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Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ�ɩɨɞɯɨɞ� ɫɱɢɬɚɟɬɫɹ�ɩɟɪɫɩɟɤɬɢɜɧɵɦ�ɧɚɩɪɚɜɥɟɧɢɟɦ�ɩɪɢɦɟɧɟɧɢɹ�
ɛɢɨɦɚɬɟɪɢɚɥɨɜ��ɝɞɟ�ɚɤɰɟɧɬ�ɫ�ɡɚɩɨɥɧɟɧɢɹ�ɞɟɮɟɤɬɚ�ɩɨɞɯɨɞɹɳɢɦ�ɛɢɨɫɨɜɦɟɫɬɢɦɵɦ�ɢɦ�
ɩɥɚɧɬɚɬɨɦ�ɩɟɪɟɧɟɫɟɧ�ɧɚ�ɛɵɫɬɪɭɸ�ɪɟɡɨɪɛɰɢɸ��ɪɚɫɬɜɨɪɟɧɢɟ��ɛɢɨɚɤɬɢɜɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ�
ɢ�ɡɚɦɟɧɭ�ɟɝɨ�ɧɨɜɨɣ�ɤɨɫɬɧɨɣ�ɬɤɚɧɶɸ��Ⱦɥɹ�ɷɬɨɝɨ�ɩɨɞɯɨɞɚ�ɯɚɪɚɤɬɟɪɧɨ�ɬɪɟɛɨɜɚɧɢɟ�ɭɫɤɨ�
ɪɟɧɢɹ�ɩɪɨɰɟɫɫɚ� ɢɧɬɟɝɪɚɰɢɢ�ɢ� ɡɚɦɟɧɵ�ɢɦɩɥɚɧɬɚɬɚ� ɧɚɬɢɜɧɨɣ� ɤɨɫɬɶɸ�� ɷɬɨɦɭ� ɫɩɨɫɨɛ�
ɫɬɜɭɟɬ�ɨɫɬɟɨɢɧɞɭɰɢɪɭɸɳɢɣ�ɷɮɮɟɤɬ�ɦɚɬɟɪɢɚɥɚ�ɢɦɩɥɚɧɬɚɬɚ��ɜɵɩɨɥɧɹɸɳɟɝɨ�ɪɨɥɶ�ɩɨ�
ɪɢɫɬɨɝɨ�ɚɤɬɢɜɧɨɝɨ�ɤɚɪɤɚɫɚ��ɍɪɨɜɟɧɶ�ɠɟ�ɩɪɨɱɧɨɫɬɧɵɯ�ɫɜɨɣɫɬɜ�ɫɬɚɧɨɜɢɬɫɹ�ɦɟɧɟɟ�ɜɚɠ�
ɧɵɦ��ɩɨɫɤɨɥɶɤɭ�ɜɵɫɨɤɢɣ�ɭɪɨɜɟɧɶ�ɧɚɝɪɭɡɨɤ�ɜɨ�ɜɪɟɦɹ�ɥɟɱɟɧɢɹ�ɦɨɠɧɨ�ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ�
ɜɧɟɲɧɢɦɢ�ɩɨɞɞɟɪɠɢɜɚɸɳɢɦɢ�ɭɫɬɪɨɣɫɬɜɚɦɢ� 

Ⱦɥɹ�ɩɨɜɵɲɟɧɢɹ�ɨɫɬɟɨɝɟɧɧɨɝɨ�ɩɨɬɟɧɰɢɚɥɚ�ɤɚɪɤɚɫɚ�ɩɪɟɞɥɚɝɚɟɬɫɹ�ɜɧɟɞɪɹɬɶ�ɜ�ɟɟ�
ɫɨɫɬɚɜ�ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ�ɢɨɧɵ��ɨɛɥɚɞɚɸɳɢɟ�ɤɨɦɩɥɟɤɫɧɵɦ�ɨɫɬɟɨɫɬɢɦɭɥɢɪɭɸɳɢɦ�ɷɮ�
ɮɟɤɬɨɦ�ɢ�ɨɩɪɟɞɟɥɹɸɳɢɟ�ɩɨɜɟɞɟɧɢɟ�ɦɚɬɟɪɢɚɥɚ�ɜ�ɩɪɨɰɟɫɫɟ�ɪɟɡɨɪɛɰɢɢ�ɜ�ɨɪɝɚɧɢɡɦɟ��Ɉɫ�
ɧɨɜɭ�ɬɚɤɢɯ�ɦɚɬɟɪɢɚɥɨɜ�ɫɨɫɬɚɜɥɹɸɬ�ɯɢɦɢɱɟɫɤɢ�ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ�ɮɨɫɮɚɬɵ�ɤɚɥɶɰɢɹ�
ɜ�ɮɨɪɦɟ�ɩɨɪɢɫɬɨɝɨ�ɤɟɪɚɦɢɱɟɫɤɨɝɨ�ɦɚɬɪɢɤɫɚ��ɨɧɢ�ɪɟɡɨɪɛɢɪɭɟɦɵ��ɝɢɞɪɨɮɢɥɶɧɵ�ɢ�ɯɨ�
ɪɨɲɨ�ɚɞɫɨɪɛɢɪɭɸɬ�ɛɟɥɤɢ��ɩɪɨɫɬɵ�ɜ�ɫɬɟɪɢɥɢɡɚɰɢɢ��ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɵ��ȼɤɥɸɱɟɧɢɟ�ɜ�
ɫɨɫɬɚɜ� ɛɢɨɤɟɪɚɦɢɤɢ� ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ� ɩɨɦɢɦɨ� ɨɫɧɨɜɧɵɯ� ɦɚɤɪɨɷɥɟɦɟɧɬɨɜ� �ɤɚɥɶɰɢɹ��
ɮɨɫɮɨɪɚ��ɤɢɫɥɨɪɨɞɚ��ɩɨɡɜɨɥɹɟɬ�ɚ��ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ�ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ�ɩɨɥɢɦɨɪɮ�
ɧɵɟ�ɦɨɞɢɮɢɤɚɰɢɢ�ɫ�ɧɟɨɛɯɨɞɢɦɵɦ�ɭɪɨɜɧɟɦ�ɪɟɡɨɪɛɰɢɢ��ɬ�ɟ��ɫɤɨɪɨɫɬɶɸ�ɩɨɫɬɭɩɥɟɧɢɹ�
ɛɢɨɯɢɦɢɱɟɫɤɢ� ɚɤɬɢɜɧɵɯ� ɷɥɟɦɟɧɬɨɜ� ɜ� ɨɪɝɚɧɢɡɦ��� ɛ�� ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ� ɚɤɬɢɜɢɪɨɜɚɬɶ�
ɢɦɟɧɧɨ�ɬɟ ɩɪɨɰɟɫɫɵ��ɤɨɬɨɪɵɟ�ɫɜɹɡɚɧɵ�ɫ�ɪɟɝɟɧɟɪɚɰɢɟɣ�ɤɨɫɬɧɨɣ�ɬɤɚɧɢ� 

ɉɪɢɦɟɧɟɧɢɟ�ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɨɣ�ɤɟɪɚɦɢɤɢ�ɞɥɹ�ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ�ɢ�ɤɢɧɟɬɢ�
ɱɟɫɤɨɣ� ɫɬɚɛɢɥɢɡɚɰɢɢ� ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ� ɮɚɡɵ� ɫɥɨɠɧɨɝɨ� ɫɨɫɬɚɜɚ� ɫ� ɢɡɛɵɬɨɱɧɨɣ�
ɫɜɨɛɨɞɧɨɣ�ɷɧɟɪɝɢɟɣ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɟɟ�ɯɨɪɨɲɭɸ�ɪɟɡɨɪɛɰɢɸ��Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɜɨɡɦɨɠɧɨ�
ɛɵɫɬɪɨɟ�ɩɨɫɬɭɩɥɟɧɢɟ�ɫɨɞɟɪɠɚɳɢɯɫɹ�ɜ�ɦɚɬɟɪɢɚɥɟ�ɛɢɨɚɤɬɢɜɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɜ�ɨɪɝɚɧɢɡɦ�
ɫɨ�ɫɤɨɪɨɫɬɶɸ�ɢ�ɷɮɮɟɤɬɨɦ��ɫɪɚɜɧɢɦɵɦ�ɫ�ɷɮɮɟɤɬɨɦ�ɨɬ�ɢɧɴɟɤɰɢɢ�ɢɥɢ�ɩɟɪɨɪɚɥɶɧɨɝɨ�ɜɜɟ�
ɞɟɧɢɹ�ɪɚɫɬɜɨɪɢɦɨɣ�ɮɨɪɦɵ�ɞɚɧɧɨɝɨ�ɷɥɟɦɟɧɬɚ� 

Ɉɫɬɟɨɤɨɧɞɭɤɬɢɜɧɵɟ�ɫɜɨɣɫɬɜɚ�ɦɚɬɟɪɢɚɥɚ�� ɫɨɞɟɣɫɬɜɢɟ�ɜɪɚɫɬɚɧɢɸ�ɤɨɫɬɢ�ɜɧɭɬɪɶ�
ɦɚɬɟɪɢɚɥɚ��ɮɨɪɦɢɪɨɜɚɧɢɟ�ɫɟɬɤɢ�ɤɪɨɜɟɧɨɫɧɵɯ�ɫɨɫɭɞɨɜ��ɨɛɟɫɩɟɱɟɧɢɟ�ɚɞɝɟɡɢɢ�ɢ�ɩɪɨɥɢ�
ɮɟɪɚɰɢɢ�ɤɨɫɬɧɵɯ�ɤɥɟɬɨɤ��ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɫ�ɩɨɦɨɳɶɸ�ɚɪɯɢɬɟɤɬɭɪɵ�ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ�
ɦɚɤɪɨɩɨɪ��ɫɨɡɞɚɧɧɨɣ�ɫ�ɩɨɦɨɳɶɸ 3D-ɩɟɱɚɬɢ��Ʉɪɨɦɟ�ɬɨɝɨ��ɦɚɤɪɨɩɨɪɵ�ɤɟɪɚɦɢɱɟɫɤɨɝɨ�
ɤɚɪɤɚɫɚ�ɦɨɠɧɨ�ɡɚɩɨɥɧɢɬɶ�ɚɤɬɢɜɧɵɦɢ�ɤɭɥɶɬɭɪɚɦɢ�ɤɥɟɬɨɤ�ɩɚɰɢɟɧɬɚ�ɞɥɹ�ɞɨɩɨɥɧɢɬɟɥɶ�
ɧɨɣ�ɫɬɢɦɭɥɹɰɢɢ�ɨɫɬɟɨɝɟɧɟɡɚ�� 



 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ��ɩɪɟɞɥɨɠɟɧɵ�ɨɫɬɟɨɤɨɧɞɭɤɬɢɜɧɵɟ�ɤɟɪɚɦɢɱɟɫɤɢɟ�ɢɦɩɥɚɧɬɚɬɵ�ɫɨ�
ɫɩɟɰɢɮɢɱɟɫɤɨɣ�ɦɚɤɪɨɩɨɪɢɫɬɨɣ�ɚɪɯɢɬɟɤɬɭɪɨɣ��ɫɨɡɞɚɧɧɨɣ�ɦɟɬɨɞɨɦ�ɫɬɟɪɟɨɥɢɬɨɝɪɚɮɢ�
ɱɟɫɤɨɣ��'-ɩɟɱɚɬɢ�ɧɚ�ɨɫɧɨɜɟ�ɫɥɨɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɜɵɫɨɤɨɷɧɬɪɨɩɢɣɧɵɯ�ɮɚɡ�ɫ�ɨɫɬɟɨɢɧɞɭɤ�
ɬɢɜɧɵɦɢ�ɷɥɟɦɟɧɬɚɦɢ��Ʉɚɠɞɵɣ�ɷɥɟɦɟɧɬ�ɫɥɨɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɩɪɟɞɥɚɝɚɟɦɨɝɨ�ɦɚɬɟɪɢɚɥɚ�
ɢɦɟɟɬ�ɱɟɬɤɨ�ɨɩɪɟɞɟɥɟɧɧɨɟ�ɧɚɡɧɚɱɟɧɢɟ� 

ɋɨɝɥɚɫɧɨ�ɞɚɧɧɵɦ�ɞɢɥɚɬɨɦɟɬɪɢɢ�ɭɩɥɨɬɧɟɧɢɟ�ɤɟɪɚɦɢɤɢ�ɧɚɝɟɥɶɲɦɢɞɬɢɬɧɨɝɨ�ɫɨ�
ɫɬɚɜɚ���Ca, Mg, Sr, Na, K, Cu, Zn)7(PO4, SiO4, GeO4)4��ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ�ɭɫɚɞɤɨɣ������
ɫɩɟɤɚɧɢɟ� ɤɟɪɚɦɢɤɢ� ɤɚɪɧɨɬɢɬɧɨɝɨ� ɫɨɫɬɚɜɚ� �Ca, Mg, Sr, Na, K, Cu, Zn)5(PO4, SiO4, 
GeO4)3���ɫɨɞɟɪɠɚɳɟɝɨ�ɬɨɬ�ɠɟ�ɧɚɛɨɪ�ɷɥɟɦɟɧɬɨɜ��ɞɚɟɬ�������ɱɬɨ�ɞɨɥɠɧɨ�ɡɧɚɱɢɬɟɥɶɧɨ�
ɫɧɢɠɚɬɶ�ɟɟ�ɩɪɨɱɧɨɫɬɶ��ɋɩɟɱɟɧɧɚɹ�ɤɟɪɚɦɢɤɚ�ɤɚɪɧɨɬɢɬɧɨɝɨ�ɫɨɫɬɚɜɚ�ɫɨɞɟɪɠɢɬ�ɛɨɥɶɲɨɟ�
ɤɨɥɢɱɟɫɬɜɨ�ɦɢɤɪɨɬɪɟɳɢɧ��ɱɬɨ�ɹɜɥɹɟɬɫɹ�ɩɪɢɱɢɧɨɣ�ɟɟ�ɧɢɡɤɨɣ�ɩɪɨɱɧɨɫɬɢ� 

ɋɨɫɬɚɜɵ�� ɨɬɜɟɱɚɸɳɢɟ� ɬɨɱɤɚɦ� ɷɤɫɬɪɟɦɭɦɚ� ɧɚ� ɮɚɡɨɜɨɣ� ɞɢɚɝɪɚɦɦɟ�&D3(PO4)2 ± 
Ca2GeO4��ɱɢɫɬɵɣ�ɝɟɪɦɚɧɨɤɚɪɧɨɬɢɬ��ɚ�ɬɚɤɠɟ�ɷɜɬɟɤɬɨɢɞɧɵɣ�ɫɨɫɬɚɜ�ɦɟɠɞɭ�ɝɟɪɦɚɧɨɤɚɪ�
ɧɨɬɢɬɨɦ�ɢ�ɝɟɪɦɚɧɢɟɜɵɦ�ɧɚɝɟɥɶɲɦɢɞɬɢɬɨɦ��ɩɪɟɬɟɪɩɟɜɚɸɬ�ɛɵɫɬɪɵɟ�ɩɟɪɟɯɨɞɵ�ɜɵɫɨɤɨ�
ɬɟɦɩɟɪɚɬɭɪɧɵɣ� ɝɥɚɡɟɪɢɬɧɵɣ�ɬɜɟɪɞɵɣ�ɪɚɫɬɜɨɪ�ļ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ�ɮɚɡɚ�� ɱɬɨ� ɡɚ�
ɬɪɭɞɧɹɟɬ�ɞɥɹ�ɧɢɯ�ɫɬɚɛɢɥɢɡɚɰɢɸ�ɦɟɬɚɫɬɚɛɢɥɶɧɨɝɨ�ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ�ɩɨɥɢɦɨɪɮ�
ɧɨɣ�ɦɨɞɢɮɢɤɚɰɢɢ�ɩɭɬɟɦ�ɛɵɫɬɪɨɝɨ�ɨɯɥɚɠɞɟɧɢɹ�ɜɜɢɞɭ�ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ�ɛɟɡɞɢɮɮɭɡɢ�
ɨɧɧɨɝɨ�ɯɚɪɚɤɬɟɪɚ�ɬɚɤɢɯ�ɩɪɟɜɪɚɳɟɧɢɣ��ɉɭɬɟɦ�ɛɵɫɬɪɨɝɨ�ɨɯɥɚɠɞɟɧɢɹ�ɨɬ�������C ɭɞɚɟɬɫɹ�
ɱɚɫɬɢɱɧɨ� ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ� ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ� ɬɜɟɪɞɵɣ� ɪɚɫɬɜɨɪ� ɜ� ɷɜɬɟɤɬɨɢɞɧɵɯ�
ɫɨɫɬɚɜɚɯ�ɫɢɫɬɟɦ�Ca3(PO4)2 ± Ca2XO4 (X = Si, Ge��ɫɨɝɥɚɫɧɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɪɟɧɬɝɟɧɨɮɚɡɨ�
ɜɨɝɨ�ɚɧɚɥɢɡ��Ɋɨɫɬ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɫɬɚɛɢɥɢɡɚɰɢɢ�ɞɨɫɬɢɝɚɟɬɫɹ�ɭɫɥɨɠɧɟɧɢɟɦ�ɷɥɟɦɟɧɬ�
ɧɨɝɨ�ɫɨɫɬɚɜɚ� 

ȼ�ɷɤɫɩɟɪɢɦɟɧɬɚɯ�ɩɨ�ɪɚɫɬɜɨɪɟɧɢɸ�ɝɥɚɡɟɪɢɬɨɩɨɞɨɛɧɵɯ�ɩɨɪɨɲɤɨɜ�ɜ�ɦɨɞɟɥɶɧɨɣ�
ɫɪɟɞɟ��ɥɢɦɨɧɧɨɣ�ɤɢɫɥɨɬɟ��ɩɪɢ�ɩɨɫɬɨɹɧɧɨɦ�pH  ���ɩɨɪɨɲɤɢ�ɫɦɟɲɚɧɧɨ-ɤɚɬɢɨɧɧɵɯ�ɢ�
ɫɦɟɲɚɧɧɨ-ɚɧɢɨɧɧɵɯ�ɮɨɫɮɚɬɨɜ-ɝɟɪɦɚɧɚɬɨɜ-ɫɢɥɢɤɚɬɨɜ� ɤɚɥɶɰɢɹ-ɧɚɬɪɢɹ� ɨɛɥɚɞɚɸɬ� ɨɬ�
ɧɨɫɢɬɟɥɶɧɨ�ɩɨɫɬɨɹɧɧɨɣ�ɫɤɨɪɨɫɬɶɸ�ɪɚɫɬɜɨɪɟɧɢɹ��ɪɟɡɨɪɛɰɢɢ���Ⱦɨɥɹ�ɪɚɫɬɜɨɪɢɜɲɟɝɨɫɹ�
ɦɚɬɟɪɢɚɥɚ� ɫɨɫɬɚɜɥɹɟɬ� ɨɤɨɥɨ� ���� 
ɡɚ���ɱɚɫɨɜ��ɱɬɨ�ɩɨɡɜɨɥɹɟɬ�ɢɯ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ�ɩɟɪɫɩɟɤɬɢɜɧɵɟ�ɦɚɬɟɪɢɚɥɵ�ɞɥɹ�ɪɟɡɨɪ�
ɛɢɪɭɟɦɵɯ�ɤɨɫɬɧɵɯ�ɢɦɩɥɚɧɬɚɬɨɜ� 

Ɋɚɛɨɬɚ�ɜɵɩɨɥɧɟɧɚ�ɩɪɢ�ɮɢɧɚɧɫɨɜɨɣ�ɩɨɞɞɟɪɠɤɟ�ɝɪɚɧɬɚ�ɊɇɎ�ʋ���-19-00219. 
 

 


