
�K�H�J�;�P�B�H�G�G�U�?���B���O�J�H�F�:�L�H�=�J�:�N�B�Q�?�K�D�B�? 
�I�J�H�P�?�K�K�U 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e 

�<�u�o�h�^�b�l�������j�Z�a���\���]�h�^ 
 

�L�h�f����5�����‹��2, 2025 
 

ISSN 1680-0613 
�M�Q�J�?�>�B�L�?�E�V�� 

�N�=�;�H�M���<�H���©�<�h�j�h�g�_�`�k�d�b�c�� 
�]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l�ª 

 
�@�m�j�g�Z�e���h�k�g�h�\�Z�g���\���^�_�d�Z�[�j�_�������������]���� 
 
�@�m�j�g�Z�e�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�� �N�_�^�_�j�Z�e�v�g�h�c��
�k�e�m�`�[�h�c�� �i�h�� �g�Z�^�a�h�j�m�� �a�Z�� �k�h�[�e�x�^�_�g�b�_�f��
�a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z�� �\�� �k�n�_�j�_�� �f�Z�k�k�h�\�u�o��
�d�h�f�f�m�g�b�d�Z�p�b�c�� �b�� �h�o�j�Z�g�_�� �d�m�e�v�l�m�j�g�h�]�h��
�g�Z�k�e�_�^�b�y�� �K�\�b�^�_�l�_�e�v�k�l�\�h�� �I�B�� �‹�� �N�K����-
�������������h�l���������b�x�g�y�������������]�h�^�Z 
 
�@�m�j�g�Z�e�� �\�d�e�x�q�_�g�� �\���I�_�j�_�q�_�g�v�� �j�_�p�_�g�a�b��
�j�m�_�f�u�o�� �g�Z�m�q�g�u�o�� �b�a�^�Z�g�b�c���� �\�� �d�h�l�h�j�u�o��
�^�h�e�`�g�u�� �[�u�l�v�� �h�i�m�[�e�b�d�h�\�Z�g�u�� �h�k�g�h�\�g�u�_��
�g�Z�m�q�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �^�b�k�k�_�j�l�Z�p�b�c�� �g�Z��
�k�h�b�k�d�Z�g�b�_�� �m�q�_�g�h�c�� �k�l�_�i�_�g�b�� �d�Z�g�^�b�^�Z�l�Z��
�g�Z�m�d���� �g�Z�� �k�h�b�k�d�Z�g�b�_�� �m�q�_�g�h�c�� �k�l�_�i�_�g�b��
�^�h�d�l�h�j�Z���g�Z�m�d�� 
 
�@�m�j�g�Z�e�� �i�j�b�g�b�f�Z�_�l�� �i�m�[�e�b�d�Z�p�b�b�� �b�� �k�l�Z��
�l�v�b�� �i�h�� �k�i�_�p�b�Z�e�v�g�h�k�l�y�f������������������ �G�_�h�j�]�Z��
�g�b�q�_�k�d�Z�y���o�b�f�b�y�����o�b�f�b�q�_�k�d�b�_���g�Z�m�d�b���� 
�������������� �:�g�Z�e�b�l�b�q�_�k�d�Z�y�� �o�b�f�b�y�� ���o�b�f�b�q�_��
�k�d�b�_�� �g�Z�m�d�b������ �������������� �N�b�a�b�q�_�k�d�Z�y�� �o�b�f�b�y��
���o�b�f�b�q�_�k�d�b�_�� �g�Z�m�d�b������ �������������� �W�e�_�d�l�j�h�o�b��
�f�b�y�� ���o�b�f�b�q�_�k�d�b�_�� �g�Z�m�d�b������ �������������� �<�u�k�h��
�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �k�h�_�^�b�g�_�g�b�y�� ���o�b�f�b�q�_��
�k�d�b�_�� �g�Z�m�d�b������ �������������� �;�b�h�h�j�]�Z�g�b�q�_�k�d�Z�y��
�o�b�f�b�y�� ���o�b�f�b�q�_�k�d�b�_�� �g�Z�m�d�b������ ����������������
�D�h�e�e�h�b�^�g�Z�y�� �o�b�f�b�y�� ���o�b�f�b�q�_�k�d�b�_��
�g�Z�m�d�b������ �������������� �;�b�h�o�b�f�b�y�� ���[�b�h�e�h�]�b�q�_��
�k�d�b�_�� �g�Z�m�d�b������ �������������� �;�b�h�l�_�o�g�h�e�h�]�b�y��
���[�b�h�e�h�]�b�q�_�k�d�b�_�� �g�Z�m�d�b������ �������������� �;�b�h�l�_�o��
�g�h�e�h�]�b�y�����o�b�f�b�q�_�k�d�b�_���g�Z�m�d�b�� 

 

�B�g�^�_�d�k�b�j�m�_�l�k�y:  
Scopus, �J�B�G�P, RSCI, Chemical 

Abstract, EBSCO, DOAJ, CrossRef 
 
�I�j�b���i�_�j�_�i�_�q�Z�l�d�_���k�k�u�e�d�Z���g�Z���©�K�h�j�[�p�b�h�g�g�u�_���b��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u�ª���h�[�y�a�Z�l�_�e�v�g�Z 
 

�:�^�j�_�k���j�_�^�Z�d�p�b�b�����b�a�^�Z�l�_�e�y�� 
�����������������<�h�j�h�g�_� �̀����M�g�b�\�_�j�k�b�l�_�l�k�d�Z�y���i�e���������� 

�<�h�j�h�g�_�`�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c 
�m�g�b�\�_�j�k�b�l�_�l 

�L�_�e. (473) 220-89-32. 
E-mail: journal@chem.vsu.ru 
http://www.sorpchrom.vsu.ru 

 
 
 
�=�E�:�<�G�U�C���J�?�>�:�D�L�H�J��  
�<���N�� �K�_�e�_�f�_�g�_�\�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� (�<�h�j�h�g�_�`) 
 
�A�:�F�?�K�L�B�L�?�E�B���=�E�:�<�G�H�=�H���J�?�>�:�D�L�H�J�:��  
�:���D�����;�m�j�y�d�����q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l �J�:�G ���B�N�O�W���J�:�G�����F�h�k�d�\�Z�� 
�H���;�����J�m�^�Z�d�h�\�����^-�j���o�b�f���g�Z�m�d�����i�j�h�n�� ���<�=�L�M�����<�h�j�h�g�_�`�� 
 
�J�?�>�D�H�E�E�?�=�B�Y:  
�H���<�� �;�h�[�j�_�r�h�\�Z�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�?���<�� �;�m�l�u�j�k�d�Z�y�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�<���B�� �<�Z�k�b�e�v�_�\�Z�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�:���F�� �>�h�e�]�h�g�h�k�h�\�� � -̂�j �o�b�f�� �g�Z�m�d�� �\�_�^�� �g�Z�m�q�� �k�h�l�j��  
���=�?�H�O�B �J�:�G�� �F�h�k�d�\�Z�� 
�<���B�����>�_�c�g�_�d�Z����� -̂�j���o�b�f���g�Z�m�d�����i�j�h�n�� (�G�B�M���©�;�_�e�=�M�ª�����;�_�e�]�h�j�h�^�� 
�:���G�� �A�y�[�e�h�\�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�L���<�����?�e�b�k�_�_�\�Z�����d�Z�g�^�� �o�b�f���g�Z�m�d�����^�h�p. ���<�h�j�h�g�_�`�� 
�: ���L�� �?�i�j�b�g�p�_�\�� � -̂�j �[�b�h�e���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�<���:�� �B�\�Z�g�h�\�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���F�=�M�� �F�h�k�d�\�Z�� 
C.�B�����D�Z�j�i�h�\�����-̂�j���o�b�f���g�Z�m�d�����^�h�p. ���<�h�j�h�g�_�`�� 
�L���:�� �D�j�Z�\�q�_�g�d�h�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���<�h�j�h�g�_�`�� 
�K���G�� �E�Z�g�b�g�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n�� ���F�=�M�� �F�h�k�d�\�Z�� 
�<���F�� �F�m�o�b�g�� � -̂�j �l�_�o�g���g�Z�m�d�� �i�j�h�n�� ���G�I�H �©�G�_�h�j�]�Z�g�b�d�Z�ª�� 
�W�e�_�d�l�j�h�k�l�Z�e�v�� 
�;���N�� �F�y�k�h�_�^�h�\ �Z�d�Z�^�_�f�b�d �J�:�G�� � -̂�j �o�b�f���g�Z�m�d�� �i�j�h�n��  
���B�N�W�O �J�:�G�� �F�h�k�d�\�Z�� 
�I���G�����G�_�k�l�_�j�_�g�d�h���^-�j���o�b�f���g�Z�m�d�����i�j�h�n�������F�=�M�����F�h�k�d�\�Z�� 
�B���:�� �I�e�Z�l�h�g�h�\�� � -̂�j �l�_�o�g���g�Z�m�d�� �i�j�h�n�� ���K�=�:�M�� �K�Z�f�Z�j�Z�� 
�L���G�����I�h�i�h�\�Z�����^-�j���[�b�h�e���g�Z�m�d�����i�j�h�n����(�<�h�j�h�g�_�`) 
SenGupta Arup, Ph.D., prof. (Lehigh University,  
Bethlehem, U.S.A) 
�K���F�����K�l�Z�j�h�\�_�j�h�\����� -̂�j �o�b�f.�g�Z�m�d (�F�=�M, �F�h�k�d�\�Z) 
�J���O�� �O�Z�f�b�a�h�\�� �q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l���J�:�G�����=�?�H�O�B �J�:�G�� �F�h�k�d�\�Z) 
�<.�X. �O�h�o�e�h�\, � -̂�j �o�b�f.�g�Z�m�d, �i�j�h�n. ���<�h�j�h�g�_�`�� 
�O���K�� �R�b�o�Z�e�b�_�\, � -̂�j �o�b�f.�g�Z�m�d, �i�j�h�n. ���<�h�j�h�g�_�`�� 
�H.�: . �R�i�b�]�m�g, �q�e�_�g-�d�h�j�j�_�k�i�h�g�^�_�g�l �J�:�G (�F�=�M, �F�h�k�d�\�Z) 
 
�H�l�\�_�l�k�l�\�_�g�g�u�_���k�_�d�j�_�l�Z�j�b��  
�B.�<. �<�h�j�h�g�x�d, �d�Z�g�^. �o�b�f.�g�Z�m�d�����^�h�p�� ���<�h�j�h�g�_�`�� 
�E���G�����D�h�e�h�f�b�_�p�����d�Z�g�^�����o�b�f���g�Z�m�d�����B�N�W�O���J�:�G�����F�h�k�d�\�Z����  
 
�F�Z�l�_�j�b�Z�e�u���`�m�j�g�Z�e�Z���^�h�k�l�m�i�g�u���i�h���e�b�p�_�g�a�b�b��Creative Commons 

"Attribution�´�����©�:�l�j�b�[�m�p�b�y�ª���������� 

 
�‹�<�h�j�h�g�_�`�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l����������5 

 
 
 
 



SORBTSIONNYE I  KHROMATOGRAFICHESKIE  PROTSESSY 
(SORPTION AND CHROMATOGRAPHY PROCESSES) 

 
Scientific journal 

Published 6 times per year 
  

Volume 25, No 2, 2025 
 

ISSN 1680-0613 
FOUNDER: 

Voronezh State University 
 
Journal was founded in December 2000 
 
Journal has been registered by Federal 
Service for Supervision for Compliance 
with the Law in the Sphere of Mass 
Communications and Cultural Heritage 
Protection. �&�H�U�W�L�I�L�F�D�W�H�� �3�,�� �‹���)�6�� ����-28319 
from 15 June 2007. 
 
The journal is included in the List of Rus-
sian Peer-Reviewed Scientific Journals 
recommended by the Higher Attestation 
Commission of the Russian Ministry of 
Education and Science that publishes dis-
sertation abstracts submitted as partial 
fulfillment of the requirements for the 
degrees of Candidate and Doctor 
Sciences. 
 
The journal accepts publications and arti-
cles on specialties: 1.4.1. Non-organic 
chemistry (chemical sciences), 1.4.2. 
Analytical Chemistry (Chemical scienc-
es), 1.4.4. Physical Chemistry (Chemical 
Sciences), 1.4.6. Electrochemistry (Chem-
ical sciences), 1.4.7. High Molecular 
Compounds (Chemical sciences), 1.4.9. 
Bioorganic Chemistry (Chemical scienc-
es), 1.4.10. Colloidal Chemistry (chemical 
sciences), 1.5.4. Biochemistry (biological 
sciences), 1.5.6. Biotechnology (biologi-
cal sciences), 1.5.6. Biotechnology 
(Chemical sciences) 

 

Journal is indexed: Russian Scientific 
Index Citations, Scopus, Chemical Ab-

stract, EBSCO, DOAJ, CrossRef 
 

Editorial Board Office, Publisher: 
1, Universitetskaya pl., 394018,  
Voronezh, Russian Federation 

Phone number +7 (473) 220-89-32. 
 

E-mail: journal@chem.vsu.ru 
http://www.sorpchrom.vsu.ru 

 
 
 
 
 

EDITOR -IN-CHIEF:  
V.F. Selemenev, Prof., Dr.Sc. (Voronezh) 
 
DEPURY-EDITORS-IN-CHIEF:  
A.K. Buryak, corresponding member of the RAS  
(IPCE RAS, Moscow) 
O.B. Rudakov, Dr.Sc., Prof. (VSTU, Voronezh) 
 
EDITORIAL BOARD:  
O.V. Bobreshova, Dr.Sc., Prof. (Voronezh) 
E.V. Butyrskaya, Dr.Sc., Prof. (Voronezh) 
V.I. Va�V�L�O�¶�H�Y�D�� Dr.Sc., Prof. (Voronezh) 
A.M. Dolgonosov, Leading scientific researcher  
(GEOKHI RAS, Moscow) 
V.I. Deineka, Dr.Sc., Prof., (Belgorod State National 
Research University, Belgorod) 
A.N. Zyablov, Dr.Sc., Prof. (Voronezh) 
T.V. Eliseeva, Ph.D. (Voronezh) 
A.T. Eprintcev, Dr.Sc., Prof. (Voronezh) 
V.A. Ivanov, Dr.Sc., Prof. (MSU, Moscow) 
S.I. Karpov, Dr. Sc., Assoc. Prof. (Voronezh) 
T.A. Kravchenko, Dr. Sc., Prof. (Voronezh) 
S.N. Lanin, Dr.Sc., Prof. (MSU, Moscow) 
V.M. Mukhin, Dr.Sc., Prof. (SPA �©�1�H�R�U�J�D�Q�L�N�D�ª�� Electos�O�D�O�¶�� 
B.F. Myasoedov, Academician of the RAS, Dr.Sc., Prof.  
(IPEC RAS, Moscow) 
P.N. Nesterenko, Dr.Sc., Prof. (MSU, Moscow) 
I.A. Platonov, Dr.Sc., Prof. (SSAU, Samara) 
T.N. Popova, Dr.Sc., Prof. (Voronezh) 
SenGupta Arup, Ph.D., prof. (Lehigh University, 
Bethlehem, U.S.A) 
S.M. Staroverov, Dr.Sc., Prof. (MSU, Moscow) 
R.Kh. Khamizov, corresponding member of the RAS  
(GEOKHI RAS, Moscow) 
V.Yu. Khokhlov, Dr.Sc., Prof. (Voronezh) 
Kh.S. Shikaliev, Dr.Sc., Prof. (Voronezh) 
O.A. Shpigun, corresponding member of the RAS  
(MSU, Moscow) 
 
Responsible secretaries:  
I.V. Voronyuk, Ph.D. (Voronezh) 
L.N. Kolomietz, Ph.D. (IPCE RAS, Moscow) 
 

When reprinting the materials, a 
reference to the Sorbtsionnye i khromatograficheskie protsessy 

must be cited 
 

All the material of the journal are available under Creative Com-
�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q�¶�����������O�L�F�H�Q�V�H 

 
�‹  Voronezh State University, 2025



 

�K�H�J�;�P�B�H�G�G�U�? 

�B���O�J�H�F�:�L�H�=�J�:�N�B�Q�?�K�D�B�?���I�J�H�P�?�K�K�U 
2025�����L�h�f����5�����‹  2 

  
�K�H�>�?�J�@�:�G�B�?        CONTENTS 

 
 

�H�J�B�=�B�G�:�E�V�G�U�?���K�L�:�L�V�B 
 

�>�h�e�]�h�g�h�k�h�\���:���F�������O�Z�f�b�a�h�\���J���O�� 
�H���d�h�w�n�n�b�p�b�_�g�l�Z�o���^�b�n�n�m�a�b�b���d�Z�l�b�h��
�g�h�\���\���k�m�e�v�n�h�d�Z�l�b�h�g�b�l�Z�o 

140-145 Dolgonosov A.M., Khamizov R.Kh. 
On the diffusion coefficients of cations 
in sulfonic cation exchangers. 

�;�_�e�Z�g�h�\�Z���G���:�������K�_�e�_�f�_�g�_�\���<���N������
�D�Z�j�i�h�\���K���B�������K�_�f�_�g�h�\���<���G���� 
�D�m�s�_�\���I���H�������=�h�e�h�\�b�g�Z���:���:�� 
�N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���Z�k�i�_�d�l�u��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c 
�d�b�k�e�h�l�u���k���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�h�f��
�©�L�\�_�j�^�Z�y���\�h�^�Z�ª 

146-159 Belanova N.A., Selemenev V.F., 
Karpov S.I., Semyonov V.N., 
Kushchev P.O., Golovina A.A. 
Physicochemical aspects of interaction 
of indolyl-3-acetic acid with 
�V�X�S�H�U�D�E�V�R�U�E�H�Q�W���©�6�R�O�L�G���:�D�W�H�U�ª�� 

�K�Z�j�Z�g�h�\���B���:�������K�_�e�_�f�_�g�_�\���<���N���� 
�J�m�^�Z�d�h�\���H���;�������<�h�k�l�j�h�b�e�h�\���:���<���� 
�I�h�e�y�g�k�d�b�c���D���D�� 
�D�h�f�i�e�_�d�k�g�u�c���d�h�g�l�j�h�e�v���d�Z�q�_�k�l�\�Z���k�e�b��
�\�h�q�g�h�]�h���f�Z�k�e�Z���k���i�j�b�f�_�g�_�g�b�_�f���=�@�O����
�>�K�D���b���o�b�f�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z 

160-170 Saranov I.A., Selemenev V.F., 
Rudakov O.B., Vostroilov A.V., 
Polyansky K.K. 
Comprehensive quality control of but-
ter using GRF, DSC and chemical 
analysis 

�>�y�^�b�s�_�\���F���?�������F�h�j�]�Z�q�_�\�Z���G���<������
�A�y�[�e�h�\���:���G�� 
�H�i�j�_�^�_�e�_�g�b�_���^�h�^�_�p�b�e�k�m�e�v�n�Z�l�Z 
�g�Z�l�j�b�y���\���\�h�^�g�u�o���j�Z�k�l�\�h�j�Z�o���Z�f�i�_�j�h��
�f�_�l�j�b�q�_�k�d�b�f���k�_�g�k�h�j�h�f 

171-176 Dyadishchev M.E., Morgacheva N.V., 
Zyablov A.N. 
Determination of sodium dodecyl-
sulphate in aqueous solutions 
by amperometric methods 

�>�h�j�h�r�_�g�d�h���:���<�������L�h�f�b�g�Z���?���<�� 
�:�^�k�h�j�[�p�b�h�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�Z�y 
�Z�d�l�b�\�g�h�k�l�v���d�h�f�i�h�a�b�l�g�u�o���f�Z�l�_�j�b�Z��
�e�h�\��CoFe2O4@C �g�Z���h�k�g�h�\�_���[�b�h�m�]�e�y 
�\���i�j�h�p�_�k�k�Z�o���h�q�b�k�l�d�b���\�h�^�u 
�h�l��������-�^�b�g�b�l�j�h�n�_�g�h�e�Z 

177-187 Doroshenko A.V., Tomina E.V. 
Activity of CoFe2O4@C composite 
materials based on biochar in water 
purification processes from 2,4-
dinitrophenol 

�H�\�k�y�g�g�b�d�h�\�Z���?���J���� 
�O�h�o�e�h�\���<���X�������O�h�o�e�h�\�Z���H���G�� 
�H�p�_�g�d�Z���Œ�±�Œ�±�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���Z�j�h�f�Z��
�l�b�q�_�k�d�b�o���Z�f�b�g�h�d�b�k�e�h�l���\���n�Z�a�_���j�Z�k��
�l�\�h�j�Z���b���k�h�j�[�_�g�l�Z���k���i�h�f�h�s�v�x���d�\�Z�g�l�h��
�\�h-�o�b�f�b�q�_�k�d�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y 

188-197 Ovsyannikova E.R., 
Khokhlov  V.Yu., Khokhlova O.N. 
�(�V�W�L�P�D�W�L�R�Q���R�I���W�K�H���Œ�±�Œ���L�Q�W�H�U�D�F�W�L�R�Q�V���R�I��
aromatic amino acids in the phase of 
solution and sorbent using quantum 
chemical modeling 

�K�\�_�r�g�b�d�h�\�Z���>���:���� 
�J�Z�f�Z�a�Z�g�h�\�� �:���R������ �D�m�g�`�m�_�\�Z�� �D���=. 
�:�^�k�h�j�[�p�b�y�� �b�h�g�h�\�� �p�_�a�b�y�� �b�a�� �\�h�^�g�u�o��
�j�Z�k�l�\�h�j�h�\�� �g�Z�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c��
�]�e�b�g�_�� �E�_�\�Z�r�b�g�k�d�h�]�h�� �f�_�k�l�h�j�h�`�^�_�g�b�y��
�J�_�k�i�m�[�e�b�d�b���>�Z�]�_�k�l�Z�g 
 

198-210 Sveshnikova D.A., 
Ramazanov A.Sh., Kunzhueva K.G. 
Adsorption of cesium ions from aque-
ous solutions on modified clay of the 
Levashinsky deposit of the Republic of 
Dagestan 

�G�:�M�Q�G�U�C���@�M�J�G�:�E 

 
�<�u�o�h�^�b�l �������j�Z�a���\���]�h�^ 



�I�h�e�d�h�\�g�b�d�h�\�Z���X���:�������E�_�g�v�r�b�g���:���K������
�D�m�a�g�_�p�h�\���:���X�������N�j�h�e�h�\�Z���<���?���� 
�>�h�f�Z�r�_�\�k�d�Z�y���W���I�� 
�K�h�j�[�p�b�h�g�g�u�_���b���l�h�d�k�b�d�h�e�h�]�b�q�_�k�d�b�_��
�k�\�h�c�k�l�\�Z�����g�Z�g�h�q�Z�k�l�b�p���i�h�j�b�k�l�h�]�h���d�j�_�f��
�g�b�y���k���h�k�Z�`�^�_�g�g�u�f���p�b�g�g�Z�j�b�a�b�g�h�f 

211-222 Polkovnikova Yu. A., Lenshin A.S., 
Kuznetsov A.Yu., Frolova V.E., 
Domashevskaya E.P. 
Sorption and toxicological properties 
of porous silicon nanoparticles with 
precipitated cinnarizine 

�A�h�l�h�\�Z���B���K�������D�Z�j�_�e�b�g�Z���D���H���� 
�D�h�\�u�]�b�g���X���:�������R�b�o�Z�e�b�_�\���O���K�� 
�B�k�k�e�_�^�h�\�Z�g�b�_���m�k�e�h�\�b�c���j�_�p�b�d�e�b�a�Z�p�b�b��
N-�Z�j�b�e�b�l�Z�d�h�g�b�f�b�^�h�\���n�_�g�b�e�]�b�^�j�Z�a�b��
�g�h�f���k���i�j�b�f�_�g�_�g�b�_�f���<�W�@�O-�f�Z�k�k-
�k�i�_�d�l�j�h�f�_�l�j�b�b 

223-230 Zotova I.S., Karelina K.O., 
Kovygin Yu.A., Shikhaliev Kh.S. 
Investigation of the conditions of recy-
cling of N-arylitaconimides with phe-
nylhydrazine using HPLC mass spec-
trometry 

�D�Z�j�_�e�b�g�Z���D���H���� 
�A�h�l�h�\�Z���B���K�������I�h�l�Z�i�h�\���:���X�� 
�I�j�b�f�_�g�_�g�b�_���<�W�@�O-�F�K���Z�g�Z�e�b�a�Z���\��
�b�k�k�e�_�^�h�\�Z�g�b�b���n�h�j�f�b-�e�b�j�h�\�Z�g�b�y����-
�Z�e�d�b�e-5-�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-
�Z�@�i�b�j�b�f�b�^�b�g-7(4H)-�h�g�h 

231-239 Karelina K.O.,  
Zotova I.S., Potapov A.Yu. 
Application of HPLC-MS analysis in 
the study of formylation 2-alkyl-5-
methyl-[1,2,4]triazolo[1,5-
a]pyrimidine-7(4H)-ones 

�>�m�g�b�e�b�g���:���>�������L�j�b�g�_�_�\�Z���H���<�� 
�B�k�k�e�_�^�h�\�Z�g�b�_���Z�f�b�g�h�d�b�k�e�h�l�g�h�]�h���k�h��
�k�l�Z�\�Z���b�a�\�e�_�q�_�g�b�c���b�a���p�\�_�l�d�h�\���d�Z�r�l�Z-
�g�Z���d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b�h�g�h�\��
�i�j�h�b�a�j�Z�k�l�Z�g�b�y 

240-249 Dunilin A.D., Trineeva O.V. 
Investigation of the amino acid compo-
sition of extracts from horse chestnut 
flowers from various growing regions 

�:�]�Z�j�d�h�\���:���:�������I�h�i�h�\���K���K���� 
�I�h�i�h�\�Z���L���G�������E�Z�\�j�m�s�_�\���:���B���� 
�A�\�y�]�b�g�p�_�\���?���K�� 
�:�d�l�b�\�g�h�k�l�v���]�e�m�l�Z�l�b�h�g�j�_�^�m�d-�l�Z�a�u��
�i�j�b���k�Z�o�Z�j�g�h�f���^�b�Z�[�_�l�_�������l�b�i�Z���b���d�Z�l�Z��
�e�b�l�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���n�_�j�f�_�g�l�Z�����\�u��
�^�_�e�_�g�g�h�]�h���k���i�h�f�h�s�v�x���o�j�h�f�Z�l�h�]�j�Z��
�n�b�q�_�k�d�b�o���f�_�l�h�^�h�\ 

250-259 Agarkov A.A., Popov S.S., 
Popova T.N., Lavruschev A.I., 
Zvyagincev E.S. 
Activity of glutathione reductase in 
type 2 diabetes mellitus and catalytic 
properties of the enzyme isolated using 
chromatographic methods. 

 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��2. �K. 140-145. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 2. pp. 140-145. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

�‹���>�h�e�]�h�g�h�k�h�\���:�� �F�������O�Z�f�b�a�h�\���J�� �O��., 2025 
 
140 

 
�H�J�B�=�B�G�:�E�V�G�U�?���K�L�:�L�V�B 

 
�G�Z�m�q�g�Z�y���k�l�Z�l�v�y 
�M�>�D 544.777 
doi: 10.17308/sorpchrom.2025.25/12952 
  
�H���d�h�w�n�n�b�p�b�_�g�l�Z�o���^�b�n�n�m�a�b�b���d�Z�l�b�h�g�h�\���\���k�m�e�v�n�h�d�Z�l�b�h�g�b�l�Z�o 
 
�:�g�Z�l�h�e�b�c���F�b�o�Z�c�e�h�\�b�q���>�h�e�]�h�g�h�k�h�\�. �����J�m�k�e�Z�g���O�Z�`�k�_�l�h�\�b�q���O�Z�f�b�a�h�\ 

�B�g�k�l�b�l�m�l���]�_�h�o�b�f�b�b���b���Z�g�Z�e�b�l�b�q�_�k�d�h�c���o�b�f�b�b���b�f�����<���B�����<�_�j�g�Z�^�k�d�h�]�h�����=�?�H�O�B���J�:�G�������F�h�k�d�\�Z�����J�h�k�k�b�y����
amdolgo@mail.ru�.  
 
�:�g�g�h�l�Z�p�b�y�����<���k�l�Z�l�v�_���\�i�_�j�\�u�_���^�Z�g�Z���l�_�h�j�_�l�b�q�_�k�d�Z�y���b�g�l�_�j�i�j�_�l�Z�p�b�y���j�_�a�m�e�v�l�Z�l�h�\���r�b�j�h�d�h���b�a�\�_�k�l�g�h�c���w�d�k��
�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���j�Z�[�h�l�u���;�����K�h�e�^�Z�g�h�����d�h�l�h�j�m�x���^�h���k�b�o���i�h�j���g�_���m�^�Z�\�Z�e�h�k�v���h�[�t�y�k�g�b�l�v���b���l�_�h�j�_�l�b�q�_�k�d�b���h�i�b��
�k�Z�l�v�����W�l�h�l���j�_�a�m�e�v�l�Z�l���i�h�e�m�q�_�g���k���i�h�f�h�s�v�x���f�h�^�_�e�b�� �^�b�n�n�m�a�b�b�� �b�h�g�h�\���k���j�Z�a�g�u�f�b���a�Z�j�y�^�Z�f�b���\�g�m�l�j�b���i�h�e�b��
�f�_�j�g�u�o���b�h�g�b�l�h�\�����j�Z�a�j�Z�[�h�l�Z�g�g�h�c���g�Z���h�k�g�h�\�_���g�h�\�h�c���l�_�h�j�b�b���b�h�g�g�h�]�h���h�[�f�_�g�Z�����j�Z�a�\�b�\�Z�_�f�h�c���Z�\�l�h�j�Z�f�b���\���j�y�^�_��
�j�Z�[�h�l�����h�i�m�[�e�b�d�h�\�Z�g�g�u�o���\���i�h�k�e�_�^�g�b�_���]�h�^�u�����L�_�h�j�b�y���h�i�b�k�u�\�Z�_�l���j�Z�\�g�h�\�_�k�b�_���b���d�b�g�_�l�b�d�m���b�h�g�g�h�]�h���h�[�f�_�g�Z���\��
�a�Z�\�b�k�b�f�h�k�l�b���h�l���o�Z�j�Z�d�l�_�j�Z���b���d�h�g�p�_�g�l�j�Z�p�b�b���n�m�g�d�p�b�h�g�Z�e�v�g�u�o���]�j�m�i�i���b�h�g�b�l�Z�����g�Z�[�m�o�Z�_�f�h�k�l�b���_�]�h���i�h�e�b�f�_�j��
�g�h�c���f�Z�l�j�b�p�u���b���i�Z�j�Z�f�_�l�j�h�\���b�h�g�h�\�����l�Z�d�b�o���d�Z�d���a�Z�j�y�^�����b�h�g�g�u�c���j�Z�^�b�m�k���b���]�b�^�j�h�n�b�e�v�g�h�k�l�v�����<�Z�`�g�u�f�b���w�e�_��
�f�_�g�l�Z�f�b�� �l�_�h�j�b�b�� �y�\�e�y�x�l�k�y�� �a�Z�\�b�k�b�f�h�k�l�b�� �e�h�d�Z�e�v�g�h�c�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �`�b�^�d�h�]�h�� �^�b�w�e�_�d��
�l�j�b�d�Z���� �f�h�^�_�e�v�� �]�b�^�j�Z�l�Z�p�b�b�� �b�h�g�h�\�� �b���k�\�y�a�v�� �g�Z�[�m�o�Z�_�f�h�k�l�b�� �]�b�^�j�h�n�b�e�v�g�h�]�h�� �i�h�e�b�f�_�j�Z�� �k�h�� �k�l�_�i�_�g�v�x�� �_�]�h��
�k�r�b�\�d�b�����J�Z�a�\�b�l�Z�y���l�_�h�j�b�y���i�h�a�\�h�e�y�_�l���\�u�\�_�k�l�b���\�u�j�Z�`�_�g�b�_���^�e�y���d�h�g�k�l�Z�g�l�u���b�h�g�g�h�]�h���h�[�f�_�g�Z�����k�e�_�^�m�x�s�m�x���b�a��
�g�_�]�h���n�h�j�f�m�e�m���^�e�y���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�h�g�h�\���f�_�`�^�m���n�Z�a�Z�f�b���\�g�m�l�j�b���b�h�g�b�l�Z�����D�j�h�f�_���l�h�]�h�����i�j�b��
�\�_�^�_�g�g�Z�y���\���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_���f�h�^�_�e�v���k�h�^�_�j�`�b�l���i�j�_�^�e�h�`�_�g�g�m�x���j�Z�g�_�_���h�^�g�b�f���b�a���Z�\�l�h�j�h�\���k�l�Z�l�v�b���n�h�j�f�m�e�m��
�^�e�y���k�\�y�a�b���f�_�`�^�m���d�h�w�n�n�b�p�b�_�g�l�Z�f�b���^�b�n�n�m�a�b�b���\���b�h�g�b�l�Z�o���b���l�Z�[�e�b�q�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���d�h�w�n�n�b�p�b�_�g�l�h�\���k�Z��
�f�h�^�b�n�n�m�a�b�b���b�h�g�h�\���\���\�h�^�_�����<���j�_�a�m�e�v�l�Z�l�_�����f�h�^�_�e�v���i�h�a�\�h�e�y�_�l���h�[�t�y�k�g�b�l�v���k�\�y�a�b���d�h�w�n�n�b�p�b�_�g�l�h�\���\�g�m�l�j�_�g�g�_�c��
�^�b�n�n�m�a�b�b���k���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���b�h�g�h�\�����l�_�f�i�_�j�Z�l�m�j�h�c���b���k�l�_�i�_�g�v�x���k�r�b�\�d�b���i�h�e�b�f�_�j�g�h�c �h�k�g�h�\�u���b�h�g�h�h�[��
�f�_�g�g�b�d�Z�����I�h�d�Z�a�Z�g�h�����q�l�h���a�Z�\�b�k�b�f�h�k�l�v���d�h�w�n�n�b�p�b�_�g�l�h�\���\�g�m�l�j�_�g�g�_�c���^�b�n�n�m�a�b�b���b�h�g�h�\���h�l���k�r�b�\�d�b���k�b�e�v�g�h��
�d�b�k�e�h�l�g�h�]�h���b�h�g�b�l�Z���h�i�j�_�^�_�e�y�_�l�k�y�����]�e�Z�\�g�u�f���h�[�j�Z�a�h�f�����w�n�n�_�d�l�Z�f�b �]�b�^�j�Z�l�Z�p�b�b���b�h�g�h�\���\�g�m�l�j�b���i�h�e�b�f�_�j�g�h�c��
�f�Z�l�j�b�p�u�����d�h�l�h�j�u�_�����\���k�\�h�x���h�q�_�j�_�^�v�����k�\�y�a�Z�g�u���k���j�Z�a�f�_�j�Z�f�b���g�_�]�b�^�j�Z�l�b�j�h�\�Z�g�g�u�o���b�h�g�h�\���b���b�o���a�Z�j�y�^�Z�f�b�� 
�D�e�x�q�_�\�u�_���k�e�h�\�Z: �l�_�h�j�b�y���b�h�g�g�h�]�h���h�[�f�_�g�Z�����d�h�g�k�l�Z�g�l�Z���b�h�g�g�h�]�h���h�[�f�_�g�Z�����d�h�w�n�n�b�p�b�_�g�l���\�g�m�l�j�_�g�g�_�c���^�b�n��
�n�m�a�b�b�����k�m�e�v�n�h�d�Z�l�b�h�g�b�l�����]�b�^�j�Z�l�b�j�h�\�Z�g�b�_���b�h�g�h�\�����g�Z�[�m�o�Z�_�f�h�k�l�v���b�h�g�b�l�Z�����k�r�b�\�d�Z���i�h�e�b�f�_�j�Z�� 
�>�e�y���p�b�l�b�j�h�\�Z�g�b�y�� �>�h�e�]�h�g�h�k�h�\���:���F�������O�Z�f�b�a�h�\���J���O�����H���d�h�w�n�n�b�p�b�_�g�l�Z�o���^�b�n�n�m�a�b�b���d�Z�l�b�h�g�h�\���\���k�m�e�v�n�h�d�Z��
�l�b�h�g�b�l�Z�o // �K�h�j�[�p�b�h�g�g�u�_�� �b�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u. 2025. �L. 25���� �‹�� 2. �K. 140-145. 
https://doi.org/10.17308/sorpchrom.2025.25/12952 
 
Original article 

 

On the diffusion coefficients of cations in sulfonic cation exchangers 
 
Anatoly M. Dolgonosov�. , Ruslan Kh. Khamizov 
Vernadsky Institute of Geochemistry and Analytical Chemistry (GEOKHI RAS), Russian Federation, 
amdolgo@mail.ru�.  
 
Abstract. The article provides the first theoretical interpretation of the results of the widely known experi-
mental work by B. Soldano, which has not yet been explained and described theoretically. This result was 
obtained using a model of diffusion of ions with different charges inside polymer ion exchangers, developed 
on the basis of a new theory of ion exchange, developed by the authors in a number of works published in 
recent years. The theory describes the equilibrium and kinetics of ion exchange depending on the nature and 
concentration of the functional groups of the ion exchanger, the swelling capacity of its polymer matrix and 
the parameters of ions, such as charge, ionic radius and hydrophilicity. Important elements of the theory are 
the dependences of the local permittivity of the liquid dielectric, the model of ion hydration and the relationship 
between the swelling capacity of the hydrophilic polymer and the degree of its crosslinking. The developed 
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theory allows one to derive an expression for the ion exchange constant, the formula for the distribution coef-
ficients of ions between the phases inside the ion exchanger following from it. In addition, the model presented 
in this paper contains a formula previously proposed by one of the authors of the article for the relationship 
between the diffusion coefficients in ion exchangers and the tabular values of the self-diffusion coefficients of 
ions in water. As a result, the model allows one to explain the relationships between the particle diffusion 
coefficients and the characteristics of ions, temperature, and the degree of cross-linking of the polymer base of 
the ion exchanger. It is shown that the dependence of the internal diffusion coefficients of ions on the cross-
linking of a strongly acidic ion exchanger is determined mainly by the effects of ion hydration inside the pol-
ymer matrix, which, in turn, are associated with the sizes of non-hydrated ions and their charges. 
Keywords: ion exchange theory; selectivity coefficient; particle diffusion coefficient; sulfonic cation ex-
changer; ion hydration; ion exchanger swelling; polymer crosslinking. 
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�n�m�g�d�p�b�h�g�Z�e�v�g�h�c���]�j�m�i�i�h�c 

�$ 
N
F�r�ä�t�r�v�:�N�Â
E�N�Ë 
E�@�ê�; 
N

F�r�ä�t�r�v�:�N�Â
E�t�@�ê�;, (7) 

�]�^�_��wd  �± �^�b�Z�f�_�l�j���f�h�e�_�d�m�e�u���\�h�^�u����Ir  �b��Rr  
�± �j�Z�^�b�m�k�u���i�j�h�l�b�\�h�b�h�g�Z�� �b�� �n�m�g�d�p�b�h�g�Z�e�v��
�g�h�c���]�j�m�i�i�u�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����L�Z�f���`�_���^�e�y��
�k�m�e�v�n�h�d�Z�l�b�h�g�b�l�Z���i�h�e�m�q�_�g�h���N�Ë 
N�@�ê. 

�K�h�]�e�Z�k�g�h�������������\�_�e�b�q�b�g�Z��A �\�u�j�Z�`�Z�_�l�k�y��
�q�_�j�_�a���J�4: 

�# 
L
�5

�9�ä�9
�@�#�4 
F

�á�,

�í
�A,  (8) 

�Z���b�a���j�Z�[�h�l�u���>�����@���k�e�_�^�m�_�l�����q�l�h���i�j�_�^�_�e�v�g�Z�y��
�\�_�e�b�q�b�g�Z�� �^�e�y�� �f�h�g�h�k�e�h�y�� �]�b�^�j�Z�l�g�h�c�� �h�[�h��
�e�h�q�d�b�� �b�h�g�h�\�� �l�b�i�Z���©�F�ª���� �d�� �d�h�l�h�j�u�f�� �h�l�g�h��
�k�y�l�k�y�� �b�h�g�u�� �f�_�l�Z�e�e�h�\���� �j�Z�\�g�Z���#�4 
L �å�Æ
L
�t�r�������K�h�]�e�Z�k�g�h���d�j�b�l�_�j�b�x���j�Z�[�h�l�u���>�����@�����j�Z�k��
�k�f�h�l�j�_�g�b�_�� �[�h�e�_�_�� �k�e�h�`�g�u�o�� �k�e�m�q�Z�_�\�� �k�� �g�_��
�k�d�h�e�v�d�b�f�b�� �]�b�^�j�Z�l�g�u�f�b�� �k�e�h�y�f�b�� �\�h�d�j�m�]��
�b�h�g�h�\���a�^�_�k�v���g�_���i�h�l�j�_�[�m�_�l�k�y���� 

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

�H�K�C�Á�4 
L �H�K�C
�Ô�,

�Ö�,

E

�;�ä�6�=�í

�Í
�B�@�t�r 
F

�á�,

�í
�A�¾�: 
F

�r�ä�t�r�v�:�N
E�t�@�ê�;�C   (9) 

�I�h�^�k�l�Z�\�b�f�����������\�����������b���i�j�_�g�_�[�j�_�`�_�f���g�_��
�a�g�Z�q�b�l�_�e�v�g�u�f�� �\�d�e�Z�^�h�f�� �_�^�b�g�b�p�u�� �\�� �[�h�e�v��
�r�m�x���\�_�e�b�q�b�g�m�� 1�!�!DDl : 

�H�K�C�&
L �H�K�C�&�ß
F �H�K�C�Á�4 
L 


L �H�K�C�&�ß
F �H�K�C
�=�4
�?�4


F 


F
�;�ä�6�=�í

�Í
�B�@�t�r 
F

�á�,

�í
�A�¾�: 
F �r�ä�t�r�v�:�N
E�t�@�ê �;�C (10) 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�<���l�Z�[�e�b�p�_�������^�Z�g�u���d�h�w�n�n�b�p�b�_�g�l�u���\�g�m�l��
�j�_�g�g�_�c���^�b�n�n�m�a�b�b���� �g�Z�c�^�_�g�g�u�_���\�� �w�d�k�i�_�j�b��
�f�_�g�l�_���K�h�e�^�Z�g�h�����i�j�_�h�[�j�Z�a�h�\�Z�g�g�u�_���\���h�l�j�b��
�p�Z�l�_�e�v�g�u�_���e�h�]�Z�j�b�n�f�u�����U
L 
F�H�K�C�&. 

�>�e�y���l�_�f�i�_�j�Z�l�m�j�� ������ �b�������h�K���h�l�g�h�r�_�g�b�_��
�d�h�w�n�n�b�p�b�_�g�l�h�\���^�b�n�n�m�a�b�b���g�Z�o�h�^�b�e�b���k���i�h��
�f�h�s�v�x�� �n�h�j�f�m�e�u�� �W�c�g�r�l�_�c�g�Z�� �b�� �k�h�h�l�\�_�l��
�k�l�\�m�x�s�_�]�h�� �h�l�g�h�r�_�g�b�y�� �w�d�\�b�\�Z�e�_�g�l�g�u�o��
�w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�_�c���j�Z�a�[�Z�\�e�_�g�g�h�]�h���j�Z�k��
�l�\�h�j�Z���.�&�O�����ã�6�9 �ã�4�ä�6�¤ 
L �s�ä�z�r [11]: 

�H�b�â�.�1

�H�b�â�,�ä�.
�����Ž�:�r�ä�s���; 
L

���P�- �X�-

���P�, �X�,

L �s�ä�z�r�„

�6�=�<

�6�;�7

L �s�ä�{�x. 

�L�_�f�i�_�j�Z�l�m�j�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �w�d�\�b�\�Z��
�e�_�g�l�g�u�o�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�_�c�� �b�h�g�h�\�� �\��
�\�h�^�_���� �Z�� �a�g�Z�q�b�l�� �b�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �^�b�n�n�m��
�a�b�b���� �i�h�^�h�[�g�u���� �i�h�w�l�h�f�m�� �g�Z�c�^�_�g�g�h�_�� �h�l�g�h��
�r�_�g�b�_�� �^�e�y�� �d�Z�d�h�]�h-�l�h�� �b�h�g�Z�� �i�j�b�[�e�b�a�b��
�l�_�e�v�g�h���\�_�j�g�h���b���^�e�y���^�j�m�]�b�o���b�h�g�h�\�� 
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�½�×�â�.�5�4

�½�×�â�.�3�/

N�s�ä�{�x  (11) 

�J�Z�k�q�_�l�� �i�j�h�\�h�^�b�e�b�� �i�h�� �m�j�Z�\�g�_�g�b�x�� ������������
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�m�� �i�h�i�j�Z�\�d�h�c�� �d�� �\�_�e�b��
�q�b�g�_���k�r�b�\�d�b�� 

�H�K�C�&
L �H�K�C�&�ß
F �H�K�C
�=�4
�?�4


F 


F
�;�ä�6�=�í

�Í
�B�@�t�r 
F

�á�,

�í
�A
¥�: 
F �: �4 
F


F�r�ä�t�r�v�:�N
E�t�@�ê�;�C (12) 

�J�_�Z�e�v�g�h�_���\�e�b�y�g�b�_���i�j�b�k�m�l�k�l�\�b�y���k�r�b�\�Z�x��
�s�_�]�h���Z�]�_�g�l�Z���g�Z���m�i�j�m�]�h�k�l�v���i�h�e�b�f�_�j�Z���f�h�`�_�l��
�g�Z�q�Z�l�v�� �i�j�h�y�\�e�y�l�v�k�y�� �k�� �g�_�[�h�e�v�r�b�o���� �g�h�� �g�_��
�k�l�j�h�]�h���g�m�e�_�\�u�o���a�g�Z�q�_�g�b�c�����q�l�h���m�q�b�l�u�\�Z�_�l�k�y��
�\�� �n�h�j�f�m�e�_�� ���������� �i�Z�j�Z�f�_�l�j�h�f���: �4���� �G�Z�b�[�h�e�_�_��
�o�h�j�h�r�_�_���k�h�h�l�\�_�l�k�l�\�b�_���w�d�k�i�_�j�b�f�_�g�l�m���[�u�e�h��
�i�h�e�m�q�_�g�h���i�j�b���a�g�Z�q�_�g�b�b���: �4 
L �t�ä�w� .̈  

�<�� �h�i�b�k�Z�g�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �_�k�l�v�� �a�g�Z�q�_��
�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���j�Z�k�l�\�h�j�h�\���������������1�������g�h��
�g�_���^�Z�g�h���a�g�Z�q�_�g�b�_���_�f�d�h�k�l�b���d�Z�l�b�h�g�b�l�Z�����h�^��
�g�Z�d�h�����\�a�y�\���a�g�Z�q�_�g�b�_���^�e�y���g�Z�[�m�o�r�_�]�h���k�m�e�v��
�n�h�d�Z�l�b�h�g�b�l�Z�� �l�b�i�Z��Dowex-�����o�� (2.0 

�f�w�d�\���k�f3�����f�h�`�g�h���h�p�_�g�b�l�v���h�l�g�h�r�_�g�b�_���_�f��
�d�h�k�l�b�� �d�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �j�Z�k�l�\�h�j�h�\��

�Ô�,

�Ö�,

N�{. 

�I�h�^�]�h�g�d�Z�� �l�_�h�j�_�l�b�q�_�k�d�h�]�h�� �j�Z�k�q�_�l�Z�� �d�� �j�_��
�a�m�e�v�l�Z�l�Z�f���w�d�k�i�_�j�b�f�_�g�l�Z���^�Z�_�l���\�f�_�k�l�h���a�g�Z��
�q�_�g�b�y�� ���� �f�_�g�v�r�_�_�� �w�n�n�_�d�l�b�\�g�h�_�� �a�g�Z�q�_�g�b�_��
�������K�g�b�`�_�g�b�_���w�n�n�_�d�l�b�\�g�h�c���_�f�d�h�k�l�b���i�h�e�m��
�q�Z�_�l�k�y�� �h�k�h�[�_�g�g�h�� �k�b�e�v�g�u�f�� �i�j�b�� �^�e�b�l�_�e�v��
�g�u�o�� �d�b�g�_�l�b�q�_�k�d�b�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �k�� �g�b�a��
�d�b�f�b���a�g�Z�q�_�g�b�y�f�b���d�h�w�n�n�b�p�b�_�g�l�h�\���^�b�n�n�m��
�a�b�b���� �d�h�]�^�Z�� �\�j�_�f�y�� �w�d�k�i�h�a�b�p�b�b�� �k�h�h�l�\�_�l��
�k�l�\�m�_�l���g�b�a�d�h�f�m���a�Z�i�h�e�g�_�g�b�x�����G�Z�i�j�b�f�_�j�����\��
�w�d�k�i�_�j�b�f�_�g�l�Z�o���k���^�b�n�n�m�a�b�_�c���b�l�l�j�b�y���\���d�Z��
�l�b�h�g�b�l�� �k�� �k�r�b�\�d�h�c�� �������� �w�d�k�i�h�a�b�p�b�y�� �\�� �k�h��
�h�l�\�_�l�k�l�\�b�b���k���\�_�e�b�q�b�g�h�c���i�Z�j�Z�f�_�l�j�Z���ì�1�r�ä�s 
�^�h�e�`�g�Z���[�u�e�Z���k�h�k�l�Z�\�e�y�l�v���g�_�k�d�h�e�v�d�h���k�m�l�h�d��  

�I�j�b�� �j�Z�k�q�_�l�_�� �b�l�l�j�b�y�� �i�h�^�k�l�Z�\�e�y�e�b�� �]�b�^��
�j�Z�l�g�h�_�� �q�b�k�e�h�� �������� �d�h�l�h�j�h�_�� �i�h�� �k�h�h�l�g�h�r�_��
�g�b�x���� �\�u�\�_�^�_�g�g�h�f�m�� �\�� �>�����@���� �k�h�h�l�\�_�l�k�l�\�m�_�l��
�b�h�g�g�h�f�m���j�Z�^�b�m�k�m�������������c���\�f�_�k�l�h���k�i�j�Z�\�h�q��
�g�h�c���\�_�e�b�q�b�g�u�������������c���>�����@���� 

�M�d�Z�a�Z�g�g�u�_�� �i�h�i�j�Z�\�d�b�� �f�h�]�m�l�� �[�u�l�v�� �\�u��
�a�\�Z�g�u���d�Z�d���k�b�k�l�_�f�Z�l�b�q�_�k�d�b�f�b���h�r�b�[�d�Z�f�b���\��

�L�Z�[�e�b�p�Z������ �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���a�g�Z�q�_�g�b�y���h�l�j�b�p�Z�l�_�e�v�g�u�o���e�h�]�Z�j�b�n�f�h�\���d�h�w�n�n�b�p�b�_�g�l�h�\���\�g�m�l��
�j�_�g�g�_�c���k�Z�f�h�^�b�n�n�m�a�b�b���d�Z�l�b�h�g�h�\���\���k�b�e�v�g�h�d�b�k�e�h�l�g�h�f���d�Z�l�b�h�g�b�l�_�����k�f2���k�����\���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�l�_��
�i�_�g�b���k�r�b�\�d�b�����\�a�y�l�u�o���b�a���j�Z�[�h�l�u���K�h�e�^�Z�g�h���>���@�� 
Table 1. Experimental values of the negative logarithms of the coefficients of internal self-diffu-
sion of cations in strongly acidic cationite (cm2/s) as a function of the degree of crosslinking, taken 
from Soldano [2]. 

�B�h�g �A�Z�j�y�^��
z 

�‹���g�Z��
�]�j�Z��
�n�b�d�_ 

�L�_�f�i�_�j�Z�l�m�j�Z��
T, K 

�>�h�e�y���k�r�b�\�d�b��X, % 

4 8 10 16 24 

Na+ 1 
1 298 5.82 - 6.56 6.92 6.96 
2 273.2 6.15 - 6.96 7.40 7.52 

Zn2+ 2 
3 298 6.40 7.15 7.54 8.22 8.52 
4 273.2 6.74 7.65 8.00 8.76 9.22 

Y3+ 3 
5 298 7.10 - 8.50 - 9.70 
6 273.2 7.52 - 9.00 - 10.26 

 
�L�Z�[�e�b�p�Z���������>�Z�g�g�u�_���^�e�y���j�Z�k�q�_�l�Z���d�h�w�n�n�b�p�b�_�g�l�h�\���\�g�m�l�j�_�g�g�_�c���^�b�n�n�m�a�b�b���d�Z�l�b�h�g�h�\ 
Table 2. Data for calculation of internal diffusion coefficients of cations 

�B�h�g �&�ß�„�s�r�: (298K), 
�k�f2/�k [11] 

�&�ß�„�s�r�: 
(273K), �k�f2/�k 

(11) 
r�����c [12] �J�4[10] 

�J�4

�V
 

�=�4
�?�4

 �: �4,% 

Na+ 13.3 6.78 1.02 5.7 5.7 5 2.5 
Zn2+ 7.03 3.59 0.74 15.6 7.8 5 2.5 

Y3+ 5.50 2.81 0.90 
(0.84)* 

19.8 
(22) 

6.6 
(7.3) 5 2.5 

�
���\���k�d�h�[�d�Z�o���^�Z�g�u���b�k�i�j�Z�\�e�_�g�g�u�_���\�_�e�b�q�b�g�u 
*in parenthesis are given the values corrected 
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�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���j�Z�[�h�l�_�����l�Z�d���b���m�i�j�h�s�_��
�g�b�y�f�b���b�k�i�h�e�v�a�m�x�s�b�o�k�y���f�h�^�_�e�_�c�� 

�<���l�Z�[�e�b�p�_�������i�j�_�^�k�l�Z�\�e�_�g�u���^�Z�g�g�u�_���^�e�y��
�j�Z�k�q�_�l�Z���i�h���m�j�Z�\�g�_�g�b�x������������ 

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

�A�Z�d�e�x�q�_�g�b�_ 

�J�Z�a�\�b�\�Z�_�f�u�_���\���E�Z�[�h�j�Z�l�h�j�b�b���k�h�j�[�p�b�h�g��
�g�u�o���f�_�l�h�^�h�\���=�?�H�O�B���J�:�G���i�j�_�^�k�l�Z�\�e�_�g�b�y��
�h���j�Z�\�g�h�\�_�k�b�b���b���d�b�g�_�l�b�d�_���b�h�g�g�h�]�h���h�[�f�_�g�Z��
�i�h�e�m�q�b�e�b�� �\�� �j�y�^�_�� �i�m�[�e�b�d�Z�p�b�c�� �d�h�e�b�q�_��
�k�l�\�_�g�g�h�_���h�i�b�k�Z�g�b�_�����A�Z�d�h�g�h�f�_�j�g�h�k�l�b�����k�\�y��
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Physicochemical aspects of interaction of indolyl-3-acetic acid 
�Z�L�W�K���V�X�S�H�U�D�E�V�R�U�E�H�Q�W���©�6�R�O�L�G���:�D�W�H�U�ª 
 
Natalia A. Belanova, Vladimir F. Selemenev�. , Sergey I. Karpov, Victor N. Semyonov, 
Petr O. Kushchev, Anastasia A. Golovina 
Voronezh State University, Voronezh, Russian Federation, common@chem.vsu.ru�.  
 
Annotation. Indolyl-3-acetic acid (IAA) belongs to the phytohormones of a number of auxins that regulate 
plant growth and development. The activation of auxin metabolism in plant cells (and, consequently, an in-
crease in crop yields) is closely related to the problems of moisture retention in the soil. To successfully solve 
this problem, it is very promising to use a rare-crosslinked polymer hydrophilic material with superabsorbent 
properties (called "Solid Water"). The purpose of this study was to establish the mechanism of interaction of 
indolyl-3-acetic acid with the superabsorbent "Solid water".  
The study of the adsorption interaction of the superabsorbent "Solid water" with indo-lilyl -3-acetic acid was 
carried out. It has been shown that indolyl-3-acetic acid (IAA) protonates in aqueous and water-alcohol solu-
tions to form cations, bipolar ions, and anions. The electronic spectra of the above-mentioned ionic forms of 
IAA are presented. An analytical wavelength of ��max=279 nm was chosen to determine the concentration of 
IAA in working solutions.  
The conditions for the synthesis of a superabsorbent capable of absorbing water in the ratio of 500 dm3 per 1 kg 
of polymer are given; as well as data on the presence of functional groups in the sorbent that are capable of 
entering into ion exchange reactions in the form of cations, zwitter ions and anions. The sorption of indolyl-3-
acetic acid was studied using a limited volume method at pH=5.2 (T=298 K). The variants of sorption absorp-
�W�L�R�Q���R�I���W�K�H���]�Z�L�W�W�H�U�L�R�Q���,�$�&�“���E�\���I�U�D�J�P�H�Q�W�V���R�I���W�K�H superabsorbent matrix having "amide + COOH" groups and 
"amine + COOH" groupings in the structure are considered. It has been established that the absorption of IAA�“ 
by these polymer fragments is cumulative and may correspond to the distribution law. Possible mechanisms of 
�L�Q�W�H�U�D�F�W�L�R�Q�� �R�I�� �,�$�$�“�� �Z�L�W�K�� �W�K�H�� �I�X�Q�F�W�L�R�Q�D�O�� �J�U�R�X�S�V�� �R�I�� �W�K�H�� �V�X�S�H�U�D�E�V�R�U�E�H�Q�W�� �Z�L�W�K�� �W�K�H�� �I�R�U�P�D�W�L�R�Q�� �R�I�� �D�V�V�R�F�L�D�W�H�V�� �R�I 
COO-...H2O, H2O...H-N+H2, COO-...H2O...H-N+H2, H-OH...O=C-NH are proposed. These mechanisms have 
been confirmed in the results obtained by IR spectroscopy. The thermodynamic characteristics of hydrogen 
bonds in the above-�P�H�Q�W�L�R�Q�H�G�����,�8�.�“�±water �± sorbent" associates are presented. 
Keywords: indolyl-3-acetic acid, rare-crosslinked polymer material, sorption, IR spectroscopy. 
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�g�u�o�� �g�Z�� �k�o�_�f�_�� ���������� �y�\�e�y�_�l�k�y���i�_�j�_�g�h�k���i�j�h��
�l�h�g�Z���� �< �^�Z�g�g�h�c�� �j�_�Z�d�p�b�b�� �\�� �i�j�h�l�h�e�b�a�_��

�m�q�Z�k�l�\�m�_�l �]�b�^�j�Z�l�b�j�h�\�Z�g�g�u�c�� �b�h�g�� �]�b�^�j�h�d��
�k�b�e�Z�� �>�G3�H2]-���� �H�^�b�g�� �b�a�� �\�h�a�f�h�`�g�u�o�� �\�Z�j�b�Z�g 
�l�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �]�b�^�j�Z�l�b�j�h�\�Z�g�g�u�o�� �k�l�j�m�d��
�l�m�j���b�h�g�h�\���B�M�D���i�j�_�^�k�l�Z�\�e�_�g���g�Z���k�o�_�f�_������������
�b�a���d�h�l�h�j�h�c���k�e�_�^�m�_�l�����q�l�h���g�Z�b�e�m�q�r�b�_���]�b�^�j�Z��
�l�Z�p�b�h�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�\�h�c�k�l�\�_�g�g�u��
�Z�g�b�h�g�Z�f�� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���� �Z��
�g�Z�b�f�_�g�v�r�b�_���± �_�_�� �[�b�i�h�e�y�j�g�u�f���b�h�g�Z�f�� �>���@����
�I�j�b�� �w�l�h�f�� �j�D�� �d�h�g�k�l�Z�g�l�� �i�j�h�l�h�e�b�a�Z�� �B�M�D����
�j�Z�k�k�q�b�l�Z�g�g�u�_���\�� �i�j�h�]�j�Z�f�f�_���0�D�U�Y�L�Q���6�N�H�W�F�K��
(http://www.chemaxon.com�������j�Z�\�g�u���j�D�Z(1) = 
�����������b���j�D�Z(2)=6.�������k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�J�Z�k�i�j�_�^�_�e�_�g�b�_���b�h�g�g�u�o���n�h�j�f���b�g�^�h�e�b�e-
3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���\���j�Z�k�l�\�h�j�Z�o���\���a�Z�\�b�k�b��
�f�h�k�l�b���h�l���j�G���k�j�_�^�u���i�j�b�\�_�^�_�g�h���g�Z���j�b�k�������� 

�B�k�o�h�^�y���b�a���^�Z�g�g�u�o�����i�j�_�^�k�l�Z�\�e�_�g�g�u�o���g�Z��
�k�o�_�f�Z�o�����������b�����������b���g�Z���j�b�k���������f�h�`�g�h���i�j�_�^�i�h��
�e�h�`�b�l�v�����q�l�h���b�h�g�g�u�_���n�h�j�f�u���B�M�D���j�Z�a�e�b�q��
�g�u�f���h�[�j�Z�a�h�f���\�e�b�y�x�l���g�Z���k�i�_�d�l�j�Z�e�v�g�u�_���o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�b�� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k��
�e�h�l�u���� �;�u�e�b�� �i�h�e�m�q�_�g�u�� �k�i�_�d�l�j�Z�e�v�g�u�_�� �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�b�� �B�M�D�� ��Shimadzu UV-1800 
(J�Z�j�Zn-USA) �i�j�b�� �j�G� ���������� �j�G� �������� �b��
�j�G� �������������]�^�_���j�_�Z�]�_�g�l���g�Z�o�h�^�b�e�k�y���\���d�Z�l�b�h�g��
�g�h�c�����p�\�b�l�l�_�j-�b�h�g�g�h�c �b���Z�g�b�h�g�g�h�c���n�h�j�f�Z�o��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�\�_�^�_�g�g�u�_�� �g�Z�� �j�b�k���� ����
�^�Z�g�g�u�_���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���g�Z�e�b�q�b�b���j�y�^�Z��
�i�h�e�h�k���i�h�]�e�h�s�_�g�b�y���\���M�N-�h�[�e�Z�k�l�b���k�i�_�d�l�j�Z��
�^�e�y���b�h�g�g�u�o���n�h�j�f���B�M�D�����I�h�e�h�k�u���i�h�]�e�h�s�_��
�g�b�y���i�j�b ��=274-���������g�f���i�j�h�y�\�e�y�x�l�k�y���\���k�i�_�d��
�l�j�Z�o���B�M�D���a�Z���k�q�_�l���Œ���:���Œ�
���i�_�j�_�o�h�^�h�\���\���Z�j�h��
�f�Z�l�b�q�_�k�d�h�c���k�b�k�l�_�f�_���b�g�^�h�e�v�g�h�]�h���d�h�e�v�p�Z���k��
�k�h�i�j�y�`�_�g�g�u�f�b�� �d�j�Z�l�g�u�f�b�� �k�\�y�a�y�f�b��[3, 8]. 
�G�Z�e�b�q�b�_���i�h�e�h�k���i�j�b����=220-���������g�f���k�h�h�l�\�_�l��
�k�l�\�m�_�l�� �k�h�i�j�y�`�_�g�b�x�� �d�j�Z�l�g�h�c�� �k�\�y�a�b�� �\��
�]�j�m�i�i�_��C=C-N-�+�� �b�� �g�_�i�h�^�_�e�_�g�g�h�c�� �i�Z�j�u��
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�w�e�_�d�l�j�h�g�h�\�� �Z�a�h�l�Z. �I�_�j�_�o�h�^�Z�f�b��n�:�1�
�� �\��
�]�j�m�i�i�Z�o�� �!�1�G�� �b�� �\�� �]�j�m�i�i�Z�o�� �!�1+�G2 �b�f�b�^�Z��
�a�h�e�v�g�h�]�h�� �d�h�e�v�p�Z�� �h�[�m�k�e�h�\�e�_�g�h�� �g�Z�e�b�q�b�_��
�i�h�e�h�k���i�h�]�e�h�s�_�g�b�y���i�j�b����� ���������g�f���>��������-10]. 

�H�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b�f�Z�g�b�_�� �g�Z�e�b�q�b�_��
�f�Z�d�k�b�f�m�f�h�\�� �i�j�b�� ������-�������� �g�f���� �i�j�h�y�\�e�y�x��
�s�b�_�k�y���^�e�y���\�k�_�o���b�h�g�g�u�o���n�h�j�f���B�M�D�����>�Z�g��
�g�Z�y�� �]�j�m�i�i�Z�� �f�Z�d�k�b�f�m�f�h�\�� �f�h�`�_�l�� �[�u�l�v�� �\�u��
�a�\�Z�g�Z�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �k�l�j�h�_�g�b�y�� �b�f�b�^�Z��
�a�h�e�v�g�u�o���j�Z�^�b�d�Z�e�h�\�� �\���b�g�^�h�e�v�g�u�o���p�b�d�e�Z�o����
�>�e�y�� �g�_�g�Z�k�u�s�_�g�g�u�o�� �k�h�_�^�b�g�_�g�b�c���� �k�h�^�_�j��
�`�Z�s�b�o�� �]�_�l�_�j�h�Z�l�h�f�u�� �k�� �g�_�i�h�^�_�e�_�g�g�u�f�b��
�w�e�_�d�l�j�h�g�g�u�f�b���i�Z�j�Z�f�b���g�Z��n-�m�j�h�\�g�_�����\���l�h�f��
�q�b�k�e�_�� �b�f�b�^�Z�a�h�e�v�g�u�f�� �n�j�Z�]�f�_�g�l�Z�f������ �o�Z��
�j�Z�d�l�_�j�g�u���w�e�_�d�l�j�h�g�g�u�_���i�_�j�_�k�l�j�h�c�d�b���k���i�_��
�j�_�o�h�^�h�f�� �w�e�_�d�l�j�h�g�Z�� �k��n-�m�j�h�\�g�y�� �g�Z�� �1�� �m�j�h��
�\�_�g�v���>���������������@�����>�e�y���l�Z�d�h�c���i�_�j�_�k�l�j�h�c�d�b���l�j�_��
�[�m�_�l�k�y�� �^�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �w�g�_�j�]�b�y���� �I�h�k�e�_��
�^�m�x�s�b�c���a�Z���w�l�b�f���i�_�j�_�o�h�^���1�:�1�
���b���\�_�^�_�l���d��
�i�h�y�\�e�_�g�b�x�� �\�� �M�N-�k�i�_�d�l�j�_�� �q�_�l�d�b�o�� �i�h�e�h�k��
�i�j�b����=196-���������g�f�����G�Z�j�y�^�m���k���w�l�b�f���^�Z�g�g�Z�y��

�i�h�e�h�k�Z���f���[�����h�l�g�_�k�_�g�Z���d���w�e�_�d�l�j�h�g�g�u�f���i�_�j�_��
�o�h�^�Z�f��n�:�1�
�� �\��-�H- �d�Z�j�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i��
�>�����@�����I�h�d�Z���g�_���g�Z�o�h�^�b�l���d�h�j�j�_�d�l�g�h�]�h���h�[�t�y�k��
�g�_�g�b�y�� �g�Z�e�b�q�b�_�� �f�Z�d�k�b�f�m�f�h�\�� �i�h�]�e�h�s�_�g�b�y��
�i�j�b����=210 �g�f�� �b�� �i�j�b����>208 �g�f�� �b�k�d�e�x�q�b��
�l�_�e�v�g�h�� �^�e�y�� �Z�g�b�h�g�g�h�c �n�h�j�f�u�� �B�M�D���� �<�h�a��
�f�h�`�g�h, �^�Z�g�g�u�c���w�n�n�_�d�l���\�u�a�\�Z�g���h�k�h�[�_�g�g�h��
�k�l�y�f�b�� �k�h�e�v�\�Z�l�Z�p�b�h�g�g�u�o�� �k�l�j�m�d�l�m�j�� �Z�g�b�h��
�g�h�\���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�����D�j�h�f�_��
�l�h�]�h���� �^�Z�g�g�u�_�� �i�h�e�h�k�u�� �f�h�`�g�h�� �h�[�t�y�k�g�b�l�v��
�i�_�j�_�o�h�^�h�f��n�:�1�
�� �\�� �Z�f�b�g�h�]�j�m�i�i�Z�o�� �b�g��
�^�h�e�v�g�h�]�h �p�b�d�e�Z���>�����@�� 

�<���g�Z�r�_�f���k�e�m�q�Z�_���b�f�_�_�l���f�_�k�l�h���\�a�Z�b�f�g�h�_��
�\�e�b�y�g�b�_���g�_�k�d�h�e�v�d�b�o���o�j�h�f�h�n�h�j�g�u�o���]�j�m�i�i��
�g�Z�� �w�e�_�d�l�j�h�g�g�u�_�� �i�_�j�_�o�h�^�u�� �\�� �b�h�g�Z�o�� �B�M�D����
�q�l�h���[�m�^�_�l���f�_�g�y�l�v���o�Z�j�Z�d�l�_�j���k�i�_�d�l�j�Z�����?�k�e�b��
�j�Z�k�i�h�e�h�`�_�g�b�_�� �o�j�h�f�h�n�h�j�g�u�o�� �]�j�m�i�i��
�[�e�b�a�d�h���^�j�m�]���d���^�j�m�]�m�����l�h���i�j�h�y�\�e�y�_�l�k�y���k�f�_��
�s�_�g�b�_�� �\�� �^�e�b�g�g�h�\�h�e�g�h�\�m�x�� �h�[�e�Z�k�l�v���k�i�_�d��
�l�j�Z�� �b�� �i�h�\�u�r�_�g�b�_�� �h�i�l�b�q�_�k�d�h�c�� �i�e�h�l�g�h�k�l�b��
�>���������@�����l�Z�[�e���������� 
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�J�b�k�����������>�b�Z�]�j�Z�f�f�Z���j�Z�\�g�h�\�_�k�b�c �\���j�Z�k�l�\�h�j�Z�o���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���j�G��

�k�j�_�^�u�����j�Z�k�q�_�l���\���i�j�h�]�j�Z�f�f�_��Marvin Scetch (https://www.chemaxon.com)) 
Fig. 1. Equilibrium diagram in indolyl-3-acetic acid solutions depending on the pH of the medium (cal-

culated using the Marvin Sketch program (https://www.chemaxon.com )) 
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�J�b�k�����������M�N-�k�i�_�d�l�j�u���w�l�Z�g�h�e�v�g�h�]�h���j�Z�k�l�\�h�j�Z�����k�h�^�_�j�`�Z�s�_�]�h���d�Z�l�b�h�g�u����1�������[�b�i�h�e�y�j�g�u�_���b�h�g�u����2) 

�b���Z�g�b�h�g�u����3������-�b�g�^�h�e�b�e�m�d�k�m�k�g�h�c���d�b�k�e�h�l�u 
Fig. 2. UV spectra of an ethanol solution containing cations (1); bipolar ions (2) and anions (3) 

of ��-indolylacetic acid 
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�>�e�y���h�i�j�_�^�_�e�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �b�g�^�h��
�e�b�e-3-�m�d�k�m�k�g�h�c�� �d�b�k�e�h�l�u�� �\�� �j�Z�[�h�q�b�o�� �j�Z�k��
�l�\�h�j�Z�o�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f�� �f�_�l�h��
�^�h�f�� �\�� �d�Z�q�_�k�l�\�_�� �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h�� �k�b�]�g�Z�e�Z��
�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���i�h�e�h�k�Z���i�j�b ��max� ���������g�f�� 

�N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���k�m�i�_�j�Z�[��
�k�h�j�[�_�g�l�Z�� �©�L�\�_�j�^�Z�y�� �\�h�^�Z�ª. �<�� �^�Z�g�g�h�c�� �j�Z��
�[�h�l�_���\���d�Z�q�_�k�l�\�_���h�[�t�_�d�l�Z���b�k�k�e�_�^�h�\�Z�g�b�y���b�k��
�i�h�e�v�a�h�\�Z�g���]�b�^�j�h�]�_�e�v�����k�m�i�_�j�Z�[�k�h�j�[�_�g�l�����g�Z��
�h�k�g�h�\�_���Z�d�j�b�e�h�\�h�c �d�b�k�e�h�l�u�����:�kros Organ-
ics�����K�R�:�����b���Z�d�j�b�e�Z�f�b�^�Z����Acros Organics, 
�K�R�:������ �i�h�e�m�q�_�g�g�u�c�� �f�_�l�h�^�h�f�� �j�Z�^�b�d�Z�e�v��
�g�h�c���k�h�i�h�e�b�f�_�j�b�a�Z�p�b�b���>���������@�����>�e�y���m�\�_�e�b�q�_��
�g�b�y���\�e�Z�]�h�i�h�]�e�h�s�_�g�b�y���b���g�Z�[�m�o�Z�_�f�h�k�l�b���Z�d��
�j�b�e�h�\�Z�y���d�b�k�e�h�l�Z���i�_�j�_�^���i�j�h�\�_�^�_�g�b�_�f���k�b�g��
�l�_�a�Z�� �g�_�c�l�j�Z�e�b�a�h�\�u�\�Z�e�Z�k�v�� �g�Z�� �������� �k�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �]�b�^�j�h�d�k�b�^�Z�� �d�Z�e�b�y���� �<�� �d�Z�q�_��
�k�l�\�_�� �]�b�^�j�h�n�b�e�v�g�h�c �[�b�h�^�_�]�j�Z�^�b�j�m�x�s�_�c 
�^�h�[�Z�\�d�b�� �i�j�b�� �i�h�e�m�q�_�g�b�b�� �]�b�^�j�h�]�_�e�y�� �b�k��
�i�h�e�v�a�h�\�Z�g�� �d�j�Z�o�f�Z�e�� ���<�_�d�l�h�g���� �J�h�k�k�b�y������ �d�h��
�e�b�q�_�k�l�\�h���i�h�e�b�k�Z�o�Z�j�b�^�g�u�o���a�\�_�g�v�_�\ �\���d�h�l�h��
�j�h�f�� �k�h�k�l�Z�\�e�y�e�h�� �������� �K�r�b�\�Z�x�s�b�f�� �Z�]�_�g�l�h�f��
�k�e�m�`�b�e��N,N-�f�_�l�b�e�_�g-�[�b�k-�Z�d�j�b�e�Z�f�b�^�����$�F�U�R�V��
Organics���� �K�R�:���� �Z�� �b�g�b�p�b�Z�l�h�j�h�f���± �i�_�j��
�k�m�e�v�n�Z�l�� �d�Z�e�b�y���� �I�h�e�m�q�_�g�g�u�c�� �]�b�^�j�h�]�_�e�v��
�b�a�\�e�_�d�Z�e�b���b�a���j�_�Z�d�l�h�j�Z�����k�m�r�b�e�b���\���l�h�d�_���\�h�a��
�^�m�o�Z���i�j�b���l�_�f�i�_�j�Z�l�m�j�_������-�����ƒ�K�����<�u�k�m�r�_�g��
�g�u�c���]�b�^�j�h�]�_�e�v���b�a�f�_�e�v�q�Z�e�b�����>�e�y���i�j�h�\�_�^�_��
�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �]�j�Z��
�g�m�e�u���i�h�e�b�f�_�j�Z���j�Z�a�f�_�j�h�f���G�”���������f�f�� 

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

�I�j�b�� �w�l�h�f, �\�h�a�f�h�`�g�h�� �d�Z�d�� �^�Z�e�v�g�_�_�� �j�Z�k��
�i�h�e�h�`�_�g�b�_�� �K�H�H�G-�]�j�m�i�i�� �b�� �Z�f�b�g�h�]�j�m�i�i��

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

R-COOH  +  H3O2
-  R-COO-  +  2H2O  

R-COO-  +  2H2O  +nH2O [R-COO- ][H2O]n+2  

R-CH2NH2  +  H3O+  
,

R-CH2NH3  +  H2O  
, +

 

 

(3) 

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

 

 

(4) 

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

CO NH2 CH2 C
H

COOH
 

NH2 CH2 CH2 C
H

COOH
 . 

�<�e�Z�]�h�i�h�]�e�h�s�Z�x�s�m�x�� �k�i�h�k�h�[�g�h�k�l�v�� �k�m��
�i�_�j�Z�[�k�h�j�[�_�g�l�Z�� �©�L�\�_�j�^�Z�y�� �\�h�^�Z�ª�� �h�i�j�_�^�_��
�e�y�e�b�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �G�Z�\�_�k�d�b�� �h�[��
�j�Z�a�p�Z�� �������������“�������������� �]�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��
�i�h�f�_�s�Z�e�b�� �\�� �������� �k�f3 �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c��
�\�h�^�u���b�e�b���\�����������F���j�Z�k�l�\�h�j�u���G�Kl �b��NaOH. 
�H�[�j�Z�a�p�u���h�k�l�Z�\�e�y�e�b���g�Z�������q�Z�k�h�\���^�e�y���^�h�k�l�b��
�`�_�g�b�y�� �j�Z�\�g�h�\�_�k�b�y���� �A�Z�l�_�f�� �h�l�^�_�e�y�e�b�� �h�l��
�`�b�^�d�h�c�� �n�Z�a�u���� �i�h�f�_�s�Z�e�b�� �\�� �k�m�r�b�e�v�g�u�c��

 
 
 

�L�Z�[�e�b�p�Z�� ������ �W�e�_�d�l�j�h�g�g�u�_�� �i�_�j�_�o�h�^�u�� �\�� �o�j�h�f�h�n�h�j�g�u�o�� �]�j�m�i�i�Z�o�� �>���@�� �b�� �\�� �k�l�j�m�d�l�m�j�Z�o�� �b�g�^�h�e�b�e-3-
�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���>���@ 
Table 1. Electronic transitions in chromophore groups [8] and in indolyl-3-acetic acid structures [3] 

�O�j�h�f�h�n�h�j�u �I�_�j�_�o�h�^�u �������g�f �������g�f�����B�M�D�� 
�!�K�  �K�� �Œ���:�Œ�
 285 274-292 

�!�K� �H���b�e�b���!�K� �K�� �Œ�:�Œ�
 250 220-225 
>N+H2  n�:�1�
  170-215 210, 208 

>N+-  �b�e�b���!�1+< n�:�1�
  195 200 
�!�K-�K�����b���!�K-�G 

-O- �\���d�Z�j�[�h�d�k�b�e�v�g�u�o���]�j�m�i�i�Z�o 
�1���:�1�
 
n�:�1�
���� 176 191-196 
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�r�d�Z�n�� �b�� �\�u�^�_�j�`�b�\�Z�e�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_ 
�����ƒ�K���� �H�[�j�Z�a�p�u�� �b�a�\�e�_�d�Z�e�b�� �q�_�j�_�a�� �d�Z�`�^�u�_��
������ �f�b�g�m�l�� �b�� �\�a�\�_�r�b�\�Z�e�b���� �W�d�k�i�_�j�b�f�_�g�l��
�i�j�h�^�h�e�`�Z�e�b�� �^�h�� �^�h�k�l�b�`�_�g�b�y�� �i�h�e�b�f�_�j�h�f��
�i�h�k�l�h�y�g�g�h�c�� �f�Z�k�k�u�� �b�� �j�Z�k�k�q�b�l�u�\�Z�e�b�� �k�l�_��
�i�_�g�v���g�Z�[�m�o�Z�g�b�y���i�h���n�h�j�f�m�e�_������ 

�ñ 
L
�:�I �5 
F �I �6�;
�:�I �5 
F �I �4�;

�„�s�r�r�¨ (5) 

�]�^�_��m0 �± �f�Z�k�k�Z���i�m�k�l�h�]�h���[�x�d�k�Z����m1 �± �f�Z�k�k�Z��
�[�x�d�k�Z���k���k�h�j�[�_�g�l�h�f���^�h���\�u�k�m�r�b�\�Z�g�b�y����m2 �± 
�f�Z�k�k�Z���[�x�d�k�Z���k���k�h�j�[�_�g�l�h�f���i�h�k�e�_���\�u�k�m�r�b��
�\�Z�g�b�y�� 

�>�Z�g�g�u�_�� �i�h�� �\�e�Z�]�h�i�h�]�e�h�s�_�g�b�x�� ���g�Z�� �h�k��
�g�h�\�_�� �^�_�]�b�^�j�Z�l�Z�p�b�b�� �k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z����
�i�j�b�\�_�^�_�g�u���g�Z���j�b�k���������� 

�B�a���j�b�k���������k�e�_�^�m�_�l�����q�l�h���g�Z�b�[�h�e�_�_���b�g�l�_�g��
�k�b�\�g�Z�y�� �i�h�l�_�j�y�� �\�e�Z�]�b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �\�� �i�_�j��
�\�u�_�� ���� �f�b�g�m�l���� �I�j�b�� �w�l�h�f�� �h�[�s�_�_�� �\�e�Z�]�h�i�h��
�]�e�h�s�_�g�b�_���h�[�j�Z�a�p�h�\���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���i�j�b��
�j�G���������� �k�h�k�l�Z�\�e�y�_�l�� �������� �k�f3 �g�Z�� ���� �]�� �i�h�e�b��
�f�_�j�Z�����Z���i�j�b���j�G�!���������± ���������k�f3 �g�Z�������]���i�h�e�b��

�f�_�j�Z���� �?�f�d�h�k�l�v�� �]�b�^�j�h�]�_�e�y�� �i�h�� �Z�f�b�g�h�]�j�m�i��
�i�Z�f�� �j�Z�\�g�Z�� ���������� �f�]-�w�d�\���]���� �i�h�� �d�Z�j�[�h�d�k�b�e�v��
�g�u�f���]�j�m�i�i�Z�f���± �����������f�]-�w�d�\���]�� 

�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c��
�d�b�k�e�h�l�u�� �k�� �k�m�i�_�j�Z�[�k�h�j�[�_�g�l�h�f�� �b�a�m�q�Z�e�b�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b 
���B�D-�N�m�j�v�_�� �k�i�_�d�l�j�h�f�_�l�j�� �9�(�5�7�(�;�� �����Y����
�<ruker���� �=�_�j�f�Z�g�b�y���� �k�� �i�j�b�k�l�Z�\�d�h�c�� �g�Z�j�m�r�_�g��
�g�h�]�h�� �i�h�e�g�h�]�h�� �\�g�m�l�j�_�g�g�_�]�h�� �h�l�j�Z�`�_�g�b�y��
���+�I�%�2������������Q Platinym�����H�[�j�Z�a�p�u���i�h�f�_�s�Z��
�e�b�k�v�� �g�Z�� �Z�e�f�Z�a�g�u�c�� �h�i�l�b�q�_�k�d�b�c�� �w�e�_�f�_�g�l�� �b��
�j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v���B�D-�k�i�_�d�l�j�u���\���^�b�Z�i�Z�a�h�g�_��
4000-�������� �k�f-1 �k�h�� �k�i�_�d�l�j�Z�e�v�g�u�f�� �j�Z�a�j�_�r�_��
�g�b�_�f�������k�f-1 �b���m�k�j�_�^�g�_�g�b�_�f���i�h���������k�d�Z�g�Z�f�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�>�e�y�� �b�a�m�q�_�g�b�y�� �d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �o�Z�j�Z�d��
�l�_�j�b�k�l�b�d���i�h�]�e�h�s�_�g�b�y�� �B�M�D�� �k�m�i�_�j�Z�[�k�h�j��
�[�_�g�l�h�f�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �f�_�l�h�^�� �h�]�j�Z�g�b�q�_�g��
�g�h�]�h���h�[�t�_�f�Z�����J�Z�\�g�h�\�_�k�b�_���\���k�b�k�l�_�f�_���©�k�m�i�_��

     
 

�J�b�k�����������H�^�b�g���b�a���\�Z�j�b�Z�g�l�h�\���k�l�j�h�_�g�b�y���f�Z�l�j�b�p�u���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���©�L�\�_�j�^�Z�y���\�h�^�Z�ª 
Fig. 3. One of the variants of the structure of the matrix of the superabsorbent "Solid water" 

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

�s�_�e�h�q�g�h�c�����������k�j�_�^�Z�o 
Fig. 4. Curves of mass loss of superabsorbent "Solid water" in acidic (1) and alkaline (2) media 
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�j�Z�[�k�h�j�[�_�g�l-�B�M�D�ª���b�k�k�e�_�^�h�\�Z�e�h�k�v�� �g�Z�� �h�k��
�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�u�o�� �i�h�� �k�h�j�[�p�b�b�� �b�g�^�h��
�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�� �\�� �^�b�Z�i�Z�a�h�g�_�� �_�_�� 
�d�h�g�p�_�g�l�j�Z�p�b�c 0.001-������������ �f�h�e�v���^�f3 �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�_�����������D�����j�b�k�����������b���i�j�b���j�G���j�Z�k��
�l�\�h�j�Z�����j�Z�\�g�u�f���������� 

�I�j�b�� �j�Z�k�k�f�h�l�j�_�g�b�b�� �^�Z�g�g�u�o�� �j�_�a�m�e�v�l�Z��
�l�h�\���k�e�_�^�m�_�l���m�q�b�l�u�\�Z�l�v���\�h�a�f�h�`�g�u�_���i�j�h�l�h��
�e�b�l�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u���� �i�j�h�b�k�o�h�^�y�s�b�_�� �\��
�k�b�k�l�_�f�_���©�k�h�j�[�Z�l-�k�h�j�[�_�g�l�ª�����K�h�]�e�Z�k�g�h���k�o�_��
�f�Z�f�� �������� ������ �b�� �j�b�k���� ���� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�Z�y��
�d�b�k�e�h�l�Z���\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���k�b�k�l�_�f�_���g�Z�o�h��
�^�b�l�k�y�� �i�j�b�� �j�G� �������� �\�� �\�b�^�_�� �p�\�b�l�l�_�j-�b�h�g�Z. 
�>�Z�g�g�u�c���n�Z�d�l���i�h�^�l�\�_�j�`�^�Z�_�l�k�y���k�i�_�d�l�j�Z�e�v��
�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �\�� �B�D-�h�[�e�Z�k�l�b��
�^�e�y�� �b�h�g�h�\�� �B�M�D�� �j�Z�a�e�b�q�g�h�c�� �a�Z�j�y�^�g�h�k�l�b��
���j�b�k���������� 

�K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���i�j�_�^�k�l�Z�\�e�_�g�g�u�_��
�g�Z�� �j�b�k���� ���� �^�Z�g�g�u�_���� �^�h�i�h�e�g�y�x�l�� �j�_�a�m�e�v�l�Z�l�u��
�b�k�k�e�_�^�h�\�Z�g�b�c �i�h���B�D-�k�i�_�d�l�j�Z�f�����i�j�b�\�_�^�_�g��
�g�u�_���\���e�b�l�_�j�Z�l�m�j�g�u�o���b�k�l�h�q�g�b�d�Z�o���>�����������������@��
�^�e�y�� �k�b�k�l�_�f���� �\�d�e�x�q�Z�x�s�b�o�� �d�Z�l�b�h�g�u���� �[�b�i�h��
�e�y�j�g�u�_�� �b�h�g�u�� �b�� �Z�g�b�h�g�u�� �B�M�D���� �I�j�_�`�^�_��
�\�k�_�]�h���k�e�_�^�m�_�l���h�l�f�_�l�b�l�v���g�Z�e�b�q�b�_���b�g�l�_�g�k�b�\��
�g�u�o���f�Z�d�k�b�f�m�f�h�\���\���h�[�e�Z�k�l�b����������-�����������k�f-1 
�^�e�y�� �Z�g�b�h�g�h�\�� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k��
�e�h�l�u���� �M�d�Z�a�Z�g�g�u�_�� �f�Z�d�k�b�f�m�f�u�� �o�Z�j�Z�d�l�_�j�b��
�a�m�x�l�� �d�h�e�_�[�Z�g�b�y��-�H�G�� �\�� �f�h�e�_�d�m�e�Z�o�� �\�h�^�u�� �k��
�h�k�e�Z�[�e�_�g�g�u�f�b�� �G-�k�\�y�a�y�f�b�� ������������ �k�f-1������ �Z��
�l�Z�d�`�_���d�h�e�_�[�Z�g�b�y�����H�G���\���G2�H���k���g�_�g�Z�j�m�r�_�g��
�g�h�c�� �k�l�j�m�d�l�m�j�h�c�� ������������ �k�f-1)���� �d�h�e�_�[�Z�g�b�y��
���H�G�� �\�� �Z�k�k�h�p�b�Z�l�Z�o�� �>�K�H�H-�« �G2O�« NH] 
�������������k�f-1�����b���d�h�e�_�[�Z�g�b�y�����H�G���\���]�j�m�i�i�b�j�h�\��
�d�Z�o�� �>�K�H�H-�« �G2O�@�� �b�� �\���>�K�H�H-�« O�G2] 

 
�J�b�k�����������B�a�h�l�_�j�f�Z���k�h�j�[�p�b�b���p�\�b�l�l�_�j-�b�h�g�Z�����B�M�D�“�����k�m�i�_�j�Z�[�k�h�j�[�_�g�l�h�f���©�L�\�_�j�^�Z�y���\�h�^�Z�ª 

�)�L�J�����������,�V�R�W�K�H�U�P���R�I���V�R�U�S�W�L�R�Q���R�I���]�Z�L�W�W�H�U���L�R�Q�����,�8�.�“�����E�\���V�X�S�H�U�D�E�V�R�U�E�H�Q�W�����6�R�O�L�G���Z�D�W�H�U�� 

 
�J�b�k�����������B�D-�k�i�_�d�l�j�u���d�Z�l�b�h�g�Z�������������[�b�i�h�e�y�j�g�h�]�h���b�h�g�Z�����������b���Z�g�b�h�g�Z���������� 

�b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c���d�b�k�e�h�l�u 
Fig. 6. IR spectra of the cation (1), bipolar ion (2), and anion (3) of indolyl-3-acetic acid 
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�������������k�f-1�������A�Z�f�_�l�b�f�����q�l�h���i�h�e�h�k�u���i�h�]�e�h�s�_��
�g�b�y�������������b�������������k�f-1 �y�\�e�y�x�l�k�y���k�h�\�f�_�s�_�g��
�g�u�f�b�� �b�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�� �d�h�e�_�[�Z�g�b�y��-�1�G�� �\��
�i�b�j�j�h�e�v�g�h�f���p�b�d�e�_���>��-10, 13-14]. 

�I�h�e�h�k�u�� �i�h�]�e�h�s�_�g�b�y�� ���������� �b�� ���������� �k�f-1 
�\�u�a�\�Z�g�u�� �d�h�e�_�[�Z�g�b�y�f�b�� ��as �\�� �K�G2���K�G��-
�]�j�m�i�i�Z�o���b����s �\�� �K�G2���K�G��-�]�j�m�i�i�Z�o���� �F�Z�d�k�b��
�f�m�f�u�� �\�� �h�[�e�Z�k�l�b�� ���������� �b�� ���������� �k�f-1 �h�l�g�h��
�k�y�l�k�y�� �d�� �d�h�e�_�[�Z�g�b�y�f�� ���H�G�� �\�� �Z�k�k�h�p�b�Z�l�Z�o��-
�K�H�H�G�« �H�G2 ���b�e�b��-�K�H�H- - �G2�H�����b���\���]�j�m�i��
�i�b�j�h�\�d�Z�o�����1�+�« �H�G2 �i�b�j�j�h�e�v�g�h�]�h���d�h�e�v�p�Z����
�F�Z�d�k�b�f�m�f�������������k�f-1 �o�Z�j�Z�d�l�_�j�g�u�c �d�h�e�_�[�Z��
�g�b�y�f�� ��s �&� �H�� �\�� �g�_�^�b�k�k�h�p�b�b�j�h�\�Z�g�g�u�o��
�K�H�H�G-�]�j�m�i�i�Z�o�����i�j�h�y�\�e�y�_�l�k�y���l�h�e�v�d�h���\���d�Z��
�l�b�h�g�g�h�c���n�h�j�f�_���B�M�D+ �b���h�l�k�m�l�k�l�\�m�_�l���\���B�D-
�k�i�_�d�l�j�Z�o�� �p�\�b�l�l�_�j-�b�h�g�Z�� �b�� �Z�g�b�h�g�Z�� �B�M�D����
�I�b�d�b�� ���������� �k�f-1 �k�h�h�l�\�_�l�k�l�\�m�x�l�� �d�h�e�_�[�Z��
�g�b�y�f�� ���Zs�K�H�H- �b�� �i�j�h�y�\�e�y�_�l�k�y�� �l�h�e�v�d�h�� �\��
�k�i�_�d�l�j�Z�o���[�b�i�h�e�y�j�g�u�o�� �b�h�g�h�\�� �b�� �Z�g�b�h�g�h�\��
�B�M�D�� �>������ ������ ������ �����@���� �>�Z�g�g�u�c�� �i�b�d���� �Z�� �l�Z�d�`�_��
�f�Z�d�k�b�f�m�f�� �i�j�b�� ���������� �k�f-1 �\�� �B�D-�k�i�_�d�l�j�_��
�B�M�D���� �o�Z�j�Z�d�l�_�j�g�u�� �d�h�e�_�[�Z�g�b�y�f�� ��as�&� �K�� �\��
�Z�j�h�f�Z�l�b�q�_�k�d�b�o���d�h�e�v�p�Z�o�� 

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

�F�Z�d�k�b�f�m�f�u�������������b�������������k�f-1 �h�[�t�y�k�g�y��
�x�l�k�y���g�h�`�g�b�q�g�u�f�b���1�K�G2 �b���f�Z�y�l�g�b�d�h�\�u�f�b��
��t�K�G2 �d�h�e�_�[�Z�g�b�y�f�� �>������ ������ �����@���� �I�b�d�b�� �i�j�b��
1381-���������� �k�f-1 �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �g�Z�e�b��
�q�b�b���\�b�p�b�g�Z�e�v�g�u�o���>�K�G�« �H-�K�@���\���b�h�g�Z�o���b�g��
�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�����Z���f�Z�d�k�b�f�m�f�u��
1265-�����������k�f-1 �y�\�e�y�x�l�k�y���k�h�k�l�Z�\�g�u�f�b���^�e�y��
�d�j�m�l�b�e�v�g�u�o�� �2�� �K�G2���K�G������ �\�_�_�j�g�u�o�� �&��
�K�G2���K�G��-�]�j�m�i�i���b���K�G...�H��-�k�\�y�a�_�c���>�����������������@����
�=�j�m�i�i�Z���i�h�e�h�k���i�h�]�e�h�s�_�g�b�y����������-�����������k�f-1 
�l�Z�d�`�_�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�� �\�_�_�j�g�u�_�� �&�� �b�� �d�j�m��
�l�b�e�v�g�u�_�� �2�� �d�h�e�_�[�Z�g�b�y�� �\�� �Z�j�h�f�Z�l�b�q�_�k�d�b�o��
�p�b�d�e�Z�o�����I�b�d�b���i�j�b����������-���������k�f-1 �h�[�m�k�e�h�\��
�e�_�g�u���d�Z�d���^�_�n�h�j�f�Z�p�b�h�g�g�u�f�b���1���d�h�e�_�[�Z�g�b��
�y�f�b�� �H�G�� �\�� �d�Z�j�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i�Z�o���� �Z��
�l�Z�d�`�_���\�_�_�j�g�u�f�b���&���b���d�j�m�l�b�e�v�g�u�f�b���2���d�h�e�_��
�[�Z�g�b�y�f�b���K�G���Z�j�h�f�Z�l�b�q�_�k�d�h�]�h���d�h�e�v�p�Z�����I�h��
�e�h�k�u�� �i�h�]�e�h�s�_�g�b�y�� ������-�������� �k�f-1 �y�\�e�y�x�l�k�y��
�k�h�k�l�Z�\�g�u�f�b�� �b�� �h�[�t�y�k�g�y�x�l�k�y�� �f�Z�y�l�g�b�d�h��
�\�u�f�b�� �2�� �d�h�e�_�[�Z�g�b�y�f�b�� �K�G-�]�j�m�i�i�� �[�_�g�a�h�e�v��
�g�h�]�h�� �p�b�d�e�Z�� �b�� �\�_�_�j�g�u�f�b�� �& �d�h�e�_�[�Z�g�b�y�f�b��

�K�G���\���K�G...�H�K-�]�j�m�i�i�b�j�h�\�d�Z�o���>���������@�����K�e�_�^�h��
�\�Z�l�_�e�v�g�h�����i�j�b���j�G� ���������j�Z�k�l�\�h�j�u���b�g�^�h�e�b�e-
3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���k�h�^�_�j�`�Z�l���i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h���p�\�b�l�l�_�j-�b�h�g�u�����k�o�_�f�Z�����������d�h�l�h�j�u�_��
�m�q�Z�k�l�\�m�x�l�� �\�� �h�[�j�Z�a�h�\�Z�g�b�b�� �Z�k�k�h�p�b�Z�l�h�\��
�>�K�H�H-�« �G2�H��������NH]; [�K�H�H-...H2O]. 

�I�j�b�� �k�h�j�[�p�b�b�� �p�\�b�l�l�_�j-�b�h�g�Z�� �k�m�i�_�j�Z�[��
�k�h�j�[�_�g�l�� �f�h�`�_�l�� ���k�h�]�e�Z�k�g�h�� �k�o�_�f�Z�f�� ���� �b�� ������
�n�m�g�d�p�b�h�g�b�j�h�\�Z�l�v�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�G��
�k�j�_�^�u���d�Z�d���d�Z�l�b�h�g�b�l�����[�b�i�h�e�y�j�g�u�c �k�h�j�[�_�g�l��
�b�e�b�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�� �>������ ������ ������ �����@���� �I�h��
�w�l�h�f�m���[�u�e�h���j�Z�k�k�q�b�l�Z�g�h���k�h�^�_�j�`�Z�g�b�_���b�h�g��
�g�u�o���n�h�j�f���h�l�^�_�e�v�g�u�o���n�j�Z�]�f�_�g�l�h�\���\���k�m�i�_��
�j�Z�[�k�h�j�[�_�g�l�_���i�j�b���j�Z�a�e�b�q�g�u�o���j�G�����k���b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�u�� �0�D�U�Y�L�Q�� �6�N�H�W�F�K��
(https://www.chemaxon.com)), �i�j�_�^�k�l�Z�\��
�e�_�g�g�h�_���g�Z���j�b�k���������� 

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

CO NH2 CH2 C
H
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, �Z���i�j�b �j�G�������n�j�Z�]��

�f�_�g�l�m���[�m�^�_�l���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���n�h�j�f�Z����������
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(6) 

�<���w�l�h�f���k�e�m�q�Z�_���i�j�b���j�G� ���������n�j�Z�]�f�_�g�l����������
�n�m�g�d�p�b�h�g�b�j�m�_�l�� �i�h�^�h�[�g�h�� �k�e�Z�[�h�d�b�k�e�h�l��
�g�h�f�m���d�Z�j�[�h�d�k�b�e�v�g�h�f�m���d�Z�l�b�h�g�b�l�m�����\���d�h�l�h��
�j�h�f���i�j�b���j�G���!�������������Z�f�b�^�g�Z�y���]�j�m�i�i�Z���^�_�i�j�h��
�l�h�g�b�j�m�_�l���b���g�_���b�f�_�_�l���a�Z�j�y�^�Z���>����-14].  

�F�_�`�n�Z�a�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_���^�e�y���k�b�k�l�_�f��
�©�B�M�D-�k�e�Z�[�h�d�b�k�e�h�l�g�u�c�� �d�Z�l�b�h�g�b�l�ª�� �\�� �^�Z�g��
�g�h�f���d�h�g�l�_�d�k�l�_���k�e�_�^�m�_�l���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���d�Z�d��
�k�h�j�[�p�b�x�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �p�\�b�l�l�_�j�e�b�l�h�\��
�B�M�D�“ [14]: 

�D�j 
L
�K

�B�M�D
G

�K
�B�M�D
G


L
�ä

�B�M�D
G

�Ï �„�K
�B�M�D
G

, (7>'  

�]�^�_���D�j �± �d�h�w�n�n�b�p�b�_�g�l�����d�h�g�k�l�Z�g�l�Z�����j�Z�k�i�j�_��
�^�_�e�_�g�b�y�����K�B�M�D
G, �K�B�M�D
G �± �d�h�g�p�_�g�l�j�Z�p�b�y��
�b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�� �\�� �j�Z�k�l�\�h�j�_��
�b�� �\�� �n�Z�a�_�� �k�h�j�[�_�g�l�Z, �M�B�M�D
G �± �d�h�e�b�q�_�k�l�\�h��
�k�h�j�[�b�j�h�\�Z�g�g�h�]�h�� �p�\�b�l�l�_�j-�b�h�g�Z���� �\�� �j�Z�k�q�_�l�_��
�g�Z�������k�f3 �g�Z�[�m�o�r�_�]�h�����b�e�b�������]���k�m�o�h�]�h�����k�h�j��
�[�_�g�l�Z�� 

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

�G�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v���� �q�l�h�� �_�f�d�h�k�l�v��
�k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���i�h���Z�f�b�g�h�]�j�m�i�i�Z�f���j�Z�\�g�Z��
�����������f�]-�w�d�\���]�����q�l�h���h�i�j�_�^�_�e�y�_�l�k�y���g�Z�e�b�q�b�_�f��
NH2-�]�j�m�i�i���j�b�k�����������k�o�_�f�Z�����������<���l�h���`�_���\�j�_�f�y��
�h�[�s�Z�y���_�f�d�h�k�l�v���i�h�e�b�f�_�j�Z���i�h���K�H�H�G-�]�j�m�i��
�i�Z�f�� �j�Z�\�g�Z�� ���������� �f�]-�w�d�\���]���� �W�l�Z�� �_�f�d�h�k�l�v��
�k�d�e�Z�^�u�\�Z�_�l�k�y���b�a���_�f�d�h�k�l�b�������������f�]-�w�d�\���]���i�h��
�K�H�H�G�����\�o�h�^�y�s�b�o���\���n�j�Z�]�f�_�g�l�����������k���Z�f�b�g��
�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c�����>�j�m�]�Z�y���q�Z�k�l�v���_�f�d�h�k�l�b��
�i�h�� �K�H�H�G-�]�j�m�i�i�Z�f���� �j�Z�\�g�Z�y�� ���������� �f�]-�w�d�\���]��
�i�j�b�g�Z�^�e�_�`�b�l�� �n�j�Z�]�f�_�g�l�m�� �������� �k�� �Z�f�b�^�g�u�f�b��
�]�j�m�i�i�b�j�h�\�d�Z�f�b�� �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �k�h�j�[�p�b�x��
�B�M�D�“ �i�h���k�o�_�f�_���������� 

�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �i�h�]�e�h�s�_�g�b�_�� �p�\�b�l�l�_�j-
�b�h�g�h�\���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u���k�m�i�_��
�j�Z�[�k�h�j�[�_�g�l�h�f�����i�j�_�^�k�l�Z�\�e�_�g�g�h�_���g�Z���j�b�k���������b��
�j�Z�k�k�q�b�l�Z�g�g�h�_�� �i�h�� ���������� �y�\�e�y�_�l�k�y�� �k�m�f�f�h�c 
�^�\�m�o���k�h�k�l�Z�\�e�y�x�s�b�o�����I�j�b���w�l�h�f���d�h�w�n�n�b�p�b��
�_�g�l�����d�h�g�k�l�Z�g�l�Z�����j�Z�k�i�j�_�^�_�e�_�g�b�y���D�j �k�h�j�[�Z�l�Z��
�[�m�^�_�l���j�Z�\�_�g������������ 

O
H

H

H O

CN
+

C
H2

H

O

C
H2

C
HO

N

H

C

O
C

O

O H

HO

H

H H

C
H2

C
H

C

O
O

NC

O

O

HH
O

H

H

H

C
H2

C
H

C

O
O

NC

O

O
HH

H

O
C

N
+

C
H2

H

O

O

H
H

C
H2

C
H

O

N

H

C
O

CO

-

-

-

+

-

-

-

 

(8) 

�I�h�]�e�h�s�_�g�b�_�� �[�b�i�h�e�y�j�g�h�]�h�� �b�h�g�Z�� �B�M�D�“ 
�n�j�Z�]�f�_�g�l�Z�f�b�� �������� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �i�j�b��
�j�G� ���������\���m�k�e�h�\�b�y�o�����d�h�]�^�Z���Z�f�b�g�h�]�j�m�i�i�u���b��
�K�H�H�G-�]�j�m�i�i�u�� �k�h�k�l�Z�\�e�y�x�l�� �b�h�g�g�m�x��
���p�\�b�l�l�_�j-�b�h�g�g�m�x���� �i�Z�j�m���� �N�Z�d�l�b�q�_�k�d�b��
�b�f�_�_�f�� �j�_�^�d�b�c�� �k�e�m�q�Z�c �k�h�j�[�p�b�b�� �p�\�b�l�l�_�j-
�b�h�g�Z�� �b�a�� �p�\�b�l�l�_�j�b�h�g�g�h�c�� �n�Z�a�u �k�h�j�[�_�g�l�Z����

 

�J�b�k�����������>�b�Z�]�j�Z�f�f�u���b�h�g�g�u�o���n�h�j�f���n�j�Z�]�f�_�g�l�h�\��  ���r�l�j�b�o�h�\�Z�y��

�e�b�g�b�y���������b��
 
���k�i�e�h�r�g�Z�y���e�b�g�b�y���������\���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�_���©�L�\�_�j�^�Z�y���\�h�^�Z�ª��

�i�j�b���b�a�f�_�g�_�g�b�b���\�_�e�b�q�b�g�u���j�G���j�Z�k�l�\�h�j�Z�����>�e�y���n�j�Z�]�f�_�g�l�Z�������������j�D�Z���K� �H����� ��-1.44; 

�j�D�Z���K�H�H�G��� �������������j�D�Z���1�G��� ���������������>�e�y���n�j�Z�]�f�_�g�l�Z�������������j�D�Z���K�H�H�G����� ���������������j�D�Z(NH2) = 10.21
 

Fig. 7. Diagrams of the ionic shapes of fragments  (dashed line 1) 

and  (solid line 2) in the superabsorbent "Solid water" when the pH 
value of the solution changes. For fragment (1): ): �j�D�Z(�K=�H) = -1.44; �j�D�Z(�K�H�H�G)=4.49, 

�j�D�Z(N�G)=15.84. For fragment (2): �j�D�Z(�K�H�H�G) = 4.58; �j�D�Z(NH2) = 10.21 
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�d�h�l�h�j�Z�y�� ���d�Z�d�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�u�r�_���� �k�h��
�k�l�Z�\�e�y�_�l�������������f�]-�w�d�\�����H�^�b�g���b�a���\�h�a�f�h�`�g�u�o��
�\�Z�j�b�Z�g�l�h�\�� �l�Z�d�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �f�h�`�_�l��
�[�u�l�v���i�j�_�^�k�l�Z�\�e�_�g���k�o�_�f�h�c���������� 
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(9) 

�I�j�_�^�e�Z�]�Z�_�f�u�_�� �\�Z�j�b�Z�g�l�u�� �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y�� �[�b�i�h�e�y�j�g�u�o�� �b�h�g�h�\�� �b�g�^�h�e�b�e-3-�m�d��
�k�m�k�g�h�c �d�b�k�e�h�l�u�� �k�� �n�j�Z�]�f�_�g�l�Z�f�b�� �������� �b�� ��������
�k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���g�Z�r�e�b���h�l�j�Z�`�_�g�b�_���\���^�Z�g��
�g�u�o���� �i�h�e�m�q�_�g�g�u�o�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b�����j�b�k�����������l�Z�[�e������������ 

�I�j�_�`�^�_�� �\�k�_�]�h�� �h�[�j�Z�s�Z�_�l�� �\�g�b�f�Z�g�b�_�� �i�h��
�y�\�e�_�g�b�_���\�� �B�D-�k�i�_�d�l�j�_�� �Z�k�k�h�p�b�Z�l�h�\�� �©�k�m�i�_��
�j�Z�[�k�h�j�[�_�g�l-�B�M�D�“�ª�� �g�h�\�u�o�� �i�h�e�h�k�� �i�h�]�e�h��
�s�_�g�b�y���i�j�b�������������b�������������k�f-1, �d�h�l�h�j�u�_���o�Z��
�j�Z�d�l�_�j�b�a�m�x�l���\�Z�e�_�g�l�g�u�_���d�h�e�_�[�Z�g�b�y�����H�G��
�\�� �Z�k�k�h�p�b�Z�l�Z�o�� �©�G2�H�« N+�G2�ª �b 
�©�G2�H�« �H�G2�« -�H�H�K�ª�����l�Z�[�e�����������i�h���k�j�Z�\�g�_�g�b�x��
�k�� �b�k�o�h�^�g�u�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b���� �G�Z�j�y�^�m�� �k��
�w�l�b�f���� �\�� �Z�k�k�h�p�b�Z�l�Z�o�� �k�h�o�j�Z�g�y�x�l�k�y�� �f�Z�d�k�b��
�f�m�f�u�����������������������������������������������������������������������k�f-1, 
�d�h�l�h�j�u�_���g�Z�[�e�x�^�Z�e�b�k�v���l�h�e�v�d�h���\���h�^�g�h�f���b�a��
�b�k�o�h�^�g�u�o�����^�h���d�h�g�l�Z�d�l�Z�����d�h�f�i�h�g�_�g�l�h�\�����q�l�h��

�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �\�h�^�h��
�j�h�^�g�u�o���k�\�y�a�_�c���f�_�`�^�m���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b��
�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �]�j�m�i�i�Z�f�b�� �k�h�j�[�Z�l�Z�� �b��
�k�h�j�[�_�g�l�Z�� �k�� �m�q�Z�k�l�b�_�f�� �^�b�i�h�e�_�c �\�h�^�u��
���l�Z�[�e�� �������� �H�k�h�[�h�� �k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v�� �g�Z�e�b��
�q�b�_�� �\�� �Z�k�k�h�p�b�Z�l�Z�o�� �k�h�\�f�_�s�_�g�g�u�o�� �i�b�d�h�\��
�����������b���������� �k�f-1�����d�h�l�h�j�u�_���m�d�Z�a�u�\�Z�x�l���d�Z�d��
�g�Z�� �i�j�b�k�m�l�k�l�\�b�_�� �K�H�H-- �]�j�m�i�i�� �b�� �k�l�j�m�d�l�m�j��
�l�b�i�Z�� �:�f�b�^ II I���� �l�Z�d�� �b�� �g�Z�� �m�q�Z�k�l�b�_ 
�K�G2-�]�j�m�i�i�� ���\�� �i�h�e�b�f�_�j�g�u�o�� �p�_�i�h�q�d�Z�o���� �\��
�h�[�j�Z�a�h�\�Z�g�b�b�� �G-�k�\�y�a�_�c �K�G�« �H���� �M�q�Z�k�l�b�_�� �\��
�h�[�j�Z�a�h�\�Z�g�b�b�� �\�h�^�h�j�h�^�g�u�o�� �k�\�y�a�_�c�� �Z�f�b�^��
�g�u�o���� �Z�f�b�g�g�u�o���� �d�Z�j�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i�� �b��
�G2�H�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �l�Z�d�`�_�� �k�f�_�s�_�g�b�_�f��
�^�_�n�h�j�f�Z�p�b�h�g�g�u�o�� �d�h�e�_�[�Z�g�b�c �\�� �h�[�e�Z�k�l�b��
�����������������������������������b�������������k�f-1 �^�e�y���Z�k�k�h�p�b�Z��
�l�h�\�� ���i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �b�k�o�h�^�g�u�f�b�� �\�_�s�_��
�k�l�\�Z�f�b���� 

�>�e�y���j�Z�k�q�_�l�Z���i�Z�j�Z�f�_�l�j�h�\���\�h�^�h�j�h�^�g�u�o���k�\�y��
�a�_�c���f�_�`�^�m���p�\�b�l�l�_�j-�b�h�g�h�f���B�M�D�“ �b���n�m�g�d�p�b��
�h�g�Z�e�v�g�u�f�b�� �]�j�m�i�i�Z�f�b�� �k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z�� �k��
�m�q�_�l�h�f�� �\�_�e�b�q�b�g�� �k�f�_�s�_�g�b�y�� �f�Z�d�k�b�f�m�f�h�\�� �\ 
�B�D-�k�i�_�d�l�j�Z�o�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �n�h�j�f�m�e�u����
�i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�� �l�Z�[�e���� ������ �K�e�_�^�m�_�l�� �a�Z�f�_��
�l�b�l�v�����q�l�h���\���l�Z�[�e����4 ���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���^�Z�g��
�g�u�o���\���>���@�����i�j�_�^�k�l�Z�\�e�_�g�Z���\�h�a�f�h�`�g�h�k�l�v���j�Z�k��
�q�_�l�Z�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �G-�k�\�y��
�a�_�g���K�G2

�« �H�� 
�J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�_�l�Z���l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �Z�k�k�h�p�b�Z�l�h�\ �©�k�m�i�_�j�Z�[�k�h�j��
�[�_�g�l-�G2�H-�B�M�D�“�ª�� ���l�Z�[�e���� �������k�\�b�^�_�l�_�e�v��
�k�l�\�m�x�l�� �h�� �\�Z�j�b�Z�l�b�\�g�h�k�l�b�� �\�� �i�j�h�q�g�h�k�l�b 

 
�J�b�k�����������B�D-�k�i�_�d�l�j�u���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���©�L�\�_�j�^�Z�y���\�h�^�Z�ª���b�k�o�h�^�g�h�]�h�����������b���_�]�h���h�[�j�Z�a�p�h�\���k���^�h��

�[�Z�\�d�Z�f�b���[�b�i�h�e�y�j�g�h�]�h���b�h�g�Z����-�b�g�^�h�e�b�e�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�������� 
Fig. 8. IR spectra of the superabsorbent "Solid water" of the initial (1) and its samples with 

�D�G�G�L�W�L�Y�H�V���R�I���W�K�H���E�L�S�R�O�D�U���L�R�Q����-indolylacetic acid (2) 
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�L�Z�[�e�b�p�Z���������H�l�g�_�k�_�g�b�_���i�h�e�h�k���i�h�]�e�h�s�_�g�b�y���\���B�D-�k�i�_�d�l�j�Z�o���h�[�j�Z�a�p�h�\���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���©�L�\�_�j�^�Z�y��
�\�h�^�Z�ª�����L�<�����b�k�o�h�^�g�h�]�h���b���_�]�h���h�[�j�Z�a�p�h�\���k���^�h�[�Z�\�d�Z�f�b���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�����B�M�D�“) 
Table 2. Assignment of absorption bands in the IR spectra of the samples of the superabsorbent 
"Solid water" (TV) initial and its samples with additives of indolyl-3-�D�F�H�W�L�F���D�F�L�G�����,�$�&�“�� 

�B�k�o�h�^�g�����k�h�j�[�_�g�l �B�M�D�“ �L�<���k���B�M�D�“ �H�l�g�_�k�_�g�b�_���i�h�e�h�k���i�h�]�e�h�s�_�g�b�y 
3558 3469 - ���H�G- �k���h�k�e�Z�[�e�_�g�g�u�f�b���G-�k�\�y�a�y�f�b 
3404 3390 3404 ���H�G- �\���G2�H���k���g�_�g�Z�j�m�r�_�g�����k�l�j�m�d�l�m�j�h�c 

- - 3373 ���H�G- �\���Z�k�k�h�p�b�Z�l�Z�o���©�+�1+H...�H�G2�ª 
3342 - 3342 ���H�G- �\���Z�k�k�h�p�b�Z�l�Z�o���©�G2�H-�Z�f�b�^�h�]�j�m�i���ª 

- - 3320 ���H�G-  �\���Z�k�k�h�p�b�Z�l�Z�o���©�K�H�H-...�G2�H�ª 
3293 3292 3293 ���H�G-  �\���Z�k�k�h�p�b�Z�l�Z�o���©�1+H3

...-�H�H�K�ª 
- 3125 3125 ���H�G- �©�K�H�H-�« H2�H�ª�������1-�K�G���\���b�g�^�h�e�����p�b�d�e�Z�o 

2927 2929 2929 ��as �\���K�G3- �b���\���K�G2- �]�j�m�i�i�Z�o 
2857 2839 2846 ��s �\���K�G3- �b���\���K�G2-�]�j�m�i�i�Z�o 

- 2620 2627 ���H�G- �\���Z�k�k�h�p�b�l�Z�o���k���K�G2
�« �H�����K�H�H-�« �G2�H 

2540 2534 2536 ���1+�G2 �\���K-N+H2 �b���\���H� �K-NH-�]�j�m�i�i�Z�o 
1660 

- 
1649 
1623 

1658 
1643 

���K� �H���\���Z�f�b�^�Z�o�����:�f�b�^���,��������as �&�H�H- �\���Z�f�b�^�h��
�d�b�k�e�h�l�Z�o 

1552 1550 1561 ���1�+���\���Z�f�b�^�Z�o�����:�f�b�Z���,�,����������sN+�G3 �\���Z�f�b�^�h�d�b�k��
�e�h�l�Z�o 

- 1513 1522 �1���g�h�`�g�b�q�g�u�_���K�G2�����d�h�e�_�[�����b�g�^�h�e�v�g�h�]�h��
�d�h�e�v�p�Z 

1449 1456 1463 �1���g�h�`�g�b�q�g�u�_���K�G2�����1���K�G2 �\��-�K�G2�K�H�H�G 
1337 1367 1371 ��s �K�H�H-�����^�_�n�h�j�f�����1���K�G2 
1201 1265 1259 �D�h�e�_�[�Z�g�b�y���K�G�« �H�����:�f�b�^��III  ����s�H�KN �����1NH) 

1152 1138 1164 ���& �\�_�_�j�g�u�_������t �d�j�m�l�b�e�v�g�u�_���\���[�_�g�a�h�e�v�g�u�o��
�d�h�e�v�p�Z�o 

1048 1111 1052 �:�f�b�^��IV (C�HNH��������t �d�j�m�l�b�e�v�g�u�_���\���[�_�g�a�h�e�v��
�g�u�o���d�h�e�v�p�Z�o 

- 931 931 �1s �g�h�`�g�b�q�g�u�_���K�G�������& �\�_�_�j�g�u�_���K�G�����1�H�G���\��
�K�H�H�G 

778 242 746 �1s �g�h�`�g�b�q�g�u�_���K�G������t �d�j�m�l�b�e�v�g�u�_ 
 

�L�Z�[�e�b�p�Z���������N�h�j�f�m�e�u���^�e�y���j�Z�k�q�_�l�Z���i�Z�j�Z�f�_�l�j�h�\���\�h�^�h�j�h�^�g�u�o���k�\�y�a�_�c���i�h���\�_�e�b�q�b�g�Z�f���k�f�_�s�_�g�b�y���i�h��
�e�h�k���i�h�]�e�h�s�_�g�b�y�����û�������\���B�D-�k�i�_�d�l�j�Z�o�� 
Table 3. Formulas for calculating the parameters of hydrogen bonds by the values of the absorption 
band shift (�ûv) in the IR spectra 

�I�Z�j�Z�f�_�l�j �N�h�j�f�m�e�Z���^�e�y���j�Z�k�q�_�l�Z 
�W�g�_�j�]�b�y���k�\�y�a�b�����(H), �d�d�Z�e���f�h�e�v -�û�������ƒ�H�G����= EH ���������������������±2 

�W�g�l�Z�e�v�i�b�y���G-�k�\�y�a�b�����û�+�������d�d�Z�e���f�h�e�v -�û�G��� �����������û�:1/2�����û����� ���>�û�:1/2]2 �������� 
�K�b�e�h�\�Z�y���i�h�k�l�h�y�g�g�Z�y���G-�k�\�y�a�b�����.H�������k�f�±2 �D�G � �������������“��������������������4 �����?�G 

�K�b�e�h�\�Z�y���i�h�k�l�h�y�g�g�Z�y���H�G-�k�\�y�a�b�����.OH�������k�f�±2 -�D�H�G��� �����������������������“������������������4�����?�G �± ����������������������6 

�>�e�b�g�Z���G-�f�h�k�l�b�d�Z�����c 
R�2�+�������2 

R�2�+�������1 

R�1�+�������2 

R�1�+�������1 

R�K�+���������H 

�û����� ������������������3 (2.84 - R�H�������H) 
�û����� ��������������������2 (3.04 - R�H�������1) 
�û����� ��������������������2 (3.21 - R�1�������H) 
�û����� ��������������������3 (3.38 - R�1�������1) 

�û����� �������������Â������2 (3.42 - R�K�+���������H) 

�M�^�e�b�g�_�g�b�_���d�h�\�Z�e�_�g�l�g�h�c���k�\�y�a�b�����û�UOH�������c �û�UOH � �������������������±5�����û�� 
��0 �^�e�y���5�2�+�������2��� �������������k�f�±1������0 �^�e�y���5�2�+�������1��� �������������k�f�±1������0 �^�e�y���5�1�+�������2��� �������������k�f�±1;   
��0 �^�e�y���5�1�+�������1 � �������������k�f�±1������0 �^�e�y���5�K�+���������H � �������������k�f�±1 
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�L�Z�[�e�b�p�Z���������I�Z�j�Z�f�_�l�j�u���\�h�^�h�j�h�^�g�u�o���k�\�y�a�_�c���\���k�b�k�l�_�f�_���©�k�m�i�_�j�Z�[�k�h�j�[�_�g�l���©�L�\�_�j�^�Z�y���\�h�^�Z�ª��- �[�b�i�h��
�e�y�j�g�u�c���b�h�g���b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u�����©�L�<-�B�M�D�ª�� 
Table 4. Parameters of hydrogen bonds in the system "superabsorbent "Solid water" - bi-polar ion of 
indolyl-3-acetic acid ("TV-IUK")  

���H�G�����k�f-1 �û�������k�f-1 EH, 

�d�d�Z�e���f�h�e�v 
E�H�+����

�d�d�Z�e���f�h�e�v KH�-����5�����k�f�±2 KOH�-����6�����k�f�±2 �û�UOH �-����2, 
�c 

3404 296 21.3 23.8 2.844 10.261 1.76 
3373 327 23.2 24.5 3.086 10.196 1.70 
3342 358 25.4 26.9 3.268 9.890 1.91 
3320 380 27.2 27.2 3,.581 9.787 2.03 
3293 407 28.8 27.8 3.784 9.613 2.15 
3125 575 41.6 34.0 4.006 7.256 3.04 
2627 269 19.1 22.3 2.508 10.701 1.43 
2536 1164 82.6 47.3 10.781 3.504 6.11 

���H�G���k�f-1 �û�������k�f-1 R�2�+�������2�����c R�2�+�������1�����c R�1�+�������2�����c R�1�+�������1�����c R�K�+���������H�����c 
3404 296 2.778 2.640 - - - 
3373 327 - 2.764 - - - 
3342 358 -  2.504 - - 
3320 380 2.762 2.516 - - - 
3293 407 - 2.470 - - - 
3125 575 2.261 - - - - 
2627 269 - - - - 3.020 
2536 1164 2.560 - - - - 

�k�\�y�a�_�c R�H�G�������H �\���]�j�m�i�i�b�j�h�\�d�Z�o���G2�H�« �G-�H�G����
�K�H�H-�« �G2�H���� �G-�H�G�« �H� �K-N�G�� �I�h�^�h�[�g�u�c��
�w�n�n�_�d�l�� �o�Z�j�Z�d�l�_�j�_�g�� �b�� �^�e�y�� �Z�k�k�h�p�b�Z�l�h�\��
ROH...N �\�� �]�j�m�i�i�b�j�h�\�d�Z�o�� �G2�H�« �G-�H�G����
�G2�H�« �G-N+�G2���� �K�H�H-�« �G2�H�« �G-N+�G2.  
�G�Z�j�y�^�m���k���w�l�b�f���g�Z�[�e�x�^�Z�_�l�k�y���q�_�l�d�h�_���h�l�e�b��
�q�b�_�� �k�b�e�h�\�u�o�� �i�h�k�l�h�y�g�g�u�o�� ���D�G���� �G-�k�\�y�a�_�c����
�k�b�e�h�\�u�o�� �i�h�k�l�h�y�g�g�u�o�� ���D�H�G���� �H�G-�k�\�y�a�_�c�� �\��
�Z�k�k�h�p�b�Z�l�Z�o���� �Z�� �l�Z�d�`�_�� �\�Z�j�b�Z�p�b�c �\�� �m�^�e�b�g�_��
�g�b�b���ûr�H�G �d�h�\�Z�e�_�g�l�g�u�o���k�\�y�a�_�c��  

�A�Z�d�e�x�q�_�g�b�_ 

�I�j�h�\�_�^�_�g�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �Z�^�k�h�j�[�p�b�h�g��
�g�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z��
�©�L�\�_�j�^�Z�y�� �\�h�^�Z�ª�� �k�� �b�g�^�h�e�b�e-3-�m�d�k�m�k�g�h�c��
�d�b�k�e�h�l�h�c���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �\�� �\�h�^�g�u�o�� �b��
�\�h�^�g�h-�k�i�b�j�l�h�\�u�o�� �j�Z�k�l�\�h�j�Z�o�� �b�g�^�h�e�b�e-3-
�m�d�k�m�k�g�Z�y�� �d�b�k�e�h�l�Z�� ���B�M�D���� �i�j�h�l�h�g�b�j�m�_�l�� �k��
�h�[�j�Z�a�h�\�Z�g�b�_�f�� �d�Z�l�b�h�g�h�\���� �[�b�i�h�e�y�j�g�u�o��
�b�h�g�h�\���b���Z�g�b�h�g�h�\�����I�j�_�^�k�l�Z�\�e�_�g�u���w�e�_�d�l�j�h�g��
�g�u�_�� �k�i�_�d�l�j�u�� �\�u�r�_�g�Z�a�\�Z�g�g�u�o�� �b�h�g�g�u�o��
�n�h�j�f�� �B�M�D���� �I�j�b�\�_�^�_�g�u�� �m�k�e�h�\�b�y�� �k�b�g�l�_�a�Z��
�k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���� �k�i�h�k�h�[�g�h�]�h�� �i�h�]�e�h�s�Z�l�v��
�\�h�^�m�����\���k�h�h�l�g�h�r�_�g�b�b�����������^�f3 �g�Z�������d�]���i�h�e�b��
�f�_�j�Z�����Z���l�Z�d�`�_���^�Z�g�g�u�_���i�h���g�Z�e�b�q�b�x���n�m�g�d�p�b��

�h�g�Z�e�v�g�u�o���]�j�m�i�i���\���k�h�j�[�_�g�l�_�����d�h�l�h�j�u�_���k�i�h��
�k�h�[�g�u���\�k�l�m�i�Z�l�v���\���j�_�Z�d�p�b�b���b�h�g�g�h�]�h���h�[�f�_�g�Z��
�\�� �\�b�^�_�� �d�Z�l�b�h�g�h�\���� �p�\�b�l�l�_�j-�b�h�g�h�\�� �b�� �Z�g�b�h��
�g�h�\�����J�Z�k�k�f�h�l�j�_�g�u���\�Z�j�b�Z�g�l�u���k�h�j�[�p�b�h�g�g�h�]�h��
�i�h�]�e�h�s�_�g�b�y���p�\�b�l�l�_�j-�b�h�g�Z���B�M�D�“ �n�j�Z�]�f�_�g��
�l�Z�f�b�� �f�Z�l�j�b�p�u �k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���� �b�f�_�x��
�s�b�f�b�� �\�� �k�l�j�m�d�l�m�j�_�� �©�Z�f�b�^�g�u�_�� ���� �K�H�H�G�ª-
�]�j�m�i�i�b�j�h�\�d�b���b���©�Z�f�b�g�g�u�_�������K�H�H�G�ª���]�j�m�i��
�i�b�j�h�\�d�b���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�h�]�e�h�s�_�g�b�_��
�B�M�D�“ �^�Z�g�g�u�f�b�� �n�j�Z�]�f�_�g�l�Z�f�b�� �i�h�e�b�f�_�j�Z��
�y�\�e�y�_�l�k�y�� �k�m�f�f�Z�j�g�u�f�� �b�� �f�h�`�_�l�� �k�h�h�l�\�_�l��
�k�l�\�h�\�Z�l�v�� �a�Z�d�h�g�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �k�h�]�e�Z�k�g�h��
�k�o�_�f�Z�f�����������b������������ 

 

(10) 

�I�j�_�^�e�h�`�_�g�u�� �\�_�j�h�y�l�g�u�_�� �f�_�o�Z�g�b�a�f�u��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �B�M�D�“ �k�� �n�m�g�d�p�b�h�g�Z�e�v��
�g�u�f�b���]�j�m�i�i�Z�f�b���k�m�i�_�j�Z�[�k�h�j�[�_�g�l�Z���k���h�[�j�Z��
�a�h�\�Z�g�b�_�f�� �Z�k�k�h�p�b�Z�l�h�\���K�H�H-�« �G2�H����
�G2�H�« �G-N+�G2���� �K�H�H-�« �G2�H�« �G-N+�G2, �G-
�H�G�« �H� �K-N�G�����I�j�_�^�e�h�`�_�g�g�u�_���f�_�o�Z�g�b�a�f�u��
�g�Z�r�e�b�� �i�h�^�l�\�_�j�`�^�_�g�b�_�� �\�� �^�Z�g�g�u�o�����i�h�e�m��
�q�_�g�g�u�f�� �f�_�l�h�^�h�f�� �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b����
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�I�j�_�^�k�l�Z�\�e�_�g�u�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�_�� �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�b�� �\�h�^�h�j�h�^�g�u�o�� �k�\�y�a�_�c�� �\�� �\�u��
�r�_�i�j�b�\�_�^�_�g�g�u�o �Z�k�k�h�p�b�Z�l�Z�o 
�©�B�M�D�“-�\�h�^�Z �± �k�h�j�[�_�g�l�ª�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o���g�_�l�� �b�a��

�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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Abstract. The composition of fatty acids (FA), triacylglycerols (TAG), and differential scanning calorimetry 
(DSC) were studied by the GC method, the thermophysical properties of butter were determined, and the rela-
tionship between the results obtained by these methods was traced. The dynamics of the oxidation of butter by 
atmospheric oxygen at room temperature has been studied using a set of certified chromatographic techniques, 
an alternative technique based on the DSC method, as well as chemical methods for determining integral oxi-
dation indices (determination of peroxide, anisidine and acid numbers). The objects of the study were samples 
of butter produced from the milk of cows of Holstein, Montbilliard and Jersey breeds, which are bred in the 
south of the Voronezh region. It was found that the composition of LC and TAG for 18 days of storage at room 
temperature remains within the normalized ranges, at the same time, the formation of oxidation products is 
recorded by all methods used. The relatively better storage capacity of butter from milk of the Holstein breed 
has been established in comparison with butter from milk of cows of the Montbilliard and Jersey breeds. 
Keywords: cow's milk fat, storage capacity, oxidative damage, gas-liquid chromatography, differential scan-
ning calorimetry, peroxide number, anisidine number, acid number. 
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�<�\�_�^�_�g�b�_ 

�G�Z �o�j�Z�g�b�f�h�k�i�h�k�h�[�g�h�k�l�v �k�e�b�\�h�q�g�h�]�h 
�f�Z�k�e�Z �\�e�b�y�_�l �f�g�h�`�_�k�l�\�h �n�Z�d�l�h�j�h�\ [1-5]. 
�K�e�b�\�h�q�g�h�_ �f�Z�k�e�h�� �\ �q�Z�k�l�g�h�k�l�b�� �b�f�_�_�l �a�g�Z��
�q�b�l�_�e�v�g�m�x �k�d�e�h�g�g�h�k�l�v �d �h�d�b�k�e�_�g�b�x �d�b�k��
�e�h�j�h�^�h�f �\�h�a�^�m�o�Z�� �Z �]�e�m�[�b�g�Z �i�j�h�p�_�k�k�h�\ 
�h�d�b�k�e�_�g�b�y �a�Z�\�b�k�b�l �h�l �d�h�g�d�j�_�l�g�u�o �m�k�e�h��
�\�b�c �o�j�Z�g�_�g�b�y �b�e�b �i�_�j�_�j�Z�[�h�l�d�b�� �h�l �\�g�_�k�_��
�g�b�y �\ �k�e�b�\�h�q�g�h�_ �f�Z�k�e�h �^�h�[�Z�\�h�d �l�_�o �b�e�b 
�b�g�u�o �g�Z�l�m�j�Z�e�v�g�u�o �b�e�b �k�b�g�l�_�l�b�q�_�k�d�b�o �Z�g��
�l�b�h�d�k�b�^�Z�g�l�h�\�� �H�p�_�g�d�m �k�l�_�i�_�g�b �h�d�b�k�e�_�g�b�y 
�k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z �f�h�`�g�h �h�k�m�s�_�k�l�\�b�l�v 
�j�Z�a�e�b�q�g�u�f�b �Z�g�Z�e�b�l�b�q�_�k�d�b�f�b �f�_�l�h�^�Z�f�b�� 
�g�h �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �h�i�j�_�^�_�e�y�x�l �i�_�j�_��
�d�b�k�g�h�_ �q�b�k�e�h�� �d�b�k�e�h�l�g�h�_ �q�b�k�e�h�� Totox-
�q�b�k�e�h�� �Z�g�b�a�b�^�b�g�h�\�h�_ �b �l�b�h�[�Z�j�[�b�l�m�j�h�\�h�_ 
�q�b�k�e�h [2]. �W�l�b �b�g�l�_�]�j�Z�e�v�g�u�_ �i�h�d�Z�a�Z�l�_�e�b 
�o�Z�j�Z�d�l�_�j�b�a�m�x�l �l�h�e�v�d�h �g�Z�e�b�q�b�_ �b �d�h�e�b�q�_��
�k�l�\�h �h�[�j�Z�a�h�\�Z�\�r�b�o�k�y �n�m�g�d�p�b�h�g�Z�e�v�g�u�o 
�]�j�m�i�i �\ �i�j�h�^�m�d�l�Z�o �h�d�b�k�e�_�g�b�y�� �<�f�_�k�l�_ �k 
�l�_�f �i�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k �g�Z�k�d�h�e�v�d�h �k�l�Z��
�[�b�e�v�g�u�f �\ �i�j�h�p�_�k�k�_ �o�j�Z�g�_�g�b�y �h�k�l�Z�_�l�k�y 
�k�h�^�_�j�`�Z�g�b�_ �h�k�g�h�\�g�u�o �d�h�f�i�h�g�_�g�l�h�\ �`�b��
�j�h�\�h�c �n�Z�a�u �k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z�� �\�u�j�Z�[�h��
�l�Z�g�g�h�]�h �b�a �f�h�e�h�d�Z �d�h�j�h�\ �j�Z�a�g�u�o �i�h�j�h�^�� 
�<�Z�`�g�u�f �k�\�h�c�k�l�\�h�f �k �l�h�q�d�b �a�j�_�g�b�y �l�_�o�g�h��
�e�h�]�b�b �i�_�j�_�j�Z�[�h�l�d�b �f�h�e�h�d�Z �y�\�e�y�_�l�k�y 
�l�Z�d�`�_ �k�l�Z�[�b�e�v�g�h�k�l�v �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d �`�b�j�h�\�h�c �n�Z�a�u �i�j�b �o�j�Z�g�_�g�b�b 

�k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z�� �G�Z �w�l�b �\�h�i�j�h�k�u�� �i�h��
�f�b�f�h �k�l�Z�g�^�Z�j�l�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �i�j�b�\�_��
�^�_�g�g�u�o �\�u�r�_ �q�b�k�_�e�� �f�h�`�_�l �h�l�\�_�l�b�l�v 
�l�h�e�v�d�h �d�h�f�i�e�_�d�k�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �f�_�l�h��
�^�Z�f�b �=�@�O �b �>�K�D�� 

�P�_�e�v �j�Z�[�h�l�u - �b�k�k�e�_�^�h�\�Z�l�v �h�[�j�Z�a�p�u 
�k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z�� �i�j�b�]�h�l�h�\�e�_�g�g�h�]�h �b�a 
�g�Z�l�m�j�Z�e�v�g�h�]�h �f�h�e�h�q�g�h�]�h �`�b�j�Z �[�_�a �\�g�_�k�_��
�g�b�y �d�Z�d�b�o-�e�b�[�h �Z�g�l�b�h�d�k�b�^�Z�g�l�h�\�� �g�Z �o�j�Z��
�g�b�f�h�k�i�h�k�h�[�g�h�k�l�v �\ �m�k�e�h�\�b�y�o �o�j�Z�g�_�g�b�y 
�i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �f�_�l�h�^�h�f 
�=�@�O ���Z�l�l�_�k�l�h�\�Z�g�g�u�f�b �f�_�l�h�^�b�d�Z�f�b �h�i�j�_��
�^�_�e�_�g�b�y �`�b�j�g�h-�d�b�k�e�h�l�g�h�]�h �b �l�j�b�]�e�b�p�_��
�j�b�^�g�h�]�h �k�h�k�l�Z�\�Z���� �f�_�l�h�^�h�f �>�K�D �b �o�b�f�b��
�q�_�k�d�b�f �Z�g�Z�e�b�a�h�f ���h�i�j�_�^�_�e�_�g�b�_�f �i�_�j�_�d�b�k��
�g�h�]�h�� �Z�g�b�a�b�^�b�g�h�\�h�]�h �b �d�b�k�e�h�l�g�h�]�h �q�b�k�_�e���� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 

�H�[�t�_�d�l�Z�f�b �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�e�b�k�v �l�j�b 
�h�[�j�Z�a�p�Z �k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z�� �b�a�]�h�l�h�\�e�_�g��
�g�u�_ �b�a �f�h�e�h�d�Z �l�j�_�o �j�Z�a�e�b�q�g�u�o �i�h�j�h�^ �d�h��
�j�h�\�� �]�h�e�r�l�b�g�k�d�Z�y�� �f�h�g�[�_�e�v�y�j�^�k�d�Z�y �b 
�^�`�_�j�k�_�c�k�d�Z�y�� �<�k�_ �h�[�j�Z�a�p�u �f�h�e�h�q�g�h�]�h 
�`�b�j�Z �i�h�e�m�q�_�g�u �\ �P�D�I �©�B�k�i�u�l�Z�l�_�e�v�g�u�c 
�P�_�g�l�j�ª �<�=�M�B�L �b�a �k�u�j�h�]�h �f�h�e�h�d�Z �j�Z�a�e�b�q��
�g�u�o �o�h�a�y�c�k�l�\ �<�h�j�h�g�_�`�k�d�h�c �h�[�e�Z�k�l�b �i�j�b 
�d�h�g�l�j�h�e�_ �d�Z�`�^�h�c �^�h�c�d�b�� �F�h�e�h�d�h �k�_�i�Z�j�b��
�j�h�\�Z�e�h�k�v �g�Z �[�u�l�h�\�h�f �k�_�i�Z�j�Z�l�h�j�_ �©�J�h�l�h�j�ª 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 40-�����ƒ�K�� �k �i�h�e�m�q�_�g�b�_�f 
�k�e�b�\�h�d �b �h�[�j�Z�l�Z�� �K�h�h�l�g�h�r�_�g�b�_ �h�[�t�_�f�Z 
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�k�e�b�\�h�d �b �h�[�_�a�`�b�j�_�g�g�h�]�h �f�h�e�h�d�Z ���h�[�j�Z�l�Z�� 
1:7.5. �K�e�b�\�h�q�g�h�_ �f�Z�k�e�h �i�h�e�m�q�Z�e�b �f�_�l�h��
�^�h�f �k�[�b�\�Z�g�b�y �b�a �k�e�b�\�h�d�� �h�o�e�Z�`�^�_�g�g�u�o �\ 
�[�u�l�h�\�h�f �o�h�e�h�^�b�e�v�g�b�d�_ �^�h ���ƒ�& �b �i�h�k�e�_�^�m��
�x�s�b�f �h�l�^�_�e�_�g�b�_�f �`�b�j�h�\�h�c �n�Z�a�u �h�l 
�i�Z�o�l�u �i�j�h�f�u�\�Z�g�b�_�f �e�_�^�y�g�h�c �\�h�^�h�c�� 

�=�Z�a�h�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �h�i�j�_�^�_�e�_�g�b�y 
�`�b�j�g�h-�d�b�k�e�h�l�g�h�]�h �b �l�j�b�]�e�b�p�_�j�b�^�g�h�]�h �k�h��
�k�l�Z�\�Z �Z�l�l�_�k�l�h�\�Z�g�g�u�f�b �f�_�l�h�^�b�d�Z�f�b �h�k�m��
�s�_�k�l�\�e�y�e�b �i�h �=�H�K�L 31663-2012, �=�H�K�L 
32261-2013, �=�H�K�L 33490-2015, �=�H�K�L ISO 
17678-2015 �b �=�H�K�L �J 70238-2022.  

�I�_�j�_�d�b�k�g�h�_ �q�b�k�e�h �h�i�j�_�^�_�e�y�e�b �i�h 
�=�H�K�L ISO 27107-2016, �Z�g�b�a�b�^�b�g�h�\�h�_ �± �i�h 
�=�H�K�L �J 31756-2012, �Z �d�b�k�e�h�l�g�h�_ �q�b�k�e�h �± 
�i�h �=�H�K�L �J 50457-92. 

�B�a�f�_�j�_�g�b�y �f�_�l�h�^�h�f �>�K�D �i�j�h�\�h�^�b�e�b�k�v 
�g�Z �i�j�b�[�h�j�_ �k�b�g�o�j�h�g�g�h�]�h �l�_�j�f�b�q�_�k�d�h�]�h 
�Z�g�Z�e�b�a�Z STA 449 F3 Jupiter. �I�j�_�^�\�Z�j�b��
�l�_�e�v�g�h �i�j�h�\�h�^�b�e�Z�k�v �d�Z�e�b�[�j�h�\�d�Z E-�k�_�g��
�k�h�j�Z �i�h �l�_�f�i�_�j�Z�l�m�j�_ �b �w�g�l�Z�e�v�i�b�b�� �k�g�y�l�u�o 
�k �d�Z�e�b�[�j�h�\�h�q�g�u�o �\�_�s�_�k�l�\ (In, Bi, Zn). �H�[��
�j�Z�a�_�p �f�Z�k�k�h�c 20-30 �f�] �\ �j�Z�k�i�e�Z�\�e�_�g�g�h�f 
�k�h�k�l�h�y�g�b�b �i�h�f�_�s�Z�e�k�y �\ �Z�e�x�f�b�g�b�_�\�u�c �l�b��
�]�_�e�v �\�f�_�k�l�b�f�h�k�l�v�x 30 �f�d�e�� �g�Z�d�j�u�\�Z�e�k�y 
�Z�e�x�f�b�g�b�_�\�h�c �d�j�u�r�d�h�c �b �i�h�f�_�s�Z�e�k�y �\ 
�y�q�_�c�d�m �^�e�y �h�[�j�Z�a�p�Z �g�Z �k�_�g�k�h�j�_ �i�j�b�[�h�j�Z�� 
�>�K�D �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �i�h �k�e�_�^�m�x��
�s�_�c �l�_�f�i�_�j�Z�l�m�j�g�h�c �i�j�h�]�j�Z�f�f�_�� 1) �g�Z�]�j�_�\ 
�h�l �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �^�h �����ƒ�& �^�e�y 
�i�h�e�g�h�]�h �j�Z�k�i�e�Z�\�e�_�g�b�y �f�h�e�h�q�g�h�]�h �`�b�j�Z �b 
�k�g�y�l�b�y �l�_�i�e�h�\�h�c �i�j�_�^�u�k�l�h�j�b�b�� 2) �b�a�h�l�_�j��
�f�b�q�_�k�d�Z�y �\�u�^�_�j�`�d�Z �i�j�b �����ƒ�& �^�e�y �k�l�Z�[�b��
�e�b�a�Z�p�b�b �i�j�b�[�h�j�Z ���k �i�Z�j�Z�e�e�_�e�v�g�h�c �i�h�^�Z��
�q�_�c �`�b�^�d�h�]�h �Z�a�h�l�Z �\ �j�m�[�Z�r�d�m �i�_�q�b�� 3) 
�h�o�e�Z�`�^�_�g�b�_ �k�h �k�d�h�j�h�k�l�v�x 5 �D���f�b�g �^�h �l�_�f��
�i�_�j�Z�l�m�j�u -�������ƒ�& �^�e�y �i�h�e�g�h�c �d�j�b�k�l�Z�e�e�b�a�Z��
�p�b�b �h�[�j�Z�a�p�Z�� �Z �l�Z�d�`�_ �b�k�d�e�x�q�_�g�b�y �\�e�b�y�g�b�y 
�b�g�_�j�p�b�h�g�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �j�Z�[�h�l�u �i�_�q�b 
�i�j�b�[�h�j�Z �g�Z �d�j�b�\�m�x �>�K�D �g�Z �b�g�l�_�j�_�k�m�x��
�s�_�f �g�Z�k �^�b�Z�i�Z�a�h�g�_ �h�l -�����ƒ�K �b �\�u�r�_�� 4) 
�b�a�h�l�_�j�f�b�q�_�k�d�Z�y �\�u�^�_�j�`�d�Z �^�e�y �k�l�Z�[�b�e�b�a�Z��
�p�b�b �i�j�b�[�h�j�Z �k �i�h�^�Z�q�_�c �\ �j�m�[�Z�r�d�m �i�_�q�b 
�`�b�^�d�h�]�h �Z�a�h�l�Z�� 5) �g�Z�]�j�_�\ �^�h �������ƒ�& �k�h �k�d�h��
�j�h�k�l�v�x 5 �]�j�Z�^���f�b�g�� �H�o�e�Z�`�^�_�g�b�_ �k�b�k�l�_�f�u 
�i�j�h�\�h�^�b�e�b �`�b�^�d�b�f �Z�a�h�l�h�f �k �i�h�f�h�s�v�x �k�b��
�k�l�_�f�u �K�K�������� �B�a�f�_�j�_�g�b�y �\�u�i�h�e�g�y�e�b �\ �Z�l��

�f�h�k�n�_�j�_ �h�k�h�[�h �q�b�k�l�h�]�h �]�_�e�b�y (6 �d�e�Z�k�k�� ���j�Z�k��
�o�h�^ �i�j�h�^�m�\�h�q�g�h�]�h �]�Z�a�Z �± 50 �k�f3���f�b�g�� �j�Z�k�o�h�^ 
�a�Z�s�b�l�g�h�]�h �]�Z�a�Z �± 10 �k�f3���f�b�g�� 

�H�[�k�m�`�^�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ 

�< �l�Z�[�e�� 1-3 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u 
�=�@�O �i�h �h�p�_�g�d�_ �`�b�j�g�h�d�b�k�e�h�l�g�h�]�h �b �l�j�b�]��
�e�b�p�_�j�b�^�g�h�]�h �k�h�k�l�Z�\�Z �h�[�j�Z�a�p�h�\ �k�e�b�\�h�q��
�g�h�]�h �f�Z�k�e�Z �\ �g�Z�q�Z�e�_ �b �\ �d�h�g�p�_ �o�j�Z�g�_�g�b�y �\ 
�l�_�q�_�g�b�_ 18 �k�m�l�h�d �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z��
�l�m�j�_�� �B�a �l�Z�[�e�� 1 �k�e�_�^�m�_�l�� �q�l�h �k�h�k�l�Z�\ �h�k�g�h�\��
�g�u�o �@�D �\�h �\�k�_�o 3 �h�[�j�Z�a�p�Z�o �i�j�Z�d�l�b�q�_�k�d�b 
�g�_ �f�_�g�y�_�l�k�y ���k�h�^�_�j�`�Z�g�b�_ �h�k�g�h�\�g�u�o �@�D 
�b�e�b �b�o �k�h�h�l�g�h�r�_�g�b�y �g�_ �\�h�a�j�Z�k�l�Z�x�l �b �g�_ 
�m�f�_�g�v�r�Z�x�l�k�y �\ �i�j�_�^�_�e�Z�o �g�h�j�f�b�j�m�_�f�h�c 
�i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y�� �i�j�b �o�j�Z�g�_�g�b�b 
�\ �l�_�q�_�g�b�_ 18 �k�m�l�h�d �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_��
�j�Z�l�m�j�_ �b �k�h�h�l�\�_�l�k�l�\�m�x�l �g�h�j�f�_ �i�h �=�H�K�L 
32261-2013, �\ �l�h�`�_ �\�j�_�f�y �h�[�j�Z�s�Z�_�l �g�Z 
�k�_�[�y �\�g�b�f�Z�g�b�_�� �q�l�h �g�Z 7 % �\�h�a�j�Z�k�l�Z�_�l �d�h��
�e�b�q�_�k�l�\�h �l�Z�d �g�Z�a�u�\�Z�_�f�u�o �©�i�j�h�q�b�o�ª �`�b�j��
�g�u�o �d�b�k�e�h�l �m �^�\�m�o �h�[�j�Z�a�p�h�\ �f�Z�k�e�Z�� �q�l�h 
�f�h�`�_�l �]�h�\�h�j�b�l�v �h �l�h�f�� �q�l�h �i�j�h�p�_�k�k �h�d�b�k��
�e�_�g�b�y �f�h�`�g�h �a�Z�f�_�l�b�l�v �i�j�b �Z�g�Z�e�b�a�_ �k�h��
�k�l�Z�\�Z �@�D�� �G�h�j�f�b�j�m�_�f�u�_ �=�H�K�L 32261-
2013 �k�h�h�l�g�h�r�_�g�b�y �@�D �\ �l�_�q�_�g�b�_ 18 �k�m�l�h�d 
�^�e�y �\�k�_�o 3-�o �h�[�j�Z�a�p�h�\ �l�Z�d�`�_ �g�_ �i�j�_�l�_�j�i�_��
�\�Z�x�l �k�m�s�_�k�l�\�_�g�g�u�o �b�a�f�_�g�_�g�b�c ���l�Z�[�e��������  

�<�� �l�Z�[�e���� ���� �i�j�_�^�k�l�Z�\�e�_�g�� �k�h�k�l�Z�\�� �n�j�Z�d�p�b�c��
�l�j�b�Z�p�b�e�]�e�b�p�_�j�b�g�h�\�� �KN���� �]�^�_��N �± �k�m�f�f�Z��
�Z�l�h�f�h�\���K���\���Z�p�b�e�v�g�u�o �n�j�Z�]�f�_�g�l�Z�o���L�:�=���h�[��
�j�Z�a�p�h�\�� �f�h�e�h�q�g�h�]�h�� �`�b�j�Z���� �N�j�Z�d�p�b�b�� �KN, 
�h�i�j�_�^�_�e�y�_�f�u�_�� �f�_�l�h�^�h�f�� �=�@�O���� �g�_�� �m�q�b�l�u��
�\�Z�_�l���k�l�j�h�_�g�b�_���L�:�=�����Z���\���l�Z�[�e���������^�Z�g�h���\�_�j�h��
�y�l�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �Z�p�b�e�v�g�u�o�� �h�k�l�Z�l�d�h�\��
�\�h���n�j�Z�d�p�b�y�o���L�:�=�����D�Z�d���\�b�^�g�h���b�a���=�@�O-�o�j�h��
�f�Z�l�h�]�j�Z�f�f�u�����j�b�k���������b���^�Z�g�g�u�o���l�Z�[�e���� �������\�_��
�j�h�y�l�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_���L�:�=���i�h���n�j�Z�d�p�b�y�f��
���l�Z�[�e���� ������ �o�h�j�h�r�h�� �k�h�]�e�Z�k�m�_�l�k�y �k�� �w�d�k�i�_�j�b��
�f�_�g�l�Z�e�v�g�u�f�b���^�Z�g�g�u�f�b�� 

�H�k�l�Z�l�d�b���g�_�g�Z�k�u�s�_�g�g�u�o���d�b�k�e�h�l�����K������������
�K������������ �K�������������� �k�m�^�y�� �i�h�� �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�f��
���j�b�k���������b���\�_�j�h�y�l�g�h�f�m���j�Z�k�i�j�_�^�_�e�_�g�b�x���Z�p�b��
�e�h�\�� �i�h�� �n�j�Z�d�p�b�y�f�� ���l�Z�[�e���� �������� �k�d�h�j�_�_�� �\�k�_�]�h����
�k�h�k�j�_�^�h�l�h�q�_�g�u���\�� �L�:�=�� �K����-�K�������� �K����-�K��������
�B�f�_�g�g�h���h�g�b���i�h�^�\�_�j�`�_�g�u���f�y�]�d�h�f�m���h�d�b�k�e�_��
�g�b�x�� �d�b�k�e�h�j�h�^�h�f�� �\�h�a�^�m�o�Z�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f��
�g�Z���g�Z�q�Z�e�v�g�u�f���k�l�Z�^�b�y�o���]�b�^�j�h�i�_�j�h�d�k�b�^�g�u�o�� 
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�L�Z�[�e�b�p�Z���������@�b�j�g�h�d�b�k�e�h�l�g�u�c���k�h�k�l�Z�\���h�[�j�Z�a�p�h�\���k�e�b�\�h�q�g�h�]�h���f�Z�k�e�Z���������h�l�g�������i�j�b���o�j�Z�g�_�g�b�b�������b���������k�m�l�h�d 
Table 1. Fatty acid composition of butter samples (% rel.) during storage for 0 and 18 days 

�@�b�j�g�Z�y���d�b�k�e�h�l�Z 

�G�h�j�f�Z���i�h��
�=�H�K�L��
32261-
2013 

1-�_���k�m�l�d�b 18-�_���k�m�l�d�b 

1 2 3 1 2 3 

�F�Z�k�e�y�g�Z�y�����K�������� 2.4-4.2 3.03 3.09 3.17 3.05 3.05 3.21 
�D�Z�i�j�h�g�h�\�Z�y�����K�������� 1.5-3.0 2.19 2.14 2.47 2.19 2.09 2.46 
�D�Z�i�j�b�e�h�\�Z�y�����K�������� 1.0-2.0 1.10 1.08 1.25 1.09 1.06 1.24 
�D�Z�i�j�b�g�h�\�Z�y�����K���������� 2.0-3.8 2.43 2.31 2.76 2.38 2.28 2.71 
�>�_�p�_�g�h�\�Z�y ���K���������� 0.2-0.4 0.30 0.24 0.32 0.29 0.23 0.32 
�E�Z�m�j�b�g�h�\�Z�y�����K���������� 2.0-4.4 3.29 3.27 3.71 3.31 3.24 3.66 
�F�b�j�b�k�l�b�g�h�\�Z�y�����K���������� 8.0-13.0 10.99 9.75 10.91 10.91 9.63 10.71 
�F�b�j�b�k�l�h�e�_�b�g�h�\�Z�y�����K���������� 0.6-1.5 1.17 0.75 1.04 1.17 0.74 1.02 
�I�Z�e�v�f�b�l�b�g�h�\�Z�y�����K���������� 21.0-33.0 34.79 32.14 35.29 34.35 31.93 34.71 
�I�Z�e�v�f�b�l�h�e�_�b�g�h�\�Z�y�����K���������� 1.5-2.4 2.01 1.94 1.72 2.00 1.95 1.71 
�K�l�_�Z�j�b�g�h�\�Z�y�����K���������� 8.0-13.5 8.54 9.49 10.44 8.74 9.62 10.48 
�H�e�_�b�g�h�\�Z�y�����K���������� 20.0-32.0 22.28 25.87 19.27 22.24 26.09 19.35 
�E�b�g�h�e�_�\�Z�y�����K���������� 2.2-5.5 2.50 2.36 2.05 2.52 2.43 2.15 
�E�b�g�h�e�_�g�h�\�Z�y�����K���������� �>�h�������� 0.38 0.38 0.31 0.41 0.45 0.46 
�:�j�Z�o�b�g�h�\�Z�y�����K���������� �>�h�������� 0.14 0.16 0.16 0.14 0.16 0.20 
�;�_�]�_�g�h�\�Z�y�����K���������� �>�h�������� 0.010 0.004 0.005 0.003 0.003 0.002 
�I�j�h�q�b�_���`�b�j�g�u�_���d�b�k�e�h�l�u 4.0-6.5 4.85 5.04 5.12 5.21 5.03 5.61 
�I�j�b�f�_�q�Z�g�b�_���� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v�� �“���������� �h�l�g���� �H�[�j�Z�a�p�u�� �k�e�b�\�h�q�g�h�]�h�� �f�Z�k�e�Z���� �����± �]�h�e�r�l�b�g�k�d�Z�y�� �i�h�j�h�^�Z���� 
2 �± �f�h�g�[�_�e�v�y�j�^�k�d�Z�y���i�h�j�h�^�Z���������± �^�`�_�j�k�_�c�k�d�Z�y���i�h�j�h�^�Z�� 

 

�L�Z�[�e�b�p�Z�����������K�h�h�l�g�h�r�_�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�c���`�b�j�g�u�o���d�b�k�e�h�l���k�e�b�\�h�q�g�u�o���f�Z�k�_�e 
Table 2. Ratios of fatty acid concentrations in butter 

�K�h�h�l�g�h�r�_�g�b�_���@�D 

�G�h�j�f�Z���i�h��
�=�H�K�L��
32261-
2013 

1-�_���k�m�l�d�b 18-�_���k�m�l�d�b 

1 2 3 1 2 3 

�K�����������K�������� 5.8-14.5 10.6 9.8 9.5 10.4 9.9 9.5 
�K�����������K�������� 1.9-5.9 2.6 2.9 2.8 2.6 3.0 2.9 
�K�����������K�������� 1.6-3.6 2.0 2.7 1.8 2.0 2.7 1.8 
�K�����������K�������� 0.1-0.5 0.2 0.2 0.2 0.2 0.3 0.2 

�����K�����������K����������____________ 
�����K�����������K�����������K�����������K���������� 0.4-0.7 0.4 0.5 0.4 0.4 0.5 0.4 

 

�L�Z�[�e�b�p�Z���������L�j�b�]�e�b�p�_�j�b�^�g�u�c �k�h�k�l�Z�\���f�h�e�h�q�g�h�]�h���`�b�j�Z�����f�Z�k�k������ 
Table 3. Triglyceride composition of milk fat, mass%. 

�N�j�Z�d�p�b�y���L�:�=�� �KN 
�G�h�j�f�Z���i�h��

�=�H�K�L��
32261-2013 

1-�_���k�m�l�d�b 18-�_���k�m�l�d�b 

1 2 3 1 2 3 

1 2 3 4 5 6 7 8 
�K���� 0.15-0.39 0.33 0.29 0.33 0.41 0.16 0.25 
�K���� 0.51-1.05 0.87 0.91 0.88 0.86 0.72 0.72 
�K���� 0.76-1.19 0.80 0.86 0.85 0.77 0.79 0.82 
�K���� 1.27-1.78 1.25 1.33 1.34 1.23 1.25 1.31 
�K���� 2.54-3.34 2.23 2.47 2.44 2.33 2.51 2.55 
�K���� 4.01-8.02 4.85 5.00 5.13 5.01 5.12 5.13 
�K���� 9.08-14.01 10.61 10.81 11.81 10.68 10.95 11.51 
�K���� 11.04-15.09 10.71 11.38 12.01 10.76 11.53 11.79 
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1 2 3 4 5 6 7 8 
�K���� 9.02-13.01 8.33 8.82 9.39 8.41 8.95 9.26 
�K���� 6.57-7.57 6.62 6.32 7.63 6.67 6.43 7.51 
�K���� 4.52-7.04 8.09 7.13 8.61 8.1 7.31 8.63 
�K���� 5.01-6.59 8.98 7.44 8.4 8.95 7.70 8.80 
�K���� 6.51-10.04 12.63 10.73 10.8 12.49 10.89 11.33 
�K���� 8.06-12.08 13.31 13.22 11.56 13.08 13.35 11.82 
�K���� 7.08-11.02 8.70 10.74 7.46 8.53 9.76 7.30 
�K���� 2.01-4.07 1.68 2.54 1.35 1.67 2.56 1.27 

�I�j�b�f�_�q�Z�g�b�_���� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v�� �“���������� �h�l�g���� �H�[�j�Z�a�p�u�� �k�e�b�\�h�q�g�h�]�h�� �f�Z�k�e�Z���� �����± �]�h�e�r�l�b�g�k�d�Z�y�� �i�h�j�h�^�Z�� 
2 �± �f�h�g�[�_�e�v�y�j�^�k�d�Z�y���i�h�j�h�^�Z����3 �± �^�`�_�j�k�_�c�k�d�Z�y���i�h�j�h�^�Z�� 

 
�J�b�k�����������L�b�i�b�q�g�Z�y���=�@�O-�o�j�h�f�Z�l�h�]�j�Z�f�f�Z���L�:�=���f�h�e�h�q�g�h�]�h���`�b�j�Z 

Fig. 1. Typical GLC chromatogram of milk fat TAG 
 

�L�Z�[�e�b�p�Z���������G�Z�b�[�h�e�_�_���\�_�j�h�y�l�g�u�_���d�h�f�[�b�g�Z�p�b�b���k�h�k�l�Z�\�Z���`�b�j�g�u�o���d�b�k�e�h�l���\�h���n�j�Z�d�p�b�y�o���L�:�=�� 
Table 4. The most probable combinations of fatty acid composition in TAG fractions 

 
 

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

�g�_�g�Z�k�u�s�_�g�g�u�o �d�b�k�e�h�l ���K���������� �K���������� 
�K������������ �k�m�^�y �i�h �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�f ���j�b�k������ �b 
�\�_�j�h�y�l�g�h�f�m �j�Z�k�i�j�_�^�_�e�_�g�b�x �Z�p�b�e�h�\ �i�h 
�n�j�Z�d�p�b�y�f ���l�Z�[�e�� 4), �k�d�h�j�_�_ �\�k�_�]�h�� �k�h�k�j�_��
�^�h�l�h�q�_�g�u �\ �L�:�= �K����-�K������ �K����-�K������ 
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�B�f�_�g�g�h �h�g�b �i�h�^�\�_�j�`�_�g�u �f�y�]�d�h�f�m �h�d�b�k��
�e�_�g�b�x �d�b�k�e�h�j�h�^�h�f �\�h�a�^�m�o�Z �k �h�[�j�Z�a�h�\�Z��
�g�b�_�f �g�Z �g�Z�q�Z�e�v�g�u�f �k�l�Z�^�b�y�o �]�b�^�j�h�i�_�j�h�d��
�k�b�^�g�u�o �i�j�h�b�a�\�h�^�g�u�o�� �a�Z�l�_�f �^�b�h�e�v�g�u�o 
�]�j�m�i�i �i�h �f�_�k�l�m �g�Z�o�h�`�^�_�g�b�y �^�\�h�c�g�h�c 
�k�\�y�a�b�� �d�h�l�h�j�u�_ �\�i�h�k�e�_�^�k�l�\�b�b �j�\�m�l�k�y �k �h�[��
�j�Z�a�h�\�Z�g�b�_�f �Z�e�v�^�_�]�b�^�g�u�o �]�j�m�i�i�� �h�[�j�Z�a�m�x��
�s�b�o �\ �k�\�h�x �h�q�_�j�_�^�v �d�Z�j�[�h�d�k�b�e�v�g�u�_ 
�]�j�m�i�i�u�� �:�e�v�^�_�]�b�^�g�u�_ �]�j�m�i�i�u �l�Z�d�`�_ �f�h��
�]�m�l �\�k�l�m�i�Z�l�v �\ �j�Z�a�e�b�q�g�u�_ �j�_�Z�d�p�b�b �d�h�g��
�^�_�g�k�Z�p�b�b�� �G�Z�j�y�^�m �k �^�b�h�e�v�g�u�f�b �n�j�Z�]�f�_�g��
�l�Z�f�b �\�h�a�f�h�`�g�h �h�[�j�Z�a�h�\�Z�g�b�_ �h�d�k�b�j�Z�g�h�\�u�o 
�p�b�d�e�h�\ [6]. �I�h�e�b�g�_�g�Z�k�u�s�_�g�g�u�_ �Z�p�b�e�u 
�h�d�b�k�e�y�x�l�k�y �e�_�]�q�_ �f�h�g�h�g�_�g�Z�k�u�s�_�g�g�u�o�� 
�F�h�`�g�h �i�j�_�^�i�h�e�h�`�b�l�v�� �q�l�h �b�f�_�g�g�h �\ �w�l�b�o 
�n�j�Z�d�p�b�y�o �L�:�= �^�h�e�`�g�u �[�u�l�v �f�Z�d�k�b�f�Z�e�v��
�g�u�_ �b�a�f�_�g�_�g�b�y�� �< �l�h�`�_ �\�j�_�f�y �a�Z 18 �k�m�l�h�d 
�n�j�Z�d�p�b�h�g�g�u�c �k�h�k�l�Z�\ �h�[�j�Z�a�p�h�\ �f�h�e�h�q�g�h�]�h 
�`�b�j�Z�� �d�Z�d �b �@�D�� �b�a�f�_�g�b�e�k�y �g�_�k�m�s�_��
�k�l�\�_�g�g�h�� �h�k�h�[�_�g�g�h �^�e�y �]�h�e�r�l�b�g�k�d�h�c �i�h��
�j�h�^�u�� �k�h�k�l�Z�\ �L�:�= �^�`�_�j�k�_�c�k�d�h�c �i�h�j�h�^�u 
�h�d�Z�a�Z�e�k�y �g�Z�b�[�h�e�_�_ �i�h�^�\�_�j�`�_�g �b�a�f�_�g�_��
�g�b�y�f �i�j�b �o�j�Z�g�_�g�b�b��  

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

�I�j�b �j�Z�a�j�u�\�_ �^�\�h�c�g�u�o �k�\�y�a�_�c �k �h�[�j�Z�a�h��
�\�Z�g�b�_�f �d�h�j�h�l�d�h�p�_�i�h�q�g�u�o �d�Z�j�[�h�g�h�\�u�o 
�d�b�k�e�h�l �f�h�`�g�h �h�`�b�^�Z�l�v �m�\�_�e�b�q�_�g�b�_ �f�Z�k��
�e�y�g�h�c �b �^�j�m�]�b�o �g�b�a�r�b�o �d�b�k�e�h�l�� �d�h�l�h�j�u�_ 
�f�h�]�m�l �\�k�l�m�i�Z�l�v �\ �j�_�Z�d�p�b�x �i�_�j�_�w�l�_�j�b�n�b��
�d�Z�p�b�b�� �\�u�a�u�\�Z�y �j�h�k�l �k�h�^�_�j�`�Z�g�b�y �L�:�= �k 
�f�_�g�v�r�b�f �q�b�k�e�h�f �KN. �< �l�h�`�_ �\�j�_�f�y �h�d�b�k��
�e�_�g�g�u�_ �L�:�= �k�h �k�\�h�[�h�^�g�h�c �d�Z�j�[�h�d�k�b�e�v�g�h�c 
�]�j�m�i�i�h�c �\ �Z�p�b�e�v�g�h�f �n�j�Z�]�f�_�g�l�_�� �b�f�_�y 
�f�_�g�v�r�_�_ �q�b�k�e�h �KN, �f�h�]�m�l �\ �l�h�`�_ �\�j�_�f�y 
�w�e�x�b�j�h�\�Z�l�v�k�y �f�_�^�e�_�g�g�_�_ �a�Z �k�q�_�l �©�y�d�h�j��
�g�h�]�h�ª �w�n�n�_�d�l�Z �]�j�m�i�i�u -�K�H�H�G�� 

�:�g�Z�e�b�a �b�a�f�_�g�_�g�b�y �k�h�k�l�Z�\�Z �L�:�= �i�h 
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�f �^�Z�g�g�u�f ���l�Z�[�e�� 3) 
�i�h�d�Z�a�u�\�Z�_�l�� �q�l�h �g�Z 18 �k�m�l�d�b �d�h�e�b�q�_�k�l�\�h 
�f�b�g�h�j�g�h�c �n�j�Z�d�p�b�b �K���� �\ �k�e�b�\�h�q�g�h�f 
�f�Z�k�e�_ �d�h�j�h�\ �]�h�e�r�l�b�g�k�d�h�c �i�h�j�h�^�u �m�\�_�e�b��
�q�b�\�Z�_�l�k�y �g�Z 20%, �Z �f�h�g�[�_�e�v�y�j�^�k�d�h�c �b 

�^�`�_�j�k�_�c�k�d�h�c �± �g�Z 25-55 % �i�Z�^�Z�_�l�� �q�l�h 
�y�\�g�h �\�u�r�_ �^�_�d�e�Z�j�b�j�m�_�f�h�c �=�H�K�L �i�h�]�j�_�r��
�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �“������ �Z�g�Z�e�h�]�b�q�g�h �\ 
�w�l�b�o �h�[�j�Z�a�p�Z�o �g�Z 8-25% �m�f�_�g�v�r�Z�_�l�k�y �k�h��
�^�_�j�`�Z�g�b�_ �n�j�Z�d�p�b�b �K������ �I�j�b �w�l�h�f �i�j�b��
�f�_�j�g�h �g�Z 5% �\�h�a�j�Z�k�l�Z�_�l �^�h�e�y �n�j�Z�d�p�b�c 
�K����-�K���� �b �g�Z 5-9% �m�f�_�g�v�r�Z�_�l�k�y �^�h�e�y 
�K����-�K������ �K�h�^�_�j�`�Z�g�b�_ �w�l�b�o �n�j�Z�d�p�b�c �\ 
�f�Z�k�e�_ �]�h�e�r�l�b�g�k�d�h�c �i�h�j�h�^�u �h�k�l�Z�_�l�k�y �\ 
�i�j�_�^�_�e�Z�o �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�c �i�j�b�f�_�j�g�h 
�h�^�b�g�Z�d�h�\�h�c�� 

�G�Z�i�j�Z�r�b�\�Z�_�l�k�y �\�u�\�h�^�� �q�l�h �]�Z�a�h�o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�b�f�b �]�h�k�l�b�j�h�\�Z�g�g�u�f�b �f�_�l�h��
�^�b�d�Z�f�b �h�i�j�_�^�_�e�_�g�b�y �@�D �b �L�:�= �a�Z�f�_�l�b�l�v 
�h�d�b�k�e�_�g�b�_ �k�e�b�\�h�q�g�h�]�h �f�Z�k�e�Z �f�h�`�g�h�� �_�k�e�b 
�_�k�l�v �^�Z�g�g�u�_ �^�e�y �k�\�_�`�_�i�j�b�]�h�l�h�\�e�_�g�g�h�]�h 
�h�[�j�Z�a�p�Z�� �H�^�g�h�\�j�_�f�_�g�g�h �f�h�`�g�h �k�^�_�e�Z�l�v 
�\�u�\�h�^�� �q�l�h �o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �f�h�e�h�q�g�h�]�h 
�`�b�j�Z �d�h�j�h�\ �j�Z�a�g�u�o �i�h�j�h�^ �j�Z�a�e�b�q�Z�_�l�k�y �\ 
�i�j�_�^�_�e�Z�o �m�k�l�Z�g�h�\�e�_�g�g�u�o �m�k�j�_�^�g�_�g�g�u�o 
�^�b�Z�i�Z�a�h�g�h�\�� �j�Z�a�e�b�q�b�y �h�[�m�k�e�h�\�e�_�g�u �]�_�g�h�l�b��
�i�b�q�_�k�d�b�f�b ���i�h�j�h�^�Z�� �b �n�_�g�h�l�b�i�b�q�_�k�d�b�f�b 
�n�Z�d�l�h�j�Z�f�b ���m�k�e�h�\�b�y �k�h�^�_�j�`�Z�g�b�y �b �i�b�l�Z��
�g�b�y�� [7,8]. �W�l�b �j�Z�a�e�b�q�b�y �h�l�j�Z�`�Z�x�l�k�y �\ �l�h�f 
�q�b�k�e�_ �g�Z �o�h�^�_ �h�d�b�k�e�b�l�_�e�v�g�u�o �i�j�h�p�_�k�k�h�\�� 

�< �j�Z�[�h�l�Z�o [9,10] �i�h�d�Z�a�Z�g�Z �\�a�Z�b�f�h�k�\�y�a�v 
�f�_�`�^�m �k�h�^�_�j�`�Z�g�b�_�f �@�D �b �L�:�= �\ �f�h�e�h�q��
�g�h�f �`�b�j�_ �b �_�]�h �l�_�i�e�h�n�b�a�b�q�_�k�d�b�f�b �k�\�h�c��
�k�l�\�Z�f�b�� �F�_�l�h�^ �>�K�D �^�h�i�h�e�g�y�_�l �o�j�h�f�Z�l�h��
�]�j�Z�n�b�q�_�k�d�m�x �b�g�n�h�j�f�Z�p�b�x �h�[ �h�k�h�[�_�g�g�h��
�k�l�y�o �k�\�h�c�k�l�\ �f�h�e�h�q�g�h�]�h �`�b�j�Z �j�Z�a�g�u�o �i�h��
�j�h� ̂ �d�h�j�h�\�� �J�Z�k�k�f�h�l�j�b�f �\�h�a�f�h�`�g�h�k�l�b 
�w�l�h�]�h �f�_�l�h�^�Z �\ �d�h�g�l�j�h�e�_ �i�j�h�p�_�k�k�h�\ �h�d�b�k��
�e�_�g�b�y�� 

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�h�^�h�f 
�>�K�D �b�a�f�_�g�_�g�b�y �i�j�h�p�_�k�k�h�\ �i�e�Z�\�e�_�g�b�y �f�h��
�e�h�q�g�h�]�h �`�b�j�Z�� �i�h�e�m�q�_�g�g�h�]�h �b�a �b�k�k�e�_�^�m�_��
�f�u�o �h�[�j�Z�a�p�h�\ �k�e�b�\�h�q�g�u�o �f�Z�k�_�e �i�j�b �o�j�Z��
�g�_�g�b�b �^�h 18 �k�m�l�h�d �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k�� 
2-4. �O�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_ �i�b�d�b �b �w�d�k�l�j�_��
�f�m�f�u �d�j�b�\�h�c �>�K�D �b�k�k�e�_�^�m�_�f�u�o �i�h�j�h�^�u 
�d�h�j�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�� 5.  

�:�g�Z�e�b�a �^�Z�g�g�u�o �>�K�D �i�h�d�Z�a�u�\�Z�_�l�� �q�l�h 
�l�_�f�i�_�j�Z�l�m�j�u�� �i�j�b �d�h�l�h�j�u�o �i�j�h�y�\�e�y�x�l�k�y 
�w�d�k�l�j�_�f�m�f�u �l�_�j�f�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\ �f�h��
�e�h�q�g�h�]�h �`�b�j�Z �j�Z�a�g�u�o �i�h�j�h�^�� �[�e�b�a�d�b �^�j�m�] 
�^�j�m�]�m�� �g�h �b�f�_�x�l�k�y �g�_�d�h�l�h�j�u�_ �h�k�h�[�_�g�g�h��
�k�l�b, �b �\ �a�g�Z�q�_�g�b�y�o �l�_�f�i�_�j�Z�l�m�j�u �w�n�n�_�d�l�Z����
�b���\���^�b�g�Z�f�b�d�_ �b�o���b�a�f�_�g�_�g�b�y ���l�Z�[�e�� �����b��������
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�J�b�k�����������>�K�D���i�e�Z�\�e�_�g�b�y���f�h�e�h�q�g�h�]�h���`�b�j�Z���]�h�e�r�l�b�g�k�d�h�c���i�h�j�h�^�u���d�h�j�h�\���i�j�b���o�j�Z�g�_�g�b�b 

Fig. 2. Melting range of milk fat from Holstein cows during storage 

 
�J�b�k�������������>�K�D���i�e�Z�\�e�_�g�b�y���f�h�e�h�q�g�h�]�h���`�b�j�Z���f�h�g�[�_�e�v�y�j�^�k�d�h�c���i�h�j�h�^�u���d�h�j�h�\���i�j�b���o�j�Z�g�_�g�b�b 

�)�L�J���������'�6�&���P�H�O�W�L�Q�J���R�I���P�L�O�N���I�D�W���R�I���W�K�H���0�R�Q�W�E�p�O�L�D�U�G���E�U�H�H�G���R�I���F�R�Z�V���G�X�U�L�Q�J���V�W�R�U�D�J�H 

 
�J�b�k�����������>�K�D���i�e�Z�\�e�_�g�b�y���f�h�e�h�q�g�h�]�h���`�b�j�Z���^�`�_�j�k�_�c�k�d�h�c���i�h�j�h�^�u���d�h�j�h�\���i�j�b���o�j�Z�g�_�g�b�b 

Fig. 4. Melting range of milk fat of Jersey cow breed during storage 
 

�>�b�Z�i�Z�a�h�g �l�_�f�i�_�j�Z�l�m�j �i�e�Z�\�e�_�g�b�y �h�k��
�g�h�\�g�u�o �n�j�Z�d�p�b�c �f�h�e�h�q�g�h�]�h �`�b�j�Z �k�h�k�l�Z�\��
�e�y�_�l �h�l -40 �^�h �����ƒ�K�� �L�:�= �k �[�h�e�_�_ �\�u�k�h�d�h�c 
�l�_�f�i�_�j�Z�l�m�j�h�c �i�e�Z�\�e�_�g�b�y �j�Z�k�l�\�h�j�y�x�l�k�y �\ 
�j�Z�k�i�e�Z�\�e�_�g�g�u�o �n�j�Z�d�p�b�y�o �k �[�h�e�_�_ �g�b�a�d�h�c 

�l�_�f�i�_�j�Z�l�m�j�h�c �i�e�Z�\�e�_�g�b�y���� �I�b�d�b �b �\�i�Z��
�^�b�g�u�� �h�[�m�k�e�h�\�e�_�g�g�u�_ �w�g�^�h- �b�e�b �w�d�a�h�w�n��
�n�_�d�l�Z�f�b �i�h�e�b�f�h�j�n�g�u�o �i�_�j�_�o�h�^�h�\ �n�b�d�k�b��
�j�m�x�l�k�y �i�j�b �j�Z�a�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o�� �k �j�Z�a��
�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�v�x�� 
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�L�Z�[�e�b�p�Z���������O�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_���l�_�j�f�b�q�_�k�d�b�_���w�n�n�_�d�l�u���g�Z���l�_�j�f�h�]�j�Z�f�f�Z�o���>�K�D���i�e�Z�\�e�_�g�b�y���f�h��
�e�h�q�g�h�]�h���`�b�j�Z���j�Z�a�e�b�q�g�u�o���i�h�j�h�^���d�h�j�h�\���i�j�b���o�j�Z�g�_�g�b�b���h�l�������^�h���������k�m�l�h�d���i�j�b��t �d�h�f�g�Z�l�g�h�c 
Table 5. Characteristic thermal effects on thermograms of DSC melting of milk fat of various breeds 
of cows during storage from 0 to 18 days at room temperature 

�I�h�j�h�^�Z 

�D�h�e-�\�h��
�k�m�l�h�d��
�o�j�Z�g�_��

�g�b�y 

t1 t2 t3 t4 t5 t6 t7 
�I�e�h��
�s�Z�^�v�� 
�>�`���] 

�=�h�e�r�l�b�g�k�d�Z�y 

0 -63.4 -59.3 8.0 10.4 16.5 21.5 33.9 71,00 
4 -63.2 -59.1 7.9 10.3 16.5 21.3 33.4 75,14 
8 -63.2 -59.0 7.8 10.0 16.3 21.1 33.2 70,27 
14 -63.3 -58.8 7.8 10.1 16.3 21.3 33.4 67,34 
18 -63.2 -58.7 8.9 11.0 15.3 20.2 33.9 69,74 

�F�h�g�[�_�e�v�y�j�^��
�k�d�Z�y 

0 -62.4 -58.1 7.0 8.6 15.7 23.5 34.1 69,84 
4 -62.4 -57.9 6.9 8.6 15.5 23.5 34.0 70,32 
8 -62.3 -57.4 7.1 8.7 15.5 23.1 34.1 70,50 
14 -62.3 -57.4 7.3 8.9 15.8 23.1 34.6 73,60 
18 -62.3 -57.6 7.2 8.7 15.7 23.3 34.8 74,07 

�>�`�_�j�k�_�c�k�d�Z�y 

0 -63.4 -60.1 8.9 11.4 17.6 24.2 33.2 77,52 
4 -63.3 -59.5 9.3 11.5 17.8 24.9 34.2 78,29 
8 -63.3 -59.5 9.3 11.5 17.9 24.9 34.3 79,20 
14 -63.2 -59.5 9.4 11.6 18.0 25.9 34.3 80,90 
18 -63.1 -59.1 9.3 11.6 18.0 25.6 34.5 79,12 

�L�b�i���L�:�= UUU UUU USS SSS SSS SSS SSS  
 
�L�Z�[�e�b�p�Z�����������F�Z�l�j�b�p�Z���l�j�_�^�h�\���b�a�f�_�g�_�g�b�y���o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�u�o���l�_�f�i�_�j�Z�l�m�j���g�Z���d�j�b�\�u�o���>�K�D 
Table 6. Matrix of characteristic temperature change patterns on DSC curves 

ti �=�h�e�r�l�b�g�k�d�Z�y���i�h�j�h�^�Z �F�h�g�[�_�e�v�y�j�^�k�d�Z�y���i�h�j�h�^�Z �>�`�_�j�k�_�c�k�d�Z�y���i�h�j�h�^�Z 
1 2 3 4 
t1 

   
t2 

   
t3 

   
t4 
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1 2 3 4 
t5 

   
t6 

   
t7 

   
S 

   

�I�h�e�b�f�h�j�n�g�h�_ �i�h�\�_�^�_�g�b�_ �f�h�e�h�q�g�h�]�h 
�`�b�j�Z  �m�k�e�h�`�g�y�_�l �b�g�l�_�j�i�j�_�l�Z�p�b�x���l�_�j�f�h��
�]�j�Z�f�f�� �i�h�e�m�q�_�g�g�u�o �^�e�y �f�h�e�h�q�g�h�]�h �`�b�j�Z�� 
�<�f�_�k�l�_ �k �l�_�f�� �l�j�b�]�e�b�p�_�j�b�^�g�u�c �k�h�k�l�Z�\ �f�h��
�e�h�q�g�h�]�h �`�b�j�Z�� �k�h�k�l�h�y�s�b�c �b�a �l�j�b�g�_�g�Z�k�u��
�s�_�g�g�u�o (UUU), �f�h�g�h�g�Z�k�u�s�_�g�g�u�o�� �^�b�g�_��
�g�Z�k�u�s�_�g�g�u�o (SUU), �^�b�g�Z�k�u�s�_�g�g�u�o�� �f�h��
�g�h�g�_�g�Z�k�u�s�_�g�g�u�o (SSU) �b �l�j�b�g�Z�k�u�s�_�g��
�g�u�o (SSS) �L�:�= �n�h�j�f�b�j�m�_�l �h�i�j�_�^�_�e�_�g�g�m�x 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o 
�w�n�n�_�d�l�h�\ �g�Z �l�_�j�f�h�]�j�Z�f�f�Z�o �>�K�D�� �L�:�= 
�l�b�i�Z UUU, UUS �i�e�Z�\�y�l�k�y �i�j�b �h�l�j�b�p�Z��
�l�_�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o�� USS �b SSS �± �i�j�b 
�i�h�e�h�`�b�l�_�e�v�g�u�o�� �F�Z�d�k�b�f�m�f�u �i�j�b ti �”-36 
�h�l�g�h�k�y�l [9] �d �n�j�Z�d�p�b�y�f �l�j�b�g�_�g�Z�k�u�s�_�g��
�g�u�o �l�j�b�Z�p�b�e�]�e�b�p�_�j�b�g�h�\ (UUU), �b�f�_�x��
�s�b�o �k�Z�f�u�_ �g�b�a�d�b�_ �L�i�e. �F�Z�d�k�b�f�m�f�u �i�j�b 
ti�•-28.5 �^�h �§ -1.5 �n�h�j�f�b�j�m�x�l�k�y �k�f�_�k�v�x 
�n�j�Z�d�p�b�c �l�j�b�g�_�g�Z�k�u�s�_�g�g�u�o (UUU) �b �^�b��
�g�_�g�Z�k�u�s�_�g�g�u�o�� �f�h�g�h�g�Z�k�u�s�_�g�g�u�o �l�j�b�Z��
�p�b�e�]�e�b�p�_�j�b�g�h�\ (UUU, UUS). �F�Z�d�k�b�f�m�f�u 
�i�j�b ti �h�l -1.5 �^�h 9.0 �h�[�j�Z�a�m�x�l�k�y �i�j�b �i�e�Z�\��
�e�_�g�b�b �n�j�Z�d�p�b�c �f�h�g�h�g�_�g�Z�k�u�s�_�g�g�u�o �l�j�b��
�Z�p�b�e�]�e�b�p�_�j�b�g�h�\ ���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h USS 
�b �d�h�j�h�l�d�h�p�_�i�h�q�_�q�g�u�o SSS), ti �• 9 �h�[�j�Z��
�a�m�x�l SSS. �< �f�h�e�h�q�g�h�f �`�b�j�_ �i�j�_�h�[�e�Z�^�Z�x�l 
USS �b SSS. �< �k�h�h�l�\�_�l�k�l�\�b�b �k �w�l�b�f�b 

�g�Z�[�e�x�^�_�g�b�y�f�b �\ �l�Z�[�e�� 5 �l�_�i�e�h�\�u�_ �w�n��
�n�_�d�l�u �h�l�g�_�k�_�g�u �d �l�h�c �b�e�b �b�g�h�c �n�j�Z�d�p�b�b 
�L�:�= �k �j�Z�a�g�h�c �k�l�_�i�_�g�v�x �g�Z�k�u�s�_�g�g�h�k�l�b�� �< 
�h�l�e�b�q�b�_ �h�l �=�H�K�L 32261-2013, �m�q�b�l�u�\�Z�x��
�s�b�c �l�h�e�v�d�h �q�b�k�e�h �Z�l�h�f�h�\ �K �\ �Z�p�b�e�Z�o�� �l�_�j��
�f�h�]�j�Z�f�f�u �>�K�D �i�h�a�\�h�e�y�x�l �m�q�_�k�l�v �k�l�_��
�i�_�g�v �g�_�g�Z�k�u�s�_�g�g�h�k�l�b�� �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v�� 
�q�l�h �k�l�_�i�_�g�v �g�_�g�Z�k�u�s�_�g�g�h�k�l�b �^�h�e�`�g�Z �k�d�Z��
�a�u�\�Z�l�v�k�y �b �g�Z �\�j�_�f�_�g�Z�o �m�^�_�j�`�b�\�Z�g�b�y�� �b�a��
�\�_�k�l�g�h�� �q�l�h �g�_�g�Z�k�u�s�_�g�g�u�_ �@�D �w�e�x�b�j�m��
�x�l�k�y �[�u�k�l�j�_�_ �\ �m�k�e�h�\�b�y�o �o�j�h�f�Z�l�h�]�j�Z�n�b��
�j�h�\�Z�g�b�y �i�h �=�H�K�L 32261-2013.  

�<�b�^�g�Z �g�_�d�Z�y �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v �l�_�i�e�h��
�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�b�o �^�Z�g�g�u�o�� �I�j�b �g�Z�]�j�_�\�Z�g�b�b �\�g�Z�q�Z�e�_ 
�i�e�Z�\�y�l�k�y �L�:�= �k �d�h�j�h�l�d�h�p�_�i�h�q�_�q�g�u�f�b �b 
�g�_�g�Z�k�u�s�_�g�g�u�f�b �h�k�l�Z�l�d�Z�f�b �`�b�j�g�u�o �d�b�k��
�e�h�l�� �\ �d�h�g�p�_ �± �L�:�= �k �g�Z�k�u�s�_�g�g�u�f�b�� �k�h��
�^�_�j�`�Z�s�b�f�b �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �h�k�l�Z�l�d�b 
�i�Z�e�v�f�b�l�b�g�h�\�h�c �b �k�l�_�Z�j�b�g�h�\�h�c �d�b�k�e�h�l�u�� 
�< �m�k�e�h�\�b�y�o �=�@�O �g�Z�b�[�h�e�_�_ �e�_�l�m�q�b�f�b 
�l�Z�d�`�_ �y�\�e�y�x�l�k�y �L�:�= �k �g�_�g�Z�k�u�s�_�g�g�u�f�b �b 
�d�h�j�h�l�d�b�f�b �h�k�l�Z�l�d�Z�f�b �`�b�j�g�u�o �d�b�k�e�h�l�� 
�L�:�= �l�b�i�Z SSS ���K����-�K������ �m�^�_�j�`�b�\�Z�x�l�k�y �\ 
�d�h�e�h�g�d�_ �f�Z�d�k�b�f�Z�e�v�g�h �^�h�e�]�h�� �G�h �b�a-�a�Z 
�[�h�e�v�r�h�c �\�Z�j�b�Z�[�_�e�v�g�h�k�l�b �k�h�k�l�Z�\�Z �L�:�= �k 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��2. �K. 160-170. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 2. pp. 160-170. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

169  

 
�J�b�k�����������>�b�Z�]�j�Z�f�f�u���b�a�f�_�g�_�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c���i�_�j�_�d�b�k�g�u�o�����d�b�k�e�h�l�g�u�o���b���Z�g�b�a�b�^�b�g�h��

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

Fig. 5. Diagrams of changes in peroxide, acid, and anisidine numbers during butter 
storage: a) Holstein; b) Montbel Yard; c) Jersey breeds 

�h�^�b�g�Z�d�h�\�u�f�b �m�]�e�_�j�h�^�g�u�f�b �q�b�k�e�Z�f�b �KN, 
�b�a-�a�Z �i�h�e�b�f�h�j�n�b�a�f�Z �l�h�q�g�Z�y �b�g�l�_�j�i�j�_�l�Z��
�p�b�y �l�_�j�f�h�]�j�Z�f�f �b �o�j�h�f�Z�l�h�]�j�Z�f�f �f�h�e�h�q��
�g�h�]�h �`�b�j�Z �a�Z�l�j�m�^�g�_�g�Z��  

�=�e�y�^�y �g�Z �l�j�_�g�^�u �k�f�_�s�_�g�b�y ti ���l�Z�[�e�� 6.) 
�f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^�� �q�l�h �k�l�_�i�_�g�v �g�_�g�Z��
�k�u�s�_�g�g�h�k�l�b �i�h �f�_�j�_ �h�d�b�k�e�_�g�b�y �k�m�f�f�u 
�L�:�= �m�f�_�g�v�r�Z�_�l�k�y �b�a-�a�Z �h�[�j�Z�a�h�\�Z�g�b�y �d�b�k��
�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o 
�]�j�m�i�i�� �I�h�k�d�h�e�v�d�m �f�_�o�Z�g�b�a�f �h�d�b�k�e�_�g�b�y 
�j�Z�^�b�d�Z�e�v�g�u�c �b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h-�i�Z�j�Z�e��
�e�_�e�v�g�u�c�� �h�^�g�h�\�j�_�f�_�g�g�h �b�^�_�l �g�_�k�d�h�e�v�d�h 
�i�j�h�p�_�k�k�h�\�� �h�l �h�[�j�Z�a�h�\�Z�g�b�y �]�b�^�j�h�i�_�j�h�d�k�b��
�^�h�\ �^�h �^�b�h�e�v�g�u�o �]�j�m�i�i �b �h�d�k�b�j�Z�g�h�\�u�o 
�p�b�d�e�h�\ �k �j�Z�a�j�u�\�h�f �Œ-�k�\�y�a�_�c �g�_�g�Z�k�u�s�_�g��
�g�u�o �h�k�l�Z�l�d�h�\ �Z�p�b�e�h�\�� �a�Z�l�_�f �w�l�b �k�\�y�a�b 
�j�\�m�l�k�y �k �h�[�j�Z�a�h�\�Z�g�b�_�f �Z�e�v�^�_�]�b�^�g�u�o 
�]�j�m�i�i�� �Z �Z�e�v�^�_�]�b�^�u �h�d�b�k�e�y�x�l�k�y �^�h �d�Z�j�[�h��
�g�h�\�u�o �]�j�m�i�i �b�e�b �d�h�g�^�_�g�k�b�j�_�x�l�k�y�� �j�Z�^�b��
�d�Z�e�u �q�Z�k�l�b�q�g�h �j�_�d�h�f�[�b�g�b�j�m�x�l�� �b�e�b �^�b�k��
�i�j�h�i�h�j�p�b�h�g�b�j�m�x�l�� �W�l�h �i�j�b�\�h�^�b�l �d �k�e�h�`��
�g�h�c �^�b�g�Z�f�b�d�_ �[�j�m�l�l�h-�i�j�h�p�_�k�k�Z�� �d�h�l�h�j�Z�y 

�g�Z�[�e�x�^�Z�_�l�k�y �g�Z �l�_�j�f�h�]�j�Z�f�f�Z�o �i�e�Z�\�e�_��
�g�b�y�� �:�g�Z�e�h�]�b�q�g�Z�y �d�Z�j�l�b�g�Z �g�Z�[�e�x�^�Z�_�l�k�y 
�i�j�b �h�i�j�_�^�_�e�_�g�b�b �i�_�j�_�d�b�k�g�h�]�h�� �Z�g�b�a�b�^�b��
�g�h�\�h�]�h �b �d�b�k�e�h�l�g�h�]�h �q�b�k�_�e ���j�b�k�������� 

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

�A�Z�d�e�x�q�_�g�b�_ 

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

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\  

�:�\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
�\�_�k�l�g�u�o �n�b�g�Z�g�k�h�\�u�o �d�h�g�n�e�b�d�l�h�\ �b�g�l�_�j�_��
�k�h�\ �b�e�b �e�b�q�g�u�o �h�l�g�h�r�_�g�b�c�� �d�h�l�h�j�u�_ 
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Abstract. Sodium salts of organosulfate ethers are the main representatives of anionic surfactants that are 
widely used in industry; sodium dodecyl sulfate belongs to these salts. This substance is mainly used in various 
branches of the chemical industry: pharmaceutical, chemical, cosmetic and some others. Due to its prevalence, 
it is important to have reliable express methods for identifying and monitoring its content in various environ-
ments. One of the methods can be implemented based on the amperometric method using sensors modified 
with polymers with a molecular imprint of sodium dodecyl sulfate. It is known that polyimides are of the 
greatest interest among selective materials, as a result of which these MIPs were developed based on a copol-
ymer of 1,2,4,5-benzenetracarboxylic acid dianhydride and 4,4'-diaminodiphenyl oxide. In the course of the 
work, the metrological characteristics of the obtained sensors based on the analyzed surfactant were experi-
mentally determined. The substance in aqueous solutions was determined using the calibration graph method. 
The range of determined concentrations of sodium dodecyl sulfate was 0.5-0.03 g/dm3 and the detection limit 
is 0.015 g/dm3. The development of the method for determining sodium dodecyl sulfate was carried out on 
model solutions prepared by the method of successive dilution. The correctness of the determination was ver-
ified by the "added - found" method. The experimentally obtained data indicate the ability of the amperometric 
sensor to determine the analyzed substance. The value of the relative standard deviation of the conducted com-
parative experiments of sodium dodecyl sulfate concentrations in the prepared model solutions and determined 
using the MIP sensor based on the sodium dodecyl sulfate imprint slightly exceeds 10%. The use of the pro-
posed method provides a fast and simple way to assess the content of surfactant in aqueous solutions, which 
makes it promising for use in analytical chemistry and quality control of aqueous solutions. 
Keywords: surfactant, sodium dodecyl sulfate, aqueous solution, amperometric method, molecularly imprinted 
polymers. 
For citation: Dyadishchev M.E., Morgacheva N.V., Zyablov A.N. Determination of sodium dodecylsulphate 
in aqueous solutions by amperometric methods. Sorbtsionnye i khromatograficheskie protsessy. 2025. 25(2): 
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�g�h�\�d�_���� �k�h�k�l�h�y�s�_�c���b�a �b�k�l�h�q�g�b�d�Z�� �i�b�l�Z�g�b�y��
(QJ1803C�����D�b�l�Z�c�������f�m�e�v�l�b�f�_�l�j�Z�����<��-78/1, 
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�<�g�Z�q�Z�e�_���w�d�k�i�_�j�b�f�_�g�l�Z���k�l�j�h�b�e�b���\�h�e�v�l��
�Z�f�i�_�j�g�m�x���a�Z�\�b�k�b�f�h�k�l�v��I�����f�d�:���h�l��U�����<���k�h��
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�\�_�l�k�l�\�m�_�l�� �������� �<�� ���j�b�k���������� �I�j�b���w�l�h�f�� �g�Z�i�j�y��
�`�_�g�b�b���i�j�h�\�h�^�b�e�b���\�k�_���i�h�k�e�_�^�m�x�s�b�_���b�a�f�_��
�j�_�g�b�y�� 

�I�h�k�d�h�e�v�d�m���f�_�l�h�^���g�_���h�l�g�h�k�b�l�k�y���d���d�Z�l�_��
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Fig. 2. Voltammogram of a blank sample (1) and an aqueous solution of sodium dodecyl sulfate (2) 
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�j�Z�k�l�\�h�j�u�������A�Z�l�_�f���©�o�h�e�h�k�l�m�x�ª���i�j�h�[�m���m�^�Z��
�e�y�e�b�� �n�b�e�v�l�j�h�\�Z�e�v�g�h�c�� �[�m�f�Z�]�h�c�� �b�� �g�Z�g�h��
�k�b�e�b�� ���� �f�d�e�� �Z�g�Z�e�b�a�b�j�m�_�f�h�]�h�� �j�Z�k�l�\�h�j�Z�� �b��
�n�b�d�k�b�j�h�\�Z�e�b�� �a�g�Z�q�_�g�b�_��I2���� �f�d�:���� �B�a�f�_�g�_��
�g�b�_�� �k�b�e�u�� �l�h�d�Z�� �\�u�q�b�k�e�y�e�b�� �i�h�� �j�Z�a�g�h�k�l�b��
�^�\�m�o���a�g�Z�q�_�g�b�c�� 
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�B�a�f�_�j�_�g�b�y�� �i�j�h�\�h�^�b�e�b���� �i�_�j�_�o�h�^�y�� �h�l��

�j�Z�a�[�Z�\�e�_�g�g�u�o���j�Z�k�l�\�h�j�h�\���d���[�h�e�_�_���d�h�g�p�_�g��
�l�j�b�j�h�\�Z�g�g�u�f�� 

�D�h�w�n�n�b�p�b�_�g�l���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���Z�f�i�_��
�j�h�f�_�l�j�b�q�_�k�d�b�o�� �k�_�g�k�h�j�h�\�� ��S���� �f�d�:���� �^�f3���]����
�\�u�q�b�k�e�y�e�b���\���d�Z�q�_�k�l�\�_���k�h�h�l�g�h�r�_�g�b�y���b�a�f�_��
�g�_�g�b�y�� �a�g�Z�q�_�g�b�y�� �k�b�e�u�� �l�h�d�Z�� �d�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �h�i�j�_�^�_�e�y�_�f�h�]�h�� �\�_�s�_�k�l�\�Z�� ��C���� �]���^�f3) 
�k�h�]�e�Z�k�g�h���n�h�j�f�m�e�_���������� 
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�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�H�i�j�_�^�_�e�_�g�b�_���^�h�^�_�p�b�e�k�m�e�v�n�Z�l�Z���g�Z�l�j�b�y��
�\���\�h�^�g�u�o���j�Z�k�l�\�h�j�Z�o���i�j�h�\�h�^�b�e�b���k���b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�Z�� �]�j�Z�^�m�j�h�\�h�q�g�h�]�h�� �]�j�Z��
�n�b�d�Z�� ���j�b�k���� �������� �>�e�y�� �F�B�I-�k�_�g�k�h�j�Z�� �g�Z�[�e�x��
�^�Z�_�l�k�y���e�b�g�_�c�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���' I �h�l�����±lgC), 
�k���\�u�k�h�d�b�f���d�h�w�n�n�b�p�b�_�g�l�h�f���^�_�l�_�j�f�b�g�Z�p�b�b��

R2� ������������ �h�i�b�k�u�\�Z�_�f�Z�y�� �i�j�y�f�h�c�� �\�b�^�Z����
�' I�F�B�I = �±�����������“��������������C�������������“������������ 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\�e�_�g�g�u�_��
�f�_�l�j�h�e�h�]�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �Z�f�i�_��
�j�h�f�_�l�j�b�q�_�k�d�h�]�h�� �k�_�g�k�h�j�Z�� �g�Z�� �h�k�g�h�\�_���± �^�h��
�^�_�p�b�e�k�m�e�v�n�Z�l�Z�� �g�Z�l�j�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e�b�p�_�� ������ �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\��
�e�_�g�g�u�c�� �i�j�_�^�_�e�� �h�[�g�Z�j�m�`�_�g�b�y�� �^�h�^�_�p�b�e��
�k�m�e�v�n�Z�l�Z���g�Z�l�j�b�y���k�h�k�l�Z�\�b�e���������������]���^�f3. 

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

�B�a���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o���\�b�^�g�h�����q�l�h���h�l��
�g�h�k�b�l�_�e�v�g�h�_�� �k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_�� �g�_��
�i�j�_�\�u�r�Z�_�l�������� 

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

�L�Z�d�b�f���h�[�j�Z�a�h�f�����w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���i�h��
�e�m�q�_�g�g�u�_���^�Z�g�g�u�_���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���\�h�a��
�f�h�`�g�h�k�l�b���F�B�I-�k�_�g�k�h�j�Z���h�i�j�_�^�_�e�y�l�v �Z�g�Z��
�e�b�a�b�j�m�_�f�h�_�� �\�_�s�_�k�l�\�h���� �H�l�g�h�k�b�l�_�e�v�g�h�_��
�k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_�� �i�j�h�\�_�^�_�g�g�h�]�h��

 
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���k�b�e�u���l�h�d�Z���h�l��pC (-lg �K�����\���\�h�^�g�h�f���j�Z�k�l�\�h�j�_�������± �^�e�y���k�_�g�k�h�j�Z���g�Z���h�k�g�h�\�_��

�F�B�I-�?���������������± �^�e�y���k�_�g�k�h�j�Z���g�Z���h�k�g�h�\�_���G�I 
Fig. 2. Dependence of current on pC (�± lg C) in aqueous solution 1 �± for a sensor based 

on MIP �± �?487; 2 �± for non-imprinted polymer based sensor 
 
�L�Z�[�e�b�p�Z���������F�_�l�j�h�e�h�]�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�_�g�k�h�j�Z���g�Z���h�k�g�h�\�_���F�B�I-�?������ 
Table 1. Metrological characteristics of a sensor based on MIP-�?487 

�K�_�g�k�h�j �:�g�Z�e�b�l �>�b�Z�i�Z�a�h�g���h�i�j�_�^�_�e�y�_�f�u�o��
�d�h�g�p�_�g�l�j�Z�p�b�c�����]���^�f3 Cmin, �]���^�f3 Sr, % 

�F�B�I-�?������ �>�h�^�_�p�b�e�k�m�e�v�n�Z�l���g�Z�l�j�b�y 0.5-0.03 0.015 5.7 
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�k�j�Z�\�g�_�g�b�y�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �^�h�^�_�p�b�e�k�m�e�v��
�n�Z�l�Z �g�Z�l�j�b�y���i�j�b�]�h�l�h�\�e�_�g�g�u�o�� �f�h�^�_�e�v�g�u�o��
�j�Z�k�l�\�h�j�h�\�� �b�� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �k�� �i�h�f�h�s�v�x��
�F�B�I-�k�_�g�k�h�j�Z���g�Z���h�k�g�h�\�_���h�l�i�_�q�Z�l�d�Z���^�h�^�_��
�p�b�e�k�m�e�v�n�Z�l�Z�� �g�Z�l�j�b�y�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�� �i�j�_��
�\�u�r�Z�_�l������������ 

�A�Z�d�e�x�q�_�g�b�_ 

�<���j�Z�[�h�l�_���j�Z�a�j�Z�[�h�l�Z�g���k�_�g�k�h�j���k���h�l�i�_�q�Z�l��
�d�h�f���^�h�^�_�p�b�e�k�m�e�v�n�Z�l���g�Z�l�j�b�y �b���Z�f�i�_�j�h�f�_�l��
�j�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �i�j�h�\�_�^�_�g�h�� �h�i�j�_�^�_�e�_��
�g�b�_�� �w�l�h�]�h�� �I�:�<�� �\�� �`�b�^�d�b�o�� �k�j�_�^�Z�o���� �W�d�k�i�_��
�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �^�b�Z�i�Z�a�h�g��
�h�i�j�_�^�_�e�y�_�f�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �^�h�^�_�p�b�e��
�k�m�e�v�n�Z�l�Z���g�Z�l�j�b�y���k�h�k�l�Z�\�e�y�_�l��������-0.03 �]���^�f3 
�b���i�j�_�^�_�e���h�[�g�Z�j�m�`�_�g�b�y���± �������������]���^�f3. �K�e�_��
�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�Z�g�g�u�c�� �f�_�l�h�^�� �o�Z�j�Z�d��

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

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_.
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�\ �i�j�h�p�_�k�k�Z�o �h�q�b�k�l�d�b �\�h�^�u �h�l 2,4-�^�b�g�b�l�j�h�n�_�g�h�e�Z 
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�\�e�_�d�Z�x�l �\�k�_ �[�h�e�v�r�_�_ �\�g�b�f�Z�g�b�_ �d�Z�d �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �f�Z�l�_�j�b�Z�e�u �^�e�y �d�Z�l�Z�e�b�a�Z �b �k�h�j�[�p�b�b�� �I�j�_�b�f�m�s�_��
�k�l�\�h �l�Z�d�b�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �b �k�h�j�[�_�g�l�h�\ �h�i�j�_�^�_�e�y�_�l�k�y �b�o �l�_�j�f�b�q�_�k�d�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x�� �o�b�f�b�q�_�k�d�h�c �m�k�l�h�c��
�q�b�\�h�k�l�v�x �\ �Z�]�j�_�k�k�b�\�g�u�o �k�j�_�^�Z�o�� �[�h�e�v�r�h�c �i�e�h�s�Z�^�v�x �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�b�� �\�u�k�h�d�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h��
�k�l�v�x �g�Z�k�u�s�_�g�b�y�� �i�h�a�\�h�e�y�x�s�_�c �k�h�a�^�Z�\�Z�l�v �g�Z �b�o �h�k�g�h�\�_ �f�Z�]�g�b�l�h�m�i�j�Z�\�e�y�_�f�u�_ �f�Z�l�_�j�b�Z�e�u �k �Z�^�k�h�j�[�p�b��
�h�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x�� �b�a�\�e�_�d�Z�_�f�u�_ �b�a �\�h�^�g�h�c �k�j�_�^�u �f�_�l�h�^�Z�f�b �f�Z�]�g�b�l�g�h�c �k�_�i�Z�j�Z�p�b�b�� 
�F�_�l�h�^�h�f �p�b�l�j�Z�l�g�h�]�h �]�h�j�_�g�b�y �k�b�g�l�_�a�b�j�h�\�Z�g�u �d�h�f�i�h�a�b�l�g�u�_ �f�Z�l�_�j�b�Z�e�u CF@C400, CF@C500, CF@C600 
�g�Z �h�k�g�h�\�_ �m�]�e�_�c�� �i�h�e�m�q�_�g�g�u�o �d�Z�j�[�h�g�b�a�Z�p�b�_�c �[�_�j�_�a�h�\�u�o �h�i�b�e�h�d �j�Z�a�f�_�j�h�f �g�_ �[�h�e�_�_ 1 �f�f  �i�j�b �l�_�f�i�_�j�Z��
�l�m�j�Z�o 400, 500, 600�h�K�� �b �g�Z�g�h�j�Z�a�f�_�j�g�h�]�h �n�_�j�j�b�l�Z �d�h�[�Z�e�v�l�Z CoFe2O4 �k�h �k�l�j�m�d�l�m�j�h�c �r�i�b�g�_�e�b�� �F�_�l�h�^�h�f 
�j�_�g�l�]�_�g�h�n�Z�a�h�\�h�]�h �Z�g�Z�e�b�a�Z �m�k�l�Z�g�h�\�e�_�g�h �i�j�b�k�m�l�k�l�\�b�_ �g�Z�g�h�j�Z�a�f�_�j�g�u�o �d�j�b�k�l�Z�e�e�b�l�h�\ �r�i�b�g�_�e�b CoFe2O4 �\�h 
�\�k�_�o �d�h�f�i�h�a�b�l�g�u�o �f�Z�l�_�j�b�Z�e�Z�o�� �K�j�_�^�g�b�c �j�Z�a�f�_�j �h�[�e�Z�k�l�_�c �d�h�]�_�j�_�g�l�g�h�]�h �j�Z�k�k�_�y�g�b�y �q�Z�k�l�b�p �n�_�j�j�b�l�Z �d�h��
�[�Z�e�v�l�Z�� �j�Z�k�k�q�b�l�Z�g�g�u�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �n�h�j�f�m�e�u �>�_�[�Z�y-�R�_�j�j�_�j�Z�� �k�h�k�l�Z�\�e�y�_�l �����“�� �g�f �\ �d�h�f�i�h�a�b�l�_ 
CF@C400; �����“�� �g�f �\ �d�h�f�i�h�a�b�l�_ CF@C500 �b �����“�� �g�f �\ �d�h�f�i�h�a�b�l�_ CF@C600. �F�_�l�h�^�h�f �b�g�n�j�Z�d�j�Z�k�g�h�c 
�k�i�_�d�l�j�h�k�d�h�i�b�b �\�u�y�\�e�_�g�h �g�Z�e�b�q�b�_ �p�_�e�h�]�h �j�y�^�Z �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �]�j�m�i�i �g�Z �i�h�\�_�j�o�g�h�k�l�b �m�]�e�_�c (�±OH, 
�±CH2, =O , C=C, �±CH3). 
 �M�k�l�Z�g�h�\�e�_�g�Z �\�u�k�h�d�Z�y �Z�^�k�h�j�[�p�b�h�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v �d�h�f�i�h�a�b�l�h�\ CoFe2O4@C �\ �i�j�h�p�_�k�k�_ 
�h�q�b�k�l�d�b �\�h�^�g�h�]�h �j�Z�k�l�\�h�j�Z �h�l 2,4-�^�b�g�b�l�j�h�n�_�g�h�e�Z ���>�G�N�� �k �d�h�g�p�_�g�l�j�Z�p�b�_�c 0.15 �]���^�f3 �i�j�b �m�e�v�l�j�Z�n�b�h�e�_��
�l�h�\�h�f �h�[�e�m�q�_�g�b�b�� �H�k�m�s�_�k�l�\�e�_�g�Z �^�b�n�n�_�j�_�g�p�b�Z�p�b�y �h�d�b�k�e�_�g�b�y �b �k�h�j�[�p�b�b 2.4-�^�b�g�b�l�j�h�n�_�g�h�e�Z �g�Z �d�h�f�i�h��
�a�b�l�g�u�o �f�Z�l�_�j�b�Z�e�Z�o CF@C400, CF@C500, CF@C600. �K�h�j�[�p�b�h�g�g�Z�y �_�f�d�h�k�l�v �d�h�f�i�h�a�b�l�h�\ �i�h �h�l�g�h�r�_�g�b�x 
�d �>�G�N �m�f�_�g�v�r�Z�_�l�k�y �\ �j�y�^�m CF@C500 > CF@C600 > CF@C400. �K�m�f�f�Z�j�g�Z�y �k�l�_�i�_�g�v �h�q�b�k�l�d�b �^�e�y �d�h�f��
�i�h�a�b�l�h�\ CF@C400, CF@C500, CF@C600 �k�h�k�l�Z�\�e�y�_�l 96, 97 �b 96% �k�h�h�l�\�_�l�k�l�\�_�g�g�h��  
�K�b�g�l�_�a�b�j�h�\�Z�g�g�u�_ �g�Z �h�k�g�h�\�_ �h�l�o�h�^�h�\ �^�_�j�_�\�h�h�[�j�Z�[�Z�l�u�\�Z�x�s�_�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b �d�h�f�i�h�a�b�l�g�u�_ �f�Z�l�_�j�b��
�Z�e�u �h�[�_�k�i�_�q�b�\�Z�x�l �\�u�k�h�d�b�_ �k�l�_�i�_�g�b �h�q�b�k�l�d�b �\�h�^�u �h�l 2.4-�^�b�g�b�l�j�h�n�_�g�h�e�Z�� �q�l�h �i�h�a�\�h�e�y�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v 
�b�o �d�Z�d �i�_�j�k�i�_�d�l�b�\�g�u�_ �f�Z�l�_�j�b�Z�e�u �^�e�y �i�j�h�p�_�k�k�h�\ �h�q�b�k�l�d�b �k�l�h�q�g�u�o �\�h�^��  
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �d�h�f�i�h�a�b�l�� �[�b�h�m�]�h�e�v�� �n�_�j�j�b�l �d�h�[�Z�e�v�l�Z�� �g�Z�g�h�q�Z�k�l�b�p�u�� �]�_�l�_�j�h�]�_�g�g�u�c �d�Z�l�Z�e�b�a�� �j�_�Z�d�p�b�y 
�N�_�g�l�h�g�Z�� �k�h�j�[�p�b�y�� 
�;�e�Z�]�h�^�Z�j�g�h�k�l�b�� �j�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �i�j�b �n�b�g�Z�g�k�h�\�h�c �i�h�^�^�_�j�`�d�_ �J�h�k�k�b�c�k�d�h�]�h �g�Z�m�q�g�h�]�h �n�h�g�^�Z�� �i�j�h�_�d�l 
23-23-00122. 
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Activity  of CoFe2O4@C composite materials based on biochar 
in water purification  processes from 2,4-dinitrophenol  
 
Alyena V. Doroshenko1,2�. , Elena V. Tomina1,2 
1Morozov Voronezh State University of Forestry and Technologies, Voronezh, Russian Federation, 
al.doroschencko2016@yandex.ru�.  
2Voronezh State University, Voronezh, Russian Federation 
 
Abstract. Composites with nanosized magnetic ferrites with spinel structure are attracting increasing attention 
as functional materials for catalysis and sorption. The advantage of such catalysts and sorbents is determined 
by their thermal stability, chemical resistance in aggressive environments, large specific surface area, high 
saturation magnetization, which allows creating magnetically controlled materials with adsorption-catalytic 
activity on their basis, extracted from the aqueous medium by magnetic separation methods. Composite mate-
rials CF@C400, CF@C500, CF@C600 based on carbons obtained by carbonization of birch sawdust no more 
than 1 mm in size at temperatures of 400, 500, 600 �ƒ�& and nanosized cobalt ferrite CoFe2O4 with spinel struc-
ture were synthesized by the citrate combustion method. The X-ray phase analysis method revealed the pres-
ence of nanosized crystallites of spinel CoFe2O4 in all composite materials. The average size of coherent scat-
tering regions of cobalt ferrite particles, calculated using the Debye-Scherrer formula, is �����“�� nm in the 
CF@C400 composite; �����“�� nm in the CF@C500 composite and �����“�� nm in the CF@C600 composite. The 
infrared spectroscopy method revealed the presence of a number of functional groups on the surface of coals 
(�±OH, �±CH2, =O , C=C, �±CH3). High adsorption and catalytic activity of CoFe2O4@C composites was es-
tablished in the process of purifying an aqueous solution from 2.4-dinitrophenol (DNP) with a concentration 
of 0.15 g/l under ultraviolet irradiation. Differentiation of oxidation and sorption of 2.4-dinitrophenol on com-
posite materials CF@C400, CF@C500, CF@C600 was carried out. The sorption capacity of the composites 
with respect to DNP decreases in the series CF@C500 > CF@C600 > CF@C400. The total degree of purifi-
cation for composites CF@C400, CF@C500, CF@C600 is 96, 97 and 96%, respectively. 
Composite materials synthesized on the basis of wood processing waste provide high degrees of water purifi-
cation from 2.4-dinitrophenol, which allows considering them as promising materials for wastewater treatment 
processes. 
Keywords: composite, biochar, cobalt ferrite, nanoparticles, heterogeneous catalysis, Fenton reaction, sorption. 
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�<�\�_�^�_�g�b�_ 

�<�h�i�j�h�k�u�� �h�q�b�k�l�d�b�� �k�l�h�q�g�u�o�� �\�h�^�� �Z�d�l�m��
�Z�e�v�g�u�� �^�e�y�� �\�k�_�o�� �j�Z�a�\�b�l�u�o�� �k�l�j�Z�g���� �\ �l�h�f 
�q�b�k�e�_�� �b �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b�� �G�_��
�k�f�h�l�j�y �g�Z �i�h�k�l�h�y�g�g�u�c �d�h�g�l�j�h�e�v �g�Z �\�h�^��
�g�u�o �h�[�t�_�d�l�Z�o�� �d�Z�q�_�k�l�\�h �\�h�^�u �\ �a�g�Z�q�b�l�_�e�v��
�g�h�c �q�Z�k�l�b �j�_�d�� �\�h�^�h�o�j�Z�g�b�e�b�s �b �h�a�z�j �g�_ 
�k�h�h�l�\�_�l�k�l�\�m�_�l �k�h�\�j�_�f�_�g�g�u�f �k�Z�g�b�l�Z�j�g�h-
�]�b�]�b�_�g�b�q�_�k�d�b�f �l�j�_�[�h�\�Z�g�b�y�f [1,2]. �H�j�]�Z��
�g�b�q�_�k�d�b�_ �b �g�_�h�j�]�Z�g�b�q�_�k�d�b�_ �\�_�s�_�k�l�\�Z �\ 
�k�l�h�q�g�u�o �\�h�^�Z�o �j�Z�a�e�b�q�g�u�o �i�j�h�f�u�r�e�_�g��
�g�u�o �b �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o �i�j�h�b�a��
�\�h�^�k�l�\�� �l�Z�d�b�_ �d�Z�d �n�Z�j�f�i�j�_�i�Z�j�Z�l�u�� �d�j�Z�k�b��
�l�_�e�b�� �l�y�`�z�e�u�_ �f�_�l�Z�e�e�u �b �g�b�l�j�Z�l�u�� �[�m��
�^�m�q�b �l�h�d�k�b�q�g�u�f�b�� �g�Z�g�h�k�y�l �\�j�_� ̂ �\�h�^�g�u�f 

�w�d�h�k�b�k�l�_�f�Z�f�� �_�k�e�b �b�o �d�h�g�p�_�g�l�j�Z�p�b�y �k�l�Z��
�g�h�\�b�l�k�y �k�e�b�r�d�h�f �\�u�k�h�d�h�c�� �>�e�b�l�_�e�v�g�h�_ 
�\�h�a�^�_�c�k�l�\�b�_ �w�l�b�o �\�j�_�^�g�u�o �\�_�s�_�k�l�\ �f�h�`�_�l 
�\�u�a�u�\�Z�l�v �d�Z�d �h�k�l�j�u�_�� �l�Z�d �b �o�j�h�g�b�q�_�k�d�b�_ 
�a�Z�[�h�e�_�\�Z�g�b�y �m �e�x�^�_�c �b �`�b�\�h�l�g�u�o�� �I�h��
�w�l�h�f�m �d�j�Z�c�g�_ �\�Z�`�g�h �j�Z�a�j�Z�[�Z�l�u�\�Z�l�v �w�n��
�n�_�d�l�b�\�g�u�_ �l�_�o�g�h�e�h�]�b�b �h�q�b�k�l�d�b �\�h�^�u�� 
�k�i�h�k�h�[�g�u�_ �m�^�Z�e�y�l�v �j�Z�a�e�b�q�g�u�_ �\�b�^�u �a�Z��
�]�j�y�a�g�_�g�b�c�� �q�l�h�[�u �h�[�_�k�i�_�q�b�l�v �g�Z�^�z�`�g�h�_ �b 
�m�k�l�h�c�q�b�\�h�_ �\�h�^�h�k�g�Z�[�`�_�g�b�_ [3,4]. 

�< �i�h�k�e�_�^�g�b�_ �]�h�^�u �g�Z�[�e�x�^�Z�_�l�k�y �Z�d�l�b�\��
�g�h�_ �j�Z�a�\�b�l�b�_ �f�_�l�h�^�h�\ �m�^�Z�e�_�g�b�y �a�Z�]�j�y�a�g�y��
�x�s�b�o �\�_�s�_�k�l�\ �b�a �\�h�^�u�� �K�j�_�^�b �d�e�x�q�_�\�u�o 
�j�Z�a�j�Z�[�h�l�h�d �± �n�h�l�h�d�Z�l�Z�e�b�a�� �Z�^�k�h�j�[�p�b�y�� 
�f�_�f�[�j�Z�g�g�u�_ �l�_�o�g�h�e�h�]�b�b [5-8]. �< �i�h�k�e�_�^��
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�g�_�_ �\�j�_�f�y �l�_�k�l�b�j�m�_�l�k�y �l�_�o�g�h�e�h�]�b�y �Z�d�l�b�\��
�g�h�]�h �h�d�b�k�e�_�g�b�y �l�h�d�k�b�d�Z�g�l�h�\�� �l�Z�d �g�Z�a�u�\�Z��
�_�f�u�_ Advanced Oxidation Processes 
(AOPs) [9-13], �d�h�l�h�j�u�_ �y�\�e�y�x�l�k�y �i�j�h��
�k�l�u�f�� �w�d�h�g�h�f�b�q�_�k�d�b �w�n�n�_�d�l�b�\�g�u�f �b �w�d�h��
�e�h�]�b�q�_�k�d�b �[�_�a�h�i�Z�k�g�u�f �f�_�l�h�^�h�f �m�^�Z�e�_�g�b�y 
�i�h�q�l�b �\�k�_�o �l�b�i�h�\ �l�h�d�k�b�d�Z�g�l�h�\ �h�d�j�m�`�Z�x��
�s�_�c �k�j�_�^�u�� �F�_�o�Z�g�b�a�f �l�Z�d�b�o �i�j�h�p�_�k�k�h�\ 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �]�_�g�_�j�Z�p�b�b �j�_�Z�d�l�b�\�g�u�o �j�Z��
�^�b�d�Z�e�h�\ ���k�m�e�v�n�Z�l�g�u�o�� �]�b�^�j�h�d�k�b�e�v�g�u�o�� 
�i�_�j�]�b�^�j�h�d�k�b�e�v�g�u�o �b �l���i������ �d�h�l�h�j�u�_ �h�d�b�k��
�e�y�x�l �a�Z�]�j�y�a�g�y�x�s�b�_ �\�_�s�_�k�l�\�Z�� �i�_�j�_�\�h�^�y 
�b�o �\ �\�h�^�m�� �m�]�e�_�d�b�k�e�u�c �]�Z�a �b �g�_�l�h�d�k�b�q�g�u�_ 
�g�_�h�j�]�Z�g�b�q�_�k�d�b�_ �k�h�_�^�b�g�_�g�b�y�� �E�b�^�b�j�m�x��
�s�b�_ �i�h�a�b�p�b�b �a�Z�g�b�f�Z�x�l �n�h�l�h�Z�d�l�b�\�b�j�m�_��
�f�u�_ �h�d�b�k�e�b�l�_�e�v�g�u�_ �f�_�l�h�^�u�� �h�k�g�h�\�Z�g�g�u�_ 
�g�Z �i�j�b�f�_�g�_�g�b�b �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�]�h �b�a�e�m��
�q�_�g�b�y�� �< �j�Z�f�d�Z�o �w�l�h�]�h �l�j�_�g�^�Z �a�g�Z�q�b��
�l�_�e�v�g�h �\�h�a�j�h�k �b�g�l�_�j�_�k �d �g�Z�g�h�j�Z�a�f�_�j�g�u�f 
�n�_�j�j�b�l�Z�f �k�h �k�l�j�m�d�l�m�j�h�c �r�i�b�g�_�e�b 
(MFe2O4) �d�Z�d �d�Z�l�Z�e�b�a�Z�l�h�j�Z�f AOPs-�i�j�h��
�p�_�k�k�h�\. �H�^�g�Z�d�h �g�Z�g�h�q�Z�k�l�b�p�u �n�_�j�j�b�l�h�\-
�r�i�b�g�_�e�_�c �f�h�]�m�l �[�u�l�v �k�d�e�h�g�g�u �d �g�_�d�h�l�h��
�j�h�c �Z�]�e�h�f�_�j�Z�p�b�b �b �i�j�h�y�\�e�y�l�v �\�j�_�f�_�g�g�m�x 
�g�_�k�l�Z�[�b�e�v�g�h�k�l�v�� �I�_�j�k�i�_�d�l�b�\�g�u�f �i�j�_�^��
�k�l�Z�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �d�h�f�i�h�a�b�l�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z�� �\ �d�h�l�h�j�h�f �r�i�b�g�_�e�v �j�Z�k�i�j�_�^�_��
�e�_�g�Z �\ �m�k�l�h�c�q�b�\�h�c �f�Z�l�j�b�p�_�� �`�_�e�Z�l�_�e�v�g�h 
�l�Z�d�`�_ �Z�d�l�b�\�g�h�c �\ �i�e�Z�g�_ �h�q�b�k�l�d�b �k�l�h�q�g�u�o 
�\�h� ̂�h�l �l�h�d�k�b�d�Z�g�l�h�\�� 

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

�d�Z�j�[�_�g�h�\�u�o�� �p�_�g�l�j�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �m�]��
�e�_�j�h�^�g�u�o���f�Z�l�_�j�b�Z�e�h�\�����k�i�h�k�h�[�g�u�o���\�u�k�l�m��
�i�Z�l�v���\���d�Z�q�_�k�l�\�_ �Z�d�l�b�\�g�u�o �p�_�g�l�j�h�\�� �f�h�`�_�l 
�i�j�b�\�h�^�b�l�v �d �k�b�g�_�j�]�_�l�b�q�_�k�d�h�f�m �w�n�n�_�d�l�m �\ 
�d�Z�l�Z�e�b�a�_ �b �^�_�e�Z�_�l �m�]�e�_�j�h�^�g�u�_ �f�Z�l�_�j�b�Z�e�u 
�i�h�l�_�g�p�b�Z�e�v�g�h�c �i�e�Z�l�n�h�j�f�h�c �^�e�y �k�h�a�^�Z�g�b�y 
�d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �k�b�k�l�_�f [21, 22]. 

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

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�e�k�y �k�b�g�l�_�a 
�d�h�f�i�h�a�b�l�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �g�Z �h�k�g�h�\�_ �[�b�h��
�m�]�e�y �b�a �h�i�b�e�h�d �[�_�j�_�a�u �i�h�\�b�k�e�h�c �b �g�Z�g�h��
�j�Z�a�f�_�j�g�h�]�h �n�_�j�j�b�l�Z �d�h�[�Z�e�v�l�Z 
�K�hFe2O4@C �b �\�u�y�\�e�_�g�b�_ �_�]�h �w�n�n�_�d�l�b�\��
�g�h�k�l�b �\ �i�j�h�p�_�k�k�_ �h�q�b�k�l�d�b �\�h�^�g�h�]�h �j�Z�k��
�l�\�h�j�Z �h�l 2,4-�^�b�g�b�l�j�h�n�_�g�h�e�Z�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�>�e�y �i�h�e�m�q�_�g�b�y �[�b�h�m�]�e�y �b�k�i�h�e�v�a�h�\�Z�e�b 
�h�i�b�e�d�b �[�_�j�_�a�u �i�h�\�b�k�e�h�c �j�Z�a�f�_�j�h�f �g�_ �[�h��
�e�_�_ 1 �f�f�� �D�Z�j�[�h�g�b�a�Z�p�b�x �h�k�m�s�_�k�l�\�e�y�e�b �\ 
�a�Z�d�j�u�l�h�f �j�_�Z�d�l�h�j�_ �k�h �k�d�h�j�h�k�l�v�x �g�Z�]�j�_�\�Z 
�����ƒ�K���f�b�g �^�h 400, 500 �b�e�b �������ƒ�K�� �\�u�^�_�j��
�`�b�\�Z�y �i�j�b �d�Z�`�^�h�c �l�_�f�i�_�j�Z�l�m�j�_ 3 �q��  

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �n�j�Z�d�p�b�c �[�b�h�m�]�e�y 
�b�k�i�h�e�v�a�h�\�Z�e�b �f�_�o�Z�g�b�q�_�k�d�b�c �f�_�l�h�^ �i�j�h�k�_��
�b�\�Z�g�b�y �g�Z �k�b�l�Z�o [23]. �K�b�l�h�\�h�c �Z�g�Z�e�b�a �^�e�y 
�m�k�l�Z�g�h�\�e�_�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h �j�Z�a�f�_�j�Z�f 
�q�Z�k�l�b�p �m�]�e�y �h�k�m�s�_�k�l�\�e�y�e�b �i�j�h�k�_�b�\�Z�g�b�_�f 
�i�j�h�[ �f�Z�l�_�j�b�Z�e�Z �q�_�j�_�a �g�Z�[�h�j �k�l�Z�g�^�Z�j�l�g�u�o 
�k�b�l�� �j�Z�a�f�_�j �h�l�\�_�j�k�l�b�c �d�h�l�h�j�u�o �k�h�k�l�Z�\�e�y�e 
200 �b 315 �f�d�f�� 

�;�b�h�m�]�h�e�v ���;�M�� �Z�d�l�b�\�b�j�h�\�Z�e�b �s�_�e�h�q�v�x 
���D�H�G�� 2 �F�� �\ �k�h�h�l�g�h�r�_�g�b�b �m�]�h�e�v �± �D�H�G 
1:4 �i�j�b 21�h�K �\ �l�_�q�_�g�b�_ 2 �q�Z�k�h�\ �k �h�^�g�h�\�j�_��
�f�_�g�g�h�c �h�[�j�Z�[�h�l�d�h�c �M�A-�h�[�e�m�q�_�g�b�_�f �\ 
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c �\�Z�g�g�_ �<�M-09-�©�Y-�N�I�ª-
0 �f�h�s�g�h�k�l�v�x 110 �<�Z�l�l �g�Z �q�Z�k�l�h�l�_ 22 �D�=�p 
�\ �l�_�q�_�g�b�_ 30 �f�b�g, �i�h�k�e�_ �Z�d�l�b�\�Z�p�b�b �[�b�h��
�m�]�h�e�v �\�u�k�m�r�b�\�Z�e�b �i�j�b 110�h�K��  
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�N�h�j�f�b�j�h�\�Z�g�b�_ �d�h�f�i�h�a�b�l�h�\ �n�_�j�j�b�l �d�h��
�[�Z�e�v�l�Z-�m�]�h�e�v �\ �k�h�h�l�g�h�r�_�g�b�b 1:4 CF�#�K 
�h�k�m�s�_�k�l�\�e�y�e�b �\ �i�j�h�p�_�k�k�_ �k�b�g�l�_�a�Z �r�i�b��
�g�_�e�b �f�_�l�h�^�h�f �p�b�l�j�Z�l�g�h�]�h �]�h�j�_�g�b�y�� �D�j�b��
�k�l�Z�e�e�h�]�b�^�j�Z�l�u �g�b�l�j�Z�l�Z �`�_�e�_�a�Z (III)  ���Q�>�: 
�L�M 6-09-02-553-96) �b �g�b�l�j�Z�l�Z �d�h�[�Z�e�v�l�Z 
(II)  ���Q�>�: CAS 10035-06-0) �\ �k�l�_�o�b�h�f�_�l��
�j�b�q�_�k�d�h�f �k�h�h�l�g�h�r�_�g�b�b �j�Z�k�l�\�h�j�y�e�b �\ �^�b��
�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_�� �d �j�Z�k�l�\�h�j�m �^�h�[�Z�\��
�e�y�e�b 28% �j�Z�k�l�\�h�j �Z�f�f�b�Z�d�Z ���O�Q �=�H�K�L 
3760-79):  

2Fe(NO3)3 +Co(NO3)2 + 8NH3 + 8�G2�2�:  
2Fe(OH)3 �;���&�R���2�+��2 �; + 8 NH4NO3 (1) 

 

2Fe(OH)3 + Co(OH)2 + 4C6H8O7 �:  
Fe2Co(C6H6O7)4 + 8 H2O   (2) 

 

Fe2Co(C6H6O7)4+18�H2�:  
CoFe2O4+24CO2+12H2O   (3) 

�>�Z�e�_�_ �d �k�f�_�k�b �]�b�^�j�h�d�k�b�^�h�\ Fe(OH)3 �b 
Co(OH)2 �i�j�b �g�Z�]�j�_�\�Z�g�b�b �^�h�[�Z�\�e�y�e�b ���F 
�j�Z�k�l�\�h�j �e�b�f�h�g�g�h�c �d�b�k�e�h�l�u�� �G�Z �k�l�Z�^�b�b 
�h�[�j�Z�a�h�\�Z�g�b�y �j�Z�k�l�\�h�j�b�f�u�o �p�b�l�j�Z�l�h�\ �`�_��
�e�_�a�Z-�d�h�[�Z�e�v�l�Z ���j�_�Z�d�p�b�y 2) �\�\�h�^�b�e�b �m�]�h�e�v�� 
�i�h�e�m�q�_�g�g�u�c �d�Z�j�[�h�g�b�a�Z�p�b�_�c �[�_�j�_�a�h�\�u�o 
�h�i�b�e�h�d �i�j�b �j�Z�a�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o�� �I�j�b 
�^�Z�e�v�g�_�c�r�_�f �g�Z�]�j�_�\�Z�g�b�b �i�j�h�b�k�o�h�^�b�e�h �h�[��
�j�Z�a�h�\�Z�g�b�_ CoFe2O4 �g�Z �m�]�h�e�v�g�h�c �f�Z�l�j�b�p�_�� 
�H�[�j�Z�a�h�\�Z�\�r�b�c�k�y �q�z�j�g�u�c �g�_�j�Z�k�l�\�h�j�b�f�u�c 
�d�h�f�i�h�a�b�l CF�#�K �i�j�h�f�u�\�Z�e�b �^�b�k�l�b�e�e�b�j�h��
�\�Z�g�g�h�c �\�h�^�h�c�� �n�b�e�v�l�j�h�\�Z�e�b�� �\�u�k�m�r�b�\�Z�e�b 
�g�Z �\�h�a�^�m�o�_ �b �h�l�`�b�]�Z�e�b �\ �f�m�n�_�e�v�g�h�c �i�_�q�b 
(SNOL 8.2/1100) �i�j�b �������ƒ�& �\ �l�_�q�_�g�b�_ 
1 �q�Z�k�Z�� 

�N�Z�a�h�\�u�c �k�h�k�l�Z�\ �i�h�e�m�q�b�\�r�b�o�k�y �h�[�j�Z�a��
�p�h�\ �b�a�m�q�Z�e�b �f�_�l�h�^�h�f �j�_�g�l�]�_�g�h�\�k�d�h�c �^�b��
�n�j�Z�d�p�b�b ���^�b�n�j�Z�d�l�h�f�_�l�j Empyrean B.V. �k 
�Z�g�h�^�h�f Cu ����� �������������� �g�f������ �N�Z�a�u �b�^�_�g�l�b��
�n�b�p�b�j�h�\�Z�e�b �k �i�j�b�\�e�_�q�_�g�b�_�f �[�Z�a�u �^�Z�g�g�u�o 
JCPDC [24]. �J�Z�a�f�_�j �h�[�e�Z�k�l�_�c �d�h�]�_�j�_�g�l��
�g�h�]�h �j�Z�k�k�_�y�g�b�y ���H�D�J�� �q�Z�k�l�b�p �g�Z �h�k�g�h�\�Z��
�g�b�b �m�r�b�j�_�g�b�y �e�b�g�b�c �j�_�g�l�]�_�g�h�\�k�d�h�c �^�b��
�n�j�Z�d�p�b�b �j�Z�k�k�q�b�l�u�\�Z�e�b �i�h �n�h�j�f�m�e�_ �>�_��
�[�Z�y-�R�_�j�j�_�j�Z [25]: 

�Ú
L
�à��

�½�Ö�â�æ��
,    (4) 

�]�^�_ �� �± �n�b�a�b�q�_�k�d�h�_ �m�r�b�j�_�g�b�_�� �j�Z�^�� m=1; 
�� �± �^�e�b�g�Z �\�h�e�g�u �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_��
�g�b�y�� �g�f�� D �± �^�b�Z�f�_�l�j �q�Z�k�l�b�p�u�� 

�B�D-�k�i�_�d�l�j�h�k�d�h�i�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y 
�i�j�h�\�h�^�b�e�b �g�Z �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�_ 
Vertex-70 �n�b�j�f�u Bruker �k �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f �i�j�b�k�l�Z�\�d�b Platinum ATR �k �Z�e�f�Z�a��
�g�u�f �d�j�b�k�l�Z�e�e�h�f�� �i�h�a�\�h�e�y�x�s�_�c �k�g�b�f�Z�l�v 
�B�D-�k�i�_�d�l�j�u �\ �j�_�`�b�f�_ �G�I�<�H ���g�Z�j�m�r�_�g��
�g�h�]�h �i�h�e�g�h�]�h �\�g�m�l�j�_�g�g�_�]�h �h�l�j�Z�`�_�g�b�y�� 
�[�_�a �^�h�i�h�e�g�b�l�_�e�v�g�h�c �i�j�h�[�h�i�h�^�]�h�l�h�\�d�b �\ 
�b�g�l�_�j�\�Z�e�_ �\�h�e�g�h�\�u�o �q�b�k�_�e 4000-100 �k�f-1. 
�H�[�j�Z�[�h�l�d�Z �j�_�a�m�e�v�l�Z�l�h�\ �i�j�h�\�h�^�b�e�Z�k�v �\ 
�i�j�h�]�j�Z�f�f�_ Opus 8.0. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �i�h�e�m�q�_�g�g�u�o �d�h�f�i�h�a�b�l�h�\ 
(CF@C400, CF@C500, CF@C600) �i�h� ̂
�\�h�a�^�_�c�k�l�\�b�_�f �M�N-�b�a�e�m�q�_�g�b�y ����� ������ �g�f�� 
�M�N-�e�Z�f�i�Z Nuobi UVC-E27, 40W) �i�j�h�\�h��
�^�b�e�b�� �b�k�i�h�e�v�a�m�y �f�h�^�_�e�v�g�m�x �j�_�Z�d�p�b�x��
�h�d�b�k�e�_�g�b�y�� ������-�^�b�g�b�l�j�h�n�_�g�h�e�Z�� �i�_�j�h�d�k�b��
�^�h�f�� �\�h�^�h�j�h�^�Z���� �B�a�f�_�j�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�l�h�d�k�b�d�Z�g�l�Z�� �i�j�h�b�a�\�h�^�b�e�b�� �g�Z�� �n�h�l�h�d�h�e�h�j�b��
�f�_�l�j�_�� �©�D�N�D-3-01 �©���H�F���ª. �>�e�y�� �b�a�f�_�j�_��
�g�b�c�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �d�\�Z�j�p�_�\�u�_�� �d�x�\�_�l�u�� �k��
�^�e�b�g�g�h�c���h�i�l�b�q�_�k�d�h�]�h���i�m�l�b���������������f�f�����:�g�Z��
�e�b�l�b�q�_�k�d�Z�y���^�e�b�g�Z���\�h�e�g�u���^�e�y��������-�^�b�g�b�l�j�h��
�n�_�g�h�e�Z�� �k�h�k�l�Z�\�e�y�e�Z�� �������� �g�f���� �>�e�y�� �b�k�k�e�_�^�h��
�\�Z�g�b�y�� �n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �n�_�j��
�j�b�l�Z�� �d�h�[�Z�e�v�l�Z�� �]�h�l�h�\�b�e�b�� �j�_�Z�d�p�b�h�g�g�u�c��
�j�Z�k�l�\�h�j���� �k�h�^�_�j�`�Z�s�b�c�� ���������� �]/�^�f3 2,4-�^�b��
�g�b�l�j�h�n�_�g�h�e�Z���� �M�j�h�\�_�g�v��pH �j�Z�k�l�\�h�j�Z�� ��,4 
�i�h�^�^�_�j�`�b�\�Z�e�b�� �Z�p�_�l�Z�l�g�u�f�� �[�m�n�_�j�h�f���� �D��
������������ �f�e�� �i�j�b�]�h�l�h�\�e�_�g�g�h�]�h�� �j�_�Z�d�p�b�h�g�g�h�]�h��
�j�Z�k�l�\�h�j�Z�� �^�h�[�Z�\�e�y�e�b�� ���������� �]�� �d�h�f�i�h�a�b�l�Z��
CoFe2O4�#�K �b �\�u�^�_�j�`�b�\�Z�e�b �\ �l�_�f�g�h�c �d�Z��
�f�_�j�_ ���j�Z�a�f�_�j�h�f 30 x 20 �k�f�� �b�a�]�h�l�h�\�e�_�g�g�h�c 
�b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b�� �\ �l�_�q�_�g�b�_ 60 �f�b�g 
�^�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �Z�^�k�h�j�[�p�b�h�g�g�h�]�h �j�Z�\�g�h��
�\�_�k�b�y�� �D�h�g�p�_�g�l�j�Z�p�b�b �j�Z�k�l�\�h�j�h�\ �>�G�N �i�h��
�k�e�_ �\�u�^�_�j�`�d�b �\ �l�_�f�g�h�l�_ �k�h�k�l�Z�\�e�y�e�b�� �\ 
�k�e�m�q�Z�_ CF@C400 �± 0.035 �]���^�f3, CF@C500 
�± 0.027 �]���^�f3, CF@C600 �± 0.030 �]���^�f3. �I�h��
�k�e�_ �w�l�h�]�h �d �j�Z�k�l�\�h�j�Z�f �^�h�[�Z�\�e�y�e�b 0.15 �k�f3 
10%-�g�h�]�h �j�Z�k�l�\�h�j�Z �i�_�j�h�d�k�b�^�Z �\�h�^�h�j�h�^�Z 
���H�K�Q�� CAS �g�h�f�_�j�� 7722-84-1, 
�©ISOLAB�ª), �q�l�h �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h �_�]�h �d�h�g��
�p�_�g�l�j�Z�p�b�b 75 �f�f�h�e�v���^�f3. �B�a�f�_�j�_�g�b�_ �d�h�g��
�p�_�g�l�j�Z�p�b�b �>�G�N �h�k�m�s�_�k�l�\�e�y�e�b �q�_�j�_�a 
�h�i�j�_�^�_�e�_�g�g�u�_ �\�j�_�f�_�g�g�u�_ �b�g�l�_�j�\�Z�e�u��  

�J�Z�\�g�h�\�_�k�g�m�x �k�h�j�[�p�b�h�g�g�m�x �_�f�d�h�k�l�v 
�j�Z�k�k�q�b�l�u�\�Z�e�b �i�h �n�h�j�f�m�e�_�� 
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�• 
L

k� �Ð�?�¼�Ó
o�Û�Ï

�à
,   (5) 

�]�^�_ �• �± �d�h�e�b�q�_�k�l�\�h �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�]�h 
�d�j�Z�k�b�l�_�e�y�� �f�]���]�� �K�g �± �g�Z�q�Z�e�v�g�Z�y �d�h�g�p�_�g��
�l�j�Z�p�b�y �j�Z�k�l�\�h�j�Z�� �f�]���^�f3, �K�j �± �j�Z�\�g�h�\�_�k�g�Z�y 
�d�h�g�p�_�g�l�j�Z�p�b�y���j�Z�k�l�\�h�j�Z�����f�]���^�f3, V �± �h�[�t�_�f 
�j�Z�k�l�\�h�j�Z�� �^�f3, m �± �f�Z�k�k�Z �h�[�j�Z�a�p�Z�� �]�� 

�K�l�_�i�_�g�v�� �h�q�b�k�l�d�b��R �j�Z�k�l�\�h�j�Z�� �h�l�� �>�G�N��
�j�Z�k�k�q�b�l�u�\�Z�e�b���i�h���n�h�j�f�m�e�_���� 

�4 
L
�:�¼�, �?�¼�;

�¼�,
�Û�s�r�r�¨,  (6) 

�]�^�_ C0 �± �g�Z�q�Z�e�v�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �d�j�Z�k�b��
�l�_�e�y �\ �j�Z�k�l�\�h�j�_�����]���^�f3�����K���± �d�h�g�p�_�g�l�j�Z�p�b�y��
�d�j�Z�k�b�l�_�e�y���\���j�Z�k�l�\�h�j�_���\���h�i�j�_�^�_�e�_�g�g�u�c���f�h��
�f�_�g�l���\�j�_�f�_�g�b�����]���^�f3. 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

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

�m�f�_�g�v�r�Z�l�v�k�y�� �b�a-�a�Z�� �Z�]�e�h�f�_�j�Z�p�b�b�� �q�Z�k�l�b�p����
�>�e�y���k�b�g�l�_�a�Z���d�h�f�i�h�a�b�l�Z���[�j�Z�e�b���m�]�h�e�v���k���j�Z�a��
�f�_�j�h�f�� �q�Z�k�l�b�p�� �f�_�g�_�_�� �������� �f�d�f�� �i�j�b�� �\�k�_�o��
�l�_�f�i�_�j�Z�l�m�j�Z�o���d�Z�j�[�h�g�b�a�Z�p�b�b���� 

�G�Z�� �^�b�n�j�Z�d�l�h�]�j�Z�f�f�Z�o�� �d�h�f�i�h�a�b�l�h�\��
CF�#�K���g�Z�[�e�x�^�Z�x�l�k�y���h�l�j�Z�`�_�g�b�y���h�l�� �i�e�h�k��
�d�h�k�l�_�c�� �������������� �������������� �������������� �������������� ��������������
�������������� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �h�[�j�Z�a�h�\�Z�g�b�_�� �h�^��
�g�h�n�Z�a�g�h�c�� �d�m�[�b�q�_�k�d�h�c�� �r�i�b�g�_�e�b�� �&�R�)�H2O4 
���-�&�3�'�6���‹������-�������������\���k�h�k�l�Z�\�_���d�h�f�i�h�a�b�l�Z����
�<�u�k�h�d�b�c�� �m�j�h�\�_�g�v�� �n�h�g�Z�� �^�b�n�j�Z�d�l�h�]�j�Z�f�f��
�i�h�^�l�\�_�j�`�^�Z�_�l�� �j�_�g�l�]�_�g�h�Z�f�h�j�n�g�h�k�l�v�� �[�b�h��
�m�]�e�y�����j�b�k������������ 

�K�j�_�^�g�b�c�� �j�Z�a�f�_�j�� �H�D�J�� �q�Z�k�l�b�p�� �n�_�j�j�b�l�Z��
�d�h�[�Z�e�v�l�Z���� �j�Z�k�k�q�b�l�Z�g�g�u�c�� �k�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f�� �n�h�j�f�m�e�u�� �>�_�[�Z�y-�R�_�j�j�_�j�Z���� �k�h�k�l�Z�\��
�e�y�_�l�� �����“���� �g�f�� �\�� �d�h�f�i�h�a�b�l�_�� �&�)�#C400; 
�����“�����g�f���\���d�h�f�i�h�a�b�l�_���&�)�#C���������b�������“�����g�f��
�\���d�h�f�i�h�a�b�l�_���&�)�#C�����������l�Z�[�e������������ 

�G�Z���B�D-�k�i�_�d�l�j�Z�o��CF�#�K�����j�b�k�������� �f�h�`�g�h��
�\�u�^�_�e�b�l�v���f�b�g�b�f�m�f�u���i�j�h�i�m�k�d�Z�g�b�y���\���h�[�e�Z��
�k�l�b�� ��������-���������� �k�f-1���� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �d�h�e�_��
�[�Z�g�b�y�f���]�j�m�i�i�u���K-�K�����<���h�[�e�Z�k�l�b�������������k�f-1 

�i�j�h�y�\�e�y�x�l�k�y���d�h�e�_�[�Z�g�b�y���o�b�g�h�b�^�g�u�o �]�j�m�i��
�i�b�j�h�\�h�d���k�h�\�f�_�k�l�g�h���k���d�h�e�_�[�Z�g�b�y�f�b���k�\�y�a�_�c��
�K� �K���>�������� �����@���� �I�h�e�h�k�Z���i�j�b����������-���������� �k�f-1 
�h�l�g�h�k�b�l�k�y���d���\�Z�e�_�g�l�g�u�f���d�h�e�_�[�Z�g�b�y�f���k�\�y�a�b��
�K�±�H�G�����I�h�e�h�k�Z���i�j�b�������������k�f-1 �k�\�y�a�Z�g�Z���k���d�h��
�e�_�[�Z�g�b�y�f�b���k�\�y�a�b���K�±�H�����F�b�g�b�f�m�f���i�j�h�i�m�k��
�d�Z�g�b�y�� �\�� �h�[�e�Z�k�l�b�� �������� �k�f�í1 �h�[�t�y�k�g�y�_�l�k�y��
�g�Z�e�b�q�b�_�f�� �Z�j�b�e�v�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �b�� �^�_��
�n�h�j�f�Z�p�b�h�g�g�u�f�b���f�h�^�Z�f�b���K-�G���]�j�m�i�i�����F�b��
�g�b�f�m�f�u�� �i�j�h�i�m�k�d�Z�g�b�y���� �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y��
�n�_�j�j�b�l�h�\-�r�i�b�g�_�e�_�c�� �\�u�j�Z�`�_�g�u�� �k�e�Z�[�h�����K��
�j�h�k�l�h�f���l�_�f�i�_�j�Z�l�m�j�u���d�Z�j�[�h�g�b�a�Z�p�b�b���[�_�j�_��
�a�h�\�u�o�� �h�i�b�e�h�d�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �f�b�g�b�f�m�f��
�i�j�h�i�m�k�d�Z�g�b�y���\�� �h�[�e�Z�k�l�b�� ��������-���������� �k�f-1, 
�q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �\�h�a�j�Z�k�l�Z�g�b�b�� �k�l�_��
�i�_�g�b�� �Z�j�h�f�Z�l�b�a�Z�p�b�b�� �[�b�h�m�]�e�y�����>�h�k�l�Z�l�h�q�g�h��

�L�Z�[�e�b�p�Z���������N�j�Z�d�p�b�h�g�g�u�c���k�h�k�l�Z�\���[�b�h�m�]�e�_�c 
Table 1. Fractional composition of biochars 

�L�_�f�i�_�j�Z�l�m�j�Z���d�Z�j�[�h�g�b��
�a�Z�p�b�b���[�_�j�_�a�h�\�u�o���h�i�b��

�e�h�d�����ž�K 

�K�b�l�h���‹����/315  
�����������f�d�f�� 

�K�b�l�h���‹����/2  
�����������f�f�� 

�N�j�Z�d�p�b�b���k���j�Z�a�f�_��
�j�h�f���q�Z�k�l�b�p���[�h�e�_�_��

���������f�d�f 
400 28.81% 34.82% 35.77% 
500 25.20% 43.36% 30.59% 
600 30.20% 41.04% 28.77% 
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�\�u�k�h�d�Z�y�� �^�h�e�y�� �Z�j�h�f�Z�l�b�q�_�k�d�h�c�� �k�h�k�l�Z�\�e�y�x��
�s�_�c�� �\�� �[�b�h�m�]�e�_�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�Z�� �k�� �^�_��
�]�b�^�j�Z�l�Z�p�b�_�c�� �b�� �Z�j�h�f�Z�l�b�a�Z�p�b�_�c�� �m�]�e�_�\�h�^��
�g�u�o�� �d�h�e�_�p�� �\�h�� �\�j�_�f�y�� �i�b�j�h�e�b�a�Z�� �[�b�h�f�Z�k�k�u����
�G�_�� �b�k�d�e�x�q�_�g�h�� �i�j�h�l�_�d�Z�g�b�_�� �p�b�d�e�b�a�Z�p�b�b��
�Z�e�b�n�Z�l�b�q�_�k�d�b�o�� �m�]�e�_�\�h�^�h�j�h�^�h�\���� �h�[�j�Z�a�m�x��
�s�b�o�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�j�_�d�b�g�]�Z���� �k���i�h�k�e�_�^�m��
�x�s�b�f�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f�� �b�o�� �\�� �Z�j�h�f�Z�l�b�q�_��
�k�d�b�_�� �m�]�e�_�\�h�^�h�j�h�^�u���� �K�� �m�\�_�e�b�q�_�g�b�_�f�� �l�_�f��
�i�_�j�Z�l�m�j�u���d�Z�j�[�h�g�b�a�Z�p�b�b���m�f�_�g�v�r�Z�_�l�k�y���b�g��
�l�_�g�k�b�\�g�h�k�l�v���i�h�e�h�k�u���i�j�b�������������k�f-1�����q�l�h���]�h��
�\�h�j�b�l���h�[���m�f�_�g�v�r�_�g�b�b���k�h�^�_�j�`�Z�g�b�y���d�b�k�e�h��
�j�h�^�Z���\���[�b�h�m�]�e�_�����Z���k�e�_�^�h�\�Z�l�_�e�v�g�h�����b���d�b�k�e�h��
�j�h�^�k�h�^�_�j�`�Z�s�b�o���n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �]�j�m�i�i����
�y�\�e�y�x�s�b�o�k�y�� �Z�d�l�b�\�g�u�f�b�� �Z�^�k�h�j�[�p�b�h�g��
�g�u�f�b���d�Z�l�Z�e�b�l�b�q�_�k�d�b�f�b���p�_�g�l�j�Z�f�b�� 

�H�k�m�s�_�k�l�\�e�_�g�Z�� �h�p�_�g�d�Z�� �Z�^�k�h�j�[�p�b�h�g�g�h-
�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �d�h�f�i�h�a�b�l�h�\��
CF�#�K�� �\�� �h�l�g�h�r�_�g�b�b�� �h�d�b�k�e�_�g�b�y�� �>�G�N�� �i�_��
�j�h�d�k�b�^�h�f�� �\�h�^�h�j�h�^�Z���� �K�l�_�i�_�g�v�� �h�q�b�k�l�d�b��

�j�Z�k�l�\�h�j�Z�� �k�� �g�Z�q�Z�e�v�g�h�c���d�h�g�p�_�g�l�j�Z�p�b�_�c��
�>�G�N�� ���������� �]���^�f3 �i�h�k�e�_�� �\�u�^�_�j�`�d�b�� �\�� �l�_�f��
�g�h�l�_ �\ �l�_�q�_�g�b�_ �q�Z�k�Z �a�Z �k�q�_�l �k�h�j�[�p�b�b �g�Z 
�d�h�f�i�h�a�b�l�Z�o CF@C400, CF@C500, 
CF@C600 �k�h�k�l�Z�\�e�y�_�l 77, 82 �b 80% �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h�� �K�h�j�[�p�b�h�g�g�Z�y �_�f�d�h�k�l�v �i�h�k�e�_ 
�q�Z�k�Z �\�u�^�_�j�`�d�b �\ �l�_�f�g�h�l�_ �j�Z�k�l�\�h�j�Z �>�G�N �k 
�d�h�f�i�h�a�b�l�h�f �g�_�k�d�h�e�v�d�h �m�f�_�g�v�r�Z�_�l�k�y �\ 
�j�y�^�m CF@C500 > CF@C600 > CF@C400, 
�l�_�f �g�_ �f�_�g�_�_ �w�l�b �j�Z�a�e�b�q�b�y �\�_�k�v�f�Z �g�_�a�g�Z��
�q�b�l�_�e�v�g�u�� CF@C400 �± 6.87 �f�f�h�e�v���]�� 
CF@C500 �± 7.32 �f�f�h�e�v���]�� CF@C600 �± 
7.18 �f�f�h�e�v���]��  

�I�h�k�e�_�^�m�x�s�Z�y �n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�Z�y 
�h�q�b�k�l�d�Z �j�Z�k�l�\�h�j�Z �h�l �h�k�l�Z�\�r�_�]�h�k�y �i�h�e�e�x��
�l�Z�g�l�Z �i�j�b �M�N �h�[�e�m�q�_�g�b�b �i�j�h�l�_�d�Z�_�l �k �g�_��
�k�d�h�e�v�d�h �[�h�e�v�r�_�c �k�d�h�j�h�k�l�v�x �\ �k�e�m�q�Z�_ 
�d�h�f�i�h�a�b�l�Z CF@C500 (0.0176 �f�b�g-1). �>�e�y 
CF@C600 �k�d�h�j�h�k�l�v �i�j�h�p�_�k�k�Z �k�h�k�l�Z�\�e�y�_�l 

 
�J�b�k�����������>�b�n�j�Z�d�l�h�]�j�Z�f�f�Z���h�[�j�Z�a��

�p�h�\���&�)�#C�����k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o���p�b�l��
�j�Z�l�g�u�f���f�_�l�h�^�h�f 

Fig. 1. Diffractogram of CF@C 
samples synthesized by the citrate 

method 

 
 
 

 
�J�b�k�����������B�D-�k�i�_�d�l�j�u���d�h�f�i�h�a�b�l�h�\��CoFe2O4�#�K���i�j�b��
�l�_�f�i�_�j�Z�l�m�j�Z�o���i�b�j�h�e�b�a�Z���[�b�h�m�]�e�y���������������������b���������ƒ�& 

 
Fig. 2. IR spectra of CoFe2O4 composites@C at tem-
�S�H�U�D�W�X�U�H�V���R�I���S�\�U�R�O�\�V�L�V���R�I���E�L�R�F�K�D�U���������������������D�Q�G���������ƒ�&�� 

 
�L�Z�[�e�b�p�Z���������J�Z�a�f�_�j���H�D�J���q�Z�k�l�b�p���&�R�)�H2O4 �\���d�h�f�i�h�a�b�l�g�u�o���f�Z�l�_�j�b�Z�e�Z�o ���^�Z�g�g�u�_���J�N�:�� 
Table 2. Size of OCD CoFe2O4 particles in composite materials (XRD data) 

�H�[�j�Z�a�_�p �J�Z�a�f�_�j���H�D�J��
D1�����g�f 

�J�Z�a�f�_�j���H�D�J��
D2�����g�f 

�J�Z�a�f�_�j���H�D�J��
D3�����g�f 

�J�Z�a�f�_�j���H�D�J��
D�k�j�����g�f 

CoFe2O4@C400 �����“�� �����“�� �����“�� �����“�� 
CoFe2O4@C500 �����“�� �����“�� �����“�� �����“�� 
CoFe2O4@C600 �����“�� �����“�� �����“�� �����“�� 
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0.�����������f�b�g-1�����^�e�y��CF@C400 �± 0.�����������f�b�g-1 
���j�b�k����������  

�K�l�_�i�_�g�v�� �n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �h�q�b�k�l�d�b��
�j�Z�k�l�\�h�j�Z�� �h�l�� �>�G�N�� �l�Z�d�`�_�� �m�[�u�\�Z�_�l�� �\�� �j�y�^�m��
CF@C500 > CF@C600 > CF@C���������b���k�h��
�k�l�Z�\�e�y�_�l�� �������� ������ �b�� �������� �k�h�h�l�\�_�l�k�l�\�_�g�g�h��
���j�b�k�� ���������L�Z�d�b�f���h�[�j�Z�a�h�f�����h�q�b�k�l�d�Z���j�Z�k�l�\�h�j�Z��
�h�l���>�G�N���h�k�m�s�_�k�l�\�e�y�_�l�k�y���a�Z���k�q�_�l���k�h�j�[�p�b�b��
�g�Z�� �i�h�j�b�k�l�u�o�� �d�h�f�i�h�a�b�l�g�u�o�� �f�Z�l�_�j�b�Z�e�Z�o����
�n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h�� �h�d�b�k�e�_�g�b�y�� �^�b�g�b�l��
�j�h�n�_�g�h�e�Z�� �\�� �m�k�e�h�\�b�y�o�� �M�N�� �h�[�e�m�q�_�g�b�y�� �b��
�n�_�g�l�h�g�h�i�h�^�h�[�g�u�o�� �j�_�Z�d�p�b�c�� �h�d�b�k�e�b�l�_�e�v��
�g�h�c�� �^�_�k�l�j�m�d�p�b�b�� �l�h�d�k�b�d�Z�g�l�Z�� �k�� �m�q�Z�k�l�b�_�f��
�b�h�g�h�\ Fe3+ �n�_�j�j�b�l�Z-�r�i�b�g�_�e�b�����K�m�f�f�Z�j�g�Z�y��
�k�l�_�i�_�g�v�� �h�q�b�k�l�d�b�� �^�e�y�� �d�h�f�i�h�a�b�l�h�\��
CF@C400, CF@C500, CF@C�������� �k�h�k�l�Z�\��
�e�y�_�l�����������������b�����������k�h�h�l�\�_�l�k�l�\�_�g�g�h�����L�Z�d�b�f��

�h�[�j�Z�a�h�f�����l�_�f�i�_�j�Z�l�m�j�Z���i�b�j�h�e�b�a�Z���������ƒC �y�\��
�e�y�_�l�k�y���g�Z�b�[�h�e�_�_���i�j�b�_�f�e�_�f�h�c���b�a���j�Z�k�k�f�Z�l��
�j�b�\�Z�_�f�u�o���l�_�f�i�_�j�Z�l�m�j���k���l�h�q�d�b���a�j�_�g�b�y���j�_��
�r�Z�_�f�h�c���a�Z�^�Z�q�b���i�h�e�m�q�_�g�b�y���f�_�e�d�h�^�b�k�i�_�j�k��
�g�u�o���m�]�e�_�j�h�^�g�u�o���q�Z�k�l�b�p���k���o�h�j�h�r�_�c���i�h�j�b��
�k�l�h�k�l�v�x���b���\�u�k�h�d�h�c���k�h�j�[�p�b�h�g�g�h�c���k�i�h�k�h�[��
�g�h�k�l�v�x���^�e�y���k�h�a�^�Z�g�b�y���d�h�f�i�h�a�b�l�Z��CF@C �k��
�Z�^�k�h�j�[�p�b�h�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h��
�k�l�v�x�� �\�� �h�l�g�h�r�_�g�b�b�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �l�h�d�k�b��
�d�Z�g�l�h�\�� 

�I�h�k�d�h�e�v�d�m�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �d�h�[�Z�e�v�l�h��
�\�h�c���r�i�b�g�_�e�b���i�j�h�b�k�o�h�^�b�l���i�h���[�h�e�v�r�_�c���q�Z��
�k�l�b���g�Z���i�h�\�_�j�o�g�h�k�l�b���m�]�e�_�j�h�^�g�h�]�h���g�h�k�b�l�_�e�y��
�>�����@���i�j�b���M�N���h�[�e�m�q�_�g�b�b���n�_�j�j�b�l�Z���d�h�[�Z�e�v�l�Z��
�i�j�h�b�k�o�h�^�b�l���]�_�g�_�j�Z�p�b�y�� �k�\�h�[�h�^�g�u�o�� �w�e�_�d��
�l�j�h�g�h�\ (e�±�����\���a�h�g�_���i�j�h�\�h�^�b�f�h�k�l�b���b���^�u�j�h�d��
(h+�����\���\�Z�e�_�g�l�g�h�c���a�h�g�_�����N�h�l�h�]�_�g�_�j�b�j�h�\�Z�g��
�g�u�c���w�e�_�d�l�j�h�g���f�h�`�_�l���\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v���k��

    
�Z 

 
�[ 

�J�b�k�����������D�b�g�_�l�b�q�_�k�d�b�_���d�j�b�\�u�_���h�d�b�k�e�_�g�b�y���>�G�N���i�_�j�h�d�k�b�^�h�f���\�h�^�h�j�h�^�Z���\���i�j�b�k�m�l�k�l�\�b�b���d�h�f��
�i�h�a�b�l�h�\��CF@C400, CF@C500, CF@C600 �\���d�h�h�j�^�b�g�Z�l�Z�o��C/C0 �± t ���Z�� 

�b���\���d�h�h�j�^�b�g�Z�l�Z�o��lnC/C0 �± t ���[�� 
Fig. 3. Kinetic curves of DNP oxidation by hydrogen peroxide in the presence of CF@C400, 
CF@C500, CF@C600 composites in coordinates C/C0 �± t (a) and in coordinates ln�K/C0 �±t (b) 

 
�J�b�k�����������K�l�_�i�_�g�v���n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c���h�q�b�k�l�d�b���j�Z�k�l�\�h�j�Z���>�G�N���\���i�j�b�k�m�l�k�l�\�b�b���d�h�f��

�i�h�a�b�l�h�\��CF@C400, CF@C500, CF@C600. 
Fig. 4. The degree of photocatalytic purification of the DNPH solution in the presence 

of CF@C400, CF@C500, and CF@C600 composites. 
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�f�h�e�_�d�m�e�h�c���i�_�j�h�d�k�b�^�Z���\�h�^�h�j�h�^�Z���k���h�[�j�Z�a�h��
�\�Z�g�b�_�f���]�b�^�j�h�d�k�b�e�v�g�u�o���j�Z�^�b�d�Z�e�h�\�� 

H2O2 + e�± �:���ÚOH + -OH   (6) 
�N�h�l�h�]�_�g�_�j�b�j�h�\�Z�g�g�Z�y�� �^�u�j�d�Z��h+ �f�h�`�_�l��

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

h+ + H2O �:�� �ÚOH + H+ (7) 
h++-OH �: �ÚOH (8) 

�K�b�g�l�_�a�b�j�h�\�Z�g�g�Z�y�� �g�Z�g�h�j�Z�a�f�_�j�g�Z�y�� �d�h��
�[�Z�e�v�l�h�\�Z�y�� �r�i�b�g�_�e�v���� �d�Z�d�� �i�j�Z�\�b�e�h���� �y�\�e�y��
�_�l�k�y�� �q�Z�k�l�b�q�g�h�� �h�[�j�Z�s�_�g�g�h�c�� �r�i�b�g�_�e�v�x��
�>�����������@���� �\���d�h�l�h�j�h�c�� �b�h�g�u�� �K�h2+ �a�Z�g�b�f�Z�x�l��
�i�h�a�b�p�b�b���b���\���l�_�l�j�Z�w�^�j�b�q�_�k�d�h�c�����b���\���h�d�l�Z�w�^��
�j�b�q�_�k�d�h�c�� �i�h�^�j�_�r�_�l�d�Z�o���� �I�j�b�� �i�j�h�l�_�d�Z�g�b�b��
�n�_�g�l�h�g�h�i�h�^�h�[�g�h�c�� �j�_�Z�d�p�b�b���� �\�_�j�h�y�l�g�h����
�i�_�j�\�h�c���k�l�Z�^�b�_�c���y�\�e�y�_�l�k�y���h�[�j�Z�a�h�\�Z�g�b�_���i�h��
�\�_�j�o�g�h�k�l�g�u�o�� �d�h�f�i�e�_�d�k�h�\�� �+2O2 �k�� �Z�d�l�b�\��
�g�u�f�b�� �p�_�g�l�j�Z�f�b���� �\�� �d�Z�q�_�k�l�\�_�� �d�h�l�h�j�u�o�� �\�u��
�k�l�m�i�Z�x�l�� �]�b�^�j�h�d�k�b�e�b�j�h�\�Z�g�g�u�_�� �b�h�g�u�� �)�H3+ 

�>�����@�����P�_�g�l�j�u���)�H3+ �\���l�_�l�j�Z�w�^�j�b�q�_�k�d�h�c���i�h�^��
�j�_�r�_�l�d�_�� �h�[�e�Z�^�Z�x�l�� �w�e�_�d�l�j�h�g�h�Z�d�p�_�i�l�h�j��
�g�u�f�b���k�\�h�c�k�l�\�Z�f�b�� 
Fe3+

�:���± �2�+�����G2�H2 = Fe2+ + �‡�HOH + H2�H�������� 
�‡OOH �<  H+ + �‡�H2

-
   (10) 

�H�[�j�Z�a�m�x�s�b�_�k�y�� �i�_�j�h�d�k�b�^�g�u�c�� �j�Z�^�b�d�Z�e��
�b�� �k�m�i�_�j�h�d�k�b�^�g�u�c �Z�g�b�h�g-�j�Z�^�b�d�Z�e�� �y�\�e�y��
�x�l�k�y�� �h�q�_�g�v�� �Z�d�l�b�\�g�u�f�b�� �h�d�b�k�e�b�l�_�e�y�f�b����
�H�[�j�Z�a�h�\�Z�g�b�_�� �]�b�^�j�h�d�k�b�e�� �j�Z�^�b�d�Z�e�h�\�� �\�h�a��
�f�h�`�g�h���b���k���m�q�Z�k�l�b�_�f���b�h�g�h�\���&�R2+ �\���h�d�l�Z�w�^��
�j�b�q�_�k�d�b�o���i�h�a�b�p�b�y�o���>�����������@���� 
�K�h2+

�< + H2O2 �:���K�h3+
�< �����‡OH + OH�í���������� 

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

�n�_�g�l�h�g�h�i�h�^�h�[�g�h�c �j�_�Z�d�p�b�b �k �m�q�Z�k�l�b�_�f 
�G2�H2. �=�b�^�j�h�o�b�g�h�g���o�b�g�h�g-�i�h�^�h�[�g�u�_ �h�d�b�k��
�e�b�l�_�e�v�g�h-�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�_ �i�Z�j�u �g�Z �i�h��
�\�_�j�o�g�h�k�l�b �m�]�e�y �f�h�]�m�l �\�u�k�l�m�i�Z�l�v �d�Z�d �d�Z�l�Z��
�e�b�a�Z�l�h�j�u �j�_�Z�d�p�b�b �N�_�g�l�h�g�Z�� �h�[�e�Z�^�Z�y �g�_��
�h�[�o�h�^�b�f�u�f �i�h�l�_�g�p�b�Z�e�h�f �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 
H2O2 [33].  

�A�Z �k�q�_�l �\�h�a�[�m�`�^�_�g�b�y �M�N-�b�a�e�m�q�_�g�b�_�f 
�o�b�g�h�g�h�i�h�^�h�[�g�u�_ �k�l�j�m�d�l�m�j�u �m�]�e�_�j�h�^�g�h�c 
�f�Z�l�j�b�p�u �[�b�h�m�]�e�y �f�h�]�m�l �b�g�^�m�p�b�j�h�\�Z�l�v �b 
�h�[�j�Z�a�h�\�Z�g�b�_ �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z [34]. 
�G�_�h�[�o�h�^�b�f�h �m�q�_�k�l�v �\�h�a�f�h�`�g�h�k�l�v �i�j�b�k�m�l��
�k�l�\�b�y �\ �m�]�e�y�o �b �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �j�Z�^�b�d�Z�e�v��
�g�u�o �p�_�g�l�j�h�\�� �d�h�l�h�j�u�_ �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l �k 
�d�b�k�e�h�j�h�^�h�f �\ �\�h�^�g�u�o �j�Z�k�l�\�h�j�Z�o�� �^�Z�\�Z�y 
�i�_�j�h�d�k�h�i�h�^�h�[�g�u�_ �q�Z�k�l�b�p�u�� �Z �i�m�l�_�f �i�h��
�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �i�_�j�_�g�h�k�Z �w�e�_�d�l�j�h�g�h�\ �b 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\�h�a�f�h�`�g�h �h�[�j�Z�a�h�\�Z�g�b�_ �b 
�k�m�i�_�j�h�d�k�b�^�g�h�]�h �j�Z�^�b�d�Z�e�Z �‡�H2

-
 [34].  

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

�K�j�Z�\�g�b�l�_�e�v�g�u�c �Z�g�Z�e�b�a �^�Z�g�g�u�o �^�e�y CF 
���n�_�j�j�b�l�Z �d�h�[�Z�e�v�l�Z�� �b CF@C500 ���d�Z�d 
�g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�h�]�h �d�h�f�i�h�a�b�l�Z�� �i�h�d�Z��
�a�Z�e�� �q�l�h �\ �h�[�s�b�c �i�j�h�p�_�k�k �h�q�b�k�l�d�b �h�l �i�h�e��
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�J�b�k�����������B�a�f�_�g�_�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���>�G�N���\���i�j�h�p�_�k�k�_���n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h���h�d�b�k�e�_�g�b�y�����Z�����b��
�k�l�_�i�_�g�v���h�q�b�k�l�d�b���j�Z�k�l�\�h�j�Z���a�Z���k�q�_�l���n�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h���h�d�b�k�e�_�g�b�y�����������± �^�b�g�b�l�j�h�n�_�g�h�e�Z�����[�� 

Fig. 5. Change in the concentration of DNP during photocatalytic oxidation (a) and the de-
gree of purification of the solution due to the photocatalytic oxidation of 2,4 �± dinitrophenol (b) 
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�e�x�l�Z�g�l�Z �g�Z�b�[�h�e�v�r�b�c �\�d�e�Z�^ �k�h�j�[�p�b�y �\�g�h��
�k�b�l �^�e�y �d�h�f�i�h�a�b�l�Z�� �n�_�j�j�b�l �d�h�[�Z�e�v�l�Z �i�j�h��
�y�\�e�y�_�l �g�_�a�g�Z�q�b�l�_�e�v�g�m�x �k�h�j�[�p�b�h�g�g�m�x �Z�d��
�l�b�\�g�h�k�l�v [35]. �< �k�e�m�q�Z�_ �n�h�l�h�d�Z�l�Z�e�b�l�b�q�_��
�k�d�h�]�h �h�d�b�k�e�_�g�b�y �m�f�_�g�v�r�_�g�b�_ �d�h�g�p�_�g�l�j�Z��
�p�b�b �>�G�N �\ �i�_�j�\�u�_ 20 �f�b�g �i�j�h�p�_�k�k�Z �i�j�Z�d��
�l�b�q�_�k�d�b �h�^�b�g�Z�d�h�\�h �^�e�y CF �b CF@C500, 
�l�h�]�^�Z �d�Z�d �i�h �f�_�j�_ �j�Z�a�\�b�l�b�y �i�j�h�p�_�k�k�Z �n�_�j��
�j�b�l �d�h�[�Z�e�v�l�Z �i�j�h�y�\�e�y�_�l���k�_�[�y���d�Z�d���[�h�e�_�_���Z�d��
�l�b�\�g�u�c���d�Z�l�Z�e�b�a�Z�l�h�j�����j�b�k�������Z�������K�m�f�f�Z�j�g�u�_��
�k�h�j�[�p�b�h�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�b�_�� �k�l�_�i�_�g�b��
�h�q�b�k�l�d�b���j�Z�k�l�\�h�j�Z���h�l���>�G�N���^�e�y��CF �b���d�h�f��
�i�h�a�b�l�Z��CF@C���������[�e�b�a�d�b���b���k�h�k�l�Z�\�e�y�x�l��������
�����b�������������k�h�h�l�\�_�l�k�l�\�_�g�g�h�����j�b�k�������[���� 

�A�Z�d�e�x�q�_�g�b�_ 

�F�_�l�h�^�h�f�� �p�b�l�j�Z�l�g�h�]�h�� �]�h�j�_�g�b�y�� �\�� �i�j�b��
�k�m�l�k�l�\�b�b�� �\�� �d�Z�q�_�k�l�\�_�� �l�_�f�i�e�Z�l�Z�� �[�b�h�m�]�e�_�c����
�i�h�e�m�q�_�g�g�u�o�� �d�Z�j�[�h�g�b�a�Z�p�b�_�c�� �[�_�j�_�a�h�\�u�o��
�h�i�b�e�h�d���i�j�b���l�_�f�i�_�j�Z�l�m�j�Z�o�����������������������������h�K����
�k�b�g�l�_�a�b�j�h�\�Z�g�u�� �d�h�f�i�h�a�b�l�g�u�_�� �f�Z�l�_�j�b�Z�e�u��
�k���m�q�Z�k�l�b�_�f���g�Z�g�h�j�Z�a�f�_�j�g�h�]�h���n�j�_�j�j�b�l�Z���d�h��
�[�Z�e�v�l�Z��CF@C400, CF@C500, CF@C600. 
�J�_�a�m�e�v�l�Z�l�u�� �j�_�g�l�]�_�g�h�\�k�d�h�c�� �^�b�n�j�Z�d�p�b�b��
�i�h�^�l�\�_�j�`�^�Z�x�l�� �i�j�b�k�m�l�k�l�\�b�_�� �g�Z�g�h�j�Z�a�f�_�j��
�g�u�o�� �d�j�b�k�l�Z�e�e�b�l�h�\�� �r�i�b�g�_�e�b��CoFe2O4 �\�h��
�\�k�_�o �d�h�f�i�h�a�b�l�Z�o�����F�_�l�h�^�h�f���B�D���k�i�_�d�l�j�h�k�d�h��
�i�b�b���i�h�^�l�\�_�j�`�^�Z�_�l�k�y���i�h�e�b�n�m�g�d�p�b�h�g�Z�e�v�g�u�c��
�o�Z�j�Z�d�l�_�j�� �i�h�\�_�j�o�g�h�k�l�b�� �[�b�h�m�]�e�y�� ���h�k�g�h�\�g�u�_��
�]�j�m�i�i�u���±OH, -CH2, =O, C=C, -CH3). 

�K�b�g�l�_�a�b�j�h�\�Z�g�g�u�_�� �d�h�f�i�h�a�b�l�u��CF@C 
�h�[�e�Z�^�Z�x�l���\�u�k�h�d�h�c���Z�^�k�h�j�[�p�b�h�g�g�h�c���Z�d�l�b�\��

�g�h�k�l�v�x�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� ������-�^�b�g�b�l�j�h�n�_��
�g�h�e�Z���b���y�\�e�y�x�l�k�y���_�]�h���w�n�n�_�d�l�b�\�g�u�f�b���d�Z�l�Z��
�e�b�a�Z�l�h�j�Z�f�b�� �h�d�b�k�e�b�l�_�e�v�g�h�c�� �^�_�k�l�j�m�d�p�b�b����
�q�_�f�m�� �k�i�h�k�h�[�k�l�\�m�_�l�� �h�^�g�h�\�j�_�f�_�g�g�h�_ �^�_�c��
�k�l�\�b�_�� �k�j�Z�a�m�� �g�_�k�d�h�e�v�d�b�o�� �l�b�i�h�\�� �Z�d�l�b�\�g�u�o��
�p�_�g�l�j�h�\�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �d�h�f�i�h�a�b�l�g�h�]�h��
�f�Z�l�_�j�b�Z�e�Z�����K�m�f�f�Z�j�g�Z�y���Z�^�k�h�j�[�p�b�h�g�g�h-�d�Z��
�l�Z�e�b�l�b�q�_�k�d�Z�y�� �k�l�_�i�_�g�v�� �h�q�b�k�l�d�b�� �j�Z�k�l�\�h�j�Z��
�h�l�� �>�G�N �k�h�k�l�Z�\�e�y�_�l�� �������� ������ �b�� ������ �^�e�y��
CF@C400, CF@C500, CF@C���������k�h�h�l�\�_�l��
�k�l�\�_�g�g�h���� 

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

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\  

�:�\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
�\�_�k�l�g�u�o �n�b�g�Z�g�k�h�\�u�o �d�h�g�n�e�b�d�l�h�\ �b�g�l�_�j�_��
�k�h�\ �b�e�b �e�b�q�g�u�o �h�l�g�h�r�_�g�b�c�� �d�h�l�h�j�u�_ 
�f�h�]�e�b �[�u �i�h�\�e�b�y�l�v �g�Z �j�Z�[�h�l�m�� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x �\ �w�l�h�c �k�l�Z�l�v�_�� 
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in the phase of solution and sorbent using quantum chemical modeling 
 
Elizaveta R. Ovsyannikova, Vladimir Yu. Khokhlov, Oksana N. Khokhlova �.  
Voronezh State University, Voronezh, Russian Federation, okxox@yandex.ru�.  
 
Abstract. Quantum chemical modeling of the �Œ�±�Œ interactions between amino acids with an aromatic radical 
in their structure in various phases is carried out in this work. Aromatic amino acids phenylalanine and trypto-
phan and sorbents with a hydrophobic aromatic matrix, such as styrene-divinylbenzene ion exchangers and 
super-crosslinked sorbents based on this polymer, were studied. Quantum chemical modeling was performed 
using the Gaussian 09 program using the DFT electron density functional method with a hybrid B3LYP func-
tional and a 6-31G++(d,p) basis with GD3 correction using the PCM method with correction of the superposi-
tion error of the basic set (BSSE) according to the Beuys�±Bernardi procedure. 
As established by modeling amino acid dimers in solution, the energy values and geometry obtained are con-
sistent with the classical concepts of the �Œ�±�Œ bond. The phenylalanine dimer formed by the �Œ�±�Œ interactions of 
the benzene rings of the side radical can exist in two variants �± a parallel offset and a T-shaped arrangement of 
the benzene rings. Tryptophan is characterized by the existence of three dimer variants. In addition to the two 
mentioned, a T�±shaped "heteroatom ring" variant is implemented, in which one of the tryptophan molecules is 
oriented by the heteroatom of the side radical (the nitrogen atom of the indole cycle) to the center of the benzene 
ring of the side radical of the other tryptophan molecule. The parallel offset arrangement option is more ad-
vantageous for both amino acids, however, the T-shaped "heteroatom ring" variant characteristic of tryptophan 
is also characterized by high energy, which distinguishes this amino acid and requires consideration when 
studying various systems with its participation. 
When modeling the formation of the second sorption layer due to �Œ�±�Œ sorbate�±sorbate interactions, systems 
consisting of three sorbent matrix element particles and two amino acid molecules are considered. As a result 
of modeling systems with the participation of phenylalanine in all methods of combining starting fragments, it 
is shown that structures with parallel arrangement of rings are formed, displaced relative to each other. When 
modeling the second tryptophan sorption layer in the sorbent, it was found that a double T-shaped arrangement 
involving six- and five-membered side radical cycles of both amino acid molecules or a structure formed from 
three triangular T-interactions of tryptophan radicals is realized.  
It has been found that the formation of �Œ�±�Œ bonds in a multiparticle system is energetically more advantageous 
than the formation of a single bond, since the number of �Œ�±electrons involved in the formation of a single 
multilayer �Œ-electron system is greater, while multiple �Œ�±�Œ interactions are least affected by substituents in the 
benzene ring. 
Keywords: amino acid, �Œ�±�Œ interactions, quantum chemical modeling. 
For citation: Ovsyannikova E.R., Khokhlov V.Yu., Khokhlova O.N. �(�V�W�L�P�D�W�L�R�Q�� �R�I�� �W�K�H�� �Œ�±�Œ�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� �R�I��
aromatic amino acids in the phase of solution and sorbent using quantum chemical modeling. Sorbtsionnye i 
khromatograficheskie protsessy. 2025. 25(2): 188-197. (In Russ.). https://doi.org/10.17308/sorp-
chrom.2025.25/12958 
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�g�u�c���n�j�Z�]�f�_�g�l���i�h�f�_�s�Z�_�l�k�y���\���i�h�e�h�k�l�v���\���i�h��
�e�y�j�b�a�m�_�f�h�f�� �d�h�g�l�b�g�m�m�f�_���� �b�f�b�l�b�j�m�x�s�b�f��
�j�Z�k�l�\�h�j�b�l�_�e�v�� ���\�h�^�m������ �q�l�h�� �i�h�a�\�h�e�y�_�l�� �m�q�b��
�l�u�\�Z�l�v�� �d�h�g�d�j�_�l�g�m�x�� �k�j�_�^�m���� �Z�� �g�_�� �\�Z�d�m�m�f����
�D�h�j�j�_�d�p�b�y�� �k�m�i�_�j�i�h�a�b�p�b�h�g�g�h�c�� �h�r�b�[�d�b��

�[�Z�a�b�k�g�h�]�h���g�Z�[�h�j�Z�����%�6�6�(�����h�k�m�s�_�k�l�\�e�y�e�Z�k�v��
�i�h�� �i�j�h�p�_�^�m�j�_�� �;�h�c�k�Z-�;�_�j�g�Z�j�^�b�� �>��-6, 10-
�����@���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�h�e�m��
�q�_�g�u���k�l�j�m�d�l�m�j�u�����h�[�j�Z�a�m�x�s�b�_�k�y���a�Z���k�q�_�l���Œ-
�Œ�� �b�� �^�b�k�i�_�j�k�b�h�g�g�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c���� �h�k��
�g�h�\�g�m�x�� �j�h�e�v�� �\�� �h�[�j�Z�a�h�\�Z�g�b�b�� �d�h�l�h�j�u�o�� �b�]��
�j�Z�x�l���i�_�j�\�u�_���b�a���g�b�o�����i�h�w�l�h�f�m�����\���^�Z�e�v�g�_�c��
�r�_�f���� �[�m�^�_�f�� �]�h�\�h�j�b�l�v�� �h�� �Œ-�Œ-�\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y�o�� 

�<�� �d�Z�q�_�k�l�\�_�� �k�l�Z�j�l�h�\�u�o�� �n�j�Z�]�f�_�g�l�h�\�� �b�k��
�i�h�e�v�a�h�\�Z�e�b���[�b�i�h�e�y�j�g�u�_���b�h�g�u���]�b�^�j�h�n�h�[��
�g�u�o�� �Z�f�b�g�h�d�b�k�e�h�l�� ���:�d���� �n�_�g�b�e�Z�e�Z�g�b�g�Z��
(Phe���� �b�� �l�j�b�i�l�h�n�Z�g�Z�� ��Trp������ �K�l�j�m�d�l�m�j�g�u�f��
�w�e�_�f�_�g�l�h�f�� �f�Z�l�j�b�p�u�� �k�h�j�[�_�g�l�Z�� �\�u�[�j�Z�g�h��
�[�_�g�a�h�e�v�g�h�_�� �d�h�e�v�p�h�� �k�� �^�\�m�f�y�� �f�_�l�b�e�v�g�u�f�b��
�]�j�m�i�i�Z�f�b�� �\�� �i�Z�j�Z-�i�h�e�h�`�_�g�b�b�� ��Ar������ �D�Z�`��
�^�u�c�� �l�b�i�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �w�e�_�f�_�g�l�h�\�� �\�� �j�Z�k��
�l�\�h�j�_�� �b�� �k�h�j�[�_�g�l�_�� �h�l�g�h�k�b�l�_�e�v�g�h�� �^�j�m�]��
�^�j�m�]�Z�� �f�h�^�_�e�b�j�h�\�Z�e�b�� �b�a�� �q�_�l�u�j�_�o�� �b�� �[�h�e�_�_��
�j�Z�a�e�b�q�g�u�o�� �k�l�Z�j�l�h�\�u�o�� �\�Z�j�b�Z�g�l�h�\���� �H�i�l�b��
�f�Z�e�v�g�h�c���k�q�b�l�Z�e�Z�k�v���k�l�j�m�d�l�m�j�Z���k���g�Z�b�f�_�g�v��
�r�_�c�� �w�g�_�j�]�b�_�c���� �W�g�_�j�]�b�x�� �h�[�j�Z�a�h�\�Z�g�b�y�� �Z�k��
�k�h�p�b�Z�l�Z�����k�l�Z�[�b�e�b�a�b�j�h�\�Z�g�g�h�]�h���Œ-�Œ-�\�a�Z�b�f�h��
�^�_�c�k�l�\�b�y�f�b�� ���Â�?���� �d�>�`���f�h�e�v������ �j�Z�k�k�q�b�l�u��
�\�Z�e�b�����d�Z�d���j�Z�a�g�b�p�m���f�_�`�^�m���w�g�_�j�]�b�_�c���b�l�h�]�h��
�\�h�c���k�l�j�m�d�l�m�j�u�����b���k�m�f�f�h�c���w�g�_�j�]�b�c���k�l�j�m�d��
�l�m�j�g�u�o���w�e�_�f�_�g�l�h�\�� �>�e�y���j�Z�k�q�_�l�Z���b�k�i�h�e�v�a�h��
�\�Z�e�b�k�v�� �\�u�q�b�k�e�b�l�_�e�v�g�u�_�� �j�_�k�m�j�k�u�� �K�m�i�_�j��
�d�h�f�i�v�x�l�_�j�g�h�]�h�� �p�_�g�l�j�Z�� �<�h�j�h�g�_�`�k�d�h�]�h��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

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

�I�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �b�� �\�u�[�h�j�_�� �b�l�h�]�h��
�\�u�o���k�l�j�m�d�l�m�j�����k�n�h�j�f�b�j�h�\�Z�g�g�u�o���a�Z���k�q�_�l���Œ-
�Œ-�\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �[�h�e�_�_�� �k�e�h�`�g�u�o�� �f�h�e�_��
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�d�m�e���� �\�Z�`�g�u�f�� �y�\�e�y�_�l�k�y�� �k�l�_�j�b�q�_�k�d�b�c�� �n�Z�d��
�l�h�j���± �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �[�_�g�a�h�e�v�g�u�f�b��
�d�h�e�v�p�Z�f�b�� ���U���� �c������ �Z�� �l�Z�d�`�_�� �m�]�e�u�� �f�_�`�^�m��
�i�e�h�k�d�h�k�l�y�f�b���d�h�e�_�p���b���\�_�d�l�h�j�Z�f�b���p�_�g�l�j�h�b��
�^�h�\���������ƒ�����>�������������@�����i�h�k�d�h�e�v�d�m���^�e�y���i�_�j�_�d�j�u��
�\�Z�g�b�y�� �h�j�[�b�l�Z�e�_�c�� �b�� �h�[�h�[�s�_�k�l�\�e�_�g�b�y���Œ�±
�w�e�_�d�l�j�h�g�h�\�� �g�_�h�[�o�h�^�b�f�h���� �q�l�h�[�u�� �Z�j�h�f�Z�l�b��
�q�_�k�d�b�_�� �f�h�e�_�d�m�e�u�� �i�j�b�[�e�b�a�b�e�b�k�v�� �^�j�m�]�� �d��
�^�j�m�]�m���h�i�j�_�^�_�e�_�g�g�u�f���h�[�j�Z�a�h�f���� 

�<���d�Z�q�_�k�l�\�_���i�h�j�h�]�Z���^�e�y���j�_�Z�e�b�a�Z�p�b�b���Œ�±�Œ�±
�\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �p�_�g��
�l�j�Z�f�b�� �[�_�g�a�h�e�v�g�u�o�� �d�h�e�_�p�� �k�e�h�`�g�u�o�� �f�h�e�_��
�d�m�e�� ���g�_�a�Z�\�b�k�b�f�h�� �h�l�� �b�o�� �\�a�Z�b�f�g�h�]�h�� �j�Z�k�i�h��
�e�h�`�_�g�b�y���� �i�j�b�g�b�f�Z�x�l�� �g�_�k�d�h�e�v�d�h�� �\�u�r�_��
�a�g�Z�q�_�g�b�c���� �o�Z�j�Z�d�l�_�j�g�u�o�� �^�e�y�� �[�_�g�a�h�e�Z�� �>���@����
�g�Z�i�j�b�f�_�j�������������c�������������c���b�����������c���>�������������������@��
�b�a-�a�Z�� �\�e�b�y�g�b�y�� �a�Z�f�_�k�l�b�l�_�e�_�c�� �\�� �d�h�e�v�p�_����
�M�]�h�e���� �f�_�`�^�m���^�\�m�f�y���i�e�h�k�d�h�k�l�y�f�b���d�h�e�_�p�� 
�h�i�j�_�^�_�e�y�x�s�b�c�� �i�Z�j�Z�e�e�_�e�v�g�m�x�� �h�j�b�_�g�l�Z��
�p�b�x���� �h�i�j�_�^�_�e�y�x�l�� �l�Z�d�� �`�_�� �g�_�h�^�g�h�a�g�Z�q�g�h����
�g�Z�i�j�b�f�_�j�����f�_�g�_�_�������ƒ���>13�@�����f�_�g�_�_�������ƒ���>15], 
�Z�� �\�� �g�_�d�h�l�h�j�u�o�� �j�Z�[�h�l�Z�o�� �>�����@�� �w�l�Z�� �]�j�Z�g�b�p�Z��
�k�h�k�l�Z�\�e�y�_�l�� �����ƒ���� �<�� �j�Z�[�h�l�_�� �>�����@�� �i�h�e�Z�]�Z�x�l����
�q�l�h���L-�\�Z�j�b�Z�g�l���j�Z�k�i�h�e�h�`�_�g�b�y���[�_�g�a�h�e�v�g�u�o��
�d�h�e�_�p�� �j�_�Z�e�b�a�m�_�l�k�y���� �_�k�e�b�����!�����ƒ���� �Z�� �_�k�e�b��
�����ƒ�����������ƒ���� �l�h���j�_�Z�e�b�a�m�_�l�k�y�� �i�j�h�f�_�`�m�l�h�q��
�g�Z�y���]�_�h�f�_�l�j�b�y�� 

�I�h�e�m�q�_�g�g�u�_���\���j�_�a�m�e�v�l�Z�l�_���f�h�^�_�e�b�j�h�\�Z��
�g�b�y�� �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_�� �k�l�j�m�d�l�m�j�u�� �^�b�f�_��
�j�h�\�� �n�_�g�b�e�Z�e�Z�g�b�g�Z�� �b�� �l�j�b�i�l�h�n�Z�g�Z�� �\�� �j�Z�k��
�l�\�h�j�_�����h�[�j�Z�a�h�\�Z�g�g�u�_���a�Z���k�q�_�l���Œ�±�Œ�±�\�a�Z�b�f�h��
�^�_�c�k�l�\�b�c�� �i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�� 1-2. 

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

�D�Z�d���m�k�l�Z�g�h�\�e�_�g�h���\���j�_�a�m�e�v�l�Z�l�_���f�h�^�_�e�b��
�j�h�\�Z�g�b�y���b���\�b�^�g�h���b�a���j�b�k���������j�b�k�������b���l�Z�[�e��������
�w�g�_�j�]�b�y�� �b�� �]�_�h�f�_�l�j�b�y�� �^�b�f�_�j�h�\�� �Z�f�b�g�h�d�b�k��
�e�h�l�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �d�e�Z�k�k�b�q�_�k�d�b�f�b�� �i�j�_�^��
�k�l�Z�\�e�_�g�b�y�f�b�� �h���Œ�±�Œ�±�k�\�y�a�b�� �>���@���� �>�b�f�_�j�� �n�_��
�g�b�e�Z�e�Z�g�b�g�Z���� �h�[�j�Z�a�h�\�Z�g�g�u�c�� �a�Z�� �k�q�_�l���Œ�±�Œ�±
�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���[�_�g�a�h�e�v�g�u�o���d�h�e�_�p���[�h�d�h��
�\�h�]�h�� �j�Z�^�b�d�Z�e�Z���� �f�h�`�_�l�� �k�m�s�_�k�l�\�h�\�Z�l�v�� �\��
�^�\�m�o�� �\�Z�j�b�Z�g�l�Z�o���± �i�Z�j�Z�e�e�_�e�v�g�h�f�� �k�h�� �k�f�_��
�s�_�g�b�_�f���b���L-�h�[�j�Z�a�g�h�f���\�Z�j�b�Z�g�l�_���j�Z�k�i�h�e�h��
�`�_�g�b�y�� �[�_�g�a�h�e�v�g�u�o�� �d�h�e�_�p�� ���j�b�k�� �������� �>�e�y��
�l�j�b�i�l�h�n�Z�g�Z�� �o�Z�j�Z�d�l�_�j�g�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�_��
�l�j�_�o�� �\�Z�j�b�Z�g�l�h�\�� �^�b�f�_�j�Z���± �i�h�f�b�f�h�� �^�\�m�o��
�m�d�Z�a�Z�g�g�u�o���� �j�_�Z�e�b�a�m�_�l�k�y�� �L-�h�[�j�Z�a�g�u�c�� �\�Z��
�j�b�Z�g�l�� �©�]�_�l�_�j�h�Z�l�h�f-�d�h�e�v�p�h�ª���� �\�� �d�h�l�h�j�h�f��
�h�^�g�Z���b�o���f�h�e�_�d�m�e���l�j�b�i�l�h�n�Z�g�Z���h�j�b�_�g�l�b�j�m��
�_�l�k�y�� �]�_�l�_�j�h�Z�l�h�f�h�f�� �[�h�d�h�\�h�]�h�� �j�Z�^�b�d�Z�e�Z��
���Z�l�h�f�� �Z�a�h�l�Z�� �b�g�^�h�e�v�g�h�]�h�� �p�b�d�e�Z���� �d�� �p�_�g�l�j�m��
�[�_�g�a�h�e�v�g�h�]�h�� �d�h�e�v�p�Z�� �[�h�d�h�\�h�]�h�� �j�Z�^�b�d�Z�e�Z��
�^�j�m�]�h�c�� �f�h�e�_�d�m�e�u�� �l�j�b�i�l�h�n�Z�g�Z�� ���j�b�k�� 2). 
�<�k�_�� �\�Z�j�b�Z�g�l�u�� �^�b�f�_�j�h�\�� �Z�f�b�g�h�d�b�k�e�h�l�� �o�Z��
�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�f��
�g�Z�i�j�Z�\�e�_�g�b�_�f�� �i�h�e�y�j�g�u�o�� �Z�f�b�g�h-�d�Z�j��
�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i�b�j�h�\�h�d�����K�l�h�b�l�� �h�l�f�_��
�l�b�l�v���� �q�l�h�� �\�Z�j�b�Z�g�l���i�Z�j�Z�e�e�_�e�v�g�h�]�h�� �k�h�� �k�f�_��
�s�_�g�b�_�f �j�Z�k�i�h�e�h�`�_�g�b�y�� �y�\�e�y�_�l�k�y�� �[�h�e�_�_��
�\�u�]�h�^�g�u�f�� �^�e�y�� �h�[�_�b�o�� �Z�f�b�g�h�d�b�k�e�h�l�����O�Z��
�j�Z�d�l�_�j�g�u�c�� �^�e�y���l�j�b�i�l�h�n�Z�g�Z�� �L-�h�[�j�Z�a�g�u�c��
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�J�b�k�����������H�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_���k�l�j�m�d�l�m�j�u���^�b�f�_�j�h�\���n�_�g�b�e�Z�e�Z�g�b�g�Z���\���j�Z�k�l�\�h�j�_�����h�[�j�Z�a�h�\�Z�g�g�u�_���a�Z��
�k�q�_�l���Œ�±�Œ�±�\�a�Z�b�f�h�^�_�c�k�l�\�b�c�����Z���± �i�Z�j�Z�e�e�_�e�v�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_�����[���± �L-�h�[�j�Z�a�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_�� 

Fig. 1. Optimized structures of dimers of phenylalanine in solution formed due to �Œ-�Œ in-
teractions: a �± parallel arrangement, b �± T-shaped arrangement. 
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�\�Z�j�b�Z�g�l�� �©�]�_�l�_�j�h�Z�l�h�f-�d�h�e�v�p�h�ª�� �j�_�Z�e�b�a�m��
�_�l�k�y���\���������� �k�e�m�q�Z�_�\���h�l�� �k�m�f�f�Z�j�g�h�]�h���d�h�e�b��
�q�_�k�l�\�Z�� �j�Z�k�k�f�h�l�j�_�g�g�u�o�� �\�Z�j�b�Z�g�l�h�\�� �\�a�Z�b�f��
�g�u�o�� �j�Z�k�i�h�e�h�`�_�g�b�c�� �w�e�_�f�_�g�l�Z�� �f�Z�l�j�b�p�u��
�k�h�j�[�_�g�l�Z���b���Z�f�b�g�h�d�b�k�e�h�l�u���b���o�Z�j�Z�d�l�_�j�b�a�m��
�_�l�k�y���\�u�k�h�d�h�c���w�g�_�j�]�b�_�c�����q�l�h�� �h�l�e�b�q�Z�_�l�� �w�l�m��
�Z�f�b�g�h�d�b�k�e�h�l�m���b���l�j�_�[�m�_�l���m�q�_�l�Z���i�j�b���b�a�m�q�_��
�g�b�b���j�Z�a�e�b�q�g�u�o���k�b�k�l�_�f���k���_�_���m�q�Z�k�l�b�_�f���� 

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

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

�Œ�±�Œ�±�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���f�_�`�^�m���w�e�_�f�_�g�l�h�f��
�f�Z�l�j�b�p�u���k�h�j�[�_�g�l�Z���b���Z�j�h�f�Z�l�b�q�_�k�d�b�f���j�Z�^�b��
�d�Z�e�h�f�� �Z�f�b�g�h�d�b�k�e�h�l�u�� �b�k�k�e�_�^�h�\�Z�g�u�� �j�Z�g�_�_��
[7]. �>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�\�l�h�j�h�]�h�� �k�h�j�[�p�b�h�g�g�h�]�h�� �k�e�h�y�� �a�Z�� �k�q�_�l���Œ�±�Œ�±

   

�Z �[ �\ 
�J�b�k�����������H�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_���k�l�j�m�d�l�m�j�u���^�b�f�_�j�h�\���l�j�b�i�l�h�n�Z�g�Z���\���j�Z�k�l�\�h�j�_�����h�[�j�Z�a�h�\�Z�g�g�u�_���a�Z��
�k�q�_�l���Œ�±�Œ�±�\�a�Z�b�f�h�^�_�c�k�l�\�b�c�����Z�± �i�Z�j�Z�e�e�_�e�v�g�h�_���k�h���k�f�_�s�_�g�b�_�f���j�Z�k�i�h�e�h�`�_�g�b�_�����[���± �L-�h�[�j�Z�a��

�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_���©�d�h�e�v�p�h-�d�h�e�v�p�h�ª�����\���± �L-�h�[�j�Z�a�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_���©�]�_�l�_�j�h�Z�l�h�f-�d�h�e�v�p�h�ª 
Fig. 2. Optimized structures of tryptophan dimers in solution formed by �Œ-�Œ interactions: a �± parallel 
with displacement arrangement, b �± T-ring-ring arrangement, c �± T-heteroatom-ring arrangement 

 
�L�Z�[�e�b�p�Z���������G�_�d�h�l�h�j�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���h�[�j�Z�a�h�\�Z�g�b�y���^�b�f�_�j�h�\���Z�f�b�g�h�d�b�k�e�h�l���a�Z���k�q�_�l���Œ-�Œ-�\�a�Z��
�b�f�h�^�_�c�k�l�\�b�c���\���n�Z�a�_���j�Z�k�l�\�h�j�Z 
Table 1. Some characteristics of amino acid dimer formation due to �Œ-�Œ interactions in the solution 
phase 

 Phe + Phe Trp + Trp  
�=�_�h�f�_�l�j�b�y�� 

�Â �?�� 
�d�>�`���f�h�e�v 

r, �c 
�p�_�g�lp-
�p�_�g�l�j 

�����ƒ 
*Rmax, 

�c  
�Â �?����

�d�>�`���f�h�e�v 

r, �c 
�p�_�g�l�j-
�p�_�g�l�j 

������
�ƒ 

*Rmax, 
�c 

�i�Z�j�Z�e�e�_�e�v�g�h���k�h��
�k�f�_�s�_�g�b�_�f�� 35.9 4.9 16 10.5 33.2 4.0 10 9.6 

�L
-�

h�
[�j

�Z
�a

�g
�h

 
 

�d�h�e�v�p�h-
�d�h�e�v�p�h 17.4 4.8 60 13.7 21.5 4.8 89 13.9 

�]�_�l�_�j�h��
�Z�l�h�f-

�d�h�e�v�p�h 
�± 31.6 ** 4.2 63 14.8 

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

I���� �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_�� �n�h�j�f�b�j�h�\�Z�g�b�_��
�k�h�j�[�p�b�h�g�g�u�o�� �k�e�h�_�\���� ��Ar���:�D�����:�d. �D�� �h�i��
�l�b�f�b�a�b�j�h�\�Z�g�g�h�c�� �k�b�k�l�_�f�_���� �k�h�k�l�h�y�s�_�c�� �b�a��
�^�\�m�o�� �q�Z�k�l�b�p���� �h�^�g�Z�� �b�a�� �d�h�l�h�j�u�o�� �w�e�_�f�_�g�l��
�f�Z�l�j�b�p�u�� �k�h�j�[�_�g�l�Z���� �Z�� �\�l�h�j�Z�y���Z�f�b�g�h�d�b�k��
�e�h�l�Z�� ���f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�_�j�\�h�]�h�� �k�h�j�[�p�b�h�g��
�g�h�]�h�� �k�e�h�y���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�k�y�� �w�g�_�j�]�b�_�c 
�Â�?(Ar���:�d�� [7]�������^�h�[�Z�\�e�y�_�l�k�y���_�s�_���h�^�g�Z���f�h�e�_��
�d�m�e�Z�� �Z�f�b�g�h�d�b�k�e�h�l�u�� ���n�h�j�f�b�j�h�\�Z�g�b�_�� �\�l�h��
�j�h�]�h�� �k�h�j�[�p�b�h�g�g�h�]�h�� �k�e�h�y���� �o�Z�j�Z�d�l�_�j�b�a�m�x��
�s�b�c�k�y�� �w�g�_�j�]�b�_�c �Â�?(Ar���:�d�����:�d). �<�� �j�_�a�m�e�v��
�l�Z�l�_���k�m�f�f�Z�j�g�Z�y�� �w�g�_�j�]�b�y�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c��
�\���l�j�_�o�q�Z�k�l�b�q�g�h�c���k�b�k�l�_�f�_ �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y��
�d�Z�d �Â�?� �Â�?(Ar���:�d��+ �Â�?(Ar���:�d�����:�d.  

II ���� �F�h�^�_�e�b�j�h�\�Z�g�b�_�� �k�h�j�[�p�b�b�� �^�b�f�_�j�Z��
�Z�f�b�g�h�d�b�k�e�h�l���� ��A�d���:�d����Ar���� �D�� �Z�k�k�h�p�b�Z�l�m��
�Z�f�b�g�h�d�b�k�e�h�l�u���� �d�h�l�h�j�u�c���i�j�_�^�\�Z�j�b�l�_�e�v�g�h��
�h�i�l�b�f�b�a�b�j�h�\�Z�g���\���j�Z�k�l�\�h�j�_ �b���o�Z�j�Z�d�l�_�j�b�a�m��
�_�l�k�y�� �w�g�_�j�]�b�_�c �Â�?���:�d���:�d�� �^�h�[�Z�\�e�y�_�l�k�y �Z�j�h��
�f�Z�l�b�q�_�k�d�b�c�� �w�e�_�f�_�g�l�� �f�Z�l�j�b�p�u�� �k�h�j�[�_�g�l�Z��
( �Â�?Ar�����:�d���:�d��). �K�m�f�f�Z�j�g�Z�y�� �w�g�_�j�]�b�y�� �\�a�Z�b��
�f�h�^�_�c�k�l�\�b�c���\���l�j�_�o�q�Z�k�l�b�q�g�h�c���k�b�k�l�_�f�_���j�Z�k��
�k�q�b�l�u�\�Z�_�l�k�y���d�Z�d���Â�?= �Â�?���:�d���:�d��+�Â�?Ar+(�:�d���:�d��. 

III ���� �H�^�g�h�\�j�_�f�_�g�g�h�_�� �n�h�j�f�b�j�h�\�Z�g�b�_��
�k�h�j�[�p�b�h�g�g�u�o�� �k�e�h�_�\����Ar���:�d���:�d���� �<�k�_�� �l�j�b��

�q�Z�k�l�b�p�u�� �k�j�Z�a�m�� �n�h�j�f�b�j�m�x�l�� �b�l�h�]�h�\�m�x��
�k�l�j�m�d�l�m�j�m���[�_�a���h�i�l�b�f�b�a�Z�p�b�b���i�j�h�f�_�`�m�l�h�q��
�g�u�o���w�l�Z�i�h�\��(�Â�?��Ar���:�d���:�d��).  

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

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

�I�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �\�l�h�j�h�]�h �k�h�j�[�p�b��
�h�g�g�h�]�h�� �k�e�h�y�� �l�j�b�i�l�h�n�Z�g�Z�� �\�� �k�h�j�[�_�g�l�_�� �a�Z��
�k�q�_�l���Œ�±�Œ�±�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���\���^�\�m�o���\�Z�j�b�Z�g��
�l�Z�o���d�h�f�[�b�g�b�j�h�\�Z�g�b�y���k�l�Z�j�l�h�\�u�o���n�j�Z�]�f�_�g��
�l�h�\�� ���i�j�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f�� �n�h�j�f�b�j�h�\�Z 
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Fig. 3. Structures of associates of the sorbent matrix element and two phenylalanine molecules 

optimized according to the variants described in the text 
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�g�b�b���k�h�j�[�p�b�h�g�g�u�o���k�e�h�_�\����I�����b���h�^�g�h�\�j�_�f�_�g��
�g�h�f�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �k�h�j�[�p�b�h�g�g�u�o�� �k�e�h�_�\��
(III �������i�h�e�m�q�_�g�h�����q�l�h���\�l�h�j�Z�y���f�h�e�_�d�m�e�Z���Z�f�b��
�g�h�d�b�k�e�h�l�u�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �i�_�j�i�_�g�^�b�d�m��
�e�y�j�g�h�� �b�� �d�� �i�_�j�\�h�c�� �k�h�j�[�b�j�h�\�Z�g�g�h�c�� �f�h�e�_��
�d�m�e�_���� �b���d�� �Z�j�h�f�Z�l�b�q�_�k�d�h�f�m�� �w�e�_�f�_�g�l�m�� �f�Z�l��
�j�b�p�u���� �l���_���� �j�_�Z�e�b�a�m�_�l�k�y�� �^�\�h�c�g�h�c�� �L-�h�[�j�Z�a��
�g�u�c�� �\�Z�j�b�Z�g�l�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �k�� �m�q�Z�k�l�b�_�f��
�r�_�k�l�b- �b�� �i�y�l�b�q�e�_�g�g�u�o�� �p�b�d�e�h�\�� �[�h�d�h�\�u�o��
�j�Z�^�b�d�Z�e�h�\�� �h�[�_�b�o�� �f�h�e�_�d�m�e�� �Z�f�b�g�h�d�b�k�e�h�l�u��
���j�b�k���� ��(I), 4(III )���� �i�j�b�� �w�l�h�f�� �i�e�h�k�d�h�k�l�b�� �d�h��
�e�_�p���^�\�m�o���m�q�Z�k�l�g�b�d�h�\���k�f�_�s�_�g�u �h�l���p�_�g�l�j�Z��

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

�L�Z�[�e�b�p�Z�� ������ �G�_�d�h�l�h�j�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�o�� �k�l�j�m�d�l�m�j���� �h�[�j�Z�a�m�x�s�b�o�k�y�� �i�j�b��
�n�h�j�f�b�j�h�\�Z�g�b�b���\�l�h�j�h�]�h���k�h�j�[�p�b�h�g�g�h�]�h���k�e�h�y���Z�f�b�g�h�d�b�k�e�h�l���\���k�h�j�[�_�g�l�_�� 
Table 2. Some characteristics of the optimized structures formed during the formation of the sec-
ond sorption layer of amino acids in the sorbent. 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�k�b�k�l�_�f�u 

�: r + Phe+ Phe Ar + Trp + Trp 
�W�g�_�j�]�b�y���w�l�Z�i�Z��
�f�h�^�_�e�b�j�h�\�Z��

�g�b�y �Â�?����
�d�>�`���f�h�e�v 

�K�m�f�f�Z�j�g�Z�y��
�w�g�_�j�]�b�y �Â�?�� 
�d�>�`���f�h�e�v 

�W�g�_�j�]�b�y���w�l�Z�i�Z��
�f�h�^�_�e�b�j�h�\�Z��

�g�b�y �Â�?����
�d�>�`���f�h�e�v 

�K�m�f�f�Z�j�g�Z�y��
�w�g�_�j�]�b�y �Â �?����
�d�>�`���f�h�e�v 

�<
�Z

�j�
b�

Z
�g

�l�
��f

�h
�^

�_
�e

�b
�j�

h�
\�Z

��
�g

�b
�y 

I (Ar���:�d����
�:�d 

23.5  
23.5+53.4=76.9 

26.1  
26.1+44.8=70.9 

53.4 44.8 

II  ���:�d���:�d����
Ar 

35.9 
35.9+42.8=78.7 

21.5 
21.5+50.2=71.7 

42.8  50.2 

III  Ar���:�d���:�d 71.5 71.5 71.9 71.9 
�F�Z�d�k�b�f�Z�e�v�g�u�c���j�Z�a��
�f�_�j���^�b�f�_�j�Z��Rmax, �c 9.0 14.0 
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Fig. 4. Structures of associates of the sorbent matrix element and two tryptophan molecules opti-
mized according to the variants described in the text 
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�G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h���� �g�_�k�f�h�l�j�y��
�g�Z���j�Z�a�e�b�q�g�m�x���]�_�h�f�_�l�j�b�x���i�h�e�m�q�_�g�g�u�o���Z�k��
�k�h�p�b�Z�l�h�\���Z�f�b�g�h�d�b�k�e�h�l���\���k�h�j�[�_�g�l�_�����f�Z�d�k�b��
�f�Z�e�v�g�u�_�� �j�Z�a�f�_�j�u�� �^�b�f�_�j�h�\�����l�Z�[�e���� ������
�f�_�g�v�r�_�� �j�Z�a�f�_�j�Z�� �i�h�j���� �g�Z�i�j�b�f�_�j���� �k�l�b�j�h�e��
�^�b�\�b�g�b�e�[�_�g�a�h�e�v�g�u�o�� �b�h�g�h�h�[�f�_�g�g�b�d�h�\��
[21-23]���� �q�l�h�� �^�h�d�Z�a�u�\�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v��
�n�h�j�f�b�j�h�\�Z�g�b�y���l�Z�d�b�o���k�l�j�m�d�l�m�j���\���n�Z�a�_���i�h��
�j�b�k�l�u�o�� �k�h�j�[�_�g�l�h�\���� �D�j�h�f�_�� �l�h�]�h���� �g�_�h�[�o�h��
�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �j�Z�a��
�f�_�j�� �^�b�f�_�j�h�\�� �Z�f�b�g�h�d�b�k�e�h�l�� �\�� �n�Z�a�_�� �j�Z�k��
�l�\�h�j�Z���g�_�k�d�h�e�v�d�h���[�h�e�v�r�_�����q�_�f���\���n�Z�a�_���k�h�j��
�[�_�g�l�Z�����l�Z�[�e�������b�����������q�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h��
�l�h�f�����q�l�h���f�g�h�`�_�k�l�\�_�g�g�u�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��
�i�j�b�\�h�^�y�l���d���[�h�e�v�r�_�f�m���k�[�e�b�`�_�g�b�x���q�Z�k�l�b�p��
�b�� �h�[�j�Z�a�h�\�Z�g�b�x�� �[�h�e�_�_�� �d�h�f�i�Z�d�l�g�h�]�h�� �Z�k�k�h��
�p�b�Z�l�Z�����q�l�h���g�Z�b�[�h�e�_�_���\�Z�`�g�h���^�e�y���[�h�e�_�_���d�h�g��
�p�_�g�l�j�b�j�h�\�Z�g�g�h�c���n�Z�a�u���k�h�j�[�_�g�l�Z���� 

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

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

�A�Z�d�e�x�q�_�g�b�_ 

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

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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�w�l�b�o �a�Z�^�Z�q �\ �w�n�n�_�d�l�b�\�g�u�o �k�h�j�[�_�g�l�Z�o �^�_�e�Z�_�l �Z�d�l�m�Z�e�v�g�u�f �j�Z�k�r�b�j�_�g�b�_ �Z�k�k�h�j�l�b�f�_�g�l�Z �k�u�j�v�_�\�h�c �[�Z�a�u �k�h�j��
�[�_�g�l�h�\ �g�Z �h�k�g�h�\�_ �f�b�g�_�j�Z�e�v�g�h�]�h �k�u�j�v�y�� �K�j�_�^�b �i�j�b�j�h�^�g�u�o �k�h�j�[�_�g�l�h�\ �^�e�y �h�q�b�k�l�d�b �j�Z�k�l�\�h�j�h�\ �h�l �j�Z�^�b�h��
�g�m�d�e�b�^�h�\ �p�_�a�b�y �o�h�j�h�r�h �a�Z�j�_�d�h�f�_�g�^�h�\�Z�e�b �k�_�[�y �]�e�b�g�u �j�Z�a�g�h�]�h �k�h�k�l�Z�\�Z�� �i�j�b �w�l�h�f �h�l�f�_�q�Z�_�l�k�y�� �q�l�h 
�g�Z�b�[�h�e�v�r�_�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x �d Cs+ �h�[�e�Z�^�Z�_�l �]�e�b�g�b�k�l�u�c �f�b�g�_�j�Z�e - �b�e�e�b�l�� �k�h�^�_�j�`�Z�g�b�_ �d�h�l�h�j�h�]�h �\ �g�Z�l�b�\��
�g�h�c �]�e�b�g�_ �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y �J�_�k�i�m�[�e�b�d�b �>�Z�]�_�k�l�Z�g �k�h�k�l�Z�\�e�y�_�l ~ 32%. �<�Z�`�g�h�c �a�Z�^�Z�q�_�c �k�l�Z��
�g�h�\�b�l�k�y �i�h�b�k�d �w�n�n�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �m�e�m�q�r�_�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b �k�h�j�[�p�b�h�g�g�u�o �o�Z�j�Z�d�l�_��
�j�b�k�l�b�d �i�j�b�j�h�^�g�h�]�h �k�u�j�v�y�� �^�e�y �q�_�]�h �b�k�i�h�e�v�a�m�_�l�k�y �h�[�j�Z�[�h�l�d�Z �b�k�o�h�^�g�h�c �]�e�b�g�u �j�Z�a�e�b�q�g�u�f�b �d�b�k�e�h�l�Z�f�b 
���]�e�Z�\�g�u�f �h�[�j�Z�a�h�f�� HCl) �b �k�h�e�y�f�b (Na+, K+, Ca2+, Fe2+). �P�_�e�v�x �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�a�m�q�_�g�b�_ 
�k�h�j�[�p�b�h�g�g�u�o �k�\�h�c�k�l�\ �i�h �b�h�g�Z�f Cs+, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �o�e�h�j�b�^�h�f �g�Z�l�j�b�y �]�e�b�g�u �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h��
�j�h�`�^�_�g�b�y �J�_�k�i�m�[�e�b�d�b �>�Z�]�_�k�l�Z�g�� �< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�g�Z �f�_�l�h�^�b�d�Z �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y �b�k�o�h�^�g�h�c �]�e�b�g�u 
�o�e�h�j�b�^�h�f �g�Z�l�j�b�y�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�s�Z�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x �d�b�k�e�h�l�g�m�x �Z�d�l�b�\�Z�p�b�x �b�k�o�h�^�g�h�c �]�e�b�g�u�� �B�k��
�k�e�_�^�h�\�Z�g�b�_ �Z�^�k�h�j�[�p�b�b �b�h�g�h�\ �i�j�h�\�h�^�b�e�b �\ �f�h�^�_�e�v�g�u�o �j�Z�k�l�\�h�j�Z�o �\ �h�]�j�Z�g�b�q�_�g�g�h�f �h�[�t�_�f�_�� �\�Z�j�v�b�j�m�y �d�h�g��
�p�_�g�l�j�Z�p�b�x �b�k�k�e�_�^�m�_�f�u�o �b�h�g�h�\ �\ �j�Z�k�l�\�h�j�Z�o �h�l 5 �^�h 700 �f�]���^�f3. �H�[�g�Z�j�m�`�_�g�h�� �q�l�h �h�[�j�Z�[�h�l�d�Z �b�k�k�e�_�^�m�_�f�h�c 
�]�e�b�g�u�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�\�_�j�]�g�m�l�h�c �d�b�k�e�h�l�g�h�c �Z�d�l�b�\�Z�p�b�b�� �j�Z�k�l�\�h�j�h�f NaCl �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x �\ 
~ 1.3 �j�Z�a�Z �_�_ �k�h�j�[�p�b�h�g�g�h�c �_�f�d�h�k�l�b �i�h Cs+ �b �k�i�h�k�h�[�k�l�\�m�_�l �\�h�\�e�_�q�_�g�b�x �\ �i�j�h�p�_�k�k �Z�^�k�h�j�[�p�b�b �\�u�k�h�d�h�k�_��
�e�_�d�l�b�\�g�u�o �i�h �h�l�g�h�r�_�g�b�x �d �b�h�g�Z�f Cs+ �p�_�g�l�j�h�\ FES (Frayed Edge Sites). �M�k�l�Z�g�h�\�e�_�g�h �\�e�b�y�g�b�_ �b�h�g�g�h�c 
�k�b�e�u �j�Z�k�l�\�h�j�Z �b �d�h�g�p�_�g�l�j�Z�p�b�b �h�l�^�_�e�v�g�u�o �b�h�g�h�\ �g�Z �k�h�j�[�p�b�x �p�_�a�b�y�� 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �b�e�e�b�l�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_ �j�Z�k�l�\�h�j�h�f NaCl, �b�a�h�l�_�j�f�u �Z�^�k�h�j�[�p�b�b�� �b�h�g�u �p�_�a�b�y�� �k�_�e�_�d��
�l�b�\�g�Z�y �k�h�j�[�p�b�y�� 
�>�e�y �p�b�l�b�j�h�\�Z�g�b�y�� �K�\�_�r�g�b�d�h�\�Z �>���:���� �J�Z�f�Z�a�Z�g�h�\ �:���R���� �D�m�g�`�m�_�\�Z �D���=�� �:�^�k�h�j�[�p�b�y �b�h�g�h�\ �p�_�a�b�y �b�a �\�h�^��
�g�u�o �j�Z�k�l�\�h�j�h�\ �g�Z �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �]�e�b�g�_ �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y �J�_�k�i�m�[�e�b�d�b �>�Z�]�_�k�l�Z�g // 
�K�h�j�[�p�b�h�g�g�u�_ �b �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u. 2025. �L. 25, �‹  2. �K. 198-210. 
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Abstract. The problem of extracting and concentrating of rare alkali (Rb+, Cs+) and alkaline earth metals (Sr2+) 
arises both during the development of geothermal waters and during the purification of natural and wastewater 
from nuclear power plants from long-lived radionuclides. The need for effective sorbents to solve these prob-
lems makes it urgent to expand the range of raw materials for sorbents based on mineral raw materials. Among 
natural sorbents for purifying solutions from cesium radionuclides, clays of different compositions have proven 
themselves well, and it is noted that illite  has the greatest selectivity to Cs+, the content of which in the native 
clay of the Levashinsky deposit of the Republic of Dagestan is ~ 32%. An important task is to find effective 
methods for improving the physicochemical properties and sorption characteristics of natural raw materials, 
which involves treating the original clay with various acids (mainly HCl) and salts (Na+, K+, Ca2+, Fe2+). The 
purpose of this work is studying the sorption properties of clay from the Levashinsky deposit of the Republic 
of Dagestan modified with sodium chloride for Cs+ ions. The work used a technique for modifying the original 
clay with sodium chloride, which involves preliminary acid activation of the original clay. The study of ion 
adsorption was carried out in model solutions in a limited volume, varying the concentration of the studied 
ions in solutions from 5 to 700 mg/dm3. It was found that treatment of the studied clay, previously subjected 
to acid activation, with a NaCl solution leads to an increase in its sorption capacity for Cs+ by ~ 1.3 times and 
promotes the involvement of highly selective with respect to Cs+ ions FES centers (Frayed Edge Sites) in the 
adsorption process. The influence of the ionic strength of the solution and the concentration of individual ions 
on the sorption of cesium has been established. 
Keywords: illite, modification with NaCl solution, adsorption isotherms, cesium ions, selective sorption. 
For citation: Sveshnikova D.A., Ramazanov A.Sh., Kunzhueva K.G. Adsorption of cesium ions from aqueous 
solutions on modified clay of the Levashinsky deposit of the Republic of Dagestan. Sorbtsionnye i khromato-
graficheskie protsessy. 2025. 25(2): 198-210. (In Russ.). https://doi.org/10.17308/sorpchrom.2025.25/12959 
 

�<�\�_�^�_�g�b�_ 

�I�j�b�� �d�h�f�i�e�_�d�k�g�h�f�� �h�k�\�h�_�g�b�b�� �]�_�h�l�_�j��
�f�Z�e�v�g�u�o�� �j�_�k�m�j�k�h�\�� �\�h�a�g�b�d�Z�_�l�� �i�j�h�[�e�_�f�Z��
�b�a�\�e�_�q�_�g�b�y�� �b�� �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�b�y�� �l�Z�d�b�o��
�d�h�f�i�h�g�_�g�l�h�\���d�Z�d���j�_�^�d�b�_���s�_�e�h�q�g�u�_����Rb+, 
Cs+�����b���s�_�e�h�q�g�h�a�_�f�_�e�v�g�u�_���f�_�l�Z�e�e�u����Sr2+) 
�>���@���� �W�l�Z�� �i�j�h�[�e�_�f�Z�� �k�m�s�_�k�l�\�m�_�l�� �b�� �i�j�b��
�h�q�b�k�l�d�_���i�j�b�j�h�^�g�u�o���b���k�l�h�q�g�u�o���\�h�^���Z�l�h�f��
�g�u�o�� �w�e�_�d�l�j�h�k�l�Z�g�p�b�c�� �h�l�� �^�h�e�]�h�`�b�\�m�s�b�o��
�j�Z�^�b�h�g�m�d�e�b�^�h�\��137Cs �b��90Sr [2,3]. �B�a�\�e�_�q�_��
�g�b�_���w�l�b�o���b�h�g�h�\���b�a���j�Z�k�l�\�h�j�h�\���k�e�h�`�g�h�]�h���k�h��
�k�l�Z�\�Z���� �\�d�e�x�q�Z�x�s�b�o�� �b�h�g�u�� �f�Z�]�g�b�y���� �d�Z�e�v��
�p�b�y���� �g�Z�l�j�b�y���� �d�Z�e�b�y�� �\�� �d�h�g�p�_�g�l�j�Z�p�b�y�o���� �k�m��
�s�_�k�l�\�_�g�g�h�� �i�j�_�\�u�r�Z�x�s�b�o�� �k�h�^�_�j�`�Z�g�b�_��
�p�_�e�_�\�u�o�� �b�h�g�h�\���� �i�j�_�^�k�l�Z�\�e�y�_�l�� �[�h�e�v�r�b�_��
�l�j�m�^�g�h�k�l�b���b���\�h�a�f�h�`�g�h���e�b�r�v���i�j�b���b�k�i�h�e�v��
�a�h�\�Z�g�b�b���k�_�e�_�d�l�b�\�g�u�o���k�h�j�[�_�g�l�h�\���� 

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

�b�e�b���j�Z�k�l�b�l�_�e�v�g�h�]�h���k�u�j�v�y�����K�j�_�^�b���i�j�b�j�h�^��
�g�u�o�� �k�h�j�[�_�g�l�h�\�� �g�Z�b�[�h�e�v�r�_�_�� �i�j�b�f�_�g�_�g�b�_��
�^�e�y �h�q�b�k�l�d�b���j�Z�k�l�\�h�j�h�\ �h�l �j�Z�^�b�h�g�m�d�e�b�^�h�\ 
�p�_�a�b�y �i�h�e�m�q�b�e�b �j�Z�a�e�b�q�g�u�_ �Z�e�x�f�h�k�b�e�b��
�d�Z�l�g�u�_ �f�b�g�_�j�Z�e�u�� �\ �q�Z�k�l�g�h�k�l�b�� �i�j�b�j�h�^��
�g�u�_ �]�e�b�g�u �j�Z�a�e�b�q�g�h�]�h �k�h�k�l�Z�\�Z�� �< �j�Z�[�h�l�Z�o 
[4-7] �h�l�f�_�q�Z�_�l�k�y�� �q�l�h �g�Z �]�e�b�g�b�k�l�u�o �f�b�g�_��
�j�Z�e�Z�o ���=�F�� �k �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�h�c 
�l�b�i�Z 2:1, �d �d�h�l�h�j�u�f �f�h�`�g�h �h�l�g�_�k�l�b �b�e��
�e�b�l�� �g�h�g�l�j�h�g�b�l�� �f�h�g�l�f�h�j�b�e�e�h�g�b�l�� �b�f�_��
�_�l�k�y �d�Z�d �f�b�g�b�f�m�f 2, �o�h�l�y �q�Z�s�_ �m�d�Z�a�u�\�Z��
�_�l�k�y �g�Z 3 �l�b�i�Z �p�_�g�l�j�h�\ �Z�^�k�h�j�[�p�b�b �b�h�g�h�\ 
Cs+. �I�_�j�\�u�c �l�b�i�� �b�f�_�x�s�b�c �\�u�k�h�d�m�x �k�_��
�e�_�d�l�b�\�g�h�k�l�v�� �g�h �g�_�\�u�k�h�d�m�x �k�h�j�[�p�b�h�g��
�g�m�x �_�f�d�h�k�l�v �d Cs+, �j�Z�k�i�h�e�h�`�_�g �g�Z �j�Z�k�r�b��
�j�_�g�g�u�o �d�j�Z�_�\�u�o �m�q�Z�k�l�d�Z�o �f�_�`�i�Z�d�_�l�g�u�o 
�i�j�h�k�l�j�Z�g�k�l�\ �k�e�h�b�k�l�u�o �]�e�b�g�b�k�l�u�o �f�b�g�_��
�j�Z�e�h�\�� �\ �e�b�l�_�j�Z�l�m�j�_ �w�l�h�l �l�b�i �g�Z�a�u�\�Z�_�l�k�y 
Frayed Edge Sites (FES), �_�]�h �k�h�j�[�p�b�h�g�g�Z�y 
�_�f�d�h�k�l�v �k�h�k�l�Z�\�e�y�_�l ~1-2% �h�l �h�[�s�_�c �_�f��
�d�h�k�l�b �h�[�j�Z�a�p�Z �]�e�b�g�u�� �<�l�h�j�h�c �l�b�i �k�h�j�[�p�b��
�h�g�g�u�o �f�_�k�l�� �b�f�_�x�s�b�c �f�_�g�v�r�m�x �k�_�e�_�d��
�l�b�\�g�h�k�l�v�� �g�h �[�h�e�v�r�m�x �_�f�d�h�k�l�v (~70-80% 
�h�l �h�[�s�_�c �_�f�d�h�k�l�b���� �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�i�h�\�_�j�o�g�h�k�l�g�u�_ �h�[�f�_�g�g�u�_ �f�_�k�l�Z �g�Z �[�Z��
�a�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �b �h�[�h�a�g�Z�q�Z�_�l�k�y �d�Z�d 
Regular Exchange Sites (RES). �B�� �g�Z�d�h�g�_�p�� 
�_�s�_ �h�^�b�g �l�b�i �p�_�g�l�j�h�\�� �g�Z �d�h�l�h�j�u�c �m�d�Z�a�u��
�\�Z�x�l �Z�\�l�h�j�u [4,5,7], �a�Z�g�b�f�Z�x�s�b�c �i�j�h�f�_��
�`�m�l�h�q�g�h�_ �i�h�e�h�`�_�g�b�_ �f�_�`�^�m �p�_�g�l�j�Z�f�b 
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FES �b RES, �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �\�l�h�j�h�c 
�l�b�i �p�_�g�l�j�h�\ FES, �h�[�e�Z�^�Z�x�s�b�c �f�_�g�v�r�_�c 
�k�_�e�_�d�l�b�\�g�h�k�l�v�x�� �g�h �[�h�e�v�r�_�c �_�f�d�h�k�l�v�x 
(~15-20% �h�l �h�[�s�_�c �_�f�d�h�k�l�b�� �i�h �h�l�g�h�r�_��
�g�b�x �d Cs+. �H�l�f�_�q�Z�_�l�k�y [4-7], �q�l�h �g�Z�b�[�h�e�v��
�r�_�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x �d Cs+�h�[�e�Z�^�Z�_�l �]�e�b��
�g�b�k�l�u�c �f�b�g�_�j�Z�e �b�e�e�b�l�� 

 �D�Z�d �i�h�d�Z�a�Z�e�b �b�k�k�e�_�^�h�\�Z�g�b�y [8], �\ �g�Z��
�l�b�\�g�h�c �]�e�b�g�_ �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_��
�g�b�y �J�_�k�i�m�[�e�b�d�b �>�Z�]�_�k�l�Z�g �k�h�^�_�j�`�Z�g�b�_ �b�e��
�e�b�l�Z �k�h�k�l�Z�\�e�y�_�l ~ 32%, �Z �\ �h�[�j�Z�[�h�l�Z�g�g�h�c 
�k�h�e�y�g�h�c �d�b�k�e�h�l�h�c �^�h�k�l�b�]�Z�_�l 40%. �H�k�g�h�\��
�g�u�f �f�_�o�Z�g�b�a�f�h�f �k�h�j�[�p�b�b Cs+ �g�Z �b�e�e�b�l�_ 
�[�h�e�v�r�b�g�k�l�\�h�f �Z�\�l�h�j�h�\ [9-11] �i�j�b�a�g�Z�_�l�k�y 
�b�h�g�g�u�c �h�[�f�_�g �k �i�j�b�k�m�l�k�l�\�m�x�s�b�f�b �\ 
�k�l�j�m�d�l�m�j�_ �k�h�j�[�_�g�l�h�\ �h�[�f�_�g�g�u�f�b �b�h�g�Z�f�b 
�g�Z�l�j�b�y�� �d�Z�e�b�y�� �f�Z�]�g�b�y�� �d�Z�e�v�p�b�y �b �^�j�� �B�� 
�o�h�l�y �\ �e�b�l�_�j�Z�l�m�j�_ [9,12] �i�j�b�\�h�^�b�l�k�y �^�h��
�k�l�Z�l�h�q�g�h �r�b�j�h�d�b�c �j�Z�a�[�j�h�k �a�g�Z�q�_�g�b�c �d�Z��
�l�b�h�g�h�h�[�f�_�g�g�h�c �_�f�d�h�k�l�b (CEC) �b�e�e�b�l�Z �i�h 
�p�_�a�b�x ���h�l 120 �^�h 600 �f�]-�w�d�\���d�]���� �Z�\�l�h�j�u 
�j�Z�[�h�l�u [4] �k�q�b�l�Z�x�l �g�Z�b�[�h�e�_�_ �Z�^�_�d�\�Z�l�g�u�f 
�a�g�Z�q�_�g�b�_ 225 �f�]-�w�d�\���d�]��  

�<�Z�`�g�h�c �a�Z�^�Z�q�_�c �y�\�e�y�_�l�k�y �i�h�b�k�d �w�n��
�n�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �Z�d�l�b�\�Z�p�b�b �i�j�b�j�h�^��
�g�h�]�h �k�u�j�v�y �k �p�_�e�v�x �m�e�m�q�r�_�g�b�y �_�]�h �n�b��
�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �b �k�h�j�[�p�b��
�h�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �H�^�g�b�f �b�a �f�_�l�h�^�h�\ 
�i�h�\�u�r�_�g�b�y �b�h�g�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b��
�k�l�b�d �Z�e�x�f�h�k�b�e�b�d�Z�l�g�u�o �f�b�g�_�j�Z�e�h�\ �y�\�e�y��
�_�l�k�y �h�[�j�Z�[�h�l�d�Z �]�e�b�g�b�k�l�u�o �f�b�g�_�j�Z�e�h�\ �k�h��
�e�y�f�b Na+, K+, Ca2+, Fe2+. �I�h�e�m�q�_�g�g�u�_ 
�g�Z�f�b �j�_�a�m�e�v�l�Z�l�u �i�h �\�e�b�y�g�b�x �k�h�e�_�c �w�l�b�o 
�f�_�l�Z�e�e�h�\ �g�Z �k�h�j�[�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z 
�]�e�b�g�u �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y �i�h 
�b�h�g�Z�f �p�_�a�b�y �i�h�d�Z�a�Z�e�b�� �q�l�h �[�h�e�_�_ �\�u�k�h�d�b�_ 
�k�h�j�[�p�b�h�g�g�u�_ �_�f�d�h�k�l�b �^�h�k�l�b�]�Z�e�b�k�v �i�j�b 
�h�[�j�Z�[�h�l�d�_ �]�e�b�g�u �k�h�e�y�f�b NaCl �b KCl, �i�j�b��
�q�_�f �j�_�a�m�e�v�l�Z�l�u �\ �h�[�h�b�o �k�e�m�q�Z�y�o �g�_�a�g�Z�q�b��
�l�_�e�v�g�h �h�l�e�b�q�Z�e�b�k�v �^�j�m�] �h�l �^�j�m�]�Z�� �i�h��
�w�l�h�f�m�� �m�q�b�l�u�\�Z�y �[�h�e�v�r�m�x �^�h�k�l�m�i�g�h�k�l�v �b 
�f�_�g�v�r�m�x �k�l�h�b�f�h�k�l�v �o�e�h�j�b�^�Z �g�Z�l�j�b�y�� �\ 
�^�Z�e�v�g�_�c�r�_�f �\�k�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h��
�^�b�e�b �g�Z �]�e�b�g�_ �\ Na-�n�h�j�f�_�� �< �e�b�l�_�j�Z�l�m�j�_ 
�i�j�b�\�h�^�y�l�k�y �k�\�_�^�_�g�b�y �h�[ �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�g�Z�l�j�b�_�\�h�c �n�h�j�f�u �j�Z�a�e�b�q�g�u�o �]�e�b�g 
[9,13,14] �^�e�y �m�\�_�e�b�q�_�g�b�y �b�o �k�h�j�[�p�b�h�g�g�h�c 
�_�f�d�h�k�l�b �i�h �b�h�g�Z�f �p�_�a�b�y�� 

�P�_�e�v�x �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y 
�b�a�m�q�_�g�b�_ �k�h�j�[�p�b�h�g�g�u�o �k�\�h�c�k�l�\ �i�h �b�h�g�Z�f 
Cs+, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �o�e�h�j�b�^�h�f 
�g�Z�l�j�b�y �]�e�b�g�u �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`��
�^�_�g�b�y �J�_�k�i�m�[�e�b�d�b �>�Z�]�_�k�l�Z�g�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�N�j�Z�d�p�b�b �]�e�b�g�u �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h��
�j�h�`�^�_�g�b�y �^�b�Z�f�_�l�j�h�f 0.16-0.25 �f�f  �i�j�h��
�f�u�\�Z�e�b �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �b �\�u�k�m��
�r�b�\�Z�e�b �^�h �\�h�a�^�m�r�g�h-�k�m�o�h�]�h �k�h�k�l�h�y�g�b�y�� �<��
�j�Z�[�h�l�_���b�k�i�h�e�v�a�h�\�Z�g�Z �f�_�l�h�^�b�d�Z �f�h�^�b�n�b��
�p�b�j�h�\�Z�g�b�y �b�k�o�h�^�g�h�c �]�e�b�g�u �o�e�h�j�b�^�h�f 
�g�Z�l�j�b�y�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�s�Z�y �d�b�k�e�h�l�g�m�x 
�Z�d�l�b�\�Z�p�b�x�� �i�j�_�^�r�_�k�l�\�m�x�s�m�x �k�h�e�_�\�h�c 
�h�[�j�Z�[�h�l�d�_��  

�P�_�e�v�x �d�b�k�e�h�l�g�h�c �h�[�j�Z�[�h�l�d�b �b�k�o�h�^�g�h�c 
�]�e�b�g�u�� �d�h�l�h�j�m�x �i�j�h�\�h�^�b�e�b 1 �F �j�Z�k�l�\�h��
�j�h�f HCl �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �\ �l�_��
�q�_�g�b�_ 1.5 �q�Z�k�h�\ [8], �[�u�e�h �m�^�Z�e�_�g�b�_ �d�Z�j�[�h��
�g�Z�l�g�h�c �n�j�Z�d�p�b�b�� �[�_�a �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_��
�g�_�g�b�c �]�e�b�g�b�k�l�u�o �f�b�g�_�j�Z�e�h�\�� �I�h �b�k�l�_�q�_��
�g�b�x �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �]�e�b�g�m �h�l�n�b�e�v��
�l�j�h�\�u�\�Z�e�b���b���l�s�Z�l�_�e�v�g�h���i�j�h�f�u�\�Z�e�b���^�b�k�l�b�e��
�e�b�j�h�\�Z�g�g�h�c���\�h�^�h�c���^�h���j�G���������q�l�h���i�j�b�\�_�e�h���d���a�Z��
�f�_�g�_���h�[�f�_�g�g�u�o���b�h�g�h�\���b�h�g�Z�f�b���G+ [8]. 

�H�[�j�Z�[�h�l�d�m �]�e�b�g�u �j�Z�k�l�\�h�j�h�f NaCl �i�j�h��
�\�h�^�b�e�b �Z�g�Z�e�h�]�b�q�g�h �i�j�h�p�_�^�m�j�_�� �h�i�b�k�Z�g��
�g�h�c �\ [15]. �I�j�_�^�\�Z�j�b�l�_�e�v�g�h �f�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�m�x 1 �F �j�Z�k�l�\�h�j�h�f HCl �]�e�b�g�m �i�h�^�\�_�j��
�]�Z�e�b �\�h�a�^�_�c�k�l�\�b�x 1 �F �j�Z�k�l�\�h�j�h�f �o�e�h�j�b�^�Z 
�g�Z�l�j�b�y �\ �l�_�q�_�g�b�_ 1.5 �q�Z�k�h�\ �i�j�b �d�h�f�g�Z�l�g�h�c 
�l�_�f�i�_�j�Z�l�m�j�_�� �i�h�k�e�_ �q�_�]�h �]�e�b�g�m �h�l�n�b�e�v��
�l�j�h�\�u�\�Z�e�b �b �l�s�Z�l�_�e�v�g�h �i�j�h�f�u�\�Z�e�b �^�b��
�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �^�h �h�l�j�b�p�Z�l�_�e�v�g�h�c 
�j�_�Z�d�p�b�b �g�Z �o�e�h�j�b�^-�b�h�g��  

�B�k�k�e�_�^�h�\�Z�g�b�_ �Z�^�k�h�j�[�p�b�b �b�h�g�h�\ �i�j�h�\�h��
�^�b�e�b �\ �f�h�^�_�e�v�g�u�o �j�Z�k�l�\�h�j�Z�o �\ �h�]�j�Z�g�b�q�_�g��
�g�h�f �h�[�t�_�f�_ �i�j�b �i�h�k�l�h�y�g�g�h�f �\�k�l�j�y�o�b�\�Z��
�g�b�b �\ �l�_�q�_�g�b�_ 4 �q�Z�k�h�\ �>�e�y �i�h�k�l�j�h�_�g�b�y 
�b�a�h�l�_�j�f �b�k�i�h�e�v�a�h�\�Z�e�b �f�_�l�h�^ �g�_�b�a�f�_�g�g�u�o 
�g�Z�\�_�k�h�d (0.5 �]�� �b �i�_�j�_�f�_�g�g�u�o �d�h�g�p�_�g�l�j�Z��
�p�b�c ���h�l 5 �^�h 700 �f�]���^�f3), �h�[�t�_�f �j�Z�k�l�\�h�j�Z 
�k�h�k�l�Z�\�e�y�e 40 �k�f3, �h�l�g�h�r�_�g�b�_ �L���@ 1:80. 
�B�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�h�^�b�e�b �i�j�b �l�_�f�i�_�j�Z��
�l�m�j�_ 25�q�K�� �<�e�b�y�g�b�_ �b�h�g�g�h�c �k�b�e�u �j�Z�k��
�l�\�h�j�Z (�+
L

�5

�6
�Ã�I �Ü�<�Ü) �g�Z �k�h�j�[�p�b�x Cs+ �b�a�m��

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

�>�_�k�h�j�[�p�b�x �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�o �b�h�g�h�\ 
Cs+ �h�k�m�s�_�k�l�\�e�y�e�b 0.1 �F �j�Z�k�l�\�h�j�h�f HCl 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 25�q�K �\ �l�_�q�_�g�b�_ 4 �q�Z�k�h�\�� 

�H�i�j�_�^�_�e�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �b�k�k�e�_�^�m�_�f�u�o��
�b�h�g�h�\�� �^�h�� �b�� �i�h�k�e�_�� �Z�^�k�h�j�[�p�b�b�� �i�j�h�\�h�^�b�e�b�� �k��
�i�h�f�h�s�v�x�� �Z�l�h�f�g�h-�Z�[�k�h�j�[�p�b�h�g�g�h�]�h�� �f�_�l�h�^�Z��
�g�Z���Z�l�h�f�g�h�f���k�i�_�d�l�j�h�f�_�l�j�_���D�\�Z�g�l�����:���� 

�D�h�e�b�q�_�k�l�\�h �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�o �b�h�g�h�\ 
���f�]���]�� �j�Z�k�k�q�b�l�u�\�Z�e�b �i�h �n�h�j�f�m�e�_�� 

�“ 
L
�:�G�, �æ�G�_�;�Z

�k�5�4�4�4
    (1) 

�]�^�_ �K0 �b �Ki �± �d�h�g�p�_�g�l�j�Z�p�b�b �b�k�o�h�^�g�h�]�h 
�j�Z�k�l�\�h�j�Z �b �j�Z�k�l�\�h�j�Z �i�h�k�e�_ �Z�^�k�h�j�[�p�b�b�� �k�h��
�h�l�\�_�l�k�l�\�_�g�g�h�� �f�]���^�f3, V �± �h�[�t�_�f �j�Z�k�l�\�h�j�Z 
�\ �^�f3, m �± �f�Z�k�k�Z �k�h�j�[�_�g�l�Z�� �]�� 

�J�Z�k�l�\�h�j�u �]�h�l�h�\�b�e�b �b�a �k�h�e�_�c Cs2CO3, 
NaCl, KCl, CaCl2, MgSO4�7̃H2O, Sr(NO3)2 
�d�\�Z�e�b�n�b�d�Z�p�b�b �©�o�q�ª �j�Z�k�l�\�h�j�_�g�b�_�f �\ �^�b��
�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_�� 

�B�k�k�e�_�^�h�\�Z�g�b�_ �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�b�� 
�m�^�_�e�v�g�h�]�h �h�[�t�_�f�Z �i�h�j �b �j�Z�k�i�j�_�^�_�e�_�g�b�y 
�i�h�j �i�h �j�Z�a�f�_�j�Z�f �h�[�j�Z�a�p�Z �]�e�b�g�u �h�k�m��
�s�_�k�l�\�e�y�e�b �k �i�h�f�h�s�v�x �i�j�b�[�h�j�Z �©�K�H�J�;�B-
�0�6�ª ���j�Z�a�j�Z�[�h�l�q�b�d �b �i�j�h�b�a�\�h�^�b�l�_�e�v �A�:�H 
�©�F�?�L�:�ª�� �G�h�\�h�k�b�[�b�j�k�d�� �i�m�l�_�f �k�j�Z�\�g�_�g�b�y 
�h�[�t�_�f�h�\ �]�Z�a�Z-�Z�^�k�h�j�[�Z�l�Z�� �k�h�j�[�b�j�m�_�f�h�]�h 
�b�k�k�e�_�^�m�_�f�u�f �h�[�j�Z�a�p�h�f �b �k�l�Z�g�^�Z�j�l�g�u�f 
�h�[�j�Z�a�p�h�f �=�K�H 7912-2001 �k �Z�l�l�_�k�l�h�\�Z�g��
�g�u�f �a�g�Z�q�_�g�b�_�f �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�b 
76 �f2���]�� �I�_�j�_�^ �g�Z�q�Z�e�h�f �b�a�f�_�j�_�g�b�c �h�[�j�Z��
�a�_�p �i�h�^�\�_�j�]�Z�e�k�y �^�_�]�Z�a�Z�p�b�b ���l�_�j�f�h�l�j�_�g�b��
�j�h�\�d�_�� �\ �k�i�_�p�b�Z�e�v�g�h�c �k�l�Z�g�p�b�b�� �a�Z�d�e�x�q�Z��
�x�s�_�c�k�y �\ �d�h�g�l�j�h�e�b�j�m�_�f�h�f �i�j�h�]�j�_�\�_ �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ �������ƒ�K �\ �l�_�q�_�g�b�_ 90 �f�b�g �\ 
�l�h�d�_ �b�g�_�j�l�g�h�]�h �]�Z�a�Z �< �d�Z�q�_�k�l�\�_ �]�Z�a�Z-�Z�^��
�k�h�j�[�Z�l�Z �b�k�i�h�e�v�a�h�\�Z�e�b �Z�a�h�l �]�Z�a�h�h�[�j�Z�a�g�u�c 
�=�H�K�L 9293-74, �\ �d�Z�q�_�k�l�\�_ �]�Z�a�Z-�g�h�k�b�l�_�e�y �± 
�]�Z�a�h�h�[�j�Z�a�g�u�c �]�_�e�b�c �\�u�k�h�d�h�c �q�b�k�l�h�l�u �i�h 
�L�M 0271-001-45905715-02. �I�h�e�g�Z�y �b�a�h��
�l�_�j�f�Z �Z�^�k�h�j�[�p�b�b N2 �b�a�m�q�Z�e�h�k�v �\ �^�b�Z�i�Z��
�a�h�g�_ �J���J0 �h�l 0.06 �^�h 0.99. �B�a�f�_�j�_�g�b�_ �Z�^��
�k�h�j�[�b�j�h�\�Z�g�g�u�o �h�[�t�_�f�h�\ �]�Z�a�Z-�Z�^�k�h�j�[�Z�l�Z 
�i�j�h�\�h�^�b�l�k�y �f�_�l�h�^�h�f �l�_�j�f�h�^�_�k�h�j�[�p�b�b�� 
�H�i�j�_�^�_�e�_�g�b�_ �i�h�e�g�h�c �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h��
�k�l�b �i�j�h�\�h�^�b�e�h�k�v �i�h 4-�o �l�h�q�_�q�g�h�f�m �f�_��

�l�h�^�m �;�W�L�� �:�g�Z�e�b�a �j�Z�k�i�j�_�^�_�e�_�g�b�y �f�_�a��
�h�i�h�j �i�h �j�Z�a�f�_�j�Z�f �i�j�h�\�h�^�b�e�k�y �i�h �b�k�i�h�e�v��
�a�m�_�f�h�f�m �\ �i�j�b�[�h�j�_ �f�_�l�h�^�m �d�Z�i�b�e�e�y�j�g�h�c 
�d�h�g�^�_�g�k�Z�p�b�b�� �j�Z�k�q�_�l�u �i�j�h�\�h�^�b�e�b�k�v �i�h �a�Z��
�e�h�`�_�g�g�h�f�m �\ �i�j�h�]�j�Z�f�f�_ �i�j�b�[�h�j�Z �f�_�l�h�^�m 
�;�Z�j�j�_�l�Z-�>�`�h�c�g�_�j�Z-�O�Z�e�_�g�^�Z�� 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �l�h�q�d�b �g�m�e�_�\�h�]�h �a�Z��
�j�y�^�Z ���j�G�l�g�a) �i�h�\�_�j�o�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�� 
�i�j�_�^�e�h�`�_�g�g�u�c �R�\�Z�j�p�_�f �b �k�h�l�j�� [16], �f�_��
�l�h� ̂ �f�Z�k�k�h�\�h�]�h �l�b�l�j�h�\�Z�g�b�y�� �a�Z�d�e�x�q�Z�x��
�s�b�c�k�y �\ �k�e�_�^�m�x�s�_�f�� �l�j�b �j�Z�k�l�\�h�j�Z�� 0.001 
�F HNO3 �b 0,001 �F NaOH �g�Z �n�h�g�_ NaNO3, 
�b 0.1 �F NaNO3 �k�h �a�g�Z�q�_�g�b�y�f�b �j�G 3.1; 
10.8; 5.9, �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �i�h 40 �k�f3 �i�h�f�_��
�s�Z�x�l�k�y �\ �d�h�e�[�u�� �d�m�^�Z �\�g�h�k�y�l�k�y �g�Z�\�_�k�d�b 
�b�k�k�e�_�^�m�_�f�h�]�h �h�[�j�Z�a�p�Z �\ �d�h�e�b�q�_�k�l�\�_�� 0.05; 
0.1; 0.5; 1; 5; 10% �h�l �f�Z�k�k�u �j�Z�k�l�\�h�j�Z�� �B�a��
�f�_�j�_�g�b�_ �j�G �i�j�h�\�h�^�y�l �q�_�j�_�a 24 �q�Z�k�Z�� �I�h 
�j�_�a�m�e�v�l�Z�l�Z�f �b�a�f�_�j�_�g�b�c �k�l�j�h�y�l �a�Z�\�b�k�b��
�f�h�k�l�v �j�G �h�l �f�Z�k�k�u �h�[�j�Z�a�p�Z�� �<�k�_ �l�j�b �d�j�b��
�\�u�_ �^�e�y �j�Z�a�g�u�o �g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�c �j�G 
�^�h�e�`�g�u �i�j�b�[�e�b�`�Z�l�v�k�y �d �Z�k�b�f�i�l�h�l�b�q�_��
�k�d�h�f�m �a�g�Z�q�_�g�b�x���� �<�� �d�Z�q�_�k�l�\�_�� �l�h�q�d�b�� �g�m�e�_��
�\�h�]�h�� �a�Z�j�y�^�Z�� �[�j�Z�e�h�k�v�� �k�j�_�^�g�_�_�� �b�a�� �w�l�b�o�� �l�j�_�o��
�\�_�e�b�q�b�g�����h�r�b�[�d�Z���k�h�k�l�Z�\�e�y�e�Z���“���������_�^�b�g�b�p�u�� 

�H�[�k�m�`�^�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�h�j�[�_�g�l�Z. �B�a �^�Z�g�g�u�o 
�j�_�g�l�]�_�g�h�n�Z�a�h�\�h�]�h �Z�g�Z�e�b�a�Z �b�a�\�_�k�l�g�h�� �q�l�h 
�f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�c �k�h�k�l�Z�\ �g�Z�l�b�\�g�h�c 
�]�e�b�g�u �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y 
�i�j�_�^�k�l�Z�\�e�_�g �b�e�e�b�l�h�f�� �g�h�g�l�j�h�g�b�l�h�f�� 
�f�h�g�l�f�h�j�b�e�e�h�g�b�l�h�f�� �G�Z�j�y�^�m �k �]�e�b�g�b��
�k�l�u�f�b�� �f�b�g�_�j�Z�e�Z�f�b�� �\�� �h�[�j�Z�a�p�_�� �^�Z�g�g�h�c��
�]�e�b�g�u�� �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u�� �d�Z�e�v�p�b�l�� �b��
�d�\�Z�j�p�����j�b�k���������>���@�� 

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

�M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���d�b�k�e�h�l�g�Z�y���Z�d�l�b�\�Z�p�b�y��
�o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���i�_�j�_�o�h�^�h�f���q�Z�k�l�b���h�[�f�_�g��
�g�u�o���d�Z�l�b�h�g�h�\���f�_�l�Z�e�e�h�\���\���j�Z�k�l�\�h�j�����<���j�Z�k��
�l�\�h�j�_�� �+�&�O�� �i�h�k�e�_�� �h�[�j�Z�[�h�l�d�b�� �b�k�o�h�^�g�u�o��
�]�e�b�g�� �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �d�Z�l�b�h�g�u�� �1�D+, 
Mg2+ Ca2+ �>���@���� �B�a�� �l�Z�[�e���� ���� �>���@���� �\�� �d�h�l�h�j�h�c 
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�i�j�b�\�_�^�_�g�h �k�h�^�_�j�`�Z�g�b�_ �\���i�_�j�_�k�q�_�l�_ �g�Z �h�d��
�k�b�^�u�� �\�b�^�g�h�� �q�l�h �\ �j�_�a�m�e�v�l�Z�l�_ �h�[�j�Z�[�h�l�d�b 
�b�k�o�h�^�g�h�c �]�e�b�g�u �j�Z�k�l�\�h�j�h�f �k�h�e�y�g�h�c �d�b�k��
�e�h�l�u �k�h�^�_�j�`�Z�g�b�_ �h�d�k�b�^�Z �g�Z�l�j�b�y (Na2O) 
�k�g�b�`�Z�_�l�k�y ~ �\ 1.12 �j�Z�a�Z�� �Z �h�d�k�b�^ �d�Z�e�v�p�b�y 
(CaO) �m�^�Z�e�y�_�l�k�y �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�h�k�l�v�x�� 
�i�j�b �w�l�h�f �k�h�^�_�j�`�Z�g�b�_ SiO2 �\�h�a�j�Z�k�l�Z�_�l 
�i�j�b�f�_�j�g�h �g�Z 18%, Al 2O3 �g�Z 26%, Fe2O3 �g�Z 
20%. �< [17] �h�l�f�_�q�Z�_�l�k�y�� �q�l�h �d�Z�l�b�h�g�u K+, 
�g�Z�o�h�^�y�s�b�_�k�y �f�_�`�^�m �k�e�h�y�f�b 2:1 �b�e�e�b�l�Z �g�_ 
�\�u�f�u�\�Z�x�l�k�y �d�b�k�e�h�l�g�h�c �Z�d�l�b�\�Z�p�b�_�c�� �G�_��
�d�h�l�h�j�h�_ �m�\�_�e�b�q�_�g�b�_ �i�j�h�p�_�g�l�g�h�]�h �k�h�^�_�j��
�`�Z�g�b�y �h�d�k�b�^�Z K2O c�\�y�a�Z�g�h �m�f�_�g�v�r�_�g�b�_�f 
�d�h�e�b�q�_�k�l�\�Z �b�h�g�h�\�� �m�q�Z�k�l�\�m�x�s�b�o �\ �b�h�g��
�g�h�f �h�[�f�_�g�_ �k �G+. 

�B�k�k�e�_�^�h�\�Z�g�u �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �b 
�k�h�j�[�p�b�h�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h�e�m�q�_�g��
�g�h�]�h���k�h�j�[�_�g�l�Z�� 

�B�a�� �l�Z�[�e���� ������ �\�� �d�h�l�h�j�h�c�� �i�j�b�\�_�^�_�g�u�� �l�_�d��
�k�l�m�j�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���b�k�o�h�^�g�h�c�����h�[�j�Z��
�[�h�l�Z�g�g�h�c�� �j�Z�k�l�\�h�j�h�f��HCl �b�� �Z�d�l�b�\�b�j�h�\�Z�g��
�g�h�c�� �j�Z�k�l�\�h�j�h�f��NaCl �]�e�b�g�u���� �\�b�^�g�h���� �q�l�h��
�i�j�b�� �Z�d�l�b�\�Z�p�b�b�� �b�k�o�h�^�g�h�c�� �]�e�b�g�u�� �k�h�e�y�g�h�c��

�d�b�k�e�h�l�h�c���_�_���m�^�_�e�v�g�Z�y���i�h�\�_�j�o�g�h�k�l�v���m�\�_�e�b��
�q�b�\�Z�_�l�k�y�� �\�� �a�� �������� �j�Z�a�� ���h�l�� ������ �^�h�� ������ �f2���]������ �Z��
�m�^�_�e�v�g�u�c�� �h�[�t�_�f�� �i�h�j�� �h�l�� ������������ �^�h�� ������������
�k�f3���]���� �>���@���� �I�h�k�e�_�^�m�x�s�Z�y�� �k�h�e�_�\�Z�y�� �h�[�j�Z��
�[�h�l�d�Z�� �d�b�k�e�h�l�g�h-�Z�d�l�b�\�b�j�h�\�Z�g�g�h�c�� �]�e�b�g�u��
�j�Z�k�l�\�h�j�h�f��NaCl �i�j�b�\�_�e�h�� �d�� �g�_�a�g�Z�q�b�l�_�e�v��
�g�h�f�m���m�f�_�g�v�r�_�g�b�x��S�m� ̂�b��V �6�����:�g�Z�e�h�]�b�q�g�u�_��
�j�_�a�m�e�v�l�Z�l�u���i�h�e�m�q�_�g�u���b���\���j�Z�[�h�l�_���>�����@���i�j�b��
�b�a�m�q�_�g�b�b���l�_�d�k�l�m�j�g�u�o���k�\�h�c�k�l�\���]�e�b�g�b�k�l�u�o��
�f�b�g�_�j�Z�e�h�\���� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �j�Z�k�l�\�h��
�j�h�f��MgCl2���� �<�� �l�Z�[�e���� ���� �i�j�b�\�_�^�_�g�u�� �l�Z�d�`�_��
�k�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���^�b�Z�f�_�l�j�h�\���i�h�j���^�Z�g�g�u�o��
�h�[�j�Z�a�p�h�\���]�e�b�g�����\�u�q�b�k�e�_�g�g�u�o���i�h���i�j�Z�\�b�e�m��
�=�m�j�_�\�b�q�Z�� ��D�k�j=4V �6/S�m�^���� �>�����@���� �d�h�l�h�j�u�_��
�m�f�_�g�v�r�Z�x�l�k�y�� �i�j�b�� �i�_�j�_�o�h�^�_�� �h�l�� �b�k�o�h�^�g�h�c��
�]�e�b�g�u�� �d�� �]�e�b�g�_���� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c�� �o�e�h��
�j�b�^�h�f���g�Z�l�j�b�y�����B�a�f�_�g�b�e�h�k�v���b���j�Z�k�i�j�_�^�_�e�_��
�g�b�_�� �i�h�j�� �i�h�� �j�Z�a�f�_�j�Z�f�� ���j�b�k���������� �\�� �h�[�j�Z�a�p�_����
�Z�d�l�b�\�b�j�h�\�Z�g�g�h�f��NaCl���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
�b�k�o�h�^�g�h�c�� �]�e�b�g�h�c���� �b�f�_�_�l�� �f�_�k�l�h�� �m�\�_�e�b�q�_��
�g�b�_�� ���\�� �i�j�h�p�_�g�l�g�h�f�� �k�h�h�l�g�h�r�_�g�b�b) �m�^�_�e�v��
�g�h�]�h �h�[�t�_�f�Z �f�_�a�h�i�h�j �g�_�[�h�e�v�r�h�]�h �^�b�Z��

  

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

�]�e�b�g�u���E�_�\�Z�r�b�g�k�d�h�]�h���f�_�k�l�h�j�h�`�^�_�g�b�y�� 
 

Fig.1. Mineralogical composition of native clay 
of the Levashinskoye deposit 

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

1 �F �k�h�e�y�g�h�c �d�b�k�e�h�l�h�c. 
Fig.2. Mineralogical composition of clay 

from the Levashinskoye deposit treated with 
1 M hydrochloric acid 

 

�L�Z�[�e�b�p�Z���������O�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\���b�k�o�h�^�g�h�c�����h�[�j�Z�[�h�l�Z�g�g�h�c���k�h�e�y�g�h�c���d�b�k�e�h�l�h�c���b��NaCl �]�e�b�g�u�� 
Table 1. Chemical composition of the original, hydrochloric acid- and NaCl treated clay  
�H�[�j�Z�a�_�p SiO2 Al 2O3 K2O Fe2O3 Na2O MgO CaO �K�H2 �i���i�� �k�m�f�f�Z 

�B�k�o�h�^ 43.1 13.2 5.0 10.5 1.9 2.2 13.0 9.5 1.6 100 

�H�[�j����HCl 50.7 16.6 6.4 12.6 1.7 2.0 0.6 - 9.4 100 

�H�[�j����NaCl 50.5 16.5 6.3 12.4 2.8 2.0 0.5 - 9.0 100 
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�f�_�l�j�Z (3.5 �b 4.4 �g�f�� �b �m�f�_�g�v�r�_�g�b�y �i�j�Z�d��
�l�b�q�_�k�d�b �^�h �g�m�e�y �m�^�_�e�v�g�h�]�h �h�[�t�_�f�Z �f�Z�d�j�h��
�i�h�j�� �q�l�h �i�j�b�\�_�e�h �d �m�f�_�g�v�r�_�g�b�x �k�j�_�^�g�_�]�h 
�^�b�Z�f�_�l�j�Z �i�h�j �k 42.5 �g�f �^�e�y �b�k�o�h�^�g�h�c 
�]�e�b�g�u �^�h 31,4 �g�f �^�e�y �]�e�b�g�u �\ Na-�n�h�j�f�_�� 
�L�Z�d�b�f �h�[�j�Z�a�h�f�� �d�b�k�e�h�l�g�Z�y �b �i�h�k�e�_�^�m�x��
�s�Z�y �k�h�e�_�\�Z�y �Z�d�l�b�\�Z�p�b�y �]�e�b�g�u �i�j�b�\�_�e�Z �d 
�m�\�_�e�b�q�_�g�b�x �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�b �b �i�h��
�j�b�k�l�h�k�l�b���h�[�j�Z�a�p�Z�����Z���l�Z�d�`�_���d���m�f�_�g�v�r�_�g�b�x��
�k�j�_�^�g�_�]�h���^�b�Z�f�_�l�j�Z���i�h�j�����Z���w�l�h�����d�Z�d���h�l�f�_�q�Z��
�_�l�k�y���\���>�����@�����i�j�b�\�h�^�b�l���d���k�g�b�`�_�g�b�x���k�l�_�i�_�g�b��
�d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b���]�e�b�g�b�k�l�u�o���f�b�g�_�j�Z�e�h�\�� 

�B�a�h�l�_�j�f�u���Z�^�k�h�j�[�p�b�b�����<�e�b�y�g�b�_���b�h�g�g�h�c��
�k�b�e�u�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �f�_�r�Z�x�s�b�o�� �b�h�g�h�\����
�B�a�� �j�b�k���� ������ �g�Z�� �d�h�l�h�j�h�f�� �i�j�b�\�_�^�_�g�u�� �b�a�h��
�l�_�j�f�u���k�h�j�[�p�b�b���b�h�g�h�\���p�_�a�b�y���g�Z���b�k�o�h�^�g�h�c����
�h�[�j�Z�[�h�l�Z�g�g�h�c��HCl �b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c��
�j�Z�k�l�\�h�j�h�f��NaCl �]�e�b�g�_���E�_�\�Z�r�b�g�k�d�h�]�h���f�_��
�k�l�h�j�h�`�^�_�g�b�y�����\�b�^�g�h�����q�l�h���^�h���b�k�o�h�^�g�h�c���d�h�g��
�p�_�g�l�j�Z�p�b�b��Cs+�a�������f�]���^�f3 ���K�_�a�������f�]���^�f3�����a�Z��
�\�b�k�b�f�h�k�l�v�� �\�_�e�b�q�b�g�u�� �k�h�j�[�p�b�b��Cs+ �h�l�� �d�h�g��
�p�_�g�l�j�Z�p�b�b�� �g�Z�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �j�Z�k�l�\�h��
�j�h�f��NaCl �g�h�k�b�l���d�\�Z�a�b�e�b�g�_�c�g�u�c���o�Z�j�Z�d�l�_�j�� 

�I�h�e�m�q�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g��
�g�u�_ �[�u�e�b �h�[�j�Z�[�h�l�Z�g�u �i�h �e�b�g�_�Z�j�b�a�h�\�Z�g��
�g�u�f �n�h�j�f�Z�f �m�j�Z�\�g�_�g�b�c �b�a�h�l�_�j�f �N�j�_�c�g�^��

�e�b�o�Z�������������E�_�g�]�f�x�j�Z�������������L�_�f�d�b�g�Z�������������>�m�[�b��
�g�b�g�Z-�J�Z�^�m�r�d�_�\�b�q�Z�������������N�e�h�j�b-�O�Z�]�]�b�g�k�Z����������
�b�� �J�_�^�e�b�o�Z-�I�_�l�_�j�ko�g�Z�� ���������� �>�����@���� �d�Z�`�^�Z�y�� �b�a��
�d�h�l�h�j�u�o�� �^�Z�_�l�� �h�i�j�_�^�_�e�_�g�g�m�x�� �b�g�n�h�j�f�Z�p�b�x��
�h���k�\�h�c�k�l�\�Z�o���k�h�j�[�p�b�h�g�g�h�c���k�b�k�l�_�f�u�� 

�M�j�Z�\�g�_�g�b�_ �N�j�_�c�g�^�e�b�o�Z�� 
 �H�C�M
L �H�C�-�¿ 
E�s �J
W�H�C�%�Ø�� (2) 

�]�^�_ q ���f�h�e�v���]���� �K�_ ���f�h�e�v���^�f3), �DF �b n �± �d�h�g��
�k�l�Z�g�l�u �N�j�_�c�g�^�e�b�o�Z�� 

�M�j�Z�\�g�_�g�b�_ �E�_�g�]�f�x�j�Z�� 

 �%�Ø �M
W
L �s
�M�¶ �#
W 
E�%�Ø �M�¶ �á
W   (3) 

�]�^�_ q �± �\�_�e�b�q�b�g�Z �k�h�j�[�p�b�b �Z�^�k�h�j�[�Z�l�Z �\ �k�h��
�k�l�h�y�g�b�b �j�Z�\�g�h�\�_�k�b�y ���f�]���]���� q�f  �± �l�_�h�j�_�l�b��
�q�_�k�d�Z�y �k�h�j�[�p�b�y �f�h�g�h�k�e�h�y ���f�]���]���� �Ke �± �j�Z�\��
�g�h�\�_�k�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �k�h�j�[�Z�l�Z �\ �j�Z�k��
�l�\�h�j�_ ���f�]���^�f3); �:  �± �d�h�g�k�l�Z�g�l�Z �m�j�Z�\�g�_�g�b�y 
�E�_�g�]�f�x�j�Z ���^�f3���f�]���� 

�M�j�Z�\�g�_�g�b�_ �L�_�f�d�b�g�Z�� 
�M
L �#
E�$�H�C�%,    (4) 

�]�^�_ �:  �b �< �± �w�f�i�b�j�b�q�_�k�d�b�_ �d�h�w�n�n�b�p�b�_�g�l�u 
�m�j�Z�\�g�_�g�b�y �L�_�f�d�b�g�Z�� �� 
L��

�6�á�7�4�7

�d
���á���]�^�_ f �± 

�n�Z�d�l�h�j �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �• 
L��
�6�á�7�4�7

�d
�Ž�‰�� �X. 

�M�j�Z�\�g�_�g�b�_ �>�m�[�b�g�b�g�Z-�J�Z�^�m�r�d�_�\�b�q�Z�� 
�H�C�M
L �H�J�M�¶ 
F �Ú�Ý�6,  (5) 

�L�Z�[�e�b�p�Z���������L�_�d�k�l�m�j�Z���b���j�G�l�g�a���b�k�o�h�^�g�h�c���b���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c���j�Z�k�l�\�h�j�Z�f�b��HCl �b��NaCl �]�e�b�g�u 
Table 2. Texture of hydrochloric acid- and NaCl-treated clay samples 

�H�[�j�Z�a�_�p���]�e�b�g�u S�m�^���� �f2���] �6V�����k�f3���] D�k�j�����g�f �j�G�l�g�a 

�B�k�o�h�^�g�Z�y���]�e�b�g�Z 27.3 0.029 42.5 8.38 
�H�[�j�Z�[�h�l����HCl 48.0 0.041 34.1 6.53 
�H�[�j�Z�[�h�l����NaCl 39.4 0.031 31.4 8.85 

 

 
�J�b�k���������� �J�Z�k�i�j�_�^�_�e�_�g�b�_���h�[�t�_�f�Z���f�_�a�h- �b���f�Z�d�j�h�i�h�j���h�[�j�Z�a�p�h�\���b�k�o�h�^�g�h�c���]�e�b�g�u�������������]�e�b�g�u�� 

�h�[�j�Z�[�h�l�Z�g�g�h�c��HCl ���������b�����]�e�b�g�u�����f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c��NaCl ���������i�h���j�Z�a�f�_�j�Z�f 
Fig. 3.  Size distribution of meso- and macropores of samples of original clay (1), clay treated 

with HCl (2) and clay modified with NaCl (3) 
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�E �± �d�h�g�k�l�Z�g�l�Z�����h�l�g�h�k�y�s�Z�y�k�y���d���k�j�_�^�g�_�c���k�\�h��
�[�h�^�g�h�c�� �w�g�_�j�]�b�b�� �Z�^�k�h�j�[�p�b�b�� ���f�h�e�v2���>�2̀), 
�H �± �i�h�l�_�g�p�b�Z�e �I�h�e�y�g�b�� �d�h�l�h�j�u�c �k�\�y�a�Z�g �k 
�j�Z�\�g�h�\�_�k�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �j�Z�k�l�\�h�j�Z �K�_ 
���f�h�e�v���^�f3) �m�j�Z�\�g�_�g�b�_�f�� 

 �Ý
L �4�6�H�J�:�s
E�s
�%�Ø
W �;  (6) 

�' 
L
�5

�:�6�	 �;�,�ä�1
     (7) 

�M�j�Z�\�g�_�g�b�_ �N�e�h�j�b-�O�Z�]�]�b�g�k�Z�� 

�H�J�@
��

�¼�,
�A
L �H�J�-�¿�Á
E�M�¶ �H�J�:�s
F �à�;�á (8) 

�]�^�_ �à
L
�ä

�ä�®
 �± �k�l�_�i�_�g�v �a�Z�i�h�e�g�_�g�b�y �i�h�\�_�j�o��

�g�h�k�l�b�� KFH �± �d�h�g�k�l�Z�g�l�Z �j�Z�\�g�h�\�_�k�b�y 
�N�e�h�j�b-�O�Z�]�]�b�g�k�Z�� q�f  �± �f�Z�d�k�b�f�Z�e�v�g�Z�y �\�_��
�e�b�q�b�g�Z �k�h�j�[�p�b�b��  

�D�h�g�k�l�Z�g�l�Z �j�Z�\�g�h�\�_�k�b�y�� �f�h�`�_�l �[�u�l�v �b�k��
�i�h�e�v�a�h�\�Z�g�Z �^�e�y �j�Z�k�q�_�l�Z �k�\�h�[�h�^�g�h�c �w�g�_�j��
�]�b�b �=�b�[�[�k�Z �i�h �m�j�Z�\�g�_�g�b�x�� 

�¿�) �4 
L 
F�4�6�H�J�-�¿�Á (9) 
�M�j�Z�\�g�_�g�b�_ �J�_�^�e�b�o�Z-�I�_�l�_�j�k�h�g�Z�� 

�¼�Ð
�ä


L
�5

�Ä�Ã�Á

E

�Ô�Ã

�Ä�Ã�Á
�%�Ø

�	  (10) 

�]�^�_ KRP, aR �± �d�h�g�k�l�Z�g�l�u �m�j�Z�\�g�_�g�b�y �J�_�^��
�e�b�o�Z-�I�_�l�_�j�k�h�g�Z�� �E �± �d�h�g�k�l�Z�g�l�Z�� �a�g�Z�q�_�g�b�_ 
�d�h�l�h�j�h�c �e�_�`�b�l �\ �b�g�l�_�j�\�Z�e�_ 0���E��1. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v�� �q�l�h �\ �h�l�e�b�q�b�b �h�l 
�m�j�Z�\�g�_�g�b�c (2)-(5) �b (8), �d�h�l�h�j�u�_ �k�h�^�_�j�`�Z�l 
�^�\�Z �i�Z�j�Z�f�_�l�j�Z�� �e�b�g�_�c�g�Z�y �n�h�j�f�Z �m�j�Z�\�g�_��
�g�b�y �J�_�^�e�b�o�Z-�I�_�l�_�j�k�h�g�Z (10) �k�h�^�_�j�`�b�l 
�l�j�b �i�Z�j�Z�f�_�l�j�Z�� �i�h�w�l�h�f�m �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y 
�w�l�b�f �m�j�Z�\�g�_�g�b�_�f �\�h�a�f�h�`�g�h�� �i�j�b�f�_�g�b�\ 
�f�_�l�h�^ �b�l�_�j�Z�p�b�c [22] �k �b�a�\�_�k�l�g�u�f �h�]�j�Z�g�b��

�q�_�g�b�_�f 0���E��1. �A�Z�^�Z�\�Z�e�h�k�v �g�Z�q�Z�e�v�g�h�_ �a�g�Z��
�q�_�g�b�_ �i�Z�j�Z�f�_�l�j�Z �E �b �\�u�[�b�j�Z�e�k�y �r�Z�] �_�]�h 
�i�j�b�j�Z�s�_�g�b�y 0.05, �i�h�k�e�_ �q�_�]�h �k�l�j�h�b�e�h�k�v 
�k�_�f�_�c�k�l�\�h �i�j�y�f�u�o�� �\ �d�h�h�j�^�b�g�Z�l�Z�o 

�¼�Ð
�ä


F

�B�:�%�Ø
�	 �;. �E�b�g�b�y �j�_�]�j�_�k�k�b�b �k �f�Z�d�k�b�f�Z�e�v�g�u�f 

�a�g�Z�q�_�g�b�_�f �d�h�w�n�n�b�p�b�_�g�l�Z �^�_�l�_�j�f�b�g�Z�p�b�b 
R2 �\�u�[�b�j�Z�e�Z�k�v �\ �d�Z�q�_�k�l�\�_ �b�k�d�h�f�h�c �b �i�h 
�g�_�c �h�i�j�_�^�_�e�y�e�b�k�v �^�\�Z �^�j�m�]�b�o �d�h�w�n�n�b�p�b��
�_�g�l�Z �m�j�Z�\�g�_�g�b�y (10). 

�J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�h�\ �i�h �i�j�b�\�_�^�_�g�g�u�f 
�m�j�Z�\�g�_�g�b�y�f �i�h�a�\�h�e�b�e�b �h�p�_�g�b�l�v �f�Z�d�k�b��
�f�Z�e�v�g�m�x �Z�^�k�h�j�[�p�b�h�g�g�m�x �k�i�h�k�h�[�g�h�k�l�v 
�b�k�k�e�_�^�m�_�f�h�c �]�e�b�g�u �i�h Cs+. �J�Z�k�k�q�b�l�Z�g�g�u�_ 
�i�h �m�j�Z�\�g�_�g�b�x �E�_�g�]�f�x�j�Z q�f =39.1 �f�]���]�� �i�h 
�m�j�Z�\�g�_�g�b�x �N�e�h�j�b-�O�Z�]�]�b�g�k�Z q�f =44.8 �f�]���] 
�b �i�h �m�j�Z�\�g�_�g�b�x �>�m�[�b�g�b�g�Z-�J�Z�^�m�r�d�_�\�b�q�Z 
q�f =41.9 �f�]���] �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h �k�h�]�e�Z�k�m��
�x�l�k�y �f�_�`�^�m �k�h�[�h�c �b �k �e�b�l�_�j�Z�l�m�j�g�u�f�b 
�^�Z�g�g�u�f�b�� �I�h�o�h�`�b�_ �j�_�a�m�e�v�l�Z�l�u �^�e�y �k�h�j�[��
�p�b�h�g�g�u�o �_�f�d�h�k�l�_�c �j�Z�a�e�b�q�g�u�o �=�F �i�h Cs+ 
�i�j�b�\�h�^�y�l�k�y �b �\ �j�Z�[�h�l�Z�o [23] �± 46.3 �f�]���] �b 
[24] �± 45.2 �f�]���]�� 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �m�j�Z�\�g�_�g�b�y�� �>�m�[�b�g�b�g�Z-
�J�Z�^�m�r�d�_�\�b�q�Z �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �i�j�b�j�h�^�u��
�k�h�j�[�p�b�h�g�g�h�]�h���i�j�h�p�_�k�k�Z���i�h���\�_�e�b�q�b�g�_���w�g�_�j��
�]�b�b���Z�^�k�h�j�[�p�b�b�����m�j�Z�\�g�_�g�b�_���������i�h�d�Z�a�Z�e�h�����q�l�h��
�j�Z�k�k�q�b�l�Z�g�g�u�_���a�g�Z�q�_�g�b�y���?� �������������d�>�`���f�h�e�v��
�^�e�y��Cs+ �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[ �b�h�g�h�h�[�f�_�g��
�g�h�f �o�Z�j�Z�d�l�_�j�_ �^�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z�� �J�Z�k�k�q�b��
�l�Z�g�g�Z�y �k�\�h�[�h�^�g�Z�y �w�g�_�j�]�b�y �=�b�[�[�k�Z ���m�j�Z�\��
�g�_�g�b�_ 9) �k�h�k�l�Z�\�b�e�Z �' G = -15.23 �d�>�`���f�h�e�v 
�^�e�y Cs+, �q�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �\�h�a�f�h�`�g�h�k�l�v 
�k�Z�f�h�i�j�h�b�a�\�h�e�v�g�h�]�h �i�j�h�l�_�d�Z�g�b�y �k�h�j�[�p�b�b 

 

�J�b�k�������������B�a�h�l�_�j�f�u���Z�^�k�h�j�[�p�b�b��Cs+ �g�Z���b�k�o�h�^�g�h�c�������������h�[�j�Z�[�h�l�Z�g�g�h�c��HCl (2) 
�b���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c��Na+ ���������]�e�b�g�_ 

Fig. 4.  Cs+ adsorption isotherms on the original (1), treated with HCl (2) 
and modified with Na+ (3) clay 
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�b�h�g�h�\ �p�_�a�b�y �g�Z �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�]�e�b�g�_�� 

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

�=�j�Z�n�b�q�_�k�d�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���a�Z�\�b�k�b�f�h��
�k�l�_�c��qCs+ �h�l�� �Ke �i�h�� �m�j�Z�\�g�_�g�b�y�f�� �N�j�_�c�g�^��
�e�b�o�Z�����E�_�g�]�f�x�j�Z�����L�_�f�d�b�g�Z�����>�m�[�b�g�b�g�Z-�J�Z��
�^�m�r�d�_�\�b�q�Z���� �N�e�h�j�b-�O�Z�]�]�b�g�k�Z���� �J�_�^�e�b�o�Z-
�I�_�l�_�j�k�h�g�Z���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������� 

�>�Z�g�g�u�_ �j�b�k. ���� �b���l�Z�[�e�� ���� �k�\�b�^�_�l�_�e�v��
�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �e�m�q�r�_�� �\�k�_�]�h�� �k�h�j�[�p�b�y��
Cs+ �g�Z��Na-�n�h�j�f�_���E�_�\�Z�r�b�g�k�d�h�c���]�e�b�g�u���h�i�b��
�k�u�\�Z�_�l�k�y���m�j�Z�\�g�_�g�b�_�f���J�_�^�e�b�o�Z-�I�_�l�_�j�k�h�g�Z��  

�>�e�y�� �Z�g�Z�e�b�a�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g��
�g�u�o���[�u�e���b�k�i�h�e�v�a�h�\�Z�g���i�h�e�m�w�f�i�b�j�b�q�_�k�d�b�c��
Kd -�i�h�^�o�h�^���� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �j�Z�a�e�b�q�g�u�f�b��

�Z�\�l�h�j�Z�f�b���>�������������������������@�����G�Z���j�b�k���������i�j�b�\�_��
�^�_�g�u���a�Z�\�b�k�b�f�h�k�l�b��lgKd �± lgCe�����]�^�_��Kd �± �d�h��
�w�n�n�b�p�b�_�g�l���j�Z�k�i�j�_�^�_�e�_�g�b�y����Kd = qCs+/Ce). 

�B�a���^�Z�g�g�h�]�h���j�b�k�m�g�d�Z���\�b�^�g�h�����q�l�h���a�Z�\�b�k�b��
�f�h�k�l�v��lgKd �± lgCe �g�_�e�b�g�_�c�g�Z�����q�l�h�����d�Z�d���h�l��
�f�_�q�Z�_�l�k�y���\���>���@�����m�d�Z�a�u�\�Z�_�l���g�Z���\�h�a�f�h�`�g�h�k�l�v��
�k�m�s�_�k�l�\�h�\�Z�g�b�y���g�_�k�d�h�e�v�d�b�o���k�h�j�[�p�b�h�g�g�u�o��
�p�_�g�l�j�h�\�����b�f�_�x�s�b�o���j�Z�a�e�b�q�g�h�_���k�j�h�^�k�l�\�h���d��
�b�h�g�Z�f��Cs+���� �i�j�b�� �w�l�h�f�� �n�h�j�f�Z�� �a�Z�\�b�k�b�f�h�k�l�b��
���������o�Z�j�Z�d�l�_�j�g�Z���^�e�y���b�e�e�b�l�Z���>�������@�����I�j�b���g�b�a��
�d�b�o���d�h�g�p�_�g�l�j�Z�p�b�y�o��Cs+ �\���j�Z�k�l�\�h�j�_�����������1̃0-

6-9.3�1̃0-6 �f�h�e�v���^�f3�����g�Z���a�Z�\�b�k�b�f�h�k�l�b��lgKd �± 
lgCe �g�Z�[�e�x�^�Z�_�l�k�y���g�_�[�h�e�v�r�h�_���i�e�Z�l�h�����g�Z���d�h��
�l�h�j�h�_�� �m�d�Z�a�u�\�Z�_�l�� �k�l�j�_�e�d�Z���� �d�h�l�h�j�h�_���� �d�Z�d��
�i�j�_�^�i�h�e�Z�]�Z�_�l�k�y���\���>�����@�����k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h��
�g�Z�k�u�s�_�g�b�b�� �p�_�g�l�j�h�\��FES���� �I�_�j�\�Z�y�� �l�h�q�d�Z��
�i�_�j�_�]�b�[�Z���m�d�Z�a�u�\�Z�_�l���g�Z���l�h�����q�l�h���l�Z�d�h�_���g�Z�k�u��
�s�_�g�b�_���i�j�h�b�a�h�r�e�h���� �<�_�e�b�q�b�g�Z���k�h�j�[�p�b�b���g�Z��
�w�l�b�o���p�_�g�l�j�Z�o���i�h���^�Z�g�g�u�f���g�Z�r�b�o���w�d�k�i�_�j�b��
�f�_�g�l�h�\�� �g�_ �i�j�_�\�u�r�Z�_�l ~ 1.5% �h�l �f�Z�d�k�b��
�f�Z�e�v�g�h�c �k�h�j�[�p�b�h�g�g�h�c �_�f�d�h�k�l�b �E�_�\�Z�r�b�g��
�k�d�h�c �]�e�b�g�u �\ Na-�n�h�j�f�_�� �H�^�g�Z�d�h�� �g�_��
�k�f�h�l�j�y �g�Z �k�l�h�e�v �g�b�a�d�m�x �k�h�j�[�p�b�x Cs+ �g�Z 

�L�Z�[�e�b�p�Z���������A�g�Z�q�_�g�b�y���k�h�j�[�p�b�h�g�g�u�o���i�Z�j�Z�f�_�l�j�h�\�����j�Z�k�k�q�b�l�Z�g�g�u�o���i�h���m�j�Z�\�g�_�g�b�y�f���N�j�_�c�g�^�e�b�o�Z����
�E�_�g�]�f�x�j�Z�����L�_�f�d�b�g�Z�����>�m�[�b�g�b�g�Z-�J�Z�^�m�r�d�_�\�b�q�Z�����N�e�h�j�b-�O�Z�]�]�b�g�k�Z�����J�_�^�e�b�o�Z-�I�_�l�_�j�k�h�g�Z 
Table 3. Values of sorption parameters calculated using the equations of Freundlich, Langmuir, 
Temkin, Dubinin-Radushkevich, Flory-Huggins, Redlich-Peterson 

�F�h�^�_�e�v �I�Z�j�Z�f�_�l�j�u �A�g�Z�q�_�g�b�y���i�Z�j�Z�f�_�l�j�h�\���^�e�y��Cs+ 

�N�j�_�c�g�^�e�b�o�Z 
KF �����^�f3)1/n�f�h�e�v1-1/n���]�� 

n 
R2 

6.92�1̃0-2 
1.73 
0.951 

�E�_�g�]�f�x�j�Z 
q�f  ���f�]���]�� 

�:�����^�f3���f�]�� 
R2 

39.06 
2.21�1̃0-2 

0.994 

�L�_�f�d�b�g�Z f 
R2 

0.154 
0.984 

�>�m�[�b�g�b�g�Z- 
�J�Z�^�m�r�d�_�\�b�q�Z 

q�f  ���f�f�h�e�v���]�� 
�E ���f�h�e�v2���>� 2̀) 

R2 

0.315 
4.2�1̃0-3 
0.989 

�N�e�h�j�b-�O�Z�]�]�b�g�k�Z 
q�f  ���f�f�h�e�v���]�� 

KFH ���^�f3���f�f�h�e�v�� 
R2 

0.337 
0.445 
0.936 

�J�_�^�e�b�o�Z-�I�_�l�_�j�k�h�g�Z 

KRP ���^�f3���]�� 
aR ���^�f3)�E���f�f�h�e�v�E 

�E 
R2 

0.817 
0.016 
0.95 
0.998 
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�w�l�b�o �p�_�g�l�j�Z�o�� �h�g�b �^�h�f�b�g�b�j�m�x�l �\ �i�j�h��
�p�_�k�k�_ �k�h�j�[�p�b�b �w�l�b�o �b�h�g�h�\�� �i�j�b�� �g�b�a�d�b�o��
�d�h�g�p�_�g�l�j�Z�p�b�y�o�� 

�I�h�k�e�_�� �g�Z�k�u�s�_�g�b�y�� �p�_�g�l�j�h�\��FES �i�h�y�\��
�e�y�_�l�k�y�� �\�l�h�j�Z�y�� �i�e�h�s�Z�^�d�Z�� ���k�l�j�_�e�d�Z������ �]�^�_��
lgKd=const �i�j�b�� �d�h�g�p�_�g�l�j�Z�p�b�y�o��Cs+ 

1.9�1̃0-5-1.1�1̃0-4 �f�h�e�v���^�f3���� �<�l�h�j�Z�y�� �l�h�q�d�Z��
�i�_�j�_�]�b�[�Z�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �g�Z�k�u�s�_�g�b�b��
�w�l�h�]�h���l�b�i�Z���p�_�g�l�j�h�\�����k�h�j�[�p�b�h�g�g�Z�y���_�f�d�h�k�l�v��
�d�h�l�h�j�u�o�� �k�h�k�l�Z�\�b�e�Z�� �h�d�h�e�h�� �������� �h�l�� �f�Z�d�k�b��
�f�Z�e�v�g�h�c���k�h�j�[�p�b�h�g�g�h�c���_�f�d�h�k�l�b�����q�l�h���g�Z�o�h��
�^�b�l�k�y�� �\�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�f�� �k�h�]�e�Z�k�b�b�� �k��
�i�j�b�\�h�^�b�f�u�f�b�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �a�g�Z�q�_�g�b�y�f�b��
�^�e�y���w�l�b�o���p�_�g�l�j�h�\��[4].  

�B���� �g�Z�d�h�g�_�p���� �i�j�b�� �d�h�g�p�_�g�l�j�Z�p�b�b��
Cs+�!1.1�1̃0-4 �f�h�e�v���^�f3 �\�� �k�h�j�[�p�b�b�� �^�Z�g�g�u�o��
�b�h�g�h�\�� �a�Z�^�_�c�k�l�\�h�\�Z�g�u�� �h�[�f�_�g�g�u�_�� �p�_�g�l�j�u��

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

�G�Z�� �b�k�o�h�^�g�h�c�� �]�e�b�g�_�� �k�h�j�[�p�b�y��Cs+ �e�b��
�g�_�c�g�Z���\���b�g�l�_�j�\�Z�e�_���d�h�g�p�_�g�l�j�Z�p�b�c���������1̃0-5-
8.7�1̃0-5 �f�h�e�v���^�f3���� �\�u�r�_�� �������1̃0-5 �k�h�j�[�p�b�y��
Cs+ �b�k�o�h�^�g�h�c�� �]�e�b�g�h�c�� �k�l�Z�g�h�\�b�l�k�y�� �g�_�e�b��
�g�_�c�g�h�c�����L�Z�d�Z�y���n�h�j�f�Z���a�Z�\�b�k�b�f�h�k�l�b��lgKd �± 
lgCe �g�Z�� �b�k�o�h�^�g�h�c�� �]�e�b�g�_�� ���j�b�k������ ���������� �\�_�j�h��
�y�l�g�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�Z���k���l�_�f�����q�l�h���g�Z���g�Z��
�l�b�\�g�h�c�� �]�e�b�g�_�� �d�h�e�b�q�_�k�l�\�h��FES �p�_�g�l�j�h�\��
�a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_���� �q�_�f�� �g�Z�� �f�h�^�b�n�b�p�b��
�j�h�\�Z�g�g�h�c�����I�h�^�l�\�_�j�`�^�_�g�b�_�f���l�Z�d�h�]�h���i�j�_�^��
�i�h�e�h�`�_�g�b�y���f�h�`�_�l���k�l�Z�l�v���h�l�f�_�q�_�g�g�Z�y���\���j�Z��
�[�h�l�_ [10] �d�h�j�j�_�e�y�p�b�y �f�_�`�^�m �d�h�e�b�q�_�k�l�\�h�f 
�p�_�g�l�j�h�\ FES �b �d�j�b�k�l�Z�e�e�b�q�g�h�k�l�v�x �]�e�b�g�u�� 

   

    

     
�J�b�k�����������=�j�Z�n�b�q�_�k�d�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���a�Z�\�b�k�b�f�h�k�l�_�c��qCs+ �h�l���Ke �i�h���m�j�Z�\�g�_�g�b�y�f���N�j�_�c�g�^�e�b�o�Z��

���Z�������E�_�g�]�f�x�j�Z�����[�������L�_�f�d�b�g�Z�����\�������>�m�[�b�g�b�g�Z-�J�Z�^�m�r�d�_�\�b�q�Z�����]�������N�e�h�j�b-�O�Z�]�]�b�g�k�Z�����^�������J�_�^�e�b�o�Z-
�I�_�l�_�j�k�h�g�Z�����_�������l�h�q�d�b���± �w�d�k�i�_�j�b�f�_�g�l�����d�j�Z�k�g�Z�y���e�b�g�b�y���± �j�Z�k�q�_�l���i�h���m�j�Z�\�g�_�g�b�y�f 

Fig. 5. Graphic representation of the dependences of qCs+ - �Ke according to the equations of 
Freundlich (a), Langmuir (b), Temkin (c), Dubinin-Radushkevich (d), Flory-Huggins (e), Red-

lich-Peterson (f): points - experiment, red line �± calculation using equations 
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�L�Z�d�� �i�h �^�Z�g�g�u�f �Z�\�l�h�j�h�\ �>�����@���k�h�j�[�p�b�y��Cs+ 
�g�Z���g�b�a�d�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�f �b�e�e�b�l�_���� �b�f�_�x��
�s�_�f�� �[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h��FES �p�_�g�l�j�h�\����
�a�g�Z�q�b�l�_�e�v�g�h�� �\�u�r�_�� �k�h�j�[�p�b�b�� �g�Z�� �\�u�k�h�d�h��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�f�� �b�e�e�b�l�_���� �<�u�r�_�� �m�`�_�� �h�l��
�f�_�q�Z�e�Z�k�v���k�\�y�a�v���b�a�f�_�g�_�g�b�y���l�_�d�k�l�m�j�g�u�o���o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�� �h�[�j�Z�[�h�l�Z�g�g�h�c�� �j�Z�k�l�\�h�j�Z�f�b��
HCl, NaCl �]�e�b�g�u���k���m�f�_�g�v�r�_�g�b�_�f���k�l�_�i�_�g�b��
�_�_���d�j�b�k�l�Z�e�e�b�q�g�h�k�l�b���>�����@���� 

�B�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �^�_�k�h�j�[��
�p�b�y��Cs+�����d�Z�d���b�a���h�[�j�Z�a�p�h�\���b�k�o�h�^�g�h�c�����l�Z�d���b��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c�� �j�Z�k�l�\�h�j�h�f��NaCl 
�]�e�b�g�u�����i�j�b���k�h�j�[�p�b�b���w�l�b�o���b�h�g�h�\���b�a���j�Z�k�l�\�h��
�j�h�\�� �k�� �b�o�� �\�u�k�h�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c���� �]�^�_��
�k�h�j�[�p�b�y�� �d�h�g�l�j�h�e�b�j�m�_�l�k�y�� �\�� �h�k�g�h�\�g�h�f�� �h�[��
�f�_�g�h�f�� �g�Z�� �[�Z�a�Z�e�v�g�u�o�� �m�q�Z�k�l�d�Z�o�� �i�h�\�_�j�o�g�h��
�k�l�b���� �k�h�k�l�Z�\�b�e�Z�� �[�h�e�_�_�� ���������� �<�� �e�b�l�_�j�Z�l�m�j�_��
�>���@���h�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �^�_�k�h�j�[�p�b�y��Cs+ �k�� �p�_�g��
�l�j�h�\��FES �a�Z�l�j�m�^�g�_�g�Z���� �q�l�h�� �y�\�e�y�_�l�k�y�� �j�_��
�a�m�e�v�l�Z�l�h�f�� �q�j�_�a�\�u�q�Z�c�g�h�� �\�u�k�h�d�h�c�� �k�_�e�_�d��
�l�b�\�g�h�k�l�b���w�l�b�o���p�_�g�l�j�h�\���d���^�Z�g�g�h�f�m���b�h�g�m�� 

�M�q�b�l�u�\�Z�y���� �q�l�h�� �i�j�h�p�_�k�k�u�� �b�a�\�e�_�q�_�g�b�y��
Cs+ �b�a���i�j�b�j�h�^�g�u�o���\�h�^���h�k�m�s�_�k�l�\�e�y�x�l�k�y���\��
�j�Z�k�l�\�h�j�Z�o���� �k�h�^�_�j�`�Z�s�b�o���. �������1�D�������0�J��������
�&�D�������\�� �d�h�g�p�_�g�l�j�Z�p�b�y�o���� �a�g�Z�q�b�l�_�e�v�g�h�� �i�j�_��
�\�u�r�Z�x�s�b�o�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �p�_�e�_�\�u�o�� �d�h�f��
�i�h�g�_�g�l�h�\���� �Z�d�l�m�Z�e�v�g�u�f�b�� �y�\�e�y�x�l�k�y�� �b�k�k�e�_��
�^�h�\�Z�g�b�y���f�_�r�Z�x�s�_�]�h���\�e�b�y�g�b�y���w�l�b�o���d�h�f�i�h��
�g�_�g�l�h�\�� �d�Z�d�� �\�� �h�l�^�_�e�v�g�h�k�l�b���� �l�Z�d�� �b�� �b�h�g�g�h�c��
�k�b�e�u���j�Z�k�l�\�h�j�Z���\���p�_�e�h�f���g�Z���\�_�e�b�q�b�g�u���k�h�j�[��

�p�b�b���b�k�k�e�_�^�m�_�f�u�o���b�h�g�h�\�����B�a���j�b�k�����������g�Z���d�h��
�l�h�j�h�f�� �i�h�d�Z�a�Z�g�h�� �\�e�b�y�g�b�_�� �b�h�g�g�h�c�� �k�b�e�u��
�j�Z�k�l�\�h�j�Z���g�Z���Z�^�k�h�j�[�p�b�x���b�h�g�h�\��Cs+ �d�Z�d���g�Z��
�b�k�o�h�^�g�h�c���� �l�Z�d�� �b�� �g�Z�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�]�e�b�g�_�� �\�b�^�g�h�� �q�l�h �\ �h�[�h�b�o �k�e�m�q�Z�y�o �i�j�b 
�m�\�_�e�b�q�_�g�b�b �b�h�g�g�h�c �k�b�e�u �j�Z�k�l�\�h�j�Z �k 2.45 
�^�h 30 �f�f�h�e�v���^�f3 �k�g�b�`�_�g�b�_ �\�_�e�b�q�b�g�u 
�k�h�j�[�p�b�b Cs+ �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 60%. 

�B�a �e�b�l�_�j�Z�l�m�j�u [6,7,9] �b�a�\�_�k�l�g�h�� �q�l�h 
�d�h�g�d�m�j�_�g�p�b�x Cs+ �i�j�b �Z�^�k�h�j�[�p�b�b �g�Z �k�_��
�e�_�d�l�b�\�g�u�o �p�_�g�l�j�Z�o FES �k�h�k�l�Z�\�e�y�x�l �\ �h�k��
�g�h�\�g�h�f �b�h�g�u K+ �b NH4

+, �\ �l�h �\�j�_�f�y �d�Z�d �a�Z 
�f�_�k�l�Z �k�h�j�[�p�b�b �g�Z �[�Z�a�Z�e�v�g�u�o �i�e�h�k�d�h�k�l�y�o 
�i�h�\�_�j�o�g�h�k�l�b �]�e�b�g�u �k �b�h�g�Z�f�b Cs+ �d�h�g�d�m��
�j�b�j�m�x�l �j�Z�a�g�u�_ �b�h�g�u�� �G�Z�f�b �[�u�e�h �m�k�l�Z��
�g�h�\�e�_�g�h�� �q�l�h �i�h �k�l�_�i�_�g�b �\�e�b�y�g�b�y �g�Z �k�h�j�[��
�p�b�x �g�Z �]�e�b�g�_ �E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_��
�g�b�y �b�h�g�h�\ Cs+ �f�_�r�Z�x�s�b�_ �b�h�g�u �f�h�`�g�h 
�j�Z�k�i�h�e�h�`�b�l�v �\ �j�y� ̂Mg2+ �! Ca2+ �t Sr2+�! K+ 
�! Na+. �H�l�f�_�q�Z�e�h�k�v�� �q�l�h �o�h�l�y Na+ �k�l�h�b�l �\ 
�w�l�h�f �j�y�^�m �i�h�k�e�_�^�g�b�f�� �k�h�^�_�j�`�Z�g�b�_ �_�]�h �\ 
�]�_�h�l�_�j�f�Z�e�v�g�u�o���\�h�^�Z�o�����i�j�_�\�u�r�Z�_�l���k�h�^�_�j�`�Z��
�g�b�_��Cs+ �\���g�_�k�d�h�e�v�d�h���^�_�k�y�l�d�h�\���l�u�k�y�q���j�Z�a�� 

�>�e�y �m�k�l�Z�g�h�\�e�_�g�b�y �^�b�Z�i�Z�a�h�g�Z �d�h�g�p�_�g��
�l�j�Z�p�b�c �b�h�g�h�\ K+, Na+, Mg2+, Ca2+, Sr2+, �\ 
�d�h�l�h�j�h�f �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �f�h��
�^�b�n�b�p�b�j�h�\�Z�g�g�m�x �b�h�g�Z�f�b �g�Z�l�j�b�y �]�e�b�g�m 
�E�_�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y �\ �d�Z�q�_�k�l�\�_ 
�k�h�j�[�_�g�l�Z �^�e�y �b�a�\�e�_�q�_�g�b�y �b �d�h�g�p�_�g�l�j�b�j�h��
�\�Z�g�b�y Cs+ �b�a �\�h�^�g�u�o �j�Z�k�l�\�h�j�h�\ �k�e�h�`�g�h�]�h 
�k�h�k�l�Z�\�Z�� �b�a�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �k�h�j�[�p�b�b 

  
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�b���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k��

�i�j�_�^�_�e�_�g�b�y����Kd�����p�_�a�b�y���h�l���_�]�h���j�Z�\�g�h�\�_�k�g�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b���\���j�Z�k�l�\�h�j�_�����Ke�����i�j�b���Z�^�k�h�j�[��
�p�b�b���g�Z���]�e�b�g�_���\��Na-�n�h�j�f�_ ���������b���g�Z���b�k�o�h�^�g�h�c��

�]�e�b�g�_�������� 
Fig. 6. Dependences of the distribution coeffi-
cients (Kd) of cesium on its equilibrium con-
centration in solution (Ce) upon adsorption on 
clay in Na-form (1) and on the original clay (2) 

�J�b�k�������������<�e�b�y�g�b�_���b�h�g�g�h�c���k�b�e�u���j�Z�k�l�\�h�j�Z��
�g�Z���\�_�e�b�q�b�g�m���k�h�j�[�p�b�b��Cs+ �g�Z���b�k�o�h�^�g�h�c��

�]�e�b�g�_�����������b���g�Z���]�e�b�g�_�����f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c����
�b�h�g�Z�f�b��Na ���������KCs+ � �����������f�]���^�f3. 

 
Fig. 7. The influence of the ionic strength of 

the solution on the amount of Cs+ sorption on 
the original clay (1) and on clay modified 

with Na ions (2) CCs+ = 135 mg/dm3 
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�b�h�g�h�\ �p�_�a�b�y �g�Z �w�l�h�f �k�h�j�[�_�g�l�_ �h�l �d�h�g�p�_�g��
�l�j�Z�p�b�b �^�Z�g�g�u�o �b�h�g�h�\�� �J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_��
�^�h�\�Z�g�b�c �i�h�d�Z�a�Z�e�b�� �q�l�h �g�Z 40% �\�_�e�b�q�b�g�Z 
�k�h�j�[�p�b�b �b�h�g�h�\ �p�_�a�b�y �k�g�b�`�Z�_�l�k�y �\ �i�j�b�k�m�l��
�k�l�\�b�b ~ 900 �f�]���^�f3 Na+, ~350 �f�]���^�f3 K+, ~ 
50 �f�]���^�f3 Mg2+, ~ 80 �f�]���^�f3 Ca2+, ~ 90 
�f�]���^�f3 Sr2+. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v�� �q�l�h �d�h�g��
�p�_�g�l�j�Z�p�b�y �j�Z�k�l�\�h�j�Z �i�h Cs+ �\�h �\�k�_�o �w�l�b�o 
�k�e�m�q�Z�y�o �k�h�k�l�Z�\�e�y�e�Z 100 �f�]���^�f3. 

�A�Z�d�e�x�q�_�g�b�_ 

�H�[�g�Z�j�m�`�_�g�h�� �q�l�h �h�[�j�Z�[�h�l�d�Z �]�e�b�g�u �E�_��
�\�Z�r�b�g�k�d�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y�� �i�j�_�^�\�Z�j�b��
�l�_�e�v�g�h �i�h�^�\�_�j�]�g�m�l�h�c �d�b�k�e�h�l�g�h�c �Z�d�l�b�\�Z��
�p�b�b�� �j�Z�k�l�\�h�j�h�f NaCl �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_��
�g�b�x �\ ~ 1.3 �j�Z�a�Z �_�_ �k�h�j�[�p�b�h�g�g�h�c �_�f�d�h�k�l�b 
�i�h �b�h�g�Z�f Cs+. 

�I�j�h�\�_�^�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�^�l�\�_�j��
�^�b�e�b�� �q�l�h �h�k�g�h�\�g�u�f �f�_�o�Z�g�b�a�f�h�f �k�h�j�[�p�b�b 
Cs+ �g�Z Na-�n�h�j�f�_ �E�_�\�Z�r�b�g�k�d�h�c �]�e�b�g�u �y�\��
�e�y�_�l�k�y �b�h�g�g�u�c �h�[�f�_�g�� 

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

�\�h�\�e�_�q�_�g�b�x �\ �i�j�h�p�_�k�k �Z�^�k�h�j�[�p�b�b �\�u�k�h�d�h��
�k�_�e�_�d�l�b�\�g�u�o �i�h �h�l�g�h�r�_�g�b�x �d �b�h�g�Z�f Cs+ 
�p�_�g�l�j�h�\ FES. 

�M�k�l�Z�g�h�\�e�_�g�h �\�e�b�y�g�b�_ �b�h�g�g�h�c �k�b�e�u 
�j�Z�k�l�\�h�j�Z �b �d�h�g�p�_�g�l�j�Z�p�b�b �h�l�^�_�e�v�g�u�o 
�b�h�g�h�\ �g�Z �k�h�j�[�p�b�x �p�_�a�b�y�� 

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

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\  

�:�\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
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�a�b�g�Z �k �i�h�\�_�j�o�g�h�k�l�b �f�Z�d�j�h- �b �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y�� �H�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y �Z�^�k�h�j�[�p�b�b �p�b�g�g�Z�j�b�a�b�g�Z �g�Z 
�i�h�\�_�j�o�g�h�k�l�b �f�Z�d�j�h- �b �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k�h�k�l�Z�\�b�e�h 30 �f�b�g�m�l�� �I�j�b �b�a�m�q�_�g�b�b �^�_�k�h�j�[�p�b�b �p�b�g�g�Z�j�b��
�a�b�g�Z �k �i�h�\�_�j�o�g�h�k�l�b por-Si �m�k�l�Z�g�h�\�e�_�g�h�� �q�l�h �a�Z 45 �f�b�g�m�l �w�d�k�i�_�j�b�f�_�g�l�Z �d�h�g�p�_�g�l�j�Z�p�b�y �p�b�g�g�Z�j�b�a�b�g�Z �\ 
�k�j�_�^�_ 0.1 �F �d�b�k�e�h�l�u �o�e�h�j�b�k�l�h�\�h�^�h�j�h�^�g�h�c �k�h�k�l�Z�\�b�e�Z 0.73 �b 0.51 �f�]���f�e �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
�I�j�b �b�a�m�q�_�g�b�b �h�k�l�j�h�c �b �o�j�h�g�b�q�_�k�d�h�c �l�h�d�k�b�q�g�h�k�l�b �g�Z�g�h�q�Z�k�l�b�p �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g�g�u�f �p�b�g��
�g�Z�j�b�a�b�g�h�f �g�Z �l�_�k�l-�h�[�t�_�d�l�_ �b�a �l�b�i�Z �i�j�h�k�l�_�c�r�b�o �b�g�n�m�a�h�j�b�c Paramecium caudatum �m�k�l�Z�g�h�\�e�_�g�h�� �q�l�h �g�Z��
�g�h�q�Z�k�l�b�p�u �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �i�h�\�u�r�Z�x�l �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �i�Z�j�Z�f�_�p�b�c �\ �l�_�k�l�_ �n�m�g�d�p�b�h�g�Z�e�v�g�h�c 
�g�Z�]�j�m�a�d�b�� �g�_ �i�j�h�y�\�e�y�y �l�h�d�k�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\ �i�h �h�l�g�h�r�_�g�b�x �d �g�b�f�� �\ �l�h �\�j�_�f�y �d�Z�d �g�Z�g�h�q�Z�k�l�b�p�u �f�_�a��
�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f �f�h�]�m�l �k�g�b�`�Z�l�v �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �b�g�n�m�a�h�j�b�c�� 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �i�h�j�b�k�l�u�c �d�j�_�f�g�b�c�� �g�Z�g�h�q�Z�k�l�b�p�u �d�j�_�f�g�b�y�� �b�g�n�m�a�h�j�b�y Paramecium caudatum, �k�h�j�[��
�p�b�y�� �^�_�k�h�j�[�p�b�y�� �h�k�l�j�Z�y �l�h�d�k�b�q�g�h�k�l�v�� �o�j�h�g�b�q�_�k�d�Z�y �l�h�d�k�b�q�g�h�k�l�v�� �b�g�^�_�d�k �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b�� 
�;�e�Z�]�h�^�Z�j�g�h�k�l�b�� �b�k�k�e�_�^�h�\�Z�g�b�_ �\�u�i�h�e�g�_�g�h �a�Z �k�q�_�l �]�j�Z�g�l�Z �J�h�k�k�b�c�k�d�h�]�h �g�Z�m�q�g�h�]�h �n�h�g�^�Z �‹  25-22-00292. 
�>�e�y �p�b�l�b�j�h�\�Z�g�b�y�� �I�h�e�d�h�\�g�b�d�h�\�Z �X���:���� �E�_�g�v�r�b�g �:���K���� �D�m�a�g�_�p�h�\ �:���X���� �N�j�h�e�h�\�Z �<���?���� �>�h�f�Z�r�_�\�k�d�Z�y �W���I�� 
�K�h�j�[�p�b�h�g�g�u�_ �b �l�h�d�k�b�d�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �g�Z�g�h�q�Z�k�l�b�p �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g�g�u�f �p�b�g�g�Z�j�b��
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Abstract. Low solubility, leading to insignificant dissolution in the gastrointestinal tract, is the main problem 
for drugs intended for oral use. One of such drugs is cinnarizine. Cinnarizine drugs on the pharmaceutical 
market are represented by immediate-release drugs, characterized by low absorption and low bioavailability. 
In order to increase solubility, the issue of using silicon nanoparticles is currently relevant. 
The purpose of this study is to study the features of sorption-desorption of cinnarizine from the surface of 
porous silicon, to study the acute and chronic toxicity of porous silicon nanoparticles without cinnarizine and 
with precipitated cinnarizine, in the functional load test on ciliates Paramecium caudatum. 
Samples of macro- and mesoporous silicon were obtained by two-sided anodic electrochemical etching of sin-
gle-crystal silicon. After mechanical and ultrasonic grinding of the porous layer, the average size of silicon 
nanoparticles was ~10-20 nm. 
The processes of sorption-desorption of cinnarizine from the surface of macro- and mesoporous silicon were 
studied by dialysis through a semipermeable membrane. The optimal time of adsorption of cinnarizine on the 
surface of macro- and mesoporous silicon was 30 minutes. When studying the desorption of cinnarizine from 
the surface of por-Si, it was found that after 45 minutes of the experiment, the concentration of cinnarizine in 
a medium of 0.1 M hydrochloric acid was 0.73 and 0.51 mg/ml, respectively. When studying the acute and 
chronic toxicity of porous silicon nanoparticles with precipitated cinnarizine on a test object from the type of 
protozoan ciliates Paramecium caudatum, it was found that mesoporous silicon nanoparticles increase the via-
bility  of paramecia in a functional load test without exhibiting toxic effects towards them, while mesoporous 
silicon nanoparticles with precipitated cinnarizine can reduce the viability of ciliates. 
Keywords: porous silicon, silicon nanoparticles, ciliate Paramecium caudatum, sorption, desorption, acute 
toxicity, chronic toxicity, biological activity index 
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�G�b�a�d�Z�y�� �j�Z�k�l�\�h�j�b�f�h�k�l�v�� �Z�d�l�b�\�g�u�o�� �n�Z�j��
�f�Z�p�_�\�l�b�q�_�k�d�b�o�� �k�m�[�k�l�Z�g�p�b�c�� �\�� �\�h�^�_�� �i�j�_�^��
�k�l�Z�\�e�y�_�l�� �k�_�j�v�_�a�g�h�_�� �i�j�_�i�y�l�k�l�\�b�_�� �^�e�y�� �j�Z�a��
�j�Z�[�h�l�d�b�� �k�b�k�l�_�f�� �^�h�k�l�Z�\�d�b�� �e�_�d�Z�j�k�l�\�_�g�g�u�o��
�k�j�_�^�k�l�\�����I�_�j�h�j�Z�e�v�g�u�c���i�m�l�v���\�\�_�^�_�g�b�y���k�q�b��
�l�Z�_�l�k�y�� �h�[�s�_�i�j�b�g�y�l�u�f�� �b�� �g�Z�b�[�h�e�_�_�� �i�j�h��
�k�l�u�f���^�e�y���\�\�_�^�_�g�b�y���e�_�d�Z�j�k�l�\�_�g�g�h�]�h���k�j�_�^��
�k�l�\�Z���� �H�^�g�Z�d�h���� �i�e�h�o�Z�y�� �j�Z�k�l�\�h�j�b�f�h�k�l�v�� �f�h��
�`�_�l�� �h�]�j�Z�g�b�q�b�l�v���j�Z�k�l�\�h�j�_�g�b�_���e�_�d�Z�j�k�l�\�_�g��
�g�h�]�h�� �k�j�_�^�k�l�\�Z�� �\�� �`�_�e�m�^�h�q�g�h-�d�b�r�_�q�g�h�f��
�l�j�Z�d�l�_�����q�l�h���i�j�b�\�_�^�_�l���d���g�b�a�d�h�c���[�b�h�^�h�k�l�m�i��
�g�h�k�l�b�����d�h�l�h�j�Z�y���f�h�`�_�l���n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�b��
�i�h�\�e�b�y�l�v�� �g�Z�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�m�x�� �w�n�n�_�d�l�b�\��
�g�h�k�l�v�� �>���@���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �^�e�y�� �Z�d�l�b�\�g�u�o��
�n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�b�o�� �k�m�[�k�l�Z�g�p�b�c���� �h�l�g�h�k�y��
�s�b�o�k�y���d���d�e�Z�k�k�m���,�,���b���,�9���i�h���[�b�h�n�Z�j�f�Z�p�_�\�l�b��
�q�_�k�d�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�_���� �Z�d��
�l�m�Z�e�v�g�u�f���y�\�e�y�_�l�k�y���\�h�i�j�h�k���j�Z�a�j�Z�[�h�l�d�b���g�h��
�\�u�o���w�n�n�_�d�l�b�\�g�u�o���e�_�d�Z�j�k�l�\�_�g�g�u�o���n�h�j�f���� 

�H�^�g�b�f�� �b�a�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o�� �e�_�d�Z�j��
�k�l�\�_�g�g�u�o�� �k�j�_�^�k�l�\�� �y�\�e�y�_�l�k�y�� �p�b�g�g�Z�j�b�a�b����
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c�� �^�e�y �i�j�h�n�b�e�Z�d�l�b�d�b�� �b��
�e�_�q�_�g�b�y�� �g�Z�j�m�r�_�g�b�c�� �i�_�j�b�n�_�j�b�q�_�k�d�h�]�h��
�d�j�h�\�h�h�[�j�Z�s�_�g�b�y�� �>��-4]���� �P�b�g�g�Z�j�b�a�b�g���� ���(��-
1-���^�b�n�_�g�b�e�f�_�l�b�e��-4-(3-�n�_�g�b�e�i�j�h�i-2-

�_�g�b�e�����i�b�i�_�j�Z�a�b�g�����f�h�e�_�d�m�e�y�j�g�Z�y���n�h�j�f�m�e�Z����
C26H28N2 �b�� �f�h�e�_�d�m�e�y�j�g�Z�y�� �f�Z�k�k�Z���� ��������������
�]���f�h�e�v�����i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���[�_�e�u�c���b�e�b���i�h��
�q�l�b�� �[�_�e�u�c�� �i�h�j�h�r�h�d���� �I�_�j�\�h�g�Z�q�Z�e�v�g�h�� �i�h��
�e�m�q�_�g�g�u�c�� �b�a�� �d�h�j�g�_�c�� �l�j�h�k�l�g�b�d�Z�� ���&�L�Q�Q�D������
�p�b�g�g�Z�j�b�a�b�g�� �[�u�e�� �\�i�_�j�\�u�_�� �k�b�g�l�_�a�b�j�h�\�Z�g��
�-�D�Q�V�V�H�Q�� �3�K�D�U�P�D�F�H�X�W�L�F�D�� �\�� ���������� �]�h�^�m�� �b�� �i�h��
�k�l�m�i�b�e���\���i�j�h�^�Z�`�m���\�������������]�h�^�m���i�h�^���l�h�j�]�h��
�\�h�c �f�Z�j�d�h�c Stugeron. �W�l�h �k�e�Z�[�h�_ �h�k�g�h�\�Z��
�g�b�_ �k �i�e�h�o�h�c���j�Z�k�l�\�h�j�b�f�h�k�l�v�x���\�� �\�h�^�_�����K�h��
�]�e�Z�k�g�h�� �e�b�l�_�j�Z�l�m�j�g�u�f�� �^�Z�g�g�u�f���� �j�Z�k�l�\�h�j�b��
�f�h�k�l�v�� �p�b�g�g�Z�j�b�a�b�g�Z�� �a�Z�\�b�k�b�l�� �h�l�� �S�+���� �b�� �k�h��
�k�l�Z�\�e�y�_�l�������������f�]���k�f3 �i�j�b���S�+���������������������f�]���k�f3 
�i�j�b���S�+�������b���������������f�]���k�f3 �i�j�b���S�+�����������>���@��  

�K�j�_�^�b �j�Z�a�e�b�q�g�u�o �g�h�k�b�l�_�e�_�c �e�_�d�Z�j��
�k�l�\�_�g�g�u�o �k�j�_�^�k�l�\ �g�Z�b�[�h�e�_�_ �k�m�s�_�k�l�\�_�g��
�g�u�c �b�g�l�_�j�_�k �\�u�a�u�\�Z�_�l �i�h�j�b�k�l�u�c �d�j�_�f�g�b�c 
(por-Si) [6-8], �h�^�g�h�c �b�a �h�[�e�Z�k�l�_�c �i�j�b�f�_�g�_��
�g�b�y �d�h�l�h�j�h�]�h �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �y�\�e�y�_�l�k�y 
�[�b�h�f�_�^�b�p�b�g�Z�� �< �[�b�h�f�_�^�b�p�b�g�k�d�b�o �m�k�l�j�h�c��
�k�l�\�Z�o por-Si �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �\ 
�d�Z�q�_�k�l�\�_ �j�Z�a�e�b�q�g�u�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o 
�w�e�_�f�_�g�l�h�\ [9-12]: �\ �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�Z-
�g�h�k�b�l�_�e�y �^�e�y �Z�^�j�_�k�g�h�c �^�h�k�l�Z�\�d�b �e�_��
�d�Z�j�k�l�\�� �\ �l�h�f �q�b�k�e�_ �g�_�k�d�h�e�v�d�b�o �e�_�d�Z�j��
�k�l�\�_�g�g�u�o �i�j�_�i�Z�j�Z�l�h�\ �h�^�g�h�\�j�_�f�_�g�g�h�� �\ �d�Z��
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�q�_�k�l�\�_ �n�h�l�h�k�_�g�k�b�[�b�e�b�a�Z�l�h�j�h�\ �\ �n�h�l�h�^�b��
�g�Z�f�b�q�_�k�d�h�c �l�_�j�Z�i�b�b�� �\ �b�g�`�_�g�_�j�b�b �l�d�Z��
�g�_�c�� �\ �[�b�h�^�Z�l�q�b�d�Z�o �j�Z�a�e�b�q�g�h�]�h �l�b�i�Z�� �^�e�y 
�i�h�e�m�q�_�g�b�y �[�b�h�f�_�^�b�p�b�g�k�d�b�o �b�a�h�[�j�Z�`�_��
�g�b�c�� �\ �l�h�f �q�b�k�e�_ �^�e�y �\�b�a�m�Z�e�b�a�Z�p�b�b �h�i�m�o�h��
�e�_�c�� �i�j�b �e�_�q�_�g�b�b �]�e�Z�a�g�u�o �a�Z�[�h�e�_�\�Z�g�b�c��  

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�_ �k�e�h�b �i�h�j�b�k�l�h�]�h 
�d�j�_�f�g�b�y �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �\ �[�b�h��
�k�_�g�k�h�j�Z�o �j�Z�a�e�b�q�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y [13-15]. 
�;�b�h�k�_�g�k�h�j�u �b �e�Z�[�h�j�Z�l�h�j�b�b-�g�Z �± �q�b�i�_ �g�Z 
�h�k�g�h�\�_ por-Si �b�k�i�h�e�v�a�m�x�l �^�e�y �h�[�g�Z�j�m�`�_��
�g�b�y �j�Z�a�e�b�q�g�u�o �Z�g�Z�e�b�a�b�j�m�_�f�u�o �\�_�s�_�k�l�\�� �\ 
�l�h�f �q�b�k�e�_�� �]�e�x�d�h�a�u�� �>�G�D�� �Z�g�l�b�l�_�e�� �\�b�j�m��
�k�h�\ �b �[�Z�d�l�_�j�b�c�� �W�l�h �w�e�_�d�l�j�b�q�_�k�d�b�_�� �w�e�_�d��
�l�j�h�o�b�f�b�q�_�k�d�b�_�� �h�i�l�b�q�_�k�d�b�_ �k�_�g�k�h�j�u�� �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�d �b �^�j�� [16-18]. 

�I�h�j�b�k�l�u�c �d�j�_�f�g�b�c �i�j�b�\�e�_�d�Z�_�l �a�g�Z�q�b��
�l�_�e�v�g�h�_ �\�g�b�f�Z�g�b�_ �\ �d�Z�q�_�k�l�\�_ �g�h�k�b�l�_�e�y 
�^�e�y �^�h�k�l�Z�\�d�b �e�_�d�Z�j�k�l�\�_�g�g�u�o �k�j�_�^�k�l�\ �b�a-
�a�Z �m�g�b�d�Z�e�v�g�u�o �h�k�h�[�_�g�g�h�k�l�_�c�� �l�Z�d�b�o �d�Z�d 
�[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�v�� �[�h�e�v�r�h�c �j�Z�a�f�_�j �i�h�j�� 
�j�Z�\�g�h�f�_�j�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b �h�[�r�b�j�g�Z�y 
�i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b [19]. �W�d�k�i�_�j�b��
�f�_�g�l�u�� �i�j�h�\�h�^�b�f�u�_ �d�Z�d in vitro, �l�Z�d �b in 
vivo, �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h �g�Z�e�b�q�b�b �f�b�g�b��
�f�Z�e�v�g�h�c �l�h�d�k�b�q�g�h�k�l�b �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y 
�b�e�b �h �i�h�e�g�h�f �_�_ �h�l�k�m�l�k�l�\�b�b [20-23].  

�H�^�g�b�f �b�a �h�[�y�a�Z�l�_�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 
�j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�o �e�_�d�Z�j�k�l�\�_�g�g�u�o �k�j�_�^�k�l�\ 
�y�\�e�y�x�l�k�y �^�h�d�e�b�g�b�q�_�k�d�b�_ �l�h�d�k�b�d�h�e�h�]�b�q�_��
�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y�� �\ �q�Z�k�l�g�h�k�l�b �h�p�_�g�d�Z 
�i�h�\�j�_�`�^�Z�x�s�_�]�h �^�_�c�k�l�\�b�y �e�_�d�Z�j�k�l�\�_�g��
�g�h�]�h �d�Z�g�^�b�^�Z�l�Z �i�j�b �_�]�h �h�^�g�h�d�j�Z�l�g�h�f 
���h�k�l�j�Z�y �l�h�d�k�b�q�g�h�k�l�v�� �b �f�g�h�]�h�d�j�Z�l�g�h�f �i�h��
�\�l�h�j�g�h�f ���o�j�h�g�b�q�_�k�d�Z�y �l�h�d�k�b�q�g�h�k�l�v�� �\�\�_��
�^�_�g�b�b [24]. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�k�h�[�m�x 
�a�g�Z�q�b�f�h�k�l�v �i�j�b�h�[�j�_�l�Z�x�l �l�h�d�k�b�d�h�e�h�]�b�q�_��
�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�[�b�h�e�h�]�b�q�_�k�d�b�o �f�h�^�_�e�_�c �\�l�h�j�h�]�h �i�h�j�y�^�d�Z�� 
�\ �d�h�l�h�j�u�o �[�b�h�h�[�t�_�d�l�Z�f�b �y�\�e�y�x�l�k�y �i�j�_�^��
�k�l�Z�\�b�l�_�e�b �i�j�h�k�l�_�c�r�b�o [25]. �Q�Z�k�l�h �\ �d�Z�q�_��
�k�l�\�_ �f�h�^�_�e�_�c �b�k�i�h�e�v�a�m�x�l �e�Z�[�h�j�Z�l�h�j�g�u�o 
�`�b�\�h�l�g�u�o �b �d�e�_�l�h�q�g�u�_ �d�m�e�v�l�m�j�u �>�h�d�e�b��
�g�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �h�l�g�h�k�y�l�k�y �d 
�g�Z�b�[�h�e�_�_ �w�d�h�g�h�f�b�q�_�k�d�b �h�[�h�k�g�h�\�Z�g�g�u�f �\ 
�d�Z�q�_�k�l�\�_ �w�d�k�i�j�_�k�k-�h�p�_�g�d�b �l�h�d�k�b�d�h�f�_�l�j�b��
�q�_�k�d�b�o �i�h�d�Z�a�Z�l�_�e�_�c �h�[�t�_�d�l�h�\�� �B�k�k�e�_�^�h�\�Z��
�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �[�b�h�e�h�]�b�q�_�k�d�b�o �f�h��

�^�_�e�_�c �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �g�_ �b�f�_�_�l �h�l�j�b�p�Z��
�l�_�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �k �l�h�q�d�b �a�j�_�g�b�y �]�m�f�Z�g��
�g�h�k�l�b �b �a�Z�d�h�g�g�h�k�l�b�� �L�Z�d�� �d�m�e�v�l�m�j�Z �d�e�_�l�h�d 
�b�g�n�m�a�h�j�b�b Paramecium caudatum �i�j�_�^��
�k�l�Z�\�e�y�_�l �k�h�[�h�c �Z�^�_�d�\�Z�l�g�u�c �l�_�k�l-�h�[�t�_�d�l 
�^�e�y �\�u�y�\�e�_�g�b�y �h�k�l�j�h�c �l�h�d�k�b�q�g�h�k�l�b �\�_��
�s�_�k�l�\�� �b �_�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �\�h�a�f�h�`�g�h �^�e�y 
�i�j�h�\�_�^�_�g�b�y �l�h�d�k�b�d�h�e�h�]�b�q�_�k�d�b�o �b�k�k�e�_�^�h��
�\�Z�g�b�c [26].  

�P�_�e�v�� �j�Z�[�h�l�u���± �b�k�k�e�_�^�h�\�Z�g�b�_ �h�k�h�[�_�g��
�g�h�k�l�_�c �k�h�j�[�p�b�b-�^�_�k�h�j�[�p�b�b �p�b�g�g�Z�j�b�a�b�g�Z 
�k �i�h�\�_�j�o�g�h�k�l�b �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �b �h�i�j�_��
�^�_�e�_�g�b�_ �h�k�l�j�h�c �b �o�j�h�g�b�q�_�k�d�h�c �l�h�d�k�b�q�g�h��
�k�l�b �g�Z�g�h�i�h�j�h�r�d�h�\ �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �b 
�g�Z�g�h�i�h�j�h�r�d�h�\ �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z��
�`�^�_�g�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f �\ �l�_�k�l�_ �n�m�g�d�p�b��
�h�g�Z�e�v�g�h�c �g�Z�]�j�m�a�d�b �g�Z �b�g�n�m�a�h�j�b�y�o 
Paramecium caudatum. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 

�F�Z�l�_�j�b�Z�e�u�� �b���f�_�l�h�^�u. �<�� �w�d�k�i�_�j�b�f�_�g��
�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���\���d�Z�q�_�k�l�\�_���Z�d�l�b�\��
�g�h�c�� �n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�h�c�� �k�m�[�k�l�Z�g�p�b�b�� �p�b�g��
�g�Z�j�b�a�b�g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�� ��-(�>�b�n�_�g�b�e�f�_��
�l�b�e��-4-(3-�n�_�g�b�e-2-�i�j�h�i�_�g�b�e���� �i�b�i�_�j�Z�a�b�g��
(Ph. Eur, USP / NF�����>�����@�����?�]�h���k�l�j�m�d�l�m�j�g�Z�y��
�n�h�j�f�m�e�Z���i�j�b�\�_�^�_�g�Z���g�Z���j�b�k�m�g�d�_������ �O�b�f�b��
�q�_�k�d�Z�y���n�h�j�f�m�e�Z���p�b�g�g�Z�j�b�a�b�g�Z��C26H28N2. 

�I�h�e�m�q�_�g�b�_�� �h�[�j�Z�a�p�h�\�� �i�h�j�b�k�l�h�]�h�� �d�j�_�f��
�g�b�y���b���g�Z�g�h�i�h�j�h�r�d�h�\�� �b�a�� �i�h�j�b�k�l�h�]�h�� �d�j�_�f��
�g�b�y. �H�[�j�Z�a�p�u���i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y����por-Si) 
�i�h�e�m�q�_�g�u�� �^�\�m�k�l�h�j�h�g�g�b�f�� �Z�g�h�^�g�u�f�� �w�e�_�d��
�l�j�h�o�b�f�b�q�_�k�d�b�f�� �l�j�Z�\�e�_�g�b�_�f�� �i�h�e�b�j�h�\�Z�g��
�g�u�o�� �k�� �h�[�_�b�o�� �k�l�h�j�h�g�� �i�e�Z�k�l�b�g�� �f�h�g�h�d�j�b��
�k�l�Z�e�e�b�q�_�k�d�h�]�h�� �d�j�_�f�g�b�y�� �k-Si������������ �\ �j�Z�k��
�l�\�h�j�Z�o �i�e�Z�\�b�d�h�\�h�c �d�b�k�e�h�l�u �\ �j�_�`�b�f�_ �i�h��
�k�l�h�y�g�g�h�]�h �l�h�d�Z �k �i�h�k�e�_�^�m�x�s�_�c �i�j�h�f�u�\��
�d�h�c �\ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�_ �b �b�a�h�i�j�h��
�i�b�e�h�\�h�f �k�i�b�j�l�_�� �G�Z�g�h�i�h�j�h�r�d�b �d�j�_�f�g�b�y 
�i�h�e�m�q�Z�e�b �f�_�o�Z�g�b�q�_�k�d�b�f �h�l�^�_�e�_�g�b�_�f �h�l 
�i�e�Z�k�l�b�g �d�j�_�f�g�b�y �i�h�j�b�k�l�u�o �k�e�h�_�\ �k �i�h�k�e�_��
�^�m�x�s�b�f �b�a�f�_�e�v�q�_�g�b�_�f �\ �b�a�h�i�j�h�i�b�e�h�\�h�f 
�k�i�b�j�l�_ �i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �m�e�v�l�j�Z�a�\�m�d�h�f 
�^�h �i�h�j�h�r�d�h�h�[�j�Z�a�g�h�]�h �k�h�k�l�h�y�g�b�y [28,29]. 
�>�e�y �i�h�e�m�q�_�g�b�y por-Si �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 
�i�e�Z�k�l�b�g�u �k-Si(100) n-�l�b�i�Z �k �m�^�_�e�v�g�u�f �k�h��
�i�j�h�l�b�\�e�_�g�b�_�f 0.3 �H�f���k�f�� �K�h�k�l�Z�\ �j�Z�k��
�l�\�h�j�Z �b �j�_�`�b�f�u �w�e�_�d�l�j�h�o�b�f�b�q�_�k�d�h�]�h 
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�l�j�Z�\�e�_�g�b�y �f�_�a�h- �b �f�Z�d�j�h�i�h�j�b�k�l�h�]�h �d�j�_�f��
�g�b�y �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�u �\ �j�Z�[�h�l�Z�o [28,29]. 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �f�h�j�n�h�e�h�]�b�q�_�k�d�b�o 
�h�k�h�[�_�g�g�h�k�l�_�c �i�h�e�m�q�_�g�g�u�o �h�[�j�Z�a�p�h�\ por-
Si �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �j�Z�k�l�j�h�\�Z�y �w�e�_�d�l�j�h�g�g�Z�y 
�f�b�d�j�h�k�d�h�i�b�y ���J�W�F�� �g�Z �i�j�b�[�h�j�_ JSM-
6380LV, JEOL. �>�e�y �h�i�j�_�^�_�e�_�g�b�y �k�j�_�^�g�b�o 
�j�Z�a�f�_�j�h�\ �q�Z�k�l�b�p �g�Z�g�h�i�h�j�h�r�d�h�\�� �i�h�e�m��
�q�_�g�g�u�o �b�a por-Si, �b�k�i�h�e�v�a�h�\�Z�e�k�y �f�_�l�h�^ 
�i�j�h�k�\�_�q�b�\�Z�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h��
�i�b�b ���I�W�F���� �f�b�d�j�h�k�d�h�i LIBRA 120 PLUS.  

�B�a�m�q�_�g�b�_�� �h�k�h�[�_�g�g�h�k�l�_�c�� �k�h�j�[�p�b�b-�^�_��
�k�h�j�[�p�b�b�� �p�b�g�g�Z�j�b�a�b�g�Z���k�� �i�h�\�_�j�o�g�h�k�l�b�� �i�h��
�j�b�k�l�h�]�h�� �d�j�_�f�g�b�y. �I�e�Z�k�l�b�g�u �d�j�_�f�g�b�y �k�h 
�k�e�h�y�f�b por-Si �i�h�f�_�s�Z�e�b�k�v �\ 0,1 �F 
�j�Z�k�l�\�h�j �d�b�k�e�h�l�u �o�e�h�j�b�k�l�h�\�h�^�h�j�h�^�g�h�c�� 
�k�h�^�_�j�`�Z�s�_�c 0.5 �f�]���k�f3 �p�b�g�g�Z�j�b�a�b�g�Z�� 
�H�[�t�_�f �k�j�_�^�u 100 �k�f3. �I�j�h�[�u �^�b�Z�e�b�a�Z�l�Z (5 
�f�e�� �h�l�[�b�j�Z�e�b �q�_�j�_�a �d�Z�`�^�u�_ 30 �f�b�g�m�l�� �>�e�y 
�h�i�j�_�^�_�e�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �p�b�g�g�Z�j�b�a�b�g�Z 
�b�k�i�h�e�v�a�h�\�Z�e�b �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�c 
�f�_�l�h�^ �\ �M�N-�h�[�e�Z�k�l�b ���������“�� �g�f�� �k �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�Z �K�N-2000. 
�D�h�g�p�_�g�l�j�Z�p�b�x �p�b�g�g�Z�j�b�a�b�g�Z �\ �j�Z�k�l�\�h�j�Z�o 
�g�Z�o�h�^�b�e�b �i�h �d�Z�e�b�[�j�h�\�h�q�g�h�f�m �]�j�Z�n�b�d�m�� 
�J�Z�k�q�_�l �d�h�e�b�q�_�k�l�\�Z �p�b�g�g�Z�j�b�a�b�g�Z ���O�� %), 
�Z�^�k�h�j�[�b�j�h�\�Z�\�r�_�]�h �g�Z �i�e�Z�k�l�b�g�Z�o�� �i�j�h�\�h��
�^�b�e�b �i�h �n�h�j�f�m�e�_��  

�Oi���f�]���k�f3)=���C�ë��
F��
�Ú�-���Û�Ï�-

�Ï�.
�á��   (1) 

�]�^�_ �Oi �± �d�h�e�b�q�_�k�l�\�h �p�b�g�g�Z�j�b�a�b�g�Z�� �f�]���k�f3; 
gx �± �d�h�e�b�q�_�k�l�\�h �p�b�g�g�Z�j�b�a�b�g�Z�� �k�h�^�_�j�`�Z��
�s�_�]�h�k�y �\ �k�j�_�^�_�� �f�]���f�e�� gi �± �k�h�^�_�j�`�Z�g�b�_ 
�p�b�g�g�Z�j�b�a�b�g�Z �\ �i�j�h�[�_ (5 �k�f3), �f�]���k�f3; V1 �± 
�h�[�t�_�f �k�j�_�^�u�� �k�f3 (100 �k�f3); V2 �± �h�[�t�_�f 
�k�j�_�^�u�� �h�l�h�[�j�Z�g�g�h�c �^�e�y �Z�g�Z�e�b�a�Z�� �k�f3 (5 

�k�f3); i �± �g�h�f�_�j �i�j�h�[�u �i�h �i�h�j�y�^�d�m �_�_ �h�l��
�[�h�j�Z�� 

�>�e�y �j�Z�k�q�_�l�Z �d�h�g�k�l�Z�g�l�u �\�j�_�f�_�g�b (b) �b�k��
�i�h�e�v�a�h�\�Z�e�b �m�j�Z�\�g�_�g�b�_ �=�_�g�j�b�� 

�C�5 
L �C�k�_�v���®�>�®�?�Ü   (2) 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �^�_�k�h�j�[�p�b�b�����\�u�k�\�h�[�h�`��

�^�_�g�b�y�����p�b�g�g�Z�j�b�a�b�g�Z �k���i�h�\�_�j�o�g�h�k�l�b���h�[�j�Z�a��
�p�h�\�� �i�h�j�b�k�l�h�]�h�� �d�j�_�f�g�b�y�� �k�� �h�k�Z�`�^�_�g�g�u�f��
�p�b�g�g�Z�j�b�a�b�g�h�f. �<�u�k�\�h�[�h�`�^�_�g�b�_ �p�b�g��
�g�Z�j�b�a�b�g�Z �k �i�h�\�_�j�o�g�h�k�l�b �b�a�m�q�Z�e�b �f�_�l�h�^�h�f 
�^�b�Z�e�b�a�Z �q�_�j�_�a �i�h�e�m�i�j�h�g�b�p�Z�_�f�m�x �p�_�e�e�h��
�n�Z�g�h�\�m�x���f�_�f�[�j�Z�g�m�����l�h�e�s�b�g�Z����.�������f�f�����j�Z�a��
�f�_�j���i�h�j���������f�d�f�����i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������“��.���ƒ�K����
�<�� �d�Z�q�_�k�l�\�_�� �k�j�_�^�� �\�u�k�\�h�[�h�`�^�_�g�b�y�� �[�u�e�b��
�\�u�[�j�Z�g�� ��.���� �F�� �j�Z�k�l�\�h�j�� �d�b�k�e�h�l�u��
�o�e�h�j�b�k�l�h�\�h�^�h�j�h�^�g�h�c�����H�[�t�_�f���k�j�_�^�u���j�Z�k�l�\�h��
�j�_�g�b�y�����������k�f3�����I�j�h�[�u���^�b�Z�e�b�a�Z�l�Z���������k�f3) �h�l��
�[�b�j�Z�e�b �q�_�j�_�a �d�Z�`�^�u�_ 15 �f�b�g�m�l�� �H�[�t�_�f 
�k�j�_�^�u �\�h�k�i�h�e�g�y�e�b �l�_�f �`�_ �j�Z�k�l�\�h�j�b�l�_�e�_�f�� 
�>�e�y �h�i�j�_�^�_�e�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �p�b�g�g�Z�j�b��
�a�b�g�Z �b�k�i�h�e�v�a�h�\�Z�e�b �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_��
�k�d�b�c �f�_�l�h�^ �\ �M�N-�h�[�e�Z�k�l�b ���������“�� �g�f�� �k �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�Z �K�N-
2000. �D�h�g�p�_�g�l�j�Z�p�b�x �p�b�g�g�Z�j�b�a�b�g�Z �\ �j�Z�k��
�l�\�h�j�Z�o �g�Z�o�h�^�b�e�b �i�h �d�Z�e�b�[�j�h�\�h�q�g�h�f�m �]�j�Z��
�n�b�d�m�� �J�Z�k�q�_�l �d�h�e�b�q�_�k�l�\�Z �p�b�g�g�Z�j�b�a�b�g�Z ���O�� 
%), �i�j�h�^�b�Z�e�b�a�b�j�h�\�Z�\�r�_�]�h �a�Z �h�i�j�_�^�_�e�_�g��
�g�u�c �i�j�h�f�_�`�m�l�h�d �\�j�_�f�_�g�b �k �m�q�_�l�h�f �g�_�\�h�a��
�\�j�Z�s�_�g�g�h�]�h �\�_�s�_�k�l�\�Z�� �i�j�h�\�h�^�b�e�b �i�h �n�h�j��
�f�m�e�_��  

�Oi ���f�]���k�f��)=��
�¼�-���Û�Ï�-

�Ï�.
 + Cx , (3) 

�]�^�_ �Oi �± �d�h�e�b�q�_�k�l�\�h �p�b�g�g�Z�j�b�a�b�g�Z�� �f�]���k�f3; 
�Ki�±�k�h�^�_�j�`�Z�g�b�_ �p�b�g�g�Z�j�b�a�b�g�Z �\ �i�j�h�[�_ (5 
�k�f3 �^�b�Z�e�b�a�Z�l�Z���� �f�]���k�f3; V1 �± �h�[�t�_�f �^�b�Z�e�b��
�a�Z�l�Z�� �k�f3 (100 �k�f3); V2 �± �h�[�t�_�f �^�b�Z�e�b�a�Z�l�Z�� 
�h�l�h�[�j�Z�g�g�h�]�h �^�e�y �Z�g�Z�e�b�a�Z�� �k�f3 (5 �k�f3); �Kx �± 

 

�j�D�Z = 8.79.     �J�Z�k�q�_�l���\���i�j�h�]�j�Z�f�f�_���0�D�U�Y�L�Q���6�N�H�W�F�K 

�J�b�k�����������I�j�h�l�h�e�b�a���p�b�g�g�Z�j�b�a�b�g�Z���\���\�h�^�g�u�o���j�Z�k�l�\�h�j�Z�o 
Fig. 1. Protolysis of cinnarizine in aqueous solutions 
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�d�h�e�b�q�_�k�l�\�h �p�b�g�g�Z�j�b�a�b�g�Z�� �k�h�^�_�j�`�Z�s�_�]�h�k�y 
�\ �j�Z�g�_�_ �h�l�h�[�j�Z�g�g�u�o �i�j�h�[�Z�o �^�b�Z�e�b�a�Z�l�Z�� 
�f�]���k�f3; i �± �g�h�f�_�j �i�j�h�[�u �i�h �i�h�j�y�^�d�m �_�_ �h�l��
�[�h�j�Z�� 

�B�a�m�q�_�g�b�_�� �h�k�l�j�h�c�� �b���o�j�h�g�b�q�_�k�d�h�c�� �l�h�d��
�k�b�q�g�h�k�l�b�� �i�h�j�h�r�d�h�\�� �i�h�j�b�k�l�h�]�h�� �d�j�_�f�g�b�y��
���k�_�j�b�y�� ������ �b�� �d�j�_�f�g�b�y�� �k�� �h�k�Z�`�^�_�g�g�u�f�� �p�b�g��
�g�Z�j�b�a�b�g�h�f�� ���k�_�j�b�y�� ������ �D�m�e�v�l�m�j�Z �b�g�n�m�a�h��
�j�b�c �[�u�e�Z �i�h�e�m�q�_�g�Z �g�Z �d�Z�n�_�^�j�_ �n�Z�j�f�Z�d�h��
�e�h�]�b�b �b �d�e�b�g�b�q�_�k�d�h�c �n�Z�j�f�Z�d�h�e�h�]�b�b �<�=�M�� 
�K�j�_�^�h�c �^�e�y �d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y �b�g�n�m�a�h�j�b�c 
�k�e�m�`�b�e �j�Z�k�l�\�h�j �E�h�a�b�g�Z-�E�h�a�b�g�k�d�h�]�h �k�e�_��
�^�m�x�s�_�]�h �k�h�k�l�Z�\�Z�� NaCl, KCl, �K�Z�K�O2 2-�\�h�^��
�g�u�c�� MgCI2 6-�\�h�^�g�u�c�� �1�D�+�&�H3. �J�Z�[�h�q�b�c 
�j�Z�k�l�\�h�j �]�h�l�h�\�b�e�b �i�m�l�_�f �j�Z�a�[�Z�\�e�_�g�b�y �\ 10 
�j�Z�a (1:9) �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�c �k�j�_�^�u �^�b��
�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c��  

�D�m�e�v�l�b�\�b�j�h�\�Z�g�b�_�� �b�g�n�m�a�h�j�b�c�� �i�j�h�b�k�o�h��
�^�b�e�h���\���l�_�j�f�h�k�l�Z�l�_���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������“���ƒ�K��
�i�j�b���������q�Z�k�h�\�h�f���b�k�d�m�k�k�l�\�_�g�g�h�f���h�k�\�_�s�_�g�b�b��
�����g�_�� �f�_�g�_�_�� ������-���������� �e�d���� �\�� �e�x�f�b�g�h�k�l�Z�l�_���� �k��
�_�k�l�_�k�l�\�_�g�g�h�c���k�f�_�g�h�c���^�g�y���b���g�h�q�b������ 

�>�e�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z �b�k�i�h�e�v��
�a�h�\�Z�e�b �k�_�f�b�^�g�_�\�g�m�x �d�m�e�v�l�m�j�m �\ �k�l�Z�p�b�h��
�g�Z�j�g�h�c �n�Z�a�_ �j�h�k�l�Z�� �>�e�y �g�h�j�f�b�j�h�\�Z�g�b�y 
�g�Z�q�Z�e�v�g�h�]�h �k�h�k�l�h�y�g�b�y �l�_�k�l-�k�b�k�l�_�f�u �d�m�e�v��
�l�m�j�m �i�j�h�f�u�\�Z�e�b �j�Z�k�l�\�h�j�h�f �E�h�a�b�g�Z-�E�h��
�a�b�g�k�d�h�]�h �b �a�Z�l�_�f �i�j�h�\�h�^�b�e�b �k�b�g�o�j�h�g�b�a�Z��
�p�b�x �d�m�e�v�l�m�j�u �b�g�n�m�a�h�j�b�c �i�h�k�j�_�^�k�l�\�h�f 
�f�_�l�h�^�Z �l�_�i�e�h�\�u�o �r�h�d�h�\�� �>�e�y �w�l�h�]�h �d�m�e�v��
�l�m�j�m �g�Z�]�j�_�\�Z�e�b �g�Z �\�h�^�y�g�h�c �[�Z�g�b �^�h �������ƒ�K 
�b �[�u�k�l�j�h �h�o�e�Z�`�^�Z�e�b �\ �\�h�^�_ �k�h �e�v�^�h�f �^�h 
�����ƒ�K�� �i�h�\�l�h�j�y�y �^�Z�g�g�m�x �i�j�h�p�_�^�m�j�m 3 �j�Z�a�Z�� 
�I�h�k�e�_ �w�l�h�]�h �b�g�d�m�[�b�j�h�\�Z�e�b �\ �l�_�q�_�g�b�_ �^�\�m�o 
�k�m�l�h�d �\ �l�_�j�f�h�k�l�Z�l�_ �\ �j�Z�k�l�\�h�j�_ �E�h�a�b�g�Z-�E�h��
�a�b�g�k�d�h�]�h�� �>�e�y �w�d�k�i�_�j�b�f�_�g�l�Z �b�k�i�h�e�v�a�h��
�\�Z�e�b �b�g�n�m�a�h�j�b�c�� �j�Z�\�g�h�f�_�j�g�h �i�e�Z�\�Z�x�s�b�o 
�\ �h�[�t�_�f�_ �k�j�_�^�u�� �g�_ �h�k�_�\�r�b�o �g�Z �^�g�h �i�j�h��
�[�b�j�d�b�� �H�p�_�g�d�Z �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h��
�k�l�b �i�j�h�\�h�^�b�e�Z�k�v �i�h �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�f�_�l�h�^�b�d�_�� �i�j�_�^�e�h�`�_�g�g�h�c �R�Z�[�m�g�b�g�u�f 
C.B. �k �k�h�Z�\�l�� [30]. 

�G�Z �i�_�j�\�h�f �w�l�Z�i�_ �h�p�_�g�d�b �[�b�h�e�h�]�b�q�_��
�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �h�i�j�_�^�_�e�y�e�b �d�h�e�b�q�_�k�l�\�h 
�j�Z�k�l�\�h�j�Z 10% �g�Z�l�j�b�y �o�e�h�j�b�^�Z�� �d�h�l�h�j�h�_ 
�\�u�a�u�\�Z�e�h �]�b�[�_�e�v 100% �b�g�n�m�a�h�j�b�c �\ �l�_�q�_��
�g�b�_ 5 �f�b�g�m�l ���d�h�g�l�j�h�e�v���� �>�e�y �w�l�h�]�h 0.1 �k�f3 
�k�j�_�^�u�� �k�h�^�_�j�`�Z�s�_�c �b�g�n�m�a�h�j�b�b�� �g�Z�g�h�k�b�e�b 
�g�Z �i�j�_�^�f�_�l�g�h�_ �k�l�_�d�e�h�� �^�h�[�Z�\�e�y�e�b �o�e�h�j�b�^ 

�g�Z�l�j�b�y �\ �h�i�j�_�^�_�e�_�g�g�h�f �h�[�t�_�f�_ �b �a�Z�k�_�d�Z�e�b 
�\�j�_�f�y �^�h �f�h�f�_�g�l�Z �]�b�[�_�e�b �b�g�n�m�a�h�j�b�c 
���\�j�_�f�y �d�h�g�l�j�h�e�y���� �h�i�j�_�^�_�e�y�_�f�h�f�m �i�h �i�h�e��
�g�h�f�m �i�j�_�d�j�Z�s�_�g�b�x �^�\�b�`�_�g�b�c�� �D�h�g�l�j�h�e�v 
�i�j�h�\�h�^�b�e�k�y �\�b�a�m�Z�e�v�g�h �g�Z �h�i�l�b�q�_�k�d�h�f 
�f�b�d�j�h�k�d�h�i�_ Levenhuk M1000 PLUS �i�j�b 
�m�\�_�e�b�q�_�g�b�b �\ 20 �j�Z�a�� �B�a�h�[�j�Z�`�_�g�b�_ �\ �j�_��
�`�b�f�_ �j�_�Z�e�v�g�h�]�h �\�j�_�f�_�g�b �\�u�\�h�^�b�e�h�k�v �g�Z 
�w�d�j�Z�g �d�h�f�i�v�x�l�_�j�Z �k �i�h�f�h�s�v�x �p�b�n�j�h�\�h�c 
�d�Z�f�_�j�u �^�e�y �f�b�d�j�h�k�d�h�i�Z Levenhuk M1000 
PLUS �b �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y 
Levenhuk Lite. 

�I�e�Z�k�l�b�g�u �d�j�_�f�g�b�y �k �^�\�m�o�k�l�h�j�h�g�g�b�f 
�i�h�j�b�k�l�u�f �k�e�h�_�f por-Si �\�u�^�_�j�`�b�\�Z�e�b �\ �l�_��
�q�_�g�b�_ 30 �f�b�g�m�l �\ 0.1 �F �j�Z�k�l�\�h�j�_ �d�b�k�e�h�l�u 
�o�e�h�j�b�k�l�h�\�h�j�h�^�g�h�c�� �^�Z�e�_�_ �f�_�o�Z�g�b�q�_�k�d�b 
�m�^�Z�e�y�e�b �i�h�j�b�k�l�u�c �k�e�h�c�� �>�e�y �d�Z�`�^�h�c �b�a 
�^�\�m�o �k�_�j�b�c ���k�_�j�b�y 1 �± �k �g�Z�g�h�q�Z�k�l�b�p�Z�f�b 
�f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �b �k�_�j�b�y 2 �± �h�[��
�j�Z�a�p�u �k �g�Z�g�h�q�Z�k�l�b�p�Z�f�b �f�_�a�h�i�h�j�b�k�l�h�]�h 
�d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f�� 
�[�j�Z�e�b �i�h 3 �i�j�h�[�b�j�d�b�� �\ �d�Z�`�^�m�x �\�g�h�k�b�e�b 
�i�h 3.0 �k�f3 �d�m�e�v�l�m�j�u �b�g�n�m�a�h�j�b�c�� �< �i�_�j�\�m�x 
�i�j�h�[�b�j�d�m �^�h�[�Z�\�e�y�e�b 30 �f�] �f�_�a�h�i�h�j�b�k�l�h�]�h 
�d�j�_�f�g�b�y�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �a�Z�l�_�f �b�a �g�_�_ 
�h�l�[�b�j�Z�e�b 0.3 �k�f3 �k�j�_�^�u �b �\�g�h�k�b�e�b �\ �k�e�_��
�^�m�x�s�m�x �b �l�Z�d �^�Z�e�_�_�� �^�h�k�l�b�]�Z�y �l�Z�d�b�f �h�[��
�j�Z�a�h�f �k�_�j�b�c�g�h�]�h �j�Z�a�\�_�^�_�g�b�y �b�k�k�e�_�^�m�_��
�f�h�]�h �h�[�t�_�d�l�Z �k �i�h�e�m�q�_�g�b�_�f �d�h�g�p�_�g�l�j�Z��
�p�b�c �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y 0.03% (1-�Z�y 
�i�j�h�[�Z���� 0.003% (2-�Z�y �i�j�h�[�Z���� 0.0003% (3-�y 
�i�j�h�[�Z���� �A�Z�l�_�f �h�i�j�_�^�_�e�y�e�b �\�j�_�f�y �]�b�[�_�e�b 
�b�g�n�m�a�h�j�b�c �i�h�k�e�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �b�g�d�m��
�[�Z�p�b�b �i�j�h�[�u �\ �l�_�q�_�g�b�_ 0 �f�b�g�m�l�� 60 �f�b�g�m�l�� 
120 �f�b�g�m�l�� 24 �q�Z�k�Z��  

�B�g�^�_�d�k �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b 
���B�;�:�� �j�Z�k�k�q�b�l�u�\�Z�e�b �i�h �n�h�j�f�m�e�_ [30]:  

�B�;�: = �7�H���L�D   (4) 
�]�^�_ �B�;�: �± �b�g�^�_�d�k �[�b�h�e�h�]�b�q�_�k�d�h�c �Z�d�l�b�\��
�g�h�k�l�b �k�d�j�b�g�b�g�]�m�_�f�h�]�h ���b�k�k�e�_�^�m�_�f�h�]�h�� 
�k�h�_�^�b�g�_�g�b�y�� �L�H �± �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v 
�`�b�a�g�b ���\ �f�b�g�� �b�g�n�m�a�h�j�b�c �i�h� ̂�^�_�c�k�l�\�b�_�f 
10%-�g�h�]�h �j�Z�k�l�\�h�j�Z �o�e�h�j�b�k�l�h�]�h �g�Z�l�j�b�y �\ 
�k�j�_�^�_ �E�h�a�b�g�Z-�E�h�a�b�g�k�d�h�]�h �k �b�k�k�e�_�^�m�_�f�h�c 
�d�h�g�p�_�g�l�j�Z�p�b�_�c �b�k�k�e�_�^�m�_�f�h�]�h �k�h�_�^�b�g�_��
�g�b�y�� �L�D �± �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v �`�b�a�g�b ���\ 
�f�b�g�� �b�g�n�m�a�h�j�b�c-�l�m�n�_�e�_�d �i�h� ̂ �^�_�c�k�l�\�b�_�f 
10%-�g�h�]�h �j�Z�k�l�\�h�j�Z �o�e�h�j�b�k�l�h�]�h �g�Z�l�j�b�y�� �\ 
�d�h�g�l�j�h�e�v�g�h�c �k�j�_�^�_�� 
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�B�a�\�_�k�l�g�u �d�j�b�l�_�j�b�b �h�p�_�g�h�d �B�;�: [30]: 
�B�;�:�  1.�����“��.10�± �k�h�_�^�b�g�_�g�b�_ �g�_ �Z�d�l�b�\�g�h�� 
�B�;�:�!�� .�����“��.10 �± �k�h�_�^�b�g�_�g�b�_ �i�h�\�u�r�Z�_�l 
�`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v �i�Z�j�Z�f�_�p�b�c�� �B�;�: 
<1.�����“��.10 �± �k�h�_�^�b�g�_�g�b�_ �k�g�b�`�Z�_�l �`�b�a�g�_��
�k�i�h�k�h�[�g�h�k�l�v �i�Z�j�Z�f�_�p�b�c�� 

�>�e�y �i�h�e�m�q�_�g�b�y �^�h�k�l�h�\�_�j�g�u�o�� �^�Z�g�g�u�o��
�w�d�k�i�_�j�b�f�_�g�l���\���d�h�g�l�j�h�e�v�g�h�c���b���l�j�z�o���h�i�u�l��
�g�u�o�� �i�j�h�[�Z�o�� �i�j�h�\�h�^�b�e�b�� �l�j�b�`�^�u�� �K�l�Z�l�b��
�k�l�b�q�_�k�d�Z�y���h�[�j�Z�[�h�l�d�Z���^�Z�g�g�u�o���i�j�h�\�h�^�b�e�Z�k�v��
�\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �H�N�K�������������������� �=�h�k�m��
�^�Z�j�F�l�\�_�g�g�h�c���N�Z�j�f�Z�d�h�i�_�b���;�9���b�a�^�Z�g�b�y�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �h�[�j�Z�a�p�h�\���f�_�a�h�i�h�j�b��
�k�l�h�]�h���b���f�Z�d�j�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y���k���i�h�f�h��
�s�v�x���J�W�F�� �b�� �I�W�F. �G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\��
�e�_�g�u���J�W�F-�b�a�h�[�j�Z�`�_�g�b�y���k�e�h�_�\���f�_�a�h�i�h�j�b��
�k�l�h�]�h�� �b�� �f�Z�d�j�h�i�h�j�b�k�l�h�]�h�� �d�j�_�f�g�b�y��por-Si 
�g�Z���k�d�h�e�Z�o���i�e�Z�k�l�b�g���d�j�_�f�g�b�y��c-Si(100). 

�I�j�b�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �h�^�b�g�Z�d�h�\�h�c�� �l�h�e��
�s�b�g�_���i�h�j�b�k�l�h�]�h���k�e�h�y�����a����-�������f�d�f�������k�j�_�^��

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

�G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �I�W�F�� �b�a�h�[�j�Z��
�`�_�g�b�y���g�Z�g�h�q�Z�k�l�b�p���i�h�j�h�r�d�Z�����i�h�e�m�q�_�g�g�h�]�h��
�b�a���f�_�a�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y�����K�j�_�^�g�b�c���j�Z�a��
�f�_�j�� �q�Z�k�l�b�p�� �i�h�� �^�Z�g�g�u�f�� �I�W�F�� �k�h�k�l�Z�\�e�y�_�l��
~10-������ �g�f���� �H�p�_�g�h�q�g�h�� �m�^�_�e�v�g�Z�y�� �i�e�h�s�Z�^�v��
�i�h�\�_�j�o�g�h�k�l�b���g�Z�g�h�i�h�j�h�r�d�Z���k�h�k�l�Z�\�e�y�_�l���i�h��
�j�y�^�d�Z�����������f2���]�����k�h�]�e�Z�k�g�h �i�j�_�^�u�^�m�s�b�f �b�k��
�k�e�_�^�h�\�Z�g�b�y�f [28].  

�B�k�k�e�_�^�h�\�Z�g�b�_���k�h�j�[�p�b�b-�^�_�k�h�j�[�p�b�b���p�b�g��
�g�Z�j�b�a�b�g�Z �k�� �i�h�\�_�j�o�g�h�k�l�b�� �h�[�j�Z�a�p�h�\�� �i�h�j�b��
�k�l�h�]�h�� �d�j�_�f�g�b�y�� �k�� �h�k�Z�`�^�_�g�g�u�f�� �p�b�g�g�Z�j�b�a�b��
�g�h�f. �I�j�b �b�a�m�q�_�g�b�b �Z�^�k�h�j�[�p�b�b �p�b�g�g�Z�j�b��
�a�b�g�Z �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�e�Z�k�l�b�g �d�j�_�f�g�b�y �k 

  
�Z b 

�J�b�k�������� �J�W�F-�b�a�h�[�j�Z�`�_�g�b�y���k�d�h�e�Z���h�[�j�Z�a�p�h�\���f�_�a�h- ���D�����b���f�Z�d�j�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y�����E�� 
Fig. 2. SEM images of cleavage of meso- (a) and macroporous silicon (b) samples 
 

 
�J�b�k�����������I�W�F-�b�a�h�[�j�Z�`�_�g�b�_���i�h�j�h�r�d�Z���d�j�_�f�g�b�y 

Fig. 3. TEM image silicon powder 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��2. �K. 211-222. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 2. pp. 211-222. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

217  

�^�\�m�o�k�l�h�j�h�g�g�b�f �i�h�j�b�k�l�u�f �k�e�h�_�f por-Si 
�m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�j�b�� �\�j�_�f�_�g�b�� �Z�^�k�h�j�[�p�b�b��
30 �f�b�g�m�l���d�h�g�p�_�g�l�j�Z�p�b�y�� �p�b�g�g�Z�j�b�a�b�g�Z�� �g�Z��
�i�e�Z�k�l�b�g�Z�o���f�_�a�h- �b���f�Z�d�j�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y��
�k�h�k�l�Z�\�e�y�_�l�� ��.������ �b�� ��.������ �f�]���k�f3 �k�h�h�l�\�_�l��
�k�l�\�_�g�g�h�����j�b�k�����������D�h�g�k�l�Z�g�l�Z���\�j�_�f�_�g�b�����j�Z�k�k�q�b��
�l�Z�g�g�Z�y�� �i�h�� �m�j�Z�\�g�_�g�b�x�� �������� �k�h�k�l�Z�\�b�e�Z�� ������ 
�K���m�\�_�e�b�q�_�g�b�_�f���\�j�_�f�_�g�b���Z�^�k�h�j�[�p�b�b���d�h�g�p�_�g��
�l�j�Z�p�b�y���p�b�g�g�Z�j�b�a�b�g�Z���g�Z���i�e�Z�k�l�b�g�Z�o���g�_�a�g�Z�q�b��
�l�_�e�v�g�h�� �m�f�_�g�v�r�Z�_�l�k�y�� �^�h�� ��.������ �b�� ��.������ �f�]���k�f3 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �h�i�l�b�f�Z�e�v��
�g�u�f���\�j�_�f�_�g�_�f���^�e�y���Z�^�k�h�j�[�p�b�b���p�b�g�g�Z�j�b�a�b�g�Z��
�y�\�e�y�_�l�k�y���������f�b�g�m�l�� 

�I�j�b���b�a�m�q�_�g�b�b���^�_�k�h�j�[�p�b�b���p�b�g�g�Z�j�b�a�b�g�Z��
�k�� �i�h�\�_�j�o�g�h�k�l�b�� �i�e�Z�k�l�b�g�� �d�j�_�f�g�b�y�� �k�� �^�\�m�o��
�k�l�h�j�h�g�g�b�f�� �i�h�j�b�k�l�u�f�� �k�e�h�_�f��por-Si �m�k�l�Z��
�g�h�\�e�_�g�h���� �q�l�h�� �a�Z�� ������ �f�b�g�m�l�� �w�d�k�i�_�j�b�f�_�g�l�Z��
�d�h�g�p�_�g�l�j�Z�p�b�y���p�b�g�g�Z�j�b�a�b�g�Z���\���k�j�_�^�_����.�����F��
�d�b�k�e�h�l�u�� �o�e�h�j�b�k�l�h�\�h�^�h�j�h�^�g�h�c�� �k�h�k�l�Z�\�b�e�Z��
0.�������b����.�������f�]���k�f3 �^�e�y���f�_�a�h- �b���f�Z�d�j�h�i�h�j�b��
�k�l�h�]�h���d�j�_�f�g�b�y���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����j�b�k�������������I�h��
�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�a�Z�e�b�� �i�_�j�k�i�_�d��
�l�b�\�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �f�_�a�h�i�h�j�b�k�l�h�]�h��
�d�j�_�f�g�b�y���^�e�y���h�k�Z�`�^�_�g�b�y���p�b�g�g�Z�j�b�a�b�g�Z�� 

�B�a�m�q�_�g�b�_�� �h�k�l�j�h�c�� �b�� �o�j�h�g�b�q�_�k�d�h�c�� �l�h�d��
�k�b�q�g�h�k�l�b���b�k�o�h�^�g�u�o���g�Z�g�h�i�h�j�h�r�d�h�\��por-Si 
�b���g�Z�g�h�i�h�j�h�r�d�h�\���k���h�k�Z�`�^�_�g�g�u�f���p�b�g�g�Z�j�b��
�a�b�g�h�f. �>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�h�k�l�j�h�c���b���o�j�h�g�b�q�_�k�d�h�c���l�h�d�k�b�q�g�h�k�l�b���[�u�e�b��

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

�G�Z�b�[�h�e�_�_���g�Z�^�_�`�g�h�c���j�_�Z�d�p�b�_�c���\�u�y�\�e�_��
�g�b�y�� �l�h�d�k�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �j�Z�a�e�b�q�g�u�o�� �\�_��
�s�_�k�l�\���y�\�e�y�_�l�k�y���]�b�[�_�e�v���d�e�_�l�h�d���b�g�n�m�a�h�j�b�c����
�<���l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�j�_�f�_�g�Z�� �]�b��
�[�_�e�b���b�g�n�m�a�h�j�b�c�����\���k�_�d�m�g�^�Z�o�����i�j�b���j�Z�a�e�b�q��
�g�u�o���\�j�_�f�_�g�Z�o���b�g�d�m�[�Z�p�b�b�����\���j�Z�k�l�\�h�j�_���E�h��
�a�b�g�Z-�E�h�a�b�g�k�d�h�]�h�����\���f�b�g�m�l�Z�o�����\���k�j�_�^�_���k���g�Z��
�g�h�q�Z�k�l�b�p�Z�f�b���f�_�a�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y�����k�_��
�j�b�y���������b���k���g�Z�g�h�q�Z�k�l�b�p�Z�f�b���f�_�a�h�i�h�j�b�k�l�h�]�h��
�d�j�_�f�g�b�y�� �k�� �h�k�Z�`�^�_�g�g�u�f�� �p�b�g�g�Z�j�b�a�b�g�h�f 
���k�_�j�b�y 2) 

�G�Z �i�_�j�\�h�f �w�l�Z�i�_ �b�k�k�e�_�^�h�\�Z�g�b�y ���©�d�h�g��
�l�j�h�e�v�ª�� �m�k�l�Z�g�h�\�e�_�g�h�� �q�l�h �h�[�t�_�f 10% �j�Z�k��
�l�\�h�j�Z �g�Z�l�j�b�y �o�e�h�j�b�^�Z�� �\�u�a�u�\�Z�x�s�_�]�h �]�b��
�[�_�e�v 100% �b�g�n�m�a�h�j�b�c �\ �l�_�q�_�g�b�_ 5 �f�b�g�m�l�� 
�k�h�k�l�Z�\�b�e 35 �f�d�e�� �K�j�_�^�g�_�_ �\�j�_�f�y �]�b�[�_�e�b 
���\�j�_�f�y �d�h�g�l�j�h�e�y�� �k�h�k�l�Z�\�b�e�h 290 �k�_�d�m�g�^ �\ 
�k�_�j�b�b 1 �b 252 �k�_�d�m�g�^ �\ �k�_�j�b�b 2.  

�M�k�l�Z�g�h�\�e�_�g�h�� �q�l�h �\�\�_�^�_�g�b�_ �\ �i�j�h�[�m 
�g�Z�g�h�i�h�j�h�r�d�Z �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y 
�m�\�_�e�b�q�b�\�Z�e�h �\�j�_�f�y �\�u�`�b�\�Z�g�b�y �b�g�n�m�a�h��
�j�b�c �\ �i�j�h�[�_ 1 �g�Z 34.7%, �i�j�h�[�_ 3 �g�Z 69% 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�u�\�Z�x�l�� �q�l�h 

  
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���d�h�g�p�_�g�l�j�Z�p�b�b���p�b�g��

�g�Z�j�b�a�b�g�Z���h�l���\�j�_�f�_�g�b���h�k�Z�`�^�_�g�b�y���g�Z���i�h�\�_�j�o��
�g�h�k�l�v���f�_�a�h- �b���f�Z�d�j�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y 

 
Fig. 4. Dependence of cinnarizine concen-

tration on wafers on deposition time on the 
surface of meso- and macroporous silicon 

�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���d�h�g�p�_�g�l�j�Z�p�b�b���p�b�g��
�g�Z�j�b�a�b�g�Z���\���k�j�_�^�_�����������F���d�b�k�e�h�l�u���o�e�h�j�b�k�l�h��
�\�h�^�h�j�h�^�g�h�c���h�l���\�j�_�f�_�g�b���^�_�k�h�j�[�p�b�b���k���i�h��

�\�_�j�o�g�h�k�l�b���f�_�a�h- �b���f�Z�d�j�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y 
Fig. 5. Dependence of cinnarizine concen-

tration in 0,1 M hydrochloric acid on desorp-
tion time from the surface of meso- and 

macroporous silicon 
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�i�h�k�e�_ �b�g�d�m�[�Z�p�b�b �\ �l�_�q�_�g�b�_ 60 �f�b�g�m�l 
�\�j�_�f�y �\�u�`�b�\�Z�g�b�y �b�g�n�m�a�h�j�b�c �\ �i�j�h�[�_ 1 
�h�k�l�Z�_�l�k�y �\�u�r�_�� �q�_�f �\ �d�h�g�l�j�h�e�_ �g�Z 27.5%, 
�g�_�a�g�Z�q�b�l�_�e�v�g�h �g�Z 5.9 % �i�j�_�\�u�r�Z�e�h �\�j�_�f�y 
�d�h�g�l�j�h�e�y �\ �i�j�h�[�_ 3. �Q�_�j�_�a 120 �f�b�g�m�l 
�\�j�_�f�y �\�u�`�b�\�Z�g�b�y �\ �i�j�h�[�_ 1 �[�u�e�h �\�u�r�_ �g�Z 
23% �b �g�_�a�g�Z�q�b�l�_�e�v�g�h �g�Z 10 �b 5% �k�h�h�l�\�_�l��
�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�e�h �\�j�_�f�y �d�h�g�l�j�h�e�y �\ 
�i�j�h�[�Z�o 2 �b 3. �Q�_�j�_�a �k�m�l�d�b �\�j�_�f�y �^�h �]�b�[�_�e�b 

�b�g�n�m�a�h�j�b�c �[�u�e�h �g�Z 34, 24 �b 33% �\�u�r�_ �\�h 
�\�k�_�o �i�j�h�[�Z�o �\ �k�j�Z�\�g�_�g�b�b �k �d�h�g�l�j�h�e�_�f��  

�>�Z�e�_�_ �[�u�e �i�j�h�\�_�^�_�g �Z�g�Z�e�b�a �\�j�_�f�_�g�b 
�\�u�`�b�\�Z�g�b�y �b�g�n�m�a�h�j�b�c �i�j�b �b�g�d�m�[�Z�p�b�b �\ 
�k�j�_�^�_ �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g��
�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f �\ �k�_�j�b�b 2 ���l�Z�[�e�b�p�Z 1). 
�I�h�d�Z�a�Z�g�h�� �q�l�h �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�h�k�e�_ 
�\�\�_�^�_�g�b�y �\ �i�j�h�[�m �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y 

�L�Z�[�e�b�p�Z���������<�j�_�f�y���]�b�[�_�e�b���b�g�n�m�a�h�j�b�c���\���k�_�d�m�g�^�Z�o�����k�_�d�����i�j�b���b�g�d�m�[�Z�p�b�b���\���k�j�_�^�_�����f�b�g�����k���g�Z�g�h�q�Z��
�k�l�b�p�Z�f�b���d�j�_�f�g�b�y�����k�_�j�b�y���������b���\���k�j�_�^�_���k���g�Z�g�h�q�Z�k�l�b�p�Z�f�b���d�j�_�f�g�b�y���k���h�k�Z�`�^�_�g�g�u�f���p�b�g�g�Z�j�b�a�b�g�h�f��
���k�_�j�b�y������ 
Table 1. Time of ciliate death in seconds (s) during incubation in a medium with silicon nanoparti-
cles (series 1) and with silicon nanoparticles with precipitated cinnarizine (series 2) 

�K�_�j�b�y���� �K�_�j�b�y���� 
�<�j�_�f�y��

�b�g�d�m�[�Z��
�p�b�b�����f�b�g�� 

�<�j�_�f�y���]�b�[�_�e�b���b�g�n�m�a�h�j�b�c�����k�_�d �<�j�_�f�y���]�b�[�_�e�b���b�g�n�m�a�h�j�b�c�����k�_�d 

�I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� 

�����f�b�g�m�l �������“���� �������“���� �������“���� �������“���� �������“���� �������“���� 
�J�Z�a�g�b�p�Z���k��
�d�h�g�l�j�h��
�e�_�f������ 

34.7 3.6 69.1 -13.2 0.1 -12.3 

�������f�b�g�m�l �������“���� �������“�� �������“���� ���������“�� �������“���� �������“���� 
�J�Z�a�g�b�p�Z���k��
�d�h�g�l�j�h��
�e�_�f������ 

27.5 -15.9 5.9 -23.4 16.3 -26.1 

���������f�b��
�g�m�l �������“�� �������“���� ���������“���� �������“���� �������“���� �������“���� 

�J�Z�a�g�b�p�Z���k��
�d�h�g�l�j�h��
�e�_�f������ 

22.9 10.6 4.8 4.1 22.0 14.6 

�������q�Z�k�Z ���������“���� ���������“���� �������“���� �������“���� ���������“���� �������“���� 
�J�Z�a�g�b�p�Z���k��
�d�h�g�l�j�h��
�e�_�f������ 

34.1 23.8 33.1 -32.8 -13.6 -8.5 

 

 
�J�b�k�����������G�Z�g�h�i�h�j�h�r�h�d��por-�6�L���\���b�a�h�i�j�h�i�b�e�h�\�h�f���k�i�b�j�l�_ 

Fig. 6. Por-Si nanopowder in isopropyl alcohol 
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�k �h�k�Z�`�^�_�g�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f �\�j�_�f�y �\�u��
�`�b�\�Z�g�b�y �\ �i�j�h�[�_ 1 �b 3 �g�Z 12 �b 13% �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h �g�b�`�_ �d�h�g�l�j�h�e�y�� �<�e�b�y�g�b�_ �\�\�_��
�^�_�g�b�y �\ �i�j�h�[�m �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k 
�h�k�Z�`�^�_�g�g�u�f �p�b�g�g�Z�j�b�a�b�g�h�f �g�Z �\�j�_�f�y �\�u��
�`�b�\�Z�g�b�y �\ �i�j�h�[�_ 2 �g�_ �\�u�y�\�e�_�g�h��  

�I�h�k�e�_ �b�g�d�m�[�Z�p�b�b �\ �l�_�q�_�g�b�b 60 �f�b�g�m�l 
�\�j�_�f�y �\�u�`�b�\�Z�g�b�y �b�g�n�m�a�h�j�b�c �k�g�b�a�b�e�h�k�v 
�\�h �\�k�_�o �i�j�h�[�Z�o �g�Z �± 23.4, 16.3, 26.1% �\ 
�k�j�Z�\�g�_�g�b�b �k �d�h�g�l�j�h�e�_�f�� �< �l�h �`�_ �\�j�_�f�y �q�_��
�j�_�a 120 �f�b�g�m�l �\�j�_�f�y �\�u�`�b�\�Z�g�b�y �\ �i�j�h�[�_ 
1 �g�_ �h�l�e�b�q�Z�e�h�k�v �h�l �d�h�g�l�j�h�e�y �b �[�u�e�h �\�u�r�_ 
�g�Z 22% �\ �i�j�h�[�_ 2 �b �g�Z 15% �\�u�r�_ �\ �i�j�h�[�_ 
3. �Q�_�j�_�a �k�m�l�d�b �\�j�_�f�y �^�h �]�b�[�_�e�b �b�g�n�m�a�h��
�j�b�c �[�u�e�h�� �g�Z��-32.8, -13.6, -8.������ �g�b�`�_�� �\�h��
�\�k�_�o���i�j�h�[�Z�o���\���k�j�Z�\�g�_�g�b�b���k���d�h�g�l�j�h�e�_�f���� 

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

�:�g�Z�e�b�a�� �j�Z�k�k�q�b�l�Z�g�g�u�o�� �a�g�Z�q�_�g�b�c�� �B�;�:��
�^�e�y�� �g�Z�g�h�q�Z�k�l�b�p�� �b�a�� �f�_�a�h�i�h�j�b�k�l�h�]�h�� �d�j�_�f��
�g�b�y�����\�h���\�k�_�o���i�j�h�[�Z�o���d�h�l�h�j�h�]�h���B�;�:���!����.00 
���a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �h�^�g�h�]�h�� �a�g�Z�q�_�g�b�y��
�B�;�:� ���������� �\�� �i�j�h�[�_�� ���� �k�� �\�j�_�f�_�g�_�f�� �b�g�d�m�[�Z��
�p�b�b�� ������ �f�b�g�m�l���� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �g�Z�g�h�q�Z��
�k�l�b�p�u���f�_�a�h�i�h�j�b�k�l�h�]�h���d�j�_�f�g�b�y���i�h�\�u�r�Z�x�l��
�`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�v�� �b�g�n�m�a�h�j�b�c�� �\�� �l�_�k�l�_��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �g�Z�]�j�m�a�d�b�� �b�� �g�_�� �i�j�h�y�\��
�e�y�x�l�� �l�h�d�k�b�q�_�k�d�b�o�� �w�n�n�_�d�l�h�\�� �i�h�� �h�l�g�h�r�_��
�g�b�x�� �d�� �g�b�f�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�j�b�l�_�j�b�y�f�b��
�B�;�:�����i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b���\���j�Z�[�h�l�_���>�����@�� 

�:�g�Z�e�b�a���i�h���l�_�f���`�_���d�j�b�l�_�j�b�y�f���a�g�Z�q�_�g�b�c��
�B�;�:�� �^�e�y�� �g�Z�g�h�q�Z�k�l�b�p�� �b�a�� �f�_�a�h�i�h�j�b�k�l�h�]�h��
�d�j�_�f�g�b�y�� �k�� �h�k�Z�`�^�_�g�g�u�f�� �p�b�g�g�Z�j�b�a�b�g�h�f��
�k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �w�l�b�� �g�Z�g�h�q�Z��

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

�A�Z�d�e�x�q�_�g�b�_ 

�W�e�_�d�l�j�h�o�b�f�b�q�_�k�d�b�f�� �l�j�Z�\�e�_�g�b�_�f�� �i�e�Z��
�k�l�b�g���f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h���d�j�_�f�g�b�y���i�h��
�e�m�q�_�g�u�� �k�e�h�b�� �i�h�j�b�k�l�h�]�h�� �d�j�_�f�g�b�y�� �k���^�b�Z��
�f�_�l�j�h�f���i�h�j���\���f�_�a�h�i�h�j�b�k�l�h�f���d�j�_�f�g�b�b������-
���������g�f�����b���\���f�Z�d�j�h�i�h�j�b�k�l�h�f���d�j�_�f�g�b�b��������-
���������g�f�����K�j�_�^�g�b�c���j�Z�a�f�_�j���g�Z�g�h�q�Z�k�l�b�p�����i�h��
�e�m�q�_�g�g�u�o�� �b�a �i�h�j�b�k�l�u�o �k�e�h�_�\ �i�h�k�e�_�^�m�x��
�s�_�c �f�_�o�Z�g�b�q�_�k�d�h�c �b �m�e�v�l�j�Z�a�\�m�d�h�\�h�c �h�[��
�j�Z�[�h�l�d�h�c �k�h�k�l�Z�\�e�y�_�l ~10-20 �g�f�� 

�H�i�j�_�^�_�e�_�g�h �h�i�l�b�f�Z�e�v�g�h�_ �\�j�_�f�y �Z�^��
�k�h�j�[�p�b�b �p�b�g�g�Z�j�b�a�b�g�Z �k �i�h�\�_�j�o�g�h�k�l�b 
�f�Z�d�j�h- �b �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y�� 30 �f�b��
�g�m�l�� �I�j�b �b�a�m�q�_�g�b�b �^�_�k�h�j�[�p�b�b �p�b�g�g�Z�j�b��
�a�b�g�Z �k �i�h�\�_�j�o�g�h�k�l�b por-Si �m�k�l�Z�g�h�\�e�_�g�h�� 
�q�l�h �a�Z �q�l�h �a�Z 45 �f�b�g�m�l �w�d�k�i�_�j�b�f�_�g�l�Z �d�h�g��
�p�_�g�l�j�Z�p�b�y �p�b�g�g�Z�j�b�a�b�g�Z �\ �k�j�_�^�_ 0.1 �F 
�d�b�k�e�h�l�u �o�e�h�j�b�k�l�h�\�h�^�h�j�h�^�g�h�c �k�h�k�l�Z�\�b�e�Z 
0.70 �b 0.51 �f�]���k�f3 �^�e�y �f�_�a�h- �b �f�Z�d�j�h�i�h�j�b��
�k�l�h�]�h �d�j�_�f�g�b�y �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �I�h�e�m�q�_�g��
�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�Z�e�b �i�_�j�k�i�_�d�l�b�\��
�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�_�a�h�i�h�j�b�k�l�h�]�h 
�d�j�_�f�g�b�y �^�e�y �h�k�Z�`�^�_�g�b�y �p�b�g�g�Z�j�b�a�b�g�Z�� 

�I�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�d�m�e�v�l�m�j�u �d�e�_�l�h�d �b�g�n�m�a�h�j�b�b Paramecium 

�L�Z�[�e�b�p�Z���������B�g�^�_�d�k�u���[�b�h�e�h�]�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b���B�;�:���g�Z�g�h�q�Z�k�l�b�p���d�j�_�f�g�b�y�����k�_�j�b�y���������b���g�Z�g�h��
�q�Z�k�l�b�p���d�j�_�f�g�b�y���k���h�k�Z�`�^�_�g�g�u�f���p�b�g�g�Z�j�b�a�b�g�h�f�����k�_�j�b�y������ 
Table 2. Indices of biological activity of silicon nanoparticles (series 1) and silicon nanoparticles 
with precipitated cinnarizine (series 2) 

�K�_�j�b�y���� �K�_�j�b�y���� 
�<�j�_�f�y 

�b�g�d�m�[�Z�p�b�b�� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� 

�����f�b�g�m�l 1.35 1.03 1.70 0.86 1.00 0.88 
�������f�b�g�m�l 1.28 0.84 1.06 0.76 1.16 0.74 
���������f�b�g�m�l 1.23 1.10 1.04 1.04 1.22 1.15 

24 �q�Z�k�Z 1.34 1.24 1.33 0.67 0.86 0.91 
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caudatum �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �h�k�l�j�h�c �b �o�j�h��
�g�b�q�_�k�d�h�c �l�h�d�k�b�q�g�h�k�l�b �g�Z�g�h�i�h�j�h�r�d�h�\ �b�a 
�f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �b �g�Z�g�h�i�h�j�h�r�d�h�\ 
�b�a �f�_�a�h�i�h�j�b�k�l�h�]�h �d�j�_�f�g�b�y �k �h�k�Z�`�^�_�g�g�u�f 
�p�b�g�g�Z�j�b�a�b�g�h�f��  

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

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

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\  

�:�\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
�\�_�k�l�g�u�o �n�b�g�Z�g�k�h�\�u�o �d�h�g�n�e�b�d�l�h�\ �b�g�l�_�j�_��
�k�h�\ �b�e�b �e�b�q�g�u�o �h�l�g�h�r�_�g�b�c�� �d�h�l�h�j�u�_ 
�f�h�]�e�b �[�u �i�h�\�e�b�y�l�v �g�Z �j�Z�[�h�l�m�� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x �\ �w�l�h�c �k�l�Z�l�v�_�� 
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Investigation of the conditions of recycling of N-arylitaconimides 
with phenylhydrazine using HPLC mass spectrometry 
 
I rina S. Zotova�. , Kristina O. Karelina, Yuri A. Kovygin, Khidmet S. Shikhaliev  
Voronezh State University, Voronezh, Russian Federation, zotova@chem.vsu.ru�.  
 
Abstract. Pharmaceutical preparations with the ability to act on several targets at once are increasingly used 
as anti-cancer, anti-inflammatory drugs, and are used in the treatment of atherosclerosis and human immuno-
deficiency virus. As a rule, their active substances are complex heterocyclic compounds containing several 
pharmacophore centers. One of the effective methods of synthesis of such compounds is cyclization.  
Using this synthetic approach, we obtained a pair of regioisomeric products of the reaction of N-arylita-
conimide, a universal precursor for a number of heterocyclic systems, and phenylhydrazine. The resulting 2-
(5-oxo-1-phenylpyrazolidine-4-yl)-N-arylacetanilides and 2-(3-oxo-1-phenylpyrazolidine-4-yl)-N-arylacetan-
ilides can combine anti-inflammatory, antibacterial, analgesic, anti-tuberculosis properties of pyrazole-con-
taining compounds and anti-cancer activity associated with the presence of an acetanilide fragment in the mol-
ecule.  
However, the possibility of further studying the biological activity and using the obtained systems as medicinal 
compounds is directly related to the simplicity and accessibility of their synthesis. Therefore, the improvement 
of methods for obtaining promising compounds is an urgent task. Evaluating the effectiveness of the method 
requires tracking the composition of the reaction mixture, the conversion rate of reagents, and selectivity, for 
which the method of liquid chromatography in combination with mass spectrometry is very convenient. In this 
regard, the purpose of this study is to select the conditions for the synthesis of 2-(5-oxo-1-phenylpyrazolidine-
4-yl)-N-arylacetanilides and 2-(3-oxo-1-phenylpyrazolidine-4-yl)-N-arylacetanilides, namely, the choice of 
temperature regime and reaction media, using HPLC-MS.  
It was found that the reaction of N-arylitaconimides with phenylhydrazine at room temperature does not lead 
to the formation of 5-oxopyrazolidine-4-ylacetanilide and 3-oxopyrazolidine-4-ylacetanilide. It was found that 
as the temperature of the reaction increases, the degree of conversion of the starting materials increases. How-
ever, when using weakly polar solvents such as diethyl ether, hexane, benzene, toluene, dioxane, the conversion 
of the starting compounds into reaction products remains low or absent.  
It was revealed that the interaction of reagents in an alcoholic medium during boiling leads to the formation of 
5-oxopyrazolidine-4-ylarylacetanilide and 3-oxopyrazolidine-4-ylacetanilide. The maximum concentration of 
the starting substances into the reaction products over a period of 60 minutes is observed during boiling in 
butanol.  
Keywords: HPLC/MS spectroscopy, pyrazolidine-5-ones, pyrazolidine-3-ones, pyrazolyl cetanilides, solvents. 
For citation: Zotova I.S., Karelina K.O., Kovygin Yu.A., Shikhaliev Kh.S. Investigation of the conditions of 
recycling of N-arylitaconimides with phenylhydrazine using HPLC mass spectrometry. Sorbtsionnye i khro-
matograficheskie protsessy. 2025. 25(2): 223-230. (In Russ.). https://doi.org/10.17308/sorp-
chrom.2025.25/12961

�<�\�_�^�_�g�b�_ 

�H�^�g�b�f�� �b�a�� �g�Z�b�[�h�e�_�_�� �i�_�j�k�i�_�d�l�b�\�g�u�o��
�i�h�^�o�h�^�h�\�� �d�� �k�b�g�l�_�a�m�� �k�e�h�`�g�u�o�� �]�_�l�_�j�h�p�b�d��
�e�b�q�_�k�d�b�o���k�b�k�l�_�f�����k�h�^�_�j�`�Z�s�b�o���g�_�k�d�h�e�v�d�h��
�n�Z�j�f�Z�d�h�n�h�j�g�u�o�� �n�j�Z�]�f�_�g�l�h�\���� �y�\�e�y�_�l�k�y��
�j�_�p�b�d�e�b�a�Z�p�b�y���� �K�m�[�k�l�j�Z�l�Z�f�b�� �^�e�y�� �g�_�z�� �f�h��
�]�m�l���\�u�k�l�m�i�Z�l�v���g�_�i�j�_�^�_�e�v�g�u�_���e�Z�d�l�h�g�u��[1], 
�Z�a�Z�e�Z�d�l�h�g�u��[2]�����g�_�i�j�_�^�_�e�v�g�u�_���b�f�b�^�u��[3�±
5]���� �<���q�Z�k�l�g�h�k�l�b����N-�Z�j�b�e�b�l�Z�d�h�g�b�f�b�^�u���y�\��
�e�y�x�l�k�y�� �m�^�h�[�g�u�f�b�� �i�j�_�^�r�_�k�l�\�_�g�g�b�d�Z�f�b��
�^�e�y�� �j�y�^�Z�� �]�_�l�_�j�h�p�b�d�e�b�q�_�k�d�b�o�� �k�b�k�l�_�f���� �l�Z��
�d�b�o�� �d�Z�d�� �l�j�b�Z�a�h�e�h�>�������@�i�b�j�b�f�b�^�b�g�u��[6], 

�]�b�^�j�h�b�f�b�^�Z�a�h�>������-b�@�i�b�j�b�^�Z�a�b�g�u��[5]���� �i�b��
�j�b�^�h�>������-a�@�i�b�j�b�^�Z�a�b�g-1-�h�g�u��[4], �l�_�l�j�Z��
�]�b�^�j�h�i�b�j�b�f�b�^�b�g-6-�h�g�u��[3].  

�J�Z�g�_�_���g�Z�f�b���[�u�e�h���m�k�l�Z�g�h�\�e�_�g�h [7]���� �q�l�h��
�i�j�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b��N-�Z�j�b�e�b�l�Z�d�h�g�b-
�f�b�^�h�\�� �k�� �n�_�g�b�e�]�b�^�j�Z�a�b�g�h�f�� �\�� �j�Z�a�e�b�q�g�u�o��
�j�Z�k�l�\�h�j�b�l�_�e�y�o���h�[�j�Z�a�m�_�l�k�y���i�Z�j�Z���j�_�]�b�h�b�a�h��
�f�_�j�g�u�o�� �i�j�h�^�m�d�l�h�\�� �j�_�p�b�d�e�b�a�Z�p�b�b���� ��-(5-
�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b��
�e�Z�p�_�l�Z�g�b�e�b�^�u���b���� ��-(3-�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z��
�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b�e�Z�p�_�l�Z�g�b�e�b�^�u����
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���K�o�_�f�Z�� �������� �j�Z�a�^�_�e�y�_�f�u�_�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �k��
�i�h�f�h�s�v�x���d�h�e�h�g�h�q�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���� 

�I�j�h�b�a�\�h�^�g�u�_�� �i�b�j�Z�a�h�e�Z�� �h�[�e�Z�^�Z�x�l�� �j�Z�a��
�g�h�h�[�j�Z�a�g�h�c�� �[�b�h�e�h�]�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�v�x��
[8]: �b�a�\�_�k�l�g�u�� �b�o�� �h�[�_�a�[�h�e�b�\�Z�x�s�b�_���� �Z�g�l�b��
�[�Z�d�l�_�j�b�Z�e�v�g�u�_��[9,10] �k�\�h�c�k�l�\�Z�����N�l�h�j�i�b��
�j�Z�a�h�e�u�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �i�j�h�l�b�\�h�j�Z�d�h�\�m�x��
�b�� �i�j�h�l�b�\�h�\�b�j�m�k�g�m�x�� �Z�d�l�b�\�g�h�k�l�v��[11]���� �h�d��
�k�b�i�b�j�Z�a�h�e�u�� �i�j�b�f�_�g�y�x�l�k�y�� �\�� �[�h�j�v�[�_�� �k�� �k�Z��
�o�Z�j�g�u�f���^�b�Z�[�_�l�h�f�����k���e�z�]�h�q�g�u�f�b���a�Z�[�h�e�_�\�Z��
�g�b�y�f�b���b���\���d�Z�q�_�k�l�\�_���i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v��
�g�u�o�� �k�j�_�^�k�l�\��[8]���� �G�_�d�h�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�b��
�l�_�e�b�� �i�b�j�Z�a�h�e�h�g�h�\�� �h�[�e�Z�^�Z�x�l�� �i�j�h�l�b�\�h�\�h�k��
�i�Z�e�b�l�_�e�v�g�u�f�� �^�_�c�k�l�\�b�_�f��[12]. �K�j�_�^�b�� �i�b��
�j�Z�a�h�e�b�g�h�\�� �\�k�l�j�_�q�Z�x�l�k�y�� �k�h�_�^�b�g�_�g�b�y���� �h�[��
�e�Z�^�Z�x�s�b�_�� �i�h�l�_�g�p�b�Z�e�h�f�� �^�e�y�� �e�_�q�_�g�b�y�� �[�h��
�e�_�a�g�b���I�Z�j�d�b�g�k�h�g�Z [13]�����I�j�h�b�a�\�h�^�g�u�_���i�b��
�j�Z�a�h�e�b�^�b�g�h�g�Z�� �i�j�h�y�\�e�y�x�l�� �Z�g�Z�e�v�]�_�l�b�q�_��
�k�d�m�x���� �`�Z�j�h�i�h�g�b�`�Z�x�s�m�x���� �i�j�h�l�b�\�h�\�h�k�i�Z��
�e�b�l�_�e�v�g�m�x��[14] �Z�d�l�b�\�g�h�k�l�v�����B�o���f�h�`�g�h���b�k��
�i�h�e�v�a�h�\�Z�l�v�� �d�Z�d�� �Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�u�_�� �b�� �Z�g��
�l�b�l�j�b�i�Z�g�h�k�h�f�g�u�_���k�j�_�^�k�l�\�Z��[15].  

�G�Z�e�b�q�b�_�� �\�� �k�l�j�m�d�l�m�j�_�� �b�k�k�e�_�^�m�_�f�u�o��
�g�Z�f�b�� �k�h�_�^�b�g�_�g�b�c�� �g�_�� �l�h�e�v�d�h�� �i�b�j�Z�a�h�e�v��
�g�h�]�h�����g�h���b���Z�p�_�l�Z�f�b�^�g�h�]�h���n�j�Z�]�f�_�g�l�Z�����m�\�_��
�e�b�q�b�\�Z�_�l���\�_�j�h�y�l�g�h�k�l�v���i�j�h�y�\�e�_�g�b�y �i�j�h�l�b��
�\�h�j�Z�d�h�\�h�c���Z�d�l�b�\�g�h�k�l�b��[16]. 

�D�j�h�f�_�� �[�b�h�e�h�]�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b����
�\�Z�`�g�u�f�� �n�Z�d�l�h�j�h�f���� �m�\�_�e�b�q�b�\�Z�x�s�b�f�� �\�h�k��
�l�j�_�[�h�\�Z�g�g�h�k�l�v�� �[�b�h�e�h�]�b�q�_�k�d�b�� �Z�d�l�b�\�g�h�c 
�f�h�e�_�d�m�e�u���� �y�\�e�y�_�l�k�y�� �g�Z�e�b�q�b�_�� �m�^�h�[�g�h�]�h��
�f�_�l�h�^�Z���k�b�g�l�_�a�Z�����I�h�w�l�h�f�m���i�h�b�k�d���i�h�^�o�h�^�y��
�s�b�o�� �m�k�e�h�\�b�c�� �^�e�y�� �k�b�g�l�_�a�Z�� ��-(5-�h�d�k�h�i�b�j�Z��
�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b�e�Z�p�_�l�Z�g�b�e�b�^�h�\�� �b�� ��-
(3-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b�e�Z�p�_�l�Z��
�g�b�e�b�^�h�\���\�_�k�v�f�Z���Z�d�l�m�Z�e�_�g�� 

�M�g�b�\�_�j�k�Z�e�v�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y��
�h�i�j�_�^�_�e�_�g�b�y�� �k�h�k�l�Z�\�Z�� �j�_�Z�d�p�b�h�g�g�h�c�� �k�f�_�k�b 
�y�\�e�y�_�l�k�y�� �f�_�l�h�^���<�W�@�O���F�K [17]���� �M�q�b�l�u��
�\�Z�y���w�l�h�����p�_�e�v�x���g�Z�k�l�h�y�s�_�]�h���b�k�k�e�_�^�h�\�Z�g�b�y��
�y�\�e�y�_�l�k�y���i�h�b�k�d �f�Z�d�k�b�f�Z�e�v�g�h�� �w�n�n�_�d�l�b�\��
�g�u�o�� �m�k�e�h�\�b�c�� �i�j�h�\�_�^�_�g�b�y�� �k�b�g�l�_�a�Z�� ��-(5-

�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b��
�e�Z�p�_�l�Z�g�b�e�b�^�h�\���b������-(3-�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z��
�a�h�e�b�^�b�g-4-�b�e��-N-�Z�j�b�e�Z�p�_�l�Z�g�b�e�b�^�h�\�� �� �k��
�i�j�b�f�_�g�_�g�b�_�f�� �o�j�h�f�Z�l�h-�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l��
�j�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�K�b�g�l�_�a���1-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-(3-
�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z��
�f�b�^�Z�� ������ �1-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-(5-
�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z��
�f�b�^�Z����. �D�������f�f�h�e�v���n�_�g�b�e�]�b�^�j�Z�a�b�g�Z���������j�Z�k��
�l�\�h�j�_�g�g�h�]�h�� �\�� ���� �f�e�� �b�k�k�e�_�^�m�_�f�h�]�h�� �j�Z�k�l�\�h��
�j�b�l�_�e�y�� ���^�b�w�l�b�e�h�\�u�c�� �w�n�b�j���� �]�_�d�k�Z�g���� �^�b�h�d��
�k�Z�g�����[�_�g�a�h�e�����l�h�e�m�h�e�����f�_�l�Z�g�h�e�����w�l�Z�g�h�e�����i�j�h��
�i�Z�g-2-�h�e���� �[�m�l�Z�g�h�e-�������� �i�j�b�[�Z�\�e�y�e�b�� ����
�f�f�h�e�v�� N-2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e�b�l�Z�d�h-
�g�b�f�b�^�Z���������J�_�Z�d�p�b�h�g�g�m�x���f�Z�k�k�m���d�b�i�y�l�b�e�b���\��
�d�h�e�[�_���k���h�[�j�Z�l�g�u�f���o�h�e�h�^�b�e�v�g�b�d�h�f���\���l�_�q�_��
�g�b�_���������f�b�g�m�l�����>�Z�e�_�_���i�j�h�b�a�\�h�^�b�e�b���m�^�Z�e�_��
�g�b�_�� �j�Z�k�l�\�h�j�b�l�_�e�y���� �a�Z�l�_�f�� �h�l�^�_�e�_�g�b�_�� �i�j�h��
�^�m�d�l�h�\�� �j�_�Z�d�p�b�b�� �h�l�� �b�k�o�h�^�g�u�o�� �\�_�s�_�k�l�\����
�j�Z�a�^�_�e�_�g�b�_�� �i�j�h�^�m�d�l�h�\�� �j�_�Z�d�p�b�b�� �i�j�b�� �i�h��
�f�h�s�b���d�h�e�h�g�h�q�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���� 

�>�e�y���w�l�h�]�h���i�h�e�m�q�_�g�g�m�x���k�f�_�k�v�����k�h�^�_�j�`�Z��
�s�m�x���i�j�h�^�m�d�l�u���j�_�Z�d�p�b�b���b���h�k�l�Z�l�h�q�g�u�_���d�h��
�e�b�q�_�k�l�\�Z�� �b�k�o�h�^�g�u�o�� �k�h�_�^�b�g�_�g�b�c���� �j�Z�k�l�\�h��
�j�y�e�b���\���������k�f3 �o�e�h�j�h�n�h�j�f�Z�����a�Z�l�_�f���i�_�j�_�g�h��
�k�b�e�b���\���d�h�e�h�g�d�m���^�b�Z�f�_�l�j�h�f���������f�f�����\�u�k�h�l�Z��
�k�e�h�y�� �k�h�j�[�_�g�l�Z�� �k�h�k�l�Z�\�e�y�e�Z�� ������ �f�f���� �G�_�i�h��
�^�\�b�`�g�Z�y�� �n�Z�a�Z�� ���G�N�����± SiO2, 60-�������� �f�d�f����
�i�h�^�\�b�`�g�Z�y�� �n�Z�a�Z�� ���I�N�����± �o�e�h�j�h�n�h�j�f����
�f�h�d�j�h�_ �a�Z�i�h�e�g�_�g�b�_���� �K�d�h�j�h�k�l�v�� �w�e�x�b�j�h�\�Z��
�g�b�y�� �k�h�k�l�Z�\�e�y�_�l�� �������� �k�f3���f�b�g�����<�j�_�f�y�� �\�u��
�o�h�^�Z��N-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-(5-�h�d�k�h-
1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�Z�� �����± 
14-������ �f�b�g������ �1-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-
(3-�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z��
�f�b�^�Z�� �����± 27-������ �f�b�g���� �K�l�j�h�_�g�b�_�� �i�h�e�m�q�_�g��
�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �i�h�^�l�\�_�j�`�^�_�g�h�� �k�� �i�h�f�h��
�s�v�x��1H, 13C, NOESY �Y�F�J-�k�i�_�d�l�j�h�k�d�h��
�i�b�b�� 
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N-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-(3-�h�d�k�h-1-
�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�Z�� ����1H 
�Y�F�J���������/�����f���^�������-���+�]�����������������������+�����k�����1�+-2), 
������������ �����+���� �k���� �&�2-NH), 6.90-7.65 (8H���� �f����
8CH-Ar), 4.15 (1H���� �^�^����J = 8.3; J = 11.0; 
CH2-�w�g�^�h), 3.60 (1H���� �l����J = 10.9, CH2-
�w�g�^�h), 2.94-3.04 (1H���� �f����CH-4), 2.80 (1H, 
�^�^����J = 4.0, J = 15.9, CH2-�w�d�a�h), 2.39 (1H, 
�^�^����J = 9.9, J =15.9, CH2-�w�d�a�h), 2.24 (3H�����k����
�KH3). 13C �Y�F�J�� ���/���� �f���^�������� ���������������� ����������������
151.69, 139.12, 128.97, 128.72, 123.17, 
121.36, 119.07, 115.69, 59.85, 36.87, 35.46, 
19.34). 

N-(2-�f�_�l�b�e-3-�o�e�h�j�n�_�g�b�e��-2-(5-�h�d�k�h-1-
�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�� ����1H 
�Y�F�J���� �����/���� �f���^������ �-���+�]������ ������������ �����+���� �k���� �&�2-
NH), 7.00-7.75 (8H�����f������CH-Ar), 6.31 (1H, 
�^�^����J = 5.5; J = 11.2; NH-2); 3.60-3.66 (1H, 
�f����CH2-�w�g�^�h), 3.20-3.26 (1H�����f����CH-4), 3.08 
(1H���� �^�^����J=11.0, J=22.1, CH2-�w�g�^�h), 2.86 
(1H���� �^�^����J=3.9, J=15.9, CH2-�w�d�a�h), 2.48-
2.55 (1H���� �f����CH2-�w�d�a�h), 2.23 (3H���� �k���� �KH3). 
13C �Y�F�J�����/���� �f���^�������� ���������������� ���������������� ����������������
139.17, 128.75, 128.60, 123.50, 123.17, 
119.10, 117.56, 49.07, 42.15, 35.77, 19.35). 

�:�g�Z�e�b�a�� �<�W�@�O���F�K�� �i�j�h�\�_�^�z�g�� �g�Z�� �m�k�l�Z��
�g�h�\�d�_���� �\�d�e�x�q�Z�x�s�_�c�� �o�j�h�f�Z�l�h�]�j�Z�n�� �`�b�^��
�d�h�k�l�g�u�c �$�J�L�O�H�Q�W�������������,�Q�I�L�Q�L�W�\���b���\�j�_�f�y�i�j�h��
�e�_�l�g�u�c���^�_�l�_�d�l�h�j���f�Z�k�k���\�u�k�h�d�h�]�h���j�Z�a�j�_�r�_��
�g�b�y�� �$�J�L�O�H�Q�W�� ���������� �7�2�)�� �/�&���0�6���� �F�_�l�h�^��
�b�h�g�b�a�Z�p�b�b���± �^�\�h�c�g�h�_���w�e�_�d�l�j�h�j�Z�k�i�u�e�_�g�b�_����
�J�_�]�b�k�l�j�Z�p�b�y�� �k�i�_�d�l�j�Z�� �i�j�h�\�h�^�b�l�k�y�� �\�� �i�h�e�h��
�`�b�l�_�e�v�g�h�c�� �i�h�e�y�j�g�h�k�l�b���� �^�b�Z�i�Z�a�h�g�� �j�_�]�b��
�k�l�j�b�j�m�_�f�u�o���f�Z�k�k������-�����������>�Z�����g�Z�i�j�y�`�_�g�b�_��
�g�Z�� �d�Z�i�b�e�e�y�j�_�� �������� �d�<���� �k�d�b�f�f�_�j�_�� �������� �<����
�n�j�Z�]�f�_�g�l�h�j�_�� ���������� �<���� �2�F�W�5�)�� �������� �<���� �D�h��
�e�h�g�d�Z�� �3�R�U�R�V�K�H�O�O�� �������� �(�&-�&������ ���������î������ �f�f����

���������f�d�f�������I�j�b�f�_�g�y�e�h�k�v���]�j�Z�^�b�_�g�l�g�h�_���w�e�x��
�b�j�h�\�Z�g�b�_���� �w�e�x�_�g�l���± �Z�p�_�l�h�g�b�l�j�b�e-�\�h�^�Z�� ���k��
�^�h�[�Z�\�e�_�g�b�_�f�������������f�m�j�Z�\�v�b�g�h�c���d�b�k�e�h�l�u������
�k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z�� �k�h�k�l�Z�\�e�y�_�l�� ���������k�f3���f�b�g����
�I�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �^�e�y�� �k�[�h�j�Z�� �b��
�h�[�j�Z�[�h�l�d�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�y���± 
MassHunterWorkstation/DataAcquisition 
V.06.00. 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�>�e�y�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �k�h�k�l�Z�\�Z�� �j�_�Z�d�p�b�h�g��
�g�u�o�� �k�f�_�k�_�c�� �[�u�e�b���k�g�y�l�u���w�l�Z�e�h�g�g�u�_�� �k�b�]��
�g�Z�e�u�� �j�_�]�b�h�b�a�h�f�_�j�h�\���± 3-�h�d�k�h�i�b�j�Z�a�h�e�b��
�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z���������������������f�b�g��������-�h�d��
�k�h�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z��������������������
�f�b�g���������j�b�k�m�g�h�d�������� 

�<�Z�`�g�u�f���m�k�e�h�\�b�_�f���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���y�\��
�e�y�_�l�k�y���l�_�f�i�_�j�Z�l�m�j�Z���i�j�h�\�_�^�_�g�b�y���j�_�Z�d�p�b�b����
�L�Z�d�����m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���g�_�a�Z�\�b�k�b�f�h���h�l���j�Z�k��
�l�\�h�j�b�l�_�e�y���� �i�j�b�� �d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_ 
�d�h�g�\�_�j�k�b�b�� �j�_�Z�]�_�g�l�h�\�� �g�_�� �g�Z�[�e�x�^�Z�e�h�k�v����
�G�Z�f�b�� �[�u�e�h�� �i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �i�j�h�\�h�^�b�l�v��
�g�Z�]�j�_�\�Z�g�b�_���k�f�_�k�b���\���l�_�q�_�g�b�_���������f�b�g�m�l�����i�h��
�k�d�h�e�v�d�m�� �i�j�b�� �[�h�e�_�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�f��
�g�Z�]�j�_�\�Z�g�b�b�� �\�� �\�u�k�h�d�h�d�b�i�y�s�b�o�� �j�Z�k�l�\�h�j�b��
�l�_�e�y�o���\ �k�b�k�l�_�f�_���g�Z�d�Z�i�e�b�\�Z�e�b�k�v���i�j�h�^�m�d�l�u��
�i�h�[�h�q�g�u�o�� �j�_�Z�d�p�b�c�� �k�� �[�h�e�v�r�b�f�b�� �f�h�e�_�d�m��
�e�y�j�g�u�f�b�� �f�Z�k�k�Z�f�b���� �k�b�e�v�g�h�� �m�k�e�h�`�g�y�x��
�s�b�f�b�� �o�j�h�f�Z�l�h�]�j�Z�f�f�m�� �I�j�h�[�u�� �h�[�t�z�f�h�f��
0.05 �k�f3 �h�l�[�b�j�Z�e�b�k�v���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���Z�\��
�l�h�f�Z�l�b�q�_�k�d�h�c���i�b�i�_�l�d�b�����+�7�/���O�D�E���V�R�O�X�W�L�R�Q�V��
discovery comfort DV200/20-�������� �f�d�e���� �b��
�j�Z�a�[�Z�\�e�y�e�b�k�v���Z�p�_�l�h�g�b�l�j�b�e�h�f���\���������j�Z�a�� 

�<���d�Z�q�_�k�l�\�_���j�Z�k�l�\�h�j�b�l�_�e�_�c���[�u�e�b���b�k�k�e�_��
�^�h�\�Z�g�u �^�b�w�l�b�e�h�\�u�c�� �w�n�b�j���� �]�_�d�k�Z�g���� �^�b�h�d��
�k�Z�g���� �[�_�g�a�h�e���� �l�h�e�m�h�e���� �b���k�i�b�j�l�u��- �f�_�l�Z�g�h�e����
�w�l�Z�g�h�e�����i�j�h�i�Z�g-2-�h�e�����[�m�l�Z�g�h�e. 

 
�J�b�k. �������B�g�l�_�]�j�b�j�h�\�Z�g�g�u�_���k�d�Z�g�b�j�h�\�Z�g�g�u�_���o�j�h�f�Z�l�h�]�j�Z�f�f�u���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���^�e�y����-

�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z��3 ���������������f�b�g�������b����-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z��
�g�b�e�b�^�Z��4 ���������������f�b�g������ 

Fig. 1. Integrated scanned chromatogram of total ion current for 3-oxo-1-phenylpyrazolidine-4-
ylacetanilide 3 (3.054 min.) and 5-oxopyrazolidine-4-ylacetanilide 4 (3.764 min.). 
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�G�Z�� �b�g�l�_�]�j�b�j�h�\�Z�g�g�u�o�� �k�d�Z�g�b�j�h�\�Z�g�g�u�o��
�o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o�� �i�h�e�g�h�]�h�� �b�h�g�g�h�]�h�� �l�h�d�Z��
�j�_�Z�d�p�b�h�g�g�u�o�� �f�Z�k�k�� �g�Z�b�[�h�e�_�_�� �\�Z�`�g�u�� �k�b�]��
�g�Z�e�u�� �k�h�_�^�b�g�_�g�b�c���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �b�k��
�o�h�^�g�h�f�m���n�_�g�b�e�]�b�^�j�Z�a�b�g�m������������-�h�d�k�h�i�b�j�Z��
�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�m�� ������ ��-�h�d�k�h�i�b�j�Z��
�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�m�������� �� �K�b�]�g�Z�e�u��������
�������h�q�_�\�b�^�g�h���i�j�b�g�Z�^�e�_�`�Z�l���b�g�l�_�j�f�_�^�b�Z�l�Z�f����
�I�h�� �k�h�h�l�g�h�r�_�g�b�x�� �i�e�h�s�Z�^�_�c�� �k�b�]�g�Z�e�h�\�� �g�Z��
�d�Z�`�^�h�c�� �o�j�h�f�Z�l�h�]�j�Z�f�f�_�� �f�h�`�g�h�� �k�m�^�b�l�v�� �h��
�i�h�e�g�h�l�_���i�j�h�l�_�d�Z�g�b�y���j�_�Z�d�p�b�b�� 

�M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �^�e�y�� �j�_�Z�d�p�b�h�g�g�h�c��
�k�f�_�k�b�� �\�� �^�b�w�l�b�e�h�\�h�f�� �w�n�b�j�_�� �b�g�l�_�g�k�b�\�g�h��
�k�l�b�� �i�b�d�h�\�� �j�_�Z�]�_�g�l�h�\�� �b�� �i�j�h�^�m�d�l�Z�� ���� �g�Z�o�h��
�^�y�l�k�y�� �g�Z�� �m�j�h�\�g�_�� �n�h�g�Z���� �k�b�]�g�Z�e�u�� �k�h�_�^�b�g�_��
�g�b�c�� ������ ������ ���� �g�_�� �i�j�h�y�\�e�_�g�u�� �g�Z�� �o�j�h�f�Z�l�h��
�]�j�Z�f�f�_���� �D�h�g�\�_�j�k�b�y�� �g�_�a�g�Z�q�b�l�_�e�v�g�Z���� �i�j�b��
�q�b�g�h�c�� �q�_�]�h�� �y�\�e�y�_�l�k�y�� �g�b�a�d�Z�y�� �j�Z�k�l�\�h�j�b��
�f�h�k�l�v�� �j�_�Z�]�_�g�l�h�\���� �J�_�Z�d�p�b�y�� �\�� �]�_�d�k�Z�g�_�� �i�j�b��
�\�h�^�b�l�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �f�Z�`�h�j�g�h�]�h�� �i�j�h��
�^�m�d�l�Z�����\�j�_�f�y���\�u�o�h�^�Z���± �������������f�b�g�������g�_���k�h�\��
�i�Z�^�Z�x�s�_�]�h���i�h���o�Z�j�Z�d�l�_�j�m���n�j�Z�]�f�_�g�l�Z�p�b�b���k��
�b�k�k�e�_�^�m�_�f�u�f�b���k�h�_�^�b�g�_�g�b�y�f�b�����j�b�k. 2).  

�G�Z���o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o���j�_�Z�d�p�b�h�g�g�u�o���k�f�_��
�k�_�c���\���^�b�h�d�k�Z�g�_�����[�_�g�a�h�e�_���b���l�h�e�m�h�e�_���n�b�d�k�b��
�j�m�_�l�k�y���f�Z�`�h�j�g�u�c���i�b�d���n�_�g�b�e�]�b�^�j�Z�a�b�g�Z��������
�I�e�h�s�Z�^�b���k�b�]�g�Z�e�h�\���k�h�_�^�b�g�_�g�b�y�������b���b�g�l�_�j��
�f�_�^�b�Z�l�h�\�������������m�[�u�\�Z�x�l���h�l���^�b�h�d�k�Z�g�Z���d���[�_�g��
�a�h�e�m���b���l�h�e�m�h�e�m�����G�_�k�f�h�l�j�y���g�Z���g�Z�b�[�h�e�v�r�m�x��
�b�a���^�Z�g�g�h�]�h���j�y�^�Z���k�d�h�j�h�k�l�v���i�j�h�l�_�d�Z�g�b�y���j�_��
�Z�d�p�b�b�����d�h�g�\�_�j�k�b�y���b�k�o�h�^�g�u�o���\�_�s�_�k�l�\���k�i�m��
�k�l�y���������f�b�g�m�l���d�b�i�y�q�_�g�b�y���\���^�b�h�d�k�Z�g�_���h�k�l�Z��
�z�l�k�y�� �g�b�a�d�h�c���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �\�_�e�b�d�Z�� �i�e�h��
�s�Z�^�v���i�b�d�h�\���b�g�l�_�j�f�_�^�b�Z�l�h�\�������b���������q�l�h���f�h��
�`�_�l�� �m�d�Z�a�u�\�Z�l�v�� �g�Z�� �a�Z�l�h�j�f�h�`�_�g�g�h�k�l�v�� �j�_��
�p�b�d�e�b�a�Z�p�b�b�����j�b�k. 3).  

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �j�_�Z�d�p�b�b�� �\�� �k�i�b�j�l�Z�o��
�f�u���� �g�Z�i�j�h�l�b�\���� �g�Z�[�e�x�^�Z�_�f�� �i�h�q�l�b�� �i�h�e�g�m�x��
�d�h�g�\�_�j�k�b�x�� �b�k�o�h�^�g�u�o�� �k�h�_�^�b�g�_�g�b�c���� �I�j�b��
�k�m�l�k�l�\�m�x�l���o�h�j�h�r�h���j�Z�a�j�_�r�z�g�g�u�_���k�b�]�g�Z�e�u��
3-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z�� ������
5-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z�� ����
���j�b�k������-�����������I�e�h�s�Z�^�b���k�b�]�g�Z�e�h�\���b�g�l�_�j�f�_�^�b��
�Z�l�h�\�� ������ ���� �m�f�_�g�v�r�Z�x�l�k�y�� �\�� �j�y�^�m���� �f�_�l�Z�g�h�e����

 
�J�b�k. �������B�g�l�_�]�j�b�j�h�\�Z�g�g�u�_���k�d�Z�g�b�j�h�\�Z�g�g�u�_���o�j�h�f�Z�l�h�]�j�Z�f�f�u���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z 

�^�e�y���j�_�Z�d�p�b�h�g�g�h�c���f�Z�k�k�u���b�k�k�e�_�^�m�_�f�h�]�h���i�j�h�p�_�k�k�Z���\���^�b�w�l�b�e�h�\�h�f���w�n�b�j�_�����k�e�_�\�Z�����L�d�b�i=36.4�ƒ�K�� 
�b���]�_�d�k�Z�g�_�����k�i�j�Z�\�Z�����L�d�b�i=68.���ƒ�K�����q�_�j�_�a���������f�b�g�m�l���d�b�i�y�q�_�g�b�y�� 

Fig. 2. Integrated scanned chromatograms of the total ion current for the reaction mass of the 
process under study in diethyl ether (left, Tb� ���������ƒ�&�����D�Q�G���K�H�[�D�Q�H�����U�L�J�K�W�����7b� ���������ƒ�&�� 

after 60 minutes of boiling. 

 
�J�b�k. �������B�g�l�_�]�j�b�j�h�\�Z�g�g�u�_���k�d�Z�g�b�j�h�\�Z�g�g�u�_���o�j�h�f�Z�l�h�]�j�Z�f�f�u���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���^�e�y���j�_��
�Z�d�p�b�h�g�g�h�c���f�Z�k�k�u���b�k�k�e�_�^�m�_�f�h�]�h���i�j�h�p�_�k�k�Z���\���^�b�h�d�k�Z�g�_�����k�e�_�\�Z�����L�d�b�i=101.���ƒ�K�����b���l�h�e�m�h�e�_��

���k�i�j�Z�\�Z�����L�d�b�i=110.���ƒ�K�����q�_�j�_�a���������f�b�g�m�l���d�b�i�y�q�_�g�b�y�� 
Fig. 3. Integrated scanned chromatograms of the total ion current for the reaction mass 

of the process under study in dioxane (left, Tb� �����������ƒ�&�����D�Q�G���W�R�O�X�H�Q�H�����U�L�J�K�W�����7b� �����������ƒ�&�� 
after 60 minutes of boiling. 
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�w�l�Z�g�h�e���� �i�j�h�i�Z�g-2-�h�e���� �[�m�l�Z�g�h�e���� �q�l�h�� �\�� �^�Z�g��
�g�h�f���k�e�m�q�Z�_���]�h�\�h�j�b�l���h���f�Z�d�k�b�f�Z�e�v�g�h�c���d�h�g��
�\�_�j�k�b�b�� �b�k�o�h�^�g�u�o�� �\�_�s�_�k�l�\�� �i�j�b�� �i�j�h�\�_�^�_��
�g�b�b �j�_�Z�d�p�b�b���\���[�m�l�Z�g�h�e�_�����H�q�_�\�b�^�g�h�����i�h�\�u��
�r�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �m�\�_�e�b�q�b�\�Z�_�l�� �k�d�h��
�j�h�k�l�v�� �d�h�g�\�_�j�k�b�b�� �b�k�o�h�^�g�u�o�� �\�_�s�_�k�l�\�� �\��
�i�j�h�^�m�d�l�u�� �j�_�Z�d�p�b�b���� �H�^�g�Z�d�h�� �^�e�y�� �i�j�_�i�Z�j�Z��
�l�b�\�g�h�]�h�� �i�h�e�m�q�_�g�b�y�� ��-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-
4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z�������b����-�h�d�k�h�i�b�j�Z�a�h�e�b�^�b�g-
4-�b�e�Z�p�_�l�Z�g�b�e�b�^�Z�������b�]�j�Z�_�l���j�h�e�v���g�_���l�h�e�v�d�h��
�[�u�k�l�j�h�l�Z���i�j�h�l�_�d�Z�g�b�y���j�_�Z�d�p�b�b�����g�h���b���m�^�h�[��
�k�l�\�h�� �j�Z�[�h�l�u�� �k�� �d�h�g�d�j�_�l�g�u�f�� �j�Z�k�l�\�h�j�b�l�_��
�e�_�f�����;�h�e�_�_���\�u�k�h�d�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���d�b�i�_�g�b�y��
�[�m�l�Z�g�h�e�Z���^�_�e�Z�_�l�� �[�h�e�_�_�� �k�e�h�`�g�u�f�� �\�u�^�_�e�_��
�g�b�_���i�j�h�^�m�d�l�h�\����   

�K�h�h�l�g�h�r�_�g�b�_���i�e�h�s�Z�^�_�c���k�b�]�g�Z�e�h�\�������b������
�g�_�h�^�b�g�Z�d�h�\�h���^�e�y���j�Z�a�g�u�o���k�i�b�j�l�h�\�����<���[�m�l�Z��
�g�h�e�_�� �k�h�h�l�g�h�r�_�g�b�_�� �i�e�h�s�Z�^�b�� �i�b�d�Z��N-(3-
�o�e�h�j�h-2-�f�_�l�b�e�n�_�g�b�e��-2-(3-�h�d�k�h-1-�n�_�g�b�e��
�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�Z�� ���� �d�� �i�e�h��
�s�Z�^�b�� �i�b�d�Z�� �1-(3-�o�e�h�j�h-2-�f�_�l�b�e�n�_�g�b�e��-2-
(5-�h�d�k�h-1-�n�_�g�b�e�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z��
�f�b�^�Z�������k�h�k�l�Z�\�e�y�_�l�������������i�j�h�i�Z�g-2-�h�e�_���± 5:3, 
�\���w�l�Z�g�h�e�_���± �����������\���f�_�l�Z�g�h�e�_���± �����������H�^�g�Z�d�h����

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

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����g�Z�f�b���m�k�l�Z�g�h�\�e�_�g�h�����q�l�h��
�j�_�p�b�d�e�b�a�Z�p�b�x��N-�Z�j�b�e�b�l�Z�d�h�g�b�f�b�^�h�\�� �n�_��
�g�b�e�]�b�^�j�Z�a�b�g�h�f���k���p�_�e�v�x���i�h�e�m�q�_�g�b�y��N-(3-
�o�e�h�j�h-2-�f�_�l�b�e�n�_�g�b�e��-2-(3-�h�d�k�h-1-�n�_�g�b�e��
�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�Z�� �b�� �1-(3-
�o�e�h�j�h-2-�f�_�l�b�e�n�_�g�b�e��-2-(5-�h�d�k�h-1-�n�_�g�b�e��
�i�b�j�Z�a�h�e�b�^�b�g-4-�b�e���Z�p�_�l�Z�f�b�^�Z�� �j�Z�p�b�h�g�Z�e�v-
�g�h���i�j�h�\�h�^�b�l�v���\���k�i�b�j�l�h�\�h�c���k�j�_�^�_�����J�Z�k�l�\�h��
�j�b�l�_�e�_�f���� �\�� �d�h�l�h�j�h�f�� �k�l�_�i�_�g�v�� �d�h�g�\�_�j�k�b�b��
�b�k�o�h�^�g�u�o�� �\�_�s�_�k�l�\�� �\�� �i�j�h�^�m�d�l�u�� �j�_�Z�d�p�b�b��
�i�h���b�k�l�_�q�_�g�b�b���������f�b�g�m�l���d�b�i�y�q�_�g�b�y���f�Z�d�k�b��
�f�Z�e�v�g�Z�y�����y�\�e�y�_�l�k�y���[�m�l�Z�g�h�e�����I�j�b���i�j�h�\�_�^�_��
�g�b�b���j�_�Z�d�p�b�b���\���Z�i�j�h�l�h�g�g�u�o���b���k�e�Z�[�h�i�h�e�y�j��
�g�u�o�� �j�Z�k�l�\�h�j�b�l�_�e�y�o�� �d�h�g�\�_�j�k�b�y�� �b�k�o�h�^�g�u�o 
�\�_�s�_�k�l�\�� �\�� �i�j�h�^�m�d�l�u�� �j�_�Z�d�p�b�b�� �h�k�l�Z�z�l�k�y��
�g�b�a�d�h�c���e�b�[�h���h�l�k�m�l�k�l�\�m�_�l���� 

 
�J�b�k�����������B�g�l�_�]�j�b�j�h�\�Z�g�g�u�_���k�d�Z�g�b�j�h�\�Z�g�g�u�_���o�j�h�f�Z�l�h�]�j�Z�f�f�u���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���^�e�y���j�_�Z�d��

�p�b�h�g�g�h�c���f�Z�k�k�u���b�k�k�e�_�^�m�_�f�h�]�h���i�j�h�p�_�k�k�Z���\���f�_�l�Z�g�h�e�_�����k�e�_�\�Z�����L�d�b�i� ���������ƒ�K�����b���w�l�Z�g�h�e�_�����k�i�j�Z�\�Z����
�L�d�b�i� ���������ƒ�K�����q�_�j�_�a���������f�b�g�m�l���d�b�i�y�q�_�g�b�y�� 

Fig. 4. Integrated scanned chromatograms of the total ion current for the reaction mass of the 
process under study in methanol (left, Tb � ���������ƒ�&�����D�Q�G���H�W�K�D�Q�R�O�����U�L�J�K�W�����7b� ���������ƒ�&�����D�I�W�H�U���������P�L�Q�X�W�H�V��

of boiling. 

 
�J�b�k. �������B�g�l�_�]�j�b�j�h�\�Z�g�g�u�_���k�d�Z�g�b�j�h�\�Z�g�g�u�_���o�j�h�f�Z�l�h�]�j�Z�f�f�u���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���^�e�y���j�_�Z�d��
�p�b�h�g�g�h�c���f�Z�k�k�u���b�k�k�e�_�^�m�_�f�h�]�h���i�j�h�p�_�k�k�Z���\���i�j�h�i�Z�g�h�e�_-�������k�e�_�\�Z�����L�d�b�i=82.���ƒ�K�����b���[�m�l�Z�g�h�e�_-1 

���k�i�j�Z�\�Z�����L�d�b�i=117.���ƒ�K�����q�_�j�_�a���������f�b�g�m�l���d�b�i�y�q�_�g�b�y�� 
Fig. 5. Integrated scanned chromatograms of the total ion current for the reaction mass of the 

process under study in propanol-2 (left, Tb � �����������ƒ�&�����D�Q�G���E�X�W�D�Q�R�O-1 (right, Tb� �������������ƒ�&�����D�I�W�H�U��������
minutes of boiling. 
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�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u���a�Z�y�\�e�y�x�l�����q�l�h���m���g�b�o���g�_�l���b�a�\�_�k�l��
�g�u�o�� �n�b�g�Z�g�k�h�\�u�o�� �d�h�g�n�e�b�d�l�h�\�� �b�g�l�_�j�_�k�h�\��

�b�e�b���e�b�q�g�u�o���h�l�g�h�r�_�g�b�c�����d�h�l�h�j�u�_���f�h�]�e�b���[�u��
�i�h�\�e�b�y�l�v���g�Z���j�Z�[�h�l�m�����i�j�_�^�k�l�Z�\�e�_�g�g�m�x���\���w�l�h�c��
�k�l�Z�l�v�_�� 
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Abstract. Compounds based on [1,2,4]triazolo[1,5-a]pyrimidine have a wide range of biological activity. De-
spite considerable interest in [1,2,4]triazolo[1,5-a]pyrimidine derivatives, the issues of their synthesis and mod-
ification remain relevant. In particular, the formylation of these compounds is insufficiently covered in the 
literature. The purpose of this study was to study the Wilsmeyer-Haack reaction formylation of 2-alkyl-5-
methyl-[1,2,4]triazolo[1,5-a]pyrimidine-7(4H)-ones using high performance liquid chromatography in combi-
nation with mass spectrometry (HPLC-MS). 
The initial 2-alkyl-5-methyl-[1,2,4]triazolo[1,5-a]pyrimidine-7(4H)-ones were formylated using phosphorus 
chloride in anhydrous dimethylformamide medium.  
A reaction mixture obtained as a result of the formylation of 2,5-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine-
7(4H)-one is considered as a model system. When interpreting the results of the HPLC-MS analysis, it was 
found that in addition to the target 2,5-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine-6-carbaldehyde, the reaction 
mixture contains three products of unknown structure. The obtained mixture was separated using the method 
of preparative column chromatography. A silica gel fraction of 60-200 microns (Russia) was used as the sta-
tionary phase (NF), and a chloroform�±methanol mixture (20:1) was used as the mobile phase (PF). Four frac-
tions were obtained by elution of the resulting mixture. The first fraction contained a minor impurity, the second 
a major impurity, the third a target carbaldehyde, and the fourth a mixture of by�±product and carbaldehyde. 
The structure of the individually obtained compounds has been proven by 1H and 13C NMR and mass spec-
trometry. It was found that 2,5-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidine-6-carbaldehyde is formed in the OH 
form, and the structure of 6-(dimethylamino)-2-methyl-4H-cyclopenta[d][1,2,4]triazolo[1,5-a]pyrimidine-7,8-
diol. The analysis of substances corresponding to the minor impurity and by-product was not carried out, which 
is due to the difficulty of isolation in pure form and a yield value of less than 1%. 
Similarly, 7-hydroxy-5-methyl-2-ethyl-[1,2,4]triazolo[1,5-a]pyrimidine-6-carbaldehyde and 6-(dimethyla-
mino)-2-ethyl-4H-cyclopenta[d][1,2,4]triazolo[1,5-a]pyrimidine-7,8-diol were obtained. 
Keywords: [1,2,4]triazolo[1,5-a]pyrimidine, formylation, Wilsmayer-Haak reaction, high performance liquid 
chromatography, mass spectrometry, preparative column chromatography 
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�d�h�f�m���k�i�_�d�l�j�m���[�b�h�e�h�]�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b����
�I�j�h�b�a�\�h�^�g�u�_�� �l�j�b�Z�a�h�e�h�i�b�j�b�f�b�^�b�g�Z�� �i�j�h��
�y�\�e�y�x�l�� �Z�g�l�b�i�Z�j�Z�a�b�l�Z�j�g�m�x�� �>1�@���� �Z�g�l�b�f�b�d��
�j�h�[�g�m�x�� �>2�@���� �i�j�h�l�b�\�h�\�b�j�m�k�g�m�x�� �>3-9�@���� �Z��
�l�Z�d�`�_�� �i�j�h�l�b�\�h�\�h�k�i�Z�e�b�l�_�e�v�g�m�x�� �>10�@�� �Z�d��
�l�b�\�g�h�k�l�v���� �<�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �i�h�y�\�b�e�h�k�v��
�a�g�Z�q�b�l�_�e�v�g�h�_���q�b�k�e�h���j�Z�[�h�l���� �i�h�k�\�y�s�_�g�g�u�o��
�b�a�m�q�_�g�b�x�� �Z�g�l�b�i�j�h�e�b�n�_�j�Z�l�b�\�g�h�c�� �Z�d�l�b�\�g�h��
�k�l�b���i�j�h�b�a�\�h�^�g�u�o�� �>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b��
�j�b�f�b�^�b�g�Z���>11-16�@�����<���Z�]�j�h�o�b�f�b�b���^�_�c�k�l�\�m�x��
�s�b�_�� �\�_�s�_�k�l�\�Z�� �g�Z�� �h�k�g�h�\�_�� �>�����������@�l�j�b�Z��
�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g�Z�� �l�Z�d�`�_�� �g�Z�r�e�b�� �r�b��
�j�h�d�h�_���i�j�b�f�_�g�_�g�b�_���� �H�g�b���i�j�h�y�\�e�y�x�l�� �]�_�j�[�b��
�p�b�^�g�m�x�� �>17-19�@���� �n�m�g�]�b�p�b�^�g�m�x�� �>20�@�� �b�� �b�g��
�k�_�d�l�b�p�b�^�g�m�x�� �>21�@�� �Z�d�l�b�\�g�h�k�l�v���� �^�_�f�h�g�k�l�j�b��
�j�m�y�� �\�u�k�h�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �\�� �[�h�j�v�[�_�� �k��
�\�j�_�^�b�l�_�e�y�f�b���b���[�h�e�_�a�g�y�f�b���j�Z�k�l�_�g�b�c�� 

�G�_�k�f�h�l�j�y�� �g�Z�� �Z�d�l�b�\�g�h�_�� �b�a�m�q�_�g�b�_��
�k�\�h�c�k�l�\�� �i�j�h�b�a�\�h�^�g�u�o�� �>�����������@�l�j�b�Z��

�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g�Z�����\�h�i�j�h�k�u�����k�\�y�a�Z�g��
�g�u�_���k���b�o���k�b�g�l�_�a�h�f���b���f�h�^�b�n�b�d�Z�p�b�_�c�����h�k�l�Z��
�x�l�k�y�� �Z�d�l�m�Z�e�v�g�u�f�b���� �<�� �q�Z�k�l�g�h�k�l�b���� �n�h�j�f�b��
�e�b�j�h�\�Z�g�b�_�� �i�j�h�b�a�\�h�^�g�u�o�� �>�����������@�l�j�b�Z��
�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g�Z�� �d�j�Z�c�g�_ �f�Z�e�h�� �h�k�\�_��
�s�_�g�h���\���e�b�l�_�j�Z�l�m�j�_���>22, 23�@�����<���k�\�y�a�b���k���w�l�b�f����
�p�_�e�v�x�� �g�Z�k�l�h�y�s�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�e�h�k�v��
�b�a�m�q�_�g�b�_�� �n�h�j�f�b�e�b�j�h�\�Z�g�b�y�� �i�h�� �j�_�Z�d�p�b�b��
�<�b�e�v�k�f�Z�c�_�j�Z-�O�Z�Z�d�Z�� ��-�Z�e�d�b�e-5-�f�_�l�b�e-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-7(4H)-
�h�g�h�\�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�c��
�`�b�^�d�h�k�l�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���\���k�h�q�_�l�Z�g�b�b���k��
�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�_�c�����<�W�@�O-�F�K���� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�H�[�s�Z�y�� �f�_�l�h�^�b�d�Z�� �n�h�j�f�b�e�b�j�h�\�Z�g�b�y 2-
�Z�e�d�b�e-5-�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b��
�j�b�f�b�^�b�g-7(4H)-�h�g�h�\�� ���D���E�� �D�� �j�Z�k�l�\�h�j�m�� �k�h��
�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� ��-�Z�e�d�b�e-5-�f�_�l�b�e-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-7(4H)-
�h�g�Z������a,b�������������������f�h�e�v�����\���[�_�a�\�h�^�g�h�f���^�b�f�_��
�l�b�e�n�h�j�f�Z�f�b�^�_�� �������k�f3���� �i�j�b�� ���ƒ�K�� �b�� �i�_�j�_�f�_��
�r�b�\�Z�g�b�b�� �i�h�� �d�Z�i�e�y�f�� �i�j�b�[�Z�\�e�y�e�b 
�������������f�h�e�v���������������k�f3�����o�e�h�j�h�d�b�k�b���n�h�k�n�h�j�Z����
�<���l�_�q�_�g�b�_�������q�Z�k�h�\���k�f�_�k�v���g�Z�]�j�_�\�Z�e�b���^�h�������ƒ�K��
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�^�e�y���a�Z�\�_�j�r�_�g�b�y���j�_�Z�d�p�b�b�����I�h�k�e�_���h�o�e�Z�`�^�_��
�g�b�y���j�_�Z�d�p�b�h�g�g�m�x���f�Z�k�k�m���\�u�e�b�\�Z�e�b���g�Z���������]��
�b�a�f�_�e�v�q�_�g�g�h�]�h���e�v�^�Z�����g�_�c�l�j�Z�e�b�a�h�\�Z�e�b���]�b�^��
�j�h�d�Z�j�[�h�g�Z�l�h�f���g�Z�l�j�b�y���^�h���S�+���������J�_�Z�d�p�b�h�g��
�g�m�x�� �k�f�_�k�v�� �m�i�Z�j�b�\�Z�e�b�� �i�j�b�� �i�h�g�b�`�_�g�g�h�f��
�^�Z�\�e�_�g�b�b�����I�h�e�m�q�_�g�g�u�c���h�k�l�Z�l�h�d���d�b�i�y�l�b�e�b��
�k�� �^�b�f�_�l�b�e�n�h�j�f�Z�f�b�^�h�f�� �b�� �h�l�n�b�e�v�l�j�h�\�u��
�\�Z�e�b���h�l���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���k�h�e�_�c���������i�h�j�p�b�b��
�i�h�� ������ �k�f3������ �N�b�e�v�l�j�Z�l�� �m�i�Z�j�b�\�Z�e�b�� �i�j�b�� �i�h��
�g�b�`�_�g�g�h�f�� �^�Z�\�e�_�g�b�b���� �I�h�e�m�q�_�g�g�m�x�� �k�f�_�k�v��
�h�q�b�s�Z�e�b�� �k�� �i�h�f�h�s�v�x�� �i�j�_�i�Z�j�Z�l�b�\�g�h�c�� �d�h��
�e�h�g�h�q�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �>�e�y�� �w�l�h�]�h��
�i�j�h�[�m�� �j�Z�k�l�\�h�j�y�e�b�� �\�� ������ �k�f3 �k�f�_�k�b�� �o�e�h�j�h��
�n�h�j�f���± �f�_�l�Z�g�h�e�� �������������� �b�� �g�Z�g�h�k�b�e�b�� �g�Z��
�n�b�e�v�l�j�� �R�h�l�l�Z�� �^�b�Z�f�_�l�j�h�f�� �������� �f�f�� ���J�h�k��
�k�b�y������ �k���\�u�k�h�l�h�c�� �k�e�h�y�� �k�h�j�[�_�g�l�Z�� �������� �f�f���� �<��
�d�Z�q�_�k�l�\�_���g�_�i�h�^�\�b�`�g�h�c���n�Z�a�u�����G�N�����b�k�i�h�e�v��
�a�h�\�Z�e�k�y�� �k�b�e�b�d�Z�]�_�e�v�� �n�j�Z�d�p�b�b�� ����-�������� �f�d�f��
���J�h�k�k�b�y���� �\�� �d�Z�q�_�k�l�\�_�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u��
���I�N�����i�j�b�f�_�g�y�e�Z�k�v���k�f�_�k�v���o�e�h�j�h�n�h�j�f���± �f�_��
�l�Z�g�h�e�������������������>�e�y���w�e�x�b�j�h�\�Z�g�b�y���i�j�h�^�m�d�l�Z����
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h���i�b�d�m���������i�j�h�i�m�k�d�Z�e�b��������
�k�f3 �k�f�_�k�b�� �o�e�h�j�h�n�h�j�f���± �f�_�l�Z�g�h�e�� ��������������
�k�d�h�j�h�k�l�v�� �w�e�x�b�j�h�\�Z�g�b�y�� �������� �k�f3���f�b�g������
�N�j�Z�d�p�b�b���� �k�h�^�_�j�`�Z�s�b�_�� ��-�Z�e�d�b�e-6-(�^�b�f�_��
�l�b�e�Z�f�b�g�h��-4H-�p�b�d�e�h�i�_�g�l�Z�>d�@�>�����������@�l�j�b�Z��
�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e�u������a,b�������k�h��
�[�b�j�Z�e�b�����i�j�h�i�m�k�d�Z�y��������������a�����b�e�b��������������b�����k�f3 
�w�e�x�b�j�m�x�s�_�c���k�f�_�k�b�����o�e�h�j�h�n�h�j�f���± �f�_�l�Z�g�h�e��
�����������������k�d�h�j�h�k�l�v���w�e�x�b�j�h�\�Z�g�b�y�����������k�f3���f�b�g���� 
�N�j�Z�d�p�b�b���� �k�h�^�_�j�`�Z�s�b�_�� ��-�Z�e�d�b�e-7-�]�b�^��
�j�h�d�k�b-5-�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b��
�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�u�� ����a,b������ �k�h�[�b��
�j�Z�e�b�����i�j�h�i�m�k�d�Z�y��������������a�����b�e�b��������������b�����k�f3 
�w�e�x�b�j�m�x�s�_�c���k�f�_�k�b�����o�e�h�j�h�n�h�j�f-�f�_�l�Z�g�h�e��
���������������� �k�d�h�j�h�k�l�v�� �w�e�x�b�j�h�\�Z�g�b�y�� ��������
�k�f3���f�b�g������ �J�Z�k�l�\�h�j�b�l�_�e�v�� �b�a�� �i�h�e�m�q�_�g�g�u�o��
�n�j�Z�d�p�b�c���m�i�Z�j�b�\�Z�e�b���i�j�b���i�h�g�b�`�_�g�g�h�f���^�Z�\��
�e�_�g�b�b���� �i�h�e�m�q�Z�y�� �\�� �h�k�l�Z�l�d�_�� �q�b�k�l�u�_�� �\�_�s�_��
�k�l�\�Z�����I�_�j�\�m�x���n�j�Z�d�p�b�x�����k�h�^�_�j�`�Z�s�m�x���g�_��
�a�g�Z�q�b�l�_�e�v�g�u�_���d�h�e�b�q�_�k�l�\�Z���\�_�s�_�k�l�\�Z�����k�h�h�l��
�\�_�l�k�l�\�m�x�s�_�]�h�� �i�b�d�m�� ������ �g�_�� �i�_�j�_�j�Z�[�Z�l�u��
�\�Z�e�b�� 

7-�=�b�^�j�h�d�k�b-2,5-�^�b�f�_�l�b�e-�>�����������@�l�j�b�Z��
�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^��
(2a)���� �\�u�o�h�^�� ���������� �l���� �i�e���� ������-�������� �ƒ�K����
�K�\�_�l�e�h-�`�_�e�l�u�c���i�h�j�h�r�h�d�����K�i�_�d�l�j���Y�F�J��1�G��
�����������F�=�p�����>�F�K�H-d6�����/�����f���^���������-�����=�p��������������-
���������� ���f������ ���G���� ��-�K�G3���>�F�K�H-d6������ ���������� ���k������

���G���� ��-CH3������ ���������� ���k������ ���G���� �&�+�2������ ������������
���m�r���k������ ���+���� �2�+������ �K�i�_�d�l�j�� �Y�F�J��13C (500 
�F�=�p�����>�F�K�H-d6�����/�����f���^��������������������������������������������
�����������������������������������������������������������������������G�Z�c�^�_�g�h����
m/z 193.0720 [M+H]+. C8H8N4O2���� �<�u�q�b�k��
�e�_�g�h�����0���+�������������������� 

7-�=�b�^�j�h�d�k�b-5-�f�_�l�b�e-2-�w�l�b�e-�>�����������@�l�j�b��
�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^��
(2b)���� �\�u�o�h�^�� ���������� �l���� �i�e���� ������-�������� �ƒ�K����
�K�\�_�l�e�h-�`�_�e�l�u�c���i�h�j�h�r�h�d�����K�i�_�d�l�j���Y�F�J��1�G��
�����������F�=�p�����>�F�K�H-d6�����/�����f���^���������-�����=�p����������������
���l���������+�����-� �����������&�+2CH3), 2.44-�������������f���������G����
5-�K�G3���>�F�K�H-d6������ ���������� ���d������ ���G���� �-� ����������
CH2CH3���������������������k�������G�����&�+�2���������������������m�r���k������
���+�����2�+�������G�Z�c�^�_�g�h�����P���]���������������������>�0���+�@+. 
C9H10N4O2�����<�u�q�b�k�e�_�g�h�����0���+�������������������� 

6-���>�b�f�_�l�b�e�Z�f�b�g�h��-2-�f�_�l�b�e-4H-�p�b�d�e�h��
�i�_�g�l�Z�>d�@�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b��
�^�b�g-7,8-�^�b�h�e�� ����a)���� �\�u�o�h�^�� �������� �l���� �i�e���� ������-
�������� �ƒ�K���� �D�j�Z�k�g�h-�h�j�Z�g�`�_�\�u�c�� �i�h�j�h�r�h�d����
�K�i�_�d�l�j�� �Y�F�J��1�G�� ���������� �F�=�p���� �>�F�K�H-d6���� �/����
�f���^���������-�����=�p�������������������k���������G�����K�G3�������������������k���������G����
2NCH3������ ���������� ���k������ ���G���� �&�+������ ���������� ���k������ ��H, 
NH+OH���������������������m�r���k���������+�����2�+�������G�Z�c�^�_�g�h����
m/z 248.1142 [M+H]+. C11H13N5O2�����<�u�q�b�k��
�e�_�g�h�����0���+�������������������� 

6-���>�b�f�_�l�b�e�Z�f�b�g�h��-2-�w�l�b�e-4H-�p�b�d�e�h��
�i�_�g�l�Z�>d�@�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b��
�^�b�g-7,8-�^�b�h�e�� ����b)���� �\�u�o�h�^�� �������� �l���� �i�e���� ������-
�������� �ƒ�K���� �H�j�Z�g�`�_�\�u�c�� �i�h�j�h�r�h�d���� �K�i�_�d�l�j��
�Y�F�J��1�G�� ���������� �F�=�p���� �>�F�K�H-d6���� �/���� �f���^������ ���-����
�=�p�������������������l���������+�����-� �����������&�+2CH3�������������������d������
���G�����-� ����������CH2CH3�������������������k��������H, 2NCH3), 
���������� ���k������ ��H, CH������ ���������� ���k���� ���G����NH+OH), 
������������ ���m�r���k������ ���+���� �2�+������ �G�Z�c�^�_�g�h���� �P���]��
262.1298 [M+H]+. C12H15N5O2���� �<�u�q�b�k��
�e�_�g�h�����0���+�������������������� 

�>�e�y���i�j�h�\�_�^�_�g�b�y���Z�g�Z�e�b�a�Z���f�_�l�h�^�h�f���l�h�g��
�d�h�k�e�h�c�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b�����L�K�O�����b�k�i�h�e�v��
�a�h�\�Z�e�Z�k�v�� �I�N�� �k�h�k�l�Z�\�Z�� �o�e�h�j�h�n�h�j�f���± �f�_�l�Z��
�g�h�e�������������������D�h�f�i�h�g�_�g�l�u���I�N���k�f�_�r�b�\�Z�e�b�k�v��
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�_�j�_�^�� �Z�g�Z�e�b�a�h�f���� �\�j�_�f�y��
�g�Z�k�u�s�_�g�b�y���d�Z�f�_�j�u���k�h�k�l�Z�\�e�y�e�h���������f�b�g�m�l����
�I�j�h�[�h�i�h�^�]�h�l�h�\�d�Z�� �a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �j�Z�k�l�\�h��
�j�_�g�b�b�����������f�d�]���Z�g�Z�e�b�a�b�j�m�_�f�h�]�h���h�[�j�Z�a�p�Z���\��
�������� �k�f3 �k�f�_�k�b�� �o�e�h�j�h�n�h�j�f���± �f�_�l�Z�g�h�e��
���������������� �O�j�h�f�Z�l�h�]�j�Z�n�b�j�h�\�Z�g�b�_�� �i�j�h�\�h�^�b��
�e�h�k�v���g�Z���i�e�Z�k�l�b�g�Z�o���^�e�y���L�K�O���7�/�&��Silica gel 
60 F254 (M�H�U�F�N������ �H�[�t�_�f�� �i�j�h�[�u���± �������� �f�d�e����
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�<�j�_�f�y���Z�g�Z�e�b�a�Z���������f�b�g�m�l�����>�e�y���i�j�h�y�\�e�_�g�b�y��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���a�h�g���i�e�Z�k�l�b�g�m���i�h�f�_��
�s�Z�e�b���\���M�N���d�Z�f�_�j�m�����<�k�_���b�k�i�h�e�v�a�m�_�f�u�_���j�_��
�Z�d�l�b�\�u�� �b�f�_�e�b�� �k�l�_�i�_�g�v�� �q�b�k�l�h�l�u�� �g�_�� �f�_�g�_�_��
�©�o���q���ª�� 

�K�i�_�d�l�j�u�� �Y�F�J��1�G�� �b��13C �[�u�e�b�� �a�Z�j�_�]�b��
�k�l�j�b�j�h�\�Z�g�u�� �g�Z�� �k�i�_�d�l�j�h�f�_�l�j�Z�o��Bruker 
�$�9�������� ���������� �F�=�p���� �\�� �>�F�K�H-d6���� �\�g�m�l�j�_�g��
�g�b�c���k�l�Z�g�^�Z�j�l���± �h�k�l�Z�l�h�q�g�u�_���k�b�]�g�Z�e�u���i�j�h��
�l�h�g�h�\�� �>�F�K�H-d6 ������������ �f���^��������Bruker 
DRX�������������������F�=�p�����\���>�F�K�H-d6�����\�g�m�l�j�_�g��
�g�b�c�� �k�l�Z�g�^�Z�j�l���± �L�F�K���� �<�W�@�O-�F�K�� �Z�g�Z�e�b�a��
�i�j�h�\�h�^�b�e�k�y�� �g�Z�� �i�j�b�[�h�j�_�� �$�J�L�O�H�Q�W��
�7�H�F�K�Q�R�O�R�J�L�H�V�������������L�Q�I�L�Q�L�W�\�����K�R�:�����k���f�Z�k�k-
�^�_�l�_�d�l�h�j�h�f�� �$�J�L�O�H�Q�W�� ���������� �7�2�)�� �/�&���0�6��
���\�j�_�f�y�i�j�h�e�_�l�g�u�c�� �^�_�l�_�d�l�h�j�� �f�Z�k�k�� �\�u�k�h��
�d�h�]�h�� �j�Z�a�j�_�r�_�g�b�y���� �i�j�h�b�a�\�h�^�k�l�\�Z�� �K�R�:������
�f�_�l�h�^�� �b�h�g�b�a�Z�p�b�b���± �^�\�h�c�g�h�_�� �w�e�_�d�l�j�h�j�Z�k��
�i�u�e�_�g�b�_�����G�X�D�O-�(�6�,�������A�Z�i�b�k�v���b���j�_�]�b�k�l�j�Z�p�b�y��
�k�b�]�g�Z�e�h�\�� �i�j�h�\�h�^�b�e�Z�k�v�� �\�� �i�h�e�h�`�b�l�_�e�v�g�h�c��
�i�h�e�y�j�g�h�k�l�b�����g�_�[�m�e�Z�c�a�_�j�����12�����������S�V�L�J�����]�Z�a-
�h�k�m�r�b�l�_�e�v�����12���������k�f3���f�b�g�����������ƒ�&�����^�b�Z�i�Z��
�a�h�g���h�[�g�Z�j�m�`�_�g�b�y���f�Z�k�k���k�h�k�l�Z�\�e�y�_�l������-2000 
�>�Z�e�v�l�h�g�����G�Z�i�j�y�`�_�g�b�_���g�Z���d�Z�i�b�e�e�y�j�_�����������d�<�� 
�n�j�Z�]�f�_�g�l�Z�l�h�j�_�� ���������� �<���� �k�d�b�f�f�_�j�_�� �������� �<����
�2�F�W�5�)�� �������� �<���� �M�k�e�h�\�b�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�j�h��
�\�Z�g�b�y���� �d�h�e�h�g�d�Z�� �3�R�U�R�V�K�H�O�O�� �������� �(�&-C18 
(4.6x50 �f�f�������������f�d�f�������=�j�Z�^�b�_�g�l�g�h�_���w�e�x�b�j�h��
�\�Z�g�b�_���� �Z�p�_�l�h�g�b�l�j�b�e���\�h�^�Z�� ������������ �f�m�j�Z�\�v�b��
�g�h�c���d�b�k�e�h�l�u�������k�d�h�j�h�k�l�v���i�h�l�h�d�Z�����������k�f3���f�b�g�� 
�I�j�h�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_���^�e�y���h�[�j�Z�[�h�l�d�b��
�j�_�a�m�e�v�l�Z�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�c���± MassHunter 
Workstation/Data Acquisition V.06.00. 
�L�_�f�i�_�j�Z�l�m�j�u�� �i�e�Z�\�e�_�g�b�y�� �h�i�j�_�^�_�e�_�g�u�� �g�Z��
�Z�i�i�Z�j�Z�l�_���6�W�X�D�U�W���6�0�3���������<�_�e�b�d�h�[�j�b�l�Z�g�b�y���� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�N�h�j�f�b�e�b�j�h�\�Z�g�b�_�� ��-�Z�e�d�b�e-5-�f�_�l�b�e-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-7(4H)-
�h�g�h�\�� ����a,b���� �i�j�h�\�h�^�b�e�b�� �i�h�� �f�_�l�h�^�m�� �<�b�e�v��
�k�f�Z�c�_�j�Z-�O�Z�Z�d�Z���k���i�j�b�f�_�g�_�g�b�_�f���o�e�h�j�h�d�b�k�b��

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

�G�Z���j�b�k���� �����i�j�b�\�_�^�_�g�Z�� �o�j�h�f�Z�l�h�]�j�Z�f�f�Z��
�j�_�Z�d�p�b�h�g�g�h�c�� �k�f�_�k�b���� �i�h�e�m�q�_�g�g�h�c�� �\�� �j�_��
�a�m�e�v�l�Z�l�_�� �n�h�j�f�b�e�b�j�h�\�Z�g�b�y�� ������-�^�b�f�_�l�b�e-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-7(4H)-
�h�g�Z������a������ �G�Z�j�y�^�m���k���i�b�d�h�f��2�����k�h�h�l�\�_�l�k�l�\�m��
�x�s�b�f�� �i�h�� �f�Z�k�k�_�� �i�j�h�l�h�g�b�j�h�\�Z�g�g�h�]�h�� �b�h�g�Z��
�p�_�e�_�\�h�f�m�� ������-�^�b�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h-
[1,5-a�@�i�b�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�m�� ����a), 
�i�j�b�k�m�l�k�l�\�m�x�l�� �i�b�d�b�� �l�j�_�o�� �i�h�[�h�q�g�u�o�� �i�j�h��
�^�m�d�l�h�\���j�_�Z�d�p�b�b�����I�j�b�f�_�j�u���f�Z�k�k-�k�i�_�d�l�j�h�\��
�i�j�b�\�_�^�_�g�u���g�Z���j�b�k������-5�����>�e�y���m�k�l�Z�g�h�\�e�_�g�b�y��
�k�l�j�h�_�g�b�y�� �p�_�e�_�\�h�]�h�� �d�Z�j�[�Z�e�v�^�_�]�b�^�Z�� ����a������ �Z��
�l�Z�d�`�_���i�h�[�h�q�g�u�o���i�j�h�^�m�d�l�h�\���j�_�Z�d�p�b�b���[�u�e�h��
�g�_�h�[�o�h�^�b�f�h���\�u�^�_�e�b�l�v���i�h�e�m�q�_�g�g�u�_���k�h�_�^�b��
�g�_�g�b�y���\���b�g�^�b�\�b�^�m�Z�e�v�g�h�f���\�b�^�_. 

�F�_�l�h�^�h�f�� �L�K�O�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �i�j�b��
�i�j�b�f�_�g�_�g�b�b���\���d�Z�q�_�k�l�\�_���I�N���k�f�_�k�b���o�e�h�j�h��
�n�h�j�f���± �f�_�l�Z�g�h�e�� �������������� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�Z�y�� �a�h�g�Z�� �\�_�s�_�k�l�\�Z���� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h��
�i�b�d�m���������g�Z�o�h�^�b�l�k�y���g�Z���e�b�g�b�b���k�l�Z�j�l�Z�����l�h�]�^�Z��
�d�Z�d���a�g�Z�q�_�g�b�y��Rf �^�e�y���d�Z�j�[�Z�e�v�^�_�]�b�^�Z������a�������b��
�\�_�s�_�k�l�\���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�b�d�Z�f�� ���� �b�� ������
�k�h�k�l�Z�\�e�y�x�l�� ���������“������������ ���������“���������� �b��
���������“�������������k�h�h�l�\�_�l�k�l�\�_�g�g�h�����G�Z���h�k�g�h�\�Z�g�b�b��
�i�h�e�m�q�_�g�g�u�o�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �^�Z�g��
�g�u�o�� �f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h�� �a�g�Z�q�b��
�l�_�e�v�g�Z�y���j�Z�a�g�b�p�Z��Rf �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���p�_��
�e�_�k�h�h�[�j�Z�a�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �d�h�e�h�g�h�q�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b���^�e�y���\�u�^�_�e�_�g�b�y���i�j�h�^�m�d�l�h�\��
�\���q�b�k�l�h�f���\�b�^�_�� 

�G�Z�f�b���g�Z�c�^�_�g�h�����q�l�h���i�j�b�f�_�g�_�g�b�_���k�b�e�b�d�Z��
�]�_�e�y���\���d�Z�q�_�k�l�\�_���G�N���g�Z���d�h�e�h�g�d�_���^�b�Z�f�_�l�j�h�f��
�������� �f�f�� �b�� �\�u�k�h�l�h�c�� �k�e�h�y�� �k�h�j�[�_�g�l�Z�� �������� �f�f��
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�i�h�a�\�h�e�y�_�l�� �b�g�^�b�\�b�^�m�Z�e�b�a�b�j�h�\�Z�l�v�� ������-�^�b��
�f�_�l�b�e-[1,�������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-
6-�d�Z�j�[�Z�e�v�^�_�]�b�^�� ����a���� �b�� �k�h�_�^�b�g�_�g�b�_�� �k�h�h�l��
�\�_�l�k�l�\�m�x�s�_�_���i�b�d�m�������k���\�u�o�h�^�Z�f�b���������b��������
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����>�e�y���w�l�h�]�h�����i�h�k�e�_���g�Z�g�_�k�_��
�g�b�y�� �g�Z�� �k�h�j�[�_�g�l�� �j�Z�k�l�\�h�j�Z�� �j�Z�a�^�_�e�y�_�f�h�c��
�k�f�_�k�b�� �\�� �k�b�k�l�_�f�_�� �o�e�h�j�h�n�h�j�f���± �f�_�l�Z�g�h�e��

�������������� �\�u�f�u�\�Z�e�b���i�j�h�^�m�d�l���� �k�h�h�l�\�_�l�k�l�\�m�x��
�s�b�c���i�b�d�m���������w�e�x�_�g�l�h�f���l�h�]�h���`�_���k�h�k�l�Z�\�Z�����^�h��
�h�l�k�m�l�k�l�\�b�y�� �_�]�h�� �g�Z�e�b�q�b�y�� �\�� �w�e�x�Z�l�_�� ���d�h�g��
�l�j�h�e�v���i�h���L�K�O�������J�Z�k�o�h�^���k�f�_�k�b���o�e�h�j�h�n�h�j�f��
�± �f�_�l�Z�g�h�e�� �������������� �k�h�k�l�Z�\�b�e�� ������ �k�f3���� �A�Z�l�_�f��
�Z�g�Z�e�h�]�b�q�g�h���\�u�^�_�e�y�e�b���i�h�[�h�q�g�h�_���k�h�_�^�b�g�_��
�g�b�_�����k�h�h�l�\�_�l�k�l�\�m�x�s�_�_���i�b�d�m�������b��������-�^�b�f�_��
�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>1,5-a�@�i�b�j�b�f�b�^�b�g-6- 

 
�J�b�k����1. �B�g�l�_�]�j�b�j�h�\�Z�g�g�Z�y���k�d�Z�g�b�j�h�\�Z�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�f�f�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b. 

Fig. 1. Integrated scanned chromatogram of the reaction mixture. 

 
�J�b�k����2. �F�Z�k�k-�k�i�_�d�l�j�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���i�b�d�m���� 

Fig. 2. The mass spectrum corresponding to peak 1 

 
�J�b�k����3. �F�Z�k�k-�k�i�_�d�l�j�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���i�b�d�m���� 
Fig. 3 The mass spectrum corresponding to peak 2 

 
�J�b�k����4. �F�Z�k�k-�k�i�_�d�l�j�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���i�b�d�m���� 

Fig. 4. The mass spectrum corresponding to peak 3 

 
�J�b�k����5 �F�Z�k�k-�k�i�_�d�l�j�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���i�b�d�m���� 

Fig. 5 The mass spectrum corresponding to peak 4 
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�d�Z�j�[�Z�e�v�^�_�]�b�^������a�������I�j�b���w�l�h�f���m�k�l�Z�g�h�\�e�_�g�h����
�q�l�h�� �^�e�y�� �\�u�^�_�e�_�g�b�y�� �i�h�[�h�q�g�h�]�h�� �k�h�_�^�b�g�_��
�g�b�y�����k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h���i�b�d�m���������b���d�Z�j�[�Z�e�v��
�^�_�]�b�^�Z������a�����j�Z�k�o�h�^���k�f�_�k�b���o�e�h�j�h�n�h�j�f���± �f�_��
�l�Z�g�h�e�����������������k�h�k�l�Z�\�b�e�����������b�����������k�f3 �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h�����I�j�b�f�_�j�u���j�_�a�m�e�v�l�Z�l�h�\���<�W�@�O��
�Z�g�Z�e�b�a�Z�� �h�q�b�s�_�g�g�u�o�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �\�_��
�s�_�k�l�\���i�j�b�\�_�^�_�g�u���g�Z���J�b�k����6-7. 

�K�l�j�h�_�g�b�_���i�h�e�m�q�_�g�g�u�o���\���b�g�^�b�\�b�^�m�Z�e�v��
�g�h�f���\�b�^�_���k�h�_�^�b�g�_�g�b�c���^�h�d�Z�a�Z�g�u���f�_�l�h�^�Z�f�b��
1�G���b��13C �Y�F�J���b���f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b�����L�Z�d����
�\���k�i�_�d�l�j�_��1�G���Y�F�J��������-�^�b�f�_�l�b�e-�>�����������@�l�j�b��
�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�Z��
(2a���� �g�Z�[�e�x�^�Z�_�l�k�y�� �o�Z�j�Z�d�l�_�j�g�u�c�� �k�b�]�g�Z�e��
�i�j�h�l�h�g�Z���n�h�j�f�b�e�v�g�h�c���]�j�m�i�i�u���\���\�b�^�_���k�b�g��
�]�e�_�l�Z���i�j�b�������������f���^�����D�j�h�f�_���l�h�]�h�����\���h�[�e�Z�k�l�b��
�������������f���^�����i�j�b�k�m�l�k�l�\�m�_�l���k�b�]�g�Z�e���i�j�h�l�h�g�Z���\��
�\�b�^�_���m�r�b�j�_�g�g�h�]�h �k�b�]�g�Z�e�Z�����q�l�h���k�\�b�^�_�l�_�e�v��
�k�l�\�m�_�l���\���i�h�e�v�a�m���h�[�j�Z�a�h�\�Z�g�b�y��������-�^�b�f�_�l�b�e-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-6-�d�Z�j��
�[�Z�e�v�^�_�]�b�^�Z�� �\�� �2�+-�n�h�j�f�_�� ����a������ �<�� �k�i�_�d�l�j�_��
13C �Y�F�J���i�j�b���������������f���^�����g�Z�[�e�x�^�Z�_�l�k�y���k�b�]��
�g�Z�e�����o�Z�j�Z�d�l�_�j�g�u�c���^�e�y���Z�l�h�f�Z���m�]�e�_�j�h�^�Z���Z�e�v��
�^�_�]�b�^�g�h�c���]�j�m�i�i�u�� 

�K�i�_�d�l�j�� �k�h�_�^�b�g�_�g�b�y���� �k�h�h�l�\�_�l�k�l�\�m�x��
�s�_�]�h�� �i�b�d�m�� ������ �k�h�^�_�j�`�b�l�� �k�b�]�g�Z�e�� �i�j�h�l�h�g�Z��
�]�b�^�j�h�d�k�b�e�v�g�h�c�� �]�j�m�i�i�u�� �\�� �\�b�^�_�� �m�r�b�j�_�g��
�g�h�]�h�� �k�b�]�g�Z�e�Z�� �i�j�b�� ������������ �f���^������ �\�� �h�[�e�Z�k�l�b��
���������� �f���^���� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�b�g�]�e�_�l���� �d�h�l�h�j�u�c��
�f�h�`�g�h�� �h�l�g�_�k�l�b�� �d�� �i�j�h�l�h�g�Z�f��NH- �b��OH-
�]�j�m�i�i�����K�b�g�]�e�_�l���i�j�h�l�h�g�Z��CH-�]�j�m�i�i�u���p�b�d��
�e�h�i�_�g�l�Z�g�h�\�h�]�h�� �n�j�Z�]�f�_�g�l�Z�� �i�j�h�y�\�e�y�_�l�k�y��

�i�j�b������������ �f���^���� �D�j�h�f�_���l�h�]�h���� �\�� �h�[�e�Z�k�l�b������������
�f���^�����g�Z�[�e�x�^�Z�_�l�k�y���k�b�g�]�e�_�l�����k�h�h�l�\�_�l�k�l�\�m�x��
�s�b�c���i�j�h�l�h�g�Z�f���^�\�m�o���f�_�l�b�e�v�g�u�o���]�j�m�i�i���i�j�b��
�Z�l�h�f�_�� �Z�a�h�l�Z���� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o��
�^�Z�g�g�u�o���� �w�l�h�f�m�� �k�h�_�^�b�g�_�g�b�x�� �[�u�e�Z�� �i�j�b�i�b��
�k�Z�g�Z���k�l�j�m�d�l�m�j�Z����-���^�b�f�_�l�b�e�Z�f�b�g�h��-2-�f�_�l�b�e-
4H-�p�b�d�e�h�i�_�g�l�Z�>d�@�>�����������@�l�j�b�Z�a�h�e�h-[1,5-
a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e�Z�������Z�������k�o�_�f�Z�������� 

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

�:�g�Z�e�h�]�b�q�g�u�f���h�[�j�Z�a�h�f�� �[�u�e���i�h�e�m�q�_�g����-
�f�_�l�b�e-2-�w�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b��
�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�� ����b���� �b�� ��-���^�b�f�_�l�b��
�e�Z�f�b�g�h��-2-�w�l�b�e-4H-�p�b�d�e�h�i�_�g�l�Z�>d][1,2,4]-
�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e������b�����k��
�\�u�o�h�^�Z�f�b�������� �b�������� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �M�k�l�Z��
�g�h�\�e�_�g�h���� �q�l�h�� �^�e�y�� �\�u�^�_�e�_�g�b�y�� ��-���^�b�f�_�l�b��
�e�Z�f�b�g�h��-2-�w�l�b�e-4H-�p�b�d�e�h�i�_�g�l�Z�>d]-[1,2,4] 
�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e�Z�� ����b) 
�b�� ��-�f�_�l�b�e-2-�w�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-a] 
�i�b�j�b�f�b�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�Z�� ����b���� �j�Z�k�o�h�^��
�k�f�_�k�b�� �o�e�h�j�h�n�h�j�f���± �f�_�l�Z�g�h�e�� �������������� �k�h�k�l�Z��
�\�b�e�����������b�����������k�f3 �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� 

�K�l�j�h�_�g�b�_���i�h�e�m�q�_�g�g�u�o���\���b�g�^�b�\�b�^�m�Z�e�v��
�g�h�f���\�b�^�_���k�h�_�^�b�g�_�g�b�c������b �b����b�����^�h�d�Z�a�Z�g�u��
�f�_�l�h�^�Z�f�b��1�G���Y�F�J���b���f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b����
�<���k�i�_�d�l�j�_��1�G���Y�F�J����-�]�b�^�j�h�d�k�b-5-�f�_�l�b�e-2-
�w�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-6-

 
�K�o�_�f�Z���� 
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�d�Z�j�[�Z�e�v�^�_�]�b�^�Z�� ����b���� �i�j�b�k�m�l�k�l�\�m�x�l�� �k�b�]��
�g�Z�e�u�� �i�j�h�l�h�g�h�\�� �n�h�j�f�b�e�v�g�h�c�� �b�� �]�b�^�j�h�d��
�k�b�e�v�g�h�c���]�j�m�i�i�����\���\�b�^�_���k�b�g�]�e�_�l�Z���i�j�b��������������
�f���^�����b���m�r�b�j�_�g�g�h�]�h���k�b�]�g�Z�e�Z���i�j�b���������������k�h��
�h�l�\�_�l�k�l�\�_�g�g�h�� �<�� �k�i�_�d�l�j�_�� ��-���^�b�f�_�l�b��
�e�Z�f�b�g�h)-2-�w�l�b�e-4H-�p�b�d�e�h�i�_�g�l�Z�>d][1,2,4]-
�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e�Z������b) 
�g�Z�[�e�x�^�Z�x�l�k�y���o�Z�j�Z�d�l�_�j�g�u�_���k�b�]�g�Z�e�u�����i�h�^��
�l�\�_�j�`�^�Z�x�s�b�_���_�]�h���k�l�j�m�d�l�m�j�m�����M�r�b�j�_�g�g�u�c��
�k�b�]�g�Z�e���i�j�b���������������f���^�����k�h�h�l�\�_�l�k�l�\�m�_�l���i�j�h��
�l�h�g�m�� �]�b�^�j�h�d�k�b�e�v�g�h�c�� �]�j�m�i�i�u���� �<�� �h�[�e�Z�k�l�b��
���������� �f���^���� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�� �k�b�g�]�e�_�l���� �d�h�l�h��
�j�u�c���f�h�`�_�l���[�u�l�v���h�l�g�_�k�_�g���d���i�j�h�l�h�g�Z�f���1�+- 
�b�� �2�+-�n�j�Z�]�f�_�g�l�h�\���� �K�b�g�]�e�_�l�� �i�j�h�l�h�g�Z��CH-
�]�j�m�i�i�u�� �p�b�d�e�h�i�_�g�l�Z�g�h�\�h�]�h�� �n�j�Z�]�f�_�g�l�Z��
�i�j�h�y�\�e�y�_�l�k�y�� �i�j�b�� ���������� �f���^���� �K�b�]�g�Z�e���� �k�h�h�l��
�\�_�l�k�l�\�m�x�s�b�c�� �i�j�h�l�h�g�Z�f�� �^�\�m�o�� �f�_�l�b�e�v�g�u�o��
�]�j�m�i�i���i�j�b���Z�l�h�f�_���Z�a�h�l�Z�����g�Z�[�e�x�^�Z�_�l�k�y���\���h�[��
�e�Z�k�l�b�������������f���^�����b���b�f�_�_�l���\�b�^���k�b�g�]�e�_�l�Z�� 

�<�_�j�h�y�l�g�u�c�� �i�m�l�v�� �j�_�Z�d�p�b�b���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�u�c�� �g�Z���k�o�_�f�_�� ������ �i�j�_�^�i�h�e�Z�]�Z�_�l�� �i�h�k�e�_��
�^�h�\�Z�l�_�e�v�g�m�x���^�\�h�c�g�m�x���Z�l�Z�d�m���b�k�o�h�^�g�h�]�h����-
�Z�e�d�b�e-5-�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b��
�j�b�f�b�^�b�g-7(4H)-�h�g�Z���������� �b�f�b�g�b�_�\�u�f�� �d�Z�l�b��
�h�g�h�f�� ��V), �h�[�j�Z�a�m�x�s�b�f�k�y�� �\�� �m�k�e�h�\�b�y�o�� �j�_��
�Z�d�p�b�b�� �<�b�e�v�k�f�Z�c�_�j�Z-�O�Z�Z�d�Z���� �k�� �h�[�j�Z�a�h�\�Z��
�g�b�_�f�� �b�g�l�_�j�f�_�^�b�Z�l�h�\�� ��A) �b�� ��B)���� �>�Z�e�v�g�_�c��
�r�Z�y���\�g�m�l�j�b�f�h�e�_�d�m�e�y�j�g�Z�y���p�b�d�e�b�a�Z�p�b�y���b�g��

�l�_�j�f�_�^�b�Z�l�Z�� ��B������ �k�h�i�j�h�\�h�`�^�Z�x�s�Z�y�k�y�� �h�l��
�s�_�i�e�_�g�b�_�f�� �^�b�f�_�l�b�e�Z�f�b�g�Z�� �b�� �o�e�h�j�h�\�h�^�h��
�j�h�^�Z���� �i�j�b�\�h�^�b�l�� �d�� �d�h�g�_�q�g�u�f�� �i�j�h�^�m�d�l�Z�f��
�j�_�Z�d�p�b�b�� ��-���^�b�f�_�l�b�e�Z�f�b�g�h��-2-R-4H-�p�b�d��
�e�h�i�_�g�l�Z�>d�@�>�����������@�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b��
�^�b�g-7,8-� �̂b�h�e�Z�f���������� 

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�� �i�h�f�h�s�v�x�� �<�W�@�O-
�F�K�� �b��1�G�� �Y�F�J�� �Z�g�Z�e�b�a�Z�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h��
�j�_�Z�d�p�b�h�g�g�u�_�� �k�f�_�k�b���� �i�h�e�m�q�_�g�g�u�_�� �\�� �j�_��
�a�m�e�v�l�Z�l�_�� �n�h�j�f�b�e�b�j�h�\�Z�g�b�y�� ��-�Z�e�d�b�e-5-�f�_��
�l�b�e-[1,2,4]�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b�^�b�g-
7(4H)-�h�g�h�\�� ����a,b���� �i�h�� �j�_�Z�d�p�b�b�� �<�b�e�v�k�f�Z�c��
�_�j�Z-�O�Z�Z�d�Z���� �i�h�f�b�f�h�� ��-�Z�e�d�b�e-7-�]�b�^�j�h�d�k�b-
5-�f�_�l�b�e-�>�����������@�l�j�b�Z�a�h�e�h�>������-�Z�@�i�b�j�b�f�b��
�^�b�g-6-�d�Z�j�[�Z�e�v�^�_�]�b�^�h�\������a,b�����b����-�Z�e�d�b�e-6-
���^�b�f�_�l�b�e�Z�f�b�g�h��-4H-�p�b�d�e�h�i�_�g�l�Z�>d][1,2,4] 
�l�j�b�Z�a�h�e�h�>������-a�@�i�b�j�b�f�b�^�b�g-7,8-�^�b�h�e�h�\��
(3a,b�����k�h�^�_�j�`�Z�l�������i�h�[�h�q�g�u�o���i�j�h�^�m�d�l�Z���g�_��
�m�k�l�Z�g�h�\�e�_�g�g�h�]�h�� �k�l�j�h�_�g�b�y���� �J�Z�a�j�Z�[�h�l�Z�g��
�i�j�_�i�Z�j�Z�l�b�\�g�u�c���f�_�l�h�^���b�g�^�b�\�b�^�m�Z�e�b�a�Z�p�b�b��
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Fig. 7. Integrated scanned chromatogram corresponding to peak 3 after purification by column 

chromatography on silica gel 
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Abstract. Amino acids play an important role in the body, being the structural elements of many organic 
compounds that perform vital functions. Amino acids enter the body in various ways: some amino acids can 
be synthesized by the body itself, while others enter the body through food products of animal and vegetable 
origin. Amino acids are involved in nervous regulation, affect vascular tone and are used to treat various dis-
eases. The study of medicinal plants as potential sources of easily digestible amino acids, which play an im-
portant role in the vital activity of organisms, remains an urgent research topic. The aim of the work was to 
determine the variability of the amino acid composition of horse chestnut flowers in various growing regions 
within the framework of their comprehensive phytochemical study. Using the thin-layer chromatography 
(TLC) method, it was found that the profile of free amino acids of horse chestnut flowers is identical for raw 
materials harvested in different growing regions. 10 zones of substances of AK nature were observed, among 
which interchangeable AK with Rf values equal to: (0.10 �± arginine; 0.32 �± proline; 0.38 �± glycine; 0.42 �± 
glutamic acid) and irreplaceable AK with Rf values (0.52 �± methionine; 0.62 �± leucine; 0.74 �± phenylalanine) 
were identified. As well as 3 unidentified AC zones with Rf values = 0.15; 0.26; 0.84. The differential spec-
trophotometry method was used to determine the content of the sum of free amino acids in terms of glutamic 
acid and the variability of this indicator in horse chestnut flowers of various growing regions (from 1.07% to 
3.38%). The maximum accumulation of these BAS was noted for chestnut flowers harvested in the Voronezh 
region, the minimum - in raw materials from the Stavropol Territory. The results obtained showed the repro-
ducibility of the composition of amino acids, as substances of primary metabolism, in raw materials of the 
same type, regardless of the combination of environmental factors and cultivation conditions. This indicator, 
unlike the quantitative content, is determined primarily by the genotype of the organism and does not depend 
much on ecological and geographical factors. The amino acid composition can serve as an additional criterion 
for the quality of the studied raw materials, since any deviations from the established norms of harvesting, 
storage and drying of flowers, their processing and extraction can affect the chromatographic profile and the 
quantitative content of the amount. The obtained data also indicate the prospects of using horse chestnut flowers 
and preparations based on them as alternative sources of essential amino acids. 
Keywords: horse chestnut flowers, amino acids, differential spectrophotometry, thin-layer chromatography, 
ecological and geographical variability of composition 
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�`�^�_�g�b�c�� �i�_�q�_�g�b���� �y�a�\�_�g�g�h�c�� �[�h�e�_�a�g�b�� �`�_��
�e�m�^�d�Z�����h�[�e�Z�^�Z�x�l���k�_�^�Z�l�b�\�g�u�f���w�n�n�_�d�l�h�f���b��
�^�j�m�]�b�f�b���[�b�h�e�h�]�b�q�_�k�d�b�f�b���k�\�h�c�k�l�\�Z�f�b���>��-
���@�����G�_�e�v�a�y���g�_���h�l�f�_�l�b�l�v���i�h�a�b�l�b�\�g�h�_���\�e�b�y��
�g�b�_�� �:�D�� �g�Z�� �d�h�f�i�h�g�_�g�l�g�u�c�� �k�h�k�l�Z�\�� �b�� �l�_�j�Z��
�i�_�\�l�b�q�_�k�d�h�_�� �^�_�c�k�l�\�b�_�� �j�Z�k�l�b�l�_�e�v�g�h�]�h�� �k�u��
�j�v�y�����H�g�b���k�i�h�k�h�[�g�u���i�j�b�^�Z�\�Z�l�v���j�Z�a�e�b�q�g�u�f��
�f�h�e�_�d�m�e�Z�f�� �h�j�]�Z�g�b�q�_�k�d�h�c�� �b�� �g�_�h�j�]�Z�g�b�q�_��
�k�d�h�c�� �i�j�b�j�h�^�u�� �e�_�]�d�h�m�k�\�h�y�_�f�m�x���� �g�b�a�d�h��
�l�h�d�k�b�q�g�m�x���n�h�j�f�m���� �i�j�h�e�h�g�]�b�j�h�\�Z�l�v���l�_�j�Z��
�i�_�\�l�b�q�_�k�d�b�c���w�n�n�_�d�l�����Z���l�Z�d�`�_���i�h�l�_�g�p�b�j�h��
�\�Z�l�v���n�Z�j�f�Z�d�h�e�h�]�b�q�_�k�d�h�_���^�_�c�k�l�\�b�_���h�k�g�h�\��
�g�u�o �j�Z�k�l�b�l�_�e�v�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �>��-12]. 
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�B�k�o�h�^�y���b�a���w�l�h�]�h���Z�d�l�m�Z�e�v�g�h�k�l�v���b�k�k�e�_�^�h�\�Z��
�g�b�y���d�Z�q�_�k�l�\�_�g�g�h�]�h���b���d�h�e�b�q�_�k�l�\�_�g�g�h�]�h���k�h��
�k�l�Z�\�Z�� �:�D�� �\�� �E�J�K�� �g�_�k�h�f�g�_�g�g�Z���� �>�e�y�� �b�a�m�q�_��
�g�b�y�� �Z�f�b�g�h�d�b�k�e�h�l�g�h�]�h�� �k�h�k�l�Z�\�Z�� �j�Z�k�l�_�g�b�c��
�i�j�b�f�_�g�y�x�l�� �j�Z�a�e�b�q�g�u�_�� �n�b�a�b�d�h-�o�b�f�b�q�_��
�k�d�b�_�� �f�_�l�h�^�u���� �h�l�e�b�q�Z�x�s�b�_�k�y�� �\�u�k�h�d�h�c��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x���� �w�d�k�i�j�_�k�k�g�h�k�l�v�x�� �b��
�b�g�n�h�j�f�Z�l�b�\�g�h�k�l�v�x���� �G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h��
�k�l�j�Z�g�_�g�g�u�f�b���y�\�e�y�x�l�k�y���f�_�l�h�^�u���i�e�h�k�d�h�k�l��
�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� ���[�m�f�Z�`�g�Z�y���� �l�h�g�d�h��
�k�e�h�c�g�Z�y������ �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�c�� �`�b�^�d�h�k�l��
�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� ���<�W�@�O������ �d�Z�i�b�e�e�y�j��
�g�h�]�h���w�e�_�d�l�j�h�n�h�j�_�a�Z���b���k�i�_�d�l�j�h�n�h�l�h�f�_�j�b�b��
[14-�����@���� �L�h�g�d�h�k�e�h�c�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y��
�h�[�e�Z�^�Z�_�l�� �\�k�_�f�b �i�j�_�b�f�m�s�_�k�l�\�Z�f�b�� �o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�b�o���f�_�l�h�^�h�\���b���Z�d�l�b�\�g�h���i�j�b�f�_��
�g�y�_�l�k�y�� �^�e�y�� �b�a�m�q�_�g�b�y�� �d�h�f�i�h�g�_�g�l�g�h�]�h�� �k�h��
�k�l�Z�\�Z�� �E�J�K�� �a�Z�� �k�q�_�l�� �k�\�h�_�c�� �^�_�r�_�\�b�a�g�u���� �k�_��
�e�_�d�l�b�\�g�h�k�l�b���b���i�j�h�k�l�h�l�_���\�u�i�h�e�g�_�g�b�y���Z�g�Z��
�e�b�a�Z�����<�W�@�O���e�_�`�b�l���\���h�k�g�h�\�_���j�Z�[�h�l�u���Z�f�b��
�g�h�d�b�k�e�h�l�g�h�]�h�� �Z�g�Z�e�b�a�Z�l�h�j�Z���� �>�Z�g�g�u�_��
�m�k�l�j�h�c�k�l�\�Z���i�h�a�\�h�e�y�x�l���h�i�j�_�^�_�e�b�l�v���k�h�^�_�j��
�`�Z�g�b�_���d�Z�`�^�h�c���Z�f�b�g�h�d�b�k�e�h�l�u���\���b�k�k�e�_�^�m�_��
�f�h�f�� �h�[�t�_�d�l�_���� �I�j�b�� �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b�� �k�u�j�v�y��
�^�h�k�l�Z�l�h�q�g�h�� �h�i�j�_�^�_�e�b�l�v�� �h�[�s�_�_�� �k�h�^�_�j�`�Z��
�g�b�_�� �Z�f�b�g�h�d�b�k�e�h�l���� �i�h�k�d�h�e�v�d�m�� �b�o�� �k�h�k�l�Z�\�� �\��
�j�Z�k�l�_�g�b�y�o���f�h�`�_�l���\�Z�j�v�b�j�h�\�Z�l�v�k�y���\���a�Z�\�b�k�b��
�f�h�k�l�b�� �h�l�� �f�g�h�`�_�k�l�\�Z�� �n�Z�d�l�h�j�h�\�� �>�����@���� �>�e�y��
�h�i�j�_�^�_�e�_�g�b�y���k�m�f�f�u���k�\�h�[�h�^�g�u�o���:�D���p�_�e�_��
�k�h�h�[�j�Z�a�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�i�_�d�l�j�Z�e�v�g�u�_��
�f�_�l�h�^�u�� �Z�g�Z�e�b�a�Z���± �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�y�� �\��
�M�N- �b�� �\�b�^�b�f�h�c�� �h�[�e�Z�k�l�b���� �<�� �g�Z�k�l�h�y�s�_�_��
�\�j�_�f�y�� �k�m�s�_�k�l�\�m�x�l�� �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v��
�g�u�_�����k�i�_�p�b�n�b�q�g�u�_���b���i�j�h�k�l�u�_���k�i�_�d�l�j�h�n�h��
�l�h�f�_�l�j�b�q�_�k�d�b�_�� �f�_�l�h�^�b�d�b�� �h�i�j�_�^�_�e�_�g�b�y��
�k�m�f�f�u���k�\�h�[�h�^�g�u�o���Z�f�b�g�h�d�b�k�e�h�l���\���E�J�K���� 

�I�_�j�k�i�_�d�l�b�\�g�u�f���e�_�d�Z�j�k�l�\�_�g�g�u�f���j�Z�k�l�_��
�g�b�_�f���� �r�b�j�h�d�h���d�m�e�v�l�b�\�b�j�m�_�f�u�f�� �\�� �_�\�j�h��
�i�_�c�k�d�h�c�� �q�Z�k�l�b�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b����
�y�\�e�y�_�l�k�y���D�Z�r�l�Z�g���d�h�g�k�d�b�c���h�[�u�d�g�h�\�_�g�g�u�c��
(Aesculus hippocastanum L.������ �G�Z�� �^�Z�g�g�u�c��
�f�h�f�_�g�l�� �k�h�]�e�Z�k�g�h�� �g�h�j�f�Z�l�b�\�g�h�c�� �^�h�d�m�f�_�g��
�l�Z�p�b�b�� �h�n�b�p�b�Z�e�v�g�u�f�� �E�J�K�� �y�\�e�y�x�l�k�y�� �k�_��
�f�_�g�Z�� �d�Z�r�l�Z�g�Z�� �d�h�g�k�d�h�]�h���� �<�� �g�Z�m�q�g�h�f�� �i�h�e�_��
�k�m�s�_�k�l�\�m�x�l���g�_�f�g�h�]�h�q�b�k�e�_�g�g�u�_���b�k�k�e�_�^�h��
�\�Z�g�b�y�� �Z�f�b�g�h�d�b�k�e�h�l�g�h�]�h�� �k�h�k�l�Z�\�Z�� �k�_�f�y�g����
�e�b�k�l�v�_�\���b���p�\�_�l�d�h�\���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���>����-
�����@���� �>�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�c�� �h��

�\�h�a�f�h�`�g�u�o���h�[�t�_�f�Z�o���k�u�j�v�_�\�h�c���[�Z�a�u���k���p�_��
�e�v�x���h�[�_�k�i�_�q�_�g�b�y���n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�h�c���i�j�h��
�f�u�r�e�_�g�g�h�k�l�b���b�k�o�h�^�g�u�f���^�h�k�l�m�i�g�u�f���h�l�_��
�q�_�k�l�\�_�g�g�u�f�� �k�u�j�v�_�f�� �^�e�y�� �i�j�h�b�a�\�h�^�k�l�\�Z��
�E�J�I�� �l�j�_�[�m�_�l�k�y�� �\�k�_�k�l�h�j�h�g�g�_�_�� �b�k�k�e�_�^�h�\�Z��
�g�b�_���d�Z�`�^�h�c���]�j�m�i�i�u���;�:�<���\���d�h�f�i�h�g�_�g�l�g�h�f��
�k�h�k�l�Z�\�_�� �p�\�_�l�d�h�\�� �d�Z�r�l�Z�g�Z�� �d�h�g�k�d�h�]�h���� �i�j�b��
�g�b�f�Z�y�� �\�h�� �\�g�b�f�Z�g�b�_�� �d�h�f�i�e�_�d�k�g�u�c�� �o�Z�j�Z�d��
�l�_�j���^�_�c�k�l�\�b�y���E�J�I���g�Z���_�]�h���h�k�g�h�\�_�����Z���l�Z�d�`�_��
�h�p�_�g�d�Z�� �\�h�a�f�h�`�g�h�k�l�b �a�Z�]�h�l�h�\�d�b�� �E�J�K�� �k��
�j�Z�a�e�b�q�g�u�o�� �l�_�j�j�b�l�h�j�b�c�� �J�N �k�� �p�_�e�v�x�� �d�h�j��
�j�_�d�l�g�h�]�h�� �\�\�_�^�_�g�b�y�� �q�b�k�e�h�\�h�]�h�� �g�h�j�f�Z�l�b�\�Z��
�^�e�y���k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b���k�u�j�v�y. 

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

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�H�[�t�_�d�l�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�e�m�`�b�e�b�� �\�u��
�k�m�r�_�g�g�u�_�� �\�h�a�^�m�r�g�h-�l�_�g�_�\�u�f�� �f�_�l�h�^�h�f��
�p�\�_�l�d�b�� �d�Z�r�l�Z�g�Z�� �d�h�g�k�d�h�]�h�� �h�[�u�d�g�h�\�_�g��
�g�h�]�h���� �a�Z�]�h�l�h�\�e�_�g�g�u�_�� �g�Z���_�\�j�h�i�_�c�k�d�h�c�� �q�Z��
�k�l�b�� �J�N�� ���\�� �I�_�l�j�h�a�Z�\�h�^�k�d�h�f�� �]�h�j�h�^�k�d�h�f��
�h�d�j�m�]�_�����E�_�g�b�g�]�j�Z�^�k�d�h�c�����F�h�k�d�h�\�k�d�h�c�����<�h��
�j�h�g�_�`�k�d�h�c���� �<�h�e�]�h�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�y�o�� �b��
�K�l�Z�\�j�h�i�h�e�v�k�d�h�f���d�j�Z�_�����\�h���\�j�_�f�y���p�\�_�l�_�g�b�y��
�\����������-�����������]�h�^�Z�o�����J�Z�c�h�g�u���^�e�y���a�Z�]�h�l�h�\�d�b��
�E�J�K�� �\�u�[�j�Z�g�u�� �b�k�o�h�^�y�� �b�a�� �h�k�h�[�_�g�g�h�k�l�_�c��
�_�k�l�_�k�l�\�_�g�g�u�o�� �Z�j�_�Z�e�h�\ �d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y��
�^�Z�g�g�h�]�h�� �j�Z�k�l�_�g�b�y���� �k�� �p�_�e�v�x�� �h�p�_�g�d�b�� �\�e�b�y��
�g�b�y�� �a�g�Z�q�b�l�_�e�v�g�h�� �h�l�e�b�q�Z�x�s�b�o�k�y�� �i�j�b�j�h�^��
�g�u�o���m�k�e�h�\�b�c���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���^�Z�g�g�u�o��
�j�_�]�b�h�g�h�\�� �g�Z�� �k�h�k�l�Z�\�� �b�� �d�h�e�b�q�_�k�l�\�h�� �:�D�� �\��
�p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h�� 

�B�a�\�e�_�q�_�g�b�y�� �b�a�� �p�\�_�l�d�h�\�� �d�Z�r�l�Z�g�Z�� �d�h�g��
�k�d�h�]�h�� �i�h�e�m�q�Z�e�b�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f����
�h�d�h�e�h�����������]���b�a�f�_�e�v�q�_�g�g�h�]�h���k�u�j�v�y�����l�h�q�g�Z�y��
�g�Z�\�_�k�d�Z�����k���j�Z�a�f�_�j�h�f���q�Z�k�l�b�p�����i�j�h�o�h�^�y�s�b�o��
�k�d�\�h�a�v�� �k�b�l�h�� �k�� �^�b�Z�f�_�l�j�h�f�� �h�l�\�_�j�k�l�b�c�� ��.5 
�f�f���� �i�h�f�_�s�Z�e�b�� �\�� �d�h�g�b�q�_�k�d�m�x�� �d�h�e�[�m�� �\�f�_��
�k�l�b�f�h�k�l�v�x�� ���������k�f3���� �i�j�b�[�Z�\�e�y�e�b�� �������k�f3 

�\�h�^�u���h�q�b�s�_�g�g�h�c�����m�q�b�l�u�\�Z�y���d�h�w�n�n�b�p�b�_�g�l��
�\�h�^�h�i�h�]�e�h�s�_�g�b�y���k�u�j�v�y�����D�h�e�[�m���i�j�b�k�h�_�^�b��
�g�y�e�b���d���h�[�j�Z�l�g�h�f�m���o�h�e�h�^�b�e�v�g�b�d�m���b���g�Z�]�j�_��
�\�Z�e�b���g�Z���d�b�i�y�s�_�c���\�h�^�y�g�h�c���[�Z�g�_���������f�b�g�m�l����
�i�_�j�b�h�^�b�q�_�k�d�b���\�k�l�j�y�o�b�\�Z�y���d�h�e�[�m���^�e�y���k�f�u��
�\�Z�g�b�y�� �q�Z�k�l�b�p�� �k�u�j�v�y�� �k�h�� �k�l�_�g�h�d���� �I�h�k�e�_��
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�d�h�e�[�m���h�o�e�Z�`�^�Z�e�b���^�h���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z��
�l�m�j�u���b���n�b�e�v�l�j�h�\�Z�e�b���i�h�e�m�q�_�g�g�h�_���b�a�\�e�_�q�_��
�g�b�_�� �q�_�j�_�a�� �g�_�k�d�h�e�v�d�h�� �k�e�h�_�\�� �f�Z�j�e�b���� �h�l�`�b��
�f�Z�y���q�Z�k�l�b�p�u���k�u�j�v�y�����\���f�_�j�g�m�x���d�h�e�[�m���\�f�_��
�k�l�b�f�h�k�l�v�x�� �������k�f3���� �I�j�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b��
�^�h�\�h�^�b�e�b���h�[�t�_�f���^�h���f�_�l�d�b���\�h�^�h�c���h�q�b�s�_�g��
�g�h�c���>�����@�� 

�>�e�y���b�^�_�g�l�b�n�b�d�Z�p�b�b���:�D���f�_�l�h�^�h�f���L�K�O��
�i�h�e�m�q�_�g�g�u�_�� �b�a�\�e�_�q�_�g�b�y�� �g�Z�g�h�k�b�e�b�� �g�Z��
�k�l�Z�j�l�h�\�m�x�� �e�b�g�b�x�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o��
�i�e�Z�k�l�b�g�h�d�� �f�Z�j�d�b�� �©�6�R�U�E�I�L�O�ª�� �I�L�K�O-�:�N-�:��
�j�Z�a�f�_�j�h�f�� �����î������ �k�f�� ���A�:�H�� �©�K�h�j�[�n�b�e�ª����
�D�j�Z�k�g�h�^�Z�j�k�d�b�c���d�j�Z�c�����J�h�k�k�b�y�������<���d�Z�q�_�k�l�\�_��
�i�h�^�\�b�`�g�h�c���n�Z�a�u���b�k�i�h�e�v�a�h�\�Z�e�b���j�Z�g�_�_���i�h��
�^�h�[�j�Z�g�g�m�x�� �k�b�k�l�_�f�m�� �[�m�l�Z�g�h�e�� ���� �m�d�k�m�k�g�Z�y��
�d�b�k�e�h�l�Z�������\�h�^�Z�������������������i�j�b���\�u�k�h�l�_���i�j�h�[�_�]�Z��
�w�e�x�_�g�l�Z���g�_���f�_�g�_�_���������k�f�����I�j�h�y�\�b�l�_�e�v������������
�j�Z�k�l�\�h�j�� �g�b�g�]�b�^�j�b�g�Z�� �\���k�i�b�j�l�_���� �h�i�l�b�f�Z�e�v��
�g�u�c���h�[�t�_�f���g�Z�g�h�k�b�f�h�c���i�j�h�[�u���\�h�^�g�h�]�h���b�a��
�\�e�_�q�_�g�b�y�� �b�a�� �p�\�_�l�d�h�\�� �d�Z�r�l�Z�g�Z�� �d�h�g�k�d�h�]�h����
�m�k�l�Z�g�h�\�e�_�g�g�u�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �k�h�k�l�Z��
�\�b�e�������f�d�e�����<���d�Z�q�_�k�l�\�_���j�Z�k�l�\�h�j�Z���k�j�Z�\�g�_�g�b�y��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �k�f�_�k�v�� ���������� �\�h�^�g�u�o�� �j�Z�k�l�\�h��
�j�h�\�� �k�l�Z�g�^�Z�j�l�g�u�o�� �h�[�j�Z�a�p�h�\�� ���K�H���� �:�D�� ���A�:�H��
�©�<�_�d�l�h�g�ª�����k�l�_�i�_�g�v���q�b�k�l�h�l�u���g�_���f�_�g�_�_������������
���Z�j�]�b�g�b�g���� �i�j�h�e�b�g���� �]�e�b�p�b�g���� �]�e�m�l�Z�f�b�g�h�\�Z�y��
�d�b�k�e�h�l�Z�����\�Z�e�b�g�����f�_�l�b�h�g�b�g�����e�_�c�p�b�g�����n�_�g�b�e��
�Z�e�Z�g�b�g�������h�[�t�z�f�h�f���± �����f�d�e���>6, 23, 24]. 

�>�e�y�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y��
�k�m�f�f�u���k�\�h�[�h�^�g�u�o���:�D���\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z��
�d�h�g�k�d�h�]�h�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z���b�a�\�_�k�l�g�Z�y��
�m�g�b�n�b�p�b�j�h�\�Z�g�g�Z�y�� �f�_�l�h�^�b�d�Z���� �k�� �i�j�b�f�_�g�_��
�g�b�_�f�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�b�� �\�� �Z�g�Z�e�b�l�b�q�_��
�k�d�h�f���f�Z�d�k�b�f�m�f�_���������“�����g�f�����h�k�g�h�\�Z�g�g�Z�y���g�Z��
�b�a�f�_�j�_�g�b�b�� �h�i�l�b�q�_�k�d�h�c�� �i�e�h�l�g�h�k�l�b�� �i�j�h��
�^�m�d�l�h�\�� �j�_�Z�d�p�b�b�� �\�h�^�g�h�]�h�� �b�a�\�e�_�q�_�g�b�y�� �b�a��
�E�J�K�� �k�h�� �k�i�b�j�l�h�\�u�f�� �j�Z�k�l�\�h�j�h�f�� �g�b�g�]�b�^��
�j�b�g�Z���� �J�Z�k�l�\�h�j�� �]�e�m�l�Z�f�b�g�h�\�h�c�� �d�b�k�e�h�l�u 
���A�:�H�� �©�<�_�d�l�h�g�ª���� �k�l�_�i�_�g�v�� �q�b�k�l�h�l�u�� �g�_�� �f�_��
�g�_�_��������������.�����������b�k�i�h�e�v�a�h�\�Z�e�b���\���d�Z�q�_�k�l�\�_��
�K�H�� �\�� �j�Z�k�q�_�l�Z�o�� �k�h�^�_�j�`�Z�g�b�y�� �k�m�f�f�u�� �k�\�h��
�[�h�^�g�u�o���:�D���\���k�u�j�v�_���>�����@�����J�Z�k�l�\�h�j�h�f���k�j�Z�\��
�g�_�g�b�y���y�\�e�y�e�k�y���j�Z�k�l�\�h�j�����k�h�k�l�h�y�s�b�c���b�a���Z�g�Z��
�e�h�]�b�q�g�h�c�� �Z�e�b�d�\�h�l�u�� �b�a�\�e�_�q�_�g�b�y�� �k�� �^�h�[�Z�\��
�d�h�c�� �Z�g�Z�e�h�]�b�q�g�u�o�� �d�h�e�b�q�_�k�l�\�� ��.05% �\�h�^��
�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �Z�k�d�h�j�[�b�g�h�\�h�c�� �d�b�k�e�h�l�u�� �b��
�n�h�k�n�Z�l�g�h�]�h���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���k���j�G����.4. 

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

�a�Z�]�h�l�h�\�d�b���p�\�_�l�d�h�\���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���a�Z���i�h��
�k�e�_�^�g�b�_�� ������ �e�_�l�� ���g�Z�� �i�j�b�f�_�j�_�� �?�\�j�h�i�_�c�k�d�h�c��
�q�Z�k�l�b�� �J�N���� �i�h�e�m�q�_�g�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�^�Z�g�g�u�o���h�n�b�p�b�Z�e�v�g�u�o���k�Z�c�l�h�\���>����-35]. 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�I�_�j�\�u�f�� �w�l�Z�i�h�f�� �j�Z�[�h�l�u�� �y�\�e�y�e�k�y�� �i�j�_�^��
�\�Z�j�b�l�_�e�v�g�u�c�� �k�d�j�b�g�b�g�]�� �k�\�h�[�h�^�g�u�o�� �:�D����
�b�a�\�e�_�d�Z�_�f�u�o�� �\�h�^�h�c���� �\�� �p�\�_�l�d�Z�o�� �d�Z�r�l�Z�g�Z��
�d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b�h�g�h�\���a�Z�]�h�l�h�\�d�b����
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���[�u�e���m�k�l�Z�g�h�\�e�_�g���h�i�l�b��
�f�Z�e�v�g�u�c�� �h�[�t�_�f�� �i�j�h�[�u�� �b�a�\�e�_�q�_�g�b�c�� �b�a��
�p�\�_�l�d�h�\�� �d�Z�r�l�Z�g�Z���� �g�Z�g�h�k�b�f�u�c�� �g�Z�� �i�e�Z��
�k�l�b�g�d�m���± �����f�d�e�����>�Z�g�g�u�c���h�[�t�z�f���i�j�h�[���i�h�a��
�\�h�e�b�e�� �^�h�[�b�l�v�k�y�� �k�_�e�_�d�l�b�\�g�h�k�l�b�� �k�h�j�[�p�b�b����
�\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�b���j�_�a�m�e�v�l�Z�l�h�\���b�k�k�e�_�^�h��
�\�Z�g�b�y���b���d�Z�q�_�k�l�\�_�g�g�h�]�h���j�Z�a�^�_�e�_�g�b�y���a�h�g���g�Z��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �i�e�Z�k�l�b�g�d�_���� �>�e�y��
�d�Z�`�^�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �a�h�g�u�� �[�u�e�b��
�j�Z�k�k�q�b�l�Z�g�u�� �\�_�e�b�q�b�g�u�� �5f �\�� �k�j�Z�\�g�_�g�b�b�� �k��
�K�H������.�������\�h�^�g�u�f�b���j�Z�k�l�\�h�j�Z�f�b���Z�j�]�b�g�b�g�Z����
�]�e�b�p�b�g�Z���� �]�e�m�l�Z�f�b�g�h�\�h�c�� �d�b�k�e�h�l�u���� �i�j�h��
�e�b�g�Z�����n�_�g�b�e�Z�e�Z�g�b�g�Z�����f�_�l�b�h�g�b�g�Z�����\�Z�e�b�g�Z���b��
�e�_�c�p�b�g�Z�����l�Z�[�e�b�p�Z���������� 

�<���j�_�a�m�e�v�l�Z�l�_���Z�g�Z�e�b�a�Z���\�� �\�h�^�g�u�o���b�a�\�e�_��
�q�_�g�b�y�o���b�a���p�\�_�l�d�h�\���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���\�g�_��
�a�Z�\�b�k�b�f�h�k�l�b���h�l�� �j�_�]�b�h�g�Z���a�Z�]�h�l�h�\�d�b���k�u�j�v�y��
�h�[�g�Z�j�m�`�b�e�h�k�v���������a�h�g�����d�h�l�h�j�u�_���i�h���h�d�j�Z�k�d�_��
�i�y�l�_�g�� �b�� �\�_�e�b�q�b�g�Z�f�� �5f �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �K�H��
�[�u�e�b���h�l�g�_�k�_�g�u���d���]�j�m�i�i�_���:�D�����j�b�k������������ 

�H�p�_�g�b�\�Z�y�� �i�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u, 
�k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �d�Z�q�_�k�l�\�_�g�g�u�c�� �k�h��
�k�l�Z�\���:�D���b�a�m�q�Z�_�f�h�]�h���k�u�j�v�y���b�a���j�Z�a�e�b�q�g�u�o��
�j�_�]�b�h�g�h�\�� �h�d�Z�a�Z�e�k�y���b�^�_�g�l�b�q�_�g���� �G�Z�� �o�j�h�f�Z��
�l�h�]�j�Z�f�f�Z�o�� �b�a�\�e�_�q�_�g�b�c�� �b�^�_�g�l�b�n�b�p�b�j�h��
�\�Z�g�u���k�h�i�h�k�l�Z�\�b�f�u�_���a�h�g�u���a�Z�f�_�g�b�f�u�o���:�D��
�k�h���a�g�Z�q�_�g�b�y�f�b���5f �j�Z�\�g�u�f�b���� ����.10 �± �Z�j�]�b��
�g�b�g������.32 �± �i�j�h�e�b�g������.38 �± �]�e�b�p�b�g������.42 �± 
�]�e�m�l�Z�f�b�g�h�\�Z�y�� �d�b�k�e�h�l�Z���� �b�� �g�_�a�Z�f�_�g�b�f�u�o��
�:�D���k�h���a�g�Z�q�_�g�b�_�f���\�_�e�b�q�b�g���5f (0.52 �± �f�_�l�b��
�h�g�b�g������.62 �± �e�_�c�p�b�g������.74 �± �n�_�g�b�e�Z�e�Z�g�b�g������
�:���l�Z�d�`�_�������a�h�g�u�����g�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�u�o��
�:�D���k�h���a�g�Z�q�_�g�b�y�f�b���5f=0.15; 0.26; 0.84.  

�>�e�y�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y��
�k�m�f�f�u���k�\�h�[�h�^�g�u�o���:�D���\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z��
�d�h�g�k�d�h�]�h�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �b�a�\�_�k�l�g�Z�y��
�m�g�b�n�b�p�b�j�h�\�Z�g�g�Z�y�� �f�_�l�h�^�b�d�Z���� �k�� �i�j�b�f�_�g�_��
�g�b�_�f�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �k�i�_�d�l�j�h�n�h�l�h��
�f�_�l�j�b�b�� �\�� �Z�g�Z�e�b�l�b�q�_�k�d�h�f�� �f�Z�d�k�b�f�m�f�_��
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568�“�����g�f�����h�k�g�h�\�Z�g�g�Z�y���g�Z���b�a�f�_�j�_�g�b�b���h�i�l�b��
�q�_�k�d�h�c���i�e�h�l�g�h�k�l�b���i�j�h�^�m�d�l�h�\���j�_�Z�d�p�b�b���:�D��
�\�h�^�g�h�]�h���b�a�\�e�_�q�_�g�b�y���b�a���E�J�K���k���������k�i�b�j�l�h��
�\�u�f�� �j�Z�k�l�\�h�j�h�f���g�b�g�]�b�^�j�b�g�Z�� ���j�b�k���� �������� �I�Z��
�j�Z�e�e�_�e�v�g�h���[�u�e���i�h�e�m�q�_�g���k�i�_�d�l�j���i�h�]�e�h�s�_��
�g�b�y�� �i�j�h�^�m�d�l�h�\�� �j�_�Z�d�p�b�b�� ��.���������� �j�Z�k�l�\�h�j�Z��
�K�H�� �]�e�m�l�Z�f�b�g�h�\�h�c�� �d�b�k�e�h�l�u�� �k�� �Z�g�Z�e�h�]�b�q��
�g�u�f���j�_�Z�]�_�g�l�h�f�����G�Z���\�k�_�o���k�i�_�d�l�j�Z�o���i�j�b�k�m�l��
�k�l�\�h�\�Z�e���f�Z�d�k�b�f�m�f���i�h�]�e�h�s�_�g�b�y���i�j�b���^�e�b�g�_��
�\�h�e�g�u�� �������“���� �g�f���� �q�l�h�� �]�h�\�h�j�b�l�� �h�� �i�j�b�k�m�l��
�k�l�\�b�b�� �k�\�h�[�h�^�g�h�c�� �]�e�m�l�Z�f�b�g�h�\�h�c�� �d�b�k�e�h�l�u��

�\���b�k�k�e�_�^�m�_�f�u�o���h�[�t�_�d�l�Z�o�����q�l�h���l�Z�d�`�_���k�h�]�e�Z��
�k�m�_�l�k�y���k���^�Z�g�g�u�f�b���L�K�O-�Z�g�Z�e�b�a�Z�����l�Z�[�e���������� 

�K�h�^�_�j�`�Z�g�b�_�� �k�m�f�f�u�� �k�\�h�[�h�^�g�u�o�� �:�D���� �\��
�i�_�j�_�k�q�_�l�_�� �g�Z�� �]�e�m�l�Z�f�b�g�h�\�m�x�� �d�b�k�e�h�l�m�� �\��
�p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b��
�h�g�h�\���i�j�h�b�a�j�Z�k�l�Z�g�b�y���i�j�_�^�k�l�Z�\�e�_�g���\���l�Z�[�e. 2. 

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

�L�Z�[�e�b�p�Z���������B�g�l�_�j�i�j�_�l�Z�p�b�y���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c���d�Z�j�l�b�g�u���j�Z�a�^�_�e�_�g�b�y���a�h�g���k�\�h�[�h�^�g�u�o���:�D���b�a�\�e�_��
�q�_�g�b�c���b�a���p�\�_�l�d�h�\���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h�����g�Z���i�j�b�f�_�j�_���k�u�j�v�y�����a�Z�]�h�l�h�\�e�_�g�g�h�]�h���\���<�h�j�h�g�_�`�k�d�h�c���h�[�e�Z�k�l�b�� 
Table 1. Interpretation of the chromatographic pattern of separation of zones of free AK extracts 
from horse chestnut flowers (using the example of raw materials harvested in the Voronezh region) 

�‹��
�a�h�g�u 

�<�_�e�b�q�b�g�Z���5f �“�������� �B�^�_�g�l�b�n�b�d�Z�p�b�y���:�D �A�Z�f�_�g�b�f�h�k�l�v���:�D 

1 0.10 �Z�j�]�b�g�b�g �a�Z�f�_�g�b�f�Z�y���:�D 
2 0.15 �G�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�Z�y���:�D - 
3 0.26 �G�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�Z�y���:�D - 
4 0.32 �I�j�h�e�b�g �a�Z�f�_�g�b�f�Z�y���:�D 
5 0.38 �=�e�b�p�b�g �a�Z�f�_�g�b�f�Z�y���:�D 
6 0.42 �=�e�m�l�Z�f�b�g�h�\�Z�y���d�b�k�e�h�l�Z �a�Z�f�_�g�b�f�Z�y���:�D 
7 0.52 �F�_�l�b�h�g�b�g �g�_�a�Z�f�_�g�b�f�Z�y���:�D 
8 0.62 �E�_�c�p�b�g �g�_�a�Z�f�_�g�b�f�Z�y���:�D 
9 0.68 �N�_�g�b�e�Z�e�Z�g�b�g �g�_�a�Z�f�_�g�b�f�Z�y���:�D 
10 0.84 �G�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�Z�y���:�D - 

 
�J�b�k�����������L�K�O-�k�o�_�f�Z���j�Z�a�^�_�e�_�g�b�y���a�h�g���Z�f�b�g�h�d�b�k�e�h�l���\�h�^�g�u�o���b�a�\�e�_�q�_�g�b�c���b�a���p�\�_�l�d�h�\���d�Z�r�l�Z�g�Z��

�d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b�h�g�h�\���i�j�h�b�a�j�Z�k�l�Z�g�b�y���i�h�k�e�_���i�j�h�y�\�e�_�g�b�y���������k�i�b�j�l�h�\�u�f���j�Z�k�l�\�h�j�h�f��
�g�b�g�]�b�^�j�b�g�Z���������± �<�h�j�h�g�_�`�k�d�Z�y���h�[�e�Z�k�l�v���������± �F�h�k�d�h�\�k�d�Z�y���h�[�e�Z�k�l�v���������± �K�l�Z�\�j�h�i�h�e�v�k�d�b�c���d�j�Z�c��������
�± �E�_�g�b�g�]�j�Z�^�k�d�Z�y���h�[�e�Z�k�l�v���������± �<�h�e�]�h�]�j�Z�^�k�d�Z�y���h�[�e�Z�k�l�v���������± �k�f�_�k�v����������-�g�u�o���\�h�^�g�u�o���j�Z�k�l�\�h�j�h�\��
�K�H���:�D���������± �Z�j�]�b�g�b�g���������± �i�j�h�e�b�g���������± �]�e�b�p�b�g���������± �]�e�m�l�Z�f�b�g�h�\�Z�y���d�b�k�e�h�l�Z���������± �\�Z�e�b�g���������± �f�_�l�b��

�h�g�b�g���������± �e�_�c�p�b�g���������± �n�_�g�b�e�Z�e�Z�g�b�g 
Fig. 1. TLC-scheme of separation of amino acid zones of aqueous extracts from horse chestnut 

flowers of various growing regions after manifestation with 1% alcohol solution of ninhydrin: 
1 �± Voronezh region; 2 �± Moscow region; 3 �± Stavropol Territory; 4 �± Leningrad region; 5 �± Vol-

gograd region; 6 �± a mixture of 0.1% aqueous solutions with AK: 1 �± arginine; 2 �± proline; 
3 �± glycine; 4 �± glutamic acid; 5 �± valine; 6 �± methionine; 7 �± leucine; 8 �± phenylalanine 
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�e�Z�k�l�b���� �i�h�d�Z�a�Z�e���� �q�l�h�� �k�j�_�^�g�y�y�� �h�l�g�h�k�b�l�_�e�v��
�g�Z�y�� �h�r�b�[�d�Z�� �k�� �^�h�\�_�j�b�l�_�e�v�g�h�c���\�_�j�h�y�l�g�h��
�k�l�v�x�� �������� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h�� ��.���������� �l���_����
�g�Z�o�h�^�b�l�k�y���\���i�j�_�^�_�e�Z�o���k�e�m�q�Z�c�g�h�c���h�r�b�[�d�b��
���l�Z�[�e�b�p�Z�������� 

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

(1.�������������?�k�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v���k�h�\�h�d�m�i��
�g�h�k�l�v�� �\�e�b�y�g�b�y�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �n�Z�d�l�h�j�h�\��
�g�Z���g�Z�d�h�i�e�_�g�b�_���^�Z�g�g�h�c���]�j�m�i�i�u���;�:�<���\���b�a�m��
�q�Z�_�f�h�f���k�u�j�v�_�����j�b�k�������������f�h�`�g�h���k�^�_�e�Z�l�v���a�Z��
�d�e�x�q�_�g�b�_�� �h�[�� �h�l�k�m�l�k�l�\�b�b�� �i�j�y�f�h�c�� �a�Z�\�b�k�b��
�f�h�k�l�b�� �h�l�� �d�Z�d�h�]�h-�e�b�[�h�� �h�l�^�_�e�v�g�h�� �\�a�y�l�h�]�h��
�i�h�d�Z�a�Z�l�_�e�y���� �;�e�Z�]�h�i�j�b�y�l�g�h�_�� �h�i�l�b�f�Z�e�v�g�h�_��
�k�h�q�_�l�Z�g�b�_�� �m�k�e�h�\�b�c�� �i�j�h�b�a�j�Z�k�l�Z�g�b�y���� �k�i�h��
�k�h�[�k�l�\�m�x�s�_�_�� �g�Z�b�[�h�e�v�r�_�f�m�� �g�Z�d�h�i�e�_�g�b�x��
�k�\�h�[�h�^�g�u�o�� �:�D�� �\�� �p�\�_�l�d�Z�o�� �d�Z�r�l�Z�g�Z�� �d�h�g��
�k�d�h�]�h�����i�j�b�o�h�^�b�l�k�y���g�Z���a�h�g�m���P�_�g�l�j�Z�e�v�g�h�]�h 
�Q�_�j�g�h�a�_�f�v�y�� 

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

 
�J�b�k�����������K�i�_�d�l�j�u���i�h�]�e�h�s�_�g�b�y���i�j�h�^�m�d�l�h�\���j�_�Z�d�p�b�b���\�h�^�g�u�o���b�a�\�e�_�q�_�g�b�c���b�a���p�\�_�l�d�h�\���d�Z�r��

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

Fig. 2. Absorption spectra of the reaction products of aqueous extracts from horse chestnut 
flowers of various growing regions and CO-glutamic acid with an alcoholic solution of ninhydrin 

 
�L�Z�[�e�b�p�Z���������J�_�a�m�e�v�l�Z�l�u���h�i�j�_�^�_�e�_�g�b�y���k�m�f�f�u���k�\�h�[�h�^�g�u�o���Z�f�b�g�h�d�b�k�e�h�l�����\���i�_�j�_�k�q�_�l�_���g�Z���]�e�m�l�Z��
�f�b�g�h�\�m�x���d�b�k�e�h�l�m���b���Z�[�k�h�e�x�l�g�h���k�m�o�h�_���k�u�j�v�_�����\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b�h��
�g�h�\���i�j�h�b�a�j�Z�k�l�Z�g�b�y 
Table 2. The results of determining the amount of free amino acids (in terms of glutamic acid and 
absolutely dry raw materials) in horse chestnut flowers of various growing regions 
�‹���i���i �J�_�]�b�h�g���i�j�h�b�a�j�Z�k�l�Z�g�b�y �K�h�^�_�j�`�Z�g�b�_������ 

1 �E�_�g�b�g�]�j�Z�^�k�d�Z�y���h�[�e�Z�k�l�v 1.�������“����.05 
2 �F�h�k�d�h�\�k�d�Z�y���h�[�e�Z�k�l�v 1.�������“����.08 
3 �<�h�j�h�g�_�`�k�d�Z�y���h�[�e�Z�k�l�v 3.�������“����.14 
4 �<�h�e�]�h�]�j�Z�^�k�d�Z�y���h�[�e�Z�k�l�v 1.�������“����.05 
5 �K�l�Z�\�j�h�i�h�e�v�k�d�b�c���d�j�Z�c 1.�������“����.04 
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�I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �k�h��
�^�_�j�`�Z�g�b�_�� �k�\�h�[�h�^�g�u�o�� �:�D�� �\�� �p�\�_�l�d�Z�o�� �d�Z�r��
�l�Z�g�Z���d�h�g�k�d�h�]�h���k�h�k�l�Z�\�b�e�h����.�����“��.07%. 

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����b�k�k�e�_�^�h�\�Z�g���d�Z�q�_�k�l�\�_�g��
�g�u�c�� �k�h�k�l�Z�\�� �k�\�h�[�h�^�g�u�o�� �:�D�� �p�\�_�l�d�h�\�� �d�Z�r��
�l�Z�g�Z�� �d�h�g�k�d�h�]�h���� �a�Z�]�h�l�h�\�e�_�g�g�u�o�� �\�� �j�Z�a�e�b�q��
�g�u�o�� �j�_�]�b�h�g�Z�o�� �f�_�l�h�^�h�f�� �L�K�O���� �G�Z�[�e�x�^�Z��
�e�h�k�v�� ������ �a�h�g�� �\�_�s�_�k�l�\�� �:�D�� �i�j�b�j�h�^�u���� �k�j�_�^�b��
�d�h�l�h�j�u�o�� �b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�u�� �a�Z�f�_�g�b�f�u�_��
�:�D���k�h���a�g�Z�q�_�g�b�y�f�b���5f �j�Z�\�g�u�f�b��������.10 �± �Z�j��
�]�b�g�b�g������.32 �± �i�j�h�e�b�g������.38 �± �]�e�b�p�b�g������.42 
�± �]�e�m�l�Z�f�b�g�h�\�Z�y�� �d�b�k�e�h�l�Z���� �b�� �g�_�a�Z�f�_�g�b�f�u�_��
�:�D���k�h���a�g�Z�q�_�g�b�_�f���\�_�e�b�q�b�g���5f (0,52 �± �f�_�l�b��
�h�g�b�g������.62 �± �e�_�c�p�b�g������.74 �± �n�_�g�b�e�Z�e�Z�g�b�g������
�:���l�Z�d�`�_�������a�h�g�u�����g�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�u�o��
�:�D�� �k�h�� �a�g�Z�q�_�g�b�y�f�b�� �5f = 0.15; 0.26; 0.84. 
�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�a�Z�e�b�� �\�h�k��
�i�j�h�b�a�\�h�^�b�f�h�k�l�v�� �k�h�k�l�Z�\�Z�� �Z�f�b�g�h�d�b�k�e�h�l����
�d�Z�d�� �\�_�s�_�k�l�\�� �i�_�j�\�b�q�g�h�]�h�� �f�_�l�Z�[�h�e�b�a�f�Z���� �\��
�k�u�j�v�_���h�^�g�h�]�h���\�b�^�Z���\�g�_���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�h��
�\�h�d�m�i�g�h�k�l�b���n�Z�d�l�h�j�h�\���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u��
�b���m�k�e�h�\�b�c���d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y���� �>�Z�g�g�u�c���i�h��
�d�Z�a�Z�l�_�e�v���� �\�� �h�l�e�b�q�b�_�� �h�l�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h��

�k�h�^�_�j�`�Z�g�b�y�����h�i�j�_�^�_�e�y�_�l�k�y���\���i�_�j�\�m�x���h�q�_��
�j�_�^�v���]�_�g�h�l�b�i�h�f���h�j�]�Z�g�b�a�f�Z���b���f�Z�e�h���a�Z�\�b�k�b�l��
�h�l���w�d�h�e�h�]�h-�]�_�h�]�j�Z�n�b�q�_�k�d�b�o���n�Z�d�l�h�j�h�\�����J�_��
�a�m�e�v�l�Z�l�u�����o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_���i�j�h�n�b�e�v���:�D��
�f�_�l�h�^�h�f���L�K�O�����f�h�]�m�l���b�k�i�h�e�v�a�h�\�Z�l�v�k�y���\���d�Z��
�q�_�k�l�\�_�� �w�d�k�i�j�_�k�k�g�h�]�h�� �f�_�l�h�^�Z�� �h�p�_�g�d�b�� �^�h�[��
�j�h�d�Z�q�_�k�l�\�_�g�g�h�k�l�b�� �E�J�K���� �H�i�j�_�^�_�e�_�g�h�� �d�h��
�e�b�q�_�k�l�\�_�g�g�h�_���k�h�^�_�j�`�Z�g�b�_���k�m�f�f�u���k�\�h�[�h�^��
�g�u�o�� �:�D�� �\�� �i�_�j�_�k�q�_�l�_�� �g�Z�� �]�e�m�l�Z�f�b�g�h�\�m�x��
�d�b�k�e�h�l�m�� �f�_�l�h�^�h�f�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c��
�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�b�� �\�� �Z�g�Z�e�b�l�b�q�_�k�d�h�f��
�f�Z�d�k�b�f�m�f�_�� �������“���� �g�f���� �K�h�]�e�Z�k�g�h�� �i�j�h�\�_��
�^�_�g�g�u�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�f���� �k�h�^�_�j�`�Z�g�b�_��
�k�m�f�f�u���k�\�h�[�h�^�g�u�o���:�D���\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z��
�d�h�g�k�d�h�]�h�� �\�Z�j�v�b�j�h�\�Z�e�h�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��
�j�_�]�b�h�g�Z�� �i�j�h�b�a�j�Z�k�l�Z�g�b�y�� ���h�l�� ��.������ �^�h��
3.������������ �F�Z�d�k�b�f�m�f�� �k�h�^�_�j�`�Z�g�b�_�� �k�m�f�f�u��
�:�D���h�l�f�_�q�_�g�h���\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z�����a�Z�]�h�l�h�\��
�e�_�g�g�u�o�� �\�� �<�h�j�h�g�_�`�k�d�h�c�� �h�[�e�Z�k�l�b���� �f�b�g�b��
�f�m�f���`�_�����\���k�\�h�x���h�q�_�j�_�^�v�����\���k�u�j�v�_���b�a���K�l�Z�\��
�j�h�i�h�e�v�k�d�h�]�h�� �d�j�Z�y���� �;�e�Z�]�h�i�j�b�y�l�g�h�_�� �h�i�l�b��
�f�Z�e�v�g�h�_�� �k�h�q�_�l�Z�g�b�_�� �m�k�e�h�\�b�c�� �i�j�h�b�a�j�Z�k�l�Z��
�g�b�y���� �k�i�h�k�h�[�k�l�\�m�x�s�_�_�� �g�Z�b�[�h�e�v�r�_�f�m��
�g�Z�d�h�i�e�_�g�b�x�� �k�\�h�[�h�^�g�u�o�� �:�D�� �\�� �p�\�_�l�d�Z�o��
�d�Z�r�l�Z�g�Z�� �d�h�g�k�d�h�]�h���� �i�j�b�o�h�^�b�l�k�y�� �g�Z�� �a�h�g�m��

�L�Z�[�e�b�p�Z�� ������ �F�_�l�j�h�e�h�]�b�q�_�k�d�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �j�_�a�m�e�v�l�Z�l�h�\�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y��
�k�m�f�f�u�� �k�\�h�[�h�^�g�u�o�� �Z�f�b�g�h�d�b�k�e�h�l�� �\�� �i�_�j�_�k�q�_�l�_�� �g�Z�� �]�e�m�l�Z�f�b�g�h�\�m�x�� �d�b�k�e�h�l�m�� �\�� �p�\�_�l�d�Z�o�� �d�Z�r�l�Z�g�Z��
�d�h�g�k�d�h�]�h�����3� �����������Q� ���� 
Table 3. Metrological characteristics of the results of quantitative determination of the amount of 
free amino acids in terms of glutamic acid in horse chestnut flowers (P=95%; n=6) 

X �k�j  S2 S S�[�k�j �¨�;  �¨�; �k�j �0������ �0�k�j, % 
3.3839 0.01792 0.13386 0.05465 0.34403 0.14045 10.17 4.15 

 

 
�J�b�k�����������<�e�b�y�g�b�_���d�e�b�f�Z�l�b�q�_�k�d�b�o���n�Z�d�l�h�j�h�\���g�Z���g�Z�d�h�i�e�_�g�b�_���k�\�h�[�h�^�g�u�o���:�D���\���p�\�_�l�d�Z�o���d�Z�r�l�Z�g�Z��

�d�h�g�k�d�h�]�h���j�Z�a�e�b�q�g�u�o���j�_�]�b�h�g�h�\���i�j�h�b�a�j�Z�k�l�Z�g�b�y 
Fig. 3. The influence of climatic factors on the accumulation of free AC in the flowers of horse 

chestnut in various growing regions 
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�P�_�g�l�j�Z�e�v�g�h�]�h�� �Q�_�j�g�h�a�_�f�v�y���� �I�h�e�m�q�_�g�g�u�_��
�^�Z�g�g�u�_�� �l�Z�d�`�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �i�_�j��
�k�i�_�d�l�b�\�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �p�\�_�l�d�h�\��
�d�Z�r�l�Z�g�Z���d�h�g�k�d�h�]�h���b���i�j�_�i�Z�j�Z�l�h�\���g�Z���b�o���h�k��
�g�h�\�_���\���d�Z�q�_�k�l�\�_���Z�e�v�l�_�j�g�Z�l�b�\�g�u�o���b�k�l�h�q�g�b��
�d�h�\���g�_�a�Z�f�_�g�b�f�u�o���Z�f�b�g�h�d�b�k�e�h�l�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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Abstract. The aim of this work was to determine the activity of glutathione reductase (GR, EC 1.6.4.2) in the 
blood serum of patients with type 2 diabetes mellitus (T2DM) and in the blood serum of rats with experimental 
T2DM, as well as to develop a scheme for purifying the enzyme from the liver of experimental animals using 
chromatographic methods and to study its catalytic properties. The experiment used the blood serum of prac-
tically healthy individuals with normal general and biochemical blood test results (control group of patients), 
people diagnosed with T2DM, as well as the serum and liver of rats in the control group and animals with 
experimental T2DM. The pathological condition in experimental animals was modeled by a combination of a 
high-fat diet for 1 month and subsequent double intraperitoneal administration of streptozotocin (STZ) at an 
interval of 7 days at a dose of 30 mg / kg of animal weight in citrate buffer pH 4.4. The animals were slaughtered 
14 days after the administration of STZ. GR activity was determined spectrophotometrically on SF-56 at 340 
nm. The total amount of protein was determined by the Lowry method. To study the catalytic properties of the 
enzyme, it was purified from the liver of rats in the control group and animals with induced T2DM using the 
methods of protein separation with ammonium sulfate, as well as gel filtration through Sephadex G-25 and 
ion-exchange chromatography on DEAE-cellulose. As a result, GR enzyme preparations were obtained, puri-
fied 56.4 and 46.0 times from the liver of rats in the control group and animals with T2DM. The study found 
that during ion-exchange chromatography on a column with DEAE-cellulose, GR from the liver of rats in the 
control group was desorbed with maximum enzymatic activity at a KCl concentration of 100 mM. For desorp-
tion of GR from the liver of rats with type 2 diabetes from the column, the most effective concentration of KCl 
in the elution medium was 50 mM. Using the obtained enzyme preparations, it was found that the kinetics of 
the reaction catalyzed by GR is described by the Michaelis-Menten equation. In this case, in pathology, there 
is a decrease in the affinity of the enzyme to both oxidized glutathione and NADPH. As a result of assessing 
the effect of pH on the intensity of GR functioning, it was found that this enzyme from rat hepatocytes normally 
has the highest activity at pH values from 7.2 to 7.5. The optimal pH value corresponded to 7.4. An increase 
or decrease in the concentration of hydrogen ions was accompanied by a sharp drop in enzymatic activity. It 
was shown that for the enzyme isolated from the liver of rats with diabetes, the pH optimum is 7.0. Moreover, 
a change in the concentration of hydrogen ions to a greater extent is accompanied by a less sharp drop in GR 
activity, compared to the norm. 
Keywords: glutathione reductase, type 2 diabetes mellitus, oxidative stress, chromatography, catalytic action 
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�<�� �d�Z�q�_�k�l�\�_�� �f�Z�l�_�j�b�Z�e�Z�� �^�e�y�� �b�k�k�e�_�^�h�\�Z��
�g�b�c���\�u�k�l�m�i�Z�e�Z���d�j�h�\�v���a�^�h�j�h�\�u�o���^�h�g�h�j�h�\���b��
�i�Z�p�b�_�g�l�h�\�� �k�� �K�>������ �D�j�h�\�v�� �^�e�y�� �b�k�k�e�_�^�h�\�Z��
�g�b�y�� �a�Z�[�b�j�Z�e�Z�k�v�� �\�� �i�j�h�[�b�j�d�b�� �l�b�i�Z�� �©�\�Z�d�m��
�l�_�c�g�_�j�ª�� �\�� �m�l�j�_�g�g�_�_�� �\�j�_�f�y���� �g�Z�l�h�s�Z�d���� �b�a��
�e�h�d�l�_�\�h�c���\�_�g�u���� 

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

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

�F�h�^�_�e�b�j�h�\�Z�g�b�_�� �K�>���� �a�Z�d�e�x�q�Z�e�h�k�v�� �\��
�l�h�f�����q�l�h���d�j�u�k�Z�f�����i�h�e�m�q�Z�\�r�b�f���\�u�k�h�d�h�`�b��
�j�h�\�m�x���^�b�_�l�m���\���l�_�q�_�g�b�_���������^�g�_�c�����^�\�Z�`�^�u���k��
�b�g�l�_�j�\�Z�e�h�f�������^�g�_�c���\�g�m�l�j�b�[�j�x�r�b�g�g�h���\�\�h��
�^�b�e�b�� �j�Z�k�l�\�h�j�� �k�l�j�_�i�l�h�a�h�l�h�p�b�g�Z�� ���K�L�A���� �\��
�p�b�l�j�Z�l�g�h�f���[�m�n�_�j�_���j�G����.�����\���^�h�a�_���������f�]���d�]��
�\�_�k�Z���`�b�\�h�l�g�h�]�h���>���@�� 
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�Q�_�j�_�a�� �^�\�_�� �g�_�^�_�e�b�� �i�h�k�e�_�� �i�_�j�\�b�q�g�h�]�h��
�\�\�_�^�_�g�b�y �K�L�A�� �m�� �`�b�\�h�l�g�u�o �i�h�^�� �g�Z�j�d�h�a�h�f 
�i�j�h�\�h�^�b�e�b���b�a�\�e�_�q�_�g�b�_���i�_�q�_�g�b���k���i�h�k�e�_�^�m��
�x�s�_�c���f�g�h�]�h�d�j�Z�l�g�h�c���i�_�j�n�m�a�b�_�c���e�_�^�y�g�u�f��
�n�b�a�b�h�e�h�]�b�q�_�k�d�b�f�� �j�Z�k�l�\�h�j�h�f���� �I�h�e�m�q�_�g��
�g�u�c�� �h�j�]�Z�g�� �i�h�^�\�_�j�]�Z�e�k�y�� �]�h�f�h�]�_�g�b�a�Z�p�b�b��
�^�e�y�� �i�h�e�m�q�_�g�b�y�� �l�d�Z�g�_�\�h�]�h�� �]�h�f�h�]�_�g�Z�l�Z����
�G�Z�\�_�k�d�m�� �i�_�q�_�g�h�q�g�h�c�� �l�d�Z�g�b�� �b�a�f�_�e�v�q�Z�e�b�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �]�h�f�h�]�_�g�b�a�Z�l�h�j�Z�� �+�*-
15A-S�H�W�� �\�� �q�_�l�u�j�_�o�d�j�Z�l�g�h�f�� �h�[�t�_�f�_�� �i�j�_�^��
�\�Z�j�b�l�_�e�v�g�h�� �h�o�e�Z�`�^�_�g�g�h�c�� �k�j�_�^�u�� �^�e�y�� �\�u��
�^�_�e�_�g�b�y�� 

�K�j�_�^�Z���^�e�y���\�u�^�_�e�_�g�b�y���]�h�l�h�\�b�e�Z�k�v���g�Z���h�k��
�g�h�\�_�����������0���l�j�b�k-�+�&�O���[�m�n�_�j�Z�����S�+���������������k�h��
�^�_�j�`�Z�s�_�]�h�������f�F���W�>�L�:���b����������-�f�_�j�d�Z�i�l�h��
�w�l�Z�g�h�e�Z���� �I�h�e�m�q�_�g�g�u�c�� �]�h�f�h�]�_�g�Z�l�� �i�h�^�\�_�j��
�]�Z�e�b���p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�x���i�j�b�������������J���\���l�_��
�q�_�g�b�_�� ������ �f�b�g�m�l���� �K�m�i�_�j�g�Z�l�Z�g�l�� �b�k�i�h�e�v�a�h��
�\�Z�e�b���^�e�y���Z�g�Z�e�b�a�Z���p�_�e�_�\�u�o���i�h�d�Z�a�Z�l�_�e�_�c. 

�:�d�l�b�\�g�h�k�l�v���=�J���h�i�j�_�^�_�e�y�e�b���k�i�_�d�l�j�h�n�h��
�l�h�f�_�l�j�b�q�_�k�d�b�� �g�Z�� �i�j�b�[�h�j�_�� �K�N-������ �i�j�b��
�^�e�b�g�_�� �\�h�e�g�u�� �������� �g�f���� �B�g�d�m�[�Z�p�b�h�g�g�Z�y��
�k�j�_�^�Z�� �k�h�^�_�j�`�Z�e�Z�� ������ �f�F�� �d�Z�e�b�c-�n�h�k�n�Z�l��
�g�u�c���[�m�n�_�j�����j�G�������������������f�F���W�>�L�:���������������f�F��
�h�d�b�k�e�_�g�g�u�c�� �]�e�m�l�Z�l�b�h�g�� �b�� ���������� �f�F��
�G�:�>�N�G���� �B�g�b�p�b�b�j�h�\�Z�g�b�_�� �j�_�Z�d�p�b�b�� �h�k�m��
�s�_�k�l�\�e�y�e�h�k�v���i�m�l�_�f���^�h�[�Z�\�e�_�g�b�y���n�_�j�f�_�g�l��
�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z���� �A�Z�� �_�^�b�g�b�p�m�� �Z�d�l�b�\�g�h�k�l�b��
�n�_�j�f�_�g�l�Z�����?�����i�j�b�g�b�f�Z�e�b���d�h�e�b�q�_�k�l�\�h���n�_�j��
�f�_�g�l�Z�����h�[�_�k�i�_�q�b�\�Z�x�s�_�_���i�j�_�\�j�Z�s�_�g�b�_���h�^��
�g�h�]�h�� �f�b�d�j�h�f�h�e�y�� �k�m�[�k�l�j�Z�l�Z�� �a�Z�� �h�^�g�m�� �f�b��
�g�m�l�m���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������ƒ�&�� 

�H�q�b�k�l�d�Z���=�J���h�k�m�s�_�k�l�\�e�y�e�Z�k�v���i�h���k�e�_�^�m��
�x�s�_�c�� �k�o�_�f�_���� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�_�� �[�_�e�d�h��
�\�h�c���k�f�_�k�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���k�m�e�v�n�Z�l�Z���Z�f��
�f�h�g�b�y�����h�[�_�k�k�h�e�b�\�Z�g�b�_���g�Z���k�_�n�Z�^�_�d�k�_���*-25 
�b�� �b�h�g�h�h�[�f�_�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �g�Z��
�>�W�:�W-�p�_�e�e�x�e�h�a�_�� 

1. �N�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�_���[�_�e�d�h�\���k���k�m�e�v��
�n�Z�l�h�f�� �Z�f�f�h�g�b�y���� �>�e�y�� �h�k�Z�`�^�_�g�b�y�� �=�J�� �b�a��
�k�f�_�k�b���[�_�e�d�h�\���� �i�h�e�m�q�_�g�g�h�c���i�h�k�e�_���]�h�f�h�]�_��
�g�b�a�Z�p�b�b�� �b�� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�y���� �d�h�g�p�_�g��
�l�j�Z�p�b�x���k�m�e�v�n�Z�l�Z���Z�f�f�h�g�b�y���\���i�_�q�_�g�h�q�g�h�f��
�]�h�f�h�]�_�g�Z�l�_�� �i�h�k�l�_�i�_�g�g�h�� �m�\�_�e�b�q�b�\�Z�e�b����
�D�j�b�k�l�Z�e�e�u�� ���1�+4)2SO4 �f�_�^�e�_�g�g�h�� �^�h�[�Z�\��
�e�y�e�b���\���]�h�f�h�]�_�g�Z�l���^�h���^�h�k�l�b�`�_�g�b�y���d�h�g�p�_�g��
�l�j�Z�p�b�b���� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �g�b�`�g�_�c�� �]�j�Z��
�g�b�p�_���g�Z�k�u�s�_�g�b�y�����������������I�h�k�e�_���p�_�g�l�j�b�n�m��

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

2. �H�[�_�k�k�h�e�b�\�Z�g�b�_�� �g�Z�� �k�_�n�Z�^�_�d�k�_�� �*-25. 
�=�_�e�v-�n�b�e�v�l�j�Z�p�b�x�� �g�Z�� �d�h�e�h�g�d�_�� �k�� �k�_�n�Z�^�_�d��
�k�h�f�� �*-25 (1.���î������ �k�f���� �b�k�i�h�e�v�a�h�\�Z�e�b�� �^�e�y��
�m�^�Z�e�_�g�b�y���g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o���d�h�f�i�h�g�_�g��
�l�h�\���b�a���n�_�j�f�_�g�l�g�h�]�h���i�j�_�i�Z�j�Z�l�Z���>�����@�����W�e�x��
�p�b�x���i�j�h�\�h�^�b�e�b���k�j�_�^�h�c���g�Z���h�k�g�h�\�_�������������F��
�l�j�b�k-HCl-�[�m�n�_�j�Z�� ���j�G�� ��.�������� �k�h�^�_�j�`�Z�s�_�c��
0.���� �f�F�� �W�>�L�:�� �b�� ������ ��-�f�_�j�d�Z�i�l�h�w�l�Z�g�h�e����
�H�[�t�_�f���h�[�j�Z�a�p�Z�����g�Z�g�h�k�b�f�h�]�h���g�Z���d�h�e�h�g�d�m�����g�_��
�i�j�_�\�u�r�Z�e���ó���h�l���_�_���k�\�h�[�h�^�g�h�]�h���h�[�t�_�f�Z�����K�d�h��
�j�h�k�l�v�� �w�e�x�p�b�b�� �k�h�k�l�Z�\�e�y�e�Z�� ����-������ �k�f3���q�Z�k�� 
�N�j�Z�d�p�b�b�� �w�e�x�Z�l�Z�� �k�h�[�b�j�Z�e�b�� �h�[�t�_�f�h�f 
2-3 �k�f3���� �N�_�j�f�_�g�l�Z�l�b�\�g�m�x�� �Z�d�l�b�\�g�h�k�l�v��
�d�Z�`�^�h�c�� �n�j�Z�d�p�b�b�� �h�i�j�_�^�_�e�y�e�b�� �k�i�_�d�l�j�h�n�h��
�l�h�f�_�l�j�b�q�_�k�d�b���� �N�j�Z�d�p�b�b�� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c��
�Z�d�l�b�\�g�h�k�l�v�x���=�J���h�[�t�_�^�b�g�y�e�b���^�e�y���^�Z�e�v�g�_�c��
�r�_�c���h�q�b�k�l�d�b�����i�j�b���w�l�h�f���^�e�y���d�Z�`�^�h�c���n�j�Z�d��
�p�b�b���h�p�_�g�b�\�Z�e�b���w�n�n�_�d�l�b�\�g�h�k�l�v���h�[�_�k�k�h�e�b��
�\�Z�g�b�y���� �>�e�y�� �w�l�h�]�h�� �\�� �j�Z�k�l�\�h�j�_�� �n�_�j�f�_�g�l�Z��
�i�j�h�\�h�^�b�e�b���d�Z�q�_�k�l�\�_�g�g�m�x���j�_�Z�d�p�b�x���k���j�_�Z�d��
�l�b�\�h�f�� �G�_�k�k�e�_�j�Z���� �d�h�l�h�j�u�c�� �h�[�j�Z�a�m�_�l�� �k��
�b�h�g�Z�f�b���Z�f�f�h�g�b�y���o�Z�j�Z�d�l�_�j�g�u�c���d�j�Z�k�g�h-�d�h��
�j�b�q�g�_�\�u�c���h�k�Z�^�h�d���>�����@�����;�u�e�h���m�k�l�Z�g�h�\�e�_�g�h����
�q�l�h�� �n�j�Z�d�p�b�b�� �k�� �f�Z�d�k�b�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h��
�k�l�v�x���=�J���g�_���k�h�^�_�j�`�Z�e�b�����1�+4)2SO4. 

3. �B�h�g�h�h�[�f�_�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �g�Z��
�>�W�:�W-�p�_�e�e�x�e�h�a�_���� �H�[�t�_�^�b�g�_�g�g�u�c�� �h�[�j�Z��
�a�_�p�� �n�_�j�f�_�g�l�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z���� �g�_�� �k�h�^�_�j�`�Z��
�s�_�]�h�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�_�� �d�h�f�i�h�g�_�g�l�u����
�g�Z�g�h�k�b�e�b�� �g�Z�� �d�h�e�h�g�d�m�� �k�� �>�W�:�W-�p�_�e�e�x�e�h��
�a�h�c�����������î�������k�f�������I�h�k�e�_���w�l�h�]�h���d�h�e�h�g�d�m���i�j�h��
�f�u�\�Z�e�b�� �w�e�x�b�j�m�x�s�_�c�� �k�j�_�^�h�c�� �^�e�y�� �m�^�Z�e�_��
�g�b�y�� �g�_�k�\�y�a�Z�\�r�b�o�k�y�� �[�_�e�d�h�\���� �>�e�y�� �h�q�b�k�l�d�b��
�=�J�� �i�j�b�f�_�g�y�e�b�� �k�l�m�i�_�g�q�Z�l�u�c�� �]�j�Z�^�b�_�g�l��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �.�&�O�� �\�� �w�e�x�b�j�m�x�s�_�f�� �[�m��
�n�_�j�_�����W�e�x�b�j�m�x�s�Z�y���k�j�_�^�Z���b�f�_�e�Z���l�Z�d�h�c���`�_��
�k�h�k�l�Z�\���� �d�Z�d�� �b�� �g�Z�� �i�j�_�^�u�^�m�s�_�f�� �w�l�Z�i�_��
�h�q�b�k�l�d�b���� �N�_�j�f�_�g�l�� �w�e�x�b�j�h�\�Z�e�k�y�� �k�� �d�h��
�e�h�g�d�b�� �i�j�b�� �k�l�m�i�_�g�q�Z�l�h�f�� �]�j�Z�^�b�_�g�l�_�� �.�&�O��
50-���������f�F�����K�d�h�j�h�k�l�v���w�e�x�p�b�b���k�h�k�l�Z�\�e�y�e�Z��
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30-40 �k�f3���q���� �D�Z�`�^�m�x�� �n�j�Z�d�p�b�x�� �w�e�x�Z�l�Z��
�h�[�t�_�f�h�f�� ��.5-2.0 �k�f3 �Z�g�Z�e�b�a�b�j�h�\�Z�e�b�� �g�Z��
�g�Z�e�b�q�b�_���n�_�j�f�_�g�l�Z�l�b�\�g�h�c���Z�d�l�b�\�g�h�k�l�b���=�J����
�<�k�_���w�l�Z�i�u���\�u�^�_�e�_�g�b�y���b���h�q�b�k�l�d�b���n�_�j�f�_�g�l�Z��
�i�j�h�\�h�^�b�e�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_����-���ƒ�K�� 

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

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�j�h�^�_�f�h�g��
�k�l�j�b�j�h�\�Z�e�b���i�h�\�u�r�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �=�J����
�\�u�j�Z�`�_�g�g�h�c���\���\�b�^�_���?���g�Z���f�e���k�u�\�h�j�h�l�d�b�����m��
�[�h�e�v�g�u�o�� �K�>���� �\�� �������� �j�Z�a�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
�d�h�g�l�j�h�e�v�g�u�f�� �m�j�h�\�g�_�f�� ���j�b�k���� �������� �J�Z�a�\�b�l�b�_��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �]�b�i�_�j�]�e�b�d�_�f�b�b�� �m��
�d�j�u�k�� �k�h�i�j�h�\�h�`�^�Z�e�h�k�v�� �\�h�a�j�Z�k�l�Z�g�b�_�f�� �^�Z�g��
�g�h�]�h���i�Z�j�Z�f�_�l�j�Z���\�����������j�Z�a�Z�����M�^�_�e�v�g�Z�y���n�_�j��
�f�_�g�l�Z�l�b�\�g�Z�y���Z�d�l�b�\�g�h�k�l�v���[�u�e�Z���\�u�r�_���\����������
�j�Z�a�Z�����j�b�k�����������\���]�j�m�i�i�_���i�Z�p�b�_�g�l�h�\���k���K�>�����b��
�\�����������j�Z�a�Z���± �\���]�j�m�i�i�_���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o��
�`�b�\�h�l�g�u�o���k���i�Z�l�h�e�h�]�b�_�c���� 

�I�h-�\�b�^�b�f�h�f�m���� �m�\�_�e�b�q�_�g�b�_�� �k�d�h�j�h�k�l�b��
�j�_�Z�d�p�b�b���� �\�� �o�h�^�_�� �d�h�l�h�j�h�c�� �i�j�h�b�k�o�h�^�b�l�� �h�[��
�j�Z�a�h�\�Z�g�b�_���\�h�k�k�l�Z�g�h�\�e�_�g�g�h�c���n�h�j�f�u���]�e�m�l�Z��
�l�b�h�g�Z�����g�Z�i�j�y�f�m�x���b���h�i�h�k�j�_�^�h�\�Z�g�g�h���m�q�Z�k�l��
�\�m�x�s�_�]�h���\���g�_�c�l�j�Z�e�b�a�Z�p�b�b���:�N�D�����h�[�m�k�e�h�\��
�e�_�g�h�� �d�h�f�i�_�g�k�Z�l�h�j�g�h�c�� �Z�d�l�b�\�Z�p�b�_�c�� �=�J���=�I��
�Z�g�l�b�h�d�k�b�^�Z�g�l�g�h�c���k�b�k�l�_�f�u �\���h�l�\�_�l���g�Z���b�g��
�l�_�g�k�b�n�b�d�Z�p�b�x���k�\�h�[�h�^�g�h�j�Z�^�b�d�Z�e�v�g�h�]�h��

�h�d�b�k�e�_�g�b�y �\�� �m�k�e�h�\�b�y�o�� �j�Z�a�\�b�l�b�y�� �w�d�k�i�_�j�b��
�f�_�g�l�Z�e�v�g�h�c�� �]�b�i�_�j�]�e�b�d�_�f�b�b���� �L�Z�d�`�_���� �w�l�h��
�f�h�`�_�l���h�i�j�_�^�_�e�y�l�v�k�y���l�_�f�����q�l�h���\�h�a�j�Z�k�l�Z�g�b�_��
�Z�d�l�b�\�g�h�k�l�b���=�J���k�i�h�k�h�[�k�l�\�m�_�l���m�\�_�e�b�q�_�g�b�x��
�n�_�j�f�_�g�l�Z�l�b�\�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �=�I���� �g�_�i�h��
�k�j�_�^�k�l�\�_�g�g�h�� �m�q�Z�k�l�\�m�x�s�_�c�� �\�� �h�[�_�a�\�j�_�`�b��
�\�Z�g�b�b���i�j�h�^�m�d�l�h�\�� �j�_�Z�d�p�b�c���k�\�h�[�h�^�g�h�j�Z�^�b��
�d�Z�e�v�g�h�]�h���h�d�b�k�e�_�g�b�y �i�j�b���m�q�Z�k�l�b�b���*�6�+���� 

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

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�^�h�[�j�Z�g�g�u�o�� �m�k�e�h�\�b�c��
�^�e�y�� �h�q�b�k�l�d�b�� �=�J�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �i�j�_�i�Z��
�j�Z�l�u���n�_�j�f�_�g�l�Z���b�a���i�_�q�_�g�b���d�h�g�l�j�h�e�v�g�u�o���b��
�i�h�^�\�_�j�]�g�m�l�u�o�� �K�>���� �d�j�u�k���� �h�q�b�s�_�g�g�u�_�� �\��
56.5- �b�� ���������� �j�Z�a�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �M�^�_�e�v��
�g�Z�y���Z�d�l�b�\�g�h�k�l�v���i�j�b���w�l�h�f���k�h�k�l�Z�\�b�e�Z�������������b��
���������� �?���f�]�� �[�_�e�d�Z���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� ���l�Z�[��
�e�b�p�Z������ �<�u�o�h�^�� �n�_�j�f�_�g�l�Z�� �k�h�k�l�Z�\�b�e�� ������������
���g�h�j�f�Z�����b�����������������K�>���������M�k�l�Z�g�h�\�e�_�g�h�����q�l�h��
�n�_�j�f�_�g�l���k�h�o�j�Z�g�y�_�l���f�Z�d�k�b�f�Z�e�v�g�m�x���Z�d�l�b�\��
�g�h�k�l�v���i�j�b���_�]�h���o�j�Z�g�_�g�b�b���\���d�Z�f�_�j�_���k���l�_�f�i�_��
�j�Z�l�m�j�h�c�� �h�l�� ���� �^�h�� �����h�K���� �I�j�b�� �w�l�h�f���� �q�_�j�_�a��
�^�\�h�_���k�m�l�h�d���Z�d�l�b�\�g�h�k�l�v���=�J���k�h�k�l�Z�\�e�y�e�Z���[�h��
�e�_�_�� �������� �h�l�� �b�k�o�h�^�g�h�c���� �A�Z�f�h�j�Z�`�b�\�Z�g�b�_��
�i�j�b�\�h�^�b�l�� �d �k�g�b�`�_�g�b�x�� �Z�d�l�b�\�g�h�k�l�b�� �[�h�e�_�_��
�q�_�f���g�Z���������� 

�:�g�Z�e�b�a�� �^�Z�g�g�u�o�� �b�h�g�h�h�[�f�_�g�g�h�c�� �o�j�h�f�Z��
�l�h�]�j�Z�n�b�b�� �g�Z�� �d�h�e�h�g�d�_�� �k�� �>�W�:�W-�p�_�e�e�x�e�h��
�a�h�c���i�h�d�Z�a�Z�e�����q�l�h���=�J���b�a���i�_�q�_�g�b���d�j�u�k���d�h�g��
�l�j�h�e�v�g�h�c���]�j�m�i�i�u���w�n�n�_�d�l�b�\�g�h���w�e�x�b�j�h�\�Z��
�e�Z�k�v���i�j�b���d�h�g�p�_�g�l�j�Z�p�b�b���.�&�O�����������f�F�����j�b�k����

 
�J�b�k�����������:�d�l�b�\�g�h�k�l�v���]�e�m�l�Z�l�b�h�g�j�_�^�m�d�l�Z�a�u���\���k�u�\�h�j�h�l�d�_���d�j�h�\�b���i�Z�p�b�_�g�l�h�\�������� 

�b���\���k�u�\�h�j�h�l�d�_���d�j�h�\�b���d�j�u�k�������� 
Fig. 1. Glutathione reductase activity in the blood serum of patients (1) 

and in the blood serum of rats (2) 
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���:�������<���l�h���`�_���\�j�_�f�y�����^�e�y���m�k�i�_�r�g�h�c���^�_�k�h�j�[��
�p�b�b�� �=�J�� �b�a���i�_�q�_�g�b�� �d�j�u�k�� �\�l�h�j�h�c�� �w�d�k�i�_�j�b��
�f�_�g�l�Z�e�v�g�h�c���]�j�m�i�i�u�����j�b�k�������;�������[�u�e�Z���h�i�l�b��
�f�Z�e�v�g�Z���d�h�g�p�_�g�l�j�Z�p�b�y���.�&�O���\���w�e�x�b�j�m�x�s�_�f��
�[�m�n�_�j�_���������f�F�� 

�K�h�]�e�Z�k�g�h�� �^�Z�g�g�u�f�� �e�b�l�_�j�Z�l�m�j�u���� �j�Z�a�\�b��
�l�b�_���h�d�b�k�e�b�l�_�e�v�g�h�]�h���k�l�j�_�k�k�Z���k�h�i�j�h�\�h�`�^�Z��
�_�l�k�y���m�\�_�e�b�q�_�g�b�_�f���d�h�g�p�_�g�l�j�Z�p�b�b���h�d�b�k�e�_�g��
�g�h�c�� �n�h�j�f�u�� �]�e�m�l�Z�l�b�h�g�Z�� ���*�6�6�*���� �>�����@���� �I�Z��
�j�Z�e�e�_�e�v�g�h�� �k�� �w�l�b�f���� �\�� �d�e�_�l�d�_�� �i�j�h�b�k�o�h�^�b�l��
�Z�d�d�m�f�m�e�y�p�b�y�� �k�h�_�^�b�g�_�g�b�c���� �k�i�h�k�h�[�g�u�o��
�h�d�b�k�e�y�l�v���6�+-�]�j�m�i�i�u���[�_�e�d�h�\���b���n�_�j�f�_�g�l�h�\����
�q�l�h�� �f�h�`�_�l�� �i�j�b�\�h�^�b�l�v�� �d�� �b�a�f�_�g�_�g�b�x�� �b�o��
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d���� �L�Z�d����
�[�u�e�h�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h���� �q�l�h�� �b�g�d�m�[�Z��
�p�b�y���Z�e�v�^�h�a�h�j�_�^�m�d�l�Z�a�u���b�a���w�j�b�l�j�h�p�b�l�h�\���q�_��
�e�h�\�_�d�Z�� �\�� �i�j�b�k�m�l�k�l�\�b�b�� �*�6�6�*�� �\�u�a�u�\�Z�_�l��
�m�\�_�e�b�q�_�g�b�_���_�_���m�^�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���b���f�h��
�^�b�n�b�d�Z�p�b�x���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�\�h�c�k�l�\��
�i�j�b�� �b�h�g�h�h�[�f�_�g�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �g�Z��
�>�W�:�W-�p�_�e�e�x�e�h�a�_���� �g�Z�[�e�x�^�Z�_�l�k�y�� �[�h�e�_�_��
�j�Z�g�g�b�c�� �i�b�d�� �Z�d�l�b�\�g�h�k�l�b�� �n�_�j�f�_�g�l�Z�� �i�j�b��
�w�e�x�p�b�b���>�����@�� 

�B�a�\�_�k�l�g�h�����q�l�h���\���i�j�h�p�_�k�k�_���d�Z�l�Z�e�b�a�Z���f�h��
�e�_�d�m�e�Z�� �=�J�� �\�� �h�d�b�k�e�_�g�g�h�c�� �n�h�j�f�_�� �k�\�y�a�u�\�Z��
�_�l�k�y�� �k�� �G�:�>�N�G�� �b�� �i�j�h�l�h�g�h�f���� �i�_�j�_�o�h�^�y�� �\��
�\�h�k�k�l�Z�g�h�\�e�_�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� ���(�+������ �W�l�h�l��
�i�j�h�p�_�k�k�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �j�Z�a�j�u�\�h�f�� �^�b��
�k�m�e�v�n�b�^�g�h�c�� �k�\�y�a�b�� �f�_�`�^�m�� �&�\�V-������ �b�� �&�\�V-
���������Z���b�f�b�^�Z�a�h�e�v�g�h�_���d�h�e�v�p�h���+�L�V-�������¶���i�j�b��
�h�[�j�_�l�Z�_�l�� �i�h�e�h�`�b�l�_�e�v�g�u�c�� �a�Z�j�y�^�� �>�����@���� �<��

�k�\�y�a�b�� �k�� �w�l�b�f���� �i�j�b�� �i�h�\�u�r�_�g�g�h�f�� �m�j�h�\�g�_��
�*�6�6�*�� �\�� �m�k�e�h�\�b�y�o�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h��
�k�l�j�_�k�k�Z���� �o�Z�j�Z�d�l�_�j�g�h�]�h�� �^�e�y�� �K�>������ �f�h�`�_�l��
�m�\�_�e�b�q�b�\�Z�l�v�k�y�� �d�h�e�b�q�_�k�l�\�h�� �f�h�e�_�d�m�e�� �=�J�� �k��
�i�h�e�h�`�b�l�_�e�v�g�h�� �a�Z�j�y�`�_�g�g�u�f�� �b�f�b�^�Z�a�h�e�v��
�g�u�f���d�h�e�v�p�h�f���+�L�V-�������¶�����<�_�j�h�y�l�g�h�����w�l�h���h�[�t��
�y�k�g�y�_�l�� �g�Z�[�e�x�^�Z�_�f�m�x�� �^�_�k�h�j�[�p�b�x�� �[�h�e�v��
�r�_�c���q�Z�k�l�b���b�k�k�e�_�^�m�_�f�h�]�h���n�_�j�f�_�g�l�Z���k���Z�g�b��
�h�g�h�h�[�f�_�g�g�b�d�Z�� ���>�W�:�W-�p�_�e�e�x�e�h�a�u���� �i�j�b��
�d�h�g�p�_�g�l�j�Z�p�b�b���.�&�O���������f�F�����j�b�k�������;���� 

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

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���^�Z�g�g�u�_���i�h�d�Z�a�Z�e�b����
�q�l�h�� �d�b�g�_�l�b�d�Z�� �j�_�Z�d�p�b�b���� �d�Z�l�Z�e�b�a�b�j�m�_�f�h�c��
�=�J�����k�h�h�l�\�_�l�k�l�\�m�_�l���m�j�Z�\�g�_�g�b�x���F�b�o�Z�w�e�b�k�Z-
�F�_�g�l�_�g�� ���j�b�k���� ��-�������� �A�g�Z�q�_�g�b�y�� �d�h�g�k�l�Z�g�l�u��
�F�b�o�Z�w�e�b�k�Z-�F�_�g�l�_�g�� �^�e�y�� �k�m�[�k�l�j�Z�l�Z�� �b�� �d�h��
�n�_�j�f�_�g�l�Z���w�g�a�b�f�Z���b�a���i�_�q�_�g�b���d�j�u�k���w�d�k�i�_�j�b��
�f �_�g�l�Z�e�v�g�u�o���]�j�m�i�i���[�u�e�b���h�i�j�_�^�_�e�_�g�u���k���i�h��
�f�h�s�v�x���f�_�l�h�^�Z���^�\�h�c�g�u�o���h�[�j�Z�l�g�u�o���\�_�e�b�q�b�g��
�E�Z�c�g�m�b�\�_�j�Z-�;�_�j�d�Z�����j�b�k�������;�������;�������;�������;���� 

�M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���d�h�g�p�_�g�l�j�Z�p�b�y���*�6�6�*����
�h�[�_�k�i�_�q�b�\�Z�x�s�Z�y�� �i�h�e�h�\�b�g�m�� �f�Z�d�k�b�f�Z�e�v��
�g�h�c���k�d�h�j�h�k�l�b���j�_�Z�d�p�b�b���b�k�k�e�_�^�m�_�f�h�]�h���n�_�j��
�f�_�g�l�Z���� �k�h�k�l�Z�\�b�e�Z�� ��.������ �f�F�� �\�� �d�h�g�l�j�h�e�_�� �b��
0.������ �f�F�� �i�j�b�� �K�>������ �A�g�Z�q�_�g�b�y�� �.�P�� �^�e�y��
�G�:�>�N�G���k�h�k�l�Z�\�b�e�b����.�������f�F���\���d�h�g�l�j�h�e�_���b��
3.�������f�F���i�j�b���K�>�������L�Z�d�b�f���h�[�j�Z�a�h�f�����i�j�b���i�Z��
�l�h�e�h�]�b�b���g�Z�[�e�x�^�Z�_�l�k�y���k�g�b�`�_�g�b�_���k�j�h�^�k�l�\�Z��

�L�Z�[�e�b�p�Z�����J�_�a�m�e�v�l�Z�l�u���h�q�b�k�l�d�b���]�e�m�l�Z�l�b�h�g�j�_�^�m�d�l�Z�a�u �b�a���i�_�q�_�g�b���d�j�u�k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u���b��
�i�h�^�\�_�j�]�g�m�l�u�o���k�Z�o�Z�j�g�h�f�m���^�b�Z�[�_�l�m�������l�b�i�Z�
 
Table. Results of purification of glutathione reductase from the liver of rats in the control group 
and those with type 2 diabetes mellitus 

�K�l�Z�^�b�y��
�h�q�b�k�l�d�b 

�M�k�e�h��
�\�b�y��

�h�i�u�l�Z 

�H�[�s�Z�y���Z�d��
�l�b�\�g�h�k�l�v��

�?�h�[�s 

�D�h�e�b�q�_�k�l�\�h 
�[�_�e�d�Z�����f�] 

�M�^�_�e�v�g�Z�y���Z�d��
�l�b�\�g�h�k�l�v�� 
�?���f�]���[�_�e�d�Z 

�<�u��
�o�h�^����
% 

�K�l�_-
�i�_�g�v��

�h�q�b�k�l�d�b 

�=�h�f�h�]�_�g�Z�l 
�g�h�j�f�Z 16.5�r0.53 243.2�r10.11 0.068�r0.0026 100 1 
�K�>�� 31.3�r1.32* 239.0�r10.22 0.131�r0.0043* 100 1 

�N�j�Z�d�p�b�h�g�b�j�h��
�\�Z�g�b�_��

(NH4)2SO4 

�g�h�j�f�Z 15.9�r0.63 198.2�r7.94 0.080�r0.0031 96 1.2 

�K�>�� 26.1�r1.24* 151.7�r6.81* 0.171�r0.0065* 83 1.4 

�O�j�h�f�Z�l�h�]�j�Z��
�n�b�y �g�Z���k�_�n�Z��
�^�_�d�k�_���*-25 

�g�h�j�f�Z 14.9�r0.41 115.1�r3.82 0.130�r0.0041 90 1.9 

�K�>�� 19.6�r0.55* 106.9�r3.53* 0.184�r0.007* 62 1.4 

�O�j�h�f�Z�l�h�]�j�Z��
�n�b�y �g�Z���>�W�:�W-

�p�_�e�e�x�e�h�a�_ 

�g�h�j�f�Z 7.6�r0.26 1.98�r0.067 3.839�r0.094 46 56.4 

�K�>�� 18.6�r0.65* 3.11�r0.088* 5.969�r0.156* 59 45 

�
�I�j�b�f�_�q�Z�g�b�_�����\���l�Z�[�e�b�p�_���h�[�k�m�`�^�Z�x�l�k�y���k�l�Z�l�b�k�l�b�q�_�k�d�b���^�h�k�l�h�\�_�j�g�u�_���j�Z�a�e�b�q�b�y���i�j�b���J�d0.05. 
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�n�_�j�f�_�g�l�Z���d���k�m�[�k�l�j�Z�l�m�����q�l�h�����\�_�j�h�y�l�g�h�����h�[�m��
�k�e�h�\�e�_�g�h�� �g�Z�d�h�i�e�_�g�b�_�f�� �h�d�b�k�e�_�g�g�h�]�h�� �]�e�m��
�l�Z�l�b�h�g�Z�����\�u�a�u�\�Z�x�s�_�]�h���k�m�[�k�l�j�Z�l�g�h�_���b�g�]�b��
�[�b�j�h�\�Z�g�b�_���n�_�j�f�_�g�l�Z�� 

�<���j�_�a�m�e�v�l�Z�l�_���h�p�_�g�d�b���\�e�b�y�g�b�y���j�G���g�Z���b�g��
�l�_�g�k�b�\�g�h�k�l�v���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y���=�J���[�u�e�h��

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

       
�J�b�k�����������W�e�x�p�b�y���]�e�m�l�Z�l�b�h�g�j�_�^�m�d�l�Z�a�u���b�a���i�_�q�_�g�b���d�j�u�k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u�����:�����b���k�h��

�k�l�j�_�i�l�h�a�h�l�h�p�b�g�h�\�u�f���K�>�������;�����i�j�b���i�j�h�\�_�^�_�g�b�b���b�h�g�h�h�[�f�_�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���g�Z���>�W�:�W-
�p�_�e�e�x�e�h�a�_ 

Fig. 2. Elution of glutathione reductase from the liver of rats in the control group (A) and 
with streptozotocin DM2 (B) during ion exchange chromatography on DEAE cellulose 

 
�J�b�k. �������A�Z�\�b�k�b�f�h�k�l�v���k�d�h�j�h�k�l�b���j�_�Z�d�p�b�b�����d�Z�l�Z�e�b�a�b�j�m�_�f�h�c���]�e�m�l�Z�l�b�h�g�j�_�^�m�d�l�Z�a�h�c�� 

�h�l���d�h�g�p�_�g�l�j�Z�p�b�b���k�m�[�k�l�j�Z�l�Z���± �h�d�b�k�e�_�g�g�h�]�h���]�e�m�l�Z�l�b�h�g�Z���\���g�h�j�f�_: �:  �± �\ �i�j�y�f�u�o���d�h�h�j�^�b�g�Z�l�Z�o; 
�; �± �\ �^�\�h�c�g�u�o���h�[�j�Z�l�g�u�o���d�h�h�j�^�b�g�Z�l�Z�o���E�Z�c�g�m�b�\�_�j�Z-�;�_�j�d�Z�� 

Fig.3. Dependence of the reaction rate catalyzed by glutathione reductase on the concentra-
tion of the substrate, oxidized glutathione, in normal: A �± in direct coordinates; B �± in double 

inverse Linewiver-Burke coordinates. 

 
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���k�d�h�j�h�k�l�b���j�_�Z�d�p�b�b�����d�Z�l�Z�e�b�a�b�j�m�_�f�h�c���]�e�m�l�Z�l�b�h�g�j�_�^�m�d�l�Z�a�h�c�� 

�h�l���d�h�g�p�_�g�l�j�Z�p�b�b���k�m�[�k�l�j�Z�l�Z���± �h�d�b�k�e�_�g�g�h�]�h���]�e�m�l�Z�l�b�h�g�Z���i�j�b���K�>�������:���± �\���i�j�y�f�u�o���d�h�h�j�^�b�g�Z��
�l�Z�o�����;���± �\���^�\�h�c�g�u�o���h�[�j�Z�l�g�u�o���d�h�h�j�^�b�g�Z�l�Z�o���E�Z�c�g�m�b�\�_�j�Z-�;�_�j�d�Z�� 

Fig. 4. Dependence of the reaction rate catalyzed by glutathione reductase on the concentra-
tion of the substrate, oxidized glutathione, at DM2: A �± in direct coordinates; B �± in double in-

verse Linuiver-Burke coordinates. 
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�d�h�g�p�_�g�l�j�Z�p�b�b���b�h�g�h�\���\�h�^�h�j�h�^�Z���k�h�i�j�h�\�h�`��
�^�Z�e�h�k�v���j�_�a�d�b�f���i�Z�^�_�g�b�_�f���n�_�j�f�_�g�l�Z�l�b�\�g�h�c��
�Z�d�l�b�\�g�h�k�l�b���� 

�I�h�d�Z�a�Z�g�h�����q�l�h���^�e�y���n�_�j�f�_�g�l�Z�����\�u�^�_�e�_�g��
�g�h�]�h�� �b�a�� �i�_�q�_�g�b�� �d�j�u�k�� �k�� �K�>2 �j�G�� �h�i�l�b�f�m�f��
�j�Z�\�_�g�������������j�b�k�������������I�j�b�q�_�f���b�a�f�_�g�_�g�b�_���d�h�g��
�p�_�g�l�j�Z�p�b�b�� �b�h�g�h�\�� �\�h�^�h�j�h�^�Z�� �\�� �[�h�e�v�r�m�x��
�k�l�h�j�h�g�m�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �f�_�g�_�_�� �j�_�a�d�b�f��
�i�Z�^�_�g�b�_�f���Z�d�l�b�\�g�h�k�l�b���=�J�����i�h���k�j�Z�\�g�_�g�b�x���k��
�g�h�j�f�h�c���� 

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

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z��
�g�b�y���i�h�d�Z�a�Z�e�b���m�\�_�e�b�q�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���=�J����
�\�u�j�Z�`�_�g�g�h�c���\���?���g�Z���f�b�e�e�b�e�b�l�j���k�u�\�h�j�h�l�d�b��
�b�� �m�^�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �n�_�j�f�_�g�l�Z���� �d�Z�d�� �m��
�i�Z�p�b�_�g�l�h�\���k���K�>�������l�Z�d���b���m���`�b�\�h�l�g�u�o���k���b�g��
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Fig. 5. The dependence of the reaction rate catalyzed by glutathione reductase on the concen-
tration of the coenzyme (NADPH) in normal conditions: A �± in direct coordinates; B �± in double 

inverse Linewiver-Burke coordinates. 
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�´ �ç �Ê�ä�Î���Ë�É�Ù�Ñ�É�Ö�Û�ä
�Í �×�Ú�Û�É�Ë�Ó�Ñ��
�Ú�É�Õ�×�Ë�ä�Ë�×�Ð�����Û�Ù�É�Ö�Ú�Ø�×�Ù�Û�Ö�É�è
�Ó�×�Õ�Ø�É�Ö�Ñ�è���Ñ�Ô�Ñ���Ú
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�×�Ø�Ô�É�Û�ä��
�Ø�Ù�Î�Í�×�Ø�Ô�É�Û�É���Ø�×���Í�×�Ì�×�Ë�×�Ù�Ü
�Ë���Ù�É�Ð�Õ�Î�Ù�Î���������� ����������������
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�Ñ���Ø�×�×�â�Ù�Î�Ö�Ñ�Ò���Í�Ô�è���Ö�É�á�Ñ�Þ
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