[�Z�\�h�d�� 

 

�Z)    �[)  
 

�J�b�k�����������F�•�d�j�h�n�h�l�h�]�j�Z�n�•�€���]�•�i�k�h�\�h�]�h���d�Z�f�_�g�x���a���^�h�[�Z�\�d�h�x���L�<�I���a���j�h�a�f�•�j�h�f���n�j�Z�d�p�•�€�������������f�f�����Z) 
�• �����������f�f�����[)  

 
 

�K�i�b�k�h�d���\�b�d�h�j�b�k�l�Z�g�b�o���^�`�_�j�_�e 
 

1. Alaa M. Rashad. Vermiculite as a construction material �± A short guide for Civil Engineer. 
Construction and Building Materials. 2016. Vol. 125. �J. 53�±62. URL: https://doi.org/ 
10.1016/j.conbuildmat.2016.08.019 (last access: 13.11.2019). 

2. Swaminathan P., Bavitha B. Behaviour of concrete by replacing aggregates using 
vermiculite and insulator waste. International Journal of Recent Trends in Engineering and 
Research. 2019. Vol. 5 (1). �J. 30�±35. URL: http://dx.doi.org/10.23883/ 
ijrter.conf.20190322.004.vgvr1 (last access: 13.11.2019). 

3. Schug B., Mandel K., Schottner G., Shmeliov A., Nicolosi V., Baese R., Pietschmann B., 
Biebl M., Sextl G. A mechanism to explain the creep behavior of gypsum plaster. Cement and 
Concrete Research. 2017. Vol. 98. P. 122�±129. URL: doi:10.1016/j.cemconres.2017.04.012 (last 
access: 13.11.2019). 

4. Du Z., She W., Zuo W., Hong J., Zhang Y., Miao C. Foamed gypsum composite with heat-
resistant admixture under high temperature: Mechanical, thermal and deformation performances. 
Cement and Concrete Composites. 2020. Vol. 108. P. 103549. URL: http://dx.doi.org/ 
10.1016/j.cemconcomp.2020.103549 (last access: 13.11.2019).  

5. Schug, B., Mandel, K., Schottner, G., Shmeliov, A., Nicolosi, V., Baese, R., �)�|�U�W�K�Q�H�U�� �6������
Pietschmann B., Biebl M., Sextl G. Revealing the working principle of sodium trimetaphosphate as 
state of the art anti-creep agent in gypsum plaster. Cement and Concrete Research. 2018. Vol. 107. 
P. 182�±187. URL: doi:10.1016/j.cemconres.2018.02.025 (last access: 13.11.2019). 

6. Wang Q., Jia R. A novel gypsum-based self-leveling mortar produced by phosphorus 
building gypsum. Construction and Building Materials. 2019. Vol. 226. P. 11�±20. 
URL: http://dx.doi.org/10.1016/j.conbuildmat.2019.07.289 (last access: 13.11.2019). 

7. �.�U�H�M�V�R�Y�i�� �-������ �'�R�O�H�å�H�O�R�Y�i�� �0������ �3�H�U�Q�L�F�R�Y�i�� �5������ �6�Y�R�U�D�� �3������ �9�L�P�P�U�R�Y�i�� �$���� �7�K�H�� �L�Q�I�O�X�Hnce of 
different aggregates on the behavior and properties of gypsum mortars. Cement and Concrete 
Composites. 2018. Vol. 92. P. 188�±197. URL: http://dx.doi.org/10.1016/ 
j.cemconcomp.2018.06.007 (last access: 13.11.2019). 



�A�[�•�j�g�b�d���g�Z�m�d�h�\�b�o���i�j�Z�p�v���M�d�j�Z�€�g�k�v�d�h�]�h���^�_�j�`�Z�\�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���a�Z�e�•�a�g�b�q�g�h�]�h���l�j�Z�g�k�i�h�j�l�m 

 �A�[�•�j�g�b�d���g�Z�m�d�h�\�b�o���i�j�Z�p�v���M�d�j�>�M�A�L��������19�����\�b�i������88 

15 

8. A�l�b�g�y�g�� �:���� �H������ �@�b�]�e�h�� �:���� �:���� �;�m�o�Z�g�h�\�Z�� �?���� �K���� �W�g�_�j�]�h�k�[�_�j�_�`�_�g�b�_�� �i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b��
�l�_�i�e�h�b�a�h�e�y�p�b�h�g�g�u�o�� �k�l�_�g�h�\�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�� �h�k�g�h�\�_�� �]�b�i�k�h�\�u�o�� �b�a�^�_�e�b�c. �K�m�q�Z�k�g�•�� �l�_�o�g�h�e�h�]�•�€��
�l�Z���f�_�l�h�^�b���j�h�a�j�Z�o�m�g�d�m���\���[�m�^�•�\�g�b�p�l�\�•. 2016. �<�b�i�����������K�����������±350. 

������ �:�l�b�g�y�g�� �:���� �H������ �;�m�o�Z�g�h�\�Z�� �D���� �K������ �L�j�b�d�h�a�� �E���� �<������ �D�Z�f�q�Z�l�g�Z�� �K���� �F������ �I�m�k�l�h�\�h�c�l�h�\�Z�� �H���� �F����
�<�i�e�b�\�� �i�h�i�_�j�_�^�g�v�h�€�� �h�[�j�h�[�d�b�� �g�Z�� �l�_�f�i�_�j�Z�l�m�j�m�� �\�b�i�Z�e�m�� �\�_�j�f�b�d�m�e�•�l�m�����A�[�•�j�g�b�d�� �g�Z�m�d�h�\�b�o�� �i�j�Z�p�v��
�M�d�j�>�M�A�L. 2019. �<�b�i���� ���������� �J���� �������±114. URL: https://doi.org/10.18664/1994-
7852.183.2019.169875 ���^�Z�l�Z: 13.11.2019). 

10. �>�K�L�M �; �<��������-82:2010 �;�m�^�•�\�_�e�v�g�• �f�Z�l�_�j�•�Z�e�b�� �<�¶�y�`�m�q�• �]�•�i�k�h�\�•�� �L�_�o�g�•�q�g�• �m�f�h�\�b. 
 �Q�b�g�g�b�c���\�•�^����������-03-01. �D�b�€�\�������F�•�g�j�_�]�•�h�g�[�m�^���M�d�j�Z�€�g�b�����������������������k�� 
 

�:�l�b�g�y�g���:�j�f�_�g���H�\�•�d�h�\�b�q�� �d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�_�g�l���d�Z�n�_�^�j�b���l�_�o�g�h�e�h�]�•�€���[�m�^�•�\�_�e�v�g�h�]�h���\�b�j�h�[�g�b�p�l�\�Z���•���[�m�^�•�\�_�e�v�g�b�o��
�f�Z�l�_�j�•�Z�e�•�\���O�Z�j�d�•�\�k�v�d�h�]�h���g�Z�p�•�h�g�Z�e�v�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���f�•�k�v�d�h�]�h���]�h�k�i�h�^�Z�j�k�l�\�Z  �•�f. �H�� �F�� �;�_�d�_�l�h�\�Z���� 
�L�_�e.: (057) 707-31-10. E-mail: armen.atynyan@kname.edu.ua. 
�;�m�o�Z�g�h�\�Z���D�Z�l�_�j�b�g�Z���K�_�j�]�•�€�\�g�Z�����Z�k�i�•�j�Z�g�l���O�Z�j�d�•�\�k�v�d�h�]�h���g�Z�p�•�h�g�Z�e�v�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���f�•�k�v�d�h�]�h���]�h�k�i�h�^�Z�j�k�l�\�Z 
�•�f. �H. �F�� �;�_�d�_�l�h�\�Z�����L�_�e������������������������-31-10. E-mail: kateryna.bukhanova@kname.edu.ua. 
�L�j�b�d�h�a���E�x�^�f�b�e�Z���<�•�d�l�h�j�•�\�g�Z�����^-�j���l�_�o�g�����g�Z�m�d�����i�j�h�n�_�k�h�j���d�Z�n�_�^�j�b���[�m�^�•�\�_�e�v�g�b�o���f�Z�l�_�j�•�Z�e�•�\�����d�h�g�k�l�j�m�d�p�•�c���l�Z���k�i�h�j�m�^��
�M�d�j�Z�€�g�k�v�d�h�]�h���^�_�j�`�Z�\�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���a�Z�e�•�a�g�b�q�g�h�]�h���l�j�Z�g�k�i�h�j�l�m�����L�_�e. (057)730-10-68. E-mail: lvtrikoz@ukr.net. 
ORCID 0000-0002-8531-7546. 
�D�Z�f�q�Z�l�g�Z���K�\�•�l�e�Z�g�Z���F�b�d�h�e�•�€�\�g�Z�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�_�g�l���d�Z�n�_�^�j�b �\�b�r�m�d�m�\�Z�g�v���l�Z���i�j�h�_�d�l�m�\�Z�g�g�y���r�e�y�o�•�\��
�k�i�h�e�m�q�_�g�g�y�����]�_�h�^�_�a�•�€���l�Z���a�_�f�e�_�m�k�l�j�h�x �M�d�j�Z�€�g�k�v�d�h�]�h �^�_�j�`�Z�\�g�h�]�h���m�g�•�\�_�j�k�b�l�_�l�m���a�Z�e�•�a�g�b�q�g�h�]�h���l�j�Z�g�k�i�h�j�l�m���� 
�L�_�e. (057)730-10-69. E-mail: kamchatnayasn@gmail.com. ORCID 0000-0001-5711-4146. 
 
Atynian Armen, PhD (Tech.), Associate Professor, Construction Technology and Building Materials Department,  
O.M. Beketov National University of Urban Economy. Tel. (057) 707-31-10. E-mail : armen.atynyan@kname.edu.ua. 
Bukhanova Kateryna, Postgraduate Student, O.M.Beketov National University of Urban Economy. Tel. (057) 707-31-10. 
E-mail: kateryna.bukhanova@kname.edu.ua. 
Trykoz Liudmyla, D. Sc. (Tech.), Professor, Building Materials and Structures Department, Ukrainian State University 
of Railway Transport. �L�_l. (057)730-10-68. E-mail: lvtrikoz@ukr.net ORCID 0000-0002-8531-7546. 
Kamchatnaya Svitlana, PhD (Tech.), Associate Professor, Location and Design of Railroad, Geodesy and Land 
Management Department, Ukrainian State University of Railway Transport. �L�_l. (057)730-10-68.  
E-mail: kamchatnayasn@gmail.com. 
 

�K�l�Z�l�l�x���i�j�b�c�g�y�l�h�������������������������j�� 
 
�M�>�D 624.011 
 
�Q�B�K�?�E�V�G�B�C �:�G�:�E�1�A �F�1�P�G�H�K�L�1 �A�¶�/�>�G�:�G�V �G�: �<�D�E�?�/�G�B�O �K�L�?�J�@�G�Y�O  
�M CLT  �I�:�G�?�E�Y�O 
 

�D�Z�g��̂b�^�Z�l�b �l�_�o�g�����g�Z�m�d���:�� �F�����;�•�^�Z�d�h�\�����H�� �F�����I�m�k�l�h�\�h�c�l�h�\�Z���� 
�Z�k�i�•�j�Z�g�l�b �/�� �:�����J�Z�k�i�h�i�h�\�����;�����H�����K�l�j�Z�r�d�h 
 
NUMERICAL ANALYSIS OF JOINTS STRENGTH WITH GLUED -IN STEEL RODS 
BARS IN CLT PANELS 
 

PhD (Tech.) A. Bidakov, PhD (Tech.) O. Pustovoitova, postgraduate student I. Raspopov, 
postgraduate student B. Strashko 
 

DOI: https://doi.org/10.18664/1994-7852.188.2019.206085 
 

�:�g�Z�e�•�a �j�_�a�m�e�v�l�Z�l�•�\ �f�•�p�g�h�k�l�• �a�¶�}�^�g�Z�g�v �g�Z �\�d�e�_�}�g�b�o �k�l�_�j�`�g�y�o �g�Z �\�b�k�f�b�d�m�\�Z�g�g�y, �y�d�• 
�\�k�l�Z�g�h�\�e�_�g�• �m �i�h�i�_�j�_�q�g�h�f�m �i�_�j�_�j�•�a�• �I�D�> �Z�[�h CLT �i�Z�g�_�e�•, �i�h�d�Z�a�Z�\ �g�h�\�• �j�_�a�m�e�v�l�Z�l�b, �y�d�• �\�Z�`�d�h 
�[�m�e�h �i�_�j�_�^�[�Z�q�b�l�b �a �m�j�Z�o�m�\�Z�g�g�y�f �a�g�Z�q�g�h�€ �i�j�Z�d�l�b�d�b �\�b�d�h�j�b�k�l�Z�g�g�y �\�d�e�_�}�g�b�o �k�l�_�j�`�g�•�\ �m 
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�p�•�e�v�g�•�c �l�Z �d�e�_�}�g�•�c �^�_�j�_�\�b�g�•. �H�k�d�•�e�v�d�b �I�D�> �i�Z�g�_�e�• �y�\�e�y�x�l�v �k�h�[�h�x �k�d�e�Z�^�g�m �[�Z�]�Z�l�h�r�Z�j�h�\�m 
�k�l�j�m�d�l�m�j�m �a �^�h�s�h�d �a�• �\�a�Z�}�f�g�h �i�_�j�i�_�g�^�b�d�m�e�y�j�g�b�f �€�o �j�h�a�l�Z�r�m�\�Z�g�g�y�f  �m �k�m�f�•�`�g�b�o �r�Z�j�Z�o, �l�h 
�\�b�g�b�d�e�b �g�h�\�• �]�j�Z�g�b�q�g�• �m�f�h�\�b �^�e�y �k�l�_�j�`�g�•�\, �d�h�e�b �\�h�g�b �f�h�`�m�l�v �[�m�l�b �j�h�a�l�Z�r�h�\�Z�g�b�f�b �g�Z �f�_�`�• 
�i�h�\�a�^�h�\�`�g�v�h�€ �l�Z �i�h�i�_�j�_�q�g�h�€ �^�h�s�h�d. �>�e�y �h�p�•�g�d�b �^�h�k�l�h�\�•�j�g�h�k�l�• �h�l�j�b�f�Z�g�b�o 
�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�b�o �^�Z�g�b�o [1]  �\�b�d�h�g�Z�g�h �Z�g�Z�e�•�l�b�q�g�• �^�h�k�e�•�^�`�_�g�g�y �m �i�j�h�]�j�Z�f�g�h�f�m �d�h�f�i�e�_�d�k�• 
Ansys � �̂e�y �\�k�•�o �f�h�`�e�b�\�b�o �f�•�k�p�v �j�h�a�l�Z�r�m�\�Z�g�g�y �k�l�_�j�`�g�•�\ �m �i�h�i�_�j�_�q�g�h�f�m �i�_�j�_�j�•�a�• �I�D�> �i�Z�g�_�e�•, 
�s�h �f�h�`�m�l�v �\�i�e�b�\�Z�l�b �g�Z �\�_�e�b�q�b�g�b �f�•�p�g�h�k�l�•, �a �m�j�Z�o�m�\�Z�g�g�y�f �i�j�m�`�g�h�€ �f�h�^�_�e�• �Z�g�•�a�h�l�j�h�i�•�€ 
�^�_�j�_�\�b�g�b. 

�D�e�x�q�h�\�• �k�e�h�\�Z: �\�d�e�_�}�g�• �k�l�Z�e�_�\�• �k�l�_�j�`�g�•, �a�[�•�j�g�• �i�Z�g�_�e�•, �f�•�p�g�•�k�l�v �g�Z �\�b�k�f�b�d�m�\�Z�g�g�y, 
�i�h�i�_�j�_�q�g�Z �d�e�_�}�g�Z �^�_�j�_�\�b�g�Z, �I�D�>, CLT, �a�¶�}�^�g�Z�g�g�y, �k�d�•�g�q�_�g�g�• �_�e�_�f�_�g�l�b, �j�h�a�j�Z�o�m�g�h�d, Ansys. 

 
New types of wood-based building materials, one of which is CLT, require an accurate 

assessment of the strength of various types of joints. Connections of CLT panels on glued-in steel 
rods have great interest in connection with the development of prefabricated modular buildings 
with high factory accuracy of mating joints parts. Glued-in steel rods are very effective type of rigid 
and semi-rigid joints in GLT elements of different constructions and allow produce structural 
elements with high level of prefabrication for fast and reliable installation of timber buildings. 
Positive experience of using glued-in steel rods during large period in timber constructions in 
Eastern Europe praxis seems effective in joints of cross laminated timber (CLT) panels.  

The results of the strength of the glued-in rods by pull-pull tests, which were installed in the 
cross section of the CLT panel, showed new results that were difficult to predict by taking into 
account practice of using glued-in steel rods in solid and glued laminated timber. Cross laminated 
timber panels are a complex multilayer structure of boards with mutually perpendicular to their 
location in adjacent layers create new boundary conditions for the rods, when they can be located 
at the boundary of the longitudinal and transverse boards. In order to evaluate the reliability of the 
obtained experimental data were performed analytical studies in the Ansys software for all possible 
locations of rods in the cross section of the CLT panel, which may affect the strength values, taking 
into account elastic anisotropy of wood. Analysis of the glued-in rods strength by pulling, 
depending position in the cross-section, is the same as described in paper of prof. H. J. Blass 
(2007) where the positions of axially loaded self-tapping screws were varied. 

�Deywords: glued-in steel rods, prefabricated panels, shear strength, cross laminated timber, 
CLT, connections, finite element modeling, calculation, Ansys software. 

 

�<�k�l�m�i�����R�\�b�^�d�_ �l�Z�� �k�l�Z�[�•�e�v�g�_��
�a�j�h�k�l�Z�g�g�y �\�b�d�h�j�b�k�l�Z�g�g�y�� �^�_�j�_�\�b�g�b�� �y�d��
�[�m�^�•�\�_�e�v�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �g�Z��
�`�b�l�e�h�\�b�o�� �l�Z�� �h�n�•�k�g�b�o�� �[�m�^�•�\�e�y�o�� ���j�b�k�� �������� �s�h��
�k�d�e�Z�^�Z�x�l�v�k�y���a���I�D�>���Z�[�h���&�/�7���i�Z�g�_�e�_�c���j�•�a�g�b�o��
�l�h�\�s�b�g���� �A�Z�\�^�y�d�b �i�_�j�_�o�j�_�k�g�•�c�� �k�l�j�m�d�l�m�j�•��
�r�Z�j�•�\�� �^�h�s�h�d �I�D�>�� �i�Z�g�_�e�•���� �a�¶�}�^�g�Z�g�g�y�� �€�o��
�i�h�i�_�j�_�q�g�b�o�� �i�_�j�_�j�•�a�•�\�� �}�� �g�h�\�h�x�� �k�d�e�Z�^�g�h�x��
�a�Z�^�Z�q�_�x���� �y�d�Z�� �i�h�l�j�_�[�m�}�� �\�j�Z�o�m�\�Z�g�g�y��
�g�_�h�^�g�h�j�•�^�g�h�€�� �k�l�j�m�d�l�m�j�b�� �^�h�s�h�d�� �j�•�a�g�b�o��
�l�h�\�s�b�g�� �l�Z�� �g�Z�y�\�g�•�k�l�v�� �l�_�o�g�h�e�h�]�•�q�g�b�o��
�h�k�h�[�e�b�\�h�k�l�_�c���m���\�b�]�e�y�^�•���s�•�e�b�g���f�•�`���^�h�r�d�Z�f�b��
�•�� �d�h�f�i�_�g�k�Z�p�•�c�g�b�o�� �i�j�h�i�b�e�•�\���� �H�k�d�•�e�v�d�b�� �I�D�>��
�i�Z�g�_�e�v���}�� �y�d�� �k�l�•�g�h�\�b�f���� �l�Z�d�� �•�� �_�e�_�f�_�g�l�h�f��
�i�_�j�_�d�j�b�l�l�y�� �[�Z�]�Z�l�h�i�h�\�_�j�o�h�\�b�o �[�m�^�•�\�_�e�v���� �l�h��

�i�j�b�� �j�h�a�j�h�[�p�•�� �\�m�a�e�•�\�� �a�¶�}�^�g�Z�g�v�� �g�_�h�[�o�•�^�g�h��
�\�j�Z�o�h�\�m�\�Z�l�b�� �l�b�i�� �a�¶�}�^�g�m�\�Z�e�v�g�b�o�� �i�Z�g�_�e�_�c���� �M��
�}�\�j�h�i�_�c�k�v�d�b�o�� �d�j�Z�€�g�Z�o�� �g�Z�c�[�•�e�v�r��
�j�h�a�i�h�\�k�x�^�`�_�g�b�f�b�� �}�� �a�¶�}�^�g�Z�g�g�y�� �g�Z�� �]�\�b�g�l�Z�o����
�q�_�j�_�a���g�_�a�g�Z�q�g�m���l�j�m�^�h�f�•�k�l�d�•�k�l�v���m���i�h�j�•�\�g�y�g�g�•��
�a�� �\�d�e�_�}�g�b�f�b�� �k�l�_�j�`�g�y�f�b���� �y�d�•�� �f�Z�x�l�v�� �\�_�e�b�d�m��
�i�h�i�m�e�y�j�g�•�k�l�v�� �m�� �i�h�k�l�j�Z�^�y�g�k�v�d�b�o�� �d�j�Z�€�g�Z�o�� �•�� �}��
�[�•�e�v�r�� �\�b�]�•�^�g�b�f�� �d�h�g�k�l�j�m�d�l�b�\�g�b�f�� �j�•�r�_�g�g�y�f����
�g�•�`�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �]�\�b�g�l�•�\���� �>�e�y��
�\�i�j�h�\�Z�^�`�_�g�g�y�� �k�b�k�l�_�f�b�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�•�\��
�^�e�y�� �a�¶�}�^�g�Z�g�g�y�� �I�D�>���i�Z�g�_�e�_�c���a�Z�i�j�h�i�h�g�h�\�Z�g�h��
�m�g�•�\�_�j�k�Z�e�v�g�_�� �a�¶�}�^�g�Z�g�g�y�� �g�Z�� �\�d�e�_�}�g�b�o��
�k�l�_�j�`�g�y�o���� �i�h�d�Z�a�Z�g�_�� �g�Z�� �j�b�k���� ��, �[���� �^�e�y�� �y�d�h�]�h��
�[�m�e�b�� �\�b�d�h�g�Z�g�•�� �^�h�k�e�•�^�`�_�g�g�y�� �k�l�_�j�`�g�•�\�� �g�Z��
�\�b�k�f�b�d�m�\�Z�g�g�y�� ���j�b�k���� �������\���� �m�� �i�¶�y�l�b�� �j�•�a�g�b�o��
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�o�Z�j�Z�d�l�_�j�g�b�o�� �l�h�q�d�Z�o�� �i�h�i�_�j�_�q�g�h�]�h�� �i�_�j�_�j�•�a�m��
���j�b�k���� ��, �]������ �>�h�k�e�•�^�`�_�g�•�� �l�h�q�d�b�� �j�h�a�l�Z�r�m�\�Z�g�g�y��
�k�l�_�j�`�g�y�� �f�h�`�m�l�v�� �\�i�e�b�\�Z�l�b�� �g�Z�� �\�_�e�b�q�b�g�m 

�f �•�p�g�h�k�l�•�����s�h���[�m�e�h���^�h�k�e�•�^�`�_�g�h���g�Z���������a�j�Z�a�d�Z�o��
�^�e�y�� �l�j�v�h�o�� �^�•�Z�f�_�l�j�•�\�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�•�\�� �a��
�h�^�g�Z�d�h�\�h�x�� �]�e�b�[�b�g�h�x�� �\�d�e�_�x�\�Z�g�g�y�� �k�l�_�j�`�g�y��
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�J�b�k�����������;�Z�]�Z�l�h�i�h�\�_�j�o�h�\�Z���[�m�^�•�\�e�y���a���I�D�>���i�Z�g�_�e�_�c���l�Z���\�m�a�h�e���g�Z���\�d�e�_�}�g�b�o���k�l�_�j�`�g�y�o���•���k�o�_�f�Z��
�\�b�d�h�g�Z�g�b�o���^�h�k�e�•�^�`�_�g�v�����D���± �[�m�^�•�\�e�y���a���I�D�>���i�Z�g�_�e�_�c�����[���± �\�m�a�h�e���g�Z���\�d�e�_�}�g�b�o���k�l�_�j�`�g�y�o���� 

�\���± �k�o�_�f�Z���\�b�i�j�h�[�m�\�Z�g�v�����]���± �^�h�k�e�•�^�`�_�g�•���l�h�q�d�b���\�d�e�_�c�d�b���k�l�_�j�`�g�•�\ 
 
 

�F�h�^�_�e�x�\�Z�g�g�y�� �l�Z�� �j�h�a�j�Z�o�m�g�h�d��
�g�Z�i�j�m�`�_�g�v�� �•�� �^�_�n�h�j�f�Z�p�•�c�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h��
�^�h�k�e�•�^�`�_�g�b�o�� �a�j�Z�a�d�•�\�� �a�� �I�D�>�� �Z�[�h�� �&�/�7��
�\�b�d�h�g�m�\�Z�e�b�k�v�� �m�� �i�j�h�]�j�Z�f�g�h�f�m�� �d�h�f�i�e�_�d�k�•��
ANSYS���� �I�j�b�� �f�h�^�_�e�x�\�Z�g�g�•�� �a�j�Z�a�d�•�\��
�^�h�l�j�b�f�m�\�Z�e�b�k�y�� �\�k�•�� �]�_�h�f�_�l�j�b�q�g�•�� �i�Z�j�Z�f�_�l�j�b��
�l�Z�� �k�l�j�m�d�l�m�j�Z�� �I�D�>�� �i�Z�g�_�e�• �a�� �€�€��
�l�_�o�g�h�e�h�]�•�q�g�b�f�b�� �h�k�h�[�e�b�\�h�k�l�y�f�b���� �Z�� �k�Z�f�_��
�k�d�e�_�x�\�Z�g�g�y�� �[�h�d�h�\�b�o�� �]�j�Z�g�_�c�� �^�h�s�h�d�� �l�Z�� �€�o��
�\�a�Z�}�f�g�h�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�_�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �m��
�k�m�f�•�`�g�b�o���r�Z�j�Z�o�� �^�h�s�h�d���� �<�•�^�i�h�\�•�^�g�h���i�j�m�`�g�•��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�h�s�h�d�� �a�Z�^�Z�\�Z�e�b�k�y�� �a��
�m�j�Z�o�m�\�Z�g�g�y�f�� �g�Z�i�j�y�f�m�� �\�h�e�h�d�h�g���� �s�h��
�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �m�� �j�_�a�m�e�v�l�Z�l�Z�o���j�h�a�j�Z�o�m�g�d�•�\��
�g�Z�i�j�m�`�_�g�v�� �•�� �^�_�n�h�j�f�Z�p�•�c���� �I�j�m�`�g�•��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�_�j�_�\�b�g�b�� �a�j�Z�a�d�•�\�� �a�� �I�D�>��
�i�Z�g�_�e�_�c�� �[�m�e�b�� �i�j�b�c�g�y�l�•�� �Z�g�Z�e�h�]�•�q�g�h �^�h 
�^�h�k�e�•�^�`�_�g�v B. Azinovic, E. Serrano [2] �l�Z��
�^�b�k�_�j�l�Z�p�•�c�g�h�€�� �j�h�[�h�l�b�� �&���� �6�D�Q�G�K�D�D�V�� �>���@�� �^�e�y��
�^�_�j�_�\�b�g�b�� �o�\�h�c�g�b�o�� �i�h�j�•�^���� �Z�� �k�Z�f�_�� �k�h�k�g�b����
�f�h�^�m�e�v�� �i�j�m�`�g�h�k�l�•�� �\�a�^�h�\�` �\�h�e�h�d�h�g 
�?1=1100 �F�I�Z���� �f�h�^�m�e�v�� �i�j�m�`�g�h�k�l�•�� �i�h�i�_�j�_�d��
�\�h�e�h�d�h�g���?2=370 �F�I�Z�����?3=370 �F�I�Z�������f�h�^�m�e�v��
�a�k�m�\�m�� �*1=G2=690 �F�I�Z�� �l�Z�� �*2=50 �F�I�Z����
�d�h�_�n�•�p�•�}�g�l�b�� �I�m�Z�k�k�h�g�Z�� ��1� ���������� ��2� �������� �l�Z��
��3� ������������ �I�j�m�`�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�e�_�x��

�l�Z�d�h�`���[�m�e�b���a�Z�i�h�a�b�q�_�g�•���a���g�b�a�d�b �j�h�[�•�l �•���f�Z�e�b��
�l�Z�d�•�� �a�g�Z�q�_�g�g�y���� �?� �������� �F�I�Z, G=2600 �F�I�Z����
��� ������������ �I�j�m�`�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�Z�e�•��
�i�j�b�c�f�Z�e�b�k�y���a�Z���k�_�j�l�b�n�•�d�Z�l�h�f�����a�g�Z�q�_�g�g�y���y�d�b�o 
�[�m�e�b�� �i�•�^�l�\�_�j�^�`�_�g�•�� �i�j�b�� �i�_�j�_�\�•�j�g�b�o��
�\�b�i�j�h�[�m�\�Z�g�g�y�o���r�i�b�e�v�h�d�� 

�:�g�Z�e�•�a�� �h�k�l�Z�g�g�•�o�� �^�h�k�e�•�^�`�_�g�v�� �•��
�i�m�[�e�•�d�Z�p�•�c�����:�g�Z�e�•�a�� �i�h�d�Z�a�g�b�d�•�\�� �f�•�p�g�h�k�l�•��
�a�¶�}�^�g�Z�g�g�y�� �g�Z�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�y�o�� �g�Z��
�\�b�k�f�b�d�m�\�Z�g�g�y�� �m�� �p�•�e�v�g�•�c�� �^�_�j�_�\�b�g�•�� �>���@���� �E�<�E��
�[�j�m�k�•�� �l�Z�� �d�e�_�}�g�•�c�� �^�_�j�_�\�b�g�•�� �^�h�k�b�l�v�� �^�_�l�Z�e�v�g�h��
�\�b�d�h�g�Z�g�b�c���� �•�� �e�b�r�_�� �i�j�h�l�y�]�h�f �h�k�l�Z�g�g�•�o�� �^�\�h�o��
�j�h�d�•�\�� �a�¶�}�^�g�Z�g�g�y�� �g�Z�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�y�o��
�i�h�q�Z�e�b�� �^�h�k�e�•�^�`�m�\�Z�l�b�k�v�� �m�� �I�D�>�� �i�Z�g�_�e�y�o���� �y�d�•��
�}�� �g�h�\�b�f�� �[�m�^�•�\�_�e�v�g�b�f���f�Z�l�_�j�•�Z�e�h�f�� �^�e�y��
�[�m�^�•�\�g�b�p�l�\�Z���[�Z�]�Z�l�h�i�h�\�_�j�o�h�\�b�o�� �`�b�l�e�h�\�b�o��
�[�m�^�•�\�_�e�v���� �G�Z�� �k�v�h�]�h�^�g�•�r�g�•�c�� �^�_�g�v�� �\�•�^�h�f�•��
�^�h�k�e�•�^�`�_�g�g�y�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�•�\�� �m�� �I�D�>��
�i�Z�g�_�e�y�o���m �^�b�i�e�h�f�g�•�c���j�h�[�h�l�•���F�����$�Q�G�H�U�V�H�Q���l�Z��
M. H�hier �>���@���� �Z�� �l�Z�d�h�`�� �m�� �i�m�[�e�•�d�Z�p�•�y�o��
B. Azinovic �>������ �������� �����@���� �I�b�l�Z�g�g�y���� �j�h�a�]�e�y�g�m�l�•��
�m�� �p�b�o�� �i�m�[�e�•�d�Z�p�•�y���� �g�_�� �\�b�j�•�r�m�x�l�v�� �i�b�l�Z�g�g�y��
�\�i�e�b�\�m���f�•�k�p�y�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �k�l�_�j�`�g�y�� �m��
�i�h�i�_�j�_�q�g�h�f�m�� �i�_�j�_�j�•�a�•�� �I�D�>�� �i�Z�g�_�e�•�� �g�Z��
�\�_�e�b�q�b�g�m���g�_�k�m�q�h�€���a�^�Z�l�g�h�k�l�•���a�¶�}�^�g�Z�g�g�y���� 
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�<�b�a�g�Z�q�_�g�g�y�� �f�_�l�b�� �l�Z�� �a�Z�\�^�Z�g�g�y��
�^�h�k�e�•�^�`�_�g�g�y���� �H�l�j�b�f�Z�g�g�y�� �d�•�e�v�d�•�k�g�b�o�� �l�Z��
�y�d�•�k�g�b�o�� �\�_�e�b�q�b�g�� �j�h�a�i�h�^�•�e�m���g�Z�i�j�m�`�_�g�v�� �•��
�^�_�n�h�j�f�Z�p�•�c�� �m�� �I�D�>�� �i�Z�g�_�e�y�o�� �i�j�b��
�\�b�k�f�b�d�m�\�Z�g�g�•�� �\�d�e�_�}�g�b�o �k�l�_�j�`�g�•�\�� �s�h��
�\�k�l�Z�g�h�\�e�_�g�•�� �m�� �j�•�a�g�•�� �o�Z�j�Z�d�l�_�j�g�•�� �l�h�q�d�b��
�i�h�i�_�j�_�q�g�h�]�h�� �i�_�j�_�j�•�a�m�� �i�Z�g�_�e�•���� �>�e�y��
�^�h�k�y�]�g�_�g�g�y�� �i�h�k�l�Z�\�e�_�g�h�€�� �f�_�l�b�� �\�b�d�h�g�Z�g�h��
�Z�g�Z�e�•�l�b�q�g�•�� �j�h�a�j�Z�o�m�g�d�h�\�•�� �f�h�^�_�e�•�� �a��
�\�b�d�h�j�b�k�l�Z�g�g�y�f�� �h�[�¶�}�f�g�b�o�� �k�d�•�g�q�_�g�g�b�o��
�_�e�_�f�_�g�l�•�\�� �l�Z�� �\�b�d�h�j�b�k�l�Z�g�h �i�j�m�`�g�•��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�_�j�_�\�b�g�b �\�b�o�h�^�y�q�b�� �a��
�Z�g�•�a�h�l�j�h�i�•�€�� �f�Z�l�_�j�•�Z�e�m���� �Z�� �k�Z�f�_ �j�h�a�]�e�y�^�Z�}�l�v�k�y��
�l�j�Z�g�k�l�j�h�i�g�Z���i�j�m�`�g�Z���f�h�^�_�e�v���^�_�j�_�\�b�g�b�� 

�H�k�g�h�\�g�Z�� �q�Z�k�l�b�g�Z�� �^�h�k�e�•�^�`�_�g�g�y����
�Q�b�k�_�e�v�g�b�c�� �Z�g�Z�e�•�a�� �\�b�d�h�g�m�\�Z�\�k�y�� �^�e�y�� �\�k�•�o�� ����
�a�Z�i�j�h�i�h�g�h�\�Z�g�b�o�� �•�� �^�h�k�e�•�^�`�_�g�b�o�� �f�•�k�p�v 
�j�h�a�l�Z�r�m�\�Z�g�g�y�� �\�d�e�_�x�\�Z�g�g�y�� �k�l�_�j�`�g�y�� �m��
�i�h�i�_�j�_�q�g�h�f�m�� �i�_�j�_�j�•�a�•�� �I�D�>�� �i�Z�g�_�e�•���� �>�Z�g�•����
�h�l�j�b�f�Z�g�•���\���j�_�a�m�e�v�l�Z�l�•���j�h�a�j�Z�o�m�g�d�m�����a�Z�e�_�`�Z�l�v��
�\�•�^���g�b�a�d�b �l�Z�d�b�o���i�Z�j�Z�f�_�l�j�•�\�����y�d���j�h�a�f�•�j���k�•�l�d�b��
�•�� �\�b�^ �€�€�� �j�h�a�[�b�l�l�y���� �l�b�i�� �k�d�•�g�q�_�g�g�h�]�h�� �_�e�_�f�_�g�l�Z 
�•�� �l�� �^���� �� �L�Z�d�h�`�� �\�Z�`�e�b�\�b�f�� �Z�k�i�_�d�l�h�f�� �}�� �g�Z�[�•�j��
�i�j�m�`�g�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �f�Z�l�_�j�•�Z�e�•�\���� �s�h��
�\�o�h�^�y�l�v�� �^�h���k�d�e�Z�^�m�� �d�h�g�k�l�j�m�d�p�•�€���� �Z�� �k�Z�f�_ �€�o��
�\�•�^�i�h�\�•��̂g�•�k�l�v�� �j�_�Z�e�v�g�h�k�l�•�� �^�Z�g�h�€�� �d�h�g�k�l�j�m�d�p�•�€�� 
�K�o�_�f�b�� �l�j�v�h�o�� �a �i�¶�y�l�b�� �� �f�h�^�_�e�_�c�� �a�j�Z�a�d�•�\�� �l�Z��
�k�o�_�f�m �j�h�a�[�b�l�l�y�� �k�•�l�d�b�� �h�[�¶�}�f�g�b�o�� �k�d�•�g�q�_�g�g�b�o��
�_�e�_�f�_�g�l�•�\���i�h�d�Z�a�Z�g�h���g�Z���j�b�k�����������I�j�b���k�l�\�h�j�_�g�g�•��
�f�h�^�_�e�_�c�� �l�Z�� �\�b�d�h�g�Z�g�g�•�� �j�h�a�j�Z�o�m�g�d�•�\�� �\�j�Z-
�o�h�\�m�\�Z�e�b�k�v�� �^�h�k�e�•�^�b�� �l�Z�� �f�_�l�h�^�b�d�b, �k�n�h�j-
�f�m�e�v�h�\�Z�g�•�� �a�Z�d�h�j�^�h�g�g�b�f�b���d�h�e�_�]�Z�f�b�� �>������ ���@ 
�i�j�b�� �^�h�k�e�•�^�`�_�g�g�•�� �j�•�a�g�b�o�� �n�Z�d�l�h�j�•�\���� �s�h��
�\�i�e�b�\�Z�x�l�v�� �g�Z�� �\�_�e�b�q�b�g�b�� �f�•�p�g�h�k�l�•�� �a�¶�}�^�g�Z�g�v��
�g�Z���\�d�e�_�}�g�b�o���k�l�_�j�`�g�y�o�����L�Z�d�h�`���i�j�b���k�l�\�h�j�_�g�g�•��
�Z�g�Z�e�•�l�b�q�g�h�€�� �j�h�a�j�Z�o�m�g�d�h�\�h�€�� �f�h�^�_�e�•�� �a��
�h�[�¶�}�f�g�b�o�� �k�d�•�g�q�_�g�g�b�o�� �_�e�_�f�_�g�l�•�\�� �m�a�y�l�h�� �^�h��
�m�\�Z�]�b�� �i�j�Z�p�x�� �� �(���� �6�H�U�U�D�Q�R�� �>������ ���@���l�Z�� �^�b�i�e�h�f�g�m��
�j�h�[�h�l�m��[6]. 

�M�� �j�h�a�j�Z�o�m�g�d�h�\�•�c �f�h�^�_�e�•�� �[�Z�e�d�b��
�\�b�d�h�j�b�k�l�h�\�m�\�Z�\�k�y�� �\�h�k�v�f�b�\�m�a�e�h�\�b�c��
�i�j�h�k�l�h�j�h�\�b�c�� �Z�g�•�a�h�l�j�h�i�g�b�c�� �k�d�•�g�q�_�g�g�b�c��
�_�e�_�f�_�g�l�� �6�2�/�,�' �������� �J�h�a�f�•�j�� �k�•�l�d�b��
�]�_�g�_�j�m�\�Z�\�k�y�� �g�_�� �Z�\�l�h�f�Z�l�b�q�g�h���� �Z���•�a�� �a�Z�^�Z�g�b�f�b��
�i�Z�j�Z�f�_�l�j�Z�f�b���� �>�e�y�� �j�h�a�j�Z�o�m�g�d�m�� �[�m�e�b��
�i�j�b�c�g�y�l�•�� �k�d�•�g�q�_�g�g�•�� �_�e�_�f�_�g�l�b�� �m �\�b�]�e�y�^�•��
�i�Z�j�Z�e�_�e�_�i�•�i�_�^�•�\�� �a�•�� �k�l�h�j�h�g�Z�f�b�� ���î���î���� �k�f���� �M��
�a�h�g�•�� �\�d�e�_�x�\�Z�g�g�y�� �k�l�_�j�`�g�•�\���� �g�Z�� �^�•�e�y�g�p�•��

�����î���� �f�f , �\�b�d�h�g�m�\�Z�e�h�k�v�� �a�]�m�s�_�g�g�y�� �k�•�l�d�b�� �a�Z��
�j�Z�^�•�Z�e�v�g�b�f�b�� �g�Z�i�j�y�f�Z�f�b�� �^�h�� �p�_�g�l�j�m�� �k�l�_�j�`�g�y��
���j�b�k�� 2, �]������ 

�<�_�e�b�q�b�g�Z�� �^�_�n�h�j�f�Z�p�•�€�� �i�j�b�� �j�m�c�g�m�\�Z�g�g�•��
�a�¶�}�^�g�Z�g�g�y�� �g�Z�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�y�o�� �m�� �j�•�a�g�b�o 
�f�Z�l�_�j�•�Z�e�Z�o�� �g�Z���h�k�g�h�\�•�� �^�_�j�_�\�b�g�b�� �k�d�e�Z�^�Z�}�� �^�h��
2 �f�f�� �•�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �l�Z�d�h�]�h�� �j�y�^�m�� �n�Z�d�l�h�j�•�\����
�y�d�� �^�•�Z�f�_�l�j�� �k�l�_�j�`�g�y���� �]�e�b�[�b�g�Z�� �\�d�e�_�c�d�b�� �l�Z��
�l�h�\�s�b�g�Z�� �d�e�_�c�h�\�h�]�h�� �r�Z�j�m�����G�Z�� �j�b�k���� ����
�i�h�d�Z�a�Z�g�•�� �•�a�h�i�h�e�y�� �^�_�n�h�j�f�Z�p�•�c�� �i�j�b�� �j�•�\�g�•��
�g�Z�\�Z�g�l�Z�`�_�g�g�y�� ������ �d�G�� ���j�b�k���� ��, �^���� �^�e�y�� �^�_�y�d�b�o��
�k�o�_�f�� �\�d�e�_�c�d�b�� �k�l�_�j�`�g�•�\�� �m�� �i�h�i�_�j�_�q�g�b�c 
�i�_�j�_�j�•�a�� �I�D�>�� �i�Z�g�_�e�•���� �H�k�d�•�e�v�d�b�� �j�m�c�g�m�\�Z�g�g�y��
�a�¶�}�^�g�Z�g�v���g�Z���\�d�e�_�}�g�b�o���k�l�_�j�`�g�y�o���j�_�Z�e�•�a�m�}�l�v�k�y��
�i�j�b���k�d�h�e�x�\�Z�g�g�•���^�_�j�_�\�b�g�b���\�a�^�h�\�`���k�l�_�j�`�g�y���•��
�f�Z�}�� �d�j�b�o�d�b�c�� �o�Z�j�Z�d�l�_�j���� �s�h�� �g�_�[�Z�`�Z�g�h, �l�h 
�f�h�`�e�b�\�h���c�h�]�h���m�g�b�d�Z�l�b���r�e�y�o�h�f���i�h�i�_�j�_�q�g�b�o��
�i�•�^�k�b�e�_�g�v�� �\�d�e�_�}�g�b�f�b�� �k�l�_�j�`�g�y�f�b�� �Z�[�h��
�]�\�b�g�l�Z�f�b���� �J�m�c�g�m�\�Z�g�g�y �f �_�l�Z�e�_�\�h�]�h�� �k�l�_�j�`�g�y��
�g�_�� �^�h�i�m�k�l�b�f�_���� �l�h�f�m�� �g�_�k�m�q�Z�� �a�^�Z�l�g�•�k�l�v��
�a�¶�}�^�g�Z�g�g�y�� �f�Z�} �[�m�l�b�� �f�_�g�r�h�x, �g�•�`�� �f�•�p�g�•�k�l�v��
�f�_�l�Z�e�_�\�h�]�h�� �k�l�_�j�`�g�y�� �g�Z�� �j�h�a�l�y�]����
�>�_�n�h�j�f�Z�l�b�\�g�•�k�l�v�� �m�k�•�o�� �j�h�a�]�e�y�g�m�l�b�o��
�k�l�_�j�`�g�•�\�� �i�j�b�� �\�b�i�j�h�[�m�\�Z�g�g�y�o�� �\�•�^�j�•�a�g�y�e�Z�k�v��
�g�Z�� �m�k�v�h�f�m�� �•�g�l�_�j�\�Z�e�• �g�Z�\�Z�g�l�Z�`�_�g�g�y�� �^�h��
�j�m�c�g�m�\�Z�g�g�y���•���k�d�e�Z�^�Z�e�Z �g�_���[�•�e�v�r�_ �g�•�`�� ��0-
15 ������ �:�g�Z�e�h�]�•�q�g�•�� �^�Z�g�•�� �h�l�j�b�f�Z�g�h �i�j�b��
�Z�g�Z�e�•�l�b�q�g�b�o���j�h�a�j�Z�o�m�g�d�Z�o�� 

�>�e�y�� �k�d�e�Z�^�Z�g�g�y�� �l�_�o�g�•�q�g�b�o��
�j�_�d�h�f�_�g�^�Z�p�•�c �s�h�^�h�� �i�j�h�_�d�l�m�\�Z�g�g�y�� �\�m�a�e�h�\�b�o��
�a�¶�}�^�g�Z�g�v�� �g�Z�� �\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�y�o�� �m��
�i�h�i�_�j�_�q�g�h�f�m�� �i�_�j�_�j�•�a�•�� �I�D�>�� �i�Z�g�_�e�•�� �i�j�b��
�g�Z�\�Z�g�l�Z�`�_�g�g�•�� �\�a�^�h�\�`�� �h�k�•�� �k�l�_�j�`�g�y 
�j�h�a�]�e�y�^�Z�e�b�k�y � �̂h��̂Z�l�d�h�\�•�� �k�b�l�m�Z�p�•�€�� �e�h�d�Z�p�•�€��
�k�l�_�j�`�g�•�\�����i�h�j�m�r�m�x�q�b�� �\�b�f�h�]�b�� �f�•�g�•�f�Z�e�v�g�b�o��
�\�•�^�k�l�Z�g�_�c�� �f�•�`�� �h�k�y�f�b�� �k�l�_�j�`�g�•�\�� �l�Z�� �\�•�^�� �h�k�•��
�k�l�_�j�`�g�y���^�h���[�•�q�g�b�o���]�j�Z�g�_�c�����y�d�•���\�b�a�g�Z�q�_�g�•���^�e�y��
�p�v�h�]�h�� �l�b�i�m�� �a�¶�}�^�g�Z�g�g�y�� �m�� �d�e�_�}�g�•�c�� �l�Z�� �p�•�e�v�g�•�c��
�^�_�j�_�\�b�g�•���� �Y�d�� �i�j�Z�\�b�e�h���� �f�•�g�•�f�Z�e�v�g�•�� �\�•�^�k�l�Z�g�•�� �}��
�d�j�Z�l�g�b�f�b�� �^�•�Z�f�_�l�j�Z�f���\�d�e�_�}�g�b�o�� �k�l�_�j�`�g�•�\�� �Z�[�h��
�^�•�Z�f�_�l�j�Z�f�� �h�l�\�h�j�•�\�� �m�� �^�_�j�_�\�b�g�• �l�Z���k�d�e�Z�^�Z�x�l�v��
�\�•�^�� ���� �^�h�� ���� �^�•�Z�f�_�l�j�•�\���a�Z�e�_�`�g�h���\�•�^��
�\�e�Z�k�l�b�\�h�k�l�_�c�� �f�Z�l�_�j�•�Z�e�m�� �g�Z�� �h�k�g�h�\�•�� �^�_�j�_�\�b�g�b��
���p�•�e�v�g�Z�� �^�_�j�_�\�b�g�b���� �d�e�_�}�g�Z�� �^�_�j�_�\�b�g�Z���� �E�<�E��
�[�j�m�k������ �G�Z�� �j�b�k�� ���� �i�h�d�Z�a�Z�g�h�� �\�b�i�Z�^�h�d��
�[�e�b�a�v�d�h�]�h�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �k�l�_�j�`�g�y���^�h�� �[�•�q�g�h�€��
�]�j�Z�g�• �I �D�>�� �i�Z�g�_�e�•�� �l�Z�� �g�Z�i�j�m�`�_�g�g�y, �y�d�•��
�\�b�g�b�d�Z�x�l�v���m �l�Z�d�h�f�m���\�b�i�Z�^�d�m�� 
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                                     �]��                                                                         �^��  

�J�b�k�����������K�o�_�f�b���f�h�^�_�e�_�c���a�j�Z�a�d�•�\���a���j�•�a�g�b�f�b���f�•�k�p�y�f�b���j�h�a�l�Z�r�m�\�Z�g�g�y���\�d�e�_�}�g�b�o���k�l�_�j�`�g�•�\���l�Z���k�o�_�f�Z��
�j�h�a�[�b�l�l�y���k�•�l�d�b���h�[�¶�}�f�g�b�o���k�d�•�g�q�_�g�g�b�o���_�e�_�f�_�g�l�•�\���g�Z�\�d�h�e�h �k�l�_�j�`�g�y�� 

�Z���± �k�o�_�f�Z�������± �\�a�^�h�\�`���\�h�e�h�d�h�g���\���h�^�g�•�c���^�h�r�p�•���� 
�[���± �k�o�_�f�Z��3 �± �g�Z���f�_�`�•���^�\�h�o���i�Z�j�Z�e�_�e�v�g�b�o���^�h�s�h�d���� 
�\���± �k�o�_�f�Z�������± �g�Z���f�_�`�•���i�Z�j�Z�e�_�e�v�g�h�€���•���i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�€���^�h�r�d�b���� 
�]���± �k�o�_�f�Z���j�h�a�[�b�l�l�y���k�•�l�d�b���[�•�e�y���k�l�_�j�`�g�y�����^���± �^�_�n�h�j�f�Z�p�•�y���k�l�_�j�`�g�y���a�Z���k�o�_�f�h�x��1 

 
 
 










































































































































