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ɩɨɜ¶ɹɡɚɧɢɯ� ɡ� ɿɡɨɦɨɪɮɧɢɦ� ɡɚɦɿɳɟɧɧɹɦ� ɤɚɬɿɨɧɿɜ� ɿ� ɚɧɿɨɧɿɜ�� ɇɚɫɚɦɩɟɪɟɞ� ɰɟ�
ɡɭɦɨɜɥɟɧɨ� ɲɢɪɨɤɢɦɢ� ɦɨɠɥɢɜɨɫɬɹɦɢ� ɜɚɪɿɚɰɿʀ� ɫɬɪɭɤɬɭɪɢ� ɨɪɝɚɧɿɱɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ� ɩɪɢ� ɪɿɡɧɢɯ� ɫɬɭɩɟɧɹɯ� ɡɚɦɿɳɟɧɧɹ� ɚɬɨɦɿɜ� ɜɨɞɧɸ� ɜ� ɝɪɭɩɿ� ɚɦɨɧɿɸ�
ɪɚɞɢɤɚɥɨɦ� ɚɥɤɿɥɭ� ɋnH2n+1�� ɹɤɢɣ�� ɜ� ɫɜɨɸ� ɱɟɪɝɭ�� ɦɨɠɟ� ɡɦɿɧɸɜɚɬɢɫɹ� ɜɿɞ�
ɩɪɨɫɬɿɲɨɝɨ�ɞɨ�ɫɤɥɚɞɧɿɲɨɝɨ��ɦɟɬɢɥ�&+3 o ɟɬɢɥ�&2H5 o ɩɪɨɩɿɥ�&3H7 o ɬɨɳɨ��
ȼɧɚɫɥɿɞɨɤ� ɜɿɞɦɿɧɧɨɫɬɿ� ɯɿɦɿɱɧɨɝɨ� ɫɤɥɚɞɭ�� ɪɨɡɦɿɪɿɜ� ɿ� ɫɢɦɟɬɪɿʀ� ɨɪɝɚɧɿɱɧɢɯ�
ɤɚɬɿɨɧɿɜ� ɩɟɪɟɥɿɱɟɧɿ� ɫɩɨɥɭɤɢ� ɜɿɞɡɧɚɱɚɸɬɶɫɹ� ɩɨɦɿɬɧɨɸ� ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɸ�
ɮɿɡɢɱɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɿ�ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ�ɮɚɡ��ȼɪɚɯɨɜɭɸɱɢ�ɰɸ�ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɶ�
ɬɚ�ɲɢɪɨɤɢɣ� ɫɩɟɤɬɪ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɭ� ɩɪɢɫɬɪɨɹɯ� ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ� ɟɥɟɤɬɪɨɧɿɤɢ��
ɨɩɬɨɟɥɟɤɬɪɨɧɿɤɢ�� ɥɚɡɟɪɧɨʀ� ɬɟɯɧɿɤɢ�� ɚɤɬɭɚɥɶɧɢɦ� ɽ� ɞɨɫɥɿɞɠɟɧɧɹ� ɰɿɽʀ� ɪɨɞɢɧɢ�
ɤɪɢɫɬɚɥɿɜ�� Ⱦɨɜɨɥɿ� ɩɟɪɫɩɟɤɬɢɜɧɢɦ� ɽ� ɜɢɜɱɟɧɧɹ� ɤɪɢɫɬɚɥɿɜ�� ɹɤɿ� ɦɿɫɬɹɬɶ� ɭ� ɫɜɨʀɣ�
ɫɬɪɭɤɬɭɪɿ� ɤɨɦɩɥɟɤɫɢ� ɿɨɧɿɜ� ɩɟɪɟɯɿɞɧɢɯ� ɦɟɬɚɥɿɜ�� ȼɨɧɢ� ɦɨɠɭɬɶ� ɫɥɭɝɭɜɚɬɢ�
ɟɮɟɤɬɢɜɧɢɦɢ� ɡɨɧɞɚɦɢ� ɩɪɢ� ɜɢɜɱɟɧɧɿ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɫɬɪɭɤɬɭɪɢ� ɿ� ɮɿɡɢɱɧɢɯ�
ɜɥɚɫɬɢɜɨɫɬɟɣ� ɬɚ� ɜɩɥɢɜɭ� ɧɚ� ɧɢɯ� ɡɨɜɧɿɲɧɿɯ� ɮɚɤɬɨɪɿɜ� ɿɡ� ɡɚɫɬɨɫɭɜɚɧɧɹɦ�
ɫɩɟɤɬɪɨɫɤɨɩɿɱɧɢɯ�ɦɟɬɨɞɿɜ� 

ɇɟɚɛɢɹɤɟ� ɩɪɢɤɥɚɞɧɟ� ɿ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɟ� ɡɧɚɱɟɧɧɹ� ɦɚɽ� ɪɨɡɜɢɬɨɤ� ɧɨɜɨɝɨ�
ɧɚɩɪɹɦɭ� ɭ� ɮɿɡɢɰɿ� ɮɟɪɨʀɤɿɜ� ± ɪɨɡɪɨɛɥɟɧɧɹ� ɬɟɯɧɨɥɨɝɿɣ� ɨɬɪɢɦɚɧɧɹ� ɿ� ɜɢɜɱɟɧɧɹ�
ɜɥɚɫɬɢɜɨɫɬɟɣ� ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ�� Ɍɚɤɿ� ɦɚɬɟɪɿɚɥɢ� ɦɨɠɭɬɶ� ɜɢɹɜɢɬɢɫɹ� ɨɫɨɛɥɢɜɨ�
ɩɪɢɜɚɛɥɢɜɢɦɢ� ɞɥɹ� ɫɬɜɨɪɟɧɧɹ� ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɢɯ� ɤɨɦɩ¶ɸɬɟɪɧɢɯ� ɩɪɢɫɬɪɨʀɜ�
ɩɚɦ¶ɹɬɿ��ɩɪɢɧɰɢɩ�ɞɿʀ�ɹɤɢɯ�ʉɪɭɧɬɭɽɬɶɫɹ�ɧɚ�ɦɚɝɧɿɬɨɟɥɟɤɬɪɢɱɧɨɦɭ�ɟɮɟɤɬɿ�� 

Ɂɜ¶ɹɡɨɤ� ɡ� ɧɚɭɤɨɜɢɦɢ� ɩɪɨɝɪɚɦɚɦɢ�� ɩɥɚɧɚɦɢ�� ɬɟɦɚɦɢ�� ɐɹ� ɪɨɛɨɬɚ�
ɜɢɤɨɧɚɧɚ�ɭ�ɥɚɛɨɪɚɬɨɪɿɹɯ�ɤɚɮɟɞɪɢ�ɮɿɡɢɤɢ�ɬɜɟɪɞɨɝɨ�ɬɿɥɚ�ɮɿɡɢɱɧɨɝɨ�ɮɚɤɭɥɶɬɟɬɭ��
ɇɚɭɤɨɜɨ-ɧɚɜɱɚɥɶɧɨɝɨ�ɰɟɧɬɪɭ�©Ɏɪɚɤɬɚɥª�ɬɚ�ɇɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɨɝɨ�ɿ�ɧɚɜɱɚɥɶɧɨɝɨ�
ɰɟɧɬɪɭ� ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� Ʌɶɜɿɜɫɶɤɨɝɨ� ɧɚɰɿɨɧɚɥɶɧɨɝɨ�
ɭɧɿɜɟɪɫɢɬɟɬɭ� ɿɦɟɧɿ� ȱɜɚɧɚ� Ɏɪɚɧɤɚ�� Ɂɧɚɱɧɭ� ɱɚɫɬɢɧɭ� ɪɟɡɭɥɶɬɚɬɿɜ� ɨɬɪɢɦɚɧɨ� ɜ�
ɪɚɦɤɚɯ� ɜɢɤɨɧɚɧɧɹ� ɞɟɪɠɛɸɞɠɟɬɧɢɯ� ɬɟɦ� ɇɬ-��ɉ� ©Ȼɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɿ�
ɦɨɧɨɤɪɢɫɬɚɥɿɱɧɿ�� ɤɨɦɩɨɡɢɬɧɿ� ɿ� ɧɚɧɨɫɬɪɭɤɬɭɪɨɜɚɧɿ� ɦɚɬɟɪɿɚɥɢ� ɧɚ� ɨɫɧɨɜɿ�
ɲɢɪɨɤɨɡɨɧɧɢɯ� ɮɨɫɮɨɪɿɜ� ɿ� ɮɟɪɨʀɤɿɜ» �ɧɨɦɟɪ� ɞɟɪɠɚɜɧɨʀ� ɪɟɽɫɬɪɚɰɿʀ�
ʋ0115U003254, 2015-����� ɪɪ�)�� ɇɬ-��ɉ� ©ȱɧɠɟɧɟɪɿɹ� ɛɚɝɚɬɨɮɭɧɤɰɿɨɧɚɥɶɧɢɯ�
ɤɨɦɩɨɡɢɬɧɢɯ� ɧɚɧɨɫɬɪɭɤɬɭɪɨɜɚɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɞɥɹ� ɟɥɟɤɬɪɨɧɿɤɢ� ɿ� ɥɚɡɟɪɧɨʀ�
ɬɟɯɧɿɤɢª �ɧɨɦɟɪ�ɞɟɪɠɚɜɧɨʀ�ɪɟɽɫɬɪɚɰɿʀ�ʋ0116U001540, 2016-�����ɪɪ���ɬɚ�ɇɬ-
��ɉ� «ɇɨɜɟ� ɩɨɤɨɥɿɧɧɹ� ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ�� ɤɨɦɩɨɡɢɬɧɢɯ� ɿ� ɧɚɧɨɫɬɪɭɤɬɭɪɨɜɚɧɢɯ�
ɦɚɬɟɪɿɚɥɿɜ� ɞɥɹ� ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ� ɟɥɟɤɬɪɨɧɿɤɢ� ɿ� ɮɨɬɨɧɿɤɢ» �ɧɨɦɟɪ� ɞɟɪɠɚɜɧɨʀ�
ɪɟɽɫɬɪɚɰɿʀ� ʋ0118U003608, 2018-����� ɪɪ���� ɡɚ� ɹɤɢɦɢ� ɚɜɬɨɪ� ɩɪɚɰɸɜɚɜ� ɹɤ�
ɜɢɤɨɧɚɜɟɰɶ� 

Ɇɟɬɚ� ɪɨɛɨɬɢ ɩɨɥɹɝɚɥɚ� ɭ� ɞɨɫɥɿɞɠɟɧɧɿ ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ�
ɨɪɝɚɧɿɱɧɢɯ� ɤɚɬɿɨɧɿɜ� ɬɚ� ɧɟɨɪɝɚɧɿɱɧɢɯ� ɚɧɿɨɧɿɜ� ɧɚ� ɫɬɪɭɤɬɭɪɭ�� ɦɚɝɧɿɬɧɿ��
ɟɥɟɤɬɪɨɮɿɡɢɱɧɿ� ɬɚ� ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ�� ɳɨ� ɦɿɫɬɹɬɶ�
ɤɨɦɩɥɟɤɫɢ� ɿɨɧɿɜ� ɩɟɪɟɯɿɞɧɢɯ� ɦɟɬɚɥɿɜ�� ɬɚ� ɪɨɡɪɨɛɥɟɧɧɿ ɩɪɨɝɪɚɦɧɨɝɨ�
ɡɚɛɟɡɩɟɱɟɧɧɹ�ɞɥɹ�ɿɧɬɟɪɩɪɟɬɚɰɿʀ ʀɯɧɿɯ�ɫɩɟɤɬɪɿɜ�ɨɩɬɢɱɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ� 
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Ɉɛ¶ɽɤɬɚɦɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ� ɤɪɢɫɬɚɥɢ� >�&+3)2CHNH3]4Cd3Cl10 (IPACC),  
[(CH3)2CHNH3]4Cd3Cl10:Cu (IPACCC), ((N(C2H5)4)2CoClBr3 (TEACCB),  
(NH2(CH3)2)2CoCl4 (DMACC). 

ɉɪɟɞɦɟɬ� ɞɨɫɥɿɞɠɟɧɧɹ ± ɨɫɨɛɥɢɜɨɫɬɿ� ɞɨɦɟɧɧɨʀ� ɫɬɪɭɤɬɭɪɢ�� ɦɚɝɧɿɬɧɿ��
ɟɥɟɤɬɪɨɮɿɡɢɱɧɿ� ɬɚ� ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɤɪɢɫɬɚɥɿɱɧɢɯ� ɮɟɪɨʀɤɿɜ� ɡ�
ɤɨɦɩɥɟɤɫɚɦɢ�ɿɨɧɿɜ�ɩɟɪɟɯɿɞɧɢɯ�ɦɟɬɚɥɿɜ� 

ɇɚɭɤɨɜɚ� ɧɨɜɢɡɧɚ� Ɉɫɧɨɜɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɰɿɽʀ� ɪɨɛɨɬɢ� ɽ� ɨɪɢɝɿɧɚɥɶɧɢɦɢ��
Ɂɨɤɪɟɦɚ��ɜɩɟɪɲɟ� 

1. ȼɫɬɚɧɨɜɥɟɧɨ� ɨɫɧɨɜɧɿ� ɩɚɪɚɦɟɬɪɢ� ɫɬɪɭɤɬɭɪɢ�� ɚ� ɬɚɤɨɠ� ɜɢɹɜɥɟɧɨ�
ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɭ� ɮɚɡɭ� ɜ� ɤɪɢɫɬɚɥɚɯ� ,3$&&&� ɬɚ� ɡɚɩɪɨɩɨɧɨɜɚɧɚ�
ɦɨɞɟɥɶ��ɳɨ�ɩɨɹɫɧɸɽ�ɩɪɢɪɨɞɭ�ɜɢɧɢɤɧɟɧɧɹ�ɜɿɞɩɨɜɿɞɧɨɝɨ�ɬɢɩɭ�ɞɨɦɟɧɿɜ�� 

���ɉɪɨɜɟɞɟɧɨ�ɩɨɪɿɜɧɹɥɶɧɢɣ�ɚɧɚɥɿɡ�ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɨʀ�ɜɡɚɽɦɨɞɿʀ� �ȿɎȼ��
ɭ� ɤɪɢɫɬɚɥɚɯ� ,3$&&� ɬɚ� ,3$&&&� ɬɚ� ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ� ɜɩɥɢɜ� ɡɚɦɿɳɟɧɧɹ� ɿɨɧɚ�
ɦɟɬɚɥɭ�ɧɚ�ȿɎȼ� 

��� ɋɬɜɨɪɟɧɨ� ɩɪɨɝɪɚɦɧɢɣ� ɩɚɤɟɬ� ɞɥɹ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ� ɫɩɟɤɬɪɿɜ� ɨɩɬɢɱɧɨɝɨ�
ɩɨɝɥɢɧɚɧɧɹ� ɞɥɹ� ɲɢɪɨɤɨɝɨ� ɤɥɚɫɭ� ɤɪɢɫɬɚɥɿɜ�� ɳɨ� ɦɿɫɬɹɬɶ� ɤɨɦɩɥɟɤɫɢ� ɿɨɧɿɜ�
ɩɟɪɟɯɿɞɧɢɯ�ɦɟɬɚɥɿɜ�� 

4. ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɤɪɢɫɬɚɥɚɦ� 7($&&%� ɩɪɢɬɚɦɚɧɧɟ� ɫɩɿɜɿɫɧɭɜɚɧɧɹ�
ɫɩɨɧɬɚɧɧɨʀ� ɟɥɟɤɬɪɢɱɧɨʀ� ɩɨɥɹɪɢɡɚɰɿʀ� ɿ� ɦɚɝɧɿɬɧɨɝɨ� ɜɩɨɪɹɞɤɭɜɚɧɧɹ� ɧɢɠɱɟ� ɜɿɞ�
Ɍ = 8 .��ɳɨ�ɞɨɡɜɨɥɹɽ�ɜɿɞɧɟɫɬɢ�ʀɯ�ɞɨ�ɤɥɚɫɭ�ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ�� 

��� ȼɫɬɚɧɨɜɥɟɧɨ� ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ� ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ� ɿɨɧɚ�
ɦɟɬɚɥɭ�ɧɚ�ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɮɚɡ�ɿ�ɨɫɨɛɥɢɜɨɫɬɿ�ɬɟɦɩɟɪɚɬɭɪɧɨʀ�ɟɜɨɥɸɰɿʀ�ɫɬɪɭɤɬɭɪɢ�
ɯɪɨɦɨɮɨɪɧɢɯ�ɝɪɭɩ�ɤɪɢɫɬɚɥɿɜ�,3$&&&�ɬɚ�'0$&&.  

ɉɪɚɤɬɢɱɧɟ� ɡɧɚɱɟɧɧɹ� ɨɞɟɪɠɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ�� Ɂ� ɩɪɚɤɬɢɱɧɨʀ� ɬɨɱɤɢ�
ɡɨɪɭ�ɜɚɠɥɢɜɨ��ɳɨ�ɱɚɫɬɤɨɜɟ�ɿɡɨɦɨɪɮɧɟ�ɡɚɦɿɳɟɧɧɹ�ɿɨɧɚ�ɦɟɬɚɥɭ�Ɇɟ�ɦɨɠɟ�ɛɭɬɢ�
ɜɢɤɨɪɢɫɬɚɧɟ�ɞɥɹ�ɰɿɥɟɫɩɪɹɦɨɜɚɧɨʀ�ɦɨɞɢɮɿɤɚɰɿʀ ɨɩɬɢɱɧɢɯ��ɦɚɝɧɿɬɨɟɥɟɤɬɪɢɱɧɢɯ 
ɿ ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɤɪɢɫɬɚɥɿɜ�ɝɪɭɩɢ�$2Ɇɟ;4. 

ȼ� ɪɨɛɨɬɿ� ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ� ɩɪɨɝɪɚɦɧɢɣ� ɩɚɤɟɬ� ɞɥɹ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ�
ɚɛɫɨɪɛɰɿɣɧɢɯ�ɫɩɟɤɬɪɿɜ��ɹɤɢɣ�ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɹɤ�ɚɥɶɬɟɪɧɚɬɢɜɭ ɿɧɲɢɦ 
ɫɤɥɚɞɧɿɲɢɦ ɦɟɬɨɞɚɦ ɫɬɪɭɤɬɭɪɧɨɝɨ� ɚɧɚɥɿɡɭ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɩɚɪɚɦɟɬɪɿɜ�
ɫɬɪɭɤɬɭɪɢ�ɯɪɨɦɨɮɨɪɧɢɯ�ɝɪɭɩ�ɭ�ɤɪɢɫɬɚɥɚɯ�ɝɪɭɩɢ�$2Ɇɟ;4. 

Ɉɫɨɛɢɫɬɢɣ� ɜɧɟɫɨɤ� ɡɞɨɛɭɜɚɱɚ� Ɍɟɦɚɬɢɤɚ� ɞɨɫɥɿɞɠɟɧɶ� ɡɚɩɪɨɩɨɧɨɜɚɧɚ�
ɧɚɭɤɨɜɢɦ� ɤɟɪɿɜɧɢɤɨɦ� ɞɨɤɬɨɪɨɦ� ɮɿɡ�-ɦɚɬ�� ɧɚɭɤ�� ɩɪɨɮɟɫɨɪɨɦ� Ʉɚɩɭɫɬɹɧɢɤɨɦ�
ȼ�Ȼ�� ȱɞɟʀ� ɬɚ� ɦɟɬɨɞɢ� ɜɢɪɿɲɟɧɧɹ� ɧɚɭɤɨɜɢɯ� ɡɚɞɚɱ� ɨɛɝɨɜɨɪɸɜɚɥɢɫɶ� ɡ� ɧɚɭɤɨɜɢɦ�
ɤɟɪɿɜɧɢɤɨɦ�� Ɋɟɡɭɥɶɬɚɬɢ� ɨɬɪɢɦɚɧɨ� ɡɞɨɛɭɜɚɱɟɦ� ɨɫɨɛɢɫɬɨ� ɚɛɨ� ɩɪɢ� ɣɨɝɨ�
ɛɟɡɩɨɫɟɪɟɞɧɿɣ� ɭɱɚɫɬɿ�� ɉɪɨɮɟɫɨɪ� ɑɚɩɥɹ� Ɂ�� ɧɚɞɚɜ� ɞɨɩɨɦɨɝɭ� ɭ� ɜɢɪɨɳɭɜɚɧɧɿ�
ɤɪɢɫɬɚɥɿɜ� ,3$&&&, ɞɨɰ� ȿɥɿɹɲɟɜɫɶɤɢɣ� ɘ� ȱ�� ± ɭ� ɩɪɨɜɟɞɟɧɧɿ ɞɨɫɥɿɞɠɟɧɶ�
ɞɨɦɟɧɧɨʀ� ɫɬɪɭɤɬɭɪɢ�� ɚ� ɡɚɜ�� ɥɚɛ�� ɋɟɪɤɿɡ� Ɋ� ə�� ± ɭ� ɜɢɡɧɚɱɟɧɧɿ� ɟɥɟɦɟɧɬɧɨɝɨ�
ɯɿɦɿɱɧɨɝɨ� ɫɤɥɚɞɭ� ɰɢɯ� ɦɨɧɨɤɪɢɫɬɚɥɿɜ�� ȼ� ɫɩɿɥɶɧɢɯ� ɪɨɛɨɬɚɯ� ɜɧɟɫɨɤ� ɚɜɬɨɪɚ� ɜ�
ɨɬɪɢɦɚɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɽ�ɩɟɪɟɜɚɠɚɸɱɢɦ�ɿ�ɩɨɥɹɝɚɽ�ɭ� 

- ɞɥɹ�ɫɬɚɬɬɿ�>1] ± ɨɛɪɨɛɰɿ��ɚɧɚɥɿɡɿ�ɬɚ�ɿɧɬɟɪɩɪɟɬɚɰɿʀ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ��
ɭɱɚɫɬɿ�ɭ�ɧɚɩɢɫɚɧɧɿ�ɫɬɚɬɬɿ; 

- ɞɥɹ� ɫɬɚɬɬɿ� >2] ± ɩɪɨɜɟɞɟɧɧɿ� ɟɤɫɩɟɪɢɦɟɧɬɭ�� ɚɧɚɥɿɡɿ� ɬɚ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ�
ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ��ɧɚɩɢɫɚɧɧɿ�ɫɬɚɬɬɿ; 
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- ɞɥɹ� ɫɬɚɬɬɿ� >3] ± ɩɪɨɜɟɞɟɧɧɿ� ɟɤɫɩɟɪɢɦɟɧɬɭ�� ɚɧɚɥɿɡɿ� ɬɚ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ�
ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ��ɧɚɩɢɫɚɧɧɿ�ɫɬɚɬɬɿ� 

- ɞɥɹ�ɫɬɚɬɬɿ�>4] ± ɨɛɪɨɛɰɿ��ɚɧɚɥɿɡɿ�ɬɚ�ɿɧɬɟɪɩɪɟɬɚɰɿʀ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ��
ɧɚɩɢɫɚɧɧɿ�ɫɬɚɬɬɿ� 

- ɞɥɹ� ɫɬɚɬɬɿ� >5] ± ɩɿɞɝɨɬɨɜɰɿ� ɡɪɚɡɤɿɜ� ɞɨ� ɟɤɫɩɟɪɢɦɟɧɬɭ�� ɩɪɨɜɟɞɟɧɧɿ�
ɟɤɫɩɟɪɢɦɟɧɬɭ�� ɚɧɚɥɿɡɿ� ɬɚ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ�� ɧɚɩɢɫɚɧɧɿ�
ɫɬɚɬɬɿ� 

- ɞɥɹ� ɩɪɨɝɪɚɦɧɨɝɨ� ɩɚɤɟɬɚ� >�@� ± ɪɨɡɪɨɛɰɿ� ɬɚ� ɪɨɡɲɢɪɟɧɧɿ� ɤɿɥɶɤɨɫɬɿ�
ɩɥɚɬɮɨɪɦ. 

Ⱥɩɪɨɛɚɰɿɹ� ɪɟɡɭɥɶɬɚɬɿɜ� ɞɢɫɟɪɬɚɰɿʀ� Ɋɟɡɭɥɶɬɚɬɢ� ɞɢɫɟɪɬɚɰɿʀ� ɛɭɥɨ�
ɚɩɪɨɛɨɜɚɧɨ� ɧɚ� ɳɨɪɿɱɧɢɯ� ɡɜɿɬɧɢɯ� ɤɨɧɮɟɪɟɧɰɿɹɯ� ɮɿɡɢɱɧɨɝɨ� ɮɚɤɭɥɶɬɟɬɭ��
ɧɚɭɤɨɜɢɯ� ɫɟɦɿɧɚɪɚɯ� ɇɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɨɝɨ� ɿ� ɧɚɜɱɚɥɶɧɨɝɨ� ɰɟɧɬɪɭ�
ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ�� ɇɚɭɤɨɜɨ-ɧɚɜɱɚɥɶɧɨɝɨ� ɰɟɧɬɪɭ� ©Ɏɪɚɤɬɚɥª�
ɬɚ� ɤɚɮɟɞɪɢ� ɮɿɡɢɤɢ� ɬɜɟɪɞɨɝɨ� ɬɿɥɚ� Ʌɶɜɿɜɫɶɤɨɝɨ� ɧɚɰɿɨɧɚɥɶɧɨɝɨ� ɭɧɿɜɟɪɫɢɬɟɬɭ�
ɿɦɟɧɿ�ȱɜɚɧɚ�Ɏɪɚɧɤɚ��ɚ�ɬɚɤɨɠ�ɧɚ�ɦɿɠɧɚɪɨɞɧɢɯ�ɫɟɦɿɧɚɪɚɯ�ɬɚ�ɤɨɧɮɟɪɟɧɰɿɹɯ� 

- Ɇɿɠɧɚɪɨɞɧɿɣ�ɤɨɧɮɟɪɟɧɰɿʀ�ɫɬɭɞɟɧɬɿɜ�ɿ�ɦɨɥɨɞɢɯ�ɧɚɭɤɨɜɰɿɜ�ɡ�ɬɟɨɪɟɬɢɱɧɨʀ�
ɬɚ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ�ɮɿɡɢɤɢ�©ȿȼɊɂɄȺ-2011», 18-���ɬɪɚɜɧɹ������ɪ���ɦ��Ʌɶɜɿɜ��
ɍɤɪɚʀɧɚ��ɭɫɧɚ�ɞɨɩɨɜɿɞɶ; 

- Ɇɿɠɧɚɪɨɞɧɿɣ�ɤɨɧɮɟɪɟɧɰɿʀ�ɫɬɭɞɟɧɬɿɜ�ɿ�ɦɨɥɨɞɢɯ�ɧɚɭɤɨɜɰɿɜ�ɡ�ɬɟɨɪɟɬɢɱɧɨʀ�
ɬɚ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ�ɮɿɡɢɤɢ�©ȿȼɊɂɄȺ-2014», 15-���ɬɪɚɜɧɹ������ɪ���ɦ��Ʌɶɜɿɜ��
ɍɤɪɚʀɧɚ��ɭɫɧɚ�ɞɨɩɨɜɿɞɶ� 

- International Research and Practice Conference «Nanotechnology and 
Nanomaterials NANO-2014», August, 23-30, 2014, Yaremche ± Lviv, Ukraine, 
ɭɫɧɚ�ɞɨɩɨɜɿɞɶ� 

- V ɫɟɦɿɧɚɪɿ ©ȼɥɚɫɬɢɜɨɫɬɿ� ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɢɯ� ɿ� ɫɭɩɟɪɿɨɧɧɢɯ� ɫɢɫɬɟɦª, 
26-���ɠɨɜɬɧɹ������ɪ���ɦ� ɍɠɝɨɪɨɞ��ɍɤɪɚʀɧɚ��ɭɫɧɚ ɞɨɩɨɜɿɞɶ; 

- V Ukrainian-Polish-Lithuanian Meeting on Physics of Ferroelectrics, 
September,18-20, 2018, Uzhhorod, Ukraine��ɭɫɧɚ�ɞɨɩɨɜɿɞɶ� 

Ɂɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɪɨɛɨɬɢ� ɩɿɞɝɨɬɨɜɥɟɧɨ� ɡɚɝɚɥɨɦ� �� ɫɬɚɬɟɣ� ɭ� ɧɚɭɤɨɜɢɯ�
ɠɭɪɧɚɥɚɯ�� ɹɤɿ� ɜɯɨɞɹɬɶ� ɞɨ� ɧɚɭɤɨɦɟɬɪɢɱɧɨʀ� ɛɚɡɢ� ɞɚɧɢɯ� ©6FRSXVª�� ©3K\Vica 
Status Solidi», «Journal of Applied Spectroscopy», «Ferroelectrics», «Journal of 
3K\VLFV�DQG�&KHPLVWU\�RI�6ROLGVª�ɬɚ�©ȺFWD�ɊK\VLFD�ɊRORQLFD». 

ɉɭɛɥɿɤɚɰɿʀ. Ɉɫɧɨɜɧɢɣ ɡɦɿɫɬ�ɞɢɫɟɪɬɚɰɿʀ ɜɢɤɥɚɞɟɧɨ�ɜ���ɧɚɭɤɨɜɢɯ�ɫɬɚɬɬɹɯ��
ɨɩɭɛɥɿɤɨɜɚɧɢɯ�ɭ�ɮɚɯɨɜɢɯ�ɠɭɪɧɚɥɚɯ��ɨɞɧɨɦɭ�ɟɥɟɤɬɪɨɧɧɨɦɭ�ɪɟɫɭɪɫɿ�ɬɚ���ɬɟɡɚɯ�
ɿ�ɦɚɬɟɪɿɚɥɚɯ�ɤɨɧɮɟɪɟɧɰɿɣ.  

ɋɬɪɭɤɬɭɪɚ� ɿ� ɨɛɫɹɝ� ɪɨɛɨɬɢ� Ⱦɢɫɟɪɬɚɰɿɹ� ɫɤɥɚɞɚɽɬɶɫɹ� ɡɿ� ɜɫɬɭɩɭ�� ɩ¶ɹɬɢ�
ɪɨɡɞɿɥɿɜ�� ɜɢɫɧɨɜɤɿɜ� ɬɚ� ɩɟɪɟɥɿɤɭ� ɥɿɬɟɪɚɬɭɪɧɢɯ� ɞɠɟɪɟɥ�� Ɂɚɝɚɥɶɧɢɣ ɨɛɫɹɝ�
ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ� ɫɬɚɧɨɜɢɬɶ� �40 ɫɬɨɪɿɧɨɤ�� ɜɤɥɸɱɚɸɱɢ� 52 ɪɢɫɭɧɤɢ, 3 
ɬɚɛɥɢɰɿ ɬɚ�2 ɞɨɞɚɬɤɢ��ɍ�ɪɨɛɨɬɿ�ɜɢɤɨɪɢɫɬɚɧɨ�92 ɛɿɛɥɿɨɝɪɚɮɿɱɧɿ ɩɨɫɢɥɚɧɧɹ.  

 
ɈɋɇɈȼɇɂɃ�ɁɆȱɋɌ�ɊɈȻɈɌɂ 

ɍ� ɜɫɬɭɩɿ� ɞɨ� ɞɢɫɟɪɬɚɰɿʀ ɨɛʉɪɭɧɬɨɜɚɧɨ� ɚɤɬɭɚɥɶɧɿɫɬɶ� ɿ� ɞɨɰɿɥɶɧɿɫɬɶ 
ɩɪɨɜɟɞɟɧɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ�� ɜɤɚɡɚɧɨ� ɧɚ� ɡɜ¶ɹɡɨɤ� ɜɢɤɨɧɚɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɡ�
ɞɟɪɠɛɸɞɠɟɬɧɢɦɢ� ɧɚɭɤɨɜɢɦɢ� ɩɪɨɝɪɚɦɚɦɢ�� ɹɤɿ� ɜɢɤɨɧɭɜɚɥɢɫɶ� ɧɚ� ɤɚɮɟɞɪɿ��

http://link.springer.com/journal/10812
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ɋɮɨɪɦɭɥɶɨɜɚɧɨ�ɦɟɬɭ�ɬɚ�ɨɫɧɨɜɧɿ�ɡɚɜɞɚɧɧɹ�ɞɨɫɥɿɞɠɟɧɧɹ��ɜɿɞɨɛɪɚɠɟɧɨ�ɧɚɭɤɨɜɭ�
ɧɨɜɢɡɧɭ� ɬɚ� ɩɪɚɤɬɢɱɧɭ� ɰɿɧɧɿɫɬɶ� ɨɬɪɢɦɚɧɢɯ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ��
ɉɨɞɚɧɨ� ɿɧɮɨɪɦɚɰɿɸ� ɩɪɨ� ɩɭɛɥɿɤɚɰɿʀ ɡɚ� ɦɚɬɟɪɿɚɥɚɦɢ� ɞɢɫɟɪɬɚɰɿʀ ɬɚ� ɚɩɪɨɛɚɰɿɸ�
ɪɟɡɭɥɶɬɚɬɿɜ�ɿ�ɜɢɫɧɨɜɤɿɜ�ɪɨɛɨɬɢ��Ɉɛɝɨɜɨɪɟɧɨ�ɫɬɪɭɤɬɭɪɭ�ɿ�ɨɛɫɹɝ�ɞɢɫɟɪɬɚɰɿʀ. 

ɉɟɪɲɢɣ�ɪɨɡɞɿɥ ɧɨɫɢɬɶ�ɨɝɥɹɞɨɜɢɣ�ɯɚɪɚɤɬɟɪ�ɿ�ɩɪɢɫɜɹɱɟɧɢɣ�ɜɢɫɜɿɬɥɟɧɧɸ�
ɨɫɨɛɥɢɜɨɫɬɟɣ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɨɩɬɢɱɧɨʀ� ɫɩɟɤɬɪɨɫɤɨɩɿʀ� ɞɥɹ� ɞɨɫɥɿɞɠɟɧɧɹ�
ɫɬɪɭɤɬɭɪɧɢɯ� ɡɦɿɧ� ɭ� ɤɪɢɫɬɚɥɿɱɧɢɯ� ɮɟɪɨʀɤɚɯ�� ɍ� ɰɶɨɦɭ� ɠ� ɪɨɡɞɿɥɿ� ɩɨɞɚɧɨ�
ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ� ɨɫɨɛɥɢɜɨɫɬɿ ɫɬɪɭɤɬɭɪɢ� ɞɨɫɥɿɞɠɭɜɚɧɢɯ�ɮɟɪɨʀɤɿɜ� ɬɚ� ɞɚɧɿ� ɩɪɨ�
ʀɯɧɿ�ɮɿɡɢɱɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ� 

ɍ� ɞɪɭɝɨɦɭ� ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɿ� ɨɫɨɛɥɢɜɨɫɬɿ� ɜɢɪɨɳɭɜɚɧɧɹ� ɤɪɢɫɬɚɥɿɜ��
ɩɿɞɝɨɬɨɜɤɢ�ɡɪɚɡɤɿɜ��ɚ�ɬɚɤɨɠ�ɦɟɬɨɞɢɤɢ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ�ʀɯɧɿɯ�
ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɢɯ��ɟɥɟɤɬɪɨɮɿɡɢɱɧɢɯ�ɿ�ɦɚɝɧɿɬɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ��ɦɨɪɮɨɥɨɝɿʀ�
ɩɨɜɟɪɯɧɿ�ɬɚ�ɯɿɦɿɱɧɨɝɨ�ɟɥɟɦɟɧɬɧɨɝɨ�ɫɤɥɚɞɭ�  

Ⱦɥɹ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ� ɡɚɩɢɫɭ� ɫɩɟɤɬɪɿɜ� ɩɨɝɥɢɧɚɧɧɹ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ�
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢ� ɬɢɩɭ� 6SHFRUG� Ɇ��� ɬɚ� ɤɨɦɩ¶ɸɬɟɪɢɡɨɜɚɧɢɣ� ɤɨɦɩɥɟɤɫ� ɧɚ�
ɨɫɧɨɜɿ� ɦɨɧɨɯɪɨɦɚɬɨɪɚ� ɁɆɊ-3. Ⱦɨɫɥɿɞɠɟɧɧɹ� ɫɬɪɭɤɬɭɪɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ�
ɤɪɢɫɬɚɥɿɜ�ɩɪɨɜɨɞɢɥɢ�ɦɟɬɨɞɨɦ�ɩɨɪɨɲɤɨɜɨʀ�ɏ-ɩɪɨɦɟɧɟɜɨʀ�ɞɢɮɪɚɤɰɿʀ�Ɋɿɬɜɟɥɶɞɚ, 
ɩɪɢ�ɤɿɦɧɚɬɧɿɣ�ɬɟɦɩɟɪɚɬɭɪɿ���� .�ɧɚ�ɞɢɮɪɚɤɬɨɦɟɬɪɿ�672(�67$',�3�ɜ�ɪɟɠɢɦɿ�
ɩɪɨɩɭɫɤɚɧɧɹ�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɦɨɪɮɨɥɨɝɿʀ� ɩɨɜɟɪɯɧɿ� ɬɚ� ɞɨɦɟɧɧɨʀ� ɫɬɪɭɤɬɭɪɢ�
ɤɪɢɫɬɚɥɿɜ�ɩɪɨɜɨɞɢɥɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɚɬɨɦɧɨ-ɫɢɥɨɜɨɝɨ�ɦɿɤɪɨɫɤɨɩɚ�6ROYHU-3���ɭ�
ɤɨɧɬɚɤɬɧɨɦɭ�ɬɚ�ɧɚɩɿɜɤɨɧɬɚɤɬɧɨɦɭ�ɪɟɠɢɦɚɯ�ɪɨɛɨɬɢ�  

Ⱦɨɫɥɿɞɠɟɧɧɹ� ɱɚɫɬɨɬɧɨʀ� ɞɢɫɩɟɪɫɿʀ� ɞɿɟɥɟɤɬɪɢɱɧɢɯ� ɩɚɪɚɦɟɬɪɿɜ�
ɡɞɿɣɫɧɸɜɚɥɢ� ɜ� ɚɜɬɨɦɚɬɢɱɧɨɦɭ� ɪɟɠɢɦɿ�� ȼɢɦɿɪɸɜɚɧɧɹ� ɞɿɣɫɧɨʀ� ɱɚɫɬɢɧɢ�
ɞɿɟɥɟɤɬɪɢɱɧɨʀ� ɩɪɨɧɢɤɧɨɫɬɿ� ɡɞɿɣɫɧɸɜɚɥɢ� ɬɪɚɞɢɰɿɣɧɢɦ�ɦɟɬɨɞɨɦ� ɜɢɦɿɪɸɜɚɧɧɹ�
ɽɦɧɨɫɬɿ�ɤɨɧɞɟɧɫɚɬɨɪɚ��ɬɨɞɿ�ɹɤ�ɭɹɜɧɭ�ɱɚɫɬɢɧɭ�ɜɢɡɧɚɱɚɥɢ�ɡ�ɩɪɨɜɿɞɧɨɫɬɿ�ɡɪɚɡɤɚ��
Ɂɚɥɟɠɧɨ� ɜɿɞ� ɱɚɫɬɨɬɧɨʀ� ɨɛɥɚɫɬɿ� ɜɢɦɿɪɸɜɚɧɶ� ɞɥɹ�ɰɶɨɝɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ� ɪɿɡɧɿ�
ɤɨɦɩ¶ɸɬɟɪɢɡɨɜɚɧɿ�ɩɪɢɫɬɪɨʀ��65-850 Lock-in Amplifier (0,1 Ƚɰy10 ɤȽɰ���5/&-
ɦɟɬɪ� +HZOHWW-Packard ± 4192 A (1 ɤȽɰy 10 ɆȽɰ� ��� ɚ� ɬɚɤɨɠ� ɦɿɫɬ� ɡɦɿɧɧɨɝɨ�
ɫɬɪɭɦɭ� Ɋ����� ��Ƚɰy1 ɆȽɰ��� Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ� ɫɩɨɧɬɚɧɧɨʀ� ɩɨɥɹɪɢɡɚɰɿʀ� ɜ�
ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɢɯ�ɤɪɢɫɬɚɥɚɯ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ�ɦɿɫɬ�ɋɨɣɟɪɚ-Ɍɚɭɟɪɚ. 

Ɇɚɝɧɿɬɧɭ�ɫɩɪɢɣɧɹɬɥɢɜɿɫɬɶ�ɜɢɦɿɪɸɜɚɥɢ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɤɨɦɟɪɰɿɣɧɨɝɨ�
ɦɚɝɧɟɬɨɦɟɬɪɚ�4XDQWXP�'HVLJQ�0306-��ɭ�ɞɿɚɩɚɡɨɧɿ�ɬɟɦɩɟɪɚɬɭɪ����-����Ʉ�ɬɚ�
ɦɚɝɧɿɬɧɢɯ� ɩɨɥɹɯ� ɞɨ� � Ɍ�� Ɇɚɝɧɿɬɧɟ� ɩɨɥɟ� ɩɪɢɤɥɚɞɚɥɢ� ɭ� ɧɚɩɪɹɦɿ��
ɩɚɪɚɥɟɥɶɧɨɦɭ�ɞɨ�ɩɨɥɹɪɧɨʀ�ɨɫɿ�ɡɪɚɡɤɚ� 

Ɍɪɟɬɿɣ� ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ� ɞɨɫɥɿɞɠɟɧɧɸ� ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ� ɤɚɬɿɨɧ-
ɚɧɿɨɧɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ� ɧɚ� ɫɬɪɭɤɬɭɪɭ� ɿ� ɮɚɡɨɜɿ� ɩɟɪɟɯɨɞɢ� �Ɏɉ�� ɭ� ɤɪɢɫɬɚɥɚɯ�
,3$&&&�ɿ�7($&&%� 

Ɂɚ� ɞɚɧɢɦɢ� ɟɧɟɪɝɨɞɢɫɩɟɪɫɿɣɧɨɝɨ� ɚɧɚɥɿɡɭ� ɜɿɞɧɨɫɧɚ� ɤɨɧɰɟɧɬɪɚɰɿɹ� &X� ɩɨ�
ɜɿɞɧɨɲɟɧɧɸ� ɞɨ� ɋG� ɜ� ɡɪɚɡɤɚɯ IPACCC ɫɬɚɧɨɜɢɥɚ� ������� %. Ⱦɚɧɿ�
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɿɡɭ ɡɚɫɜɿɞɱɢɥɢ�� ɳɨ� ɫɤɥɚɞɧɢɣ� ɚɧɿɨɧ� ɜ� � ,3$&&&�
ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɬɪɶɨɯ�©ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɯª�ɨɤɬɚɟɞɪɿɜ�ɞɜɨɯ�ɬɢɩɿɜ. ȱ�ɬɢɩ�ɨɤɬɚɟɞɪɿɜ 
ɛɿɥɶɲɟ� ɫɩɨɬɜɨɪɟɧɢɣ� ɩɨ� ɨɫɿ� z�� ɭ� ɨɤɬɚɟɞɪɚɯ� ȱȱ� ɬɢɩɭ� ɜɿɞɫɬɚɧɿ� ©ɦɟɬɚɥ-ɥɿɝɚɧɞª� ɜ�
ɟɤɜɚɬɨɪɿɚɥɶɧɿɣ�ɩɥɨɳɢɧɿ�ɿ�ɩɨ�ɨɫɿ�z ± ɫɩɿɜɦɿɪɧɿ� 
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Ɍɟɦɩɟɪɚɬɭɪɧɿ� ɡɚɥɟɠɧɨɫɬɿ� ɬɟɩɥɨɽɦɧɨɫɬɿ� ɤɪɢɫɬɚɥɚ� ,3$&&& �Ɋɢɫ� ����
ɡɚɫɜɿɞɱɢɥɢ� ɧɚɹɜɧɿɫɬɶ� Ɏɉ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ����� ���� ɿ� ���� .� �ɜ� ɪɟɠɢɦɿ�
ɨɯɨɥɨɞɠɟɧɧɹ��� Ɏɉ� ɩɪɢ� ���� .� ɽ� ɩɟɪɟɯɨɞɨɦ� ɩɟɪɲɨɝɨ� ɪɨɞɭ� ɡ� ɦɚɥɢɦ�
ɬɟɦɩɟɪɚɬɭɪɧɢɦ� ɝɿɫɬɟɪɟɡɢɫɨɦ� �ǻT  � �� .��� Ɉɬɠɟ�� ɤɪɢɫɬɚɥɚɦ� ,3$&&&�
ɩɪɢɬɚɦɚɧɧɚ�ɬɚɤɚ�ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɮɚɡɨɜɢɯ�ɩɟɪɟɯɨɞɿɜ: 

  
T1 = 358 K     T2 = 293 K     T3 = 253 K 

&PFD�����ĺ����3EFD�����ĺ�����P212121     ĺ�����3�1/b 
(I)                 (II)                 (III)                  (IV) 

 

 

Ɋɢɫ����Ɍɟɦɩɟɪɚɬɭɪɧɚ�ɡɚɥɟɠɧɿɫɬɶ�
ɬɟɩɥɨɽɦɧɨɫɬɿ�ɤɪɢɫɬɚɥɚ�,3$&&&� 

Ɋɢɫ�� ��� Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɡɚɥɟɠɧɿɫɬɶ�
ɩɪɢɪɨɫɬɭ� ɥɿɧɿɣɧɨɝɨ� ɨɩɬɢɱɧɨɝɨ� ɞɜɨ-
ɡɚɥɨɦɥɟɧɧɹ�ɞɥɹ�ɤɪɢɫɬɚɥɚ�ȱɊȺɋɋɋ� 

 
Ⱦɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɪɨɞɭ ɩɟɪɟɯɨɞɭ ɦɿɠ� ɮɚɡɚɦɢ� ,,� ɿ� ,,,� ɧɚ� ɨɫɧɨɜɿ�

ɬɟɦɩɟɪɚɬɭɪɧɢɯ� ɡɚɥɟɠɧɨɫɬɟɣ� ɩɪɢɪɨɫɬɿɜ� ɨɩɬɢɱɧɨɝɨ� ɞɜɨɡɚɥɨɦɥɟɧɧɹ� �Ɋɢɫ�� ���
ɜɢɤɨɪɢɫɬɚɧɚ�ɬɟɪɦɨɞɢɧɚɦɿɱɧɚ�ɬɟɨɪɿɹ Ʌɚɧɞɚɭ��Ʉɪɢɫɬɚɥ�,3$&&ɋ�ɪɨɡɝɥɹɞɚɥɢ�ɹɤ�
ɜɬɨɪɢɧɧɢɣ� ɮɟɪɨʀɤ� ɡ� ɫɟɝɧɟɬɨɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɨɸ� ɮɚɡɨɸ� ,,,�� Ⱦɥɹ� ɮɚɡɨɜɨɝɨ�
ɩɟɪɟɯɨɞɭ�ȱ�ɪɨɞɭ�ɪɨɡɤɥɚɞ�Ʌɚɧɞɚɭ�ɩɪɢɪɨɫɬɭ�ɜɿɥɶɧɨʀ�ɟɧɟɪɝɿʀ��ɦɨɠɧɚ�ɡɚɩɢɫɚɬɢ�ɭ�
ɜɢɝɥɹɞɿ�� 

 

Ɏ� �Ɏ0 + 2)(
2
1

QTTA c� + BQ4 + CQ6,                                                       (1)  
 

ɞɟ�Q ± ɩɚɪɚɦɟɬɪ� ɩɨɪɹɞɤɭ�� A, B ɬɚ�C ± ɤɨɟɮɿɰɿɽɧɬɢ, Ɍɫ = Ɍ2 ± ɬɟɦɩɟɪɚɬɭɪɚ�
ɮɚɡɨɜɨɝɨ� ɩɟɪɟɯɨɞɭ. ɒɥɹɯɨɦ� ɦɿɧɿɦɿɡɚɰɿʀ� ɬɟɪɦɨɞɢɧɚɦɿɱɧɨɝɨ� ɩɨɬɟɧɰɿɚɥɭ� �����
ɨɬɪɢɦɚɧɢɣ�ɜɢɪɚɡ�ɞɥɹ�ɬɟɦɩɟɪɚɬɭɪɧɨʀ�ɡɚɥɟɠɧɨɫɬɿ�ɩɚɪɚɦɟɬɪɚ�ɩɨɪɹɞɤɭ� 
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ɍ�ɧɚɲɨɦɭ�ɜɢɩɚɞɤɭ�ɤɪɢɫɬɚɥ�ɽ�ɞɜɨɜɿɫɧɢɦɢ�ɭ�ɜɢɯɿɞɧɿɣ�ɮɚɡɿ��ɿ�ɬɨɦɭ�ɥɿɧɿɣɧɟ�
ɞɜɨɡɚɥɨɦɥɟɧɧɹ�ɭ�ɜɩɨɪɹɞɤɨɜɚɧɿɣ�ɮɚɡɿ�ɛɭɞɟ�ɜɢɡɧɚɱɚɬɢɫɹ�ɹɤ�ǻnca ± ǻngb ��į�ǻn)b, 
į�ǻn) ~ Q2(T) ɿ� g33 ~ Q(T�� �ǻngb ± ɟɤɫɬɪɚɩɨɥɹɰɿɹ� ɥɿɧɿɣɧɨɝɨ� ɞɜɨɡɚɥɨɦɥɟɧɧɹ� ɡ�
ɮɚɡɢ�,,�ɞɨ�ɮɚɡɢ�,,,��į�ǻn)b ± ɩɪɢɪɿɫɬ�ɥɿɧɿɣɧɨɝɨ�ɞɜɨɡɚɥɨɦɥɟɧɧɹ��ɿɧɞɭɤɨɜɚɧɢɣ�ɭ�
ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɿɣ� ɮɚɡɿ� ,,,�� g33 ± ɤɨɦɩɨɧɟɧɬɚ� ɬɟɧɡɨɪɚ� ɝɿɪɚɰɿʀ�. 
ȼɜɚɠɚɸɱɢ�� ɳɨ� ɜɧɟɫɨɤ� ɥɿɧɿɣɧɨɝɨ� ɞɜɨɡɚɥɨɦɥɟɧɧɹ� ɽ� ɩɟɪɟɜɚɠɚɸɱɢɦ�� ɦɨɠɧɚ�
ɡɪɨɛɢɬɢ�ɜɢɫɧɨɜɨɤ��ɳɨ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ��2��ɭ�ɜɢɩɚɞɤɭ�ɮɚɡɨɜɨɝɨ�
ɩɟɪɟɯɨɞɭ� ȱ� ɪɨɞɭ� ɩɨɤɚɡɧɢɤ� ɫɬɭɩɟɧɹ� ɭ� ɡɚɥɟɠɧɨɫɬɿ� į�ǻn)b ɜɿɞ� (T-Tc�� ɦɚɽ� ɛɭɬɢ�
ȕ ����� ɇɚ� ɨɫɧɨɜɿ� ɚɧɚɥɿɡɭ ɩɨɞɜɿɣɧɨʀ ɥɨɝɚɪɢɮɦɿɱɧɨʀ ɡɚɥɟɠɧɨɫɬɿ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ� ɩɪɢɪɨɫɬɭ� ɨɩɬɢɱɧɨɝɨ� ɞɜɨɡɚɥɨɦɥɟɧɧɹ, ɛɭɥɨ� ɜɢɡɧɚɱɟɧɨ, ɳɨ�
ȕ=0,354. ɐɟ ɽ� ɫɜɿɞɱɟɧɧɹɦ� ɬɨɝɨ�� ɳɨ� ɩɪɢ� Ɍ2  � ���� Ʉ ɪɟɚɥɿɡɭɽɬɶɫɹ� ɩɟɪɟɯɿɞ�
ɩɟɪɲɨɝɨ�ɪɨɞɭ��ɛɥɢɡɶɤɢɣ�ɞɨ�ɞɪɭɝɨɝɨ�ɪɨɞɭ� 

Ɉɫɧɨɜɧɨɸ� ɦɟɬɨɸ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɨɜɟɪɯɧɿ� ɤɪɢɫɬɚɥɿɜ� ȱɊȺɋɋɋ� ɦɟɬɨɞɨɦ�
ɚɬɨɦɧɨ-ɫɢɥɨɜɨʀ� ɦɿɤɪɨɫɤɨɩɿʀ� �ȺɋɆ�� ɛɭɥɨ ɜɢɹɜɥɟɧɧɹ� ɞɨɦɟɧɧɨʀ� ɫɬɪɭɤɬɭɪɢ� ɭ�
ɨɤɨɥɿ� ɬɟɦɩɟɪɚɬɭɪɢ� ɮɚɡɨɜɨɝɨ� ɩɟɪɟɯɨɞɭ� ɩɪɢ� Ɍ2  � ���� Ʉ. ɇɚ� ɡɨɛɪɚɠɟɧɧɿ��
ɨɬɪɢɦɚɧɨɦɭ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɿ�� ɧɢɠɱɿɣ� ɡɚ� Ɍ2 �Ɋɢɫ����� ɱɿɬɤɨ� ɜɢɞɧɿ� ɩɚɪɚɥɟɥɶɧɿ�
ɥɿɧɿʀ�� ɹɤɿ� ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ� ɞɨɦɟɧɧɿ� ɫɬɿɧɤɢ� ɉɪɢ� ɧɚɝɪɿɜɚɧɧɿ� ɡɪɚɡɤɚ� ɞɨ�
ɬɟɦɩɟɪɚɬɭɪ��ɜɢɳɢɯ�ɡɚ�Ɍ2��ɞɨɦɟɧɧɚ�ɫɬɪɭɤɬɭɪɚ�ɡɧɢɤɚɽ� 

 
 

Ɋɢɫ���� Ɂɨɛɪɚɠɟɧɧɹ� ɞɨɦɟɧɧɨʀ�
ɫɬɪɭɤɬɭɪɢ�ɪɿɡɧɢɯ�ɡɪɚɡɤɿɜ�,3$&&&�
ɭ�ɮɚɡɿ��ɳɨ�ɥɟɠɢɬɶ�ɧɢɠɱɟ�ɜɿɞ�Ɍ2 = 
����Ʉ��ɨɬɪɢɦɚɧɿ��ɧɚɩɿɜɤɨɧɬɚɤɬɧɢɦ�
�ɚ��ɬɚ�ɤɨɧɬɚɤɬɧɢɦ��ɛ��ɜ��ɦɟɬɨɞɚɦɢ� 
 
   
Ɍɚɤɢɦ�ɱɢɧɨɦ� ɩɪɨɜɟɞɟɧɿ�ɦɟɬɨɞɨɦ�
ȺɋɆ� ɞɨɫɥɿɞɠɟɧɧɹ� ɩɿɞɬɜɟɪɞɢɥɢ�
ɩɪɢɩɭɳɟɧɧɹ� ɩɪɨ� ɿɫɧɭɜɚɧɧɹ�
ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɨʀ� ɮɚɡɢ� ɭ�
ɤɪɢɫɬɚɥɚɯ� ,3$&&&. ȼɩɟɪɲɟ�ɛɭɥɢ�
ɜɿɡɭɚɥɿɡɨɜɚɧɿ ɜɿɞɩɨɜɿɞɧɿ� ɞɨɦɟɧɢ��

ɏɚɪɚɤɬɟɪ ɬɟɦɩɟɪɚɬɭɪɧɨʀ�ɟɜɨɥɸɰɿʀ ɞɨɦɟɧɧɨʀ�ɫɬɪɭɤɬɭɪɢ�ɜɿɞɩɨɜɿɞɚɽ�ɜɢɫɧɨɜɤɚɦ��
ɡɪɨɛɥɟɧɢɦ� ɧɚ� ɨɫɧɨɜɿ� ɚɧɚɥɿɡɭ ɬɟɦɩɟɪɚɬɭɪɧɢɯ� ɡɚɥɟɠɧɨɫɬɟɣ� ɩɪɢɪɨɫɬɿɜ�
ɨɩɬɢɱɧɨɝɨ�ɞɜɨɡɚɥɨɦɥɟɧɧɹ��ɡɝɿɞɧɨ�ɡ�ɹɤɢɦɢ ɩɟɪɟɯɿɞ�ɭ�ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɭ�
ɮɚɡɭ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɪɢ� Ɍ2  � ���� Ʉ� ɍ� ɰɿɣ� ɮɚɡɿ� ɤɪɢɫɬɚɥ� ɜɨɥɨɞɿɽ� ɦɚɣɠɟ�
ɩɟɪɿɨɞɢɱɧɨɸ� ɫɬɪɭɤɬɭɪɨɸ� ɡ� ɩɟɪɿɨɞɨɦ� ɩɨɪɹɞɤɭ� ɫɨɬɟɧɶ� ɧɚɧɨɦɟɬɪɿɜ�� Ɂɜɚɠɚɸɱɢ�
ɧɚ� ɬɟ�� ɳɨ� ɫɭɫɿɞɧɿ� ɞɨɦɟɧɢ� ɩɨɜɢɧɧɿ� ɜɿɞɪɿɡɧɹɬɢɫɹ� ɨɩɬɢɱɧɢɦɢ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ��
ɡɨɤɪɟɦɚ�� ɩɨɤɚɡɧɢɤɨɦ� ɡɚɥɨɦɥɟɧɧɹ�� ɬɚɤɨɝɨ� ɪɨɞɭ� ɫɬɪɭɤɬɭɪɢ� ɩɨɬɟɧɰɿɣɧɨ�ɦɨɠɧɚ�
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɹɤ� ɞɢɮɪɚɤɰɿɣɧɿ� ʉɪɚɬɤɢ�� ȼɚɪɬɨ� ɬɚɤɨɠ� ɜɿɞɡɧɚɱɢɬɢ�� ɳɨ�
ɩɨɜɟɪɯɧɹ�ɤɪɢɫɬɚɥɚ�ɬɟɠ�ɩɟɪɿɨɞɢɱɧɨ�ɩɪɨɦɨɞɭɥɶɨɜɚɧɚ�ɡ�ɚɦɩɥɿɬɭɞɨɸ�ɩɨɪɹɞɤɭ�� - 
1,7 ɧɦ�� ɳɨ� ɞɚɽ� ɩɿɞɫɬɚɜɢ� ɜɿɞɧɟɫɬɢ� ɞɨɫɥɿɞɠɭɜɚɧɿ� ɦɚɬɟɪɿɚɥɢ� ɞɨ�
ɧɚɧɨɫɬɪɭɤɬɭɪɨɜɚɧɢɯ�ɫɢɫɬɟɦ� 
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ɍ�ɧɚɫɬɭɩɧɿɣ�ɱɚɫɬɢɧɿ�ɪɨɡɞɿɥɭ�ɧɚɜɟɞɟɧɿ ɞɚɧɿ ɞɨɫɥɿɞɠɟɧɶ ɟɥɟɤɬɪɨɮɿɡɢɱɧɢɯ�
ɿ�ɦɚɝɧɿɬɧɢɯ�ɜɥɚɫɬɢɜɨɫɬɟɣ�ɤɪɢɫɬɚɥɿɜ�ɌȿȺɋɋȼ��ɏɿɞ�ɬɟɦɩɟɪɚɬɭɪɧɨʀ�ɡɚɥɟɠɧɨɫɬɿ�
ʀɯɧɶɨʀ� ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ� �Ɋɢɫ� 4�� ɿ� ɨɛɟɪɧɟɧɨʀ� ɞɨ� ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ� ɜɟɥɢɱɢɧɢ�
ɞɨɡɜɨɥɢɜ�ɡɪɨɛɢɬɢ�ɩɪɢɩɭɳɟɧɧɹ�ɩɪɨ�ɿɫɧɭɜɚɧɧɹ�ɮɟɪɿɦɚɝɧɿɬɧɨɝɨ�ɜɩɨɪɹɞɤɭɜɚɧɧɹ�
ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɚɯ�� ɧɢɠɱɢɯ� ɡɚ� Ɍc1 = 8 K. Ⱦɨɞɚɬɤɨɜɢɦ� ɩɿɞɬɜɟɪɞɠɟɧɧɹɦ�
ɿɫɧɭɜɚɧɧɹ� ɦɚɝɧɿɬɧɨɝɨ� ɜɩɨɪɹɞɤɭɜɚɧɧɹ� ɜ� ɤɪɢɫɬɚɥɚɯ� 7($&&%� ɽ� ɧɟɥɿɧɿɣɧɢɣ�
ɜɢɝɥɹɞ� ɡɚɥɟɠɧɨɫɬɿ� ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ� ɜɿɞ� ɩɪɢɤɥɚɞɟɧɨɝɨ� ɦɚɝɧɿɬɧɨɝɨ� ɩɨɥɹ� Ɇ(ɇ) 
ɩɪɢ�� Ʉ��ɬɨɞɿ� ɹɤ�ɩɪɢ�ɜɢɳɢɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ�ɬɚɤɿ� ɡɚɥɟɠɧɨɫɬɿ� ɽ�ɥɿɧɿɣɧɢɦɢ� �ɞɢɜ��
Ɋɢɫ��5.). 

ȼɚɪɬɨ� ɜɿɞɡɧɚɱɢɬɢ�� ɳɨ� ɧɚ� ɬɟɦɩɟɪɚɬɭɪɧɢɯ� ɡɚɥɟɠɧɨɫɬɹɯ� ɞɿɟɥɟɤɬɪɢɱɧɨʀ�
ɩɪɨɧɢɤɧɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ� ɌȿȺɋɋȼ� ɜ� ɦɟɠɚɯ� ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɨʀ� ɮɚɡɢ� ɧɢɠɱɟ 
ɬɨɱɤɢ�Ʉɸɪɿ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ�ɜɢɤɨɧɚɧɧɹ�ɡɚɤɨɧɭ�ɄɸɪL±ȼɟɣɫɚ��� 

 

ᇱߝ ൌ େ
்ି௾

Ǥ                                               (3) 

Ɋɢɫ� 4. Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɡɚɥɟɠɧɿɫɬɶ�
ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ�ɤɪɢɫɬɚɥɿɜ�ɌȿȺɋɋȼ� 
 

Ɋɢɫ�� 5�� Ɂɚɥɟɠɧɨɫɬɿ� ɧɚɦɚɝɧɿɱɟɧɨɫɬɿ�
ɤɪɢɫɬɚɥɿɜ� ɌȿȺɋɋȼ� ɜɿɞ� ɩɪɢɤɥɚɞɟɧɨɝɨ�
ɦɚɝɧɿɬɧɨɝɨ�ɩɨɥɹ��ɨɬɪɢɦɚɧɿ�ɩɪɢ�ɪɿɡɧɢɯ�
ɬɟɦɩɟɪɚɬɭɪɚɯ. 

 
ɇɚ� ɨɫɧɨɜɿ� ɬɟɦɩɟɪɚɬɭɪɧɨʀ� ɡɚɥɟɠɧɨɫɬɿ� ɨɛɟɪɧɟɧɨʀ� ɞLɟɥɟɤɬɪɢɱɧɨʀ�

ɩɪɨɧɢɤɧɨɫɬɿ� H', ɜɢɦɿɪɹɧɨʀ� ɧɚ� ɱɚɫɬɨɬɿ� ���� ɤȽɰ� �Ɋɢɫ� 6���� ɜɢɡɧɚɱɟɧɿ� ɤɨɧɫɬɚɧɬɢ�
ɡɚɤɨɧɭ� Ʉɸɪɿ-ȼɟɣɫɚ�� ɋ = 234,2 K ɬɚ� ��Ʉ 258,5 = ߐ Ɂɜɚɠɚɸɱɢ ɧɚ� ɬɟ�� ɳɨ�
ɬɟɦɩɟɪɚɬɭɪɚ� �ɩɪɚɤɬɢɱɧɨ ߐ ɡɛɿɝɚɽɬɶɫɹ� ɡ� ɩɨɥɨɠɟɧɧɹɦ� ɩɿɤɚ� ɞɿɟɥɟɤɬɪɢɱɧɨʀ�
ɩɪɨɧɢɤɧɨɫɬɿ� Ɍɫ�� ɦɨɠɧɚ� ɫɬɜɟɪɞɠɭɜɚɬɢ�� ɳɨ� ɦɨɜɚ� ɿɞɟ� ɩɪɨ� ɩɟɪɟɯɿɞ� ȱȱ ɪɨɞɭ� 
Ɂɧɚɱɟɧɧɹ�ɤɨɧɫɬɚɧɬɢ�ɋ ɞɚɽ�ɩɿɞɫɬɚɜɢ�ɜɿɞɧɟɫɬɢ�ɣɨɝɨ�ɞɨ�Ɏɉ�ɬɢɩɭ�ɜɩɨɪɹɞɤɭɜɚɧɧɹ�� 
ȼɨɞɧɨɱɚɫ�� ɜɿɞɯɢɥɟɧɧɹ� ɩɨɜɟɞɿɧɤɢ� ɬɟɦɩɟɪɚɬɭɪɧɨʀ� ɡɚɥɟɠɧɨɫɬɿ� ɞɿɟɥɟɤɬɪɢɱɧɨʀ�
ɩɪɨɧɢɤɧɨɫɬɿ�ɜɿɞ�ɡɚɤɨɧɭ�Ʉɸɪɿ-ȼɟɣɫɚ��ɹɤɟ�ɫɩɨɫɬɟɪɿɝɚɥɨɫɹ�ɜɢɳɟ�ɜɿɞ�ɬɨɱɤɢ�Ʉɸɪɿ��
ɡɭɦɨɜɥɟɧɨ� ɿɫɬɨɬɧɢɦ� ɜɩɥɢɜɨɦ� ɞɿɟɥɟɤɬɪɢɱɧɨɝɨ� ɪɟɥɚɤɫɚɰɿɣɧɨɝɨ� ɩɪɨɰɟɫɭ��
ɨɱɟɜɢɞɧɨ��ɞɟɛɚʀɜɫɶɤɨɝɨ�ɬɢɩɭ� 

Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɡɚɥɟɠɧɿɫɬɶ�ɫɩɨɧɬɚɧɧɨʀ�ɩɨɥɹɪɢɡɚɰɿʀ� �Ɋɢɫ���� ɩɿɞɬɜɟɪɞɠɭɽ�
ɿɫɧɭɜɚɧɧɹ�ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɨʀ�ɮɚɡɢ�ɧɢɠɱɟ�ɜɿɞ�Tc.  
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Ɉɫɤɿɥɶɤɢ�ɫɩɨɧɬɚɧɧɚ�ɟɥɟɤɬɪɢɱɧɚ�ɩɨɥɹɪɢɡɚɰɿɹ� ɿ�ɦɚɝɧɿɬɧɟ�ɜɩɨɪɹɞɤɭɜɚɧɧɹ�
ɫɩɿɜɿɫɧɭɸɬɶ�ɧɢɠɱɟ�ɜɿɞ�Ɍc1 = ��.��ɤɪɢɫɬɚɥɢ�7($&&%�ɦɨɠɧɚ�ɜɿɞɧɟɫɬɢ�ɞɨ�ɤɥɚɫɭ�
ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ� 
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Ɋɢɫ� 6. Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɡɚɥɟɠɧɿɫɬɶ�
ɨɛɟɪɧɟɧɨʀ� ɞɿɟɥɟɤɬɪɢɱɧɨʀ� ɩɪɨ-
ɧɢɤɧɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ� 7($&&%��
ɨɬɪɢɦɚɧɚ� ɩɪɢ� ɧɚɝɪɿɜɚɧɧɿ� ɞɥɹ�
ɱɚɫɬɨɬɢ�����ɤȽɰ. 
 

Ɋɢɫ� 7. Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɡɚɥɟɠɧɿɫɬɶ�
ɫɩɨɧɬɚɧɧɨʀ� ɩɨɥɹɪɢɡɚɰɿʀ� ɤɪɢɫɬɚɥɿɜ�
7($&&%��ɨɬɪɢɦɚɧɚ�ɩɪɢ�ɧɚɝɪɿɜɚɧɧɿ� 

ɑɟɬɜɟɪɬɢɣ� ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ� ɞɨɫɥɿɞɠɟɧɧɸ� ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ�
ɡɚɦɿɳɟɧɧɹ� ɿɨɧɿɜ� ɦɟɬɚɥɭ� ɧɚ� ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ�
IPACCC. Ⱥɧɚɥɿɡ� ɜɧɭɬɪɿɲɧɶɨɿɨɧɧɢɯ� ɟɥɟɤɬɪɨɧɧɢɯ� ɩɟɪɟɯɨɞɿɜ� ɡɚɫɜɿɞɱɢɜ�� ɳɨ�
ɜɨɧɢ�ɦɨɠɭɬɶ� ɩɪɨɹɜɥɹɬɢɫɹ� ɧɟ� ɬɿɥɶɤɢ� ɭ� ɜɢɞɢɦɿɣ�� ɚɥɟ ɣ� ɭ� ɛɥɢɠɧɿɣ� ȱɑ� ɞɿɥɹɧɰɿ�
ɫɩɟɤɬɪɭ �Ɋɢɫ��8����ȼɢɹɜɥɟɧɿ�ɫɦɭɝɢ��ɹɤɿ�ɧɟ�ɫɩɨɫɬɟɪɿɝɚɥɢɫɹ�ɭ�ɜɢɯɿɞɧɢɯ�ɤɪɢɫɬɚɥɚɯ�
,3$&&�� ɳɨ� ɞɚɽ� ɩɿɞɫɬɚɜɢ� ɜɿɞɧɟɫɬɢ� ʀɯ� ɞɨ� ɜɧɭɬɪɿɲɧɿɯ� ɩɟɪɟɯɨɞɿɜ ɿɨɧɿɜ� ɦɿɞɿ. 
Ⱥɫɢɦɟɬɪɢɱɧɿ� ɫɦɭɝɢ ɭ� ɫɩɟɤɬɪɚɯ ɩɨɝɥɢɧɚɧɧɹ� ɽ� ɫɭɦɨɸ�ɞɜɨɯ� ɧɚɛɨɪɿɜ� ɤɨɧɬɭɪɿɜ��
ɹɤɿ ɜɿɞɧɨɫɹɬɶɫɹ� ɜɿɞɩɨɜɿɞɧɨ�� ɞɨ ɦɿɞɶ-ɝɚɥɨɝɟɧɧɢɯ� ɨɤɬɚɟɞɪɿɜ ȱ� ɿ� ȱȱ� ɬɢɩɭ��
ɉɪɢɱɨɦɭ� ɨɤɬɚɟɞɪɚɦ� ɡ� ɛɿɥɶɲɢɦ� ɫɬɭɩɟɧɟɦ� ɫɩɨɬɜɨɪɟɧɧɹ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɫɦɭɝɢ�
ɛɿɥɶɲɨʀ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɋɦɭɝɢ� A, C ɿ� F ɜɿɞɧɨɫɹɬɶɫɹ� ɞɨ� ɤɨɦɩɥɟɤɫɿɜ� ɬɢɩɭ� ȱ��
ȼɿɞɩɨɜɿɞɧɨ�ɫɦɭɝɢ�ȼ, D ɿ�E  ɧɚɥɟɠɚɬɶ�ɞɨ�ɨɤɬɚɟɞɪɿɜ�ȱȱ�ɬɢɩɭ� 
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Ɋɢɫ�� 8�� ɋɩɟɤɬɪɢ�
ɩɨɝɥɢɧɚɧɧɹ� ɤɪɢɫɬɚɥɿɜ�
IPȺɋɋɋ�ɩɪɢ�Ɍ �����Ʉ 
ɜ ȱɑ�ɬɚ�ɜɢɞɢɦɿɣ�ɨɛɥɚ-
ɫɬɹɯ�� ɚɩɪɨɤɫɢɦɨɜɚɧɿ�
ɝɚɭɫɿɚɧɚɦɢ� 
 

Ɂ� ɦɟɬɨɸ� ɚɧɚɥɿɡɭ� ɫɬɪɭɤɬɭɪɢ� ɯɪɨɦɨɮɨɪɧɢɯ� ɝɪɭɩ� ɫɬɜɨɪɟɧɨ� ɩɪɨɝɪɚɦɧɟ�
ɡɚɛɟɡɩɟɱɟɧɧɹ� ɞɥɹ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɚɛɫɨɪɛɰɿɣɧɢɯ� ɫɩɟɤɬɪɿɜ� ȼ� ɨɫɧɨɜɭ� ɩɨɛɭɞɨɜɢ�
ɩɪɨɝɪɚɦɧɨɝɨ� ɩɚɤɟɬɚ� «ɋU\VɌɨɨO ���ª� ɥɹɝɥɚ� ɬɟɨɪɿɹ� ɤɪɢɫɬɚɥɿɱɧɨɝɨ� ɩɨɥɹ� ɬɚ�
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ɦɨɞɟɥɶ�ɧɨɪɦɨɜɚɧɢɯ� ɫɮɟɪɢɱɧɢɯ� ɝɚɪɦɨɧɿɤ �ɇɋȽ�. ȼ�ɪɨɡɪɨɛɥɟɧɢɣ�ɩɪɨɝɪɚɦɧɢɣ�
ɩɚɤɟɬ� ɜɯɨɞɹɬɶ�ɦɨɞɭɥɿ� ɨɩɪɚɰɸɜɚɧɧɹ� ɜɯɿɞɧɢɯ� ɞɚɧɢɯ�� ɨɛɱɢɫɥɟɧɧɹ� �j ɫɢɦɜɨɥɿɜ��
ɪɨɡɜ¶ɹɡɤɭ� ɫɟɤɭɥɹɪɧɢɯ� ɪɿɜɧɹɧɶ ɬɚ� ɩɿɞɝɨɧɤɢ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ� ɞɚɧɢɯ� ɞɨ�
ɬɟɨɪɟɬɢɱɧɢɯ��Ɍɚɤɨɠ�ɜ�ɫɤɥɚɞ�ɩɪɨɝɪɚɦɧɨɝɨ�ɩɚɤɟɬɚ�ɜɯɨɞɢɬɶ�ɧɢɡɤɚ�ɞɨɩɨɦɿɠɧɢɯ�
ɮɚɣɥɿɜ��ɳɨ�ɦɿɫɬɹɬɶ�ɬɚɛɥɢɱɧɿ�ɞɚɧɿ�ɩɪɢɜɟɞɟɧɢɯ�ɦɚɬɪɢɱɧɢɯ�ɟɥɟɦɟɧɬɿɜ� 

Ɂɚ�ɞɨɩɨɦɨɝɨɸ�ɩɪɨɝɪɚɦɧɨɝɨ�ɩɚɤɟɬɚ�©ɋU\VɌɨɨO ���ª�ɡɿ�ɫɩɟɤɬɪɿɜ�ɨɬɪɢɦɚɧɨ�
ɛɿɥɶɲ� ɞɟɬɚɥɶɧɭ� ɿɧɮɨɪɦɚɰɿɸ� ɩɪɨ� ɬɟɦɩɟɪɚɬɭɪɧɿ� ɡɦɿɧɢ� ɩɚɪɚɦɟɬɪɿɜ�� ɹɤɿ�
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ�ɟɧɟɪɝɟɬɢɱɧɿ�ɫɬɚɧɢ�ɬɚ�ɩɪɨɫɬɨɪɨɜɭ�ɛɭɞɨɜɭ� ɯɪɨɦɨɮɨɪɧɢɯ�ɝɪɭɩ��
ɞɨɫɥɿɞɠɭɜɚɧɢɯ� ɤɪɢɫɬɚɥɿɜ IPȺɋɋɋ�� Ɍɟɦɩɟɪɚɬɭɪɧɿ� ɡɚɥɟɠɧɨɫɬɿ� ɭɫɟɪɟɞɧɟɧɢɯ�
ɞɨɜɠɢɧ� ɡɜ¶ɹɡɤɿɜ� &X±Cl ɜ ɟɤɜɚɬɨɪɿɚɥɶɧɿɣ� ɩɥɨɳɢɧɿ� �ɚ (Cu±&O��� ɿ� ɚɤɫɿɚɥɶɧɨɦɭ�
ɧɚɩɪɹɦɿ� �b (Cu±&O���ɨɛɱɢɫɥɟɧɿ� ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɩɚɤɟɬɚ�©ɋU\VɌɨɨO ���ª� �Ɋɢɫ��9, 
10��� ɽ� ɧɚɣɰɿɤɚɜɿɲɢɦɢ� ɡ� ɩɨɝɥɹɞɭ� ɜɢɜɱɟɧɧɹ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɤɪɢɫɬɚɥɿɱɧɨʀ�
ɫɬɪɭɤɬɭɪɢ��ɇɟɜɟɥɢɤɿ�� ɚɥɟ�ɩɨɦɿɬɧɿ�ɚɧɨɦɚɥɿʀ� ɡɧɚɱɟɧɶ�a, b ɬɚ� ɿɧɲɢɯ�ɩɚɪɚɦɟɬɪɿɜ�
ɱɿɬɤɨ� ɜɤɚɡɭɸɬɶ�ɧɚ� ɬɨɱɤɢ�Ɏɉ�ɩɪɢ�T1 ɿ�T2��ȼɨɧɢ�ɜɿɞɨɛɪɚɠɚɸɬɶ� ɡɦɿɧɭ� ɫɬɭɩɟɧɹ�
ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ�ɫɩɨɬɜɨɪɟɧɧɹ�ɨɛɨɯ�ɬɢɩɿɜ�ɨɤɬɚɟɞɪɿɜ��ɍ�ɩɪɨɦɿɠɧɿɣ�ɮɚɡɿ� ȱȱ� �Ɍ1-
Ɍ2��ɨɤɬɚɟɞɪ�ȱ�ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ�ɦɿɧɿɦɚɥɶɧɢɦ�ɬɟɬɪɚɝɨɧɚɥɶɧɢɦ�ɫɩɨɬɜɨɪɟɧɧɹɦ��ɚ�
ɨɤɬɚɟɞɪɚɦ� ȱȱ� ɩɪɢɬɚɦɚɧɧɟ� ɡɛɿɥɶɲɟɧɧɹ� ɭɫɿɯ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɯ� ɜɿɞɫɬɚɧɟɣ 
ɩɨɪɿɜɧɹɧɨ�ɡ�ɿɧɲɢɦɢ�ɮɚɡɚɦɢ. 

 
 

Ɋɢɫ�� 9�� Ɍɟɦɩɟɪɚɬɭɪɧɿ� ɡɚɥɟɠɧɨɫɬɿ�
ɜɿɞɫɬɚɧɟɣ� &X±&O� ɞɥɹ� ɨɤɬɚɟɞɪɚ� ȱ� ɭ�
ɟɤɜɚɬɨɪɿɚɥɶɧɿɣ� ɩɥɨɳɢɧɿ� �ɚ�� ɿ� ɜ�
ɚɤɫɿɚɥɶɧɨɦɭ� ɧɚɩɪɹɦɿ� �b) ɞɥɹ�
IPACCC.  
 

Ɋɢɫ�� 10�� Ɍɟɦɩɟɪɚɬɭɪɧɿ� ɡɚɥɟɠɧɨɫɬɿ�
ɜɿɞɫɬɚɧɟɣ�&X±&O�ɞɥɹ� ɨɤɬɚɟɞɪɚ� ȱȱ� ɭ�
ɟɤɜɚɬɨɪɿɚɥɶɧɿɣ� ɩɥɨɳɢɧɿ� �ɚ�� ɿ� ɜ�
ɚɤɫɿɚɥɶɧɨɦɭ� ɧɚɩɪɹɦɿ� �b) ɞɥɹ�
IPACCC.  
 

ɉɨɤɚɡɚɧɨ�� ɳɨ� ɩɪɢɫɭɬɧLɫɬɶ� ɞɨɦLɲɤɢ� &X
2+
ɭ� ɤɪɢɫɬɚɥɚɯ� ,3$&&&� Lɫɬɨɬɧɨ�

ɜɩɥɢɜɚɽ ɧɚ�ɯɚɪɚɤɬɟɪ�L�ɫɢɥɭ ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɨʀ�ɜɡɚɽɦɨɞɿʀ (ȿɎȼ���ɿ�ɜɿɞɩɨɜɿɞɧɨ� 
ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɭ ɟɜɨɥɸɰLɸ ɤɪɚɸ� ɩɨɝɥɢɧɚɧɧɹ �Ʉɉ�. Ⱦɥɹ� ɲɢɪɨɤɨɝɨ� ɤɨɥɚ�
ɫɩɨɥɭɤ�� ɭ� ɬɿɦ� ɱɢɫɥɿ� ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɿɜ�� ɨɪɝɚɧɿɱɧɢɯ� ɬɚ� ɿɨɧɧɢɯ� ɤɪɢɫɬɚɥɿɜ��
ɩɨɜɟɞɿɧɤɚ�ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɨʀ�ɞɿɥɹɧɤɢ�Ʉɉ�ɨɩɢɫɭɽɬɶɫɹ�ɟɦɩɿɪɢɱɧɢɦ�ɩɪɚɜɢɥɨɦ�
ɍɪɛɚɯɚ� 
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ߙ ൌ ݌ݔ଴݁ߙ ቄ
ఙሺ்ሻ
௞ʐ்

ሺ¾߱ െ   ଴ሻቅǡ                                       (4)ܧ
 
ɞɟ�Į�± ɤɨɟɮɿɰɿɽɧɬ�ɩɨɝɥɢɧɚɧɧɹ��Į0, ȿ0 ± ɤɨɧɫɬɚɧɬɢ� !Z ± ɟɧɟɪɝɿɹ�ɮɨɬɨɧɿɜ��ɚ�kȻ�± 
ɫɬɚɥɚ� Ȼɨɥɶɰɦɚɧɚ�� ɉɚɪɚɦɟɬɪ� V(T�� ɯɚɪɚɤɬɟɪɢɡɭɽ� ɫɬɭɩɿɧɶ� ɪɨɡɦɢɬɬɹ� Ʉɉ�� Ɍɚɤɚ�
ɟɤɫɩɨɧɟɧɰɿɚɥɶɧɚ� ɡɚɥɟɠɧɿɫɬɶ�� ɦɨɠɟ� ɛɭɬɢ� ɡɭɦɨɜɥɟɧɚ� ȿɎȼ��ɍ� ɬɚɤɨɦɭ� ɜɢɩɚɞɤɭ�
ɩɚɪɚɦɟɬɪ�V(T���ɡɚɡɜɢɱɚɣ��ɡɚɩɢɫɭɸɬɶ�ɭ�ɜɢɝɥɹɞɿ� 
 

 V(T)=Vo
0

2
Z!

TkȻ th
TkȻ2
0Z! ,                                               (5)  

 
ɞɟ�ɛɟɡɪɨɡɦɿɪɧɚ�ɜɟɥɢɱɢɧɚ�Vo ± ɤɨɧɫɬɚɧɬɚ��ɩɨɜ¶ɹɡɚɧɚ�ɡ�ɤɨɧɫɬɚɧɬɨɸ�ȿɎȼ; !Zɨ�± 
ɟɮɟɤɬɢɜɧɚ�ɟɧɟɪɝɿɹ�ɮɨɧɨɧɿɜ��ɳɨ�ɜɡɚɽɦɨɞɿɸɬɶ�ɡ�ɮɨɬɨɧɚɦɢ� 

ɇɚ� ɨɫɧɨɜɿ� ɚɧɚɥɿɡɭ� ɬɟɦɩɟɪɚɬɭɪɧɨʀ� ɟɜɨɥɸɰɿʀ� ɫɩɟɤɬɪɿɜ� ɩɨɝɥɢɧɚɧɧɹ� ɡ�
ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ��� L� ɚɩɪɨɤɫɢɦɚɰLʀ ɬɟɦɩɟɪɚɬɭɪɧɨʀ� ɡɚɥɟɠɧɨɫɬL�
ɩɚɪɚɦɟɬɪɚߪ�(ܶ��ɪɨɡɪɚɯɨɜɚɧL�ɟɮɟɤɬɢɜɧL�ɱɚɫɬɨɬɢ��ɯɜɢɥɶɨɜL�ɱɢɫɥɚ��ɮɨɧɨɧLɜ��ɳɨ�
ɛɟɪɭɬɶ� ɭɱɚɫɬɶ� ɭ� ɮɨɪɦɭɜɚɧɧL� ɤɪɚɸ�� L� ɤɨɧɫɬɚɧɬɢ� �ɞɥɹ 0ߪ ɤɪɢɫɬɚɥɿɜ� ,3$&&� ɬɚ�
IPACCC �Ɍɚɛɥ�����ɉɨɤɚɡɚɧɨ��ɳɨ�ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɢɣ ɤɪɚɣ ɫɦɭɝɢ�ɩɟɪɟɧɟɫɟɧɧɹ�
ɡɚɪɹɞɭ� ɫɮɨɪɦɨɜɚɧɢɣ ɡ� ɭɱɚɫɬɸ� ɜɧɭɬɪLɲɧLɯ� ɤɨɥɢɜɚɧɶ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ�� ȼɨɞɧɨɱɚɫ�� ɤɪɚɣ ɜɥɚɫɧɨɝɨ� ɩɨɝɥɢɧɚɧɧɹ� ɜ� ɨɛɨɯ� ɤɪɢɫɬɚɥɚɯ�
ɮɨɪɦɭɽɬɶɫɹ�ɚɛɨ�ɜɧɭɬɪLɲɧLɦɢ�ɤɨɥɢɜɚɧɧɹɦɢ�ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ�ɤɨɦɩɥɟɤɫɭ�ɚɛɨ�
ɫɤɟɥɟɬɧɢɦɢ�ɱɢ�ɬɪɚɧɫɥɹɰLɣɧɢɦɢ�ɤɨɥɢɜɚɧɧɹɦɢ�ɨɪɝɚɧLɱɧɨɝɨ�ɤɨɦɩɥɟɤɫɭ�,3$� 

 
Ɍɚɛɥɢɰɹ��. ɉɚɪɚɦɟɬɪɢ�ɩɪɚɜɢɥɚ�ɍɪɛɚɯɚ�ɞɥɹ�ɤɪɢɫɬɚɥɿɜ�ȱɊȺɋɋ�ɿ�ȱɊȺɋɋɋ� 

 

 
 

Ɍɟɦɩɟɪɚɬɭɪɚ 
[K] lnD0 

E0, 
>ɟȼ@ 

0
~Q

, 
>ɫɦ-1] 

ı0 
ȱɞɟɧɬɢɮɿɤɚɰɿɹ 

ɮɨɧɨɧɿɜ 

IPACC E__a (ɤɪɚɣ�
ɜɥɚɫɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ� 

255-294  19,9 6,40 485 0,535 C-C-N 
294-353  16,4 6,14 155 0,394 Q2Me-Cl 

IPACCC E__a (ɤɪɚɣ�
ɜɥɚɫɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ) 

255-293  11,9 6,06 157 0,247 Q2Me-Cl 
293-355  - - - -  

IPACCC  E__c (ɤɪɚɣ�
ɜɥɚɫɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ) 

255-293  13,2 6,34 335 0,266 Q3 Me-Cl 
293-355  11,51 6,12 75 0,228 Ƚɪɚɬɤɨɜɿ C-C-N 

IPACCC E__a      
(ɤɪɚɣ�ɫɦɭɝɢ�

ɩɟɪɟɧɟɫɟɧɧɹ�ɡɚɪɹɞɭ� 

255-295  5,64 3,30 267 0,155 Q1 Cu-Cl 
293-355  5,49 3,28 338 0,164 Q3  Cu-Cl 

 
ɉɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ�� ɳɨ� ɱɚɫɬɤɨɜɟ� ɡɚɦLɳɟɧɧɹ� LɨɧLɜ� ɤɚɞɦɿɸ Lɨɧɚɦɢ� ɦɿɞɿ 

ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ� ɩɨɦɿɬɧɢɦ ɡɪɨɫɬɚɧɧɹɦ� ɫɢɥɢ� ȿɎȼ�� ɹɤɚ� ɽ� ɨɛɟɪɧɟɧɨ�
ɩɪɨɩɨɪɰLɣɧɨɸ� ɞɨ� ɤɨɧɫɬɚɧɬɢ� ��0ߪ ɇɚ� ɨɫɧɨɜL� ɪɨɡɪɚɯɨɜɚɧɢɯ� ɡɧɚɱɟɧɶ�  ɤɪɚɣ 0ߪ
ɜɥɚɫɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ�ɦɨɠɧɚ�ɩɨɜ¶ɹɡɚɬɢ�ɡ�ɩɟɪɟɯɨɞɚɦɢ݌3݈ܥ� ĺݏ5݀ܥ�. 

ɉ¶ɹɬɢɣ� ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ� ɜɢɜɱɟɧɧɸ� ɜɩɥɢɜɭ� ɤɚɬɿɨɧ-ɚɧɿɨɧɧɨɝɨ�
ɡɚɦɿɳɟɧɧɹ� � ɧɚ� ɫɬɪɭɤɬɭɪɭ� ɿ� ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ� ɝɪɭɩɢ�
Ⱥ2ɋɨɏ4. əɤ� ɜɢɞɧɨ� ɡ� Ɋɢɫ� �1�� ɬɟɦɧɨ-ɫɢɧɽ� ɡɚɛɚɪɜɥɟɧɧɹ� ɤɪɢɫɬɚɥɿɜ� DMACC 
ɧɚɫɚɦɩɟɪɟɞ�ɡɜ¶ɹɡɚɧɟ�ɡ�ɧɚɹɜɧɿɫɬɸ�ɜ�ʀɯɧɶɨɦɭ�ɫɩɟɤɬɪɿ�ɩɨɝɥɢɧɚɧɧɹ�ɩɨɬɭɠɧɢɯ�ɫɭɝ�
ɜ� ɨɛɥɚɫɬɿ� �����-23000 ɫɦ-1�� ɹɤɿ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɜɧɭɬɪɿɲɧɿɦ� ɟɥɟɤɬɪɨɧɧɢɦ�
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ɩɟɪɟɯɨɞɚɦ� ɤɨɧɮɿɝɭɪɚɰɿʀ� �d7 ɿɨɧɚ� &R2+�� Ɋɨɡɬɚɲɭɜɚɧɧɹ� ɫɦɭɝ� ɩɨɝɥɢɧɚɧɧɹ� ɽ�
ɯɚɪɚɤɬɟɪɧɢɦ� ɞɥɹ� ɿɨɧɚ� ɤɨɛɚɥɶɬɭ� ɜ� ɬɟɬɪɚɟɞɪɢɱɧɨɦɭ� ɨɬɨɱɟɧɧɿ�� ɉɪɢ� ɜɢɳɢɯ�
ɟɧɟɪɝɿɹɯ� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ� ɪɿɡɤɟ� ɡɛɿɥɶɲɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɚ� ɩɨɝɥɢɧɚɧɧɹ�� ɹɤɟ�
ɦɨɠɧɚ�ɜɿɞɧɟɫɬɢ�ɞɨ�ɤɪɚɸ�ɫɦɭɝɢ�ɩɟɪɟɧɟɫɟɧɧɹ�ɡɚɪɹɞɭ�ɥɿɝɚɧɞ-ɦɟɬɚɥ� 

 
Ɋɢɫ�� �1�� ɋɩɟɤɬɪ� ɩɨɝɥɢɧɚɧɧɹ�
ɤɪɢɫɬɚɥɚ� DMACC, ɨɬɪɢɦɚɧɢɣ�
ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɿ���� Ʉ� 

ɇɚ� ɩɿɞɫɬɚɜɿ� ɧɚɹɜɧɢɯ�
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ� ɞɚɧɢɯ� ɩɪɨ�
ɟɥɟɤɬɪɨɧɧɿ� ɩɟɪɟɯɨɞɢ� ɡ�
ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɪɨɡɪɨɛɥɟɧɨɝɨ�
ɩɪɨɝɪɚɦɧɨɝɨ� ɩɚɤɟɬɚ� ɛɭɥɨ�
ɜɢɡɧɚɱɟɧɨ�ɩɚɪɚɦɟɬɪɢ�ɬɟɨɪɿʀ�Ʉɪɉ�
ɿ� ɦɨɞɟɥɿ� ɇɋȽ�� ɚ� ɬɚɤɨɠ�

ɩɚɪɚɦɟɬɪɢ�Ɋɚɤɚ�ɞɥɹ�ɤɪɢɫɬɚɥɿɜ�DMACC. Ɍɚɤɨɠ�ɛɭɥɨ�ɜɫɬɚɧɨɜɥɟɧɨ ɡɚɥɟɠɧɿɫɬɶ�
ɜɟɥɢɱɢɧɢ� ɤɪɢɫɬɚɥɿɱɧɨɝɨ� ɩɨɥɹ� �Ʉɪɉ�� ɜɿɞ� ɦɨɥɟɤɭɥɹɪɧɨʀ� ɦɚɫɢ� ɨɪɝɚɧɿɱɧɨɝɨ�
ɤɚɬɿɨɧɚ�ɭ�ɤɪɢɫɬɚɥɚɯ�ɝɪɭɩɢ�$2CoCl4. ȱɡɨɦɨɪɮɧɟ�ɡɚɦɿɳɟɧɧɹ�ɨɪɝɚɧɿɱɧɨɝɨ�ɤɚɬɿɨɧɚ�
ɿɫɬɨɬɧɨ� ɜɩɥɢɜɚɽ� ɧɚ� ɜɟɥɢɱɢɧɭ� ɿ� ɫɢɦɟɬɪɿɸ� Ʉɪɉ�� Ɉɞɧɚɤ�� ɩɪɢ� ɩɨɪɿɜɧɹɧɧɿ�
ɤɪɢɫɬɚɥɿɜ� ɧɟɨɛɯɿɞɧɨ� ɜɪɚɯɨɜɭɜɚɬɢ� ɧɟ� ɬɿɥɶɤɢ� ɪɨɡɦɿɪɢ� ɱɢ� ɦɨɥɟɤɭɥɹɪɧɭ� ɦɚɫɭ�
ɤɚɬɿɨɧɚ�� ɚɥɟ� ɿ� ɣɨɝɨ� ɫɢɦɟɬɪɿɸ�� ɚ� ɬɚɤɨɠ� ɨɫɨɛɥɢɜɨɫɬɿ� ɜɡɚɽɦɨɞɿʀ� ɡ� ɦɟɬɚɥ-
ɝɚɥɨɝɟɧɧɢɦ� ɤɨɦɩɥɟɤɫɨɦ�� ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɿɜ� ɡ� ɬɟɬɪɚɚɥɤɿɥɚɦɿɧ-ɤɚɬɿɨɧɨɦ�
ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɩɪɚɤɬɢɱɧɨ�ɿɡɨɥɶɨɜɚɧɢɯ�ɨɪɝɚɧɿɱɧɢɯ�ɿ�ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɯ�ɝɪɭɩ��ɳɨ 
ɧɟ� ɦɚɸɬɶ� ɿɫɬɨɬɧɨɝɨ� ɞɢɩɨɥɶɧɨɝɨ� ɦɨɦɟɧɬɭ�� Ɂ� ɿɧɲɨɝɨ� ɛɨɤɭ�� ɜ� ɤɪɢɫɬɚɥɚɯ� ɡ�
ɞɢɚɥɤɿɥɚɦɿɧ-ɤɚɬɿɨɧɨɦ� ɨɪɝɚɧɿɱɧɿ� ɝɪɭɩɢ� ɚɫɢɦɟɬɪɢɱɧɿ� ɿ� ɜɨɥɨɞɿɸɬɶ� ɞɢɩɨɥɶɧɢɦ�
ɦɨɦɟɧɬɨɦ��Ȼɿɥɶɲɟ�ɬɨɝɨ��ɜɨɧɢ�ɡɜ¶ɹɡɚɧɿ�ɡ�ɿɨɧɚɦɢ�ɯɥɨɪɭ�ɜɨɞɧɟɜɢɦɢ�ɡɜ¶ɹɡɤɚɦɢ�1-
+«&O�� ɹɤɿ� ɡɧɚɱɧɨɸ� ɦɿɪɨɸ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɞɟɮɨɪɦɚɰɿɸ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ�� ȼɪɚɯɨɜɭɸɱɢ� ɫɤɚɡɚɧɟ�� ɞɨɰɿɥɶɧɨ� ɚɧɚɥɿɡɭɜɚɬɢ� ɜɩɥɢɜ� ɿɡɨɦɨɪɮɧɨɝɨ�
ɡɚɦɿɳɟɧɧɹ� ɭ� ɫɩɨɥɭɤɚɯ� ɡ� ɨɞɧɢɦ� ɬɢɩɨɦ� ɨɪɝɚɧɿɡɚɰɿʀ� ɤɪɢɫɬɚɥɿɱɧɨʀ� ɫɬɪɭɤɬɭɪɢ��
Ɂɨɤɪɟɦɚ��ɦɨɠɧɚ�ɡɚɡɧɚɱɢɬɢ��ɳɨ�ɩɪɢ�ɨɞɧɚɤɨɜɿɣ�ɬɟɦɩɟɪɚɬɭɪɿ�Dq �7ȿ$&&����Dq 
(TMACC), a Dq �'ȿ$&&) < Dq �'0$&&���Ɉɬɠɟ�� ɡɛɿɥɶɲɟɧɧɹ�ɦɨɥɟɤɭɥɹɪɧɨʀ�
ɦɚɫɢ� ɨɪɝɚɧɿɱɧɨɝɨ� ɤɚɬɿɨɧɚ� ɩɪɢ� ɿɡɨɦɨɪɮɧɨɦɭ� ɡɚɦɿɳɟɧɧɿ� ɜ� ɤɪɢɫɬɚɥɚɯ� ɝɪɭɩɢ�
A2CoCl4 ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ� ɡɦɟɧɲɟɧɧɹɦ� ɜɟɥɢɱɢɧɢ� Ʉɪɉ�� Ⱥɧɚɥɨɝɿɱɧɿ� ɧɚɫɥɿɞɤɢ�
ɫɩɪɢɱɢɧɸɽ�ɿ�ɡɛɿɥɶɲɟɧɧɹ�ɪɨɡɦɿɪɿɜ�ɚɧɿɨɧɚ��Ɍɚɛɥ��2). 

 
Ɍɚɛɥɢɰɹ�2. ȿɧɟɪɝɟɬɢɱɧɿ�ɩɚɪɚɦɟɬɪɢ�ɤɪɢɫɬɚɥɿɜ�ɝɪɭɩɢ�A2CoCl4. 

Ʉɪɢɫɬɚɥ (NH2(C2H5)2)2CoCl4 

(DEACC) 
(N(C2H5)4)2CoCl4 

(TEACC) 
(N(C2H5)4)2CoCl2Br2 

(TEACCB-2) 
(NH2(CH3)2)2CoCl4 

(DMACC) 
(N(CH3)4)2CoCl4 

(TMACC) 
293K ���Ʉ 

Dq, ɫɦ-1 
B, ɫɦ-1 
C, ɫɦ-1 

r, Å 

450 
665 
2615 
2,609 

330 
630 
2545 
2,783 

190 
725 

 

472 
628 
2674 
2,584 

513 
518 
2712 
2,535 
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ɈɋɇɈȼɇȱ�ɊȿɁɍɅɖɌȺɌɂ�ȱ�ȼɂɋɇɈȼɄɂ 
ɇɚ� ɨɫɧɨɜɿ� ɩɪɨɜɟɞɟɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ�

ɨɪɝɚɧɿɱɧɢɯ� ɤɚɬɿɨɧɿɜ� ɬɚ� ɧɟɨɪɝɚɧɿɱɧɢɯ� ɚɧɿɨɧɿɜ� ɧɚ� ɫɬɪɭɤɬɭɪɭ�� ɟɥɟɤɬɪɨɮɿɡɢɱɧɿ��
ɦɚɝɧɿɬɧɿ�ɬɚ�ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ�ɤɪɢɫɬɚɥɿɜ��ɳɨ�ɦɿɫɬɹɬɶ�ɤɨɦɩɥɟɤɫɢ�
ɿɨɧɿɜ�ɩɟɪɟɯɿɞɧɢɯ�ɦɟɬɚɥɿɜ��ɦɨɠɧɚ�ɡɪɨɛɢɬɢ�ɬɚɤɿ�ɜɢɫɧɨɜɤɢ�� 

1. Ɋɨɡɪɨɛɥɟɧɨ� ɩɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ�� ɳɨ� ɞɚɽ� ɡɦɨɝɭ�� ɧɚ� ɨɫɧɨɜɿ�
ɫɩɟɤɬɪɚɥɶɧɢɯ�ɞɚɧɢɯ�ɚɧɚɥɿɡɭɜɚɬɢ�ɧɢɡɤɭ�ɜɚɠɥɢɜɢɯ�ɮɿɡɢɤɨ-ɯɿɦɿɱɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�
ɤɪɢɫɬɚɥɿɜ�ɡ�ɤɨɦɩɥɟɤɫɚɦɢ�ɿɨɧɿɜ�ɩɟɪɟɯɿɞɧɢɯ�ɦɟɬɚɥɿɜ�ɡ�ɞɨɜɿɥɶɧɨɸ�ɟɥɟɤɬɪɨɧɧɨɸ�
ɤɨɧɮɿɝɭɪɚɰɿɽɸ�ɡɨɜɧɿɲɧɶɨʀ�ɨɛɨɥɨɧɤɢ�ɩɪɢ�ɫɢɦɟɬɪɿɹɯ�ɤɪɢɫɬɚɥɿɱɧɨɝɨ�ɩɨɥɹ�Td, Oh, 
D4h, C4v, D2d, C2v. 

2. Ɂɚ� ɞɨɩɨɦɨɝɨɸ� ɩɪɨɜɟɞɟɧɢɯ� ɦɟɬɨɞɨɦ� ȺɋɆ� ɞɨɫɥɿɞɠɟɧɶ� ɜɢɹɜɥɟɧɨ�
ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɭ� ɮɚɡɭ� ɭ� ɤɪɢɫɬɚɥɚɯ� ,3$&&&� ɿ� ɜɩɟɪɲɟ� ɜɿɡɭɚɥɿɡɨɜɚɧɚ�
ɞɨɦɟɧɧɚ�ɫɬɪɭɤɬɭɪɚ��ɩɪɢɬɚɦɚɧɧɚ�ɬɚɤɿɣ�ɮɚɡɿ��&ɬɪɭɤɬɭɪɚ�IPACCC ɽ�ɛɥɢɡɶɤɨɸ�ɞɨ�
ɫɬɪɭɤɬɭɪɢ� ©ɜɢɯɿɞɧɨɝɨª� ɤɪɢɫɬɚɥɚ� ,3$&&� ɛɟɡ� ɞɨɦɿɲɤɢ� ɦɿɞɿ�� ɉɪɢ� ɰɶɨɦɭ�
ɚɧɿɨɧɧɢɣ�ɤɨɦɩɥɟɤɫ�ɜɨɥɨɞɿɽ�ɬɚɤɨɸ�ɠ�ɫɢɦɟɬɪɿɽɸ�ɿ�ɫɤɥɚɞɚɽɬɶɫɹ�ɿɡ�ɬɪɶɨɯ�ɦɟɬɚɥ-
ɝɚɥɨɝɟɧɧɢɯ� ɨɤɬɚɟɞɪɿɜ� ɡ� ɪɿɡɧɨɸ� ɨɪɿɽɧɬɚɰɿɽɸ� ʀɯɧɿɯ� ɨɫɟɣ� ɜɿɞɧɨɫɧɨ� ɝɨɥɨɜɧɢɯ�
ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ�ɧɚɩɪɹɦɿɜ� 

3. ɉɪɨɜɟɞɟɧL� ɞɨɫɥLɞɠɟɧɧɹ� ɜɢɹɜɢɥɢ� Lɫɬɨɬɧɢɣ ɜɩɥɢɜ� ɥɟɝɭɜɚɧɧɹ� Lɨɧɚɦɢ�
Cu

2+
ɧɚ� ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɭ� ɜɡɚɽɦɨɞɿɸ� L� ɬɟɦɩɟɪɚɬɭɪɧɭ� ɟɜɨɥɸɰLɸ� ɤɪɚɸ�

ɨɩɬɢɱɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ�ɭ�ɤɪɢɫɬɚɥɚɯ�,3$&&��Ɂɚɜɞɹɤɢ�ɰLɣ ɜɡɚɽɦɨɞLʀ ɭ�ɮɚɡɚɯ�,,�ɬɚ�
,,,�ɤɪɢɫɬɚɥLɜ�,3$&&�L�,3$&&&�ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɢɣ ©ɯɜLɫɬª�ɤɪɚɸ�ɩɨɝɥɢɧɚɧɧɹ�
L�ɫɦɭɝɢ�ɩɟɪɟɧɟɫɟɧɧɹ�ɡɚɪɹɞɭ��ɞɥɹ�,3$&&&��ɨɩɢɫɭɽɬɶɫɹ�ɟɦɩLɪɢɱɧɢɦ�ɩɪɚɜɢɥɨɦ�
ɍɪɛɚɯɚ�� ȯɞɢɧɢɦ� ɜɢɤɥɸɱɟɧɧɹɦ� ɽ� ɮɚɡɚ� ,,� ɭ� ɤɪɢɫɬɚɥL� ,3$&&&�� ɜ� ɹɤɿɣ�
ɧɟɜɢɤɨɧɚɧɧɹ� ɰɶɨɝɨ� ɩɪɚɜɢɥɚ ɩɨɜ¶ɹɡɚɧɟ� ɡ� ɩɟɪɟɤɪɢɜɚɧɧɹɦ� ɤɪɚɸ ɜɥɚɫɧɨɝɨ 
ɩɨɝɥɢɧɚɧɧɹ�ɬɚ�ɫɦɭɝɢ�ɩɟɪɟɧɟɫɟɧɧɹ�ɡɚɪɹɞɭ�� 

4. ɉɨɤɚɡɚɧɨ��ɳɨ�ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɢɣ ɤɪɚɣ ɫɦɭɝɢ�ɩɟɪɟɧɟɫɟɧɧɹ�ɡɚɪɹɞɭ�ɜ�
ɤɪɢɫɬɚɥɚɯ� ,3$&&&� ɫɮɨɪɦɨɜɚɧɢɣ ɡ� ɭɱɚɫɬɸ� ɜɧɭɬɪLɲɧLɯ� ɤɨɥɢɜɚɧɶ� ɦɟɬɚɥ-
ɝɚɥɨɝɟɧɧɨɝɨ� ɤɨɦɩɥɟɤɫɭ�� ȼɨɞɧɨɱɚɫ�� ɤɪɚɣ ɜɥɚɫɧɨɝɨ ɩɨɝɥɢɧɚɧɧɹ� ɭ� ɤɪɢɫɬɚɥɚɯ�
,3$&&� L� ,3$&&&� ɮɨɪɦɭɽɬɶɫɹ� ɚɛɨ� ɜɧɭɬɪLɲɧLɦɢ� ɤɨɥɢɜɚɧɧɹɦɢ� ɦɟɬɚɥ-
ɝɚɥɨɝɟɧɧɨɝɨ� ɤɨɦɩɥɟɤɫɭ� ɚɛɨ� ɫɤɟɥɟɬɧɢɦɢ� ɱɢ� ɬɪɚɧɫɥɹɰLɣɧɢɦɢ� ɤɨɥɢɜɚɧɧɹɦɢ�
ɨɪɝɚɧLɱɧɨɝɨ�ɤɨɦɩɥɟɤɫɭ�,3$�� 

5. ɍ� ɬɜɟɪɞɢɯ� ɪɨɡɱɢɧɚɯ� ɌȿȺɋɋȼ� ɜɢɹɜɥɟɧɚ� ɞɿɟɥɟɤɬɪɢɱɧɚ� ɞɢɫɩɟɪɫɿɹ�
ɩɨɜ¶ɹɡɚɧɚ� ɡ� ɜɩɨɪɹɞɤɭɜɚɧɧɹɦ� ɡɞɟɮɨɪɦɨɜɚɧɢɯ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɯ� ɬɟɬɪɚɟɞɪɿɜ��
ȼɫɬɚɧɨɜɥɟɧɨ��ɳɨ� ɤɪɢɫɬɚɥɚɦ�7($&&%�ɩɪɢɬɚɦɚɧɧɟ� ɫɩɿɜɿɫɧɭɜɚɧɧɹ� ɫɩɨɧɬɚɧɧɨʀ�
ɟɥɟɤɬɪɢɱɧɨʀ� ɩɨɥɹɪɢɡɚɰɿʀ� ɿ� ɦɚɝɧɿɬɧɨɝɨ� ɜɩɨɪɹɞɤɭɜɚɧɧɹ� ɧɢɠɱɟ� ɜɿɞ� Ɍ = 8 .��ɳɨ�
ɞɨɡɜɨɥɹɽ�ɜɿɞɧɟɫɬɢ�ʀɯ�ɞɨ�ɤɥɚɫɭ�ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ�� 

6. ȼɫɬɚɧɨɜɥɟɧɨ�ɜɿɞɱɭɬɧɭ�ɡɚɥɟɠɧɿɫɬɶ ɜɟɥɢɱɢɧ�ɩɚɪɚɦɟɬɪɿɜ�ɤɪɢɫɬɚɥɿɱɧɨɝɨ�
ɩɨɥɹ� ɬɚ� ɩɚɪɚɦɟɬɪɿɜ� Ɋɚɤɚ� ɜɿɞ� ɿɡɨɦɨɪɮɧɨɝɨ� ɤɚɬɿɨɧɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ�� ɡɨɤɪɟɦɚ� 
ɡɛɿɥɶɲɟɧɧɹ� ɦɨɥɟɤɭɥɹɪɧɨʀ� ɦɚɫɢ� ɨɪɝɚɧɿɱɧɨɝɨ� ɤɚɬɿɨɧɚ� ɩɪɢ� ɿɡɨɦɨɪɮɧɨɦɭ�
ɡɚɦɿɳɟɧɧɿ� ɜ� ɤɪɢɫɬɚɥɚɯ� ɝɪɭɩɢ� $2CoCl4 ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ� ɡɦɟɧɲɟɧɧɹɦ�
ɜɟɥɢɱɢɧɢ�Ʉɪɉ�� 
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ɉɟɪɟɥɿɤ�ɨɫɧɨɜɧɢɯ�ɨɩɭɛɥɿɤɨɜɚɧɢɯ�ɩɪɚɰɶ�ɡɚ�ɬɟɦɨɸ�ɞɢɫɟɪɬɚɰɿʀ� 
1. Magnetic and dielectric properties of [N(C2H5)4]2CoClBr3 solid solution: A 

new potential multiferroic / V. Kapustianyk, V. Rudyk, P. Yonak, B. Kundys // 
Phys. Status Solidi  B. ± 2015. ± V. 252, No 8. ± P.1778±1782. 

2. Temperature evolution of the intra-ion absorption spectra of cobalt in 
(NH2(CH3)2)2CoCl4 crystals / V. Kapustianyk, V. Rudyk, P. Yonak // Journal of 
Applied Spectroscopy. ± 2015. ± V. 82, Issue 4. ± P. 591-597. 

3. Manifestation of phase transitions in the crystal field spectra of 
[(CH3)2CHNH3]4Cd3Cl10:Cu crystals / V. Kapustianyk, P. Yonak, V. Rudyk, 
Z. Czapla, D. Podsiadáa, Yu. Eliyashevskyy, A. KozdraĞ��P. Demchenko, R. Serkiz 
// Journal of Physics and Chemistry of Solids. ± 2018. ± V. 121. ± P. 210-218. 

4. Domain structure and birefringent properties of [(CH3)2CHNH3]4Cd3Cl10:Cu 
crystals in the region of their phase transitions / V. Kapustianyk, Z. Czapla, V. 
Rudyk, Yu. Eliyashevskyy, P. Yonak, S. Sveleba // Ferroelectrics. ± 2019. ± V. 
540, Issue 1. ± P.212-221.  

5. Influence of partial metal ion substitution on the temperature evolution of 
the optical absorption edge in ((CH3)2CHNH3)4Cd3Cl10:Cu crystals / V. 
Kapustianyk, P. Yonak, V. Rudyk, Z. Czapla, R. Cach // Acta Physica Polonica A. 
± 2019. ± V.136, No 1. ± P. 208-213. 

6. Yonak P. Crystal Field Software / P. Yonak // github.com ± 
https://github.com/pavloyonak/crystalfield.git . 

7. Ⱦɿɟɥɟɤɬɪɢɱɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɬɨɧɤɢɯ� ɩɥɿɜɨɤ� ZnO �� ɉ�� Ƀɨɧɚɤ��
ȼ� Ʉɚɩɭɫɬɹɧɢɤ��ɘ��ȿɥɿɹɲɟɜɫɶɤɢɣ��Ȼ��Ɍɭɪɤɨ�// Ɍɟɡɢ�ɞɨɩ��Ɇɿɠɧɚɪ��ɤɨɧɮɟɪɟɧɰɿʀ 
ɫɬɭɞɟɧɬɿɜ� ɿ� ɦɨɥɨɞɢɯ� ɧɚɭɤɨɜɰɿɜ� ɡ� ɬɟɨɪɟɬɢɱɧɨʀ� ɬɚ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ� ɮɿɡɢɤɢ�
ȿȼɊɂɄȺ-2011, 18-���ɬɪɚɜɧɹ������ɪɨɤɭ��Ʌɶɜɿɜ��ɍɤɪɚʀɧɚ. ± ɋ��A.8. 

8.  ɉɪɨɹɜ� ɦɨɞɿɮɿɤɚɰɿʀ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ� ɤɨɦɩɥɟɤɫɭ� ɜ� ɚɛɫɨɪɛɰɿɣɧɢɯ�
ɫɩɟɤɬɪɚɯ� ɤɪɢɫɬɚɥɿɜ ((CH3)2CHNH3)4Cd2CXɋl10 / ɉ�� Ƀɨɧɚɤ�� ȼ� Ʉɚɩɭɫɬɹɧɢɤ�� ɏ��
Ȼɿɥɨɜɭɫ�� ȼ�� Ɋɭɞɢɤ�� ɘ�� ȿɥɿɹɲɟɜɫɶɤɢɣ�� =�� Czapla // Ɍɟɡɢ� ɞɨɩ�� Ɇɿɠɧɚɪ. 
ɤɨɧɮɟɪɟɧɰɿʀ� ɫɬɭɞɟɧɬɿɜ� ɿ� ɦɨɥɨɞɢɯ� ɧɚɭɤɨɜɰɿɜ� ɡ� ɬɟɨɪɟɬɢɱɧɨʀ� ɬɚ�
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ� ɮɿɡɢɤɢ� ȿȼɊɂɄȺ-2014, 15-��� ɬɪɚɜɧɹ� ����� ɪɨɤɭ�� Ʌɶɜɿɜ��
ɍɤɪɚʀɧɚ��± ɋ����� 

9. Size effects in the thermochromic single crystals and nanocomposites / V. 
Kapustianyk, P. Yonak, V. Rudyk, I. Kityk, S. Tkaczyk // Abstracts of 
Internetional Research and Practice Conference «Nanotechnology and 
nanomaterials» (NANO-2014), 23-30 August 2014, Yaremche-Lviv, Ukraine. ± 
Ɋ�183. 

10. Ɍɟɦɩɟɪɚɬɭɪɧɚ� ɟɜɨɥɸɰɿɹ� ɚɛɫɨɪɛɰɿɣɧɢɯ� ɫɩɟɤɬɪɿɜ� ɤɪɢɫɬɚɥɿɜ�
((CH3)2CHNH3)4Cd2Cuɋl10 ɜ� ɨɛɥɚɫɬɿ� ɮɚɡɨɜɢɯ� ɩɟɪɟɯɨɞɿɜ� / ɉ�� Ƀɨɧɚɤ��
ȼ� Ʉɚɩɭɫɬɹɧɢɤ��ȼ��Ɋɭɞɢɤ��ɘ��ȿɥɿɹɲɟɜɫɶɤɢɣ��Z. Czapla ���Ɍɟɡɢ�ɞɨɩ��9 ɫɟɦɿɧɚɪɭ 
«ȼɥɚɫɬɢɜɨɫɬɿ�ɫɟɝɧɟɬɨɟɥɟɤɬɪɢɱɧɢɯ�ɿ�ɫɭɩɟɪɿɨɧɧɢɯ�ɫɢɫɬɟɦª��± ɍɠɝɨɪɨɞ��ɍɤɪɚʀɧɚ�
± 2015. ± ɋ���-15. 

11. Manifestation of phase transitions in the crystal field spectra of 
[(CH3)2CHNH3]4Cd3Cl10:Cu crystals / V. Kapustianyk, P. Yonak, V. Rudyk, Z. 
Czapla, D. Podsiadáa, Yu. Eliyashevskyy, A. KozdraĞ��P. Demchenko, R. Serkiz // 
Abstracts of V Ukrainian-Polish-Lithuanian Meeting on Physics of Ferroelectrics, 
18-20 September, 2018, Uzhhorod, Ukraine. ± Ɋ��53. 

http://link.springer.com/journal/10812
http://link.springer.com/journal/10812
https://www.sciencedirect.com/science/journal/00223697/121/supp/C
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ȺɇɈɌȺɐȱə 
Ƀɨɧɚɤ ɉ.Ʉ. Ɇɨɞɢɮɿɤɚɰɿɹ� ɫɬɪɭɤɬɭɪɢ� ɬɚ� ɨɩɬɢɤɨ-ɮɿɡɢɱɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ�

ɤɪɢɫɬɚɥɿɜ� ɡ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɦɢ� ɤɨɦɩɥɟɤɫɚɦɢ� ɲɥɹɯɨɦ� ɤɚɬɿɨɧ-ɚɧɿɨɧɧɨɝɨ�
ɡɚɦɿɳɟɧɧɹ ± ɤɜɚɥɿɮɿɤɚɰɿɣɧɚ�ɧɚɭɤɨɜɚ�ɩɪɚɰɹ�ɧɚ�ɩɪɚɜɚɯ�ɪɭɤɨɩɢɫɭ� 

Ⱦɢɫɟɪɬɚɰɿɹ� ɧɚ� ɡɞɨɛɭɬɬɹ� ɧɚɭɤɨɜɨɝɨ� ɫɬɭɩɟɧɹ� ɤɚɧɞɢɞɚɬɚ� ɮɿɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɧɢɯ� ɧɚɭɤ� �ɞɨɤɬɨɪɚ� ɮɿɥɨɫɨɮɿʀ�� ɡɚ� ɫɩɟɰɿɚɥɶɧɿɫɬɸ� 01.04.10 «ɮɿɡɢɤɚ�
ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɿɜ� ɿ� ɞɿɟɥɟɤɬɪɢɤɿɜ» (10 ± ɉɪɢɪɨɞɧɢɱɿ� ɧɚɭɤɢ��� ± Ʌɶɜɿɜɫɶɤɢɣ�
ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ�ȱɜɚɧɚ�Ɏɪɚɧɤɚ��Ʌɶɜɿɜ������. 

Ɋɨɛɨɬɚ� ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ� ɜɩɥɢɜɭ� ɿɡɨɦɨɪɮɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ�
ɨɪɝɚɧɿɱɧɢɯ� ɤɚɬɿɨɧɿɜ� � ɬɚ� ɧɟɨɪɝɚɧɿɱɧɢɯ� ɚɧɿɨɧɿɜ� ɧɚ� ɫɬɪɭɤɬɭɪɭ�� ɦɚɝɧɿɬɧɿ� ɬɚ�
ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɤɪɢɫɬɚɥɿɜ�� ɳɨ� ɦɿɫɬɹɬɶ� ɤɨɦɩɥɟɤɫɢ� ɿɨɧɿɜ�
ɩɟɪɟɯɿɞɧɢɯ�ɦɟɬɚɥɿɜ��ɬɚ�ɪɨɡɪɨɛɰɿ�ɩɪɨɝɪɚɦɧɨɝɨ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɞɥɹ� ɿɧɬɟɪɩɪɟɬɚɰɿʀ 
ʀɯɧɿɯ�ɫɩɟɤɬɪɿɜ�ɨɩɬɢɱɧɨɝɨ�ɩɨɝɥɢɧɚɧɧɹ� 

Ɋɨɡɪɨɛɥɟɧɟ ɩɪɨɝɪɚɦɧɟ� ɡɚɛɟɡɩɟɱɟɧɧɹ�� ɳɨ� ɞɚɽ� ɡɦɨɝɭ� ɧɚ� ɨɫɧɨɜɿ� ɨɩɬɢɤɨ-
ɫɩɟɤɬɪɚɥɶɧɢɯ�ɞɚɧɢɯ�ɜɢɡɧɚɱɚɬɢ�ɜɚɠɥɢɜɿ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɤɪɢɫɬɚɥɿɜ�ɡ�
ɤɨɦɩɥɟɤɫɚɦɢ� ɿɨɧɿɜ� ɩɟɪɟɯɿɞɧɢɯ� ɦɟɬɚɥɿɜ� ɡ� ɞɨɜɿɥɶɧɨɸ� ɟɥɟɤɬɪɨɧɧɨɸ�
ɤɨɧɮɿɝɭɪɚɰɿɽɸ� ɩɪɢ� ɫɢɦɟɬɪɿɹɯ� ɤɪɢɫɬɚɥɿɱɧɨɝɨ� ɩɨɥɹ� Td, Oh, D4h, C4v, D2d, C2v. 
ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɧɚɹɜɧɿɫɬɶ ɜ ɫɩɨɥɭɰɿ IPACCC ɿɨɧɿɜ Cu2+ ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ 
ɩɨɦɿɬɧɢɦ� ɡɦɿɳɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ. &ɬɪɭɤɬɭɪɚ 
[(CH3)2CHNH3]4Cd3Cl10:Cu (IPACCC) ɽ ɛɥɢɡɶɤɨɸ ɞɨ ɫɬɪɭɤɬɭɪɢ� ©ɜɢɯɿɞɧɨɝɨª�
ɤɪɢɫɬɚɥɚ [(CH3)2CHNH3]4Cd3Cl10 (IPACC) ɛɟɡ ɞɨɦɿɲɤɢ ɦɿɞɿ. Ɉɬɪɢɦɚɧɿ�
ɡɧɚɱɟɧɧɹ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɢɯ� ɜɿɞɫɬɚɧɟɣ� ɤɨɪɟɥɸɸɬɶ� ɡ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɦɢ�
ɞɚɧɢɦɢ�� ȼɩɟɪɲɟ� ɜɢɹɜɥɟɧɨ� ɿɫɧɭɜɚɧɧɹ� ɫɟɝɧɟɬɨɟɥɚɫɬɨɟɥɟɤɬɪɢɱɧɨʀ� ɮɚɡɢ� ɬɚ 
Lɫɬɨɬɧɢɣ ɜɩɥɢɜ� ɥɟɝɭɜɚɧɧɹ� Lɨɧɚɦɢ� &X

2+
ɧɚ� ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɭ� ɜɡɚɽɦɨɞɿɸ i 

ɬɟɦɩɟɪɚɬɭɪɧɭ� ɟɜɨɥɸɰLɸ� ɤɪɚɸ� ɨɩɬɢɱɧɨɝɨ� ɩɨɝɥɢɧɚɧɧɹ� ɭ� ɤɪɢɫɬɚɥɚɯ� ,3$&&ɋ. 
ɉɨɤɚɡɚɧɨ�� ɳɨ� ɧɢɡɶɤɨɟɧɟɪɝɟɬɢɱɧɢɣ ɤɪɚɣ ɫɦɭɝɢ� ɩɟɪɟɧɟɫɟɧɧɹ� ɡɚɪɹɞɭ� ɭ� ɰɢɯ�
ɤɪɢɫɬɚɥɚɯ� ɫɮɨɪɦɨɜɚɧɢɣ ɡ� ɭɱɚɫɬɸ� ɜɧɭɬɪLɲɧLɯ� ɤɨɥɢɜɚɧɶ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ�� ȼɨɞɧɨɱɚɫ�� ɤɪɚɣ ɜɥɚɫɧɨɝɨ ɩɨɝɥɢɧɚɧɧɹ� ɜ� ɤɪɢɫɬɚɥɚɯ ,3$&&� ɢ�
,3$&&ɋ ɮɨɪɦɭɽɬɶɫɹ� ɚɛɨ� ɜɧɭɬɪLɲɧLɦɢ� ɤɨɥɢɜɚɧɧɹɦɢ� ɦɟɬɚɥ-ɝɚɥɨɝɟɧɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ� ɚɛɨ� ɫɤɟɥɟɬɧɢɦɢ� ɱɢ� ɬɪɚɧɫɥɹɰLɣɧɢɦɢ� ɤɨɥɢɜɚɧɧɹɦɢ� ɨɪɝɚɧLɱɧɨɝɨ�
ɤɨɦɩɥɟɤɫɭ�,3$�� 

ȼ� ɤɪɢɫɬɚɥɚɯ [N(C2H5)4]2CoClBr3 (TEACCB) ɜɢɹɜɥɟɧɟ� ɫɩɿɜɿɫɧɭɜɚɧɧɹ 
ɦɚɝɧɿɬɧɨɝɨ� ɜɩɨɪɹɞɤɭɜɚɧɧɹ� ɬɚ� ɫɩɨɧɬɚɧɧɨʀ� ɩɨɥɹɪɢɡɚɰɿʀ� ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɚɯ��
ɧɢɠɱɢɯ� ɜɿɞ� Ɍɫ1=8 Ʉ�� ɳɨ� ɞɚɽ� ɩɿɞɫɬɚɜɢ� ɜɿɞɧɟɫɬɢ� ʀɯ� ɞɨ� ɦɭɥɶɬɢɮɟɪɨʀɤɿɜ. 
ȼɫɬɚɧɨɜɥɟɧɨ��ɳɨ�ɜɟɥɢɱɢɧɢ ɩɚɪɚɦɟɬɪɿɜ�ɤɪɢɫɬɚɥɿɱɧɨɝɨ�ɩɨɥɹ�ɬɚ�ɩɚɪɚɦɟɬɪɿɜ�Ɋɚɤɚ�
ɿɫɬɨɬɧɨ� ɡɚɥɟɠɚɬɶ� ɜɿɞ� ɿɡɨɦɨɪɮɧɨɝɨ� ɤɚɬɿɨɧɧɨɝɨ� ɡɚɦɿɳɟɧɧɹ�� ɚ� ɫɚɦɟ� ɡɛɿɥɶɲɟɧɧɹ�
ɦɨɥɟɤɭɥɹɪɧɨʀ� ɦɚɫɢ� ɨɪɝɚɧɿɱɧɨɝɨ� ɤɚɬɿɨɧɚ� ɩɪɢ� ɬɚɤɨɦɭ� ɡɚɦɿɳɟɧɧɿ� ɜ� ɤɪɢɫɬɚɥɚɯ�
ɝɪɭɩɢ�$2CoCl4 ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ�ɡɦɟɧɲɟɧɧɹɦ�ɜɟɥɢɱɢɧɢ�Ʉɪɉ� 

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ� ɦɭɥɶɬɢɮɟɪɨʀɤ�� ɩɟɪɟɯɿɞɧɢɣ�ɦɟɬɚɥ��ɩɟɪɟɧɟɫɟɧɧɹ� ɡɚɪɹɞɭ��
ɨɩɬɢɱɧɚ� ɫɩɟɤɬɪɨɫɤɨɩɿɹ�� ɤɪɢɫɬɚɥɿɱɧɟ� ɩɨɥɟ�� ɟɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɚ� ɜɡɚɽɦɨɞɿɹ��
ɩɪɚɜɢɥɨ�ɍɪɛɚɯɚ, ɞɨɦɟɧɢ��ɞɿɟɥɟɤɬɪɢɤ��ɩɨɥɹɪɢɡɚɰɿɹ. 
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ȺɇɇɈɌȺɐɂə 
Ƀɨɧɚɤ� ɉ�Ʉ. Ɇɨɞɢɮɢɤɚɰɢɹ� ɫɬɪɭɤɬɭɪɵ� ɢ� ɨɩɬɢɤɨ-ɮɢɡɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ�

ɤɪɢɫɬɚɥɥɨɜ� ɫ� ɦɟɬɚɥɥ-ɝɚɥɨɝɟɧɧɵɦɢ� ɤɨɦɩɥɟɤɫɚɦɢ� ɩɭɬɟɦ� ɤɚɬɢɨɧ-ɚɧɢɨɧɧɨɝɨ�
ɡɚɦɟɳɟɧɢɹ�± ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ�ɧɚɭɱɧɚɹ�ɪɚɛɨɬɚ�ɧɚ�ɩɪɚɜɚɯ�ɪɭɤɨɩɢɫɢ� 

Ⱦɢɫɫɟɪɬɚɰɢɹ� ɧɚ� ɫɨɢɫɤɚɧɢɟ� ɭɱɟɧɨɣ� ɫɬɟɩɟɧɢ� ɤɚɧɞɢɞɚɬɚ� ɮɢɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɧɚɭɤ� �ɞɨɤɬɨɪɚ� ɮɢɥɨɫɨɮɢɢ�� ɩɨ� ɫɩɟɰɢɚɥɶɧɨɫɬɢ� ���������
©ɮɢɡɢɤɚ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ� ɢ� ɞɢɷɥɟɤɬɪɢɤɨɜª� ���� ± ȿɫɬɟɫɬɜɟɧɧɵɟ� ɧɚɭɤɢ��� ± 
Ʌɶɜɨɜɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɢɦɟɧɢ�ɂɜɚɧɚ�Ɏɪɚɧɤɨ��Ʌɶɜɨɜ������� 

ɐɟɥɶ� ɪɚɛɨɬɵ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɹ� ɢɡɨɦɨɪɮɧɨɝɨ�
ɡɚɦɟɳɟɧɢɹ�ɨɪɝɚɧɢɱɟɫɤɢɯ�ɤɚɬɢɨɧɨɜ�ɢ�ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ�ɚɧɢɨɧɨɜ�ɧɚ�ɫɬɪɭɤɬɭɪɭ��
ɦɚɝɧɢɬɧɵɟ� ɢ� ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ� ɤɪɢɫɬɚɥɥɨɜ�� ɫɨɞɟɪɠɚɳɢɯ�
ɤɨɦɩɥɟɤɫɵ� ɢɨɧɨɜ� ɩɟɪɟɯɨɞɧɵɯ� ɦɟɬɚɥɥɨɜ�� ɢ� ɪɚɡɪɚɛɨɬɤɟ� ɩɪɨɝɪɚɦɦɧɨɝɨ�
ɨɛɟɫɩɟɱɟɧɢɹ�ɞɥɹ�ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢɯ�ɫɩɟɤɬɪɨɜ�ɨɩɬɢɱɟɫɤɨɝɨ�ɩɨɝɥɨɳɟɧɢɹ� 

Ɋɚɡɪɚɛɨɬɚɧɨ� ɩɪɨɝɪɚɦɦɧɨɟ� ɨɛɟɫɩɟɱɟɧɢɟ�� ɩɨɡɜɨɥɹɸɳɟɟ ɧɚ� ɨɫɧɨɜɟ�
ɨɩɬɢɤɨ-ɫɩɟɤɬɪɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɨɩɪɟɞɟɥɹɬɶ� ɪɹɞ� ɜɚɠɧɵɯ� ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ�
ɩɚɪɚɦɟɬɪɨɜ� ɤɪɢɫɬɚɥɥɨɜ� ɫ� ɤɨɦɩɥɟɤɫɚɦɢ� ɢɨɧɨɜ� ɩɟɪɟɯɨɞɧɵɯ� ɦɟɬɚɥɥɨɜ� ɩɪɢ�
ɫɢɦɦɟɬɪɢɹɯ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ�ɩɨɥɹ�Td, Oh, D4h, C4v, D2d, C2v. ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�
ɧɚɥɢɱɢɟ� ɜ� ɫɨɫɬɚɜɟ� IPACCC ɢɨɧɨɜ� Cu2+ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ� ɫɦɟɳɟɧɢɟɦ�
ɬɟɦɩɟɪɚɬɭɪ� ɮɚɡɨɜɵɯ� ɩɟɪɟɯɨɞɨɜ�� ɋɬɪɭɤɬɭɪɚ� [(CH3)2CHNH3]4Cd3Cl10:Cu 
(IPACCC��ɛɥɢɡɤɚ�ɤ�ɫɬɪɭɤɬɭɪɟ�©ɢɫɯɨɞɧɨɝɨª�ɤɪɢɫɬɚɥɥɚ�[(CH3)2CHNH3]4Cd3Cl10 
(IPACC�� ɛɟɡ� ɩɪɢɦɟɫɢ� ɦɟɞɢ�� ɉɨɥɭɱɟɧɧɵɟ� ɡɧɚɱɟɧɢɹ� ɦɟɬɚɥɥ-ɝɚɥɨɝɟɧɧɵɯ�
ɪɚɫɫɬɨɹɧɢɣ� ɤɨɪɪɟɥɢɪɭɸɬ� ɫ� ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦɢ� ɞɚɧɧɵɦɢ� ȼɩɟɪɜɵɟ�
ɨɛɧɚɪɭɠɟɧɨ� ɫɭɳɟɫɬɜɨɜɚɧɢɟ� ɫɟɝɧɟɬɨɷɥɚɫɬɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɚɡɵ� ɢ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ� ɥɟɝɢɪɨɜɚɧɢɹ� ɢɨɧɚɦɢ� Cu

2+
 ɧɚ� ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɨɟ�

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɭɸ�ɷɜɨɥɸɰɢɸ�ɤɪɚɹ�ɨɩɬɢɱɟɫɤɨɝɨ�ɩɨɝɥɨɳɟɧɢɹ�ɜ�
ɤɪɢɫɬɚɥɥɚɯ� IPACCɋ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ� ɤɪɚɣ� ɩɨɥɨɫɵ�
ɩɟɪɟɧɨɫɚ� ɡɚɪɹɞɚ� ɜ� ɷɬɨɦ� ɤɪɢɫɬɚɥɥɟ� ɫɮɨɪɦɢɪɨɜɚɧ� ɫ� ɭɱɚɫɬɢɟɦ� ɜɧɭɬɪɟɧɧɢɯ�
ɤɨɥɟɛɚɧɢɣ�ɦɟɬɚɥɥ-ɝɚɥɨɝɟɧɧɨɝɨ�ɤɨɦɩɥɟɤɫɚ��ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ��ɤɪɚɣ�ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɩɨɝɥɨɳɟɧɢɹ� ɜ� � ɤɪɢɫɬɚɥɥɚɯ� IPACC ɢ� IPACCɋ ɮɨɪɦɢɪɭɟɬɫɹ� ɜɧɭɬɪɟɧɧɢɦɢ�
ɤɨɥɟɛɚɧɢɹɦɢ� ɦɟɬɚɥɥ-ɝɚɥɨɝɟɧɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ� ɥɢɛɨ ɫɤɟɥɟɬɧɵɦɢ� ɢɥɢ�
ɬɪɚɧɫɥɹɰɢɨɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ�ɨɪɝɚɧɢɱɟɫɤɨɝɨ�ɤɨɦɩɥɟɤɫɚ�IPA. 

ȼ ɤɪɢɫɬɚɥɥɚɯ [N(C2H5)4]2CoClBr3 (TEACCB) ɨɛɧɚɪɭɠɟɧɨ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɟ�ɦɚɝɧɢɬɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ�ɢ�ɫɩɨɧɬɚɧɧɨɣ�ɩɨɥɹɪɢɡɚɰɢɢ ɧɢɠɟ�
Ɍɫ1=8 Ʉ��ɱɬɨ�ɞɚɟɬ�ɨɫɧɨɜɚɧɢɟ�ɨɬɧɟɫɬɢ�ɢɯ�ɤ�ɦɭɥɶɬɢɮɟɪɪɨɢɤɚɦ. ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�
ɜɟɥɢɱɢɧɵ� ɩɚɪɚɦɟɬɪɨɜ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ� ɩɨɥɹ� ɢ� ɩɚɪɚɦɟɬɪɨɜ� Ɋɚɤɚ�
ɫɭɳɟɫɬɜɟɧɧɨ� ɡɚɜɢɫɹɬ� ɨɬ� ɢɡɨɦɨɪɮɧɨɝɨ� ɤɚɬɢɨɧɧɨɝɨ� ɡɚɦɟɳɟɧɢɹ�� ɚ� ɢɦɟɧɧɨ, 
ɭɜɟɥɢɱɟɧɢɟ� ɦɨɥɟɤɭɥɹɪɧɨɣ� ɦɚɫɫɵ� ɨɪɝɚɧɢɱɟɫɤɨɝɨ� ɤɚɬɢɨɧɚ� ɩɪɢ� ɬɚɤɨɦ 
ɡɚɦɟɳɟɧɢɢ ɜ� ɤɪɢɫɬɚɥɥɚɯ� ɝɪɭɩɩɵ� A2CoCl4 ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ� ɭɦɟɧɶɲɟɧɢɟɦ�
ɜɟɥɢɱɢɧɵ�ɄɊɉ� 

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ� ɦɭɥɶɬɢɮɟɪɪɨɢɤ��ɩɟɪɟɯɨɞɧɵɣ�ɦɟɬɚɥɥ��ɩɟɪɟɧɨɫ�ɡɚɪɹɞɚ��
ɨɩɬɢɱɟɫɤɚɹ� ɫɩɟɤɬɪɨɫɤɨɩɢɹ�� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ� ɩɨɥɟ�� ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ��ɩɪɚɜɢɥɨ�ɍɪɛɚɯɚ��ɞɨɦɟɧɵ��ɞɢɷɥɟɤɬɪɢɤ��ɩɨɥɹɪɢɡɚɰɢɹ� 
  



16 
 

ABSTRACT 
Yonak P. K.  Modification of structure and optical-physical properties of 

crystals with metal-halogen complexes by substitution of cations and anions ± 
Manuscript copyright. 

Thesis for the Candidate of Physical and Mathematical Sciences Degree 
(Doctor of Philosophy), speciality 01.04.10 ± Physics of Semiconductors and 
Dielectrics ± Ivan Franko National University of Lviv, Lviv, 2019. 

The work is devoted to study of influence of the isomorphous substitution  
of organic cations and inorganic anions on the structure, electrophysical, magnetic 
and optical-spectral properties of crystals with transition metal ions complexes and 
elaboration of the program package for interpretation of their absorption spectra. 

It was found that the structure of [(CH3)2CHNH3]4Cd3Cl10:Cu (IPACCC) is 
close to the structure of the initial [(CH3)2CHNH3]4Cd3Cl10 (IPACC) crystal 
without copper adding. The anionic complex was found to possess a similar 
symmetry and consists of the three metal-halogen octahedra with different 
orientation of their axes relatively to the main crystallographic directions. As it 
follows from the analysis of the crystal field spectra, the intermediate phase II (T2-
T3) is characterised by a less pronounced tetragonal distortion of the metal-halogen 
RFWDKHGUD� RI� W\SH� ȱ�� ZKHUHDV� WKH� RFWDKHGUD� RI� W\SH� ȱȱ� DUH� FKDUDFWHULVHG� E\�
increasing of all metal-halogen distances in comparison with other phases. The 
values of the metal-ligand distances, obtained in our calculations, were found to be 
1-5 % higher in comparison with the X-ray diffraction data for initial IPACC 
crystal. The reason for this difference consists in the statistical substitution of 
cadmium ions with copper in the investigated crystals.  

On the basis of the performed investigations of the optical birefringence 
temperature increments at heating we detected the jump-like anomaly 
characteristic of the first order phase transitions in IPACCC crystals at Ɍ1 = 358 Ʉ 
and the second anomaly at Ɍ2 =293 Ʉ. On the basis of the Landau theory analysis 
the phase transition at T2=293 K was related to the first order close to the second 
order one. Using the atomic force microscopy existence of the ferroelastoelectric 
phase in these crystals was revealed and the corresponding domain structure was 
visualized for the first time. 

 On the basis of the performed dielectric investigations of 
[N(C2H5)4]2CoClBr3 (TEACCB) crystals the anomaly of dielectric permittivity 
characteristic of the proper ferroelectric phase transition was observed at Tc= 
258 K. The dielectric dispersion observed in TEACCB solid solution first of all is 
connected with ordering of the distorted metal-halogen complexes. It has been 
found that TEACCB crystals are characterized by magnetic ordering below 8 K 
coexisting with the spontaneous polarization. This allows to relate these crystals to 
the multiferroics.  

It was shown that the absorption spectra of IPACCC crystal obtained at 
room temperature for different polarizations of incident light are characterized by 
clear pleochroism of the absorption edge caused by distortion of Cu2+ ion 
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coordination. At lower energies the broad intense bands, connected with the 
internal transitions in Cu2+ ion, in the field of low symmetry were observed. 

There was elaborated the program package, which allows to analyze on the 
basis of the optical spectroscopy data the important physical and chemical 
parameters of the crystals with transition metal ions complexes and various 
electronic configuration of the valence shell at the crystalline field symmetries Td, 
Oh, D4h, C4v, D2d, C2v. 

Performed spectral investigations ascertained a noticeable influence of the 
doping with Cu2+ ions on the electron-phonon interaction (EPI) and respectively on 
the temperature evolution of the optical absorption edge of IPACC crystals. Due to 
this interaction, for the phases II and III of both IPACC and IPACCC crystals the 
low energy tails of the edge bands are described by the empirical Urbach¶s rule. 
The only exception concerns the phase II in IPACCC for the light polarised along 
a D[LV��ZKHQ� OQĮ� � I�E) lines were found do not cross in a single point. Such a 
behaviour is explained by overlapping of the mentioned absorption edge with the 
charge transfer (CT) bands.  

It has been found that parameters of Urbach¶s rule show anomalous 
behaviour at the phase transition point T2. The anomalies are much more 
pronounced for IPACCC than in the case of IPACC crystal that implies more 
considerable corresponding change of EPI character for the crystals doped with 
copper. It has been also found that the low energy tail of the CT band in IPACCC 
is formed with participation of the internal vibrations of the metal-halogen 
complex. On the other hand, the low energy tail of the fundamental edge for both 
crystals is formed with participation of the internal vibrations of the metal-halogen 
complex or skeletal (or translational) vibration of IPA complex.It was also shown 
that partial metal ion substitution is followed by increasing of the EPI strength that 
is inversely proportional to Vo constant. On the basis of the calculated values of Vo 
the fundamental edge band for both IPACC and IPACCC crystals would be related 
to ݌3݈ܥ ĺݏ5݀ܥ� transitions.  

The data obtained on the basis of analysis of the optical absorption spectra of 
A2CoX4 type crystals using the crystal field theory and the normalized spherical 
harmonics model testify that Co2+ ions complexes in 
(NH2(CH3)2)2CoCl4 (DMACC) crystals are characterized by D2d symmetry as a 
result of the tetrahedral field distortion.  

It has been found that the Racah¶s and crystal field parameters considerably 
depend on the isomorphous cation substitution. Indeed, increasing of the organic 
cation mass in A2CoCl4 crystals is followed by diminishing of the crystal field. 

Keywords: multiferroic, transition metal, charge transfer, optical 
spectroscopy, crystal field, electron-phonon interaction, Urbach¶s rule, domains, 
dielectrics, polarization. 


