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�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z�� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �\�u�q�b�k�e�b�l�_�e�v�g�u�_��
�w�d�k�i�_�j�b�f�_�g�l�u�����I�h�e�m�q�_�g�g�u�_���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�u�����k�h�^�_�j�`�Z�s�b�_���^�Z�g�g�u�_�����d�h�l�h�j�u�_���[�u�e�b��
�\�g�_�^�j�_�g�u�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z���� �\�b�a�m�Z�e�v�g�h�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �h�l�e�b�q�Z�e�b�k�v�� �h�l��
�b�k�o�h�^�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �B�a�\�e�_�q�_�g�g�u�_�� �b�a�� �b�a�h�[�j�Z�`�_�g�b�c-�d�h�g�l�_�c�g�_�j�h�\�� �^�Z�g�g�u�_�� �k�h�\�i�Z�e�b�� �k��
�\�g�_�^�j�y�_�f�u�f�b���^�Z�g�g�u�f�b�����I�j�h�\�_�^�_�g�g�u�_���\�u�q�b�k�e�b�l�_�e�v�g�u�_���w�d�k�i�_�j�b�f�_�g�l�u���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b��
�\�u�k�h�d�m�x�� �k�l�_�i�_�g�v�� �k�d�j�u�l�g�h�k�l�b�� �\�g�_�^�j�_�g�b�y�� �^�Z�g�g�u�o�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z���� �Z��
�l�Z�d�`�_�� �i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�e�b���� �q�l�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �f�_�l�h�^�� �b�f�_�_�l�� �i�j�_�b�f�m�s�_�k�l�\�h�� �\���k�d�j�u�l�g�h�k�l�b��
�\�g�_�^�j�_�g�b�y�� �^�Z�g�g�u�o�� �\�� �\�u�[�j�Z�g�g�u�_�� �b�k�o�h�^�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �Z�g�Z�e�b�a�b�j�m�_�f�u�f�b��
�b�a�\�_�k�l�g�u�f�b���f�_�l�h�^�Z�f�b. 
�D�e�x�q�_�\�u�_���k�e�h�\�Z: �k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�_���k�d�j�u�l�b�_; �p�b�n�j�h�\�u�_���b�a�h�[�j�Z�`�_�g�b�y; �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_��
�h�[�e�Z�k�l�b; �]�j�Z�^�b�_�g�l; �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�_���\�k�l�j�Z�b�\�Z�g�b�_; �k�d�j�u�l�g�h�k�l�v���\�g�_�^�j�_�g�b�y 
�>�e�y�� �p�b�l�b�j�h�\�Z�g�b�y�����D�j�b�\�q�b�d�h�\�Z�� �:���K������ �;�h�e�]�h�\�Z�� �?���<������ �Q�_�j�g�h�f�h�j�_�p�� �:���:��, �Y�^�m�l�Z�� �:���A�� �F�_�l�h�^��
�k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �k�d�j�u�l�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z��
�h�k�g�h�\�_�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y�������� �G�Z�m�q�g�u�c�� �j�_�a�m�e�v�l�Z�l���� �B�g�n�h�j�f�Z�p�b�h�g�g�u�_��
�l�_�o�g�h�e�h�]�b�b�� �± �L����1�����‹2, 2026. �± �K����4-13. DOI: 10.18413/2518-1092-2026-11-2-0-1 
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Abstract 
This article is devoted to the development of a method of the information steganographic hiding in 
the image detailed areas based on pseudorandom embedding. Detailed image areas are 
characterized by a significant number of small objects. Hiddenly embedded information in such 
areas is less visually noticeable. To search the detailed areas in a grayscale image, an algorithm 
based on threshold processing of gradient values calculated using the Sobel operator is proposed. 
The pseudorandom embedding method is used to embed information in bit form into selected 
detailed areas of the source image. To embed data in color images, the developed method is applied 
to selected color components. Computational experiments were conducted to verify the operability 
of the developed method. The resulting container images containing the data, which were 
embedded based on the developed method, visually practically did not differ from the original 
images. The data extracted from the container images matched the embedded data. The performed 
computational experiments demonstrated a high degree of secrecy of data embedding based on the 
developed method, and also illustrated that the developed method has an advantage in the secrecy 
of data embedding in selected source images compared to the analyzed known methods. 
Keywords: steganographic hiding; digital images; detailed areas; gradient; pseudorandom 
embedding; embedding stealth 
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�<�<�?�>�?�G�B�? 

�H�^�g�b�f�� �b�a�� �j�Z�a�\�b�\�Z�x�s�b�o�k�y�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �g�Z�i�j�Z�\�e�_�g�b�c�� �d�h�f�i�v�x�l�_�j�g�h�c�� �h�[�j�Z�[�h�l�d�b��
�p�b�n�j�h�\�u�o���b�a�h�[�j�Z�`�_�g�b�c���y�\�e�y�_�l�k�y���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�_���k�d�j�u�l�b�_���b�g�n�h�j�f�Z�p�b�b���\���b�a�h�[�j�Z�`�_�g�b�y�o���k���p�_�e�v�x��
�_�_�� �\�g�_�^�j�_�g�b�y�� �\�� �b�a�h�[�j�Z�`�_�g�b�y�� �[�_�a�� �\�b�^�b�f�u�o�� �b�a�f�_�g�_�g�b�c�� �^�e�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �\�h�k�i�j�b�y�l�b�y����
�K�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�b�_���f�_�l�h�^�u���i�j�b�f�_�g�y�x�l�k�y���^�e�y���a�Z�s�b�l�u���Z�\�l�h�j�k�d�b�o���i�j�Z�\���g�Z���f�m�e�v�l�b�f�_�^�b�c�g�u�_���^�Z�g�g�u�_����
�^�e�y���\�k�l�j�Z�b�\�Z�g�b�y���^�Z�g�g�u�o���\���f�_�^�b�p�b�g�k�d�b�_���k�g�b�f�d�b�����Z���l�Z�d�`�_���\���^�j�m�]�b�o���h�[�e�Z�k�l�y�o���^�_�y�l�_�e�v�g�h�k�l�b���q�_�e�h�\�_�d�Z��
[1-3]. 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �k�m�s�_�k�l�\�m�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �f�_�l�h�^�h�\���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h��
�k�d�j�u�l�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �h�[�e�Z�k�l�b�� �p�b�n�j�h�\�u�o�� �b�a�h�[�j�Z�`�_�g�b�y�o���� �f�_�l�h�^�� �a�Z�f�_�g�u��
�g�Z�b�f�_�g�_�_�� �a�g�Z�q�Z�s�_�]�h�� �[�b�l�Z�� ���/�6�%������ �f�_�l�h�^�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y���� �f�_�l�h�^�� �a�Z�f�_�g�u�� �p�\�_�l�h�\�h�c��
�i�Z�e�b�l�j�u�� �b�� �^�j���� �R�b�j�h�d�h�� �i�j�b�f�_�g�y�_�l�k�y�� �f�_�l�h�^�� �/�6�%���� �d�h�l�h�j�u�c�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �a�Z�f�_�g�_�� �f�e�Z�^�r�b�o�� �[�b�l��
�^�\�h�b�q�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �i�b�d�k�_�e�_�c�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �a�g�Z�q�_�g�b�y�� �[�b�l�� �\�g�_�^�j�y�_�f�h�c��
�b�g�n�h�j�f�Z�p�b�b�� �b�� �i�h�a�\�h�e�y�_�l�� �k�d�j�u�l�g�h�� �\�g�_�^�j�b�l�v�� �[�h�e�v�r�h�c�� �h�[�t�_�f�� �^�Z�g�g�u�o���� �F�_�l�h�^�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h��
�\�k�l�j�Z�b�\�Z�g�b�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �]�_�g�_�j�b�j�m�_�l�k�y�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�Z�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �b�g�^�_�d�k�h�\��
�i�b�d�k�_�e�_�c���� �\�� �d�h�l�h�j�u�_�� �i�e�Z�g�b�j�m�_�l�k�y�� �h�k�m�s�_�k�l�\�b�l�v�� �\�g�_�^�j�_�g�b�_���� �a�Z�l�_�f�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �^�Z�g�g�h�c��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x�� �\�u�i�h�e�g�y�_�l�k�y�� �b�a�f�_�g�_�g�b�_�� �g�Z�b�f�_�g�_�_�� �a�g�Z�q�Z�s�_�]�h�� �[�b�l�Z�� �i�b�d�k�_�e�_�c�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�a�g�Z�q�_�g�b�c���\�g�_�^�j�y�_�f�u�o���[�b�l���^�Z�g�g�u�o�����B�a�\�_�k�l�g�u�����l�Z�d�`�_���^�j�m�]�b�_���f�_�l�h�^�u���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h���k�d�j�u�l�b�y���\��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�� �q�Z�k�l�h�l�g�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�y���� �h�^�g�Z�d�h���� �f�g�h�]�b�_�� �b�a�� �g�b�o�� �g�_�� �m�q�b�l�u�\�Z�x�l��
�k�l�j�m�d�l�m�j�m���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z�����q�l�h���f�h�`�_�l���\�u�a�u�\�Z�l�v���_�]�h���a�g�Z�q�b�l�_�e�v�g�u�_���b�k�d�Z�`�_�g�b�y���\���j�_�a�m�e�v�l�Z�l�_��
�\�g�_�^�j�_�g�b�y���b�g�n�h�j�f�Z�p�b�b���>��-8]. 

�>�e�y�� �i�h�\�u�r�_�g�b�y�� �k�d�j�u�l�g�h�k�l�b�� �\�g�_�^�j�_�g�b�y�� �\�� �j�Z�[�h�l�_�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �f�_�l�h�^���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z��
�\�g�_�^�j�_�g�b�b�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �h�k�g�h�\�_�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h��
�\�k�l�j�Z�b�\�Z�g�b�y���� �I�h�^�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�f�b�� �h�[�e�Z�k�l�y�f�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �h�[�u�q�g�h�� �i�h�g�b�f�Z�x�l�� �_�]�h�� �n�j�Z�]�f�_�g�l�u����
�h�[�e�Z�^�Z�x�s�b�o���a�g�Z�q�b�l�_�e�v�g�u�f���d�h�e�b�q�_�k�l�\�h�f���f�_�e�d�b�o���h�[�t�_�d�l�h�\�����g�_�[�h�e�v�r�b�o���w�e�_�f�_�g�l�h�\���b���^�_�l�Z�e�_�c���^�j�m�]�b�o��
�h�[�t�_�d�l�h�\���� �g�Z�e�b�q�b�_�f�� �\�u�j�Z�`�_�g�g�h�c�� �l�_�d�k�l�m�j�b�j�h�\�Z�g�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b���� �B�g�n�h�j�f�Z�p�b�y���� �k�d�j�u�l�g�h��
�\�g�_�^�j�_�g�g�Z�y���\���l�Z�d�b�_���h�[�e�Z�k�l�b�����y�\�e�y�_�l�k�y���f�_�g�_�_���\�b�a�m�Z�e�v�g�h���a�Z�f�_�l�g�h�c�����l�Z�d���d�Z�d���b�k�d�Z�`�_�g�b�y�����\�g�h�k�b�f�u�_���i�j�b��
�\�k�l�j�Z�b�\�Z�g�b�b���b�g�n�h�j�f�Z�p�b�b�����\�h���f�g�h�]�b�o���k�e�m�q�Z�y�o�����i�j�Z�d�l�b�q�_�k�d�b���g�_���h�[�g�Z�j�m�`�b�\�Z�x�l�k�y���g�Z���n�h�g�_���b�k�o�h�^�g�h�c��
�k�l�j�m�d�l�m�j�u�� �b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z���� �<�g�_�^�j�_�g�b�_�� �^�Z�g�g�u�o�� �\�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b�� �i�h�a�\�h�e�y�_�l��
�k�g�b�a�b�l�v���\�b�a�m�Z�e�v�g�u�_���b�k�d�Z�`�_�g�b�y���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z���>��-11]. 

�<�� �d�Z�q�_�k�l�\�_�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �\�u�^�_�e�y�x�l�� �n�j�Z�]�f�_�g�l�u�� �b�a�h�[�j�Z�`�_�g�b�c����
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y���g�Z�e�b�q�b�_�f���k�e�_�^�m�x�s�b�o���w�e�_�f�_�g�l�h�\�� 



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 

6 

 
- �l�_�d�k�l�m�j�b�j�h�\�Z�g�g�u�_���i�h�\�_�j�o�g�h�k�l�b�����e�b�k�l�\�Z���^�_�j�_�\�v�_�\�����l�j�Z�\�Z�����i�_�k�h�d�����l�d�Z�g�v���b���l���i���� 
- �]�j�Z�g�b�p�u���h�[�t�_�d�l�h�\�����k�e�h�`�g�u�_���Z�j�o�b�l�_�d�l�m�j�g�u�_���w�e�_�f�_�g�l�u���b���l���i���� 
- �k�e�m�q�Z�c�g�u�_���r�m�f�u�����h�i�j�_�^�_�e�y�x�s�b�_���a�_�j�g�b�k�l�h�k�l�v���n�h�l�h�]�j�Z�n�b�b�����[�e�b�d�b�����k�e�h�`�g�u�_���m�a�h�j�u���b���^�j�� 

�<�U�>�?�E�?�G�B�?���>�?�L�:�E�B�A�B�J�H�<�:�G�G�U�O���H�;�E�:�K�L�?�C���B�A�H�;�J�:�@�?�G�B�C 

�>�e�y���i�h�b�k�d�Z �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�Z�� �i�h�e�m�l�h�g�h�\�h�f �b�a�h�[�j�Z�`�_�g�b�b�� �\�� �j�Z�[�h�l�_�� �i�j�_�^�e�Z�]�Z�_�l�k�y��
�k�e�_�^�m�x�s�b�c�� �Z�e�]�h�j�b�l�f�� �g�Z�� �h�k�g�h�\�_�� �\�u�q�b�k�e�_�g�b�y�� �]�j�Z�^�b�_�g�l�Z�� �k�� �i�h�f�h�s�v�x�� �h�i�_�j�Z�l�h�j�Z�� �K�h�[�_�e�y�� ���j�b�k�m�g�h�d�� �������� �q�l�h��
�i�h�a�\�h�e�y�_�l�� �\�u�[�j�Z�l�v�� �h�[�e�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �k�h�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �d�h�e�b�q�_�k�l�\�h�f�� �]�j�Z�g�b�p�� �g�Z�� �g�_�[�h�e�v�r�h�f�� �m�q�Z�k�l�d�_��
�b�a�h�[�j�Z�`�_�g�b�y���>�������������@�� 

 

�Z������  �[ 
�J�b�k. 1. �F�Z�k�d�b���h�i�_�j�Z�l�h�j�Z���K�h�[�_�e�y�� 

�Z���± �\���\�_�j�l�b�d�Z�e�v�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b�����[���± �\���]�h�j�b�a�h�g�l�Z�e�v�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b 
Fig. 1. The Sobel operator masks:  

a �± in the vertical direction, b �± in the horizontal direction 
 

������ �<�_�k�l�b���b�k�o�h�^�g�h�_���b�a�h�[�j�Z�`�_�g�b�_���� �j�Z�a�f�_�j�g�h�k�l�b��21 NN �u  �i�b�d�k�_�e�_�c���� �?�k�e�b���b�a�h�[�j�Z�`�_�g�b�_���p�\�_�l�g�h�_����
�l�h���i�j�_�h�[�j�Z�a�h�\�Z�l�v���_�]�h���\���i�h�e�m�l�h�g�h�\�h�_���b�a�h�[�j�Z�`�_�g�b�_�����I�j�_�^�k�l�Z�\�b�l�v���Z�g�Z�e�b�a�b�j�m�_�f�h�_���b�a�h�[�j�Z�`�_�g�b�_���\���\�b�^�_��
�f�Z�l�j�b�p�u��0I �����j�Z�a�f�_�j�g�h�k�l�b��21 NN �u �����a�g�Z�q�_�g�b�c���y�j�d�h�k�l�b���_�]�h���i�b�d�k�_�e�_�c�� 

������ �K�h�a�^�Z�l�v�� �b�a�h�[�j�Z�`�_�g�b�_��I���� �\�� �d�h�l�h�j�h�f�� �\�� �^�\�h�b�q�g�h�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�b�� �a�g�Z�q�_�g�b�y�� �d�Z�`�^�h�]�h�� �i�b�d�k�_�e�y��
�b�a�h�[�j�Z�`�_�g�b�y��0I  �f�e�Z�^�r�_�f�m���[�b�l�m���i�j�b�k�\�h�_�g�h���a�g�Z�q�_�g�b�_������ 

3���� �<�u�q�b�k�e�b�l�v�� �a�g�Z�q�_�g�b�y�� �f�h�^�m�e�y���\�_�d�l�h�j�Z���]�j�Z�^�b�_�g�l�Z�� �\�� �d�Z�`�^�h�f�� �i�b�d�k�_�e�_ �b�a�h�[�j�Z�`�_�g�b�y��I, 
�i�j�_�^�k�l�Z�\�b�l�v���\�u�q�b�k�e�_�g�g�u�_���a�g�Z�q�_�g�b�y���\���\�b�^�_���f�Z�l�j�b�p�u��G: 

���������� �<�u�q�b�k�e�b�l�v�� �h�p�_�g�d�b�� �q�Z�k�l�g�u�o�� �i�j�h�b�a�\�h�^�g�u�o�� �\�� �d�Z�`�^�h�f�� �i�b�d�k�_�e�_�� �b�a�h�[�j�Z�`�_�g�b�y I �\��
�]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� �b�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�y�o�� �k �i�h�f�h�s�v�x�� �h�i�_�j�Z�l�h�j�Z�� �K�h�[�_�e�y���� �i�j�_�^�k�l�Z�\�b�l�v��
�\�u�q�b�k�e�_�g�g�u�_���a�g�Z�q�_�g�b�y���h�p�_�g�h�d���q�Z�k�l�g�u�o���i�j�h�b�a�\�h�^�g�u�o���\���\�b�^�_���f�Z�l�j�b�p��xG  �b�� yG ; 

�����������<�u�q�b�k�e�b�l�v �f�h�^�m�e�v���\�_�d�l�h�j�Z���]�j�Z�^�b�_�g�l�Z���^�e�y���d�Z�`�^�h�]�h���w�e�_�f�_�g�l�Z���f�Z�l�j�b�p�u��G: 

),(),(),( 21
2

21
2

21 nnGnnGnnG yx ��� ,   11 ,...,2,1 Nn � , 22 ,...,2,1 Nn � . 

4�����<�u�q�b�k�e�b�l�v��Gm  �k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���w�e�_�f�_�g�l�h�\���f�Z�l�j�b�p�u��G. 

5���� �J�Z�a�[�b�l�v�� �f�Z�l�j�b�p�m��G �g�Z�� �[�e�h�d�b��
21kkB , 11 ,...,2,1 Kk � , 22 ,...,2,1 Kk � ���� �j�Z�a�f�_�j�g�h�k�l�b�� 21 MM �u  

�w�e�_�f�_�g�l�h�\�����i�j�_�^�e�Z�]�Z�x�l�k�y���k�e�_�^�m�x�s�b�_���a�g�Z�q�_�g�b�y��6421 � � MM ). 

�������A�Z�^�Z�l�v���g�Z�q�Z�e�v�g�h�_���a�g�Z�q�_�g�b�_���k�q�_�l�q�b�d�Z���^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c Bi : 
0� Bi . 

7. �<�u�i�h�e�g�b�l�v�� �^�e�y�� �d�Z�`�^�h�]�h�� �[�e�h�d�Z��
21kkB , 11 ,...,2,1 Kk � , 22 ,...,2,1 Kk � , �f�Z�l�j�b�p�u��G �k�e�_�^�m�x�s�b�_��

�^�_�c�k�l�\�b�y�� 
�����������<�u�q�b�k�e�b�l�v��

21kkm  �k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���w�e�_�f�_�g�l�h�\���[�e�h�d�Z��
21kkB ; 

�����������<�u�q�b�k�e�b�l�v��2
21kk�V  �^�b�k�i�_�j�k�b�x���w�e�_�f�_�g�l�h�\���[�e�h�d�Z��

21kkB ; 

���������� �H�i�j�_�^�_�e�b�l�v�� �a�g�Z�q�_�g�b�_�� �w�e�_�f�_�g�l�h�\�� �k�l�j�h�d�b�� �k�� �g�h�f�_�j�h�f��Bi  �f�Z�l�j�b�p�u��D �d�h�h�j�^�b�g�Z�l��
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���j�_�a�m�e�v�l�Z�l�h�\���k�j�Z�\�g�_�g�b�y���i�h�e�m�q�_�g�g�u�o���a�g�Z�q�_�g�b�c��

21kkm  �b��
2

21kk�V  �k���\�u�q�b�k�e�_�g�g�u�f���g�Z���r�Z�]�_�������a�g�Z�q�_�g�b�_�f��Gm  �b���i�h�j�h�]�h�\�u�f���a�g�Z�q�_�g�b�_�f���VT �����g�Z�i�j�b�f�_�j����100� �VT : 



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 
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�_�k�e�b���\�u�i�h�e�g�y�_�l�k�y���k�e�_�^�m�x�s�_�_���m�k�e�h�\�b�_�� 

Gkk mm �!
21

�����b�� �V�V Tkk �!2
21

, 

�l�h���\�u�i�h�e�g�b�l�v�� 
1���• BB ii , 

1)1()1,( 11 ����� MkiD B , 
1)1()2,( 22 ����� MkiD B . 

�������D�h�g�_�p�� 
�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�[�h�l�u�� �^�Z�g�g�h�]�h�� �Z�e�]�h�j�b�l�f�Z�� �n�h�j�f�b�j�m�_�l�k�y�� �f�Z�l�j�b�p�Z��D���� �j�Z�a�f�_�j�g�h�k�l�b��2�uBi , 

�w�e�_�f�_�g�l�u���d�h�l�h�j�h�c���k�h�^�_�j�`�Z�l���d�h�h�j�^�b�g�Z�l�u���^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c���b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��0I . 

�K�L�?�=�:�G�H�=�J�:�N�B�Q�?�K�D�H�?���K�D�J�U�L�B�?���B�G�N�H�J�F�:�P�B�B���<���>�?�L�:�E�B�A�B�J�H�<�:�G�G�U�O��
�H�;�E�:�K�L�Y�O���B�A�H�;�J�:�@�?�G�B�C���G�:���H�K�G�H�<�?���I�K�?�<�>�H�K�E�M�Q�:�C�G�H�=�H���<�K�L�J�:�B�<�:�G�B�Y 

�>�e�y�� �\�g�_�^�j�_�g�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �[�b�l�h�\�h�f�� �\�b�^�_�� �\�� �\�u�[�j�Z�g�g�u�_�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b��
�b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���\���j�Z�[�h�l�_���i�j�b�f�_�g�y�_�l�k�y���f�_�l�h�^���i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h���\�k�l�j�Z�b�\�Z�g�b�y [1, 3]. �>�e�y���w�l�h�]�h��
�i�_�j�_�^���k�d�j�u�l�b�_�f���b�g�n�h�j�f�Z�p�b�b �\�u�q�b�k�e�y�_�l�k�y���i�k�_�\�^�h�k�e�m�q�Z�c�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o��
�h�[�e�Z�k�l�_�c. 

�G�_�i�h�k�j�_�^�k�l�\�_�g�g�h���i�_�j�_�^���\�g�_�^�j�_�g�b�_�f���\���\�u�[�j�Z�g�g�u�_���^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_���h�[�e�Z�k�l�b���h�k�m�s�_�k�l�\�e�y�_�l�k�y��
�\�u�q�b�k�e�_�g�b�_���d�h�e�b�q�_�k�l�\�Z�� �[�b�l dataV  �\�g�_�^�j�y�_�f�u�o �^�Z�g�g�u�o���b �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �h�[�t�_�f�Z��maxV  �[�b�l�h�\�u�o��
�^�Z�g�g�u�o���� �d�h�l�h�j�u�_ �f�h�`�g�h�� �k�d�j�u�l�v�� �\���b�k�o�h�^�g�h�f�� �i�h�e�m�l�h�g�h�\�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z�� 

Bi
MM

V
22

21
max � . 

�<�� �k�e�m�q�Z�_�� �_�k�e�b�� �i�h�e�m�q�_�g�g�u�c�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �h�[�t�_�f��maxV  �f�_�g�v�r�_�� �h�[�t�_�f�Z��dataV  �i�h�^�]�h�l�h�\�e�_�g�g�u�o��
�^�Z�g�g�u�o���^�e�y���k�d�j�u�l�b�y���\���b�a�h�[�j�Z�`�_�g�b�b, �l�h���h�k�m�s�_�k�l�\�e�y�_�l�k�y���©�Z�\�Z�j�b�c�g�h�_�ª���a�Z�\�_�j�r�_�g�b�_���Z�e�]�h�j�b�l�f�Z. 

�<�� �i�j�h�l�b�\�g�h�f�� �k�e�m�q�Z�_, �\�u�i�h�e�g�y�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���\�g�_�^�j�y�_�f�u�o���^�Z�g�g�u�o�� �\�� �[�b�g�Z�j�g�u�c�� �\�b�^���� �Z��
�l�Z�d�`�_���n�h�j�f�b�j�m�_�l�k�y �i�k�_�\�^�h�k�e�m�q�Z�c�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c�� 

�G�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�d�j�u�l�b�_�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �d�Z�`�^�h�c�� �\�u�[�j�Z�g�g�h�c�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�h�c�� �h�[�e�Z�k�l�b�� �b�a��
�i�k�_�\�^�h�k�e�m�q�Z�c�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �i�j�h�b�k�o�h�^�b�l�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �f�_�l�h�^�Z�� �a�Z�f�_�g�u�� �g�Z�b�f�_�g�_�_��
�a�g�Z�q�Z�s�_�]�h�� �[�b�l�Z�� ���f�_�l�h�^��LSB) �i�j�b�� �h�[�j�Z�[�h�l�d�_�� �p�_�g�l�j�Z�e�v�g�u�o�� �i�b�d�k�_�e�_�c �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�h�c�� �h�[�e�Z�k�l�b����
�b�g�^�_�d�k�u�� �d�h�l�h�j�u�o�� �g�Z�o�h�^�y�l�k�y�� �\�� �^�b�Z�i�Z�a�h�g�Z�o��]4/3,4/[ 11 MM  �b�� ]4/3,4/[ 22 MM  �i�h�� �d�Z�`�^�h�c�� �b�a��
�d�h�h�j�^�b�g�Z�l���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�>�e�y���b�a�\�e�_�q�_�g�b�y���b�g�n�h�j�f�Z�p�b�b���\�u�i�h�e�g�y�x�l�k�y���^�_�c�k�l�\�b�y�����Z�g�Z�e�h�]�b�q�g�u�_���h�i�b�k�Z�g�g�u�f���\�u�r�_�� 
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �i�j�b�\�_�^�_�g�g�u�c�� �f�_�l�h�^���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �k�d�j�u�l�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\��

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

�J�?�A�M�E�V�L�:�L�U���<�U�Q�B�K�E�B�L�?�E�V�G�U�O���W�D�K�I�?�J�B�F�?�G�L�H�< 

�I�j�h�]�j�Z�f�f�g�Z�y���j�_�Z�e�b�a�Z�p�b�y���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h �k�d�j�u�l�b�y���b�g�n�h�j�f�Z�p�b�b���\��
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z�� �h�k�g�h�\�_�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y�� �\�u�i�h�e�g�_�g�Z��
�k�j�_�^�k�l�\�Z�f�b���y�a�u�d�Z�� �3�\�W�K�R�Q�� �>�������� �����@���� �H�k�g�h�\�g�u�_�� �h�d�g�Z�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h�� �b�g�l�_�j�n�_�c�k�Z��
�j�Z�a�j�Z�[�h�l�Z�g�g�h�c���i�j�h�]�j�Z�f�f�g�h�c���j�_�Z�e�b�a�Z�p�b�b���i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�_������ 

 



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 
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�Z��  �[ 
�J�b�k. 2. �H�k�g�h�\�g�u�_���h�d�g�Z���]�j�Z�n�b�q�_�k�d�h�]�h���i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h���b�g�l�_�j�n�_�c�k�Z���j�Z�a�j�Z�[�h�l�Z�g�g�h�c���i�j�h�]�j�Z�f�f�g�h�c��
�j�_�Z�e�b�a�Z�p�b�b�����Z���± �h�d�g�h���k�d�j�u�l�g�h�]�h���\�g�_�^�j�_�g�b�y���l�_�d�k�l�Z�����[���± �h�d�g�h���h�l�h�[�j�Z�`�_�g�b�y���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\ 

Fig. 2. The graphical user interface main windows of the developed software implementation:  
a �± a window for text hidden embedding, b �± a window for the results displaying 

 
�>�e�y�� �i�j�h�\�_�j�d�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �k�d�j�u�l�b�y��

�b�g�n�h�j�f�Z�p�b�b���\���^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�y�o���b�a�h�[�j�Z�`�_�g�b�c �g�Z���h�k�g�h�\�_���i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h���\�k�l�j�Z�b�\�Z�g�b�y, 
�Z�� �l�Z�d�`�_�� �k�j�Z�\�g�b�l�_�e�v�g�h�]�h�� �h�p�_�g�b�\�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\�� �\�g�_�^�j�_�g�b�y���� �i�h�e�m�q�_�g�g�u�o�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z�� �b�� �b�a�\�_�k�l�g�u�o�� �f�_�l�h�^�h�\���� �f�_�l�h�^��LSB, �f�_�l�h�^�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y�� �b��
�f�_�l�h�^���a�Z�f�_�g�u���p�\�_�l�h�\�h�c���i�Z�e�b�l�j�u�����[�u�e�b���i�j�h�\�_�^�_�g�u���\�u�q�b�k�e�b�l�_�e�v�g�u�_���w�d�k�i�_�j�b�f�_�g�l�u���� 

�>�e�y�� �h�p�_�g�b�\�Z�g�b�y�� �b�k�d�Z�`�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z K���� �k�h�^�_�j�`�Z�s�_�]�h�� �\�g�_�^�j�_�g�g�u�_�� �^�Z�g�g�u�_����
�h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��I���� �j�Z�a�f�_�j�g�h�k�l�b�� 21 NN �u  �i�b�d�k�_�e�_�c���� �\�u�q�b�k�e�_�g�u�� �k�e�_�^�m�x�s�b�_��
�i�h�d�Z�a�Z�l�_�e�b���>�������������@�� 

- �i�b�d�h�\�h�_���h�l�g�h�r�_�g�b�_���k�b�]�g�Z�e�Z���d���r�m�f�m����PSNR): 
)/(log10 2

10 MSELPSNR� �� 
�]�^�_���/���±���g�Z�b�[�h�e�v�r�_�_���a�g�Z�q�_�g�b�_���i�b�d�k�_�e�_�c�����/� �������� 
MSE �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�Z�y���h�r�b�[�d�Z�� 
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1121
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, 

- �b�g�^�_�d�k���k�l�j�m�d�l�m�j�g�h�]�h���k�o�h�^�k�l�\�Z����SSIM�������i�h�a�\�h�e�y�x�s�b�c���m�q�b�l�u�\�Z�l�v���k�l�j�m�d�l�m�j�g�u�_���b�a�f�_�g�_�g�b�y��
�b�g�n�h�j�f�Z�p�b�b���k���l�h�q�d�b���a�j�_�g�b�y���q�_�e�h�\�_�q�_�k�d�h�]�h �\�h�k�i�j�b�y�l�b�y�� 
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)2)(2(
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2
2

2
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2
2

2
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212121

cc

cc
SSIM
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, 

�]�^�_ 1�P , 2�P  �± �k�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���y�j�d�h�k�l�b���i�b�d�k�_�e�_�c���b�a�h�[�j�Z�`�_�g�b�c I �b K; 
2
1�V , 2

2�V  �± �^�b�k�i�_�j�k�b�b���a�g�Z�q�_�g�b�c���y�j�d�h�k�l�b���i�b�d�k�_�e�_�c���b�a�h�[�j�Z�`�_�g�b�c I �b K; 

12�V  �± �d�h�\�Z�j�b�Z�p�b�y���a�g�Z�q�_�g�b�c���y�j�d�h�k�l�b���i�b�d�k�_�e�_�c �b�a�h�[�j�Z�`�_�g�b�c I �b K; 
2

11 )( Lkc � ,   2
22 )( Lkc � ,   255� L , 

01,01 � k ,   03,02 � k . 
�I�j�b���i�j�h�\�_�^�_�g�b�b���\�u�q�b�k�e�b�l�_�e�v�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���k�d�j�u�l�g�h�_���\�g�_�^�j�_�g�b�_���l�_�d�k�l�h�\�h�c���b�g�n�h�j�f�Z�p�b�b��

�h�k�m�s�_�k�l�\�e�_�g�h���\���b�a�h�[�j�Z�`�_�g�b�y�����i�h�e�m�q�_�g�g�u�_���b�a���h�l�d�j�u�l�u�o���b�k�l�h�q�g�b�d�h�\���b�g�l�_�j�g�_�l�����B�a�h�[�j�Z�`�_�g�b�y���B�������B������
�B�������B�����b���B�������\���d�h�l�h�j�u�_���h�k�m�s�_�k�l�\�e�_�g�h���k�d�j�u�l�g�h�_���\�g�_�^�j�_�g�b�_���i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�_������ 

 



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 
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 �B����  �B������  �B��

 �B���� �B�� 
�J�b�k. 3. �B�k�o�h�^�g�u�_���b�a�h�[�j�Z�`�_�g�b�y 

Fig. 3. Source images 
 

�J�Z�a�f�_�j�g�h�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c���� �i�j�b�\�_�^�_�g�g�u�o�� �g�Z�� �j�b�k�m�g�d�_�� ������ �b�f�_�x�l�� �a�g�Z�q�_�g�b�y�� �������î���������� �������î����������
�������î�����������������î���������b���������î���������i�b�d�k�_�e�_�c���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�I�j�b���i�j�h�\�_�^�_�g�b�b���\�u�q�b�k�e�b�l�_�e�v�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z���j�Z�a�f�_�j��
�\�u�^�_�e�y�_�f�u�o�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �\�u�[�j�Z�g�� �j�Z�\�g�u�f�� �����î������ �i�b�d�k�_�e�y���� �i�h�j�h�]�h�\�h�_�� �a�g�Z�q�_�g�b�_���VT  
�\�u�[�j�Z�g�h���j�Z�\�g�u�f���������� 

�>�e�y�� �\�g�_�^�j�_�g�b�y�� �[�u�e�Z���i�h�^�]�h�l�h�\�e�_�g�Z�� �l�_�d�k�l�h�\�Z�y�� �b�g�n�h�j�f�Z�p�b�y���� �h�[�t�_�f�� �d�h�l�h�j�h�c�� �\�� �[�b�l�h�\�h�f��
�i�j�_�^�k�l�Z�\�e�_�g�b�b���j�Z�\�_�g���������������[�b�l���� 

�>�e�y���\�g�_�^�j�_�g�b�y���m�d�Z�a�Z�g�g�h�]�h���h�[�t�_�f�Z���^�Z�g�g�u�o���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z���g�Z���b�k�o�h�^�g�u�o��
�b�a�h�[�j�Z�`�_�g�b�y�o���[�u�e�h���\�u�^�_�e�_�g�h���� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o���h�[�e�Z�k�l�_�c�� 

�J�_�a�m�e�v�l�Z�l�u�� �\�u�^�_�e�_�g�b�y���^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o �h�[�e�Z�k�l�_�c�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z�� �g�Z��
�b�k�o�h�^�g�u�o���b�a�h�[�j�Z�`�_�g�b�y�o�����j�b�k�m�g�h�d���������i�j�b�\�_�^�_�g�u���g�Z���j�b�k�m�g�d�_������ 

 

 �B������  �B����  �B�� 

�Z����  �B����  �B�� 
�J�b�k. 4. �>�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_���h�[�e�Z�k�l�b�����\�u�^�_�e�_�g�g�u�_���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z 

Fig. 4. Detailed areas selected based on the developed method 
 

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z��
�k�d�j�u�l�g�h�_�� �\�g�_�^�j�_�g�b�_�� �^�Z�g�g�u�o���� �h�[�t�_�f�h�f�� ������������ �[�b�l���� �[�u�e�h�� �h�k�m�s�_�k�l�\�e�_�g�h�� �\�� �\�u�^�_�e�_�g�g�u�_��
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_���h�[�e�Z�k�l�b�����i�j�b�\�_�^�_�g�g�u�_���g�Z���j�b�k�m�g�d�_�������� 

�H�l�f�_�l�b�f���� �q�l�h�� �i�h�e�m�q�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�u���� �k�h�^�_�j�`�Z�s�b�_�� �^�Z�g�g�u�_���� �d�h�l�h�j�u�_�� �[�u�e�b��
�\�g�_�^�j�_�g�u�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �k�d�j�u�l�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\��
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z�� �h�k�g�h�\�_�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y���� �\�b�a�m�Z�e�v�g�h��



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 
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�i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �h�l�e�b�q�Z�e�b�k�v�� �h�l�� �b�k�o�h�^�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�����B�a�\�e�_�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �k�h�\�i�Z�e�b�� �k��
�\�g�_�^�j�y�_�f�u�f�b���^�Z�g�g�u�f�b�� 

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �^�Z�g�g�u�_���� �h�[�t�_�f�h�f�� ������������ �[�b�l���� �l�Z�d�`�_�� �[�u�e�b��
�\�g�_�^�j�_�g�u���\���k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���b�k�o�h�^�g�u�_���b�a�h�[�j�Z�`�_�g�b�y �g�Z���h�k�g�h�\�Z�g�b�b���k�e�_�^�m�x�s�b�o���b�a�\�_�k�l�g�u�o���f�_�l�h�^�h�\��
�k�d�j�u�l�g�h�]�h�� �\�g�_�^�j�_�g�b�y���� �f�_�l�h�^��LSB, �f�_�l�h�^�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y���� �f�_�l�h�^�� �a�Z�f�_�g�u�� �p�\�_�l�h�\�h�c��
�i�Z�e�b�l�j�u. 

�H�l�f�_�l�b�f���� �q�l�h�� �\�� �o�h�^�_�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�j�b�� �i�j�b�f�_�g�_�g�b�b�� �Z�g�Z�e�b�a�b�j�m�_�f�u�o��
�f�_�l�h�^�h�\���b�a�\�e�_�q�_�g�g�u�_���^�Z�g�g�u�_���k�h�\�i�Z�e�b���k���\�g�_�^�j�y�_�f�u�f�b���^�Z�g�g�u�f�b�� 

�J�_�a�m�e�v�l�Z�l�u�� �h�p�_�g�b�\�Z�g�b�y�� �b�k�d�Z�`�_�g�b�c�� �b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z�� �k�h�^�_�j�`�Z�s�_�]�h�� �\�g�_�^�j�_�g�g�u�_��
�^�Z�g�g�u�_���� �h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�o�h�^�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �i�j�b�� �k�d�j�u�l�g�h�f�� �\�g�_�^�j�_�g�b�b�� �^�Z�g�g�u�o�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�Z�g�Z�e�b�a�b�j�m�_�f�u�o���f�_�l�h�^�h�\���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�Z�o�������b������  
 

�L�Z�[�e�b�p�Z���� 
�H�p�_�g�b�\�Z�g�b�_���b�k�d�Z�`�_�g�b�c���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z ���i�b�d�h�\�h�_���h�l�g�h�r�_�g�b�_���k�b�]�g�Z�e�Z���d���r�m�f�m��PSNR) 

Table 1 
The container image distortion estimation (peak signal-to-noise ratio PSNR) 

�B�a�h�[�j�Z-
�`�_�g�b�_ 

�F�_�l�h�^���/�6�% 
�F�_�l�h�^��

�i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h��
�\�k�l�j�Z�b�\�Z�g�b�y 

�F�_�l�h�^���a�Z�f�_�g�u��
�p�\�_�l�h�\�h�c��
�i�Z�e�b�l�j�u 

�J�Z�a�j�Z�[�h�l�Z�g�g�u�c��
�f�_�l�h�^�� 

�B�� 69,28 71,40 24,32 72,37 
�B�� 71,42 72,55 29,98 74,49 
�B�� 67,73 67,86 19,87 69,79 
�B�� 67,00 67,96 21,24 69,03 
�B�� 68,97 69,16 25,79 69,37 

 
�L�Z�[�e�b�p�Z���� 

�H�p�_�g�b�\�Z�g�b�_���b�k�d�Z�`�_�g�b�c���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z�����b�g�^�_�d�k���k�l�j�m�d�l�m�j�g�h�]�h���k�o�h�^�k�l�\�Z��SSIM) 
Table 2 

The container image distortion estimation (structural similarity index measure SSIM) 

�B�a�h�[�j�Z-
�`�_�g�b�_ 

�F�_�l�h�^���/�6�% 
�F�_�l�h�^��

�i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h��
�\�k�l�j�Z�b�\�Z�g�b�y 

�F�_�l�h�^���a�Z�f�_�g�u��
�p�\�_�l�h�\�h�c��
�i�Z�e�b�l�j�u 

�J�Z�a�j�Z�[�h�l�Z�g�g�u�c��
�f�_�l�h�^ 

�B�� 0,99992 0,99994 0,84096 0,99996 
�B�� 0,99994 0,99997 0,90924 0,99999 
�B�� 0,9997 0,9996 0,7415 0,9999 
�B�� 0,9998 0,9998 0,7313 0,9999 
�B�� 0,9998 0,9997 0,908 0,9999 

 
�>�Z�g�g�u�_���� �i�j�b�\�_�^�_�g�g�u�_�� �\�� �l�Z�[�e�b�p�Z�o������ �b�� ���� �b�e�e�x�k�l�j�b�j�m�x�l���� �q�l�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �f�_�l�h�^��

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

�<�U�<�H�>�U 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����\���^�Z�g�g�h�c���k�l�Z�l�v�_���j�Z�a�j�Z�[�h�l�Z�g���f�_�l�h�^���k�l�_�]�Z�g�h�]�j�Z�n�b�q�_�k�d�h�]�h���k�d�j�u�l�b�y���b�g�n�h�j�f�Z�p�b�b��
�\�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �b�a�h�[�j�Z�`�_�g�b�c �g�Z�� �h�k�g�h�\�_�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h�� �\�k�l�j�Z�b�\�Z�g�b�y. 
�>�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b�� �b�a�h�[�j�Z�`�_�g�b�c�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y���a�g�Z�q�b�l�_�e�v�g�u�f�� �d�h�e�b�q�_�k�l�\�h�f�� �f�_�e�d�b�o��
�h�[�t�_�d�l�h�\���� �g�_�[�h�e�v�r�b�o�� �w�e�_�f�_�g�l�h�\�� �b�� �^�_�l�Z�e�_�c�� �^�j�m�]�b�o�� �h�[�t�_�d�l�h�\���� �g�Z�e�b�q�b�_�f�� �\�u�j�Z�`�_�g�g�h�c��



 �™�Ó�Ë�Å�Ú�Ë�Í�Ñ�Å�Ã���•�ä� �ä�á���•�Ñ�Î�Æ�Ñ�Å�Ã���”�ä�‘�ä�á���¦�È�Ó�Ð�Ñ�Ï�Ñ�Ó�È�Ù���•�ä�•., �®�Ç�Ö�Õ�Ã���•�ä�–�ä �›�È�Õ�Ñ�Ç���Ô�Õ�È�Æ�Ã�Ð�Ñ�Æ�Ó�Ã�×�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ��
�Ô�Í�Ó�Þ�Õ�Ë�â�� �Ë�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ë�� �Å�� �Ç�È�Õ�Ã�Î�Ë�Ê�Ë�Ó�Ñ�Å�Ã�Ð�Ð�Þ�Ø�� �Ñ�Ä�Î�Ã�Ô�Õ�â�Ø�� �Ë�Ê�Ñ�Ä�Ó�Ã�É�È�Ð�Ë�Ì�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È��
�Ò�Ô�È�Å�Ç�Ñ�Ô�Î�Ö�Ú�Ã�Ì�Ð�Ñ�Æ�Ñ�� �Å�Ô�Õ�Ó�Ã�Ë�Å�Ã�Ð�Ë�â�������� �œ�Ã�Ö�Ú�Ð�Þ�Ì�� �Ó�È�Ê�Ö�Î�ß�Õ�Ã�Õ�ä���—�Ð�×�Ñ�Ó�Ï�Ã�Ù�Ë�Ñ�Ð�Ð�Þ�È��
�Õ�È�Ø�Ð�Ñ�Î�Ñ�Æ�Ë�Ë. �� ���ä�w�w�á���V2, 2026 
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�l�_�d�k�l�m�j�b�j�h�\�Z�g�g�h�c���i�h�\�_�j�o�g�h�k�l�b�����B�g�n�h�j�f�Z�p�b�y�����k�d�j�u�l�g�h���\�g�_�^�j�_�g�g�Z�y���\���l�Z�d�b�_���h�[�e�Z�k�l�b�����y�\�e�y�_�l�k�y���f�_�g�_�_��
�\�b�a�m�Z�e�v�g�h���a�Z�f�_�l�g�h�c���g�Z���n�h�g�_���b�k�o�h�^�g�h�c���k�l�j�m�d�l�m�j�u���b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�Z�����l�_�f���k�Z�f�u�f�����\�g�_�^�j�_�g�b�_��
�^�Z�g�g�u�o�� �\�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b�� �i�h�a�\�h�e�y�_�l�� �k�g�b�a�b�l�v�� �\�b�a�m�Z�e�v�g�u�_�� �b�k�d�Z�`�_�g�b�y �b�a�h�[�j�Z�`�_�g�b�y-
�d�h�g�l�_�c�g�_�j�Z�� 

�>�e�y�� �i�h�b�k�d�Z�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �g�Z�� �i�h�e�m�l�h�g�h�\�h�f�� �b�a�h�[�j�Z�`�_�g�b�b�� �\�� �j�Z�[�h�l�_�� �i�j�_�^�e�h�`�_�g��
�Z�e�]�h�j�b�l�f���g�Z���h�k�g�h�\�_���i�h�j�h�]�h�\�h�c���h�[�j�Z�[�h�l�d�b���a�g�Z�q�_�g�b�c���]�j�Z�^�b�_�g�l�Z�����\�u�q�b�k�e�_�g�g�u�o���k���i�h�f�h�s�v�x���h�i�_�j�Z�l�h�j�Z��
�K�h�[�_�e�y�� 

�>�e�y�� �\�g�_�^�j�_�g�b�y�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �[�b�l�h�\�h�f�� �\�b�^�_�� �\�� �\�u�[�j�Z�g�g�u�_�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �h�[�e�Z�k�l�b��
�b�k�o�h�^�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y���\���j�Z�[�h�l�_���i�j�b�f�_�g�_�g���f�_�l�h�^���i�k�_�\�^�h�k�e�m�q�Z�c�g�h�]�h���\�k�l�j�Z�b�\�Z�g�b�y�����I�_�j�_�^���k�d�j�u�l�b�_�f��
�b�g�n�h�j�f�Z�p�b�b�� �\�u�q�b�k�e�y�_�l�k�y�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�Z�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�[�e�Z�k�l�_�c����
�K�d�j�u�l�b�_�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �d�Z�`�^�h�c�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�h�c�� �h�[�e�Z�k�l�b���� �\�u�[�j�Z�g�g�h�c�� �b�a�� �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�c��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���� �i�j�h�b�k�o�h�^�b�l�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �f�_�l�h�^�Z�� �a�Z�f�_�g�u�� �g�Z�b�f�_�g�_�_�� �a�g�Z�q�Z�s�_�]�h�� �[�b�l�Z�� �i�j�b��
�h�[�j�Z�[�h�l�d�_�� �p�_�g�l�j�Z�e�v�g�u�o�� �i�b�d�k�_�e�_�c�� �^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�h�c�� �h�[�e�Z�k�l�b���� �>�e�y�� �\�g�_�^�j�_�g�b�y�� �^�Z�g�g�u�o�� �\�� �p�\�_�l�g�u�_��
�b�a�h�[�j�Z�`�_�g�b�y���j�Z�a�j�Z�[�h�l�Z�g�g�u�c���f�_�l�h�^���i�j�b�f�_�g�y�_�l�k�y���d���a�Z�^�Z�g�g�u�f���p�\�_�l�h�\�u�f���d�h�f�i�h�g�_�g�l�Z�f�� 

�>�e�y�� �i�j�h�\�_�j�d�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �f�_�l�h�^�Z�� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �\�u�q�b�k�e�b�l�_�e�v�g�u�_��
�w�d�k�i�_�j�b�f�_�g�l�u���� �I�h�e�m�q�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y-�d�h�g�l�_�c�g�_�j�u���� �k�h�^�_�j�`�Z�s�b�_�� �^�Z�g�g�u�_���� �d�h�l�h�j�u�_�� �[�u�e�b��
�\�g�_�^�j�_�g�u���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h���f�_�l�h�^�Z�����\�b�a�m�Z�e�v�g�h���i�j�Z�d�l�b�q�_�k�d�b���g�_���h�l�e�b�q�Z�e�b�k�v���h�l���b�k�o�h�^�g�u�o��
�b�a�h�[�j�Z�`�_�g�b�c�����B�a�\�e�_�q�_�g�g�u�_���b�a���b�a�h�[�j�Z�`�_�g�b�c-�d�h�g�l�_�c�g�_�j�h�\���^�Z�g�g�u�_���k�h�\�i�Z�e�b���k���\�g�_�^�j�y�_�f�u�f�b���^�Z�g�g�u�f�b����
�>�e�y�� �h�p�_�g�b�\�Z�g�b�y�� �b�k�d�Z�`�_�g�b�c���b�a�h�[�j�Z�`�_�g�b�c-�d�h�g�l�_�c�g�_�j�h�\�� �i�j�b�f�_�g�_�g�u�� �i�b�d�h�\�h�_�� �h�l�g�h�r�_�g�b�_�� �k�b�]�g�Z�e�Z�� �d��
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�j�_�r�_�g�b�c���� �>�e�y�� �w�l�h�]�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �b�� �k�j�Z�\�g�b�\�Z�x�l�k�y�� �l�j�b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �Z�i�i�Z�j�Z�l�Z���� �g�_�q�z�l�d�Z�y��
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�������L�?�H�J�?�L�B�Q�?�K�D�:�Y���H�K�G�H�<�:�����L�?�H�J�B�Y���F�G�H�=�H�I�H�L�H�Q�G�H�K�L�B���D�B�G�=�>�H�G�: 

 
�J�b�k. �H�[�s�Z�y���k�o�_�f�Z���l�_�h�j�b�b���k�e�h�`�g�u�o���i�h�l�h�d�h�\ 

Fig. General scheme of the theory of complex flows 
 

�L�_�h�j�b�y�� �D�b�g�]�^�h�g�Z�� �i�h�k�l�m�e�b�j�m�_�l���� �q�l�h�� �i�j�h�p�_�k�k�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�h�e�b�l�b�d�b�� �i�j�h�b�k�o�h�^�b�l�� �\�� �l�j�z�o��
�i�h�l�h�d�Z�o (�k�f�����j�b�k�m�g�h�d): 

1. �I�h�l�h�d �i�j�h�[�e�_�f (Problem Stream) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�h�\�h�d�m�i�g�h�k�l�v �\�h�i�j�h�k�h�\�� 
�\�h�k�i�j�b�g�b�f�Z�_�f�u�o �h�[�s�_�k�l�\�h�f �b �i�h�e�b�l�b�q�_�k�d�b�f�b �Z�d�l�h�j�Z�f�b �d�Z�d �l�j�_�[�m�x�s�b�_ �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h 
�j�_�Z�]�b�j�h�\�Z�g�b�y�� �N�h�j�f�b�j�h�\�Z�g�b�_ �^�Z�g�g�h�]�h �i�h�l�h�d�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h� ̂ �\�e�b�y�g�b�_�f �h�[�t�_�d�l�b�\�g�u�o 
�b�g�^�b�d�Z�l�h�j�h�\ ���k�l�Z�l�b�k�l�b�q�_�k�d�b�_ �^�Z�g�g�u�_�� �h�l�q�_�l�u���� �a�g�Z�d�h�\�u�o �k�h�[�u�l�b�c�� �Z �l�Z�d�`�_ �h�[�j�Z�l�g�h�c �k�\�y�a�b �h�l 
�j�_�Z�e�b�a�Z�p�b�b �i�j�_�^�u�^�m�s�b�o �i�h�e�b�l�b�q�_�k�d�b�o �d�m�j�k�h�\�� �<�Z�`�g�h �h�l�f�_�l�b�l�v�� �q�l�h �D�b�g�]�^�h�g �j�Z�a�e�b�q�Z�_�l �k�h�[�k�l�\�_�g�g�h 
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2. �I�h�l�h�d �i�h�e�b�l�b�q�_�k�d�b�o �j�_�r�_�g�b�c (Policy Stream) �k�h�k�l�Z�\�e�y�_�l �k�h�\�h�d�m�i�g�h�k�l�v �b�^�_�c�� �d�h�g�p�_�i�p�b�c �b 
�]�h�l�h�\�u�o �i�j�h�_�d�l�h�\ �j�_�r�_�g�b�c�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�o �b �i�j�h�^�\�b�]�Z�_�f�u�o �k�h�h�[�s�_�k�l�\�h�f �w�d�k�i�_�j�l�h�\�� �Z�g�Z�e�b�l�b�d�h�\�� 
�e�h�[�[�b�k�l�h�\ �b �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�o �]�j�m�i�i�� �J�_�r�_�g�b�y �b�a �w�l�h�]�h �i�h�l�h�d�Z �p�b�j�d�m�e�b�j�m�x�l �\ �l�Z�d �g�Z�a�u�\�Z�_�f�h�c 
�©�i�_�j�\�b�q�g�h�c �i�h�e�b�l�b�d�_�ª�� �d�h�g�d�m�j�b�j�m�y �f�_�`�^�m �k�h�[�h�c �i�h �d�j�b�l�_�j�b�y�f �l�_�o�g�b�q�_�k�d�h�c �h�k�m�s�_�k�l�\�b�f�h�k�l�b�� 
�k�h�h�l�\�_�l�k�l�\�b�y �p�_�g�g�h�k�l�y�f �b �i�j�b�_�f�e�_�f�h�k�l�b �k �l�h�q�d�b �a�j�_�g�b�y �a�Z�l�j�Z�l�� 

3. �I�h�l�h�d �i�h�e�b�l�b�q�_�k�d�b�o �m�k�e�h�\�b�c (Political Stream) �n�h�j�f�b�j�m�_�l�k�y �i�h� ̂ �\�h�a�^�_�c�k�l�\�b�_�f �n�Z�d�l�h�j�h�\ 
�k�b�k�l�_�f�g�h�]�h �m�j�h�\�g�y�� �h�[�s�_�g�Z�p�b�h�g�Z�e�v�g�h�]�h �g�Z�k�l�j�h�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\ �\�u�[�h�j�h�\�� �b�^�_�h�e�h�]�b�q�_�k�d�h�]�h 
�k�h�k�l�Z�\�Z �a�Z�d�h�g�h�^�Z�l�_�e�v�g�u�o �h�j�]�Z�g�h�\�� �Z�d�l�b�\�g�h�k�l�b �]�j�m�i�i �b�g�l�_�j�_�k�h�\�� �>�Z�g�g�u�c �i�h�l�h�d �o�Z�j�Z�d�l�_�j�b�a�m�_�l 
�h�[�s�m�x �i�h�e�b�l�b�q�_�k�d�m�x �d�h�g�t�x�g�d�l�m�j�m�� �h�i�j�_�^�_�e�y�x�s�m�x �]�j�Z�g�b�p�u �\�h�a�f�h�`�g�h�]�h �\ �d�h�g�d�j�_�l�g�u�c �\�j�_�f�_�g�g�h�c 
�i�_�j�b�h�^�� 

�D�e�x�q�_�\�m�x���j�h�e�v���\���k�h�_�^�b�g�_�g�b�b���w�e�_�f�_�g�l�h�\���w�l�b�o���i�h�l�h�d�h�\���b�]�j�Z�x�l���i�h�e�b�l�b�q�_�k�d�b�_���i�j�_�^�i�j�b�g�b�f�Z�l�_�e�b��
���3�R�O�L�F�\���(�Q�W�U�H�S�U�H�Q�H�X�U�V�������^�Z�e�_�_���\���j�Z�[�h�l�_���f�u���[�m�^�_�f���g�Z�a�u�\�Z�l�v���b�o���i�h�e�b�l�b�q�_�k�d�b�f�b���k�h�h�[�s�_�k�l�\�Z�f�b���± �Z�d�l�h�j�u����
�Z�d�l�b�\�g�h�� �i�j�h�^�\�b�]�Z�x�s�b�_�� �h�i�j�_�^�_�e�_�g�g�u�_�� �i�j�h�[�e�_�f�u�� �b�� �j�_�r�_�g�b�y�� �\�� �i�h�\�_�k�l�d�_�� �^�g�y���� �B�o�� �^�_�y�l�_�e�v�g�h�k�l�v��
�g�Z�i�j�Z�\�e�_�g�Z�� �g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �[�e�Z�]�h�i�j�b�y�l�g�h�]�h�� �k�l�_�q�_�g�b�y�� �h�[�k�l�h�y�l�_�e�v�k�l�\�� �^�e�y�� �e�_�]�b�l�b�f�Z�p�b�b�� �k�\�h�b�o��
�i�j�_�^�e�h�`�_�g�b�c�� 

�K�h�\�i�Z�^�_�g�b�_���w�e�_�f�_�g�l�h�\���l�j�_�o���i�h�l�h�d�h�\�����Z���b�f�_�g�g�h����i�����i�j�b�a�g�Z�g�b�y���i�j�h�[�e�_�f�u������ii �����g�Z�e�b�q�b�y���]�h�l�h�\�h�]�h��
�j�_�r�_�g�b�y�� �b�� ��iii ���� �[�e�Z�]�h�i�j�b�y�l�g�h�c�� �i�h�e�b�l�b�q�_�k�d�h�c�� �d�h�g�t�x�g�d�l�m�j�u�� �i�j�b�\�h�^�b�l�� �d�� �h�l�d�j�u�l�b�x�� �©�h�d�g�Z��
�\�h�a�f�h�`�g�h�k�l�_�c�ª���� �W�l�h�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�c�� �i�_�j�b�h�^���� �d�h�]�^�Z�� �\�_�j�h�y�l�g�h�k�l�v�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �i�h�e�b�l�b�q�_�k�d�b�o��
�b�a�f�_�g�_�g�b�c�� �f�g�h�]�h�d�j�Z�l�g�h�� �\�h�a�j�Z�k�l�Z�_�l���� �<�� �l�_�j�f�b�g�Z�o�� �k�b�g�_�j�]�_�l�b�d�b���� �^�Z�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� �k�b�k�l�_�f�u��
�b�^�_�g�l�b�n�b�p�b�j�m�_�l�k�y�� �d�Z�d�� �l�h�q�d�Z�� �[�b�n�m�j�d�Z�p�b�b���� �\�� �d�h�l�h�j�h�c�� �f�Z�e�u�_�� �\�h�a�^�_�c�k�l�\�b�y�� �f�h�]�m�l�� �i�j�b�\�_�k�l�b�� �d��
�f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�f�� �i�h�k�e�_�^�k�l�\�b�y�f���± �d�Z�d�� �d�� �k�l�Z�[�b�e�b�a�Z�p�b�b���� �l�Z�d�� �b�� �d�� �^�_�k�l�Z�[�b�e�b�a�Z�p�b�b�� �i�h�e�b�l�b�q�_�k�d�h�]�h��
�j�_�`�b�f�Z [5]. 

�<�� �m�k�e�h�\�b�y�o�� �k�l�Z�[�b�e�v�g�h�c�� �i�h�e�b�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �w�l�b�� �l�j�b�� �i�h�l�h�d�Z�� �n�m�g�d�p�b�h�g�b�j�m�x�l�� �\�� �j�_�`�b�f�_��
�j�m�l�b�g�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y���� �i�j�b�� �d�h�l�h�j�h�f�� �\�h�a�g�b�d�Z�x�s�b�_�� �i�j�h�[�e�_�f�u�� �j�_�r�Z�x�l�k�y�� �\�� �j�Z�f�d�Z�o�� �k�m�s�_�k�l�\�m�x�s�b�o��
�b�g�k�l�b�l�m�p�b�h�g�Z�e�v�g�u�o�� �i�j�h�p�_�^�m�j���� �H�^�g�Z�d�h�� �Z�d�l�b�\�b�a�Z�p�b�y�� �i�h�e�b�l�b�q�_�k�d�b�o�� �k�h�h�[�s�_�k�l�\���� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h��
�k�l�j�_�f�y�s�b�o�k�y�� �d�� �b�a�f�_�g�_�g�b�x�� �i�j�b�h�j�b�l�_�l�h�\�� �i�h�\�_�k�l�d�b�� �^�g�y���� �f�h�`�_�l�� �g�Z�j�m�r�b�l�v�� �^�Z�g�g�h�_�� �j�Z�\�g�h�\�_�k�b�_���� �B�o��
�^�_�y�l�_�e�v�g�h�k�l�v���� �g�Z�i�j�Z�\�e�_�g�g�Z�y�� �g�Z�� �i�_�j�_�h�p�_�g�d�m�� �a�g�Z�q�b�f�h�k�l�b�� �h�i�j�_�^�_�e�_�g�g�u�o�� �y�\�e�_�g�b�c�� �b�� �b�k�d�m�k�k�l�\�_�g�g�h�_��
�k�h�_�^�b�g�_�g�b�_�� �w�e�_�f�_�g�l�h�\�� �i�h�l�h�d�h�\���� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a�� �d�e�x�q�_�\�u�o�� �n�Z�d�l�h�j�h�\�� �\�h�a�g�b�d�g�h�\�_�g�b�y��
�i�h�e�b�l�b�q�_�k�d�h�c���l�m�j�[�m�e�_�g�l�g�h�k�l�b�� 

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

�������F�:�L�?�F�:�L�B�Q�?�K�D�H�?���F�H�>�?�E�B�J�H�<�:�G�B�?���I�H�E�B�L�B�Q�?�K�D�H�C���K�B�K�L�?�F�U 

�����������F�h�^�_�e�b�j�h�\�Z�g�b�_���g�Z���h�k�g�h�\�_���g�_�q�z�l�d�h�c���e�h�]�b�d�b 

�>�e�y���n�h�j�f�Z�e�b�a�Z�p�b�b���i�j�h�p�_�k�k�h�\���i�j�b�g�y�l�b�y���j�_�r�_�g�b�c���\���m�k�e�h�\�b�y�o���g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�b�����o�Z�j�Z�d�l�_�j�g�u�o��
�^�e�y�� �i�h�e�b�l�b�q�_�k�d�h�c�� �k�n�_�j�u���� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� �g�_�q�z�l�d�h�c�� �e�h�]�b�d�b����
�>�Z�g�g�u�c���f�_�l�h�^���i�h�a�\�h�e�y�_�l���h�i�_�j�b�j�h�\�Z�l�v���e�b�g�]�\�b�k�l�b�q�_�k�d�b�f�b���i�_�j�_�f�_�g�g�u�f�b���b���d�Z�q�_�k�l�\�_�g�g�u�f�b���h�p�_�g�d�Z�f�b����
�q�l�h�� �Z�^�_�d�\�Z�l�g�h�� �h�l�j�Z�`�Z�_�l�� �i�j�b�j�h�^�m�� �i�h�e�b�l�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �o�Z�j�Z�d�l�_�j�b�a�m�_�f�u�o�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x��
�k�m�[�t�_�d�l�b�\�g�h�k�l�b���b���g�_�^�h�k�l�Z�l�h�q�g�h�k�l�v�x���l�h�q�g�u�o���d�h�e�b�q�_�k�l�\�_�g�g�u�o���^�Z�g�g�u�o�����>���@ 

�������������N�h�j�f�Z�e�b�a�Z�p�b�y���i�h�l�h�d�h�\���d�Z�d���e�b�g�]�\�b�k�l�b�q�_�k�d�b�o���i�_�j�_�f�_�g�g�u�o�� 

�<�� �j�Z�f�d�Z�o�� �f�h�^�_�e�b�� �d�Z�`�^�u�c�� �b�a�� �l�j�z�o�� �i�h�l�h�d�h�\�� �l�_�h�j�b�b�� �D�b�g�]�^�h�g�Z�� �n�h�j�f�Z�e�b�a�m�_�l�k�y�� �d�Z�d��
�e�b�g�]�\�b�k�l�b�q�_�k�d�Z�y���i�_�j�_�f�_�g�g�Z�y�����a�g�Z�q�_�g�b�y�f�b���d�h�l�h�j�h�c���y�\�e�y�x�l�k�y���g�_�q�z�l�d�b�_���f�g�h�`�_�k�l�\�Z�� 
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�H�i�j�_�^�_�e�_�g�b�_���g�_�q�z�l�d�b�o���f�g�h�`�_�k�l�\ 

�D�Z�`�^�u�c�� �i�h�l�h�d�� �h�i�b�k�u�\�Z�_�l�k�y�� �g�_�q�z�l�d�b�f�b�� �i�_�j�_�f�_�g�g�u�f�b���� �d�h�l�h�j�u�_�� �y�\�e�y�x�l�k�y�� �n�m�g�d�p�b�y�f�b��
�i�j�b�g�Z�^�e�_�`�g�h�k�l�b�����>�h�i�m�k�l�b�f���i�h�l�h�d���i�j�h�[�e�_�f���[�m�^�_�l���2�:�T�;�����i�h�l�h�d���i�h�e�b�l�b�q�_�k�d�b�o���j�_�r�_�g�b�c���+�:�U�;�á�� �i�h�l�h�d��
�i�h�e�b�l�b�q�_�k�d�b�o���m�k�e�h�\�b�c���%�:�V�;, �&�:�S�; 
F �Ô�Ñ�Ô�Õ�Ñ�â�Ð�Ë�È���Ñ�Í�Ð�Ã���Å�Ñ�Ê�Ï�Ñ�É�Ð�Ñ�Ô�Õ�È�Ì�ä 

�I�h�l�h�d���i�j�h�[�e�_�f�����3��: 
�x �ä�É�:�T�;�± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���i�j�h�[�e�_�f�u x �d���f�g�h�`�_�k�l�\�m���©�\�Z�`�g�u�o���i�j�h�[�e�_�f�ª�� 
�x �I�j�b�f�_�j�����©�<�u�k�h�d�Z�y���\�Z�`�g�h�k�l�v�ª�����©�K�j�_�^�g�y�y���\�Z�`�g�h�k�l�v�ª�����©�G�b�a�d�Z�y���\�Z�`�g�h�k�l�v�ª�� 
�I�h�l�h�d���i�h�e�b�l�b�q�_�k�d�b�o���j�_�r�_�g�b�c����I ): 
�x �ä�Â�:�U�; �± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���j�_�r�_�g�b�y y �d���f�g�h�`�_�k�l�\�m���©�]�h�l�h�\�u�o���j�_�r�_�g�b�c�ª�� 
�x �I�j�b�f�_�j�����©�<�u�k�h�d�Z�y���]�h�l�h�\�g�h�k�l�v�ª�����©�K�j�_�^�g�y�y���]�h�l�h�\�g�h�k�l�v�ª�����©�G�b�a�d�Z�y���]�h�l�h�\�g�h�k�l�v�ª�� 
�I�h�l�h�d���i�h�e�b�l�b�q�_�k�d�b�o���m�k�e�h�\�b�c�����&��: 
�x �ä�Ö�:�V�;�± �k�l�_�i�_�g�v�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�b�� �i�h�e�b�l�b�q�_�k�d�h�]�h�� �m�k�e�h�\�b�y z �d�� �f�g�h�`�_�k�l�\�m�� �©�[�e�Z�]�h�i�j�b�y�l�g�u�o��

�m�k�e�h�\�b�c�ª�� 
�x �I�j�b�f�_�j���� �©�<�u�k�h�d�Z�y�� �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v�ª���� �©�K�j�_�^�g�y�y�� �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v�ª���� �©�G�b�a�d�Z�y��

�[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v�ª�� 
�H�d�g�h���\�h�a�f�h�`�g�h�k�l�_�c��(W): 
�x �ä�½�:�S�; - �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���h�d�g�Z���\�h�a�f�h�`�g�h�k�l�_�c o �d���f�g�h�`�_�k�l�\�m���©�k�h�k�l�h�y�g�b�_���h�d�g�Z�ª�� 
�x �I�j�b�f�_�j�����©�H�d�g�h���h�l�d�j�u�l�h�ª�����©�H�d�g�h���f�h�`�_�l���h�l�d�j�u�l�v�k�y���\���k�d�h�j�h�f���\�j�_�f�_�g�b�ª�����©�H�d�g�h���a�Z�d�j�u�l�h�ª���� 

�G�_�q�z�l�d�b�_���i�j�Z�\�b�e�Z���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���i�h�l�h�d�h�\ 

�H�i�b�r�_�f�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �i�h�l�h�d�h�\�� �k�� �i�h�f�h�s�v�x�� �g�_�q�z�l�d�b�o�� �i�j�Z�\�b�e���� �d�h�l�h�j�u�_�� �h�i�j�_�^�_�e�y�x�l���� �d�Z�d��
�k�h�q�_�l�Z�g�b�_�� �i�j�h�[�e�_�f���� �i�h�e�b�l�b�q�_�k�d�b�o �j�_�r�_�g�b�c �b �i�h�e�b�l�b�q�_�k�d�b�o �\�h�a�f�h�`�g�h�k�l�_�c �i�j�b�\�h�^�b�l �d �©�h�d�g�Z�f 
�\�h�a�f�h�`�g�h�k�l�_�c�ª�� �I�j�b�f�_�j �i�j�Z�\�b�e�� 

1. �?�K�E�B �i�j�h�[�e�_�f�Z �©�\�u�k�h�d�h�c �\�Z�`�g�h�k�l�b�ª �B �j�_�r�_�g�b�_ �©�\�u�k�h�d�h�c �]�h�l�h�\�g�h�k�l�b�ª �B �i�h�e�b�l�b�d�Z 
�©�\�u�k�h�d�h�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª�� �L�H �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�h�l�d�j�u�l�h�ª�� 

2. �?�K�E�B �i�j�h�[�e�_�f�Z �©�k�j�_�^�g�_�c �\�Z�`�g�h�k�l�b�ª �B �j�_�r�_�g�b�_ �©�k�j�_�^�g�_�c �]�h�l�h�\�g�h�k�l�b�ª �B �i�h�e�b�l�b�d�Z 
�©�k�j�_�^�g�_�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª�� �L�H �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�H�d�g�h �f�h�`�_�l �h�l�d�j�u�l�v�k�y �\ �k�d�h�j�h�f �\�j�_�f�_�g�b�ª�� 

3. �?�K�E�B �i�j�h�[�e�_�f�Z �©�g�b�a�d�h�c �\�Z�`�g�h�k�l�b�ª �B�E�B �j�_�r�_�g�b�_ �©�g�b�a�d�h�c �]�h�l�h�\�g�h�k�l�b�ª �B�E�B �i�h�e�b�l�b�d�Z 
�©�g�b�a�d�h�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª�� �L�H �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�a�Z�d�j�u�l�h�ª�� 

�W�l�b���i�j�Z�\�b�e�Z���f�h�`�g�h���a�Z�i�b�k�Z�l�v���\���k�e�_�^�m�x�s�_�f���\�b�^�_�� 
�4�Ü�ã�”� �š�—���ä�É�:�T�; 
L �•�Ü���—�����ä�Â�:�U�; 
L �$�Ü���—���ä�Ö�:�V�; 
L��� �Ü���¡�•���ä�Ð 
L���&�Ü�� 

�]�^�_�� 
�x �•�Ü�á�$�Ü�á�%�Ü�� �± �g�_�q�z�l�d�b�_���f�g�h�`�_�k�l�\�Z���^�e�y���i�j�h�[�e�_�f�����j�_�r�_�g�b�c���b���i�h�e�b�l�b�d�b�� 

�x �&�Ü�� �± �g�_�q�z�l�d�h�_���f�g�h�`�_�k�l�\�h���^�e�y���h�d�g�Z���\�h�a�f�h�`�g�h�k�l�_�c�� 
�x �ä�Ð �± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���d���h�d�g�m���\�h�a�f�h�`�g�h�k�l�_�c�� 
�x �ä�É�± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���d���f�g�h�`�_�k�l�\�m���i�j�h�[�e�_�f�� 
�x �ä�Â �± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���d���f�g�h�`�_�k�l�\�m���j�_�r�_�g�b�y�� 
�x �ä�Ö �± �k�l�_�i�_�g�v���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���d���f�g�h�`�_�k�l�\�m���i�h�e�b�l�b�q�_�k�d�b�o���m�k�e�h�\�b�c�� 
�:�]�j�_�]�Z�p�b�y���g�_�q�z�l�d�b�o���i�j�Z�\�b�e 
�>�e�y���d�Z�`�^�h�]�h���i�j�Z�\�b�e�Z���\�u�q�b�k�e�y�_�l�k�y���k�l�_�i�_�g�v���Z�d�l�b�\�Z�p�b�b����t-�g�h�j�f�Z�� 

�Ù�Ü
L �I�E�J�:�ä�É�:�T�;�á�ä�æ�:�U�;�á�ä�Ö�:�V�;�;. 
�A�Z�l�_�f���j�_�a�m�e�v�l�Z�l�u���\�k�_�o���i�j�Z�\�b�e���Z�]�j�_�]�b�j�m�x�l�k�y����s-�g�h�j�f�Z�� 

�ä�ê�:�S�; 
L ���I�=�T�:�Ù�5 �Û�&�5�:�S�;�á�Ù�6 �Û�&�6�:�S�;�á�ä�ä�ä�á�Ù�á�&�á�:�S�;�;, 
�]�^�_��w �± �k�l�_�i�_�g�v���h�l�d�j�u�l�h�k�l�v���h�d�g�Z���\�h�a�f�h�`�g�h�k�l�_�c�� 

�>�_�n�Z�a�a�b�n�b�d�Z�p�b�y 
�Q�l�h�[�u�� �i�h�e�m�q�b�l�v�� �q�z�l�d�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �h�d�g�Z�� �\�h�a�f�h�`�g�h�k�l�_�c���� �g�_�h�[�o�h�^�b�f�h�� �\�u�i�h�e�g�b�l�v 

�^�_�n�Z�a�a�b�n�b�d�Z�p�b�x���j�Z�a�e�b�q�g�u�f�b���f�_�l�h�^�Z�f�b [7]. �G�Z�i�j�b�f�_�j�����f�h�`�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���f�_�l�h�^ �p�_�g�l�j�Z���l�y�`�_�k�l�b��  



 �£�È�Ç�Ñ�Ó�Ñ�Å�� �›�ä�‘�ä, �™�Ñ�Ó�Ñ�Î�È�Å�� �‘�ä�•�ä � �Ó�Ã�Å�Ð�Ë�Õ�È�Î�ß�Ð�Þ�Ì�� �Ã�Ð�Ã�Î�Ë�Ê�� �Ó�Ã�Ê�Î�Ë�Ú�Ð�Þ�Ø�� �Ï�È�Õ�Ñ�Ç�Ñ�Å��
�Ï�Ã�Õ�È�Ï�Ã�Õ�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ�� �Ï�Ñ�Ç�È�Î�Ë�Ó�Ñ�Å�Ã�Ð�Ë�â�� �Ò�Ñ�Î�Ë�Õ�Ë�Ú�È�Ô�Í�Ñ�Ì�� �Ç�Ë�Ð�Ã�Ï�Ë�Í�Ë�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È�� �Õ�È�Ñ�Ó�Ë�Ë��
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�• �Û
L
�ì �• �Û�ä�ê�:�S�;�@�S

�ì �ä�ê�:�S�;�@�S
�á�� 

�]�^�_ �• �Û���± �q�z�l�d�h�_���a�g�Z�q�_�g�b�_���k�l�_�i�_�g�b���h�l�d�j�u�l�h�k�l�b���h�d�g�Z�� 

�H�i�j�_�^�_�e�_�g�b�_���n�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b 

�N�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���^�e�y���i�h�l�h�d�Z���i�j�h�[�e�_�f��P 
�I�m�k�l�v��x �± �k�l�_�i�_�g�v���\�Z�`�g�h�k�l�b���i�j�h�[�e�_�f�u���h�l�������^�h�����������h�i�j�_�^�_�e�b�f���l�j�b���g�_�q�z�l�d�b�o���f�g�h�`�_�k�l�\�Z�� 

�G�b�a�d�Z�y���\�Z�`�g�h�k�l�v�������•�5): 

�ä�•�-
�:�T�; 
L��
]�s
F

�T
�t

�á �r 
Q�T
Q�t�á

�r�á �T
P�t
 

 
�K�j�_�^�g�y�y���\�Z�`�g�h�k�l�v��( �•�6): 

�ä�•�.
�:�T�; 
L

�Õ
�Ö
�Ô

�Ö
�Ó

�T
F�s
�t

�á�Ò�Ó�Ë�������s
Q�T
Q�u

�y
F �T
�t

�á �Ò�Ó�Ë���w
O�T
O�y

�r�á�������Ò�Ó�Ë�����T
P�y
�s�á �Ò�Ó�Ë�����w
O�T
Q�y

 

�<�u�k�h�d�Z�y���\�Z�`�g�h�k�l�v��( �•�7): 

�ä�•�/
�:�T�; 
L 
^

�T
F�x
�t

�á �x
Q�T
Q�z

�r�á �T
Q�x
�s�á �T
P�z

 

�N�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���^�e�y���i�h�l�h�d�Z���j�_�r�_�g�b�c��I  
�I�m�k�l�v��y �± �k�l�_�i�_�g�v���\�Z�`�g�h�k�l�b���i�j�h�[�e�_�f�u���h�l�������^�h�����������h�i�j�_�^�_�e�b�f���l�j�b���g�_�q�z�l�d�b�o���f�g�h�`�_�k�l�\�Z�� 

�G�b�a�d�Z�y���]�h�l�h�\�g�h�k�l�v�������$�5): 

�ä�»�-
�:�U�; 
L��
]�s
F

�U
�u

�á �r 
Q�T
Q�u�á

�r�á �T
P�u�ä
 

�K�j�_�^�g�y�y���]�h�l�h�\�g�h�k�l�v��( �$�6): 

�ä�»�.
�:�U�; 
L

�Õ
�Ö
�Ô

�Ö
�Ó

�U
F�t
�t

�á�Ò�Ó�Ë�������t 
Q�T
Q�v

�z
F �U
�t

�á �Ò�Ó�Ë���x
O�T
Q�z

�r�á�Ò�Ó�Ë�����T
P�z
�s�á�Ò�Ó�Ë�����v
O�T
Q�x

 

�<�u�k�h�d�Z�y���]�h�l�h�\�g�h�k�l�v��( �$�7): 

�ä�»�/
�:�U�; 
L 
^

�U
F�w
�u

�á �w
O�U
Q�z

�r�á �U
Q�w
�s�á �U
P�z

 

 
�N�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���^�e�y���i�h�l�h�d�Z���i�h�e�b�l�b�q�_�k�d�b�o���\�h�a�f�h�`�g�h�k�l�_�c��C 
�I�m�k�l�v��z �± �k�l�_�i�_�g�v�� �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�� �i�h�e�b�l�b�q�_�k�d�b�o�� �\�h�a�f�h�`�g�h�k�l�_�c�� �h�l�� ���� �^�h�� �������� �h�i�j�_�^�_�e�b�f�� �l�j�b��

�g�_�q�z�l�d�b�o���f�g�h�`�_�k�l�\�Z�� 
�G�b�a�d�Z�y���[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v�������%�5): 



 �£�È�Ç�Ñ�Ó�Ñ�Å�� �›�ä�‘�ä, �™�Ñ�Ó�Ñ�Î�È�Å�� �‘�ä�•�ä � �Ó�Ã�Å�Ð�Ë�Õ�È�Î�ß�Ð�Þ�Ì�� �Ã�Ð�Ã�Î�Ë�Ê�� �Ó�Ã�Ê�Î�Ë�Ú�Ð�Þ�Ø�� �Ï�È�Õ�Ñ�Ç�Ñ�Å��
�Ï�Ã�Õ�È�Ï�Ã�Õ�Ë�Ú�È�Ô�Í�Ñ�Æ�Ñ�� �Ï�Ñ�Ç�È�Î�Ë�Ó�Ñ�Å�Ã�Ð�Ë�â�� �Ò�Ñ�Î�Ë�Õ�Ë�Ú�È�Ô�Í�Ñ�Ì�� �Ç�Ë�Ð�Ã�Ï�Ë�Í�Ë�� �Ð�Ã�� �Ñ�Ô�Ð�Ñ�Å�È�� �Õ�È�Ñ�Ó�Ë�Ë��
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�ä�¼�-�:�V�; 
L��
]�s
F
�V
�v

�á �r 
Q�V
Q�v�á

�r�á �V
P�v�ä
 

�K�j�_�^�g�y�y���[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v��( �%�6): 

�ä�¼�. �:�V�; 
L

�Õ
�Ö
�Ô

�Ö
�Ó

�V
F�u
�t

�á�Ò�Ó�Ë�������u
Q�V
Q�w

�{ 
F �V
�t

�á �Ò�Ó�Ë���y
O�V
O�{

�r�á�Ò�Ó�Ë�����V
P�{
�s�á�Ò�Ó�Ë�����w
O�V
Q�y

 

�<�u�k�h�d�Z�y���[�e�Z�]�h�i�j�b�y�l�g�h�k�l�v��( �%�7): 

�ä�¼�/ �:�V�; 
L 
^

�V
F�x
�t

�á �x
O�V
Q�z

�r�á �V
Q�x
�s�á �V
P�z

 

�N�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���^�e�y���k�h�k�l�h�y�g�b�c���h�d�g�Z���\�h�a�f�h�`�g�h�k�l�_�c��W 
�I�m�k�l�v��w �± �k�l�_�i�_�g�v�� �h�l�d�j�u�l�h�k�l�b�� �h�d�g�Z�� �\�h�a�f�h�`�g�h�k�l�_�c�� ���g�Z�i�j�b�f�_�j���� �h�l�� ���� �^�h�� �������� �H�i�j�_�^�_�e�b�f�� �l�j�b��

�g�_�q�z�l�d�b�o���f�g�h�`�_�k�l�\�Z�� 
�H�d�g�h���a�Z�d�j�u�l�h�������&�5): 

�ä�½�-
�:�S�; 
L��
\

�s
F �w�S�á �r 
Q�S 
Q�r�ä�t�á
�r�á �V
P�r�á�t�ä

 

�H�d�g�h���\���k�d�h�j�h�f���\�j�_�f�_�g�b���f�h�`�_�l���h�l�d�j�u�l�v�k�y��( �&�6): 

�ä�½�.
�:�S�; 
L 
^

�w�S�á�Ò�Ó�Ë�������r 
Q�S 
Q�r�ä�t
�s
F �S

�r�ä�v
�á �Ò�Ó�Ë���r�ä�x
O�S 
Q�s

�s�á�Ò�Ó�Ë�����r�ä�t 
O�S 
Q�r�ä�x

 

�H�d�g�h���h�l�d�j�u�l�h��( �&�7): 

�ä�½�/
�:�S�; 
L 
^

�S
F�r�ä�w
�r�ä�u

�á �r�ä�w
O�V
Q�r�ä�z

�r�á �S 
Q�r�ä�w
�s�á �S 
P�r�ä�z

 

�I�j�b�f�_�j 

�J�Z�k�k�f�h�l�j�b�f���i�j�b�f�_�j�����q�l�h�[�u���i�h�g�y�l�v�����d�Z�d���j�Z�[�h�l�Z�_�l���g�Z�r�Z���f�h�^�_�e�v�����I�j�_�^�i�h�e�h�`�b�f�����q�l�h�� 
�x �I�j�h�[�e�_�f�Z���b�f�_�_�l���k�l�_�i�_�g�v���\�Z�`�g�h�k�l�b x=7. 
�x �J�_�r�_�g�b�_���b�f�_�_�l���k�l�_�i�_�g�v���]�h�l�h�\�g�h�k�l�b y=6. 
�x �I�h�e�b�l�b�d�Z���b�f�_�_�l���k�l�_�i�_�g�v���[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b z=8. 
�<�u�q�b�k�e�_�g�b�_���k�l�_�i�_�g�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b�� 
1. �>�e�y���i�h�l�h�d�Z���i�j�h�[�e�_�f�����ä�º�-

�:�y�; = 0, �ä�º�.
�:�y�; 
L �r, �ä�º�/

�:�y�;= 0.5 
2. �>�e�y���i�h�l�h�d�Z���j�_�r�_�g�b�c�� �ä�»�-

�:�x�; 
L �r,   �ä�»�.
�:�x�; 
L �s, �ä�»�/

�:�x�;= 0.33 
3. �>�e�y���i�h�l�h�d�Z���i�h�e�b�l�b�q�_�k�d�b�o���m�k�e�h�\�b�c�����ä�¼�- �:�z�; 
L �r�á�ä�¼�. �:�z�; 
L �r�ä�w, �ä�¼�/ �:�z�;= 1 
�I�j�b�f�_�g�_�g�b�_���g�_�q�z�l�d�b�o���i�j�Z�\�b�e�� 
1. �?�K�E�B �i�j�h�[�e�_�f�Z �©�\�u�k�h�d�h�c �\�Z�`�g�h�k�l�b�ª (�#�7) �B �j�_�r�_�g�b�_ �©�\�u�k�h�d�h�c �]�h�l�h�\�g�h�k�l�b�ª (�$�7) �b 

�i�h�e�b�l�b�d�Z �©�\�u�k�h�d�h�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª (�%�7), �l�h �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�H�l�d�j�u�l�h�ª (�&�7). 
2. �?�K�E�B �i�j�h�[�e�_�f�Z �©�k�j�_�^�g�_�c �\�Z�`�g�h�k�l�b�ª (�#�6) �B �j�_�r�_�g�b�_ �©�k�j�_�^�g�_�c �]�h�l�h�\�g�h�k�l�b�ª (�$�6) �B 

�i�h�e�b�l�b�d�Z �©�k�j�_�^�g�_�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª (�%�6), �L�H �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�k�d�h�j�h �h�l�d�j�h�_�l�k�y�ª (�&�6). 
3. �?�K�E�B �i�j�h�[�e�_�f�Z �©�g�b�a�d�h�c �\�Z�`�g�h�k�l�b�ª (�#�5) �B�E�B �j�_�r�_�g�b�_ �©�g�b�a�d�h�c �]�h�l�h�\�g�h�k�l�b�ª (�$�5) �B�E�B 

�i�h�e�b�l�b�d�Z �©�g�b�a�d�h�c �[�e�Z�]�h�i�j�b�y�l�g�h�k�l�b�ª (�%�5), �L�H �h�d�g�h �\�h�a�f�h�`�g�h�k�l�_�c �©�A�Z�d�j�u�l�h�ª (�&�5). 
�<�u�q�b�k�e�_�g�b�_ �k�l�_�i�_�g�b �Z�d�l�b�\�Z�p�b�b �^�e�y �d�Z�`�^�h�]�h �i�j�Z�\�b�e�Z�� t-�g�h�j�f�u �b s-�g�h�j�f�u�� 
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�Ù�5 
L �•�‹�•�@�ä�º�/
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L �“�•�” �:�r�ä�w�á�r�ä�u�u�á�s�; 
L �r�ä�u�u 

�>�e�y���i�j�Z�\�b�e�Z��2 
�Ù�6 
L �•�‹�•�:�ä�º�.

�:�y�;�á�ä�»�.
�:�x�;�á�ä�¼�. �:�z�;�; 
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L �r 
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�ä�Ð�:�S�; 
L �•�ƒ�š�:�Ù�5 �Û�&�7�:�S�;�á�Ù�6 �Û���&�6�:�S�;�á�Ù�7 �Û�&�5�:�S�;�; 
�I�h�^�k�l�Z�\�e�y�_�f���g�Z�r�b���a�g�Z�q�_�g�b�y�� 

�ä�Ð�:�S�; 
L �•�ƒ�š�:�r�ä�u�u�Û�&�7�:�S�;�á�r �Û���&�6�:�S�;�á�r �Û�&�5�:�S�;�; 
L �r�ä�u�u�Û�&�7�:�S�; 
�>�_�n�Z�a�a�b�n�b�d�Z�p�b�y 
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�L�Z�d���d�Z�d���m���g�Z�k���a�g�Z�q�_�g�b�_���h�l�������^�h�������\�d�e�x�q�b�l�_�e�v�g�h�����l�h���a�g�Z�q�_�g�b�_���• �Û
L 
Ú�����f�Z�d�k�b�f�Z�e�v�g�Z�y���h�l�d�j�u�l�h�k�l�v�� 

�����������F�h�^�_�e�b�j�h�\�Z�g�b�_���g�Z���h�k�g�h�\�_���l�_�h�j�b�b���d�Z�l�Z�k�l�j�h�n 

�>�e�y���Z�g�Z�e�b�a�Z���d�j�b�l�b�q�_�k�d�b�o���i�_�j�_�o�h�^�h�\���i�h�e�b�l�b�q�_�k�d�h�c���k�b�k�l�_�f�u���f�_�`�^�m���d�Z�q�_�k�l�\�_�g�g�h���j�Z�a�e�b�q�g�u�f�b��
�k�h�k�l�h�y�g�b�y�f�b�� ���k�l�Z�[�b�e�v�g�h�k�l�v���± �l�m�j�[�m�e�_�g�l�g�h�k�l�v���� �i�j�b�f�_�g�y�_�l�k�y�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l�� �l�_�h�j�b�b��
�d�Z�l�Z�k�l�j�h�n���� �>�Z�g�g�u�c�� �f�_�l�h�^�� �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �i�h�\�_�^�_�g�b�_�� �g�_�e�b�g�_�c�g�u�o�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �k�b�k�l�_�f���� �\��
�d�h�l�h�j�u�o���i�e�Z�\�g�h�_���b�a�f�_�g�_�g�b�_���m�i�j�Z�\�e�y�x�s�b�o���i�Z�j�Z�f�_�l�j�h�\���f�h�`�_�l���\�u�a�u�\�Z�l�v���k�d�Z�q�d�h�h�[�j�Z�a�g�u�_���b�a�f�_�g�_�g�b�y��
�k�h�k�l�h�y�g�b�y���k�b�k�l�_�f�u�����d�Z�l�Z�k�l�j�h�n�u�������>���@ 

�������������L�_�h�j�_�l�b�d�h-�d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�Z�y���b�g�l�_�j�i�j�_�l�Z�p�b�y���f�h�^�_�e�b  

�<�� �d�h�g�l�_�d�k�l�_�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �©�h�d�g�h�� �\�h�a�f�h�`�g�h�k�l�_�c�ª�� �b�^�_�g�l�b�n�b�p�b�j�m�_�l�k�y�� �d�Z�d�� �l�h�q�d�Z��
�[�b�n�m�j�d�Z�p�b�b���� �l�h�� �_�k�l�v�� �f�h�f�_�g�l�Z�� �i�h�l�_�j�b�� �k�b�k�l�_�f�h�c�� �k�l�j�m�d�l�m�j�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b���� �d�h�]�^�Z�� �_�z�� �^�Z�e�v�g�_�c�r�Z�y��
�w�\�h�e�x�p�b�y�� �k�l�Z�g�h�\�b�l�k�y�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �g�_�h�^�g�h�a�g�Z�q�g�h�c���� �K�b�g�_�j�]�_�l�b�q�_�k�d�b�c�� �i�h�^�o�h�^�� �i�h�a�\�h�e�y�_�l��
�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v�� �i�h�e�b�l�b�q�_�k�d�m�x�� �k�b�k�l�_�f�m�� �d�Z�d�� �g�_�e�b�g�_�c�g�m�x�� �k�j�_�^�m���� �]�^�_�� �f�Z�e�u�_�� �\�h�a�^�_�c�k�l�\�b�y�� �\��
�h�d�j�_�k�l�g�h�k�l�b�� �l�h�q�_�d�� �[�b�n�m�j�d�Z�p�b�b�� �f�h�]�m�l�� �i�j�b�\�_�k�l�b�� �d�� �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�f�� �i�h�k�e�_�^�k�l�\�b�y�f�� ���Z�l�l�j�Z�d�l�h�j�Z�f��
�j�Z�a�\�b�l�b�y���� [5,8] 

�D�Z�l�Z�k�l�j�h�n�Z���± �j�_�a�d�h�_�� �b�a�f�_�g�_�g�b�_�� �k�h�k�l�h�y�g�b�y�� �k�b�k�l�_�f�u���� �\�u�a�\�Z�g�g�h�_�� �i�e�Z�\�g�u�f�� �b�a�f�_�g�_�g�b�_�f��
�g�_�d�h�l�h�j�u�o���i�Z�j�Z�f�_�l�j�h�\���k�b�k�l�_�f�u�� 

�;�b�n�m�j�d�Z�p�b�y���± �l�h�q�d�Z�����\���d�h�l�h�j�h�c���k�b�k�l�_�f�Z���i�_�j�_�o�h�^�b�l���b�a���h�^�g�h�]�h���k�h�k�l�h�y�g�b�_���\���^�j�m�]�h�_�� 
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�I�h�l�_�g�p�b�Z�e�v�g�Z�y�� �n�m�g�d�p�b�y���± �w�l�h�� �n�m�g�d�p�b�y���� �d�h�l�h�j�Z�y�� �h�i�b�k�u�\�Z�_�l�� �b�a�f�_�g�_�g�b�_�� �k�b�k�l�_�f�u���� 

�;�b�n�m�j�d�Z�p�b�y���± �w�l�h���l�h�q�d�b�����\���d�h�l�h�j�u�o���i�h�l�_�g�p�b�Z�e�v�g�Z�y���n�m�g�d�p�b�y���b�f�_�_�l���h�k�h�[�_�g�g�h�k�l�b���± �w�d�k�l�j�_�f�m�f�u���b�e�b��
�j�Z�a�j�u�\�u���� 

�<�� �l�_�j�f�b�g�Z�o�� �l�_�h�j�b�b�� �d�Z�l�Z�k�l�j�h�n���� �l�h�q�d�Z�� �[�b�n�m�j�d�Z�p�b�b�� �\�� �f�g�h�]�h�i�h�l�h�q�g�h�c�� �k�b�k�l�_�f�_�� �D�b�g�]�^�h�g�Z �± �w�l�h��
�h�d�g�h�� �\�h�a�f�h�`�g�h�k�l�_�c���� �� �;�e�Z�]�h�^�Z�j�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �^�Z�g�g�u�f�� �f�_�l�h�^�h�f�� �f�u�� �k�f�h�`�_�f�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v��
�l�Z�d�b�_�� �l�h�q�d�b���� �]�^�_�� �g�_�[�h�e�v�r�b�_�� �b�a�f�_�g�_�g�b�y�� �\�� �i�Z�j�Z�f�_�l�j�Z�o�� �i�j�b�\�h�^�y�l�� �d�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �b�a�f�_�g�_�g�b�y�f�� �\��
�k�b�k�l�_�f�_���\���p�_�e�h�f�����W�l�b���h�d�g�Z���f�h�]�m�l���[�u�l�v���b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�u���d�Z�d���d�Z�l�Z�k�l�j�h�n�u�����]�^�_���k�b�k�l�_�f�Z���i�_�j�_�o�h�^�b�l���b�a��
�h�^�g�h�]�h���k�h�k�l�h�y�g�b�y�����k�l�Z�[�b�e�v�g�h�k�l�v�����\���^�j�m�]�h�_�����l�m�j�[�m�e�_�g�l�g�h�k�l�v���� 

�������������N�h�j�f�Z�e�v�g�Z�y���i�Z�j�Z�f�_�l�j�b�a�Z�p�b�y���f�h�^�_�e�b 

�I�h�\�_�^�_�g�b�_�� �k�b�k�l�_�f�u�� �h�i�b�k�u�\�Z�_�l�k�y�� �g�Z�[�h�j�h�f�� �m�i�j�Z�\�e�y�x�s�b�o�� ���\�g�_�r�g�b�o���� �i�Z�j�Z�f�_�l�j�h�\����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�h�l�h�d�Z�f�� �D�b�g�]�^�h�g�Z���� �b�� �h�^�g�h�c�� �n�Z�a�h�\�h�c�� �i�_�j�_�f�_�g�g�h�c���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�c�� �k�h�k�l�h�y�g�b�_��
�k�b�k�l�_�f�u�� 

�H�i�j�_�^�_�e�_�g�b�_���i�Z�j�Z�f�_�l�j�h�\���k�b�k�l�_�f�u: 
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Abstract 
The article examines the application of regression methods (linear and polynomial regression) for 
predicting technological parameters in the oil and gas industry. The relevance of the study stems 
from the need for accurate forecasting tools that help optimize the control of oil refining units and 
reduce the risks of deviations from standard operating modes. 
The research methodology includes the analysis of historical data. The practical implementation 
was carried out using web technologies. The software architecture follows a client server approach, 
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As a result, mathematical models were developed for three key parameters of oil refining, an 
interactive web platform with graphs was implemented, and the feasibility of integrating the 
solutions into an industrial environment based on a domestic operating system was confirmed. It is 
concluded that linear and polynomial regression are effective tools for analyzing historical data and 
predicting technological parameters. The research results provide clarity, cross platform 
compatibility, and reliability, making the solution promising for implementation in oil refining 
production processes. 
Keywords: linear regression; polynomial regression; technological parameter forecasting; oil and 
gas industry; mathematical model; client server architecture; data visualization; charting library 
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�i�j�b�a�g�Z�d�h�\�� �g�_�k�d�h�e�v�d�h�� ���[�v���� �[�w�� �b�� �l���^�������� �l�h�� �i�h�f�b�f�h�� �k�l�_�i�_�g�_�c�� �d�Z�`�^�h�]�h�� �i�j�b�a�g�Z�d�Z���� �^�h�[�Z�\�e�y�x�l�� �b�o��
�i�_�j�_�d�j�z�k�l�g�u�_���i�j�h�b�a�\�_�^�_�g�b�y�����\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� [9-11].   

�H�l�e�b�q�b�_���h�l���e�b�g�_�c�g�h�c���f�h�^�_�e�b���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h �\�f�_�k�l�h���i�j�y�f�h�c���e�b�g�b�b�����d�h�l�h�j�Z�y���f�h�`�_�l��
�i�e�h�o�h�� �i�j�h�o�h�^�b�l�v�� �q�_�j�_�a�� �h�[�e�Z�d�h�� �l�h�q�_�d���� �i�h�e�b�g�h�f�b�Z�e�v�g�Z�y�� �j�_�]�j�_�k�k�b�y�� �k�l�j�h�b�l�� �d�j�b�\�m�x���� �d�h�l�h�j�Z�y�� �e�m�q�r�_��
�h�i�b�k�u�\�Z�_�l���^�Z�g�g�u�_��   
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�]�^�_���U �± �a�Z�\�b�k�b�f�Z�y �i�_�j�_�f�_�g�g�Z�y�����>�‹�á�>�Œ, ���>�•, �>�Ž, �>�:�������± �d�h�w�n�n�b�p�b�_�g�l�u �i�h�e�b�g�h�f�Z;���T�����± �g�_�a�Z�\�b�k�b�f�Z�y��
�i�_�j�_�f�_�g�g�Z�y�����š�~,���š�•,�« ,���š�’���×�± �k�l�_�i�_�g�b���i�j�b�a�g�Z�d�Z �T, �B���± �h�r�b�[�d�Z���f�h�^�_�e�b�����J���± �k�l�_�i�_�g�v���i�h�e�b�g�h�f�Z�� 

�?�k�e�b�� �i�j�b�a�g�Z�d�h�\�� �g�_�k�d�h�e�v�d�h���� �l�h�� �i�h�f�b�f�h�� �k�l�_�i�_�g�_�c�� �d�Z�`�^�h�]�h�� �i�j�b�a�g�Z�d�Z���� �^�h�[�Z�\�e�y�x�l�� �b�o��
�i�_�j�_�d�j�z�k�l�g�u�_���i�j�h�b�a�\�_�^�_�g�b�y�����\�i�e�h�l�v���^�h���k�m�f�f�Z�j�g�h�c���k�l�_�i�_�g�b���Q���� 

�G�h�� �k�Z�f�� �f�_�l�h�^�� �j�_�]�j�_�k�k�b�b�� �g�_�� �f�_�g�y�_�l�k�y���� �Z�� �i�j�_�h�[�j�Z�a�m�x�l�k�y�� �\�o�h�^�g�u�_�� �^�Z�g�g�u�_���� �<�f�_�k�l�h�� �h�^�g�h�]�h��
�i�j�b�a�g�Z�d�Z���T �k�h�a�^�Z�x�l�� �g�Z�[�h�j�� �i�j�b�a�g�Z�d�h�\�����š�~,���š�•,�« ,���š�’��. �A�Z�l�_�f�� �h�[�m�q�Z�x�l�� �h�[�u�q�g�m�x�� �e�b�g�_�c�g�m�x��
�j�_�]�j�_�k�k�b�x �g�Z�� �w�l�h�f�� �g�h�\�h�f���� �j�Z�k�r�b�j�_�g�g�h�f�� �g�Z�[�h�j�_�� �i�j�b�a�g�Z�d�h�\���� �F�h�^�_�e�v�� �b�s�_�l�� �h�i�l�b�f�Z�e�v�g�u�_��
�d�h�w�n�n�b�p�b�_�g�l�u���^�e�y���w�l�h�c���©�e�b�g�_�c�g�h�c�ª���d�h�f�[�b�g�Z�p�b�b���b�k�o�h�^�g�h�]�h���i�j�b�a�g�Z�d�Z���b���_�]�h���k�l�_�i�_�g�_�c��  

�K���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���e�b�g�_�c�g�h�c���j�_�]�j�_�k�k�b�b���[�u�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u���b�k�l�h�j�b�q�_�k�d�b�_���^�Z�g�g�u�_���b���g�Z���_�_��
�h�k�g�h�\�_�� �j�Z�k�k�q�b�l�Z�g�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y�� �f�h�^�_�e�v�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\����
�g�Z�i�j�b�f�_�j�� �]�e�m�[�b�g�Z�� �i�j�h�g�b�d�Z�g�b�y�� �b�]�e�u���� �l�_�f�i�_�j�Z�l�m�j�u�� �j�Z�a�f�y�]�q�_�g�b�y�� �b�� �b�a�f�_�g�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u��
�j�Z�a�f�y�]�q�_�g�b�y�� �i�h�k�e�_�� �k�l�Z�j�_�g�b�y���� �J�Z�k�q�_�l�u�� �i�h�� �j�Z�g�_�_�� �k�n�h�j�f�b�j�h�\�Z�g�g�h�c�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b 
���j�b�k�m�g�h�d 1-4)���� �d�h�l�h�j�Z�y�� �[�u�e�Z�� �\�u�\�_�^�_�g�Z�� �[�e�Z�]�h�^�Z�j�y�� �j�_�]�j�_�k�k�b�h�g�g�h�f�m�� �Z�g�Z�e�b�a�m�� �^�Z�g�g�u�o�� �\�� �\�_�[-
�i�j�b�e�h�`�_�g�b�b, �f�h�`�g�h���j�_�Z�e�b�a�h�\�Z�l�v���g�Z���y�a�u�d�_���i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y��JavaScript.  

 

 
�J�b�k����1. �I�j�h�]�j�Z�f�f�g�u�c���d�h�^ �j�_�Z�e�b�a�Z�p�b�b���j�Z�k�q�_�l�Z���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\ 

Fig. 1. Program code of the implementation of the calculation of technological parameters 
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�h�k�g�h�\�Z�g�Z���g�Z���f�_�l�h�^�_���e�b�g�_�c�g�h�c���j�_�]�j�_�k�k�b�b�����[�u�e�Z���k�h�k�l�Z�\�e�_�g�Z���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
 

 
�J�b�k�������� �<�\�h�^���n�h�j�f�m�e�u���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c���f�h�^�_�e�b���^�e�y���j�Z�k�q�_�l�Z���]�e�m�[�b�g�u���i�j�h�g�b�d�Z�g�b�y���b�]�e�u 

Fig. 2. Entering the formula of the mathematical model for calculating the depth of needle penetration 
 

�]�^�_���I  �± �i�j�_�^�k�d�Z�a�u�\�Z�_�f�Z�y�� �i�_�j�_�f�_�g�g�Z�y�� 35.31 �± �k�\�h�[�h�^�g�u�c�� �q�e�_�g�����r�ä�s�x�t�v�v�á�r�ä�r�x�v�t�t�á
�r�ä�r�s�{�v�{�á�r�ä�r�t�s�s�t�á�r�ä�s�r�t�z�t �± �d�h�w�n�n�b�p�b�_�g�l�u�� �j�_�]�j�_�k�k�b�b�� �(�Æ�á�(�Ä�á�¡�Í�Ë�Û�Ä�á�‘ �á�¡�Å�Ô�á�¡�Í�Ë�Û�Æ �± �g�_�a�Z�\�b�k�b�f�u�_��
�i�_�j�_�f�_�g�g�u�_�����_�^�b�g�b�p�u���b�a�f�_�j�_�g�b�y��. 

 
�L�_�o�g�h�e�h�]�b�q�_�k�d�b�c���i�Z�j�Z�f�_�l�j���l�_�f�i�_�j�Z�l�m�j�u���j�Z�a�f�y�]�q�_�g�b�y���[�u�e�Z���k�h�k�l�Z�\�e�_�g�Z���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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Fig. 3. Entering the formula of the mathematical model for calculating the softening temperature 
 

�]�^�_���6�Í�Ë�Û �± �i�j�_�^�k�d�Z�a�u�\�Z�_�f�Z�y�� �i�_�j�_�f�_�g�g�Z�y�����u�x�ä�x�t�{�r�z���± �k�\�h�[�h�^�g�u�c�� �q�e�_�g�����r�ä�z�x�y�w�t�á�r�ä�u�z�y�{�w�w�á
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F �d�h�w�n�n�b�p�b�_�g�l�u���j�_�]�j�_�k�k�b�b�� ���(�C�á�(�>�á�6�Í�Ë�Û�Ä�á�2�>�á�6�R�O�L �± �g�_�a�Z�\�b�k�b�f�u�_��
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�L�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �i�Z�j�Z�f�_�l�j�� �b�a�f�_�g�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �j�Z�a�f�y�]�q�_�g�b�y�� �i�h�k�e�_�� �k�l�Z�j�_�g�b�y�� �[�u�e�Z��
�k�h�k�l�Z�\�e�_�g�Z���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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Fig. 4. Entering the formula of the mathematical model for calculating the change in softening 
temperature after aging 

 
�]�^�_������  �± �i�j�_�^�k�d�Z�a�u�\�Z�_�f�Z�y�� �i�_�j�_�f�_�g�g�Z�y�����r�ä�x�z�v�r�y�r �± �k�\�h�[�h�^�g�u�c�� �q�e�_�g�����r�ä�x�z�v�r�y�r�á�r�ä�r�y�x�w�u�u�á
�r�ä�r�s�z�x�y�t�á�r�ä�s�t�u�w�t�s �± �d�h�w�n�n�b�p�b�_�g�l�u���j�_�]�j�_�k�k�b�b�� ���¡�Í�Ë�Û�Ä�á�ž�Ä���á���� �Ä �± �g�_�a�Z�\�b�k�b�f�u�_���i�_�j�_�f�_�g�g�u�_�� 

�N�j�h�g�l�_�g�^-�q�Z�k�l�v���� �h�l�\�_�q�Z�x�s�Z�y�� �a�Z�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�l�_�j�n�_�c�k���� �f�h�`�_�l�� �[�u�l�v�� �i�h�k�l�j�h�_�g�Z�� �g�Z��
�k�l�Z�g�^�Z�j�l�g�u�o���b���k�h�\�j�_�f�_�g�g�u�o���l�_�o�g�h�e�h�]�b�y�o���+�7�0�/�������&�6�6�����b���-�D�Y�D�6�F�U�L�S�W [12�@�����<�Z�`�g�u�f���i�j�_�b�f�m�s�_�k�l�\�h�f��
�j�Z�a�j�Z�[�h�l�d�b�� �d�e�b�_�g�l�k�d�h�c�� �q�Z�k�l�b�� �g�Z�� �-�D�Y�D�6�F�U�L�S�W�� �y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �k�\�h�[�h�^�g�h�c�� �b�g�l�_�]�j�Z�p�b�b��
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �[�b�[�e�b�h�l�_�d�� �^�e�y�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �^�Z�g�g�u�o���� �I�j�b�f�_�j�h�f�� �l�Z�d�b�o�� �[�b�[�e�b�h�l�_�d�� �k�e�m�`�b�l��
�&�K�D�U�W���M�V���� �d�h�l�h�j�Z�y�� �i�j�_�^�h�k�l�Z�\�e�y�_�l�� �]�h�l�h�\�u�_�� �b�e�b�� �g�Z�k�l�j�Z�b�\�Z�_�f�u�_�� �l�b�i�u �^�b�Z�]�j�Z�f�f���� �l�Z�d�b�_�� �d�Z�d�� �e�b�g�_�c�g�u�_��
�]�j�Z�n�b�d�b�����k�l�h�e�[�q�Z�l�u�_���b���d�j�m�]�h�\�u�_���^�b�Z�]�j�Z�f�f�u [13�@�����W�l�Z���[�b�[�e�b�h�l�_�d�Z���e�_�]�d�h���i�h�^�d�e�x�q�Z�_�l�k�y���d���i�j�h�_�d�l�m���b��
�i�h�a�\�h�e�y�_�l�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �h�l�h�[�j�Z�`�Z�l�v�� �^�b�g�Z�f�b�d�m�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\���� �l�j�_�g�^�u�� �b��
�j�_�a�m�e�v�l�Z�l�u�� �i�j�h�]�g�h�a�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �h�[�_�k�i�_�q�b�\�Z�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c�� �i�_�j�k�h�g�Z�e�� �b�g�l�m�b�l�b�\�g�h��
�i�h�g�y�l�g�u�f�� �b���b�g�n�h�j�f�Z�l�b�\�g�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y���Z�g�Z�e�b�a�Z���� �I�j�b�g�p�b�i�� �i�h�^�d�e�x�q�_�g�b�y���l�Z�d�b�o���[�b�[�e�b�h�l�_�d��
�y�\�e�y�_�l�k�y���m�g�b�\�_�j�k�Z�e�v�g�u�f���b���i�h�e�g�h�k�l�v�x���i�_�j�_�g�h�k�b�f�u�f���g�Z���J�?�>���H�K�����q�l�h���h�l�d�j�u�\�Z�_�l���^�h�k�l�m�i���d���[�h�e�v�r�h�c��
�w�d�h�k�b�k�l�_�f�_���-�D�Y�D�6�F�U�L�S�W���[�_�a���d�Z�d�b�o-�e�b�[�h���h�]�j�Z�g�b�q�_�g�b�c�����k�\�y�a�Z�g�g�u�o���k���h�i�_�j�Z�p�b�h�g�g�h�c���k�b�k�l�_�f�h�c [14]. 
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�i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�l�_�j�n�_�c�k���� �Z�� �l�Z�d�`�_�� �i�h�k�e�_�� �j�Z�k�q�_�l�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �[�m�^�m�l�� �i�h�d�Z�a�Z�g�u�� �]�j�Z�n�b�d�b 
���j�b�k�m�g�h�d 5-7)���� �d�h�l�h�j�u�_�� �k�� �i�h�f�h�s�v�x�� �\�g�_�^�j�_�g�b�y�� �[�b�[�e�b�h�l�_�d�b�� �k�l�j�h�y�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c��
�f�h�^�_�e�b�� 

 




















































































































































































































































	сод. ИТ вып 11_1


  P  ( x )


   А  i ,     B  i ,     C  i  


  x ²


    x ³


    x ⁿ  


  x


  ε  


  n  


  x


  x ²


    x ³


    x ⁿ  


    D  i  


    0 . 16244 ,     0 . 06422 ,     0 . 01949 ,   0 . 02112 ,   0 . 10282


    F г ,     F б ,    Т  к и ш б ,   В ,    Т  в с ,    Т  к и ш г


    T  к и ш


  36 . 62908  


    0 . 86752 ,     0 . 387955 ,     0 . 82036 ,   0 . 49064 ,   0 . 09777 −


    F g ,     F b ,     T к и ш б ,     P b ,     T v s p


  DT


    0 . 684070


    0 . 684070 ,     0 . 076533 ,     0 . 018672 ,     0 . 123521


      Т  к и ш б ,    П б   ,    DT б


    𝜇  W


  X =   ⋃  i = 1  m      { x  i }  (   f  i )


      { x  i }  (   f  i )


  N =   ∑  i = 1  m    f  i


    k  i = r o u n d  (   p  i ∗ M )


  X =   ⋃  i = 1  m      { x  i }  (   k  i )


    f  − 1 ( y )


    y  j


    x  1 j =   f 1  − 1  (   y  j ) ,


    x  2 j =   f 2  − 1  (   y  j )


    {  (   y  k ,     x  k ) }  k = 1  N


    𝜇  P


    x = f  − 1  ( y )


  x =   f  − 1 ( y )     {         x  i ,                                 y ≤   y  i        x  i +     x  i + 1 −   x  i    y  i + 1 −   y  i ⋅ ( y −   y  i ) ,     y  i < y  <    y  i + 1          x  N ,                                y ≥   y  N


     min  𝒲 ⁡   1  N   ∑  i = 1  N  d  ( 𝛷  (   x  i , 𝒲 ) , c ) + 𝛼 f  ( 𝒲 ) ,


    x  i


  𝛷 (   x  i ,   𝒲 )


  d ( · , · )


  f ( 𝒲 )


    f ^


  f


  ℋ


    𝜇  I


  f


  ℋ


  ℋ


    f ^


    f ^


  f ( h )


  f ( x )


  H ⊂   R  d


  d


  x ∗


    𝜇  c


    x ∗ =   a r g  min  x ∈ ℋ ⁡  f ( x )


  f ( x )


    S  t ( x ) =   𝜇  t ( x ) − 𝜅   𝜎  t ( x )                                                                                                         ( 2 )


    𝜇  t ( x )


  t ,   а     𝜎  t ( x )


    f ^


  f


  ℋ


    𝛼  i = m i n (   𝜇  P  ( x ) ,   𝜇  s  ( y ) ,   𝜇  c  ( z ) )


    𝜇  w  ( w ) =   m a x (   𝛼 1 ∗   D 1 ( w ) ,   𝛼 2 ∗   D 2 ( w ) , . . . ,     𝛼  n D  n ( w ) )


    𝒘 ∗ =    ∫  𝒘 ∗   𝜇  w ( w ) d w   ∫    𝜇  w ( w ) d w ,  


    𝒘 ∗  


  I  ( y ) ,  


   А 1


    𝜇   А 1  ( x ) =    {    1 −   x 2 ,     0 ≤ x ≤ 2 ,   0 ,      x > 2


   А 2


    𝜇   А 2  ( x ) =  {         x − 1 2 ,   п р и       1 ≤ x ≤ 3     7 − x 2 ,     п р и   5 < x < 7   0 ,       п р и     x > 7   1 ,     п р и     5 < x ≤ 7


   А 3


    𝜇   А 3  ( x ) =  {         x − 6 2 ,      6 ≤ x ≤ 8   0 ,     x ≤ 6   1 ,     x > 8


    B 1


    𝜇    B 1  ( y ) =    {    1 −   y 3 ,     0 ≤ x ≤ 3 ,   0 ,      x > 3 .


    B 2


    𝜇    B 2  ( y ) =  {         y − 2 2 ,   п р и       2 ≤ x ≤ 4     8 − y 2 ,     п р и   6 < x ≤ 8   0 ,   п р и     x > 8   1 ,   п р и     4 < x ≤ 6


  C  ( z )


    B 3


    𝜇    B 3  ( y ) =  {         y − 5 3 ,      5 < y ≤ 8   0 ,     y ≤ 5   1 ,     y > 8


    C 1


    𝜇    C 1  ( z ) =    {    1 −   z 4 ,     0 ≤ z ≤ 4 ,   0 ,      z > 4 .


    C 2


    𝜇    C 2  ( z ) =  {         z − 3 2 ,   п р и       3 ≤ z ≤ 5     9 − z 2 ,     п р и   7 < z < 9   0 ,   п р и     z > 9   1 ,   п р и     5 < z ≤ 7


    C 3


    𝜇    C 3  ( z ) =  {         z − 6 2 ,      6 < z ≤ 8   0 ,     z ≤ 6   1 ,     z > 8


    D 1


    𝜇    D 1  ( w ) =    {    1 − 5 w ,     0 ≤ w ≤ 0 . 2 ,   0 ,      z > 0 , 2 .


  D  ( w ) − с о с т о я н и е   о к н а   в о з м о ж н о с т е й .


    D 2


    𝜇    D 2  ( w ) =  {       5 w ,   п р и       0 ≤ w ≤ 0 . 2     1 − w  0 . 4 ,     п р и   0 . 6 < w ≤ 1   1 ,   п р и     0 . 2 < w ≤ 0 . 6


    D 3


    𝜇    D 3  ( w ) =  {         w − 0 . 5  0 . 3 ,      0 . 5 < z ≤ 0 . 8   0 ,     w ≤ 0 . 5   1 ,     w > 0 . 8


    𝜇    A 1  ( 7 )


    𝜇    A 2  ( 7 ) = 0


    𝜇    A 3  ( 7 )


    𝜇    B 1  ( 6 ) = 0


    𝜇    B 2  ( 6 ) = 1


    𝜇    B 3  ( 6 )


    𝜇  P  ( x )


      𝜇    C 1  ( 8 ) = 0 ,     𝜇    C 2  ( 8 ) = 0 . 5


    𝜇    C 3  ( 8 )


    A 3


    B 3


    C 3


    D 3


    A 2


    B 2


    C 2


    D 2


    𝜇  I  ( y )


    A 1


    B 1


    C 1


    D 1


    𝛼 1 =  min ⁡   (   𝜇    A 3  ( 7 ) ,   𝜇    B 3  ( 6 ) ,   𝜇    C 3  ( 8 ) ) = 𝒎 𝒊 𝒏  ( 0 . 5 , 0 . 33 , 1 ) = 0 . 33


    𝛼 2 = min ⁡ (   𝜇    A 2  ( 7 ) ,   𝜇    B 2  ( 6 ) ,   𝜇    C 2  ( 8 ) ) = 𝒎 𝒊 𝒏 ( 0 , 1 , 0 . 5 ) = 0


    𝛼 3 = m a   x ⁡   (   𝜇    A 1  ( 7 ) ,   𝜇    B 1  ( 6 ) ,   𝜇    C 1  ( 8 ) ) = 𝒎 𝒂 𝒙 ( 0 , 0 , 0 ) = 0


    𝜇  W  ( w ) =  max ⁡  (   𝛼 1 ∗   D 3  ( w ) ,   𝛼 2 ∗     D 2  ( w ) ,   𝛼 3 ∗   D 1  ( w ) )


    𝜇  W  ( w ) =  max ⁡  ( 0 . 33 ∗   D 3  ( w ) , 0 ∗     D 2  ( w ) , 0 ∗   D 1  ( w ) ) = 0 . 33 ∗   D 3  ( w )


    D 3  


    𝜇  c  ( z )


    𝜇    D 3  ( w ) =  {         w − 0 . 5  0 . 3 ,      0 . 5 < z ≤ 0 . 8   0 ,     w ≤ 0 . 5   1 ,     w > 0 . 8


    𝜇  W  ( w ) = 0 . 33 ∗   D 3  ( w )


    𝜇    D 3  ( w ) =  { 0 . 33 ∗           w − 0 . 5  0 . 3 ,      0 . 5 < z ≤ 0 . 8   0 ,     w ≤ 0 . 5   0 . 33 ,     w > 0 . 8


    𝒘 ∗ =     ∫  0 . 5  0 . 8  w ∗ 0 . 33 ∗   w − 0 . 5  0 . 3 d w +   ∫  0 . 8 1  w ∗ 0 . 33 d w    ∫  0 . 5  0 . 8  0 . 33 ∗   w − 0 . 5  0 . 3 d w +   ∫  0 . 8 1  0 . 33 d w =   0 . 2243  0 . 1155 ≈ 1 . 94


    𝒘 ∗ = 𝟏


  V  ( x , y , z ) = a   x 2 + b   y 2 + c   z 2 + d x y + e x z + f y z ,


  a , b , c , d , e , f   −


  V  ( x ) =  1 4   x 4 −    1 2   a x 2 −   b x


    p  c


    p  c  


    𝜇  D ( w )


    p  c  


    p  c


    p  c


    p  c


  y = b 0 ​ + b 1 ​ ⋅ x 1 ​ + b 2 ​ ⋅ x 2 ​ + . . . + b n ​ ⋅ x n


    y


    b 0


    b 1


  b 2


  b n  


    R  i : Е С Л И     𝜇  P  ( x ) =  А  i   И       𝜇  I  ( y ) =   B  i   И     𝜇  c  ( z ) =    С  i   Т О     𝜇  W =     D  i  


    x 1


  x 2


  x n


  y   =   β ₀   +   β ₁ x   +   β ₂ x ²   +   β ₃ x ³   +   . . .   +   β ₙ x ⁿ   +   ε .


    y


    β ₀ , β ₁


    β ₂


  β ₃


  β ₙ      


    x    

