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�J�Z�[�h�l�Z�� �i�h�k�\�y�s�_�g�Z�� �h�p�_�g�d�_�� �l�h�q�g�h�k�l�b �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª��

�\���i�h�\�_�j�o�g�h�k�l�g�h�f���]�h�j�b�a�h�g�l�_�� �x�]�h-�\�h�k�l�h�q�g�h�c���q�Z�k�l�b���;�Z�e�l�b�c�k�d�h�]�h���f�h�j�y���i�h�� �k�i�m�l�g�b�d�h��
�\�u�f�� �^�Z�g�g�u�f�� �\�b�^�b�f�h�]�h�� �^�b�Z�i�Z�a�h�g�Z���� �I�j�h�\�_�^�_�g�h�� �k�h�i�h�k�l�Z�\�e�_�g�b�_�� �\�_�e�b�q�b�g�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª���� �k�h�[�j�Z�g�g�u�o �\�� �f�h�j�k�d�b�o�� �w�d�k�i�_�^�b�p�b�y�o�� ���������� �]�� �b�� �j�Z�k�k�q�b�l�Z�g�g�u�o��
�i�h�� �^�Z�g�g�u�f�� �g�h�\�_�c�r�b�o�� �k�i�m�l�g�b�d�h�\�u�o�� �j�Z�^�b�h�f�_�l�j�h�\: VIIRS, �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �g�Z�� �k�i�m�l��
�g�b�d�Z�o�� �6�X�R�P�L-�1�3�3�� �b�� �1�2�$�$-�������� �b��OLCI �± �g�Z��SENTINEL-3A �b�� ��B���� �K�j�Z�\�g�_�g�b�_�� �l�j�Z��
�^�b�p�b�h�g�g�u�o���k�m�^�h�\�u�o���b���k�h�\�j�_�f�_�g�g�u�o���^�Z�g�g�u�o���^�b�k�l�Z�g�p�b�h�g�g�h�]�h���a�h�g�^�b�j�h�\�Z�g�b�y���i�h�a�\�h��
�e�b�e�h�� �j�Z�k�k�q�b�l�Z�l�v�� �h�r�b�[�d�b�� �\�u�q�b�k�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �k�l�Z�g�^�Z�j�l�g�u��
�f�b���Z�e�]�h�j�b�l�f�Z�f�b���h�[�j�Z�[�h�l�d�b����OCI �^�e�y���^�Z�g�g�u�o��VIIRS �b���Z�e�]�h�j�b�l�f��c �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�g�_�c�j�h�g�g�h�c���k�_�l�b���± �^�e�y��  OLCI�����<�_�j�b�n�b�d�Z�p�b�y���k�i�m�l�g�b�d�h�\�u�o���a�g�Z�q�_�g�b�c�����h�[�j�Z�[�h�l�Z�g�g�u�o��
�k�l�Z�g�^�Z�j�l�g�u�f�b���Z�e�]�h�j�b�l�f�Z�f�b���j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���� �i�h�d�Z�a�Z�e�Z���k�e�Z��
�[�m�x���k�\�y�a�v���k���g�Z�l�m�j�g�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b���b���k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���h�r�b�[�d�b���� �^�e�y���Z�e�]�h�j�b�l�f�Z��
OCI �d�h�w�n�n�b�p�b�_�g�l�� �^�_�l�_�j�f�b�g�Z�p�b�b�� �j�Z�\�_�g�� �������� �b�� �h�r�b�[�d�Z�� �j�_�]�j�_�k�k�b�b�� �k�h�k�l�Z�\�e�y�_�l        
���������� �f�]���f3 �i�h�� �^�Z�g�g�u�f�� �j�Z�^�b�h�f�_�l�j�Z��VIIRS���� �^�e�y�� �Z�e�]�h�j�b�l�f�Z��c �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �d�h�w�n�n�b�p�b�_�g�l�� �^�_�l�_�j�f�b�g�Z�p�b�b�� �j�Z�\�_�g�� ���������� �b�� �h�r�b�[�d�Z�� �j�_�]�j�_�k�k�b�b�� �k�h��
�k�l�Z�\�e�y�_�l�������������f�]���f3 �i�h����OLCI�����I�j�_�^�e�h�`�_�g�Z���d�h�j�j�_�d�p�b�y���k�l�Z�g�^�Z�j�l�g�u�o���Z�e�]�h�j�b�l�f�h�\���i�h��
�k�j�_�^�k�l�\�h�f�� �m�j�Z�\�g�_�g�b�c���j�_�]�j�_�k�k�b�b���� �h�[�_�k�i�_�q�b�\�r�b�o���g�Z�b�f�_�g�v�r�b�_���i�h�]�j�_�r�g�h�k�l�b���\�u�q�b�k��
�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �\�� �Z�d�\�Z�l�h�j�b�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�� �k�i�m�l�g�b�d�h�\�u�f��
�^�Z�g�g�u�f�� �b���i�h�a�\�h�e�b�\�r�b�o�� �m�e�m�q�r�b�l�v�� �k�l�_�i�_�g�v�� �k�\�y�a�b�� �f�_�`�^�m�� �k�m�^�h�\�u�f�b�� �b�� �k�i�m�l�g�b�d�h�\�u��
�f�b���^�Z�g�g�u�f�b�����G�Z�b�[�h�e�v�r�Z�y���l�h�q�g�h�k�l�v���j�Z�k�q�_�l�Z���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���\���x�]�h-
�\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b�� �;�Z�e�l�b�c�k�d�h�]�h�� �f�h�j�y�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �i�h�� �^�Z�g�g�u�f�� �k�i�m�l�g�b�d�h�\�h�]�h�� �j�Z��
�^�b�h�f�_�l�j�Z�� �2�/�&�,�� �k�� �� �i�j�_�^�e�h�`�_�g�g�h�c�� �j�_�]�b�h�g�Z�e�v�g�h�c�� �d�h�j�j�_�d�p�b�_�c���� �h�r�b�[�d�Z�� �j�_�]�j�_�k�k�b�b��
�j�Z�\�g�Z�����������f�]���f3�����d�h�w�n�n�b�p�b�_�g�l���^�_�l�_�j�f�b�g�Z�p�b�b���± 0,3.  

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

 
 
�7�K�H���Z�R�U�N���L�V���G�H�Y�R�W�H�G���W�R���W�K�H���D�V�V�H�V�V�P�H�Q�W���R�I���D�F�F�X�U�D�F�\���R�I���F�K�O�R�U�R�S�K�\�O�O���³�D�´���F�R�Q�F�H�Q�W�Ua-

tion retrieval from satellite data of visible range in the surface layer of the south-eastern 
�%�D�O�W�L�F���6�H�D�����9�D�O�X�H�V���R�I���F�K�O�R�U�R�S�K�\�O�O���³�D�´���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���F�R�O�O�H�F�W�H�G���L�Q���W�K�H���P�D�U�L�Q�H���H�[�S�H�G�L�W�Lons 
of 2019 and calculated using the novel satellite radiometers: VIIRS installed on the Su-
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omi-NPP and NOAA-20 satellites, and OLCI working on the SENTINEL-3A and 3B 
satellites were compared. Comparison of traditional ship measurements and state-of-the-
art �V�D�W�H�O�O�L�W�H�� �W�H�F�K�Q�L�T�X�H�� �D�O�O�R�Z�H�G�� �H�V�W�L�P�D�W�L�Q�J�� �W�K�H�� �H�U�U�R�U�V�� �R�I�� �F�K�O�R�U�R�S�K�\�O�O�� �³�D�´�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q��
calculation using standard satellite data processing algorithms: the OCI algorithm for 
VIIRS radiometer data and the algorithm using a neural network for OLCI radiometer 
data. Verification of satellite data processed by standard algorithms showed a weak 
connection with field data and corresponding errors: the determination coefficient was 
0.3 and the regression error was 2.51 mg/m3 for the OCI algorithm applied for VIIRS 
radiometer data and the determination coefficient was 0.06 and the regression error was 
1.65 mg/m3 for the algorithm using a neural network applied for OLCI radiometer data. 
Correction of standard algorithms by regression equations was proposed, and provided 
�W�K�H���V�P�D�O�O�H�V�W���H�U�U�R�U�V���L�Q���F�D�O�F�X�O�D�W�L�Q�J���W�K�H���F�K�O�R�U�R�S�K�\�O�O���³�D�´���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�Q���W�K�H���V�W�X�G�\���D�U�H�D���Xs-
ing satellite data and improved the fit between ship and satellite data. The highest accu-
�U�D�F�\�� �R�I�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�I�� �F�K�O�R�U�R�S�K�\�O�O�� �³�D�´�� �F�D�O�F�X�O�D�W�L�R�Q�� �I�R�U�� �W�K�H�� �V�R�X�W�K-eastern Baltic Sea is 
provided by OLCI satellite radiometer with the proposed regional correction: the regres-
sion error is 1.1 mg/m3, the determination coefficient is 0.3. 

�F�K�O�R�U�R�S�K�\�O�O�� �©�D�ª�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �V�D�W�H�O�O�L�W�H�� �G�D�W�D�� �R�I�� �Y�L�V�L�E�O�H�� �U�D�Q�J�H���� �U�H�J�L�R�Q�D�O�� �D�O�Jo-
rithms, the Baltic Sea 

 
 

�<�<�?�>�?�G�B�? 
�<���l�_�q�_�g�b�_���i�h�k�e�_�^�g�b�o���������e�_�l���h�^�g�h�c���b�a���]�e�Z�\�g�u�o �w�d�h�e�h�]�b�q�_�k�d�b�o �i�j�h�[�e�_�f���;�Z�e��

�l�b�c�k�d�h�]�h���f�h�j�y���i�j�b�a�g�Z�g�Z �w�\�l�j�h�n�b�d�Z�p�b�y���± �i�j�h�p�_�k�k���i�h�\�u�r�_�g�b�y���[�b�h�e�h�]�b�q�_�k�d�h�c���i�j�h��
�^�m�d�l�b�\�g�h�k�l�b�� �\�h�^�� �\�k�e�_�^�k�l�\�b�_�� �q�j�_�a�f�_�j�g�h�]�h �i�h�k�l�m�i�e�_�g�b�y�� �[�b�h�]�_�g�g�u�o�� �w�e�_�f�_�g�l�h�\���� �q�l�h��
�\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�e�b�q�g�u�f�� �g�_�]�Z�l�b�\�g�u�f�� �w�n�n�_�d�l�Z�f�� ���m�o�m�^�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z��
�\�h�^�����b�k�q�_�a�g�h�\�_�g�b�x���d�b�k�e�h�j�h�^�Z���b���i�h�y�\�e�_�g�b�x���k�_�j�h�\�h�^�h�j�h�^�Z�����k�h�d�j�Z�s�_�g�b�x���[�b�h�j�Z�a�g�h��
�h�[�j�Z�a�b�y�� �b�� �l�� �^���� [1]. �< �d�h�f�i�e�_�d�k�g�h�f�� �Z�g�Z�e�b�a�_�� �k�h�k�l�h�y�g�b�y�� �\�h�^�h�_�f�h�\ �b�g�n�h�j�f�Z�p�b�y �h��
�[�b�h�f�Z�k�k�_���b���k�d�h�j�h�k�l�b���i�j�h�^�m�d�p�b�b���n�b�l�h�i�e�Z�g�d�l�h�g�Z���b�]�j�Z�_�l�� �\�Z�`�g�_�c�r�m�x�� �j�h�e�v��[2�@�����>�e�y��
�b�a�f�_�j�_�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c���[�b�h�f�Z�k�k�u���n�b�l�h�i�e�Z�g�d�l�h�g�Z���m�^�h�[�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���o�e�h�j�h�n�b�e�e��
�©�Z�ª�� �± �]�e�Z�\�g�u�c �n�h�l�h�k�b�g�l�_�l�b�q�_�k�d�b�� �Z�d�l�b�\�g�u�c�� �i�b�]�f�_�g�l�� �n�b�l�h�i�e�Z�g�d�l�h�g�Z�� �i�j�_�h�[�e�Z�^�Z��
�x�s�b�c �\�h�� �\�k�_�o�� �]�j�m�i�i�Z�o�� �\�h�^�h�j�h�k�e�_�c. �I�h�f�b�f�h�� �k�l�Z�g�^�Z�j�l�g�u�o�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �b�a�f�_�j�_��
�g�b�c �d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���k�m�s�_�k�l�\�m�_�l���\�h�a�f�h�`�g�h�k�l�v���b���^�b�k�l�Z�g�p�b�h�g�g�h�]�h���_�_��
�\�u�q�b�k�e�_�g�b�y���k���i�h�f�h�s�v�x���k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o���\�b�^�b�f�h�]�h���^�b�Z�i�Z�a�h�g�Z���k���\�u�k�h�d�b�f���j�Z�a��
�j�_�r�_�g�b�_�f���d�Z�d���\���i�j�h�k�l�j�Z�g�k�l�\�_�����l�Z�d���b���\�h���\�j�_�f�_�g�b��[3].  

�X�]�h-�\�h�k�l�h�q�g�Z�y�� �q�Z�k�l�v�� �f�h�j�y�� �h�l�g�h�k�b�l�k�y�� �d�� �g�Z�b�[�h�e�_�_�� �w�\�l�j�h�n�b�j�h�\�Z�g�g�u�f�� �j�Z�c�h��
�g�Z�f���;�Z�e�l�b�d�b���>4]. �<���d�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���a�h�g�_���;�Z�e�l�b�c�k�d�h�]�h���f�h�j�y���g�Z�b�[�h�e�v�r�b�_���d�h�g�p�_�g��
�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �g�Z�[�e�x�^�Z�x�l�k�y�� �\�� �i�j�b�[�j�_�`�g�h�c�� �a�h�g�_�� �h�l�� �f���� �L�Z�j�Z�g�� �^�h�� �i�h�[�_�j�_��
�`�v�y�� �D�m�j�r�k�d�h�c�� �d�h�k�u���� �]�^�_��  �h�g�b �^�h�k�l�b�]�Z�x�l�� �w�\�l�j�h�n�g�h�]�h�� �m�j�h�\�g�y�� ���[�h�e�v�r�_�� ���� �f�]���f3���� �a�Z��
�k�q�_�l�� �b�g�l�_�g�k�b�\�g�h�]�h�� �j�Z�a�\�b�l�b�y�� �^�b�Z�l�h�f�h�\�u�o�� �\�h�^�h�j�h�k�e�_�c�� �\�� �\�_�k�_�g�g�b�c�� �i�_�j�b�h�^��             
���^�h�������������f�]���f3�����b���k�b�g�_-�a�_�e�_�g�u�o�� �± �\���e�_�l�g�b�c�� ���^�h��������3 �f�]���f3) [5, 6]. 

�K 2003 �]�� �h�l�f�_�q�Z�_�l�k�y �_�`�_�]�h�^�g�u�c���j�h�k�l���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���\���x�]�h-
�\�h�k�l�h�q�g�h�c���q�Z�k�l�b���f�h�j�y, �j�Z�\�g�u�c�������������f�]���f3���]�h�^��[4�@�����K�_�]�h�^�g�y���k�m�s�_�k�l�\�m�_�l���_�^�b�g�k�l�\�_�g��
�g�u�c�� �j�_�]�b�h�g�Z�e�v�g�u�c�� �Z�e�]�h�j�b�l�f�� �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �^�e�y�� �w�l�h�]�h 
�j�Z�c�h�g�Z�� �;�Z�e�l�b�c�k�d�h�]�h�� �f�h�j�y�� �i�h�� �k�i�m�l�g�b�d�h�\�u�f�� �^�Z�g�g�u�f�� �\�b�^�b�f�h�]�h�� �^�b�Z�i�Z�a�h�g�Z�� �>7�@���� �H�g��
�[�u�e���j�Z�a�j�Z�[�h�l�Z�g���l�h�e�v�d�h���^�e�y���^�Z�g�g�u�o���k�d�Z�g�_�j�Z���p�\�_�l�Z���h�d�_�Z�g�Z��MODIS���� �m�k�l�Z�g�h�\�e�_�g�g�h�]�h��
�g�Z�� �k�i�m�l�g�b�d�Z�o��Terra �b��Aqua,  �d�h�l�h�j�u�_�� �n�m�g�d�p�b�h�g�b�j�m�x�l �g�Z�� �h�j�[�b�l�_�� �A�_�f�e�b�� �m�`�_ �^�h��
�\�h�e�v�g�h�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�_�� �\�j�_�f�y�� ���k�� ���������� �]���� �b�� ���������� �]���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h)���� �\�u�i�h�e�g�y�y��
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�[�h�e�v�r�h�c�� �k�i�_�d�l�j�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o�� �a�Z�^�Z�q���� �<�� �[�e�b�`�Z�c�r�_�f�� �[�m�^�m�s�_�f���k�h�[��
�k�l�\�_�g�g�b�d�� �k�i�m�l�g�b�d�h�\�� ���G�Z�p�b�h�g�Z�e�v�g�h�_�� �m�i�j�Z�\�e�_�g�b�_�� �i�h�� �Z�w�j�h�g�Z�\�l�b�d�_�� �b�� �b�k�k�e�_�^�h�\�Z�g�b�x��
�d�h�k�f�b�q�_�k�d�h�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z ���G�:�K�:�������K�R�:�����g�_���b�k�d�e�x�q�Z�_�l���b�k�l�h�s�_�g�b�_���b�o���j�_�k�m�j�k�h�\����
�\�� �k�\�y�a�b�� �k�� �q�_�f��c 2012 �]�� �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y�� �g�h�\�u�_�� �i�j�b�[�h�j�u�� �g�Z�� �[�h�e�_�_�� �f�h�e�h�^�u�o�� �k�i�m�l��
�g�b�d�Z�o �± �i�j�h�^�h�e�`�Z�l�_�e�y�o���f�b�k�k�b�b��Terra �b��Aqua�����H�l�g�h�k�b�l�_�e�v�g�h���g�_�^�Z�\�g�h���Z�i�i�Z�j�Z�l�u Su-
omi-NPP �b��NOAA-������ �[�u�e�b���h�[�h�j�m�^�h�\�Z�g�u���j�Z�^�b�h�f�_�l�j�h�f��VIIRS (Visible Infrared Im-
aging Radiometer Suite������ �j�Z�[�h�l�Z�x�s�b�f�� �\�� �M�N���� �B�D�� �b�� �\�b�^�b�f�h�f�� �^�b�Z�i�Z�a�h�g�_���� �B�f�_�g�g�h��
VIIRS �k�l�Z�e�� �i�j�b�_�f�g�b�d�h�f�� �f�b�k�k�b�b�� �Z�i�i�Z�j�Z�l�Z��MODIS �i�h�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �l�_�f�i�_�j�Z�l�m�j�u��
�f�h�j�k�d�h�c���i�h�\�_�j�o�g�h�k�l�b���b���[�b�h�e�h�]�b�q�_�k�d�h�c���i�j�h�^�m�d�l�b�\�g�h�k�l�b���h�d�_�Z�g�Z�� 

�<�� �k�\�h�x�� �h�q�_�j�_�^�v���� �\�� ���������� �]�� �?�\�j�h�i�_�c�k�d�h�_�� �d�h�k�f�b�q�_�k�d�h�_�� �Z�]�_�g�l�k�l�\�h�� �\�u�\�_�e�h�� �g�Z��
�h�j�[�b�l�m���A�_�f�e�b���k�i�m�l�g�b�d�b���6�H�Q�W�L�Q�H�O-3A �b����B�����i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_���^�e�y���h�i�_�j�Z�l�b�\�g�h�]�h���f�h��
�g�b�l�h�j�b�g�]�Z�� �F�b�j�h�\�h�]�h�� �h�d�_�Z�g�Z�� �\�� �l�_�q�_�g�b�_�� �k�e�_�^�m�x�s�b�o�� ������ �e�_�l���� �G�Z�� �b�o�� �[�h�j�l�m�� �k�� �����������]�� 
�k�l�Z�e���j�Z�[�h�l�Z�l�v �j�Z�^�b�h�f�_�l�j���2�/�&�,�����2�F�H�D�Q���D�Q�G���/�D�Q�G���&�R�O�R�X�U���,�Q�V�W�U�X�P�H�Q�W������ �k�l�Z�\�r�b�c �a�Z�f�_��
�g�h�c���k�i�_�d�l�j�h�j�Z�^�b�h�f�_�l�j�Z���0�(�5�,�6�����m�k�l�Z�g�h�\�e�_�g�g�h�]�h���g�Z���Z�i�i�Z�j�Z�l�_ Envisat�����k�\�y�a�v���k���d�h�l�h��
�j�u�f���[�u�e�Z���i�h�l�_�j�y�g�Z���\�������������]. 

�K�i�m�l�g�b�d�h�\�u�_���^�Z�g�g�u�_���j�Z�^�b�h�f�_�l�j�h�\��VIIRS �b��OLCI �_�s�_���g�_���[�u�e�b���Z�i�j�h�[�b�j�h�\�Z��
�g�u���\���Z�d�\�Z�l�h�j�b�b���X�]�h-�<�h�k�l�h�q�g�h�c���;�Z�e�l�b�d�b, �i�h�w�l�h�f�m �g�_�h�[�o�h�^�b�f�h���\�u�y�k�g�b�l�v���\�h�a�f�h�`��
�g�h�k�l�b���b�o �i�j�b�f�_�g�_�g�b�y �^�e�y���j�Z�c�h�g�Z���b�a�m�q�_�g�b�y.  

�P�_�e�v �b�k�k�e�_�^�h�\�Z�g�b�y �± �j�Z�a�j�Z�[�h�l�d�Z�� �g�h�\�u�o�� �j�_�]�b�h�g�Z�e�v�g�u�o �Z�e�]�h�j�b�l�f�h�\ �j�Z�k�q�_�l�Z��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª �^�e�y�� �x�]�h-�\�h�k�l�h�d�Z�� �;�Z�e�l�b�c�k�d�h�]�h�� �f�h�j�y �i�h�� �k�i�m�l�g�b�d�h��
�\�u�f���^�Z�g�g�u�f �j�Z�^�b�h�f�_�l�j�h�\ VIIRS �b��OLCI.  

�A�Z�^�Z�q�b �b�k�k�e�_�^�h�\�Z�g�b�y: 
1. �H�p�_�g�b�l�v���l�h�q�g�h�k�l�v���j�Z�k�q�_�l�Z���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �k�l�Z�g�^�Z�j�l�g�u�f�b��

�Z�e�]�h�j�b�l�f�Z�f�b���� �i�j�b�f�_�g�y�_�f�u�f�b�� �^�e�y�� �i�j�b�[�h�j�h�\��VIIRS/Suomi-NPP, NOAA-������ �b��
OLCI/Sentinel-�����g�Z���h�k�g�h�\�_���k�j�Z�\�g�_�g�b�y���k���j�_�a�m�e�v�l�Z�l�Z�f�b���k�m�^�h�\�u�o���k�t�_�f�h�d�� 

2. �I�j�h�\�_�k�l�b���d�h�j�j�_�d�p�b�x�����f�h�^�b�n�b�d�Z�p�b�x�����k�m�s�_�k�l�\�m�x�s�b�o���Z�e�]�h�j�b�l�f�h�\���j�Z�k�q�_��
�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �i�h�� �b�g�n�h�j�f�Z�p�b�b�� �k �j�Z�^�b�h�f�_�l�j�h�\�� �9�,�,�5�6���b��OLCI �k��
�p�_�e�v�x���i�h�e�m�q�_�g�b�y���g�Z�b�[�h�e�_�_���l�h�q�g�u�o���a�g�Z�q�_�g�b�c���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z �©�Z�ª�� �\�� �Z�d��
�\�Z�l�h�j�b�b���b�k�k�e�_�^�h�\�Z�g�b�y�� 

 
�F�:�L�?�J�B�:�E�U���B���F�?�L�H�>�U 

�K�m�^�h�\�u�_�� �^�Z�g�g�u�_�� �<�� �j�Z�f�d�Z�o�� �w�d�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �g�Z�� �i�j�h�l�y�`�_�g�b�b��
�\�k�_�o�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�o�� �k�_�a�h�g�h�\�� ���k�� �y�g�\�Z�j�y�� �i�h�� �h�d�l�y�[�j�v�� ���������� �]������ �� �i�j�h�\�_�^�_�g�h�� �^�_�\�y�l�v 
�w�d�k�i�_�^�b�p�b�c�������<�k�_�]�h���[�u�e�h���\�u�i�h�e�g�_�g�h���������b�a�f�_�j�_�g�b�c���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z �©�Z�ª��
�\���i�h�\�_�j�o�g�h�k�l�g�h�f���]�h�j�b�a�h�g�l�_���X�]�h-�<�h�k�l�h�q�g�h�c���;�Z�e�l�b�d�b �g�Z���������k�l�Z�g�p�b�y�o�����j�Z�k�i�h�e�h�`�_�g��
�g�u�o���\�� �w�l�h�f�� �j�Z�c�h�g�_ �\�� �i�j�_�^�_�e�Z�o���l�_�j�j�b�l�h�j�b�Z�e�v�g�u�o���\�h�^���b�� �b�k�d�e�x�q�b�l�_�e�v�g�h�c���w�d�h�g�h�f�b��
�q�_�k�d�h�c���a�h�g�u �J�h�k�k�b�b�����j�b�k����������  
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�J�b�k�� 1. �J�Z�k�i�h�e�h�`�_�g�b�_ �k�m�^�h�\�u�o���k�l�Z�g�p�b�c���\�������������]�� 

Fig. 1. Location of stations for ship measurements in 2019 
 
�B�a�f�_�j�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �\�u�i�h�e�g�_�g�u�� �k�h�l�j�m�^�g�b�d�Z�f�b�� �:�l��

�e�Z�g�l�b�q�_�k�d�h�]�h�� �n�b�e�b�Z�e�Z�� �<�k�_�j�h�k�k�b�c�k�d�h�]�h�� �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h�� �b�g�k�l�b�l�m�l�Z��
�j�u�[�g�h�]�h���o�h�a�y�c�k�l�\�Z���b���h�d�_�Z�g�h�]�j�Z�n�b�b�����:�l�e�Z�g�l�G�B�J�H�������H�i�j�_�^�_�e�_�g�b�_���w�l�h�]�h���i�Z�j�Z�f�_�l�j�Z��
�i�j�h�\�h�^�b�e�h�k�v���k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f���f�_�l�h�^�h�f���>8]. 

�K�i�m�l�g�b�d�h�\�u�_���^�Z�g�g�u�_�����>�e�y���j�Z�k�q�_�l�Z���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª �b�k�i�h�e�v��
�a�h�\�Z�g�u �k�i�m�l�g�b�d�h�\�u�_ �^�Z�g�g�u�_�� �\�b�^�b�f�h�]�h�� �^�b�Z�i�Z�a�h�g�Z  �j�Z�^�b�h�f�_�l�j�h�\ �9�,�,�5�6�� ���k�i�m�l�g�b�d�b��
Suomi-�1�3�3���b���1�2�$�$-���������b��OLCI ���k�i�m�l�g�b�d�b��Sentinel-3). 

�>�e�y���Z�g�Z�e�b�a�Z���[�u�e���\�u�[�j�Z�g��41  �k�g�b�f�h�d �k�i�_�d�l�j�h�j�Z�^�b�h�f�_�l�j�Z �9�,�,�5�6���a�Z���i�_�j�b�h�^���k��
�y�g�\�Z�j�y���i�h���h�d�l�y�[�j�v������������ �]. �M�j�h�\�_�g�v�� �h�[�j�Z�[�h�l�d�b���O�H�Y�H�O ������ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_���j�Z�a�j�_�r�_��
�g�b�_���± �����d�f�� �<�j�_�f�y���i�j�h�e�_�l�Z���k�i�m�l�g�b�d�h�\ Suomi-�1�3�3���b���1�2�$�$-20 �g�Z�^���b�k�k�e�_�^�m�_�f�h�c���Z�d��
�\�Z�l�h�j�b�_�c�� �± �k������������ �^�h�� �������������� �i�_�j�b�h�^�b�q�g�h�k�l�v�� �± ���� �j�Z�a�� �\�� �k�m�l�d�b���� �>�e�y�� �^�_�r�b�n�j�b�j�h�\�Z�g�b�y��
�k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���i�j�h�]�j�Z�f�f�Z���6�H�D�'�$�6���\�_�j�k�b�b 7.4 [9�@�����>�h�k�l�m�i���d��
�^�Z�g�g�u�f�� �j�Z�^�b�h�f�_�l�j�Z��VIIRS �y�\�e�y�_�l�k�y�� �k�\�h�[�h�^�g�u�f�� �b�� �[�_�k�i�e�Z�l�g�u�f���� �h�k�m�s�_�k�l�\�e�y�_�l�k�y��
�q�_�j�_�a�� �B�g�l�_�j�g�_�l-�k�Z�c�l�� �=�h�^�^�Z�j�^�k�d�h�]�h �Z�w�j�h�d�h�k�f�b�q�_�k�d�h�]�h�� �p�_�g�l�j�Z�� �G�:�K�:��Ocean Color 
Web (http://oceancolor.gsfc.nasa.gov) [9]. 

�<�� �k�l�Z�g�^�Z�j�l�g�u�c�� �i�Z�d�_�l�� �Z�g�Z�e�b�a�Z�� �k�i�m�l�g�b�d�h�\�u�o�� �^�Z�g�g�u�o��VIIRS �\�o�h�^�b�l�� �j�Z�k�q�_�l��
�d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���^�\�m�f�y���Z�e�]�h�j�b�l�f�Z�f�b�� 

1) Ocean color index (OCI), �i�j�_�^�e�h�`�_�g�g�u�c �Z�\�l�h�j�Z�f�b���>10]: 
 
ChlOCI=Rrs(��green)��[Rrs(��blue)+(��green����blue��������red����blue)�î���5�U�V����red)-�5�U�V����bleu)] .  (1)                                                     
 
�I�j�b�g�p�b�i���h�i�j�_�^�_�e�_�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�Z�� �©�Z�ª���i�h���Z�e�]�h�j�b�l�f�m��OCI �h�k��

�g�h�\�Z�g���g�Z���b�g�^�_�d�k�_���p�\�_�l�Z�����h�i�j�_�^�_�e�y�_�f�h�f���d�Z�d���j�Z�a�g�h�k�l�v���f�_�`�^�m���d�h�w�n�n�b�p�b�_�g�l�h�f���y�j�d�h��
�k�l�b�� �\�h�k�o�h�^�y�s�_�]�h�� �b�a�e�m�q�_�g�b�y�� �\�� �a�_�e�_�g�h�c�� �h�[�e�Z�k�l�b�� �k�i�_�d�l�j�Z���5�U�V����green) �b�� �h�l�g�h�r�_�g�b�_�f��
�f�_�`�^�m���d�h�w�n�n�b�p�b�_�g�l�Z�f�b���y�j�d�h�k�l�b���\�h�k�o�h�^�y�s�_�]�h���b�a�e�m�q�_�g�b�y���\���k�b�g�_�c���5�U�V����blue) �b���d�j�Z�k��
�g�h�c���5�U�V����red) �h�[�e�Z�k�l�y�o���� �>�e�y�� �j�Z�k�q�_�l�Z�� �i�j�b�f�_�g�y�x�l�k�y �d�h�w�n�n�b�p�b�_�g�l�u�� �y�j�d�h�k�l�b�� �b�a�e�m�q�_��
�g�b�y���g�Z���k�e�_�^�m�x�s�b�o���d�Z�g�Z�e�Z�o�� 

http://oceancolor.gsfc.nasa.gov/
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�x �^�e�y���9�,�,�5�6���g�Z���k�i�m�l�g�b�d�_���6uomi-�1�3�3�������������g�f�����]�h�e�m�[�h�c���������������g�f�����a�_�e�_�g�u�c������
���������g�f�����d�j�Z�k�g�u�c���� 

�x �^�e�y���9�,�,�5�6���g�Z���k�i�m�l�g�b�d�_��NOAA-�����������������g�f�����]�h�e�m�[�h�c���������������g�f�����a�_�e�_�g�u�c������
���������g�f�����d�j�Z�k�g�u�c���� 

�:�e�]�h�j�b�l�f�� �2�&�,�� �[�u�e���Z�i�j�h�[�b�j�h�\�Z�g, �\�� �l�h�f�� �q�b�k�e�_, �^�e�y�� �i�j�b�[�j�_�`�g�u�o�� �b�� �\�g�m�l�j�b��
�f�Z�l�_�j�b�d�h�\�u�o���\�h�^,  �b�� �b�k�i�h�e�v�a�m�_�l���\���j�Z�k�q�_�l�_���\�_�k�v���k�i�_�d�l�j���b�a�e�m�q�_�g�b�y���� �]�h�e�m�[�h�c�����a�_�e�_��
�g�u�c���b���d�j�Z�k�g�u�c���d�Z�g�Z�e�u�����q�l�h���g�_�h�[�o�h�^�b�f�h���^�e�y���h�i�l�b�q�_�k�d�b���k�e�h�`�g�u�o���f�m�l�g�u�o���\�h�^��  

2) OC3, �k�h�a�^�Z�g�g�u�c �Z�\�l�h�j�Z�f�b���>��1]:  
 

�������%�D�H�È�¼�7 
L ���s�r
k�Ô�, �>�Ô�-�Ñ�>�Ô�. �Ñ�. �>�Ô�/ �Ñ�/ �>�Ô�0�Ñ�0
o�á �Æ�Ç�È���: 
L�Ž�‘�‰�5�4�@
�Ë�å�æ�5

�Ë�å�æ�6
�A�á       (2)                         

 
�]�^�_��X = log10(Rrs1/Rrs2), Rrs1 �± �d�h�w�n�n�b�p�b�_�g�l�� �y�j�d�h�k�l�b�� �\�h�k�o�h�^�y�s�_�]�h�� �k�� �i�h��

�\�_�j�o�g�h�k�l�b�� �\�h�^�u�� �b�a�e�m�q�_�g�b�y�� �g�Z�� �]�h�e�m�[�h�f�� �d�Z�g�Z�e�_�� ������������ �������� �g�f���� Rrs2 �± �d�h�w�n�n�b�p�b�_�g�l��
�y�j�d�h�k�l�b�� �\�h�k�o�h�^�y�s�_�]�h�� �k�� �i�h�\�_�j�o�g�h�k�l�b�� �\�h�^�u�� �b�a�e�m�q�_�g�b�y�� �g�Z�� �a�_�e�_�g�h�f�� �d�Z�g�Z�e�_��            
���������������������g�f���� 

�:�e�]�h�j�b�l�f OC3 �b�k�i�h�e�v�a�m�_�l �\���j�Z�k�q�_�l�_���l�h�e�v�d�h���]�h�e�m�[�h�c���b���a�_�e�_�g�u�c���d�Z�g�Z�e�u�����l�_�f��
�k�Z�f�u�f���h�g���i�j�b�f�_�g�y�_�l�k�y �i�h���[�h�e�v�r�_�c���q�Z�k�l�b���l�h�e�v�d�h���^�e�y���h�l�d�j�u�l�u�o���\�h�^���h�d�_�Z�g�Z�����L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �\�� �^�Z�e�v�g�_�c�r�_�c�� �j�Z�[�h�l�_�� �i�j�_�^�i�h�q�l�_�g�b�_�� �[�u�e�h�� �h�l�^�Z�g�h�� �Z�e�]�h�j�b�l�f�m OCI���� �Z��OC3 
�g�_���[�u�e���a�Z�^�_�c�k�l�\�h�\�Z�g �^�e�y���j�Z�k�q�_�l�Z���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �\�� �x�]�h-�\�h�k�l�h�q�g�h�c��
�q�Z�k�l�b���;�Z�e�l�b�c�k�d�h�]�h���f�h�j�y �i�h���^�Z�g�g�u�f���j�Z�^�b�h�f�_�l�j�Z��VIIRS, �l�Z�d���d�Z�d �w�l�h���j�Z�c�h�g���f�m�l�g�u�o��
�i�j�b�[�j�_�`�g�u�o�� �b�� �h�i�l�b�q�_�k�d�b�� �k�e�h�`�g�u�o�� �\�h�^���� �k�b�e�v�g�h�� �h�l�e�b�q�g�u�o���i�h�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �h�l��
�h�d�_�Z�g�b�q�_�k�d�b�o�� 

�K�n�h�j�f�b�j�h�\�Z�g�u���f�Z�k�k�b�\�u���k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o���j�Z�^�b�h�f�_�l�j�Z��VIIRS �\���Z�d�\�Z�l�h��
�j�b�b���b�k�k�e�_�^�h�\�Z�g�b�y���± �\�k�_�]�h���h�[�g�Z�j�m�`�_�g�h���������i�Z�j�u���^�e�y���k�j�Z�\�g�_�g�b�y���k�m�^�h�\�u�o���^�Z�g�g�u�o���i�h 
�d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���b���k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o��VIIRS ���l�Z�[�e�b�p�Z).  

 
�L�Z�[�e�b�p�Z�����Q�b�k�e�h���k�j�Z�\�g�b�\�Z�_�f�u�o���i�Z�j���b�a�f�_�j�_�g�b�c���^�e�y���k�m�^�h�\�u�o���b���k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o��
�j�Z�^�b�h�f�_�l�j�Z��VIIRS �i�h���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª 
Table. Number of compared pairs of measurements in situ and satellite VIIRS data                    
�R�Q���F�K�O�R�U�R�S�K�\�O�O���©�D�ª���F�R�Q�F�H�Q�W�U�D�W�L�R�Q 

�F�_�k�y�p 
�Q�b�k�e�h���i�Z�j���b�a�f�_�j�_�g�b�c�� 

�^�e�y���^�Z�g�g�u�o��VIIRS 
�Q�b�k�e�h���i�Z�j���b�a�f�_�j�_�g�b�c�� 

�^�e�y���^�Z�g�g�u�o��OLCI 
�Y�g�\�Z�j�v 1 0 
�N�_�\�j�Z�e�v 1 0 
�:�i�j�_�e�v 7 9 
�F�Z�c 1 1 
�B�x�g�v 3 4 
�B�x�e�v 11 26 
�:�\�]�m�k�l 2 5 
�K�_�g�l�y�[�j�v 1 6 
�H�d�l�y�[�j�v 5 6 
�B�L�H�=�H 32 57 

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

�j�Z��OLCI �a�Z�� �Z�i�j�_�e�v-�h�d�l�y�[�j�v�� ���������� �]���� �M�j�h�\�_�g�v�� �h�[�j�Z�[�h�l�d�b�� �O�H�Y�H�O ������ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�j�Z�a�j�_�r�_�g�b�_�� �± �������� �f���� �<�j�_�f�y�� �i�j�h�e�_�l�Z�� �k�i�m�l�g�b�d�h�\��Sentinel-3A �b�� ��B �g�Z�^�� �Z�d�\�Z�l�h�j�b�_�c��
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�x�]�h-�\�h�k�l�h�q�g�h�c���q�Z�k�l�b���;�Z�e�l�b�c�k�d�h�]�h���f�h�j�y���± �k���������������^�h�����������������i�_�j�b�h�^�b�q�g�h�k�l�v���± �����j�Z�a��
�\�� �k�m�l�d�b���� �>�e�y�� �^�_�r�b�n�j�b�j�h�\�Z�g�b�y �k�i�m�l�g�b�d�h�\�u�o�� �^�Z�g�g�u�o �i�j�b�f�_�g�y�e�k�y�� �i�j�h�]�j�Z�f�f�g�u�c��
�d�h�f�i�e�_�d�k��Sentinel Application Platform (SNAP���� �\�_�j�k�b�b��7 [12�@���� �H�i�_�j�Z�l�h�j�h�f �^�Z�g�g�u�o��
OLCI �y�\�e�y�_�l�k�y�� �i�h�j�l�Z�e��Copernicus Online Data Access (CODA) 
���K�W�W�S�V�������F�R�G�D���H�X�P�H�W�V�D�W���L�Q�W���� �?�\�j�h�i�_�c�k�d�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b�� �k�i�m�l�g�b�d�h�\�h�c�� �f�_�l�_�h�j�h�e�h�]�b�b��
(Eumetsat) [13�@���� �>�h�k�l�m�i�� �d�� �b�g�n�h�j�f�Z�p�b�b �± �[�_�k�i�e�Z�l�g�u�c, �i�h�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �j�_�]�b��
�k�l�j�Z�p�b�b���i�h�e�v�a�h�\�Z�l�_�e�_�c�� 

�<���k�l�Z�g�^�Z�j�l�g�u�c���i�Z�d�_�l���h�[�j�Z�[�h�l�d�b�����^�Z�g�g�u�o��OLCI �\�o�h�^�b�l���j�Z�k�q�_�l���d�h�g�p�_�g�l�j�Z�p�b�b��
�o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �Z�e�]�h�j�b�l�f�h�f���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�f�� �k�� �i�h�f�h�s�v�x �g�_�c�j�h�g�g�h�c�� �k�_�l�b���� �\�u�q�b�k��
�e�y�x�s�b�f�� �\�_�k�v�� �g�Z�[�h�j�� �[�b�h�h�i�l�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� ���d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z �©�Z�ª����
�\�a�\�_�r�_�g�g�h�]�h���b���h�d�j�Z�r�_�g�g�h�]�h���j�Z�k�l�\�h�j�_�g�g�h�]�h���h�j�]�Z�g�b�q�_�k�d�h�]�h���\�_�s�_�k�l�\�Z����[14]: 

 
ChlNN_OLCI � ���������î��apig(443)

1,04 ,                                  (3) 
                           

�]�^�_��apig(443) �± �i�h�d�Z�a�Z�l�_�e�v���i�h�]�e�h�s�_�g�b�y���g�Z���d�Z�g�Z�e�_�����������g�f�� 
�<�u�r�_�m�i�h�f�y�g�m�l�u�c �Z�e�]�h�j�b�l�f���[�u�e���k�h�a�^�Z�g �k�i�_�p�b�Z�e�v�g�h���^�e�y���\�g�m�l�j�_�g�g�b�o �f�h�j�_�c��

�b���i�j�b�[�j�_�`�g�h�c���a�h�g�u���F�b�j�h�\�h�]�h���h�d�_�Z�g�Z�����q�l�h���^�_�e�Z�_�l���_�]�h���i�j�b�]�h�^�g�u�f���^�e�y���b�k�i�h�e�v�a�h�\�Z��
�g�b�y���\���g�Z�r�_�c���Z�d�\�Z�l�h�j�b�b���� 

�<�k�_�]�h�� �h�[�g�Z�j�m�`�_�g�h��57 �i�Z�j �b�a�f�_�j�_�g�b�c�� �^�e�y�� �k�j�Z�\�g�_�g�b�y�� �k�m�^�h�\�u�o�� �^�Z�g�g�u�o�� �i�h��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �b�� �k�i�m�l�g�b�d�h�\�u�o�� �^�Z�g�g�u�o�� �j�Z�^�b�h�f�_�l�j�Z��OLCI���� �q�l�h��
�h�o�\�Z�l�u�\�Z�_�l�� �[�h�e�v�r�m�x�� �q�Z�k�l�v�� �b�a�� ������ �b�f�_�x�s�b�o�k�y�� �g�Z�l�m�j�g�u�o�� �_�`�_�f�_�k�y�q�g�u�o�� �b�a�f�_�j�_�g�b�c��
�d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª�����a�Z���b�k�d�e�x�q�_�g�b�_�f���a�b�f�g�_�]�h���i�_�j�b�h�^�Z ���l�Z�[�e�b�p�Z). �<�_�j�h��
�y�l�g�h�����w�l�h���k�\�y�a�Z�g�h���k���l�_�f�����q�l�h���j�Z�^�b�h�f�_�l�j��OLCI �b�f�_�_�l �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_ 
���������f�����j�Z�a�j�_�r�_�g�b�_���^�Z�g�g�u�o��VIIRS �g�b�`�_���± 1 �d�f���� �<���m�k�e�h�\�b�y�o���k�i�e�h�r�g�h�c���h�[�e�Z�q�g�h�k�l�b��
�^�Z�g�g�u�_���\�b�^�b�f�h�]�h���^�b�Z�i�Z�a�h�g�Z���h�l�k�m�l�k�l�\�m�x�l�� 
 

�J�?�A�M�E�V�L�:�L�U���B���H�;�K�M�@�>�?�G�B�? 
�<�_�j�b�n�b�d�Z�p�b�y�� �k�i�m�l�g�b�d�h�\�u�o�� �Z�e�]�h�j�b�l�f�h�\�� �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z��

�©�Z�ª���i�h���j�_�a�m�e�v�l�Z�l�Z�f �k�m�^�h�\�u�o���b�a�f�_�j�_�g�b�c�������������]�� �i�h�d�Z�a�Z�e�Z���k�e�_�^�m�x�s�b�_���j�_�a�m�e�v�l�Z�l�u���� 
�K�j�Z�\�g�b�l�_�e�v�g�u�c���Z�g�Z�e�b�a���^�Z�g�g�u�o���i�h���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª, �i�h�e�m�q�_�g��

�g�u�o���\���e�Z�[�h�j�Z�l�h�j�b�b�����k�m�^�h�\�u�_���b�a�f�_�j�_�g�b�y�����b���k���j�Z�^�b�h�f�_�l�j�Z��VIIRS ���j�Z�k�k�q�b�l�Z�g�u���k�l�Z�g��
�^�Z�j�l�g�u�f�� �Z�e�]�h�j�b�l�f�h�f��OCI �i�h�� �m�j�Z�\�g�_�g�b�x�� ������), �i�h�d�Z�a�Z�e�� �k�e�Z�[�m�x�� �d�h�j�j�_�e�y�p�b�x�� �b�� �k�b��
�k�l�_�f�Z�l�b�q�_�k�d�m�x���h�r�b�[�d�m�����\���[�h�e�v�r�b�g�k�l�\�_���k�e�m�q�Z�_�\���a�Z�\�u�r�_�g�b�_�����k�i�m�l�g�b�d�h�\�u�o���^�Z�g�g�u�o 
�i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �l�Z�d�h�\�u�f���� �i�h�e�m�q�_�g�g�u�f��in situ���� �d�h�w�n�n�b�p�b�_�g�l�� �^�_�l�_�j�f�b�g�Z�p�b�b           
R2 = 0,3�����h�r�b�[�d�Z���j�_�]�j�_�k�k�b�b Sreg = 2,51 �f�]/�f3�����h�[�t�z�f���\�u�[�h�j�d�b n = 3�������j�b�k������,�Z). 

�K�� �i�h�f�h�s�v�x�� �i�h�^�[�h�j�Z�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �^�e�y�� �m�j�Z�\�g�_�g�b�y�� �j�_�]�j�_�k�k�b�b�� �i�j�h�\�_�^�_�g�Z��
�d�h�j�j�_�d�p�b�y�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �Z�e�]�h�j�b�l�f�Z��OCI (�m�j�Z�\�g�_�g�b�_��(1). �I�h�e�m�q�_�g�g�h�_�� �m�j�Z�\�g�_�g�b�_��
�b�f�_�_�l���\�b�^ 

 
ChlOCI_corr � ���������������î��ChlOCL +0,15 .                       (4) 

 
�D�h�j�j�_�d�p�b�y���k�l�Z�g�^�Z�j�l�g�h�]�h���Z�e�]�h�j�b�l�f�Z��OCI �i�h�a�\�h�e�b�e�Z �m�\�_�e�b�q�b�l�v���a�g�Z�q�_�g�b�_���d�h��

�w�n�n�b�p�b�_�g�l�Z�� �^�_�l�_�j�f�b�g�Z�p�b�b R2 = 0,3 �b�� �m�f�_�g�v�r�b�l�v�� �h�r�b�[�d�m�� �j�_�]�j�_�k�k�b�b                     
Sreg = 2,04 �f�]/�f3. �J�_�a�m�e�v�l�Z�l�u���d�h�j�j�_�d�p�b�b���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�� 2,�[. 
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�J�b�k. �������K�h�i�h�k�l�Z�\�e�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\���j�Z�k�q�_�l�Z �d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���� 

�i�h�e�m�q�_�g�g�u�o���i�h���^�Z�g�g�u�f���k�m�^�h�\�u�o���b���k�i�m�l�g�b�d�h�\�u�o���b�a�f�_�j�_�g�b�c �j�Z�^�b�h�f�_�l�j�h�f VIIRS:  
a �± �i�h���k�l�Z�g�^�Z�j�l�g�h�f�m���Z�e�]�h�j�b�l�f�m�����m�j�Z�\�g�_�g�b�_���������������[���± �i�h���j�_�]�b�h�g�Z�e�v�g�h�f�m���Z�e�]�h�j�b�l�f�m��

���m�j�Z�\�g�_�g�b�_���������������K�i�e�h�r�g�Z�y���e�b�g�b�y���± �e�b�g�_�c�g�Z�y���d�h�j�j�_�e�y�p�b�y �f�_�`�^�m���^�Z�g�g�u�f�b���� 
�i�m�g�d�l�b�j���± �e�b�g�b�y���b�^�_�Z�e�v�g�h�]�h���k�h�h�l�g�h�r�_�g�b�y�������������Q�b�k�e�h �i�Z�j �b�a�f�_�j�_�g�b�c n = 32 

Fig. 2. �&�R�P�S�D�U�L�V�R�Q���E�H�W�Z�H�H�Q���F�K�O�R�U�R�S�K�\�O�O���©�D�ª���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���Y�D�O�X�H�V���P�H�D�V�X�U�H�G��in situ  
and obtained from VIIRS data: a �± calculated by standard algorithm (equation (1)); 
 b �± corrected with the regional algorithm (equation (4)). The solid line corresponds  

to the regression equation. The dash line shows the perfect agreement.  
Number of pairs n = 32 

 
�K�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �\�_�e�b�q�b�g�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª, �i�h�e�m�q�_�g��

�g�u�o�� �\�� �e�Z�[�h�j�Z�l�h�j�b�b�� ���k�m�^�h�\�u�_�� �b�a�f�_�j�_�g�b�y���� �b�� �j�Z�k�k�q�b�l�Z�g�g�u�o�� �k�l�Z�g�^�Z�j�l�g�u�f�� �Z�e�]�h�j�b�l��
�f�h�f���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���g�_�c�j�h�g�g�h�c���k�_�l�b����NN�����i�h���m�j�Z�\�g�_�g�b�x�����������^�e�y���^�Z�g�g�u�o���j�Z�^�b�h��
�f�_�l�j�Z��OLCI, �i�h�d�Z�a�Z�e�� �k�e�Z�[�m�x�� �k�\�y�a�v�� �b�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�m�x�� �h�r�b�[�d�m�� �k�i�m�l�g�b�d�h�\�u�o�� �a�g�Z��
�q�_�g�b�c �i�h���h�l�g�h�r�_�g�b�x���d�� in situ�����d�h�w�n�n�b�p�b�_�g�l���^�_�l�_�j�f�b�g�Z�p�b�b�� R2 � ���������������h�r�b�[�d�Z���j�_��
�]�j�_�k�k�b�b��Sreg � �������������f�]���f

3�����h�[�t�z�f���\�u�[�h�j�d�b��n � �����������j�b�k����3,�Z). 
�K���p�_�e�v�x �i�j�h�\�_�^�_�g�b�y���d�h�j�j�_�d�p�b�b���k�l�Z�g�^�Z�j�l�g�h�]�h���Z�e�]�h�j�b�l�f�Z�� �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�g�_�c�j�h�g�g�h�c�� �k�_�l�b�� ���m�j�Z�\�g�_�g�b�_ (3)) �[�u�e�b�� �i�h�^�h�[�j�Z�g�u�� �d�h�w�n�n�b�p�b�_�g�l�u�� �^�e�y�� �m�j�Z�\�g�_�g�b�y��
�j�_�]�j�_�k�k�b�b�����i�j�b�g�b�f�Z�x�s�_�]�h���k�e�_�^�m�x�s�b�c���\�b�^�� 

 
ChlNN_OLCI_corr � �������������î���&�K�ONN_OLCI +1,2.            (5) 

 
�M�^�Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�h �m�\�_�e�b�q�b�l�v�� �l�_�k�g�h�l�m�� �k�\�y�a�b R2 = 0,3 �b�� �k�m�s�_�k�l�\�_�g�g�h��

�m�f�_�g�v�r�b�l�v���h�r�b�[�d�m���j�_�]�j�_�k�k�b�b: Sreg = 1,1 �f�]/�f3. �J�_�a�m�e�v�l�Z�l�u �d�h�j�j�_�d�p�b�b���i�j�_�^�k�l�Z�\�e�_��
�g�u���g�Z���j�b�k�� 3,�[. 
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�J�b�k����3�����K�h�i�h�k�l�Z�\�e�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\���j�Z�k�q�_�l�Z���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���� 

�i�h�e�m�q�_�g�g�u�o���i�h���^�Z�g�g�u�f���k�m�^�h�\�u�o���b���k�i�m�l�g�b�d�h�\�u�o���b�a�f�_�j�_�g�b�c���j�Z�^�b�h�f�_�l�j�h�f��OLCI:  
a �± �i�h���k�l�Z�g�^�Z�j�l�g�h�f�m���Z�e�]�h�j�b�l�f�m�����m�j�Z�\�g�_�g�b�_���������������[���± �i�h���j�_�]�b�h�g�Z�e�v�g�h�f�m���Z�e�]�h�j�b�l�f�m��

���m�j�Z�\�g�_�g�b�_���������������K�i�e�h�r�g�Z�y���e�b�g�b�y���± �e�b�g�_�c�g�Z�y���d�h�j�j�_�e�y�p�b�y���f�_�`�^�m���^�Z�g�g�u�f�b���� 
�i�m�g�d�l�b�j���± �e�b�g�b�y���b�^�_�Z�e�v�g�h�]�h���k�h�h�l�g�h�r�_�g�b�y�������������Q�b�k�e�h �i�Z�j �b�a�f�_�j�_�g�b�c n = 57 

Fig. 3. Comparison between chlorophyll �©�D�ª���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���Y�D�O�X�H�V���P�H�D�V�X�U�H�G��in situ  
and obtained from OLCI data: a �± calculated by standard algorithm (equation (3));  
b �± corrected with the regional algorithm (equation (5)). The solid line corresponds  

to the regression equation. The dash line shows the perfect agreement. Number of pairs n = 57 
 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�Z�b�[�h�e�_�_�� �l�h�q�g�u�c�� �j�Z�k�q�_�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª���\��
�x�]�h-�\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b�� �;�Z�e�l�b�c�k�d�h�]�h�� �f�h�j�y�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �i�h�� �^�Z�g�g�u�f �k�i�m�l�g�b�d�h�\�h�]�h��
�j�Z�^�b�h�f�_�l�j�Z��OLCI �k�� �j�_�]�b�h�g�Z�e�v�g�h�c�� �d�h�j�j�_�d�p�b�_�c �Z�e�]�h�j�b�l�f�h�f  �i�h�� �m�j�Z�\�g�_�g�b�x (5). �I�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �j�_�]�b�h�g�Z�e�v�g�u�f�� �Z�e�]�h�j�b�l�f�h�f���^�e�y �k�i�m�l�g�b�d�h�\�h�]�h�� �j�Z�^�b�h�f�_�l�j�Z��MODIS, 
�i�j�b�� �d�h�l�h�j�h�f �h�r�b�[�d�Z�� �j�_�]�j�_�k�k�b�b�� �k�h�k�l�Z�\�e�y�_�l�� �������� �f�]���f3 [7]���� �j�_�]�b�h�g�Z�e�v�g�u�c�� �Z�e�]�h�j�b�l�f��
�^�e�y��OLCI ���m�j�Z�\�g�_�g�b�_�� ���������� �i�h�d�Z�a�u�\�Z�_�l�� �f�_�g�v�r�m�x�� �h�r�b�[�d�m�� �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�o�e�h�j�h�n�b�e�e�Z���©�Z�ª�����h�r�b�[�d�Z���j�_�]�j�_�k�k�b�b���j�Z�\�g�Z��1,1 �f�]���f3). �<���k�\�y�a�b���k���q�_�f �b�g�n�h�j�f�Z�p�b�y �k��
�j�Z�^�b�h�f�_�l�j�h�\��OLCI �b��MODIS �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �y�\�e�y�_�l�k�y�� �k�Z�f�h�c �i�j�b�_�f�e�_�f�h�c 
�^�e�y�� �\�u�q�b�k�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �\�� �Z�d�\�Z�l�h�j�b�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b��
�m�k�e�h�\�b�b���b�k�i�h�e�v�a�h�\�Z�g�b�y���j�_�]�b�h�g�Z�e�v�g�u�o���Z�e�]�h�j�b�l�f�h�\���j�Z�k�q�_�l�Z�� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �i�j�b�� �n�b�g�Z�g�k�h�\�h�c�� �i�h�^�^�_�j�`�d�_�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� 
�a�Z�^�Z�g�b�y���‹����������-2019-0013. 

 
�A�:�D�E�X�Q�?�G�B�? 

�J�_�a�m�e�v�l�Z�l�u�� �\�u�i�h�e�g�_�g�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�a�\�h�e�y�x�l�� �k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�_��
�\�u�\�h�^�u�� 

�‡ �k�l�Z�g�^�Z�j�l�g�u�_�� �Z�e�]�h�j�b�l�f�u�� �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �i�h�� �^�Z�g��
�g�u�f�� �k�i�m�l�g�b�d�h�\�u�o�� �� �j�Z�^�b�h�f�_�l�j�h�\��VIIRS �b��OLCI �^�Z�x�l�� �k�m�s�_�k�l�\�_�g�g�u�_�� �i�h�]�j�_�r�g�h�k�l�b��
�\�u�q�b�k�e�_�g�b�c���� �\�� �q�Z�k�l�g�h�k�l�b, �^�e�y�� �^�Z�g�g�u�o�� �j�Z�^�b�h�f�_�l�j�Z��VIIRS �\�u�y�\�e�_�g�h�� �a�g�Z�q�b�l�_�e�v�g�h�_��
�a�Z�\�u�r�_�g�b�_���i�h���k�j�Z�\�g�_�g�b�x���k���j�_�a�m�e�v�l�Z�l�Z�f�b���k�m�^�h�\�u�o���g�Z�l�m�j�g�u�o���b�a�f�_�j�_�g�b�c�� 

�‡ �^�e�y���[�h�e�_�_���l�h�q�g�u�o���j�Z�k�q�_�l�h�\���d�h�g�p�_�g�l�j�Z�p�b�b���o�e�h�j�h�n�b�e�e�Z���©�Z�ª���j�_�d�h�f�_�g�^�m�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �d�h�j�j�_�d�l�b�j�m�x�s�b�_�� �m�j�Z�\�g�_�g�b�y�� �j�_�]�j�_�k�k�b�b���� �i�h�a�\�h�e�y�x�s�b�_�� �k�g�b�a�b�l�v��
�h�r�b�[�d�m���j�_�]�j�_�k�k�b�b���g�Z������ �����^�e�y���j�Z�^�b�h�f�_�l�j�Z��VIIRS �b���g�Z������ % �± �^�e�y��OLCI; 
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�‡ �^�e�y�� �j�Z�k�q�_�l�Z�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �o�e�h�j�h�n�b�e�e�Z�� �©�Z�ª�� �\�� �x�]�h-�\�h�k�l�h�q�g�h�c�� �q�Z�k�l�b�� �;�Z�e��
�l�b�c�k�d�h�]�h�� �f�h�j�y�� �j�_�d�h�f�_�g�^�m�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�Z�g�g�u�_�� �k�i�m�l�g�b�d�h�\�h�]�h�� �j�Z�^�b�h�f�_�l�j�Z��
OLCI �k���j�_�]�b�h�g�Z�e�v�g�h�c���d�h�j�j�_�d�p�b�_�c���Z�e�]�h�j�b�l�f�h�f���i�h���m�j�Z�\�g�_�g�b�x�������������^�e�y���d�h�l�h�j�h�]�h���i�h��
�e�m�q�_�g�Z �g�Z�b�f�_�g�v�r�Z�y���h�r�b�[�d�Z���b�a�f�_�j�_�g�b�y�����H�r�b�[�d�Z���j�_�]�j�_�k�k�b�b���d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�]�h���Z�e��
�]�h�j�b�l�f�Z�� �^�e�y��OLCI ���������� �f�]���f3, R2 � �� ���������� �\�^�\�h�_ �g�b�`�_���� �q�_�f �^�e�y�� �j�Z�^�b�h�f�_�l�j�Z��VIIRS 
�������������f�]���f3, R2 = 0,3). 

�:�\�l�h�j�u���[�e�Z�]�h�^�Z�j�y�l���i�h�j�l�Z�e�u��Ocean Color Web �b��CODA EUMETSAT �a�Z���^�h��
�k�l�m�i���d���k�i�m�l�g�b�d�h�\�u�f���b�a�h�[�j�Z�`�_�g�b�y�f���� 
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TV,+01US�Y.3+,�V�a1X,Za/VUQTV�dY15,+�YQa+�YV5,+PT13UV52�/QcUZ/]Q�.XTQ0+[+,+�
[]2� UZRQT]Q� YQU1TT]� V� [,	e2� Z0TZ4U3Z� 1XQ/U+Y2� .35+,Z4_VY� U,1/aVU� bUV^� 0Q�
_Q3U0�Va�Y+,Z�/1�P+-Q,QRSQ�V�+-,1U/+	�'+Z0TQ/VQ�0]-,+3+0�/1�PTZR1^�.^.[f1QU�
V^�,Q5,Q1`V+//.4�P,V0TQ51UQTS/+3US	���U+�RQ�0,QYZ�0]-,+3]�Y15,+0+[+,+3TQW�V�
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6iNMMNGJ�Gj�iLkHGLlmLn�LJo�MnnmHLMM�NM�L�JLpFHLl�qHGknMM�GJ�prn�DLlpNk�MnLMrGHn	�

AGsnKnH�NpM�LiGFJp�LJo�jnLpFHnM�LHn�lLHmnlt�qHnkGJoNpNGJno�It�prn�MnL�sLpnHM�nFpHGqrN�
kLpNGJ	� 7LkHGLlmLn� niNMMNGJM� kLJ� LkkFiFlLpn� lNppnH�LJo� qGllFpLJpM� diLk�
HG�inMG�iNkHGqlLMpNkM2�qnpHGlnFi�rtoHGkLHIGJM2�rnLKt�inpLlM2�npk	e	�@rnt�LHn�inoNLpGHM�
prLp�LkknlnHLpn�prn�pHLJMNp�Gj�prnMn�MFIMpLJknM�jHGi�prn�MnL�pG�prn�kGLMp�LJo�ILkO	�6iNM�
MNGJM�GJ�prn� InLkrnM�sGHMnJ�prnNH�HnkHnLpNGJLl�LppHLkpNKnJnMM	� ;p�prn�MLin�pNin2�niNM�
MNGJM�Gj�iLkHGLlmLn�LJo�MnLmHLMM�kLJ�MnHKn�LM�L�KLlFLIln�HLs�iLpnHNLl2�prn�NJoFMpHNLl�FMn�
Gj�srNkr�HnuFNHnM�LJ�LMMnMMinJp�LJo�jGHnkLMp�Gj�qGMMNIln�KGlFinM�Gj�niNMMNGJ	�
IMnHKL�
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�G�Z�k�l�h�y�s�Z�y���k�l�Z�l�v�y���i�h�k�\�y�s�_�g�Z���b�a�m�q�_�g�b�x �j�Z�k�i�j�_�^�_�e�_�g�b�y���l�_�f�i�_�j�Z�l�m�j���i�h���h�[�t��
�_�f�m���g�Z�k�u�i�b���i�b�s�_�\�h�]�h�����d�j�Z�o�f�Z�e- �b�e�b���i�_�d�l�b�g�k�h�^�_�j�`�Z�s�_�]�h���k�u�j�v�y���i�j�b���_�]�h���o�j�Z�g�_�g�b�b��
�\���k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o���k�b�e�h�k�Z�o�����H�[�t�_�d�l�h�f���b�k�k�e�_�^�h�\�Z�g�b�c���y�\�b�e�b�k�v���d�j�Z�_�\�u�_���m�k�e�h�\�b�y��
�^�e�y�� �o�j�Z�g�_�g�b�y�� �k�u�j�v�y���\���k�j�_�^�_, �f�Z�d�k�b�f�Z�e�v�g�h�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �j�_�Z�e�v�g�u�f�� �m�k�e�h�\�b�y�f 
�i�j�b���Z�d�l�b�\�g�h�f���\�_�g�l�b�e�b�j�h�\�Z�g�b�b�� �G�_�k�f�h�l�j�y���g�Z���\�Z�`�g�h�k�l�v���j�_�r�_�g�b�y�� �\�h�i�j�h�k�h�\�����k�\�y�a�Z�g��
�g�u�o�� �k�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�f�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �l�_�i�e�h-�\�e�Z�`�g�h�k�l�g�u�o�� �i�h�e�_�c�� �i�j�b�� �o�j�Z�g�_�g�b�b��
�b�a�m�q�Z�_�f�u�o �g�Z�k�u�i�_�c�����b���a�Z�\�b�k�y�s�b�o���h�l���g�b�o���b�a�f�_�g�_�g�b�c���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���k�\�h�c�k�l�\���k�u��
�j�v�y�����\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���b�f�_�x�s�b�o�k�y���f�Z�l�_�f�Z�l�b�q�_�k�d�b�o���h�i�b�k�Z�g�b�c���w�l�b�o���k�h�i�j�y�`�_�g�g�u�o��
�y�\�e�_�g�b�c���g�_�^�h�k�l�Z�l�h�q�g�h�����W�l�h���h�[�t�y�k�g�y�_�l�k�y���k�e�h�`�g�h�k�l�v�x���b���f�Z�e�h�b�a�m�q�_�g�g�h�k�l�v�x���i�j�h�p�_�k��
�k�h�\���o�j�Z�g�_�g�b�y���i�b�s�_�\�u�o���g�Z�k�u�i�_�c���d�Z�d���g�Z���f�b�d�j�h-�����l�Z�d���b���g�Z���f�Z�d�j�h�m�j�h�\�g�_�����L�Z�d�b�_���f�Z�k�k�u��
�i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�b�k�l�_�f�m�� �k�� �j�Z�k�i�j�_�^�_�e�_�g�g�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �K�m�s�_�k�l�\�_�g�g�h�c��
�h�k�h�[�_�g�g�h�k�l�v�x, �a�g�Z�q�b�l�_�e�v�g�h�� �\�e�b�y�x�s�_�c�� �g�Z�� �b�a�m�q�Z�_�f�u�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j, 
�y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�� �i�b�s�_�\�u�o�� �g�Z�k�u�i�y�o�� �l�Z�d�h�]�h�� �j�h�^�Z�� �g�h�\�u�o��
�\�g�m�l�j�_�g�g�b�o���b�k�l�h�q�g�b�d�h�\���l�_�i�e�h�l�u���b���\�e�Z�]�b�����H�[�j�Z�a�h�\�Z�g�b�_���i�h�^�h�[�g�u�o �b�k�l�h�q�g�b�d�h�\���h�[�m��
�k�e�h�\�e�_�g�h�� �\�� �g�_�d�h�l�h�j�u�o�� �k�e�m�q�Z�y�o�� �w�n�n�_�d�l�h�f�� �©�k�Z�f�h�k�h�]�j�_�\�Z�g�b�y�ª���� �i�h�y�\�e�y�x�s�b�f�k�y�� �[�e�Z��
�]�h�^�Z�j�y�� �i�j�h�b�k�o�h�^�y�s�b�f�� �\�� �g�Z�k�u�i�b �[�b�h�e�h�]�b�q�_�k�d�b�f�� �i�j�h�p�_�k�k�Z�f �l�b�i�Z�� �©�^�u�o�Z�g�b�y�ª�� �h�l��
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�i�_�j�_�g�h�k�Z���\���g�Z�k�u�i�b�����:�d�l�m�Z�e�v�g�h�k�l�v���k�l�Z�l�v�b���k�h�k�l�h�b�l���\���l�h�f�����q�l�h���Z�g�Z�e�b�a���o�Z�j�Z�d�l�_�j�Z���h�k�h��
�[�_�g�g�h�k�l�_�c���l�_�i�e�h�f�Z�k�k�h�[�f�_�g�Z���\���^�b�k�d�j�_�l�g�h�c���g�Z�k�u�i�b���i�b�s�_�\�h�]�h���i�j�h�^�m�d�l�Z���f�h�`�_�l���[�u�l�v��
�h�k�m�s�_�k�l�\�e�_�g���l�h�e�v�d�h���g�Z���h�k�g�h�\�Z�g�b�b���k�n�h�j�f�b�j�h�\�Z�g�g�u�o���Z�g�Z�e�b�l�b�q�_�k�d�b�o���f�h�^�_�e�_�c���� 
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This article is devoted to determining temperature distribution by volume of the 

embankment of food, starch or pectin-containing raw materials during storage in spe-
cialized silos. The object of research was the boundary conditions for storage under 
conditions that are most appropriate for real conditions with active ventilation. Despite 
the importance of solving issues related to the prediction of the formation of heat-
moisture fields during storage of the studied embankments and the changes in the tech-
nological properties of the raw materials that depend on them, currently available math-
ematical descriptions of these conjugate phenomena are not enough. This is due to the 
complexity and poorly studied processes of storing food embankments at both the micro 
and macro levels. Such masses are a system with distributed parameters. A significant 
feature that largerly affects the studied temperature distributions is the possibility of 
new internal sources of heat and moisture appearing in food bulks of this type. For-
mation of such sources in some cases is based on the effect of "self-heating", which ap-
pears due to biological processes occurring in mounds, such as " breathing " of individ-
ual elements of the bulk, such as inside stored grain mass. In this regard, possibility of 
predicting the fields of heat and moisture content depends, on the one hand, on the 
completeness of the necessary information about the humidity and temperature of the 
components of the mass at the initial moment, and on the other hand, on the reliability 
of the mathematical model, which is capable of setting boundary conditions based on 
this information and thermophysical constants, describe the real processes of heat trans-
fer in the embankment. The relevance of the article lies in the fact that the analysis of 
the nature of the features of heat and mass transfer in the discrete embankment of a food 
product can be carried out only on the basis of the formed analytical models.  

heat-moisture fields, technological properties of raw materials, conjugate phe-
nomena, distributed-parameter system, temperature pattern forecasting, mathematical 
model, boundary conditions, thermophysical constants, heat transfer processes 
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�I�j�b�f�_�f���� �q�l�h�� �b�a�f�_�g�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �\�� �i�j�h�b�a�\�h�e�v�g�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b���\��
�e�x�[�h�c���l�h�q�d�_���]�j�_�x�s�_�]�h���i�e�Z�k�l�Z�� �g�Z�k�u�i�b���k�u�j�v�y���l�h�e�s�b�g�h�c����R �a�Z�\�b�k�b�l���h�l���l�_�f�i�_�j�Z�l�m��
�j�u �h�d�j�m�`�Z�x�s�_�]�h���_�]�h���f�Z�k�k�b�\�Z�����b�f�_�x�s�_�]�h���k�\�h�c���l�_�i�e�h�\�h�c���n�h�g. �G�Z�c�^�_�f �w�l�m���a�Z�\�b�k�b��
�f�h�k�l�v���k���i�h�f�h�s�v�x �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o���m�j�Z�\�g�_�g�b�c���l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b��  
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�]�^�_�W �± �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���i�j�h�p�_�k�k�Z�� z �± �j�Z�k�k�l�h�y�g�b�_���h�l���k�j�_�^�g�_�c���i�e�h�k�d�h�k�l�b��

�]�j�_�x�s�_�]�h�� �i�e�Z�k�l�Z���U�± �i�e�h�l�g�h�k�l�v�� �g�Z�k�u�i�g�h�]�h�� �f�Z�k�k�b�\�Z�� �k �± �m�^�_�e�v�g�Z�y�� �l�_�i�e�h�_�f�d�h�k�l�v 
�g�Z�k�u�i�g�h�]�h�� �f�Z�k�k�b�\�Z�� ���� �± �d�h�w�n�n�b�p�b�_�g�l�� �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b�� �g�Z�k�u�i�g�h�]�h�� �f�Z�k�k�b�\�Z��              
t �± �l�_�f�i�_�j�Z�l�m�j�Z���\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���l�h�q�d�_���g�Z�k�u�i�g�h�]�h���f�Z�k�k�b�\�Z�� q0 �± �b�g�l�_�g�k�b�\�g�h�k�l�v��
�l�_�i�e�h�\�u�^�_�e�_�g�b�y�� ���l�_�i�e�h�\�h�c�� �n�h�g���� �g�Z�k�u�i�g�h�]�h�� �f�Z�k�k�b�\�Z���� �h�d�j�m�`�Z�x�s�_�]�h�� �]�j�_�x�s�b�c��
�i�e�Z�k�l�� qu �± �b�g�l�_�g�k�b�\�g�h�k�l�v�� �l�_�i�e�h�\�u�^�_�e�_�g�b�y�� �]�j�_�x�s�_�]�h�� �i�e�Z�k�l�Z�� �i�h�\�u�r�_�g�g�h�c�� �n�b�a�b�h��
�e�h�]�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b�� 

�B�g�^�_�d�k�������h�l�g�h�k�b�l�k�y���d���]�j�_�x�s�_�f�m���i�e�Z�k�l�m�����b�g�^�_�d�k�������± �d���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�_�� 
�K�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c�� �������±(2) �[�m�^�_�f�� �j�_�r�Z�l�v�� �g�Z�� �h�k�g�h�\�_�� �i�j�b�g�p�b�i�Z�� �k�m�i�_�j�i�h�a�b��

�p�b�b���i�j�b���k�e�_�^�m�x�s�b�o���m�i�j�h�s�Z�x�s�b�o���i�j�_�^�i�h�k�u�e�d�Z�o�����L�_�f�i�_�j�Z�l�m�j�Z���]�j�_�x�s�_�]�h���i�e�Z�k�l�Z���\��
�g�Z�q�Z�e�v�g�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �h�^�b�g�Z�d�h�\�Z�� �i�h�� �\�k�_�f�m�� �h�[�t�_�f�m�� �b�� �j�Z�\�g�Z���� �� otox � �³ ,1 ���� �Z�� �\��

�h�d�j�m�`�Z�x�s�_�f�� �i�e�Z�k�l�� �f�Z�k�k�b�\�_ �g�Z�k�u�i�b�� �i�b�s�_�\�h�]�h�� �k�u�j�v�y �j�Z�\�g�Z���� �� ctox � �³ ,2 ���� �j�Z�k�k�f�Z�l��

�j�b�\�Z�_�l�k�y�� �g�Z�k�u�i�v�� �^�h�k�l�Z�l�h�q�g�h�� �[�h�e�v�r�b�o�� �j�Z�a�f�_�j�h�\�� ���g�_�h�]�j�Z�g�b�q�_�g�g�Z�y�� �i�e�Z�k�l�b�g�Z������ �l�_�i��
�e�h�\�h�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �f�_�`�^�m�� �h�q�Z�]�h�f�� �k�Z�f�h�k�h�]�j�_�\�Z�g�b�y�� �b�� �h�d�j�m�`�Z�x�s�b�f�� �f�Z�k�k�b�\�h�f��
�i�j�h�b�k�o�h�^�b�l�� �i�h�� �a�Z�d�h�g�m�� �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b���� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �l�_�i�e�h�\�u�^�_�e�_�g�b�y�� �i�e�Z�k�l�Z����
qu �b���h�d�j�m�`�Z�x�s�_�]�h���f�Z�k�k�b�\�Z��q0 �i�h�k�l�h�y�g�g�u���\�h���\�j�_�f�_�g�b�����l�_�i�e�h�n�b�a�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�b���i�b�s�_�\�h�]�h���k�u�j�v�y �\���i�e�Z�k�l�_���b���f�Z�k�k�b�\�_���i�j�b�g�y�l�u���i�h�k�l�h�y�g�g�u�f�b�����g�h���\���h�[�s�_�f���k�e�m��
�q�Z�_���h�l�e�b�q�g�u�f�b���^�j�m�]���h�l���^�j�m�]�Z���>��]. 
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�]�^�_���q�_�j�_�a��F1 �h�[�h�a�g�Z�q�_�g�Z���k�m�f�f�Z�� 
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�<�� �a�Z�i�b�k�Z�g�g�u�o�� �m�j�Z�\�g�_�g�b�y�o �J���± �d�h�w�n�n�b�p�b�_�g�l�� �l�_�f�i�_�j�Z�l�m�j�h�i�j�h�\�h�^�g�h�k�l�b��

�g�Z�k�u�i�b�� �i�b�s�_�\�h�]�h�� �k�u�j�v�y; 
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ka �  �± �d�j�b�l�_�j�b�c���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �l�_�i�e�h�b�g�_�j�p�b�h�g�g�u�_�� �k�\�h�c�k�l�\�Z��

�k�j�_�^�u�� �h�l�g�h�k�b�l�_�e�v�g�h�� �i�e�Z�k�l�b�g�u�� 
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�k�l�\�_�g�g�h���^�e�y���i�e�Z�k�l�b�g�u���b���k�j�_�^�u�� 
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,                                                      (6) 

�]�^�_ �� ��dxxerfcx
x

�³ ��� 
0

2exp
2

�S
 �± �n�m�g�d�p�b�y���h�r�b�[�h�d���=�Z�m�k�k�Z. 

�B�a�� �j�_�r�_�g�b�y�� �������±(6) �i�h�e�m�q�_�g�u�� �q�Z�k�l�g�u�_�� �m�i�j�h�s�_�g�g�u�_�� �k�e�m�q�Z�b���� �W�d�k�i�_�j�b�f�_�g��
�l�Z�e�v�g�Z�y�� �i�j�h�\�_�j�d�Z�� �a�_�j�g�Z�� �\�e�Z�`�g�h�k�l�v�x�� �����±������ ���� �^�e�y�� �i�e�Z�k�l�Z�� �k�Z�f�h�k�h�]�j�_�\�Z�g�b�y�� �b��             
13�±������ ���� �^�e�y�� �g�Z�k�u�i�g�h�]�h�� �f�Z�k�k�b�\�Z�� �� �i�h�^�l�\�_�j�^�b�e�Z�� �k�i�j�Z�\�_�^�e�b�\�h�k�l�v�� �i�h�e�m�q�_�g�g�u�o�� �a�Z�\�b��
�k�b�f�h�k�l�_�c�� 

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

�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �l�Z�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�j�b�g�b�f�Z�e�h�k�v���� �q�l�h�� �\�� �g�Z�k�u�i�b�� �� �b�f�_�_�l�k�y�� �k�e�h�c��
�i�b�s�_�\�h�]�h���k�u�j�v�y �l�h�e�s�b�g�h�c����R �k���i�h�\�u�r�_�g�g�u�f�b �l�_�f�i�_�j�Z�l�m�j�h�c���b���\�e�Z�]�h�k�h�^�_�j�`�Z�g�b�_�f��
(�j�b�k�m�g�h�d��. 
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�J�b�k. �=�j�Z�n�b�q�_�k�d�Z�y���b�g�l�_�j�i�j�_�l�Z�p�b�y���g�Z�q�Z�e�v�g�u�o���m�k�e�h�\�b�c�� �:�����<���± �j�Z�k�k�l�h�y�g�b�_�� 
�h�l���h�k�g�h�\�Z�g�b�y���_�f�d�h�k�l�b���^�e�y���o�j�Z�g�_�g�b�y�� 2R1 �± �l�h�e�s�b�g�Z���]�j�_�x�s�_�]�h���i�e�Z�k�l�Z ���b�k�l�h�q�g�b�d�Z��

�k�Z�f�h�k�h�]�j�_�\�Z�g�b�y��; h �± �j�Z�k�k�l�h�y�g�b�_���h�l���p�_�g�l�j�Z���]�j�_�x�s�_�]�h���i�e�Z�k�l�Z 
Fig. Graphical interpretation of initial conditions: A, B �± distance from the base  

of the storage container; 2R1 �± thickness of the heating layer (self-heating source); 
h  �± distance from the center of the heating layer 

 
�K�h�]�e�Z�k�g�h���� �>��-���@���l�_�i�e�h- �b���\�e�Z�]�h�i�_�j�_�g�h�k �\�� �k�e�h�_�� �i�b�s�_�\�h�]�h���k�u�j�v�y �k���i�h�\�u�r�_�g��

�g�h�c���l�_�f�i�_�j�Z�l�m�j�h�c���i�j�b��h<R �h�i�b�k�u�\�Z�_�l�k�y���k�e�_�^�m�x�s�_�c���k�b�k�l�_�f�h�c���m�j�Z�\�g�_�g�b�c�� 
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�]�^�_ t1 �± �l�_�f�i�_�j�Z�l�m�j�Z �]�j�_�x�s�_�]�h�� �b�k�l�h�q�g�b�d�Z; u1 �± �\�e�Z�]�h�k�h�^�_�j�`�Z�g�b�_�� �]�j�_�x�s�_�]�h��

�b�k�l�h�q�g�b�d�Z; a  �± �l�_�f�i�_�j�Z�l�m�j�h�i�j�h�\�h�^�g�h�k�l�v�� �i�b�s�_�\�h�]�h�� �k�u�j�v�y; a m �± �d�h�w�n�n�b�p�b�_�g�l��
�^�b�n�n�m�a�b�b�� �\�e�Z�]�b�� �[�j�b�d�_�l�h�\�� �/ �± �l�_�j�f�h�]�j�Z�^�b�_�g�l�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �i�b�s�_�\�h�]�h�� �k�u�j�v�y;              
�- �± �d�j�b�l�_�j�b�c�� �n�Z�a�h�\�h�]�h�� �i�j�_�\�j�Z�s�_�g�b�y�� �� �± �l�_�i�e�h�l�Z�� �n�Z�a�h�\�h�]�h�� �i�j�_�\�j�Z�s�_�g�b�y��                             
cm �± �m�^�_�e�v�g�Z�y���b�a�h�l�_�j�f�b�q�_�k�d�Z�y���\�e�Z�]�h�_�f�d�h�k�l�v���i�b�s�_�\�h�]�h���k�u�j�v�y; �! �± �i�e�h�l�g�h�k�l�v���i�b�s�_��
�\�h�]�h���k�u�j�v�y; q1 �± �d�h�e�b�q�_�k�l�\�h���l�_�i�e�Z���� �\�u�^�_�e�y�_�f�h�]�h���_�^�b�g�b�p�_�c���h�[�t�_�f�Z���]�j�_�x�s�_�]�h���i�e�Z��
�k�l�Z���\���_�^�b�g�b�p�m���\�j�_�f�_�g�b�� �2 �± �\�j�_�f�y�� 

�L�_�i�e�h- �b���\�e�Z�]�h�i�_�j�_�g�h�k���\���i�b�s�_�\�h�f���k�u�j�v�_ �g�Z���j�Z�k�k�l�h�y�g�b�b��h>R �h�l���p�_�g�l�j�Z���]�j�_��
�x�s�_�]�h�� �i�e�Z�k�l�Z�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�b�\�_�^�_�g�g�u�o�� �\�u�r�_�� �j�Z�k�k�m�`�^�_�g�b�c�� �b�� �g�_�d�h�l�h�j�u�o�� �m�i�j�h��
�s�_�g�b�c���f�h�`�_�l���[�u�l�v���h�i�b�k�Z�g���k�e�_�^�m�x�s�_�c���k�b�k�l�_�f�h�c���m�j�Z�\�g�_�g�b�c���>������10]: 
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�]�^�_ t2 �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�b�s�_�\�h�]�h�� �k�u�j�v�y���� �h�d�j�m�`�Z�x�s�_�]�h �]�j�_�x�s�b�c�� �i�e�Z�k�l��                           
u2 �± �\�e�Z�]�h�k�h�^�_�j�`�Z�g�b�_���i�b�s�_�\�h�]�h���k�u�j�v�y�����h�d�j�m�`�Z�x�s�_�]�h �]�j�_�x�s�b�c���i�e�Z�k�l�� q2 �± �d�h�e�b�q�_��
�k�l�\�h�� �l�_�i�e�Z���� �\�u�^�_�e�y�_�f�h�]�h�� �i�b�s�_�\�u�f�� �k�u�j�v�_�f, �\ �h�d�j�m�`�Z�x�s�m�x�� �g�Z�k�u�i�v���� �\�� �_�^�b�g�b�p�m��
�\�j�_�f�_�g�b�� 
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�A�:�D�E�X�Q�?�G�B�? 
�>�e�y���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���g�Z�q�Z�e�v�g�u�o���b���]�j�Z�g�b�q�g�u�o�����m�k�e�h�\�b�c�����a�Z�i�b�k�Z�g�g�u�o���\�u�r�_��

�k�b�k�l�_�f���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o���m�j�Z�\�g�_�g�b�c���i�h�e�m�q�_�g�h���j�_�r�_�g�b�_�����h�i�b�k�u�\�Z�x�s�_�_���l�_�f�i�_�j�Z��
�l�m�j�g�h�_���i�h�e�_���g�Z�k�u�i�b�� 
 

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

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

 
The aim of the work was to develop a recipe for semi-finished poultry meat, as 

well as to refine the parameters of the production process. The necessity of expanding 
the assortment of semi-finished products from poultry meat has been substantiated. A 
marketing analysis has been carried out of consumer preferences in Kaliningrad and the 
region. The choice of vegetable components of the sauce for the injection of semi-
finished poultry meat products has been justified. The ingredients of the oil-vegetable 
sauce have determined based on the percentage of weight loss of the finished product. 
The necessity of adding a structurant to the formulation of the oil-vegetable sauce has 
been presented. A formulation of the oil-vegetable sauce has been developed, which 
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will improve the organoleptic and physico-chemical properties of semi-finished poultry 
meat. The effect of salt and temperature on the rheological properties of oil-vegetable 
sauce has been studied, the optimum temperature of the sauce for injection of broiler 
chicken fillet in the production of semi-finished products from poultry meat has been 
established, the optimum temperature has been  justified, which retains all the function-
al and technological properties of the oil-vegetable sauce with the addition of xanthan 
gum, and also will not affect the microbiological parameters of the sauce. Based on the 
studies, a production flow chart has been developed. The shelf life of chicken semi-
finished product enriched with plant components is set to be 60 days. The new semi-
finished recipe satisfies consumers�¶�� �W�D�V�W�H�� �S�U�H�I�H�U�H�Q�F�H�V���� �D�Q�G�� �L�V�� �D�O�V�R�� �D dish of high nutri-
tional value. 

semi-finished product from poultry meat, injection, structure-forming agent, vis-
cosity, product, formulation, oil-vegetable sauce 

 
 

�<�<�?�>�?�G�B�? 
�I�h�e�m�n�Z�[�j�b�d�Z�l�u�� �b�a�� �k�u�j�v�y�� �`�b�\�h�l�g�h�]�h�� �i�j�h�b�k�o�h�`�^�_�g�b�y �y�\�e�y�x�l�k�y�� �h�^�g�b�f�b �b�a��

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

�D�m�j�b�g�h�_�� �f�y�k�h�� �i�h�� �g�Z�[�h�j�m���� �k�h�h�l�g�h�r�_�g�b�x�� �Z�f�b�g�h�d�b�k�e�h�l���� �i�h�e�g�h�p�_�g�g�u�o�� �f�u��
�r�_�q�g�u�o�� �b�� �f�Z�e�h�p�_�g�g�u�o�� �k�h�_�^�b�g�b�l�_�e�v�g�h�l�d�Z�g�g�u�o�� �[�_�e�d�h�\�� �[�_�a�h�]�h�\�h�j�h�q�g�h�� �k�q�b�l�Z�_�l�k�y��
�^�b�_�l�b�q�_�k�d�b�f [1].  �?�`�_�]�h�^�g�h�� �h�l�f�_�q�Z�_�l�k�y�� �j�h�k�l�� �b�� �i�h�l�j�_�[�e�_�g�b�_�� �� �� �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a��
�f�y�k�Z�� �i�l�b�p�u���� �q�l�h�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l�k�y�� �b�o�� �^�h�k�l�m�i�g�h�k�l�v�x �g�_�a�Z�\�b�k�b�f�h�� �h�l �m�j�h�\�g�y�� �^�h�o�h�^�Z  
�b���h�l�k�m�l�k�l�\�b�_�f �j�_�e�b�]�b�h�a�g�u�o�� �h�]�j�Z�g�b�q�_�g�b�c. �H�k�g�h�\�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f�� �i�l�b�p�_�i�_�j�_�j�Z��
�[�h�l�d�b �k�l�Z�g�h�\�b�l�k�y���i�j�h�b�a�\�h�^�k�l�\�h���h�o�e�Z�`�^�_�g�g�u�o���b���a�Z�f�h�j�h�`�_�g�g�u�o���i�h�e�m�n�Z�[�j�b�d�Z�l�h�\�� �<��    
���������� �]�� �^�h�e�y�� �j�h�k�k�b�c�k�d�h�c�� �i�l�b�p�u�� �g�Z�� �j�u�g�d�_�� �\�u�j�h�k�e�Z�� �b�� �k�h�k�l�Z�\�b�e�Z�� �������� ������ �I�h�w�l�h�f�m��
�j�Z�a�j�Z�[�h�l�d�Z�� �j�_�p�_�i�l�m�j�u�� �^�e�y�� �j�Z�k�r�b�j�_�g�b�y�� �Z�k�k�h�j�l�b�f�_�g�l�Z�� �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\�� �b�a�� �f�y�k�Z��
�i�l�b�p�u�� �±  �Z�d�l�m�Z�e�v�g�h�_���g�Z�i�j�Z�\�e�_�g�b�_���b�k�k�e�_�^�h�\�Z�g�b�c.  

�I�j�b�� �i�j�h�b�a�\�h�^�k�l�\�_�� �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\ �^�e�y�� �\�g�_�k�_�g�b�y�� �i�h�k�h�e�h�q�g�h�c�� �k�f�_�k�b�� �\�� �f�u��
�r�_�q�g�m�x���l�d�Z�g�v���b�k�i�h�e�v�a�m�_�l�k�y���h�i�_�j�Z�p�b�y���b�g�t�_�d�l�b�j�h�\�Z�g�b�y, �i�h�a�\�h�e�y�x�s�Z�y���a�g�Z�q�b�l�_�e�v�g�h��
�m�\�_�e�b�q�b�l�v���\�u�o�h�^���]�h�l�h�\�h�]�h���i�j�h�^�m�d�l�Z���b�� �m�e�m�q�r�b�l�v���_�]�h���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_��
�e�b�����J�h�k�k�b�c�k�d�b�f�b���b���a�Z�j�m�[�_�`�g�u�f�b���m�q�_�g�u�f�b���\�_�^�m�l�k�y���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b���j�Z�a�j�Z��
�[�h�l�h�d���k�h�m�k�h�\���^�e�y���b�g�t�_�d�l�b�j�h�\�Z�g�b�y���g�Z���h�k�g�h�\�_ �f�Z�c�h�g�_�a�Z���b���_�]�h���i�j�h�b�a�\�h�^�g�u�o�����e�v�g�y�g�h��
�]�h�� �`�f�u�o�Z���� �Z�� �l�Z�d�`�_�� �h�[�h�]�Z�s�_�g�g�u�o �[�b�h�e�h�]�b�q�_�k�d�b�� �Z�d�l�b�\�g�u�f�b�� �\�_�s�_�k�l�\�Z�f�b�� �f�b�d�j�h�\�h��
�^�h�j�h�k�e�_�c����Chlorella sorokiniana [2�±5]. �K�h�m�k�u���i�j�b�^�Z�x�l���i�j�h�^�m�d�l�Z�f���k�h�q�g�h�k�l�v�����^�h�i�h�e��
�g�y�x�l���\�d�m�k�����i�h�\�u�r�Z�x�l���i�b�l�Z�l�_�e�v�g�m�x���p�_�g�g�h�k�l�v��  �I�h�w�l�h�f�m���j�Z�k�r�b�j�_�g�b�_���Z�k�k�h�j�l�b�f�_�g�l�Z��
�k�h�m�k�h�\�� �^�e�y�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\�� �b�a�� �f�y�k�Z�� �i�l�b�p�u�� �k�� �p�_�e�v�x�� �m�e�m�q�r�_�g�b�y��
�h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �]�h�l�h�\�h�]�h�� �i�j�h�^�m�d�l�Z�� �b�� �i�h�\�u�r�_�g�b�y�� �_�]�h�� �i�b�s�_�\�h�c�� �p�_�g�g�h��
�k�l�b���y�\�e�y�_�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f���g�Z�i�j�Z�\�e�_�g�b�_�f���b�k�k�e�_�^�h�\�Z�g�b�c�� 

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

 
�H�K�G�H�<�G�:�Y���Q�:�K�L�V 

�P�_�e�v�x �j�Z�[�h�l�u���y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z���j�_�p�_�i�l�m�j�u���i�h�e�m�n�Z�[�j�b�d�Z�l�Z���b�a���f�y�k�Z���i�l�b��
�p�u���� �h�[�h�]�Z�s�_�g�g�h�]�h�� �j�Z�k�l�b�l�_�e�v�g�u�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b, �b�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_ �l�_�o�g�h�e�h��
�]�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\ �_�]�h���i�j�h�b�a�\�h�^�k�l�\�Z. 

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�� �i�j�h�\�_�^�_�g�� �f�Z�j�d�_�l�b�g�]�h�\�u�c�� �h�i�j�h�k�� �^�e�y��
�h�p�_�g�d�b�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b�� �j�Z�a�j�Z�[�h�l�d�b �j�_�p�_�i�l�m�j�u�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �b�a�� �f�y�k�Z�� �i�l�b�p�u, 
�h�[�h�]�Z�s�_�g�g�h�]�h���j�Z�k�l�b�l�_�e�v�g�u�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�� �B�a���j�_�a�m�e�v�l�Z�l�h�\���h�i�j�h�k�Z���k�e�_�^�m�_�l��  

�±  91 �����h�i�j�h�r�_�g�g�u�o���q�Z�s�_���\�k�_�]�h���i�h�d�m�i�Z�_�l���d�m�j�b�p�m���\���f�Z�]�Z�a�b�g�_�� 
�±  80 �����j�_�k�i�h�g�^�_�g�l�h�\���q�Z�s�_ �\�k�_�]�h���\�f�_�k�l�_���k���f�y�k�h�f���m�i�h�l�j�_�[�e�y�x�l �k�h�m�k�� 
�±  85 % �b�g�l�_�j�\�v�x�b�j�h�\�Z�g�g�u�o���i�h�d�m�i�Z�e�b���[�u���i�h�e�m�n�Z�[�j�b�d�Z�l���b�a���f�y�k�Z���k���^�h�[�Z�\�e�_��

�g�b�_�f���k�h�m�k�Z�� 
�± �[�h�e�v�r�b�g�k�l�\�h���j�_�k�i�h�g�^�_�g�l�h�\���i�j�_�^�i�h�q�b�l�Z�e�b���[�u���\���k�h�k�l�Z�\�_���k�h�m�k�Z���\�b�^�_�l�v���f�h�j��

�d�h�\�v���b�e�b���l�u�d�\�m�� 
�G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�h�\�_�^�_�g�g�u�o�� �f�Z�j�d�_�l�b�g�]�h�\�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c �g�Z�� �d�Z�n�_�^�j�_�� �l�_�o��

�g�h�e�h�]�b�b���i�j�h�^�m�d�l�h�\���i�b�l�Z�g�b�y���N�=�;�H�M���<�H���©�D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o��
�g�b�q�_�k�d�b�c�� �m�g�b�\�_�j�k�b�l�_�l�ª�� �[�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u �j�_�p�_�i�l�m�j�u �f�Z�k�e�y�g�h-�h�\�h�s�g�u�o�� �k�h�m�k�h�\ 
�^�e�y���b�g�t�_�d�l�b�j�h�\�Z�g�b�y���i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a���f�y�k�Z���i�l�b�p�u�� 

�<�� �i�j�h�b�a�\�h�^�k�l�\�_ �h�[�j�Z�a�p�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�h�k�v�� �h�o�e�Z�`�^�_�g�g�h�_�� �n�b�e�_�� �p�u�i�e�_�g�d�Z��
�[�j�h�c�e�_�j�Z�� ���H�H�H�� �©�L�I�D�� �©�;�Z�e�l�i�l�b�p�_�i�j�h�f�ª��, �i�h�� �d�Z�q�_�k�l�\�m�� �h�l�\�_�q�Z�x�s�_�_�� �l�j�_�[�h�\�Z�g�b�y�f��
�L�M�� ��������-001-78647151-2014, �Z�� �l�Z�d�`�_�� �f�Z�l�_�j�b�Z�e�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���i�h �i�h�d�Z�a�Z�l�_��
�e�y�f�� �d�Z�q�_�k�l�\�Z�� �b�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �l�j�_�[�h�\�Z�g�b�y�f�� �^�_�c�k�l�\�m�x�s�b�o�� �k�l�Z�g�^�Z�j�l�h�\�� �b�� �l�_�o�g�b�q�_��
�k�d�b�o���j�_�]�e�Z�f�_�g�l�h�\��  

�L�_�o�g�h�e�h�]�b�y���i�j�h�b�a�\�h�^�k�l�\�Z���h�[�j�Z�a�p�h�\���i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a���f�y�k�Z���i�l�b�p�u���k�h�k�l�h�y��
�e�Z �b�a���k�e�_�^�m�x�s�b�o �w�l�Z�i�h�\�� �i�h�^�]�h�l�h�\�d�Z���n�b�e�_ ���f�h�c�d�Z�� �m�^�Z�e�_�g�b�_���`�b�j�Z��, �i�j�b�]�h�l�h�\�e�_�g�b�_��
�k�h�m�k�Z���� �b�g�t�_�d�l�b�j�h�\�Z�g�b�_ �n�b�e�_���� �m�i�Z�d�h�\�d�Z�� �_�]�h�� �i�h�^�� �\�Z�d�m�m�f�h�f���� �l�_�i�e�h�\�Z�y�� �h�[�j�Z�[�h�l�d�Z��
(�\�Z�j�d�Z �i�j�b��t�\�h�^�u=90�F2 �£C �^�h���^�h�k�l�b�`�_�g�b�y���l�_�f�i�_�j�Z�l�m�j�u���\�g�m�l�j�b���i�j�h�^�m�d�l�Z�����F2 �£C (�i�h��
�l�_�o�g�h�e�h�]�b�b����sous vide)), �h�o�e�Z�`�^�_�g�b�_�� �a�Z�f�h�j�Z�`�b�\�Z�g�b�_���� 

�>�e�y���k�h�m�k�h�\�����d�h�l�h�j�u�f�b���[�m�^�_�l���b�g�t�_�d�l�b�j�h�\�Z�l�v�k�y���n�b�e�_���� �h�q�b�s�_�g�g�u�_���h�\�h�s�b���\�Z��
�j�b�e�b�k�v���� �h�o�e�Z�`�^�Z�e�b�k�v���� �� �i�x�j�b�j�h�\�Z�e�b�k�v�� �b �k�f�_�r�b�\�Z�e�b�k�v�� �k�� �^�j�m�]�b�f�b�� �b�g�]�j�_�^�b�_�g�l�Z�f�b 
�k�h�]�e�Z�k�g�h���j�_�p�_�i�l�m�j�Z�f�����i�j�_�^�k�l�Z�\�e�_�g�g�u�f���\ �l�Z�[�e�� 1; �^�e�y���i�j�b�]�h�l�h�\�e�_�g�b�y���h�[�j�Z�a�p�Z���k�h�m�k�Z��
�‹  �����y�c�p�Z���\�a�[�b�\�Z�e�b�k�v���f�b�d�k�_�j�h�f���k���i�h�k�l�_�i�_�g�g�u�f �^�h�[�Z�\�e�_�g�b�_�f���b�g�]�j�_�^�b�_�g�l�h�\���^�h���i�h��
�e�m�q�_�g�b�y���]�m�k�l�h�c���d�h�g�k�b�k�l�_�g�p�b�b��  
 
�L�Z�[�e�b�p�Z��1. �J�_�p�_�i�l�m�j�Z���k�h�m�k�h�\���g�Z�����������d�]�����[�_�a���m�q�_�l�Z���i�h�l�_�j�v���i�h���h�i�_�j�Z�p�b�y�f�� 
Table 1. Recipe for sauces per 100 kg (excluding losses on operations) 

�B�g�]�j�_�^�b�_�g�l�u �G�h�f�_�j�Z���\�Z�j�b�Z�g�l�h�\���j�_�p�_�i�l�m�j  
1 2 3 4 5 6 

1 2 3 4 5 6 7 
�F�Z�c�h�g�_�a���h�e�b�\�d�h�\�u�c�� 100  - - - - - 
�Y�c�p�Z���d�m�j�b�g�u�_ - 50 - - - - 
�E�b�f�h�g�g�u�c���k�h�d  11     
�=�h�j�q�b�p�Z  10     
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e�� 1 
1 2 3 4 5 6 7 

�K�Z�o�Z�j  4     
�K�i�_�p�b�b  5     
�L�u�d�\�_�g�g�h�_���i�x�j�_ - - 70 60 - - 
�F�h�j�d�h�\�g�h�_���i�x�j�_ - - - - - 70 
�=�h�j�q�b�q�g�h�_���f�Z�k�e�h  - - 30 - - - 
�J�Z�k�l�b�l�_�e�v�g�h�_���f�Z�k�e�h  - 20 - - 50 30 
�K�e�b�\�h�q�g�h�_���f�Z�k�e�h  - - - 40 50 - 
�<�u�o�h�^: 100 100 100 100 100 100 

 
�I�j�b�]�h�l�h�\�e�_�g�g�u�f�b�� �h�[�j�Z�a�p�Z�f�b�� �f�Z�k�e�y�g�h-�h�\�h�s�g�u�o�� �k�h�m�k�h�\ (t� ���“�� �ƒ�K�� �b�g�t�_�d��

�l�b�j�h�\�Z�e�b �n�b�e�_ �p�u�i�e�y�l���[�j�h�c�e�_�j�Z �i�h���\�k�_�c���i�e�h�s�Z�^�b���_�]�h���i�h�\�_�j�o�g�h�k�l�b��7�±�������j�Z�a�����K�h�m�k��
�\�\�h�^�b�e�k�y���^�h���f�h�f�_�g�l�Z �_�]�h �\�u�l�_�d�Z�g�b�y �b�a���f�u�r�_�q�g�h�c���l�d�Z�g�b �f�y�k�Z�����>�e�y���j�Z�k�i�j�_�^�_�e�_�g�b�y��
�_�]�h �i�h�� �\�k�_�f�m�� �h�[�t�_�f�m �n�b�e�_�� �\�u�^�_�j�`�b�\�Z�e�h�k�v �i�j�b�� �W= ���“�� �ƒ�K �\�� �l�_�q�_�g�b�_�� �����±������ �f�b�g �b��
�i�h�^�\�_�j�]�Z�e�h�k�v���h�i�_�j�Z�p�b�b���f�Z�k�k�b�j�h�\�Z�g�b�y 5�±�����f�b�g, �a�Z�l�_�f �\�a�\�_�r�b�\�Z�e�h�k�v �k���p�_�e�v�x���n�b�d��
�k�b�j�h�\�Z�g�b�y �b�a�f�_�g�_�g�b�y�� �f�Z�k�k�u �h�[�j�Z�a�p�h�\ �^�h�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y�� �b �i�h�k�e�_.  �>�Z�e�_�_ �i�h�e�m��
�n�Z�[�j�b�d�Z�l�u �m�i�Z�d�h�\�u�\�Z�e�b�k�v �\���l�_�j�f�h�k�l�h�c�d�b�_���\�Z�d�m�m�f�g�u�_���i�Z�d�_�l�u���\���\�Z�d�m�m�f�Z�l�h�j�_���f�Z�j��
�d�b Ellrona �b�� �i�h�^�\�_�j�]�Z�e�b�k�v�� �l�_�i�e�h�\�h�c�� �h�[�j�Z�[�h�l�d�_�� �\�� �i�Z�j�h�d�h�g�\�_�d�l�h�f�Z�l�_ Luxstahl (�j�_��
�`�b�f-�i�Z�j�� t�\�h�^�u=90�F2�£C���� �\�� �l�_�q�_�g�b�_ 9���� �f�b�g �^�h�� �^�h�k�l�b�`�_�g�b�y��t=72�F2 �£C �\�� �p�_�g�l�j�_ �i�j �h��
�^�m�d�l�Z. �>�e�y���k�j�Z�\�g�_�g�b�y���\���d�Z�q�_�k�l�\�_���d�h�g�l�j�h�e�y���[�j�Z�e�b �h�[�j�Z�a�_�p�����d�h�l�h�j�u�c���]�h�l�h�\�b�e�k�y���Z�g�Z��
�e�h�]�b�q�g�h���� �a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �h�i�_�j�Z�p�b�b�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y�� �f�Z�k�e�y�g�h-�h�\�h�s�g�u�f�� �k�h�m�k�h�f�� 
�F�Z�k�k�Z �b�k�k�e�_�^�m�_�f�u�o �h�[�j�Z�a�p�h�\�� �n�b�d�k�b�j�h�\�Z�e�Z�k�v�� �i�h�k�e�_ �h�i�_�j�Z�p�b�b�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y �b��
�l�_�i�e�h�\�h�c���h�[�j�Z�[�h�l�d�b ���i�h���h�d�h�g�q�Z�g�b�b �\�Z�j�d�b���n�b�e�_���h�o�e�Z�`�^�Z�e�h�k�v�����\�u�g�b�f�Z�e�h�k�v���b�a���i�Z�d�_��
�l�Z���� �i�h�k�e�_�� �h�l�^�_�e�_�g�b�y�� �`�b�^�d�h�c�� �q�Z�k�l�b �\�a�\�_�r�b�\�Z�e�h�k�v). �I�h�l�_�j�b�� �i�h�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f��
�h�i�_�j�Z�p�b�y�f�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y, �l�_�i�e�h�\�h�c �h�[�j�Z�[�h�l�d�b���� �Z�� �l�Z�d�`�_ �\�u�o�h�^�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z 
�i�j�b�\�_�^�_�g�u �\���l�Z�[�e�� 2.  

 
�L�Z�[�e�b�p�Z 2. �I�h�l�_�j�b �i�h �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f �h�i�_�j�Z�p�b�y�f �b �\�u�o�h�^ �i�h�e�m�n�Z�[�j�b�d�Z�l�Z  
Table 2. Losses on technological operations and output of the semi-finished product 

�I�h�l�_�j�b �i�h���h�i�_��
�j�Z�p�b�y�f���\ �����d��
�f�Z�k�k�_���k�u�j�v�y����

�i�h�k�l�m�i�b�\�r�_�]�h��
�g�Z���^�Z�g�g�m�x�� 
�h�i�_�j�Z�p�b�x 

                             �G�h�f�_�j�Z���\�Z�j�b�Z�g�l�h�\���j�_�p�_�i�l�m�j 

�D�h�g��
�l�j�h�e�v 

1 2 3 4 5 6 

�B�g�t�_�d�l�b�j�h�\�Z�g�b�_ 0 + 5 + 3 + 7 + 15 + 10 + 15 

�L�_�j�f�b�q�_�k�d�Z�y��
�h�[�j�Z�[�h�l�d�Z 

�± 30 �± 20 �± 20 �± 20 �± 20 �± 20 �± 20 

�<�u�o�h�^������ 70�F3,2 84�F3,9 82�F4,1 86�F4,1 92�F4,2 88�F3,8 92�F4,4 

  
�B�a���l�Z�[�e�� 2 �\�b�^�g�h�����q�l�h���g�Z�b�[�h�e�v�r�b�c���\�u�o�h�^���]�h�l�h�\�h�]�h���i�j�h�^�m�d�l�Z �g�Z�[�e�x�^�Z�_�l�k�y�� �m��

�h�[�j�Z�a�p�h�\, �b�g�t�_�d�l�b�j�h�\�Z�g�g�u�o���k�h�m�k�Z�f�b���‹ �����b��6. 
�H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�Z�y�� �h�p�_�g�d�Z�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�j�Z�a�p�h�\�� �i�j�h�\�h�^�b�e�Z�k�v�� �\�� �k�h�h�l�\�_�l��

�k�l�\�b�b�� �k�h�� �k�l�Z�g�^�Z�j�l�h�f�� �i�h�� ��-�[�Z�e�e�v�g�h�c�� �r�d�Z�e�_ �g�Z�� �d�Z�n�_�^�j�_�� �l�_�o�g�h�e�h�]�b�b�� �i�j�h�^�m�d�l�h�\�� �i�b��
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�l�Z�g�b�y���N�=�;�H�M���<�H���©�D�=�L�M�ª���k���m�q�Z�k�l�b�_�f���k�h�l�j�m�^�g�b�d�h�\���d�Z�n�_�^�j�u���b���k�l�m�^�_�g�l�h�\�����J�_�a�m�e�v��
�l�Z�l�u���h�p�_�g�d�b���i�h�d�Z�a�Z�g�u �g�Z���j�b�k������.  

 
�J�b�k. 1. �H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�Z�y �h�p�_�g�d�Z �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a���f�y�k�Z���i�l�b�p�u 

Fig. 1. Organoleptic assessment of semi-finished poultry meat 
 
�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �g�Z�� �� �j�b�k�m�g�d�_ �^�Z�g�g�u�o�� �\�b�^�g�h���� �q�l�h�� �g�Z�b�e�m�q�r�b�f�b�� �h�j�]�Z�g�h��

�e�_�i�l�b�q�_�k�d�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���h�[�e�Z�^�Z�e���h�[�j�Z�a�_�p�����b�g�t�_�d�l�b�j�h�\�Z�g�g�u�c���k�h�m�k�h�f���‹  4, 
�\�� �k�h�k�l�Z�\�� �d�h�l�h�j�h�]�h�� �\�o�h�^�b�e�b �l�u�d�\�Z�� �b�� �k�e�b�\�h�q�g�h�_�� �f�Z�k�e�h�� �M�� �h�k�l�Z�e�v�g�u�o�� �b�a�^�_�e�b�c�� �[�u�e��
�k�e�Z�[�h���\�u�j�Z�`�_�g���a�Z�i�Z�o �e�b�[�h���h�g�b���b�f�_�e�b���g�_�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�c �\�d�m�k�����H�[�j�Z�a�_�p���‹ 4 �o�Z��
�j�Z�d�l�_�j�b�a�h�\�Z�e�k�y �y�j�d�h���\�u�j�Z�`�_�g�g�u�f �\�d�m�k�h�f�����b�f�_�e���g�_�`�g�m�x���b���k�h�q�g�m�x���d�h�g�k�b�k�l�_�g�p�b�x, 
�i�j�b�\�e�_�d�Z�l�_�e�v�g�u�c�� �\�b�^���g�Z���j�Z�a�j�_�a�_�� �i�h�w�l�h�f�m�� �k�h�m�k���‹ ���� �[�u�e���\�a�y�l���a�Z���h�k�g�h�\�m�� �^�e�y���^�Z�e�v��
�g�_�c�r�_�]�h���k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y�� 

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

 �>�e�y���^�Z�e�v�g�_�c�r�_�]�h���k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���j�_�p�_�i�l�m�j�u�� �f�Z�k�e�y�g�h-�h�\�h�s�g�h�]�h�� �k�h�m�k�Z��
�[�u�e�b �\�u�[�j�Z�g�u �k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�b���� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�f�u�_�� �\�� �f�y�k�g�h�c�� �h�l�j�Z�k�e�b: 
�d�k�Z�g�l�Z�g�h�\�Z�y�� �d�Z�f�_�^�v���� �d�j�Z�o�f�Z�e�� �]�h�j�y�q�_�]�h�� �b�� �o�h�e�h�^�g�h�]�h�� �g�Z�[�m�o�Z�g�b�y���� �n�h�k�n�Z�l. �<���l�Z�[�e�� 3 
�i�j �_�^�k�l�Z�\�e�_�g�u �j�_�p�_�i�l�m�j�u�� �k�h�m�k�h�\�� �k�� �b�k�k�e�_�^�m�_�f�u�f�b �k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�y�f�b �\�� �b�o��
�k�h�k�l�Z�\�_. �<�� �d�Z�q�_�k�l�\�_�� �d�h�g�l�j�h�e�v�g�h�]�h�� �h�[�j�Z�a�p�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y�� �k�h�m�k�� �[�_�a�� �k�l�j�m�d�l�m�j�h�h�[��
�j�Z�a�h�\�Z�l�_�e�y (�h�[�j�Z�a�_�p���‹������. 

 
�L�Z�[�e�b�p�Z��3. �J�_�p�_�i�l�m�j�Z���k�h�m�k�Z�������[�_�a���m�q�_�l�Z���i�h�l�_�j�v���i�h���h�i�_�j�Z�p�b�y�f�� 
Table 3. Sauce recipe (excluding losses on operations)  

�B�g�]�j�_�^�b�_�g�l�u �G�h�f�_�j�Z���\�Z�j�b�Z�g�l�h�\���j�_�p�_�i�l�m�j 
�D�h�g�l�j�h�e�v���� 4.1 4.2 4.3 4.4 

1 2 3 4 5 6 
�L�u�d�\�_�g�g�h�_���i�x�j�_ 60 59 59 59 59 
�K�e�b�\�h�q�g�h�_���f�Z�k�e�h 40 39 39 39 39 
�D�k�Z�g�l�Z�g�h�\�Z�y���d�Z�f�_�^�v - 2 - - - 
�D�j�Z�o�f�Z�e���]�h�j�y�q�_�]�h��
�g�Z�[�m�o�Z�g�b�y - - 2 - - 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e������ 
1 2 3 4 5 6 

�D�j�Z�o�f�Z�e���o�h�e�h�^�g�h�]�h��
�g�Z�[�m�o�Z�g�b�y - - - 2 - 

�N�h�k�n�Z�l - - - - 2 
�B�l�h�]�h 100 100 100 100 100 

�;�u�e�h�� �i�j�b�]�h�l�h�\�e�_�g�h�� �i�y�l�v�� �h�[�j�Z�a�p�h�\�� �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\�� �i�h�� �\�u�r�_�h�i�b�k�Z�g�g�h�c��
�l�_�o�g�h�e�h�]�b�b���� �H�[�j�Z�a�p�u�� �n�b�e�_�� �b�g�t�_�d�l�b�j�h�\�Z�e�b�k�v�� �f�Z�k�e�y�g�h-�h�\�h�s�g�u�f�b�� �k�h�m�k�Z�f�b������������
���l�Z�[�e���� �������� �m�i�Z�d�h�\�u�\�Z�e�b�k�v�� �i�h�^�� �\�Z�d�m�m�f�h�f�� �b�� �i�h�^�\�_�j�]�Z�e�b�k�v�� �l�_�j�f�h�h�[�j�Z�[�h�l�d�_�� �\�� �i�Z�j�h��
�d�h�g�\�_�d�l�h�f�Z�l�_ �g�Z�� �i�j�h�l�y�`�_�g�b�b�� ������ �f�b�g���^�h�� �^�h�k�l�b�`�_�g�b�y��t=72�F2 �£C �\�� �p�_�g�l�j�_. �I�j�b�\�_�k��
�i�j�b�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�b�� �b�� �i�h�l�_�j�b�� �f�Z�k�k�u�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �i�h�k�e�_�� �l�_�i�e�h�\�h�c�� �h�[�j�Z�[�h�l�d�b��
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������� 
 
�Z��

 
�[)

 
 

�J�b�k����2. �I�j�b�\�_�k���i�j�b���b�g�t�_�d�l�b�j�h�\�Z�g�b�b���b���i�h�l�_�j�b���f�Z�k�k�u���i�h�e�m�n�Z�[�j�b�d�Z�l�Z���i�h�k�e�_�� 
�l�_�i�e�h�\�h�c���h�[�j�Z�[�h�l�d�b�� �Z�����i�j�b�\�_�k���i�j�b���b�g�t�_�d�l�b�j�h�\�Z�g�b�b; �[�����i�h�l�_�j�b�����i�h�k�e�_���l�_�i�e�h�\�h�c��

�h�[�j�Z�[�h�l�d�b 
Fig. 2. The gain during injection and weight loss of the semi-finished product after heat 

treatment: a) weight gain during injection; b) losses after heat treatment 
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�<�u�o�h�^ �i�h�e�m�n�Z�[�j�b�d�Z�l�Z �i�h�k�e�_ �h�i�_�j�Z�p�b�b �b�g�t�_�d�l�b�j�h�\�Z�g�b�y �b �l�_�i�e�h�\�h�c �h�[�j�Z��
�[�h�l�d�b���m�d�Z�a�Z�g���\���l�Z�[�e�� 4. 
 
�L�Z�[�e�b�p�Z��4. �<�u�o�h�^�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �i�h�k�e�_�� �h�i�_�j�Z�p�b�b�� �b�g�t�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �l�_�i�e�h�\�h�c�� 
�h�[�j�Z�[�h�l�d�b  
Table 4. Semi-finished product yield after injection and heat treatment 

 
�<�u�o�h�^����

% 

�G�h�f�_�j�Z �\�Z�j�b�Z�g�l�h�\���j�_�p�_�i�l�m�j 
�D�h�g�l�j�h�e�v���� 4.1 4.2 4.3 4.4 

89�F3,4 115�F4,7 91�F4,1 87�F3,9 92�F4,1 
 
�B�a���^�Z�g�g�u�o�����i�j�b�\�_�^�_�g�g�u�o �g�Z���j�b�k�� 2�����Z�����[ �b���\���l�Z�[�e. 4, �\�b�^�g�h�����q�l�h���g�Z�b�[�h�e�v�r�b�c��

�\�u�o�h�^�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�� �h�[�j�Z�a�p�Z, �b�g�t�_�d�l�b�j�h�\�Z�g�g�h�]�h�� �k�h�m�k�h�f�� �‹ �������� �k�� �^�h�[�Z�\�e�_�g�b�_�f���\��
�d�Z�q�_�k�l�\�_���k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�y �d�k�Z�g�l�Z�g�h�\�h�c���d�Z�f�_�^�b. 

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

 

 
�J�b�k. 3. �H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�Z�y �h�p�_�g�d�Z �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a���f�y�k�Z���i�l�b�p�u 

Fig. 3. Organoleptic assessment of semi-finished poultry meat 
 

�B�a���i�j�_�^�k�l�Z�\�e�_�g�g�u�o���g�Z���j�b�k�� 3 �^�Z�g�g�u�o���\�b�^�g�h�����q�l�h���h�[�j�Z�a�_�p, �b�g�t�_�d�l�b�j�h�\�Z�g�g�u�c��
�f�Z�k�e�y�g�h-�h�\�h�s�g�u�f���k�h�m�k�h�f�����\���k�h�k�l�Z�\���d�h�l�h�j�h�]�h���\�o�h�^�b�l���d�k�Z�g�l�Z�g�h�\�Z�y���d�Z�f�_�^�v, �i�h�e�m�q�b�e��
�g�Z�b�\�u�k�r�b�c�� �[�Z�e���� �D�h�g�k�b�k�l�_�g�p�b�y�� �h�[�j�Z�a�p�h�\ �‹  4.2�±�������� �[�u�e�Z �k�m�o�Z�y���� �k�h�m�k�� �\�u�l�_�d�Z�e�� �b�a��
�d�m�j�b�g�h�]�h���n�b�e�_���� �^�Z�g�g�u�c���^�_�n�_�d�l���h�l�k�m�l�k�l�\�h�\�Z�e�� �m���h�[�j�Z�a�p�Z���‹ 4.1. �>�_�]�m�k�l�Z�l�h�j�u���h�l�f�_��
�l�b�e�b���� �q�l�h�� �h�[�j�Z�a�_�p, �b�g�t�_�d�l�b�j�h�\�Z�g�g�u�c�� �k�h�m�k�h�f�� �‹ 4.1, �[�u�e�� �g�Z�b�[�h�e�_�_�� �k�h�q�g�u�f���� �f�y�]��
�d�b�f�����b�f�_�e���i�j�b�y�l�g�u�c���\�d�m�k �b���j�b�k�m�g�h�d���g�Z���j�Z�a�j�_�a�_. �G�Z���h�k�g�h�\�Z�g�b�b���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o��
�\���d�Z�q�_�k�l�\�_���k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�y���[�u�e�Z���\�u�[�j�Z�g�Z���d�k�Z�g�l�Z�g�h�\�Z�y���d�Z�f�_�^�v�� 

�<�y�a�d�h�k�l�v���j�Z�k�l�\�h�j�Z���i�j�b���b�g�t�_�d�l�b�j�h�\�Z�g�b�b���± �\�Z�`�g�u�c���l�_�o�g�h�e�h�]�b�q�_�k�d�b�c���i�h�d�Z�a�Z��
�l�_�e�v�����d�h�l�h�j�u�c �a�Z�\�b�k�b�l���h�l���j�Z�a�e�b�q�g�u�o���n�Z�d�l�h�j�h�\�����\���l�h�f���q�b�k�e�_�� �l�_�f�i�_�j�Z�l�m�j�u���k�h�m�k�Z���b��
�_�]�h�� �k�h�k�l�Z�\�Z. �<�g�_�k�_�g�b�_�� �i�h�\�Z�j�_�g�g�h�c�� �k�h�e�b�� �\�� �k�h�k�l�Z�\�� �k�h�m�k�Z �± �g�Z�b�[�h�e�_�_�� �h�i�l�b�f�Z�e�v�g�h�_��
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�_���j�_�r�_�g�b�_���^�e�y���i�h�k�h�e�Z���i�j�h�^�m�d�l�Z�����h�^�g�Z�d�h���_�k�l�v���^�Z�g�g�u�_���h���\�h�a�^�_�c�k�l�\�b�b��
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�j�Z�a�e�b�q�g�u�o�� �k�h�e�_�c�� �g�Z�� �b�a�f�_�g�_�g�b�_�� �\�y�a�d�h�k�l�b�� ����-�g�h�]�h�� �� �\�h�^�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �d�k�Z�g�l�Z�g�h�\�h�c��
�d�Z�f�_�^�b���>6].  

�>�e�y�� �b�a�m�q�_�g�b�y�� �\�e�b�y�g�b�y�� �i�h�\�Z�j�_�g�g�h�c�� �k�h�e�b�� �g�Z�� �k�l�j�m�d�l�m�j�g�h-�j�_�h�e�h�]�b�q�_�k�d�b�_ 
�k�\�h�c�k�l�\�Z �l�u�d�\�_�g�g�h�]�h �k�h�m�k�Z�� �k�� �^�h�[�Z�\�e�_�g�b�_�f �d�k�Z�g�l�Z�g�h�\�h�c�� �d�Z�f�_�^�b �[�u�e�� �i�j�b�]�h�l�h�\�e�_�g��
�h�[�j�Z�a�_�p���k�h�m�k�Z���‹�� �����������l�Z�[�e���������� �[�_�a���^�h�[�Z�\�e�_�g�b�y���b���k���\�g�_�k�_�g�b�_�f �\���_�]�h���k�h�k�l�Z�\���i�h�\�Z�j�_�g��
�g�h�c �k�h�e�b �\ �d�h�g�p�_�g�l�j�Z�p�b�y�o����,5; 1,0; 1,5 �b������ %. �B�a�f�_�j�_�g�b�_���j�_�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_��
�e�_�c�� �b�k�k�e�_�^�m�_�f�u�o���h�[�j�Z�a�p�h�\���i�j�h�\�h�^�b�e�h�k�v���i�j�b���i�h�f�h�s�b���j�h�l�Z�p�b�h�g�g�h�]�h���\�b�k�d�h�a�b�f�_�l�j�Z��
Brookfield DV-II  + Pro �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���r�i�b�g�^�_�e�y��RV/HA/HB-5. 

�>�Z�g�g�u�_ �b�a�f�_�g�_�g�b�y �\�y�a�d�h�k�l�b�� �f�Z�k�e�y�g�h-�h�\�h�s�g�u�o�� �k�h�m�k�h�\��(�h�i�u�l�g�u�o�� �b�� �d�h�g��
�l�j�h�e�v�g�h�]�h) �k���j�Z�a�e�b�q�g�h�c���d�h�g�p�_�g�l�j�Z�p�b�_�c���k�h�e�b���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k����4. 

 
 

�J�b�k. 4. �>�b�g�Z�f�b�d�Z���b�a�f�_�g�_�g�b�y�� �\�y�a�d�h�k�l�b���k�h�m�k�Z���\���a�Z�\�b�k�b�f�h�k�l�b�� 
�h�l �d�h�g�p�_�g�l�j�Z�p�b�b �k�h�e�b 

Fig. 4. Dynamics of sauce viscosity depending on salt concentration 
 

�B�a���j�b�k�� �����\�b�^�g�h�����q�l�h���i�j�b���k�d�h�j�h�k�l�b���k�^�\�b�]�Z�������k-1 �\�y�a�d�h�k�l�v���k�h�m�k�Z���[�_�a���k�h�e�b���k�h��
�k�l�Z�\�e�y�_�l���������������I�Z�
�k�������i�h�k�e�_���^�h�[�Z�\�e�_�g�b�y���� �����k�h�e�b���± �����������I�Z�
�k�����Z  �i�j�b���\�g�_�k�_�g�b�b���� % 
�k�h�e�b���h�g�Z���m�\�_�e�b�q�b�\�Z�_�l�k�y���^�h���������������I�Z�
�k�� 

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

�>�e�y�� �b�a�m�q�_�g�b�y�� �\�e�b�y�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�u�� �l�u�d�\�_�g�g�h�]�h�� �k�h�m�k�Z�� �g�Z�� �_�]�h�� �k�l�j�m�d�l�m�j�g�h-
�j�_�h�e�h�]�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���[�u�e�h���i�j�h�\�_�^�_�g�h���b�a�f�_�j�_�g�b�_���\�y�a�d�h�k�l�b���b�k�k�e�_�^�m�_�f�h�]�h �h�[�j�Z�a��
�p�Z���� �i�j�b�]�h�l�h�\�e�_�g�g�h�]�h�� �i�h�� �j�_�p�_�i�l�m�j�_�� �‹�� �������� ���k�f���� �l�Z�[�e���� ���� �[�_�a�� �^�h�[�Z�\�e�_�g�b�y�� �k�h�e�b�� �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_ 5�“�� �h�K, 10�“�� �h�K, 15�“�� �h�K, 20�“�� �h�K, 25�“�� �h�K. 
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�G�Z�� �j�b�k���� ���� �i�h�d�Z�a�Z�g�Z �^�b�g�Z�f�b�d�Z�� �b�a�f�_�g�_�g�b�y�� �\�y�a�d�h�k�l�b�� �k�h�m�k�Z�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��
�l�_�f�i�_�j�Z�l�m�j�u.  

 

 
 

�J�b�k�� 5. �>�b�g�Z�f�b�d�Z���b�a�f�_�g�_�g�b�y���\�y�a�d�h�k�l�b���k�h�m�k�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���l�_�f�i�_�j�Z�l�m�j�u 
Fig. 5. Dynamics of change in viscosity of the sauce depending on the temperature 

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

�m�f�_�g�v�r�_�g�b�_�f�� �l�_�f�i�_�j�Z�l�m�j�u�� �m�\�_�e�b�q�b�\�Z�_�l�k�y  �h�l�� �����������^�h ������ �I�Z�
�k. �G�Z�b�f�_�g�v�r�Z�y�� �\�y�a��
�d�h�k�l�v�����g�Z�[�e�x�^�Z�_�l�k�y���i�j�b��t=25�F1 �£C�����h�^�g�Z�d�h���\�g�h�k�b�l�v���k�h�m�k���i�j�b���w�l�h�c���l�_�f�i�_�j�Z�l�m�j�_���g�_��
�[�_�a�h�i�Z�k�g�h���� �I�h�w�l�h�f�m�� �h�i�l�b�f�Z�e�v�g�h�c �^�e�y�� �\�g�_�k�_�g�b�y�� �[�m�^�_�f�� �k�q�b�l�Z�l�v �l�_�f�i�_�j�Z�l�m�j�m       
8�“�� �h�K�����i�h�k�d�h�e�v�d�m���\���w�l�h�f���b�g�l�_�j�\�Z�e�_���j�_�h�e�h�]�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���b�a�m�q�Z�_�f�h�]�h���f�Z�k�e�y�g�h-
�h�\�h�s�g�h�]�h�� �k�h�m�k�Z�� �h�l�\�_�q�Z�x�l �i�Z�j�Z�f�_�l�j�Z�f�� �h�[�h�j�m�^�h�\�Z�g�b�y �b�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�c�� �[�_�a��
�h�i�Z�k�g�h�k�l�b�� 

�G�Z���h�k�g�h�\�Z�g�b�b �i�j�h�\�_�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���[�u�e�b���j�Z�a�j�Z�[�h�l�Z�g�u �j�_�p�_�i�l�m�j�Z���i�h��
�e�m�n�Z�[�j�b�d�Z�l�Z �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�y�k�e�y�g�h-�h�\�h�s�g�h�]�h���k�h�m�k�Z ���l�Z�[�e�� 5) �b���h�[�s�Z�y���l�_�o�g�h��
�e�h�]�b�q�_�k�d�Z�y���k�o�_�f�Z���i�j�h�b�a�\�h�^�k�l�\�Z �i�h�e�m�n�Z�[�j�b�d�Z�l�Z���b�a���f�y�k�Z���i�l�b�p�u. 

 
�L�Z�[�e�b�p�Z 5. �J�_�p�_�i�l�m�j�Z�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �b�a�� �f�y�k�Z�� �i�l�b�p�u�� ���[�_�a�� �m�q�_�l�Z�� �i�h�l�_�j�v                  
�i�h���h�i�_�j�Z�p�b�y�f�� 
Table 5. Recipe for semi-finished poultry meat (excluding losses on operations) 

�G�Z�b�f�_�g�h�\�Z�g�b�_���b�g�]�j�_�^�b�_�g�l�Z �F�Z�k�k�Z�����d�]���g�Z�����������d�]���]�h�l�h�\�h�]�h 
�i�j�h�^�m�d�l�Z 

�H�k�g�h�\�g�h�_���k�u�j�v�_ 
�H�o�e�Z�`�^�_�g�g�h�_���n�b�e�_  85,00 

�<�k�i�h�f�h�]�Z�l�_�e�v�g�u�_���f�Z�l�_�j�b�Z�e�u 

�<�Z�j�z�g�Z�y���l�u�d�\�Z 8,85 
�K�e�b�\�h�q�g�h�_���f�Z�k�e�h 5,85 

�D�k�Z�g�l�Z�g�h�\�Z�y���d�Z�f�_�^�v 0,30 
 

�L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���k�o�_�f�Z���i�j�h�b�a�\�h�^�k�l�\�Z���i�h�e�m�n�Z�[�j�b�d�Z�l�h�\���b�a���f�y�k�Z���i�l�b�p�u�����h�[�h��
�]�Z�s�_�g�g�u�o���j�Z�k�l�b�l�_�e�v�g�u�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�����i�j�b�\�_�^�_�g�Z �g�Z���j�b�k�� 6.  
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�J�b�k. 6. �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �k�o�_�f�Z �i�j�h�b�a�\�h�^�k�l�\�Z 

Fig. 6. Technological scheme of production 
 
�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �m�d�Z�a�Z�g�g�h�c �j�_�p�_�i�l�m�j�u �b�� �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z��

�f�_�l�j�h�\ �[�u�e�b �h�[�h�k�g�h�\�Z�g�u �k�j�h�d�b���o�j�Z�g�_�g�b�y���i�h�e�m�n�Z�[�j�b�d�Z�l�Z �b�a���f�y�k�Z���i�l�b�p�u. �B�a�]�h�l�h�\��
�e�_�g�g�u�_�� �h�[�j�Z�a�p�u  �i�h�e�m�n�Z�[�j�b�d�Z�l�Z, �]�_�j�f�_�l�b�q�g�h�� �m�i�Z�d�h�\�Z�g�g�u�_�� �\�� �\�Z�d�m�m�f�g�u�_�� �i�Z�d�_�l�u����
�a�Z�f�h�j�Z�`�b�\�Z�e�b�k�v���\���f�h�j�h�a�b�e�v�g�h�c���d�Z�f�_�j�_���g�Z���d�Z�n�_�^�j�_���l�_�o�g�h�e�h�]�b�b���i�j�h�^�m�d�l�h�\���i�b�l�Z�g�b�y��
�N�=�;�H�M���<�H���©�D�=�L�M�ª �i�j�b���l�_�f�i�_�j�Z�l�m�j�_���f�b�g�m�k��18�“�� �h�K �b���o�j�Z�g�b�e�b�k�v���^�e�y���^�Z�e�v�g�_�c�r�b�o��
�b�k�k�e�_�^�h�\�Z�g�b�c�� 

�H�o�e�Z�`�^�_�g�g�h�_ 
2�F2 �h�K 

�A�Z�f�h�j�h�`�_�g�g�h�_ 
�f�b�g�m�k��18�F�î �h�K 

 

�F�h�c�d�Z + 
�a�Z�q�b�k�l�d�Z 

�J�Z�a�f�h�j�Z�`�b�\�Z�g�b�_ 

�I�j�b�]�h�l�h�\�e�_��
�g�b�_���k�h�m�k�Z 

�F�Z�k�k�b�j�h�\�Z�g�b�_ 
5-�������f�b�g 

�<�Z�d�m�m�f�b�j�h�\�Z�g�b�_ 

�L�_�j�f�b�q�_�k�d�Z�y���h�[�j�Z�[�h�l�d�Z 
90�F2 �h�K�����������f�b�g 

�A�Z�f�h�j�Z�`�b�\�Z�g�b�_ 

�M�i�Z�d�h�\�d�Z 

�O�j�Z�g�_�g�b�_ 
�f�b�g�m�k 18�F2 �h�K 

�I�h�^�]�h�l�h�\�d�Z��
�d�h�f�i�h�g�_�g�l�h�\ 

�I�j�b�_�f�d�Z �-�<�,�=�A 

�B�g�t�_�d�l�b�j�h�\�Z�g�b�_ 
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�I�j�_�^�\�Z�j�b�l�_�e�v�g�u�c�� �k�j�h�d�� �o�j�Z�g�_�g�b�y�� �d�m�j�b�g�h�]�h�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �k�h�k�l�Z�\�e�y�_�l       
������ �k�m�l �k �d�h�w�n�n�b�p�b�_�g�l�h�f�� �j�_�a�_�j�\�Z�� �������� [7]���� �<�� �l�Z�[�e. 6 �m�d�Z�a�Z�g�u �k�Z�g�b�l�Z�j�g�h-
�f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b���d�Z�q�_�k�l�\�Z���i�h�e�m�n�Z�[�j�b�d�Z�l�Z. 
 
�L�Z�[�e�b�p�Z��6. �K�Z�g�b�l�Z�j�g�h-�f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_ �i�h�d�Z�a�Z�l�_�e�b  
Table 6. Sanitary and microbiological indicators 

�I�h�d�Z�a�Z�l�_�e�v 

�>�h�i�m��
�k�l�b�f�u�c��
�m�j�h�\�_�g�v��
�i�h���G�> 

�J�_�a�m�e�v�l�Z�l�u���b�k�i�u�l�Z�g�b�c�����k�m�l 
1 15 30 45 60 72 

 
�D�h�e�b�q�_�k�l�\�h�� �f�_�a�h��
�n�b�e�v�g�u�o�� �Z�w�j�h�[�g�u�o�� �b��
�n�Z�d�m�e�v�l�Z�l�b�\�g�h�� �Z�g�Z�w��
�j�h�[�g�u�o�� �f�b�d�j�h�h�j�]�Z��
�g�b�a�f�h�\���� �D�H�?���]���� �g�_��
�[�h�e�_�_ 

���î����3 ���î����1 6�î����1 6�î����1 6�î����1 1�î����1 1�î����1 

�;�Z�d�l�_�j�b�b�� �]�j�m�i�i�u��
�d�b�r�_�q�g�u�o�� �i�Z�e�h�q�_�d��
���d�h�e�b�n�h�j�f�u������ �g�_�� �^�h��
�i�m�k�d�Z�x�l�k�y�� �\�� �f�Z�k�k�_��
�i�j�h�^�m�d�l�Z�����]�� 

1,0 �G�_���h�[�g�Z�j�m�`�_�g�h 

�K�m�e�v�n�b�l�j�_�^�m�p�b�j�m�x��
�s�b�_�� �d�e�h�k�l�j�b�^�b�b���� �g�_��
�^�h�i�m�k�d�Z�x�l�k�y�� �\�� �f�Z�k�k�_��
�i�j�h�^�m�d�l�Z�����]�� 

0,1 �G�_���h�[�g�Z�j�m�`�_�g�h 

�I�Z�l�h�]�_�g�g�u�_�� �f�b�d�j�h��
�h�j�]�Z�g�b�a�f�u���� 
�\�� �l�h�f�� �q�b�k�e�_�� �k�Z�e�v�f�h��
�g�_�e�e�u���� �g�_�� �^�h�i�m�k�d�Z��
�x�l�k�y���\�� �f�Z�k�k�_���i�j�h�^�m�d��
�l�Z�����]�� 

25 �G�_���h�[�g�Z�j�m�`�_�g�h 

Listeria 
�P�R�Q�R�F�\�W�R�J�H�Q�H�V���� �g�_��
�^�h�i�m�k�d�Z�x�l�k�y�� �\�� �f�Z�k�k�_��
�i�j�h�^�m�d�l�Z�����]�� 

25 �G�_���h�[�g�Z�j�m�`�_�g�h 

 
�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ���l�Z�[�e���� ������ �[�u�e�h�� �^�h�d�Z�a�Z�g�h���� �q�l�h�� �g�Z�� ����-�_�� �k�m�l�d�b��

�o�j�Z�g�_�g�b�y�� �i�h�e�m�n�Z�[�j�b�d�Z�l�� �b�a�� �f�y�k�Z�� �i�l�b�p�u�� �h�l�\�_�q�Z�_�l�� �l�j�_�[�h�\�Z�g�b�y�f�� �[�_�a�h�i�Z�k�g�h�k�l�b���� �m�d�Z��
�a�Z�g�g�u�f���\���L�_�o�g�b�q�_�k�d�h�f �j�_�]�e�Z�f�_�g�l�_ �L�Z�f�h�`�_�g�g�h�]�h���k�h�x�a�Z 021/2011.   

 
�A�:�D�E�X�Q�?�G�B�? 

�I�j�h�\�_�^�_�g�u�� �f�Z�j�d�_�l�b�g�]�h�\�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�� �p�_�e�v�x�� �h�[�h�k�g�h�\�Z�g�b�y�� �Z�d�l�m�Z�e�v�g�h��
�k�l�b�� �j�Z�a�j�Z�[�h�l�d�b�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�� �b�a�� �f�y�k�Z�� �i�l�b�p�u���� �h�[�h�]�Z�s�_�g�g�h�]�h�� �j�Z�k�l�b�l�_�e�v�g�u�f�b�� �b�g��
�]�j�_�^�b�_�g�l�Z�f�b�����\�u�[�j�Z�g�u���d�h�f�i�h�g�_�g�l�u���k�h�m�k�Z���b���k�l�j�m�d�l�m�j�h�h�[�j�Z�a�h�\�Z�l�_�e�v�����B�a�m�q�_�g�h���\�e�b��
�y�g�b�_���f�Z�k�k�h�\�h�c���^�h�e�b���k�h�e�b���g�Z���b�a�f�_�g�_�g�b�_���\�y�a�d�h�k�l�b���f�Z�k�e�y�g�h-�h�\�h�s�g�h�]�h���k�h�m�k�Z���k���^�h�[�Z�\��
�e�_�g�b�_�f�� �d�k�Z�g�l�Z�g�h�\�h�c�� �d�Z�f�_�^�b���� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �i�h�d�Z�a�Z�g�Z�� �g�_�p�_�e�_��
�k�h�h�[�j�Z�a�g�h�k�l�v�� �\�g�_�k�_�g�b�y�� �k�h�e�b�� �\�� �j�_�p�_�i�l�m�j�m�� �k�h�m�k�Z���� �J�Z�a�j�Z�[�h�l�Z�g�Z�� �j�_�p�_�i�l�m�j�Z�� �f�Z�k�e�y�g�h-
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�h�\�h�s�g�h�]�h���k�h�m�k�Z���^�e�y���b�g�t�_�d�l�b�j�h�\�Z�g�b�y���d�m�j�b�g�h�]�h���i�h�e�m�n�Z�[�j�b�d�Z�l�Z�����h�[�h�]�Z�s�_�g�g�h�]�h���j�Z�k��
�l�b�l�_�e�v�g�u�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�����h�i�j�_�^�_�e�_�g���k�j�h�d���o�j�Z�g�_�g�b�y���]�h�l�h�\�h�]�h���i�j�h�^�m�d�l�Z�����B�a�m�q�_�g�h��
�\�e�b�y�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �f�Z�k�e�y�g�h-�h�\�h�s�g�h�]�h�� �k�h�m�k�Z�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �d�k�Z�g�l�Z�g�h�\�h�c�� �d�Z�f�_��
�^�b�� �g�Z�� �_�]�h�� �n�m�g�d�p�b�h�g�Z�e�v�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z���� �H�l�j�Z�[�h�l�Z�g�u�� �l�_�o�g�h�e�h�]�b�q�_��
�k�d�b�_���i�Z�j�Z�f�_�l�j�u���i�j�h�b�a�\�h�^�k�l�\�Z�����I�h�^�]�h�l�h�\�e�_�g���i�j�h�_�d�l���l�_�o�g�b�q�_�k�d�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 
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�.1RS-516T� R28� UV-U-/8� V1.1.8/-W74� V-7.-26TX� W7861Y� Z4R.-/4-6W-2�
�.T/0[� \1]^[3� 7-58� U� \1]^1Y�3� V-_2-S[`a41� V-S^\4W0� V.-R^7b4`� .8_S4\6-Z-�
68_68\164[3�2�W-c�\4US1�7-Uc1W4\1U74Y�U7.8/�4_�\1]^4�.T/3�4c1`a4Y�V.42S178�
W1S06TY�261]64Y�24R3� �1UW1UW2166^`�Z8cc^� -WW167-2�b21W8�4�_8V8X�V.4.-R6-Z-�
V.-4UX-5R164[� �/1_� .T/6-Z-� _8V8X8�
� �^a6-UW0� -/-4X� UV-U-/-2� _87S`\81WU[� 2�
V.1R28.4W1S06-Y� -\4UW71� \1]^4� -W� .8_S4\6TX� V.4c1U1Y� -.Z864\1U7-Z-� V.-4U�
X-5R164[�U�V-US1R^`a1Y�11�W1.c4\1U7-Y�-/.8/-W7-Y�2�54R7-UW4�V.4���d�

� 
 �
��
��78\1UW21�V-US1R61Y�4UV-S0_^`WU[� -2-a6T13�e.^7W-2T13� [Z-R6T1�U-743�c-S-\�
68[�UT2-.-W783�U-R1.58a41�.8_S4\6T1�-.Z864\1U741�74US-WT��[/S-\6^`3�c-S-\�
6^`�4�W
�R
�
�)1.c4\1U74�-/.8/-W866^`�\1]^`�-WR1S[` W�-W�54R7-UW43�V.4�61-/�
X-R4c-UW4�Uc1]428`W��U�7-cV-616W8c4�.8UW4W1S06-Z-�V.-4UX-5R164[��_S87-2TX3�
W.82[6TX�U/-.-2�3�2TU^]428`W3�4_c1S0\8`W�4�e.87b4-64.^`W�U�V-S^\1641c� \8�
UW4b�7-Uc1W4\1U7-Z-�U7.8/8� .8_S4\6-Y�UW1V164�R4UV1.U6-UW4
� �.1RUW82S16T�-.�
Z86-S1VW4\1U741� V-78_8W1S4� 4� X4c4\1U74Y� U-UW82� �-/a4Y3� 8c46-74US-W6TY3� W[�
51STX�c1W8SS-2��-/.8_b-2�UT.0[��.T/0[�\1]^[��4�Z-W- 2-Y�V.-R^7b44��7-Uc1W4\1�
U74Y� U7.8/�
� �V.1R1S16-3� \W-� 2� V.-b1UU1� W1.c-Z4R.-S4_8� \1]^4� U^R878� �=QOfgG�
hijLFkgGjQ��2�54R7-UW4��[/S-\6-c�U-71��V.-4UX-R4W�U6451641�c8UU-2-Y�R-S4�/1S�
78�U��
3		�R-��
3��� l3�78S0b4[�d�U���3���R-���3�
� l 3�e-Ue-.8�d�U��3�
� �R-��3�
�l�
V.4�^21S4\1644�U-R1.5864[��^ZS12-R-2�R-���3��l��_8�U\1W�7-cV-616W-2�U-783�V1�
.1]1R]4X�68� .T/0`� \1]^`�2�V.-b1UU1�11�W1.c-Z4R.-S4_ 8�
� �-78_86-3� \W-�U� .-�
UW-c� V.-R-S54W1S06-UW4� W1.c-Z4R.-S4_8� .T/01Y� \1]^4�^c160]81WU[� 11� 51UW�
7-UW0��4UW4.81WU[�V8S0b8c4�.^7��4�^21S4\4281WU[�7-S4\1UW2-�/-S11�c1S74X�e.87�
b4Y��8/.8_428�
��
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9Ng�kQkgG�kGFkFmgm�noF�pgnNFfm�qFG�kGFjgmmLOr�gkLfgGpLm�Fq�QsiQnLj�FGrQOLmpm�

�qLmN� mjQhgm3� mPLO� oLnN� mjQhgm�3� oNLjN� pQPg� Ln� kFmmLHhg� nF� FHnQLO� kGFfijnm� qFG� JQGLFim�
kiGkFmgm3�LOjhifLOr�Q�jFmpgnLj�mjGiH�pQfg�qGFp�qLmN�mjQhgm�NQJLOr�QO�QnnGQjnLJg�QkkgQG�
QOjg3�oLnN�Q�OQniGQh�Nig�GQOrg�QOf�Q�mpghh�Fq�OQniGQh�FGLrLO��oLnNFin�qLmN�mpghh�
�

�9Ng�gmmgOjg�Fq�nNg�pgnNFfm� jFOmLmnm�LO�nNg�kGghLpLOQGI� jhgQOLOr�Fq�nNg�mjQhgm�
qGFp�JQGLFim�LpkiGLnLgm� Fq�FGrQOLj�FGLrLO3�qFhhFogf�HI�Lnm�nNgGpQh�nGgQnpgOn�LO�hLsiLf�
���d�

�fgrGggm�?�
�9Ng�hLsiLf�imgf�Lm�JgrgnQHhg3�qGiLn3�HgGGI�tiLjgm�QOf�oNgI�jFOnQLO�
LOr�JQGLFim�FGrQOLj�QjLfm��pQhLj3�hQjnLj3�gnj
�
�9Ng�NgQn�nGgQngf�mjQhgm�QGg�mgkQGQngf�qGFp�
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nNg�hLsiLfu�Lq�OgjgmmQGI3�nNgI�QGg�pLvgf�oLnN�jFpkFOgOnm�Fq�khQOn�FGLrLO��jgGgQhm3�NgGHQh�
kGgkQGQnLFOm�3�fGLgf3�jGimNgf�QOf�qGQjnLFOQngf�nF�FHnQLO�jFmpgnLj�mjGiH�qGQjnLFOm�Fq�JQGI�
LOr�fgrGggm�Fq�fLmkgGmLFO
�9Ng�kQkgG�kGgmgOnm�FGrQOFhgknLj�jNQGQjngGLmnLjm�QOf�jNgpLjQh�
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�± �j�Z�k�i�_�q�Z�l�d�m���j�m�d�h�i�b�k�b���� �i�h�^�i�b�k�Z�g�g�m�x�� �\�k�_�f�b���Z�\�l�h�j�Z�f�b���� �b���_�_���w�e�_�d�l�j�h�g�g�m�x��
�\�_�j�k�b�x���� �L�_�d�k�l�� �j�m�d�h�i�b�k�b���^�h�e�`�_�g���i�h�e�g�h�k�l�v�x���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���l�_�d�k�l�m�� �w�e�_�d�l�j�h�g�g�h�]�h��
�\�Z�j�b�Z�g�l�Z�� 

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

 �<���^�Z�e�v�g�_�c�r�_�f���k���Z�\�l�h�j�h�f���a�Z�d�e�x�q�Z�_�l�k�y���E�b�p�_�g�a�b�h�g�g�u�c���^�h�]�h�\�h�j �b���h�n�h�j�f��
�e�y�_�l�k�y���:�d�l���i�_�j�_�^�Z�q�b �± �i�j�b�_�f�d�b �j�m�d�h�i�b�k�b.  

 
�H�[�t�_�f���k�l�Z�l�v�b 

�H�[�t�_�f�� �k�l�Z�l�v�b �k�h�k�l�Z�\�e�y�_�l�� �h�l�� �\�h�k�v�f�b�� �^�h�� �q�_�l�u�j�g�Z�^�p�Z�l�b �k�l�j�Z�g�b�p�� �l�_�d�k�l�Z����
�\�d�e�x�q�Z�y���j�b�k�m�g�d�b�����l�Z�[�e�b�p�u���b���k�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u�� 

 
�K�l�j�m�d�l�m�j�Z���k�l�Z�l�v�b 

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

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

�± �A�Z�d�e�x�q�_�g�b�_ ���\�u�\�h�^�u �± �i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l�� �h�[�u�q��
�g�u�c��. 

 
�K�h�k�l�Z�\�g�u�_���q�Z�k�l�b���k�l�Z�l�v�b���b���i�h�j�y�^�h�d���b�o���k�e�_�^�h�\�Z�g�b�y 

1. �B�g�^�_�d�k �i�h���m�g�b�\�_�j�k�Z�e�v�g�h�c���^�_�k�y�l�b�q�g�h�c���d�e�Z�k�k�b�n�b�d�Z�p�b�b ���M�>�D�� �j�Z�a�f�_�s�Z�_�l��
�k�y�� �\�� �e�_�\�h�f�� �\�_�j�o�g�_�f�� �m�]�e�m �[�_�a�� �h�l�k�l�m�i�Z ���i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l��
�h�[�u�q�g�u�c���� 
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�������Q�_�j�_�a���h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m���± �g�Z�a�\�Z�g�b�_���k�l�Z�l�v�b ���i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z��
�f�b�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

������ �Q�_�j�_�a�� �h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m�� �± �b�g�b�p�b�Z�e�u�� �b�� �n�Z�f�b�e�b�y���b���� �Z�\�l�h�j�Z���h�\�� 
���d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

�������Q�_�j�_�a���h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m���± �g�Z�a�\�Z�g�b�_���k�l�Z�l�v�b���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u��
�d�_ ���i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

������ �Q�_�j�_�a�� �h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m�� �± �b�g�b�p�b�Z�e�u�� �b�� �n�Z�f�b�e�b�y���b���� �Z�\�l�h�j�Z���h�\����
�g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_ ���d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

�������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z���k���h�l�k�l�m�i�h�f���7�D�E���������������± �Z�g�g�h�l�Z�p�b�y ���d�_�]�e�v�����������r�j�b�n�l��
�h�[�u�q�g�u�c�����k�e�h�\�h���©�:�g�g�h�l�Z�p�b�y�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y���� 

 �J�_�d�h�f�_�g�^�m�_�f�u�c�� �h�[�t�_�f�� �Z�g�g�h�l�Z�p�b�b�� ���������±���������� �a�g�Z�d�h�\�� ���������±�������� �k�e�h�\������ �A�Z��
�i�j�_�s�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�h�k�e�h�\�g�u�c �l�_�d�k�l�� �b�a�� �k�l�Z�l�v�b �\�h�� �b�a�[�_�`�Z�g�b�_�� �i�h�\�l�h�j�h�\, 
�g�Z�a�\�Z�g�b�_���j�Z�[�h�l�u�����Z���l�Z�d�`�_���l�Z�[�e�b�p�u�����]�j�Z�n�b�d�b���b���\�g�m�l�j�b�l�_�d�k�l�h�\�u�_���k�k�u�e�d�b�����<���g�Z�q�Z�e�_��
�g�_�� �i�h�\�l�h�j�y�_�l�k�y�� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b���� �Z�g�g�h�l�Z�p�b�y���g�_���j�Z�a�[�b�\�Z�_�l�k�y�� �g�Z�� �Z�[�a�Z�p�u���� �:�g�g�h�l�Z�p�b�y��
�^�h�e�`�g�Z���[�u�l�v���i�h�e�g�h�p�_�g�g�h�c���b���b�g�n�h�j�f�Z�l�b�\�g�h�c�����g�_���k�h�^�_�j�`�Z�l�v���h�[�s�b�o���k�e�h�\�����h�l�j�Z�`�Z�l�v��
�k�h�^�_�j�`�Z�g�b�_�� �k�l�Z�l�v�b�� �b�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �k�l�j�h�]�h�� �k�e�_�^�h�\�Z�l�v�� �k�l�j�m�d�l�m�j�_�� �k�l�Z��
�l�v�b���� �K�e�_�^�m�_�l�� �b�a�[�_�]�Z�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y���\�\�h�^�g�u�o���k�e�h�\�� �b���h�[�h�j�h�l�h�\�� �e�b�r�g�b�o���\�\�h�^�g�u�o��
�n�j�Z�a���� �g�Z�i�j�b�f�_�j���� �©�Z�\�l�h�j�� �k�l�Z�l�v�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�������ª�� �g�_�� �g�m�`�g�h�� �i�h�^�q�_�j�d�b�\�Z�l�v�� �e�b�q�g�u�c��
�\�d�e�Z�^�� �Z�\�l�h�j�Z�� �B�k�l�h�j�b�q�_�k�d�b�_�� �k�i�j�Z�\�d�b���� �_�k�e�b�� �h�g�b�� �g�_�� �k�h�k�l�Z�\�e�y�x�l�� �h�k�g�h�\�g�h�_�� �k�h�^�_�j�`�Z��
�g�b�_���^�h�d�m�f�_�g�l�Z�����h�i�b�k�Z�g�b�_���j�Z�g�_�_���h�i�m�[�e�b�d�h�\�Z�g�g�u�o���j�Z�[�h�l���b���h�[�s�_�b�a�\�_�k�l�g�u�_���i�h�e�h�`�_��
�g�b�y���\���Z�g�g�h�l�Z�p�b�b���g�_���i�j�b�\�h�^�y�l�k�y�����<���l�_�d�k�l�_���Z�g�g�h�l�Z�p�b�b���k�e�_�^�m�_�l���i�j�b�f�_�g�y�l�v���a�g�Z�q�b�f�u�_��
�k�e�h�\�Z�� �b�a�� �l�_�d�k�l�Z�� �k�l�Z�l�v�b���� �b�a�[�_�]�Z�l�v�� �k�e�h�`�g�u�o�� �]�j�Z�f�f�Z�l�b�q�_�k�d�b�o�� �d�h�g�k�l�j�m�d�p�b�c���� �<�\�h�^�g�Z�y��
�q�Z�k�l�v�� �f�b�g�b�f�Z�e�v�g�Z���� �f�_�k�l�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �m�l�h�q�g�y�_�l�k�y�� �^�h�� �h�[�e�Z�k�l�b�� ���d�j�Z�y������ �B�a�e�h�`�_�g�b�_��
�j�_�a�m�e�v�l�Z�l�h�\�� �k�h�^�_�j�`�b�l�� �d�h�g�d�j�_�l�g�u�_�� �k�\�_�^�_�g�b�y�� ���\�u�\�h�^�u���� �j�_�d�h�f�_�g�^�Z�p�b�b�� �b�� �l���i�������� �>�h��
�i�m�k�d�Z�_�l�k�y���\�\�_�^�_�g�b�_���k�h�d�j�Z�s�_�g�b�c���\���i�j�_�^�_�e�Z�o���Z�g�g�h�l�Z�p�b�b�����i�h�g�y�l�b�_���b�a����-�����k�e�h�\���a�Z�f�_��
�g�y�x�l�� �g�Z�� �Z�[�[�j�_�\�b�Z�l�m�j�m�� �b�a�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �[�m�d�\���� �\�� ��-�c�� �j�Z�a�� �^�Z�_�l�k�y��
�i�h�e�g�h�k�l�v�x���� �k�h�d�j�Z�s�_�g�b�_�� �± �\�� �k�d�h�[�d�Z�o���� �^�Z�e�_�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �l�h�e�v�d�h�� �k�h�d�j�Z�s�_�g�b�_������
�Q�b�k�e�b�l�_�e�v�g�u�_���� �_�k�e�b�� �g�_�� �y�\�e�y�x�l�k�y�� �i�_�j�\�u�f�� �k�e�h�\�h�f���� �i�_�j�_�^�Z�x�l�k�y�� �p�b�n�j�Z�f�b���� �G�_�e�v�a�y��
�b�k�i�h�e�v�a�h�\�Z�l�v���Z�[�[�j�_�\�b�Z�l�m�j�u�����g�Z�i�j�b�f�_�j�����g�Z�a�\�Z�g�b�c���m�q�j�_�`�^�_�g�b�c�����[�_�a���j�Z�k�r�b�n�j�h�\�d�b���b��
�k�e�h�`�g�u�_�� �w�e�_�f�_�g�l�u�� �n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� ���g�Z�i�j�b�f�_�j���� �\�_�j�o�g�b�_�� �b�� �g�b�`�g�b�_�� �b�g�^�_�d�k�u������ �D�Z��
�l�_�]�h�j�b�q�_�k�d�b���g�_���^�h�i�m�k�d�Z�x�l�k�y���\�k�l�Z�\�d�b���q�_�j�_�a���f�_�g�x���©�K�b�f�\�h�e�ª�����a�g�Z�d���j�Z�a�j�u�\�Z���k�l�j�h�d�b����
�a�g�Z�d���f�y�]�d�h�]�h���i�_�j�_�g�h�k�Z���� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c���i�_�j�_�g�h�k���k�e�h�\���� �A�g�Z�q�_�g�b�y��to �h�[�h�a�g�Z�q�Z�l�v���d�Z�d��
�©�]�j�Z�^�����K�ª�����\���Z�g�]�e�b�c�k�d�h�f���\�Z�j�b�Z�g�l�_���± �d�Z�d���©deg C�ª��  

�������K���g�h�\�h�c���k�l�j�h�d�b �k���h�l�k�l�m�i�h�f���7�D�E���������������± �d�e�x�q�_�\�u�_���k�e�h�\�Z  �k�h���k�l�j�h�q�g�h�c�����q�_�j�_�a��
�a�Z�i�y�l�m�x ���d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c�� �d�m�j�k�b�\�����n�j�Z�a�Z���©�D�e�x�q�_�\�u�_���k�e�h�\�Z�ª���g�_���m�d�Z�a�u�\�Z�_�l��
�k�y�����l�h�q�d�Z���\ �d�h�g�p�_���g�_���k�l�Z�\�b�l�k�y). 

�������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z �k���h�l�k�l�m�i�h�f�������������± �Z�g�g�h�l�Z�p�b�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_ 
���d�_�]�e�v�����������h�[�u�q�g�u�c�����k�e�h�\�h���©�:�g�g�h�l�Z�p�b�y�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y����  

�G�_�^�h�i�m�k�l�b�f�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�Z�r�b�g�g�h�]�h�� �i�_�j�_�\�h�^�Z���� �\�f�_�k�l�h�� �^�_�k�y�l�b�q�g�h�c�� �a�Z��
�i�y�l�h�c���b�k�i�h�e�v�a�m�_�l�k�y���l�h�q�d�Z�����<�k�_���j�m�k�k�d�b�_���Z�[�[�j�_�\�b�Z�l�m�j�u���i�_�j�_�^�Z�x�l�k�y���\���j�Z�k�r�b�n�j�h�\�Z�g��
�g�h�f���\�b�^�_�����_�k�e�b���m���g�b�o���g�_�l�� �m�k�l�h�c�q�b�\�u�o���Z�g�Z�e�h�]�h�\���\���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�����^�h�i�m�k�d�Z�_�l�k�y����
�<�L�H���± WTO�����N�:�H���± FAO �b���l���i���������;�_�a�e�b�q�g�u�_���d�h�g�k�l�j�m�d�p�b�b���i�_�j�_�\�h�^�y�l�k�y���k���b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f���i�Z�k�k�b�\�Z�� 

�������K���g�h�\�h�c���k�l�j�h�d�b �k���h�l�k�l�m�i�h�f���7�D�E���������������± �d�e�x�q�_�\�u�_���k�e�h�\�Z �g�Z���Z�g�]�e�b�c�k�d�h�f��
�y�a�u�d�_ �k�h���k�l�j�h�q�g�h�c���q�_�j�_�a���a�Z�i�y�l�m�x�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c�����d�m�j�k�b�\, �n�j�Z�a�Z���©�D�e�x��
�q�_�\�u�_���k�e�h�\�Z�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y�����l�h�q�d�Z���\���d�h�g�p�_���g�_���k�l�Z�\�b�l�k�y). 
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 ���������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z �k���h�l�k�l�m�i�h�f���± �l�_�d�k�l���k�l�Z�l�v�b ���d�_�]�e�v�������������\�d�e�x�q�Z�x�s�b�c��
�\�� �k�_�[�y�� �h�[�y�a�Z�l�_�e�v�g�u�_�� �k�l�j�m�d�l�m�j�g�u�_�� �w�e�_�f�_�g�l�u�� ���k�f���� �K�l�j�m�d�l�m�j�Z�� �k�l�Z�l�v�b���� �G�_�e�v�a�y�� �b�k��
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8th ed. Addison-Wesley, 2003. �± 1024 p.]. 

 
�K�k�u�e�d�b�� �g�Z�� �\�k�_�� �i�j�b�\�_�^�_�g�g�u�_�� �\�� �k�i�b�k�d�_�� �e�b�l�_�j�Z�l�m�j�u�� �b�k�l�h�q�g�b�d�b�� �\�� �l�_�d�k�l�_���a�Z��

�d�e�x�q�Z�x�l�k�y�� �\�� �d�\�Z�^�j�Z�l�g�u�_�� �k�d�h�[�d�b���� �g�Z�i�j�b�f�_�j���� �>���@���� �>���±7], [1, 18, 25]. �?�k�e�b�� �\�� �l�_�d�k�l�_��
�_�k�l�v���i�j�y�f�Z�y���p�b�l�Z�l�Z�����a�Z�d�e�x�q�_�g�g�Z�y���\���d�Z�\�u�q�d�b�����l�h���h�[�y�a�Z�l�_�e�v�g�h���^�h�e�`�g�Z���[�u�l�v���m�d�Z�a�Z�g�Z��
�k�l�j�Z�g�b�p�Z���� �g�Z�� �d�h�l�h�j�h�c�� �w�l�Z�� �p�b�l�Z�l�Z�� �g�Z�o�h�^�b�l�k�y�� �\�� �p�b�l�b�j�m�_�f�h�f�� �b�k�l�h�q�g�b�d�_���� �G�Z�i�j�b�f�_�j����
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�>�������k���������@�����K�k�u�e�d�b���g�Z���g�_�h�i�m�[�e�b�d�h�\�Z�g�g�u�_���j�Z�[�h�l�u���b���j�Z�[�h�l�u�����g�Z�o�h�^�y�s�b�_�k�y���\���i�_��
�q�Z�l�b�����g�_���^�h�i�m�k�d�Z�x�l�k�y. 

 
           12. �Q�_�j�_�a���k�l�j�h�d�m���i�h���p�_�g�l�j�m���± �k�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u���g�Z���e�Z�l�b�g�b�p�_�����^�h�e�`�_�g���[�u�l�v��
�h�a�Z�]�e�Z�\�e�_�g���± references�����i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�������� �r�j�b�n�l���h�[�u�q�g�u�c). �L�j�Z�g�k��
�e�b�l�_�j�b�j�h�\�Z�l�v�� �k�i�b�k�h�d�� �e�b�l�_�j�Z�l�m�j�u�� �f�h�`�g�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b���� �a�Z�c�^�y�� �g�Z�� �k�Z�c�l  
http://translit-online.ru/ �b���g�Z�k�l�j�h�b�\���i�_�j�_�\�h�^�����z �:�� yo; �c �:�� y; �o���:���\�k�_�]�^�Z��kh; �p �:�� ts; 
�s �:�� shch; �w �:�� e (�l�j�Z�g�k�e�b�l�_�j�b�j�m�x�l�� �l�h�e�v�d�h�� �i�h�k�e�_�� �h�n�h�j�f�e�_�g�b�y�� �k�i�b�k�d�Z�� �i�h�� �h�[��
�j�Z�a�p�m).   
 

�H�[�j�Z�a�p�u���h�n�h�j�f�e�_�g�b�y���k�k�u�e�h�d�� 
 

            �F�h�g�h�]�j�Z�n�b�y�����d�g�b�]�Z 
1. Shorygin A. A. Pitanie i pishchevye vzaimootnosheniya ryb Kaspiyskogo 

morya [Diet and food relations of fish in the Caspian Sea]. Moscow, Pishchepromizdat 
Publ., 1952, 268 p.  

2. Latyshev V. N. Tribologiya rezaniya. Kn. 1: Friktsionnye protsessy pri re-
zanii metallov [Tribology of Cutting, Vol. 1: Frictional Processes in Metal Cutting]. 
Ivanovo, Ivanovskiy Gos. Univ., 2009. 

 
            �K�l�Z�l�v�y���\���`�m�j�g�Z�e�_ 

1. Zagurenko A. G., Korotovskikh V. A., Kolesnikov A. A., Timonov A. V., 
Kardymon D.V. Tekhniko-ekonomicheskaya optimizatsiya dizayna gidrorazryva plasta 
[Techno-economic optimization of the design of hydraulic fracturing]. Neftyanoe kho-
zyaystvo, 2008, no. 11, pp. 54-57. 

2. Sokolov L. I. Pitanie sibirskogo osetra Acipenser baerii Brandt r. Leny [Diet 
of the Siberian sturgeon of the river Lena]. Voprosy ikhtiologii, 1966, vol. 6, iss. 3 (40), 
pp. 550�±560.  

 
            �K�l�Z�l�v�y �\ �w�e�_�d�l�j�h�g�g�h�f �`�m�j�g�Z�e�_ 
1. Ivanova A. E. Problemy smertnosti v regionakh Tsentral'nogo federal'nogo 
okruga [Problems of mortality in regions of the Central Federal Okrug]. Sotsial'nye 
aspekty zdorov'ya naseleniya, 2008, no. 2, available at:  
http://vestnik.mednet.ru/content/view/54/30/ (Accessed 19 September 2008).  
 

�K�l�Z�l�v�y�����h�i�m�[�e�b�d�h�\�Z�g�g�Z�y���\���f�Z�l�_�j�b�Z�e�Z�o���d�h�g�n�_�j�_�g�p�b�c 
1.        Usmanov T. S., Gusmanov A. A., Mullagalin I. Z., Muhametshina R. Ju., 

Chervyakova A. N., Sveshnikov A. V. Osobennosti proektirovaniya razrabotki 
mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of field 
development with the use of hydraulic fracturing]. Trudy 6 Mezhdunarodnogo Simpoziuma 
�³Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povysheniya 
neftegazootdachi�  ́ [Proc. 6th Int. �7�H�F�K�Q�R�O���� �6�\�P�S���� �³�1�H�Z Energy Saving Subsoil 
Technologies and the Increasing of the Oil and Gas Impact�´�@�����0�R�V�F�R�Z�����������������S�S����������-272. 

 
             �>�b�k�k�_�j�l�Z�p�b�y �b �Z�\�l�h�j�_�n�_�j�Z�l 

1. Turkovskaia O. V. Biologicheskie i tekhnologicheskie aspekty mikrobnoy 
ochistki stochnykh vod i prirodnykh ob"ektov ot poverkhnostno-aktivnykh veshchestv i 
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nefteproduktov. Diss. dokt. biol. nauk [Biological and technical aspects of microbial pu-
rification of sewage and nature objects from surface-active substances and oil products. 
Dis. dr. biol. sci.]. Saint-Petersburg, 2000, 360 p. 

2. Dolganova N. V. Razrabotka ekologicheski chistykh tekhnologiy belkovykh 
kormovykh produktov na osnove vtorichnykh resursov. Avtoreferat diss. dokt. tekhn. 
nauk [Development of ecological pure technologies of protein feeding products on the 
basis of water resources. Abstract of dis. dr. sci.]. Saratov, 1997, 54 p. 

 
            �I�_�j�_�\�h�^�g�Z�y �d�g�b�]�Z 

1. Timoshenko S.P., Yound D.H., Weaver W. Vibration problems in engineering. 
4th ed. New York, Wiley, 1974. 521 p. (Russ. Ed.: Timoshenko S.P., Iang D.Kh., Uiver U. 
Kolebaniya v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985, 472 p.). 

 
�������� �Q�_�j�_�a�� �^�\�Z���b�g�l�_�j�\�Z�e�Z�� �i�h���p�_�g�l�j�m�� �± �b�g�n�h�j�f�Z�p�b�y���h�[�� �Z�\�l�h�je���Z�o�� ���i�j�h�i�b�k��

�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c���� �Q�_�j�_�a���b�g�l�_�j�\�Z�e���i�h���p�_�g�l�j�m���^�Z�_�l�k�y���k�e�_��
�^�m�x�s�Z�y���b�g�n�h�j�f�Z�p�b�y�����N�Z�f�b�e�b�y�����b�f�y�����h�l�q�_�k�l�\�h �Z�\�l�h�j�Z (�d�m�j�k�b�\�h�f), �^�Z�e�_�_�����i�j�y�f�h�c��
�r�j�b�n�l�� �± �f�_�k�l�h�� �j�Z�[�h�l�u ���Z�[�[�j�_�\�b�Z�l�m�j�m�� �j�Z�k�r�b�n�j�h�\�Z�l�v���� �b�� �]�h�j�h�^; �g�Z�m�q�g�Z�y�� �k�l�_�i�_�g�v����
�m�q�_�g�h�_���a�\�Z�g�b�_�����^�h�e�`�g�h�k�l�v�� E-mail ���^�e�y���\�k�_�o���^�Z�g�g�u�o���d�_�]�e�v�����������l�h�q�d�Z���\���d�h�g�p�_���g�_���k�l�Z��
�\�b�l�k�y); �l�_�e�_�n�h�g�����e�m�q�r�_���f�h�[�b�e�v�g�u�c�����h�k�l�Z�z�l�k�y���\���j�_�^�Z�d�p�b�b�����g�m�`�_�g���g�Z �k�e�m�q�Z�c�����_�k�e�b���m��
�j�_�^�Z�d�l�h�j�Z�� �\�h�a�g�b�d�g�m�l�� �\�h�i�j�h�k�u�� �i�h�� �l�_�d�k�l�m���� �Q�_�j�_�a�� �b�g�l�_�j�\�Z�e�� �i�h�� �p�_�g�l�j�m�� �b�g�n�h�j�f�Z�p�b�y��
�^�m�[�e�b�j�m�_�l�k�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�� 

 
�H�[�j�Z�a�_�p: 

�B�G�N�H�J�F�:�P�B�Y���H�;���:�<�L�H�J�:�O 
 

�I�_�l�j�h�\���B�\�Z�g���B�\�Z�g�h�\�b�q �± �D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o�g�b�q�_�k�d�b�c�� 
�m�g�b�\�_�j�k�b�l�_�l�����^�h�d�l�h�j���l�_�o�g�b�q�_�k�d�b�o���g�Z�m�d�����i�j�h�n�_�k�k�h�j�����a�Z�\�����d�Z�n�_�^�j�h�c���i�b�s�_�\�u�o�� 

�b���o�h�e�h�^�b�e�v�g�u�o���f�Z�r�b�g����E-mail: petrov@mail.ru�����l�_�e��������������������-33-456 
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�D�m�`�e�_�\�Z���?�e�b�a�Z�\�_�l�Z���I�_�l�j�h�\�g�Z �± �;�Z�e�l�b�c�k�d�b�c���n�_�^�_�j�Z�e�v�g�u�c���m�g�b�\�_�j�k�b�l�_�l���b�f�_�g�b��
�B�f�f�Z�g�m�b�e�Z���D�Z�g�l�Z�����]�� �D�Z�e�b�g�b�g�]�j�Z�^�������Z�k�i�b�j�Z�g�l���d�Z�n�_�^�j�u���f�Z�r�b�g�h�\�_�^�_�g�b�y�� 

�b���l�_�o�g�b�q�_�k�d�b�o���k�b�k�l�_�f����E-mail: roza@bk.ru�����l�_�e��������������������-39-654 
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�I�j�Z�\�b�e�Z���h�n�h�j�f�e�_�g�b�y���j�m�d�h�i�b�k�_�c 
- �n�h�j�f�Z�l���[�m�f�Z�]�b�����:���� 
- �h�j�b�_�g�l�Z�p�b�y�����d�g�b�`�g�Z�y�� 
- �i�h�e�y���k�\�_�j�o�m�����k�e�_�\�Z�����k�i�j�Z�\�Z���± �����k�f�����k�g�b�a�m���± ���������k�f�� 
- �]�Z�j�g�b�l�m�j�Z �r�j�b�n�l�Z: Times New Roman; 
- �d�_�]�e�v �± 12;  
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- �Z�[�a�Z�p���k���h�l�k�l�m�i�h�f���7�D�E���������������� 
- �f�_�`�k�l�j�h�q�g�u�c���b�g�l�_�j�\�Z�e���± �h�^�b�g�Z�j�g�u�c�� 
- �i�j�b���g�Z�[�h�j�_���l�_�d�k�l�Z�� 
�‡�� �g�_�� �^�h�i�m�k�d�Z�_�l�k�y���� �i�j�b�f�_�g�y�l�v�� �k�l�b�e�b�� �i�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �l�_�d�k�l�Z���� �\�g�h�k�b�l�v�� �b�a��

�f�_�g�_�g�b�y���\���r�Z�[�e�h�g���b�e�b���k�h�a�^�Z�\�Z�l�v���k�\�h�c���^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���l�_�d�k�l�Z�����k�l�Z�\�b�l�v���i�j�h�[�_�e�u��
�i�_�j�_�^���a�g�Z�d�Z�f�b���i�j�_�i�b�g�Z�g�b�y�����i�j�b�f�_�g�y�l�v���e�x�[�u�_���j�Z�a�j�y�^�d�b���k�e�h�\���� 

�‡ �g�_�h�[�o�h�^�b�f�h���� �k�e�h�\�Z�� �\�g�m�l�j�b�� �Z�[�a�Z�p�Z�� �j�Z�a�^�_�e�y�l�v�� �h�^�g�b�f�� �i�j�h�[�_�e�h�f���� �g�Z�[�b�j�Z�l�v��
�l�_�d�k�l�� �[�_�a�� �i�j�b�g�m�^�b�l�_�e�v�g�u�o�� �i�_�j�_�g�h�k�h�\���� �m�k�l�Z�g�h�\�b�l�v�� �Z�\�l�h�f�Z�l�b�q�_�k�d�m�x�� �j�Z�k�k�l�Z�g�h�\�d�m��
�i�_�j�_�g�h�k�h�\�� ���i�m�l�v���� �f�_�g�x�� �K�?�J�<�B�K�� �:�� �i�h�^�f�_�g�x�� �Y�A�U�D�� �:�� �i�m�g�d�l�� �J�:�K�K�L�:�G�H�<�D�:��
�I�?�J�?�G�H�K�H�<���:���i�h�k�l�Z�\�b�l�v���]�Z�e�h�q�d�m���\���h�l�d�j�u�\�r�_�f�k�y���h�d�g�_���©�Z�\�l�h�f�Z�l�b�q�_�k�d�Z�y���j�Z�k�k�l�Z��
�g�h�\�d�Z���i�_�j�_�g�h�k�h�\�ª���� 

�L�Z�[�e�b�p�m���� �\�� �a�Z�\�b�k�b�f�h�k�l�b���h�l�� �_�_���j�Z�a�f�_�j�Z���� �i�h�f�_�s�Z�x�l�� �i�h�^���l�_�d�k�l�h�f���� �\�� �d�h�l�h�j�h�f��
�\�i�_�j�\�u�_���^�Z�g�Z���k�k�u�e�d�Z���g�Z���g�_�_�����b�e�b���g�Z���k�e�_�^�m�x�s�_�c���k�l�j�Z�g�b�p�_�����>�h�i�m�k�d�Z�_�l�k�y���i�h�f�_�s�Z�l�v��
�l�Z�[�e�b�p�m�� �\�^�h�e�v�� �^�e�b�g�g�h�c�� �k�l�h�j�h�g�u�� �e�b�k�l�Z���� �i�j�b�� �w�l�h�f�� �g�m�f�_�j�m�x�l�� �Z�j�Z�[�k�d�b�f�b�� �p�b�n�j�Z�f�b 
�]�j�Z�n�u���b���k�l�j�h�d�b���i�_�j�\�h�c���q�Z�k�l�b���l�Z�[�e�b�p�u�����K�e�h�\�h���©�L�Z�[�e�b�p�Z�ª���m�d�Z�a�u�\�Z�x�l���h�^�b�g���j�Z�a���k�e�_��
�\�Z�����[�_�a���h�l�k�l�m�i�Z�����g�Z�^���i�_�j�\�h�c���q�Z�k�l�v�x���l�Z�[�e�b�p�u�����i�h�k�e�_���g�h�f�_�j�Z���k�l�Z�\�y�l���l�h�q�d�m�����k�e�_�^�h�f �k��
�i�j�h�i�b�k�g�h�c���b�^�_�l���g�Z�a�\�Z�g�b�_���l�Z�[�e�b�p�u�����l�h�q�d�m���\���d�h�g�p�_���g�_���k�l�Z�\�y�l�����g�Z�^���^�j�m�]�b�f�b �q�Z�k�l�y�f�b��
�i�b�r�m�l���� �©�I�j�h�^�h�e�`�_�g�b�_�� �l�Z�[�e�b�p�u�ª���� �k�� �m�d�Z�a�Z�g�b�_�f�� �g�h�f�_�j�Z�� �l�Z�[�e�b�p�u���� �L�Z�[�e�b�p�Z�� �^�h�e�`�g�Z��
�[�u�l�v�� �\�k�l�Z�\�e�_�g�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� ���q�_�j�_�a�� �©�L�Z�[�e�b�p�Z���� �>�h�[�Z�\�b�l�v�� �l�Z�[�e�b�p�m�ª���� �G�Z�a�\�Z�g�b�_��
�l�Z�[�e�b�p�u���^�m�[�e�b�j�m�x�l���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_���i�h�^���j�m�k�k�d�b�f���g�Z�a�\�Z�g�b�_�f�����b���g�Z�h�[�h�j�h�l�����_�k��
�e�b���k�l�Z�l�v�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�����L�Z�[�e�b�p�Z��������Table 1.).       

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

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

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

�g�Z�[�h�j�Z��  
�N�h�j�f�m�e�u. �<�k�_���n�h�j�f�m�e�u �g�Z�[�b�j�Z�x�l�k�y���\���n�h�j�f�m�e�v�g�h�f �j�_�^�Z�d�l�h�j�_�����g�m�f�_�j�m�x�l��

�k�y�����g�Z���g�b�o���^�h�e�`�g�u���[�u�l�v���k�k�u�e�d�b���\���l�_�d�k�l�_���\���d�j�m�]�e�u�o���k�d�h�[�d�Z�o�����N�h�j�f�m�e�u���\�u�g�h�k�y�l�k�y��
�h�l�^�_�e�v�g�h�c���k�l�j�h�d�h�c���i�h�k�e�_���k�k�u�e�d�b���k���h�l�k�l�m�i�h�f���^�\�Z���L�Z�\�����G�h�f�_�j���n�h�j�f�m�e�u���\�\�h�^�b�l�k�y���\��
�d�j�m�]�e�u�_�� �k�d�h�[�d�b�� �b�� �\�u�j�Z�\�g�b�\�Z�_�l�k�y�� �\�i�j�Z�\�h���� �I�j�b�� �g�Z�[�h�j�_�� �n�h�j�f�m�e�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �b�k��
�i�h�e�v�a�h�\�Z�l�v�� �k�e�_�^�m�x�s�b�_���d�_�]�e�b���r�j�b�n�l�h�\���� �h�k�g�h�\�g�h�c�� �± ���������d�j�m�i�g�u�c���b�g�^�_�d�k�� �± ������ �f�_�e��
�d�b�c�� �b�g�^�_�d�k�� �± ������ �d�j�m�i�g�u�c�� �k�b�f�\�h�e�� �± �������� �f�_�e�d�b�c�� �k�b�f�\�h�e�� �± �������� �=�Z�j�g�b�l�m�j�Z�� �r�j�b�n�l�Z��
�7�L�P�H�V���1�H�Z���5�R�P�D�Q�����>�e�y���g�Z�[�h�j�Z���f�Z�l�_�f�Z�l�b�q�_�k�d�b�o���n�h�j�f�m�e���b�k�i�h�e�v�a�m�x�l���[�m�d�\�u���e�Z�l�b�g��
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�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����k�\�_�l�e�u�c���d�m�j�k�b�\�������]�j�_�q�_�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����k�\�_�l�e�u�c���i�j�y�f�h�c���r�j�b�n�l�����b��
�]�h�l�b�q�_�k�d�b�c�� �r�j�b�n�l�� ���k�\�_�l�e�u�c�� �i�j�y�f�h�c������ �B�g�^�_�d�k�u�� �n�h�j�f�m�e���� �h�[�h�a�g�Z�q�_�g�g�u�_�� �[�m�d�\�Z�f�b��
�e�Z�l�b�g�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����g�Z�[�b�j�Z�x�l���d�m�j�k�b�\�h�f����mi �± �f�Z�k�k�Z��i-�]�h���w�e�_�f�_�g�l�Z�������Z���h�[�h�a�g�Z�q�_�g��
�g�u�_���[�m�d�\�Z�f�b���j�m�k�k�d�h�]�h���Z�e�n�Z�\�b�l�Z���± �i�j�y�f�u�f���r�j�b�n�l�h�f����lp �± �^�e�b�g�Z���j�Z�a�[�_�]�Z����V�i�h�k �i�h�k�Z��
�^�h�q�g�Z�y���k�d�h�j�h�k�l�v�������K�h�d�j�Z�s�_�g�g�u�_���h�[�h�a�g�Z�q�_�g�b�y���n�b�a�b�q�_�k�d�b�o���\�_�e�b�q�b�g���b���_�^�b�g�b�p���b�a�f�_��
�j�_�g�b�y�� ���d�<�l���� �N���f���� �:���P���� �± �k�\�_�l�e�u�f�� �i�j�y�f�u�f�� �[�_�a�� �l�h�q�_�d���� �Q�b�k�e�Z�� �b�� �^�j�h�[�b�� �\�� �n�h�j�f�m�e�Z�o��
�^�h�e�`�g�u�� �[�u�l�v�� �g�Z�[�j�Z�g�u�� �k�\�_�l�e�u�f�� �i�j�y�f�u�f�� �r�j�b�n�l�h�f���� �I�j�y�f�u�f�� �r�j�b�n�l�h�f�� �g�Z�[�b�j�Z�x�l��
�l�Z�d�`�_�� �g�_�d�h�l�h�j�u�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �h�[�h�a�g�Z�q�_�g�b�y�� ��sin, tg; max, min; const; log, det, 
exp �b�� �l���� �^�������� �<�_�d�l�h�j�g�u�_�� �\�_�e�b�q�b�g�u�� �k�e�_�^�m�_�l�� �h�[�h�a�g�Z�q�Z�l�v�� �`�b�j�g�u�f�� �d�m�j�k�b�\�h�f���� �Z�� �g�_��
�g�Z�^�k�b�f�\�h�e�v�g�h�c���q�_�j�l�h�c�����_ �g�_���•���� �I�_�j�_�g�h�k���\�� �n�h�j�f�m�e�Z�o���^�h�i�m�k�d�Z�_�l�k�y���^�_�e�Z�l�v���\���i�_�j�\�m�x��
�h�q�_�j�_�^�v���g�Z���a�g�Z�d�Z�o����� �����ª�����������!���b���^�j���������\�h���\�l�h�j�m�x���h�q�_�j�_�^�v���± �g�Z���h�l�l�h�q�b�b�����«�������g�Z���a�g�Z�d�Z�o��
�k�e�h�`�_�g�b�y�� �b�� �\�u�q�b�l�Z�g�b�y�� �������� �±������ �\�� �i�h�k�e�_�^�g�x�x�� �± �g�Z�� �a�g�Z�d�_�� �m�f�g�h�`�_�g�b�y�� �\�� �\�b�^�_�� �d�h�k�h�]�h��
�d�j�_�k�l�Z�� ���î������ �I�_�j�_�g�h�k�� �g�Z�� �a�g�Z�d�_�� �^�_�e�_�g�b�y�� �g�_�� �^�h�i�m�k�d�Z�_�l�k�y���� �F�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �a�g�Z�d���� �g�Z��
�d�h�l�h�j�h�f���j�Z�a�j�u�\�Z�_�l�k�y���n�h�j�f�m�e�Z���i�j�b���i�_�j�_�g�h�k�_�����h�[�y�a�Z�l�_�e�v�g�h���^�h�e�`�_�g���[�u�l�v���i�h�\�l�h�j�_�g���\��
�g�Z�q�Z�e�_�� �\�l�h�j�h�c�� �k�l�j�h�d�b���� �I�j�b�� �i�_�j�_�g�h�k�_�� �n�h�j�f�m�e�� �g�_�e�v�a�y�� �h�l�^�_�e�y�l�v�� �\�u�j�Z�`�_�g�b�y���� �k�h�^�_�j��
�`�Z�s�b�_�k�y�� �i�h�^�� �a�g�Z�d�h�f�� �b�g�l�_�]�j�Z�e�Z���� �e�h�]�Z�j�b�n�f�Z���� �k�m�f�f�u���� �i�j�h�b�a�\�_�^�_�g�b�y���� �h�l�� �k�Z�f�b�o�� �a�g�Z��
�d�h�\���� �G�_�[�h�e�v�r�b�_�� �n�h�j�f�m�e�u���� �g�_�� �b�f�_�x�s�b�_�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y���� �g�Z�[�b�j�Z�x�l�k�y��
�\�g�m�l�j�b�� �k�l�j�h�d�� �l�_�d�k�l�Z���� �G�Z�b�[�h�e�_�_�� �\�Z�`�g�u�_�� �n�h�j�f�m�e�u���� �\�k�_�� �g�m�f�_�j�h�\�Z�g�g�u�_�� �n�h�j�f�m�e�u���� �Z��
�l�Z�d�`�_���^�e�b�g�g�u�_���b���]�j�h�f�h�a�^�d�b�_���n�h�j�f�m�e�u���� �k�h�^�_�j�`�Z�s�b�_���a�g�Z�d�b���k�m�f�f�b�j�h�\�Z�g�b�y���� �i�j�h�b�a��
�\�_�^�_�g�b�y�� �b�� �l���� �i������ �g�Z�[�b�j�Z�x�l�� �h�l�^�_�e�v�g�u�f�b�� �k�l�j�h�d�Z�f�b���� �H�l�[�b�\�d�Z�� �^�h�� �b�� �i�h�k�e�_�� �k�l�j�h�d�b�� �k��

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

�O�b�f�b�q�_�k�d�b�_�� �k�b�f�\�h�e�u (Ag���� �K�X���� �g�Z�[�b�j�Z�x�l�� �i�j�y�f�u�f �r�j�b�n�l�h�f���� �>�e�y�� �g�Z�[�h�j�Z��
�j�_�d�h�f�_�g�^�m�_�l�k�y���b�k�i�h�e�v�a�h�\�Z�l�v���j�_�^�Z�d�l�h�j��Chem Window. 

�?�^�b�g�b�p�u�� �n�b�a�b�q�_�k�d�b�o�� �\�_�e�b�q�b�g �k�e�_�^�m�_�l�� �i�j�b�\�h�^�b�l�v�� �\�� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �k�b��
�k�l�_�f�_���K�B���i�h���=�H�K�L������������-�������������=�K�B�����?�^�b�g�b�p�u���\�_�e�b�q�b�g�� 

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

 
�W�e�_�d�l�j�h�g�g�u�c���\�Z�j�b�Z�g�l���f�Z�l�_�j�b�Z�e�h�\ 

�L�_�d�k�l�� �k�l�Z�l�v�b���� �j�_�n�_�j�Z�l�u���� �d�e�x�q�_�\�u�_�� �k�e�h�\�Z�� �b�� �k�\�_�^�_�g�b�y�� �h�[�� �Z�\�l�h�j�_���Z�o���� �j�Z�a�f�_��
�s�Z�x�l�k�y�� �\�� �h�^�g�h�f�� �n�Z�c�e�_���� �F�Z�l�_�j�b�Z�e�u�� �^�h�e�`�g�u�� �[�u�l�v�� �h�n�h�j�f�e�_�g�u�� �k�� �i�j�b�f�_�g�_�g�b�_�f��
�k�j�_�^�k�l�\���0�L�F�U�R�V�R�I�W���2�I�I�L�F�H���������������j�Z�k�r�b�j�_�g�b�_���l�_�d�k�l�h�\�h�]�h���n�Z�c�e�Z���
��doc�������>�e�y���i�_�j�_�^�Z�q�b��
�b�g�n�h�j�f�Z�p�b�b���i�h�^�h�c�^�m�l���e�x�[�u�_���w�e�_�d�l�j�h�g�g�u�_���g�h�k�b�l�_�e�b���� 

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

�K�l�Z�l�v�b���� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�f�� �l�j�_�[�h�\�Z�g�b�y�f���� �f�h��
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