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�����I_j_qbkebl_�hkgh\gu_�aZ^Zqb�djbklZeehobfbb �

���Hij_^_e_gb_��hibkZgb_�b�kbkl_fZlbaZpby�djbklZeebq_kdbo�kljmdlmj��dZd?)
���Bgl_jij_lZpby�djbklZeebq_kdbo�kljmdlmj��ihq_fm?)
���Ij_^kdZaZgby��dhjj_eypbb�kljmdlmjZ�±�k\hckl\Z��gm�b�qlh?)

�����Qlh�lZdh_�h[h[s_ggZy�djbklZeehobfby?
Wlh�gZmdZ��bamqZxsZy�kljmdlmju�g_�lhevdh�djbklZeeh\��gh�b�^jm]bo�dhg^_gkbjh\Zgguo�nZa�±

d\ZabdjbklZeeh\��`b^dbo�djbklZeeh\��`b^dhkl_c�b�jZkl\hjh\��Bkihevam_l�lhqgu_�k\_^_gby�h

djbklZeeZo�^ey�hibkZgby�^jm]bo�khklhygbc�\_s_kl\Z�

����� Qlh� lZdh_� b^_ZevgZy� djbklZeebq_kdZy� kljmdlmjZ"� Q_f� j_ZevgZy� kljmdlmjZ

djbklZeeZ�hlebqZ_lky�hl�b^_Zevghc?
Fh^_ev�b^_Zevghc�djbklZeebq_kdhc�kljmdlmju�ih^jZamf_\Z_l�i_jbh^bqghklv�\�lj_o�baf_-
j_gbyo��qlh�khhl\_lkl\m_l�ihgylbx�j_r_ldb�b�hagZqZ_l��qlh�\_s_kl\h�khklhbl�ba�kh\_jr_ggh

h^bgZdh\uo� we_f_glZjguo� yq__d�� h^bgZdh\h� hjb_glbjh\Zgguo� b� aZihegyxsbo� \kz� ijh-
kljZgkl\h��J_ZevgZy�kljmdlmjZ�bf__l�ih\_joghklv��\�ih\_joghklghf�keh_�kljmdlmjZ�fh`_l

hlebqZlvky�hl�]em[bgguo�qZkl_c�djbklZeeZ��djhf_�wlh]h��\�j_Zevghf�djbklZee_�\k_]^Z�bf_-
xlky�ijbf_kgu_�Zlhfu�b�^_n_dlu��\ZdZgkbb��k^\b]b��^bkehdZpbb��

�����Qlh�lZdh_�we_f_glZjgZy�yq_cdZ?
Wlh�iZjZee_e_ibi_^�ih\lhjy_fhklb��ihkljh_gguc�gZ�djbklZeeh]jZnbq_kdbo�hkyo�dhhj^bgZl�

ijbq_f� _]h� j_[jZ� ±� djZlqZcrb_� ljZgkeypbb� \^hev� khhl\_lkl\mxsbf� hkyf�� We_f_glZjgu_

yq_cdb�h^bgZdh\h�hjb_glbjh\Zggu�b�p_ebdhf�aZihegyxl�ijhkljZgkl\h�

����� Q_f� jZaebqZxlky� ihgylby� djbklZeebq_kdZy� kljmdlmjZ� b� djbklZeebq_kdZy

j_r_ldZ?
DjbklZeebq_kdZy�j_r_ldZ�±�kh\hdmighklv�ljZgkeypbc��bf_xsboky�\�b^_Zevghc�djbklZeeb-
q_kdhc�kljmdlmj_�

DjbklZeebq_kdZy� kljmdlmjZ� ±� dhgdj_lgh_� jZkiheh`_gb_� Zlhfh\� \� djbklZeebq_kdhf� ijh-
kljZgkl\_�\_s_kl\Z�

�����Ijb\_^bl_�ijbf_ju�Zlhfgh�fhe_dmeyjguo�kbkl_f�k�h^ghf_jghc�j_r_ldhc�

P_ib�\�kljmdlmjZo�PdCl2, BeCl2��k_jh]h�Se, h�dj_aheZ�

�����Ijb\_^bl_�ijbf_ju�Zlhfgh�fhe_dmeyjguo�kbkl_f�k�^\mf_jghc�j_r_ldhc�

Kehb�\�kljmdlmjZo�]jZnblZ��BN, CuCl2; iZjd_lguc�kehc�\�djbklZeeZo�gZnlZebgZ�

�����Ijb\_^bl_�ijbf_ju�bkihevah\Zgby�ihgylby�lj_of_jghc�j_r_ldb�^ey�hibkZ-
gby�iheghklvx�mihjy^hq_gguo �b�qZklbqgh�mihjy^hq_gguo �djbklZeebq_kdbo �kljmdlmj�

Mihjy^hq_ggu_�kljmdlmju: NaCl, CaF2, CuAu (bgl_jf_lZeeb^��
QZklbqgh�mihjy^hq_ggu_�kljmdlmju: β-F2�b�γ-O2��jhlZpbhggh�djbklZeebq_kdh_�khklhygb_��

CuAu��kieZ\�±�klZlbklbq_kdh_�jZkiheh`_gb_�jZaebqguo�Zlhfh\��

�����MdZ`bl_�hkgh\gu_�kihkh[u�fh^_ebjh\Zgby �djbklZeebq_kdhc �kljmdlmju�

1) R�fh^_ev�±�Zlhfu�ijbgbfZxlky�aZ�lhqdb��kj_^gb_�ih�\j_f_gb�iheh`_gby�y^_j���^ey�hib-
kZgby�bkihevamxl�iZjZf_lju�we_f_glZjghc�yq_cdb��dhhj^bgZlu�Zlhfh\��ijhkljZgkl\_ggmx

]jmiim�kbff_ljbb�b�qbkeh�nhjfmevguo�_^bgbp�gZ�yq_cdm�

2) R¶�fh^_ev� ±� i_j\bqgZy� bgl_jij_lZpby� djbklZeebq_kdhc� kljmdlmju� �iheh`_gby� obfbq_-
kdbo�k\ya_c�beb�hibkZgb_�\�l_jfbgZo�IRM�IRD���>ey�hibkZgby�bkihevam_lky�]jZn�

3) RU�fh^_ev� ±� Zlhfu� ijbgbfZxlky� aZ� l_ieh\u_� weebikhb^u��>ey� hibkZgby� bkihevam_lky
l_gahj�dhhj^bgZl�Zlhfh\�b�l_ieh\uo�iZjZf_ljh\�
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4) Rρ�fh^_ev� ±�jZkkfZljb\Z_lky�dhglbgmZevgh_�jZkij_^_e_gb_� we_dljhgghc�iehlghklb��ih-
eh`_gby�fZdkbfmfh\�ijb[ebabl_evgh�khhl\_lkl\mxl�kj_^gbf�\h�\j_f_gb�iheh`_gbyf�Zlhf-
guo�y^_j�

5) Rδρ�fh^_ev� ±�jZkkfZljb\Z_lky�dhglbgmZevgh_�jZkij_^_e_gb_�^_nhjfZpbhgghc�we_dljhg-
ghc� iehlghklb�� iheh`_gby�fZdkbfmfh\� mdZau\Zxl� gZ� obfbq_kdb_� k\yab� beb� iheyjbaZpbx

we_dljhgguo�h[hehq_d�Zlhfh\�

������Qlh�lZdh_�l_ieh\hc�weebikhb^�ZlhfZ"

<� ]Zjfhgbq_kdhf� ijb[eb`_gbb� bf__l� ke_^mxsbc� kfuke�� \� ex[hc� fhf_gl� \j_f_gb� y^jh

ZlhfZ�gZoh^blky�\gmljb�beb�gZ�ih\_joghklb�wlh]h�weebikhb^Z�k�aZ^Zgghc�\_jhylghklvx��hi-
j_^_ey_lky�ghjfbjh\dhc��h[uqgh�½).

������DZdhc�kfuke�bf__l�nmgdpby�ijhkljZgkl\_ggh]h �jZkij_^_e_gby �we_dljhgghc

iehlghklb"�Q_fm�khhl\_lkl\mxl�fZdkbfmfu�wlhc�nmgdpbb"

Wlh�iehlghklv�\_jhylghklb�gZoh`^_gby�we_dljhgZ�\�^Zgghc�lhqd_�ijhkljZgkl\Z��FZdkbfmfu

ijb[ebabl_evgh�khhl\_lkl\mxl�kj_^g_fm�ih�\j_f_gb�iheh`_gbx�Zlhfguo�y^_j��Fh`_l�[ulv

hij_^_e_gZ�k�ihfhsvx�klZg^Zjlgh]h�JK:�

������ Qlh� lZdh_� ^_nhjfZpbhggZy� we_dljhggZy� iehlghklv"� Q_fm� khhl\_lkl\m_l

fZdkbfmf�wlhc�nmgdpbb"

Wlh�jZaghklv�f_`^m�j_Zevghc�we_dljhgghc�iehlghklvx�b�we_dljhgghc�iehlghklvx��jZkkqb-
lZgghc�\�ij_^iheh`_gbb�h�lhf��qlh�\k_�Zlhfu�bf_xl�kn_jbq_kdmx�nhjfm��FZdkbfmfu�mdZ-
au\Zxl�gZ�iheh`_gby�g_ih^_e_gguo�we_dljhgguo�iZj�beb�^_nhjfZpbx�we_dljhgguo�h[heh-
q_d��lh�_klv�gZ�iheh`_gby�obfbq_kdbo�k\ya_c��

������Q_f� hij_^_ey_lky� kms_kl\h\Zgb_� ^Zgghc�djbklZeebq_kdhc � kljmdlmju� �ijb

^Zgguo�mkeh\byo�b�^Zgghf�kihkh[_�ihemq_gby�djbklZeeh\�"

Fbgbfmfhf�k\h[h^ghc�wg_j]bb��F = U + Edhe – TS (U�±�ihl_gpbZevgZy�wg_j]by�j_r_ldb��E b
S�±�wg_j]by�b�wgljhiby�dhe_[Zgbc�Zlhfh\���F – fgh]hf_jgZy�nmgdpby��gZebqb_�h^bgZdh\uo
ehdZevguo�fbgbfmfh\�oZjZdl_jbam_l�h[jZah\Zgb_�ihebfhjnguo�fh^bnbdZpbc��]eh[Zevguc

fbgbfmf�h[uqgh�khhl\_lkl\m_l�gZb[he__�mklhcqb\Zy�ZeehljhigZy�fh^bnbdZpby�

������Qlh�lZdh_�bahkljmdlmjghklv�djbklZeebq_kdbo �\_s_kl\"

Wlh�gZebqb_�h^bgZdh\uo�djbklZeebq_kdbo�kljmdlmj��k�lhqghklvx�^h�]_hf_ljbq_kdh]h�ih^h-
[by��m�jZaguo�obfbq_kdbo�kh_^bg_gbc�

������Ijb\_^bl_�ijbf_ju�[bgZjguo�obfbq_kdbo�kh_^bg_gbc��djbklZeebamxsboky

k�h[jZah\Zgb_f�bahkljmdlmjguo�\_s_kl\�

NaCl – LiCl – MgO; WO3 – ReO3; CsCl – CsBr.

������Ijb\_^bl_�ijbf_ju�bahkljmdlmjguo�djbklZeeh\�l_jgZjguo�obfbq_kdbo�kh-
_^bg_gbc�

CaTiO3 – NaWO3 – PbZrO3; KMnO4 – BaSO4; MgAl2O4 – ZnNi2O4.

������Qlh�lZdh_�kh\_jr_gguc�bahfhjnbaf"�Ijb\_^bl_�ijbf_ju�

Bahfhjnbaf�±�h[jZah\Zgb_� l\_j^uo�jZkl\hjh\� aZf_s_gby� ±� kh\_jr_g_g�� _keb�bahfhjngu_

\_s_kl\Z� h[jZamxl� g_ij_ju\guc� jy^� l\_j^uo� jZkl\hjh\��>ey� kh\_jr_ggh]h� bahfhjnbafZ

g_h[oh^bfZ�bahkljmdlmjghklv�kh_^bg_gbc��GZijbf_j��KAl(SO4)2·12H2O – KCr(SO4)2·12H2O –
NH4Al(SO4)2·12H2O; NaCl – KCl��ijb�\ukhdbo�l_fi_jZlmjZo��
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������Qlh�lZdh_�g_kh\_jr_gguc�bahfhjnbaf"�Ijb\_^bl_�ijbf_ju�

Bahfhjnbaf�±�h[jZah\Zgb_�l\_j^uo�jZkl\hjh\�aZf_s_gby�±�g_kh\_jr_g_g��_keb�bahfhjngu_

\_s_kl\Z�h[jZamxl�l\_j^u_�jZkl\hju�\�hij_^_e_gguo�ij_^_eZo��GZijbf_j��BaSO4 – KMnO4;
ZnS��knZe_jbl��±�FeS.

������Ijb\_^bl_�ijbf_ju�bah\Ze_glgh]h�bahfhjnbafZ.
NaCl – KCl��ijb�\ukhdbo�l_fi_jZlmjZo���KH2PO4 – KH2AsO4; ZnSO4·7H2O – FeSO4·7H2O.

������Ijb\_^bl_�ijbf_ju�]_l_jh\Ze_glgh]h�bahfhjnbafZ.
FeCO3 – ScBO3; CaTiO3 – KMgF3; BaSO4 – KMnO4.

������Qlh�lZdh_�l\_j^u_�jZkl\hju�\g_^j_gby"�Ijb\_^bl_�ijbf_ju�

Wlh�fZljbpZ�ba�Zlhfh\�h^gh]h�beb�g_kdhevdbo�we_f_glh\��\�imklhlZo�dhlhjhc�klZlbklbq_kdb

jZkiheh`_gu�Zlhfu�^jm]bo��beb�l_o�`_��we_f_glh\��GZijbf_j��klZeb�±�l\_j^u_�jZkl\hju�K�\

Fe��\hevnjZfh\u_�[jhgau�±�NaxWO3.

������Qlh�lZdh_�l\_j^u_�jZkl\hju�\uqblZgby"�Ijb\_^bl_�ijbf_ju.
Wlh�kh_^bg_gby��\�kljmdlmjZo�dhlhjuo�bf_xlky�klZlbklbq_kdb�jZkiheh`_ggu_�imklhlu��ijb

wlhf�lZdb_�imklhlu�ihl_gpbZevgh�fh]ml�[ulv�aZiheg_gu���ih^h[gu_�kljmdlmju�gZau\Zxlky

^_n_dlgufb��GZijbf_j��Fe1-xS; Cu2-xS.

������Qlh�lZdh_�ihebfhjnbaf"�Ijb\_^bl_�ljb�ijbf_jZ�ba�jZaguo�deZkkh\�obfbq_-
kdbo�kh_^bg_gbc�

Wlh�kihkh[ghklv�obfbq_kdh]h�kh_^bg_gby��lh�_klv�gZ[hjZ�we_f_glh\��oZjZdl_jbamxsboky�hi-
j_^_e_ggufb�k\yayfb�b�dhhj^bgZpb_c�Zlhfh\��\klj_qZlvky�\�\b^_�jZaguo�\_s_kl\� �lh�_klv

]hfh]_gguo�nZa��oZjZdl_jbamxsboky�hij_^_e_ggufb�k\hckl\Zfb�b�kljmdlmjhc���GZijbf_j�

S8� �jhf[bq_kdZy� b�fhghdebggZy�fh^bnbdZpbb���K� �ZefZa� b� ehgk^_cebl���ZnS� �knZe_jbl� b
\xjlpbl���CaCO3��dZevpbl�b�ZjZ]hgbl��

������Q_f�ihebfhjnbaf�ijhkluo�\_s_kl\�hlebqZ_lky�hl�Zeehljhibb"

:eehljhiby� ±� kihkh[ghklv� ijhklh]h� \_s_kl\Z� ^Zggh]h� we_f_glZ� kms_kl\h\Zlv� \� \b^_� g_-
kdhevdbo�obfbq_kdbo�\_s_kl\��ihebfhjnbaf�±�kms_kl\h\Zgb_�g_kdhevdbo�ijhkluo�\_s_kl\�

h[jZah\Zgguo�^Zgguf�we_f_glhf��\�\b^_�h^gh]h�b�lh]h�`_�obfbq_kdh]h�kh_^bg_gby��GZijb-
f_j��fhghdebggZy�b�jhf[bq_kdZy�fh^bnbdZpbb�k_ju�ihebfhjngu��fhghdebggZy��jhf[bq_-
kdZy� b� ieZklbq_kdZy� k_jZ� ±� Zeehljhigu_�fh^bnbdZpbb��:efZa� b� ehgk^_cebl�� ]jZnbl� b� β-
]jZnbl�±�ihiZjgh�ihebfhjngu��Z�\k_�\f_kl_���dZj[bg���nmee_j_g�±�Zeehljhigu_�fh^bnbdZ-
pbb�

������Qlh�lZdh_�iheblbiby"�Ijb\_^bl_�ijbf_ju�

Iheblbiby�±�kihkh[ghklv�h^gh]h�b�lh]h�`_�\_s_kl\Z�djbklZeebah\Zlvky�\�g_kdhevdbo�kehb-
kluo�kljmdlmjguo�fh^bnbdZpbyo��jZaf_ju�we_f_glZjguo�yq__d�\�iehkdhklb�kehy�h^bgZdh\u

^ey�\k_o�iheblbiguo�fh^bnbdZpbc���dhlhju_�jZaebqZxlky�lhevdh�q_j_^h\Zgb_f�beb�ih\h-
jhlhf�h^bgZdh\uo�keh_\��GZijbf_j��]jZnbl�b�β�]jZnbl��TiO2 – jmlbe� �^\mokehcgZy�miZdh\-
dZ���[jmdbl� �ljzokehcgZy���ZgZlZa� �q_lujzokehcgZy���CdI2�±�^\mo���q_lujzo��b�r_klbkehcgZy

fh^bnbdZpbb�

������Qlh�lZdh_�fhjnhljhiby"�Ijb\_^bl_�ijbf_ju�

Wlh�baf_g_gb_�kljmdlmjgh]h� lbiZ�\�jy^m�jh^kl\_gguo�obfbq_kdbo� kh_^bg_gbc��GZijbf_j�

MgCO3, CaCO3� ±�dZevpbl� �]_dkZ]hgZevgZy�fh^bnbdZpby���CaCO3, SrCO3, BaCO3� ±�ZjZ]hgbl

�jhf[bq_kdZy�fh^bnbdZpbc���F2�±�h^gZ�kljmdlmjZ��Cl2, Br2, I2�±�^jm]Zy��LiNO3, NaNO3, KNO3 –
kljmdlmjZ�dZevpblZ��KNO3, RbNO3, CsNO3�±�kljmdlmjZ�ZjZ]hgblZ�
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������Ijb\_^bl_� ijbf_ju�� beexkljbjmxsb_� kljmdlmjgmx� bgl_jij_lZpbx� ihgy-
lbc�obfbq_kdh]h�kh_^bg_gby�b�obfbq_kdh]h�\_s_kl\Z�

Obfbq_kdh_�kh_^bg_gb_�±�gZ[hj�we_f_glh\��oZjZdl_jbamxsboky�hij_^_ezggufb�obfbq_kdb-
fb� k\yayfb�b�dhhj^bgZpb_c� Zlhfh\��Obfbq_kdh_� \_s_kl\h�±� ]hfh]_ggZy�nZaZ�ihklhyggh]h

khklZ\Z��oZjZdl_jbamxsZyky�hij_^_ezggufb�kljmdlmjhc�b�k\hckl\Zfb�

Ijbf_ju: ZnS��knZe_jbl�b�\xjlpbl��±�h^gh�kh_^bg_gb_��gh�jZagu_�obfbq_kdb_�\_s_kl\Z��C
�ZefZa�b�]jZnbl��±�jZagu_�obfbq_kdb_�kh_^bg_gby�b�jZagu_�\_s_kl\Z��C� �ZefZa�b�ehgk^_c-
ebl��±�h^gh�kh_^bg_gb_��gh�jZagu_�obfbq_kdb_�\_s_kl\Z��6��ieZklbq_kdZy�b�jhf[bq_kdZy��±

jZagu_�obfbq_kdb_� kh_^bg_gby�b�jZagu_�\_s_kl\Z�� 6L22 (djbklh[Zebl�b� ljb^bfbl�� ±� h^gh
kh_^bg_gb_��d\Zjp�±�^jm]h_�obfbq_kdh_�kh_^bg_gb_�

������I_j_qbkebl_�hkgh\gu_�lbiu�iheghklvx�mihjy^hq_gguo �dhg^_gkbjh\Zgguo

nZa�

kkk�±�b^_Zevguc�djbklZee��ccq�±�i_jbh^bqghklv�\�^\mo�baf_j_gbyo��cqq�±�i_jbh^bqghklv�\
h^ghf�baf_j_gbb; qqq – d\ZabdjbklZee�

������ I_j_qbkebl_� hkgh\gu_� lbiu� qZklbqgh� mihjy^hq_gguo � dhg^_gkbjh\Zgguo

nZa�

Mihjy^hq_gu�\�^\mo�baf_j_gbyo��ccd� ±�i_jbh^bq_g�\�^\mo�baf_j_gbb��cqd� ±�i_jbh^bq_g�\
h^ghf�baf_j_gbb��qqd�±�g_i_jbh^bq_g�
Mihjy^hq_gu�\�h^ghf�baf_j_gbb��cdd�±�i_jbh^bq_g�\�h^ghf�baf_j_gbb��qdd�±�g_i_jbh^bq_g�

������Qlh�lZdh_�d\ZabdjbklZee?
D\ZabdjbklZee�±�lbi�dhg^_gkbjh\Zgghc�nZau��\�dhlhjhc�jZkiheh`_gb_�Zlhfh\�mihjy^hq_gh�

gh�g_i_jbh^bqgh�\h�\k_o�ljzo�baf_j_gbyo��lbi�qqq���GZijbf_j��bf_xlky�g_djbklZeeh]jZnb-
q_kdb_�hkb�kbff_ljbb�������b�^j����D\ZabdjbklZeeu�\klj_qZxlky�m�g_dhlhjuo�bgl_jf_lZeeb-
^h\��gZijbf_j��Al6CuLi3.

������Qlh�lZdh_�g_khjZaf_jgZy�(g_khjZaf_jgh�fh^mebjh\ZggZy) kljmdlmjZ?
Wlh�kljmdlmjZ��\�dhlhjhc�fh]ml�[ulv�\u^_e_gu�^\_�ih^kbkl_fu�k�g_khjZaf_jgufb�i_jbh^Z-
fb��gZijbf_j��^\_�kbkl_fu�p_i_c�k�jZagufb�i_jbh^Zfb���GZijbf_j�±�kljmdlmju�MgSix.

������GZah\bl_�hkgh\gu_�lbiu�`b^dbo�djbklZeeh\�

@b^db_� djbklZeeu� ±� khklhygb_� \_s_kl\Z�� \� dhlhjhf� hgh� h[eZ^Z_l� k\hckl\Zfb� `b^dh-
klb�l_dmq_klvx��b�g_dhlhjufb�k\hckl\Zfb�l\_j^uo�djbklZeeh\��Zgbahljhib_c��

Lbiu�`b^dbo�djbklZeeh\: ccd – kf_dlbdb��mihjy^hq_gu�\�^\mo�baf_j_gbyo��gZijbf_j��iZjZ-
ZahdkbZgbahe���cdd – g_fZlbdb��mihjy^hq_gu�\�h^ghf�baf_j_gbb��gZijbf_j��wlbeh\uc�wnbj
Zahdkb[_gahcghc�dbkehlu���LZd`_�\hafh`gZ�deZkkbnbdZpby�ih�nhjf_�fhe_dme��kl_j`g_h[-
jZagu_��^bkdhb^gu_�b�^j��fhe_dmeu��?keb�kl_j`g_h[jZagu_�fhe_dmeu�mdeZ^u\Zxlky�\�kehb�

lh�h[jZamxlky�kf_dlbdb��_keb�\�k^\bgmlu_�^jm]�hlghkbl_evgh�^jm]Z�kljmgu�±�g_fZlbdb�

������Dh]^Z�b�d_f�[ueZ�hldjulZ�^bnjZdpby�j_gl]_gh\kdbo �emq_c�gZ�djbklZeeZo"

�����]���F��EZmw��I��Dgbiibg]�b�<��Njb^jbo�

������Dh]^Z�b�d_f�[ueb�bamq_gu�i_j\u_�djbklZeebq_kdb_ �kljmdlmju"�DZdb_�wlh

[ueb�kljmdlmju"

�����]��Hl_p�b�kug�;jw]]b��NaCl, ZnS��knZe_jbl�b�\xjlpbl���Cu��ZefZa�
�����]��;jw]]�feZ^rbc��CaCO3.
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������Dhfm�ijbgZ^e_`Zl�i_j\u_�djbklZeehobfbq_kdb_ �h[h[s_gby"�Dh]^Z�hgb�[u-
eb�k^_eZgu�b�\�qzf�aZdexqZebkv"

�����_�]]���;jw]]�feZ^rbc��=hev^rfb^l�±�djbklZeehobfbq_kdb_�jZ^bmku�[_a�mqzlZ�lbiZ�k\y-
a_c��ihgylby�bahfhjnbafZ�b�ihebfhjnbafZ�

�����_�]]���Ihebg]�±�lbi�k\ya_c�\�djbklZeeZo��lZ[ebpu�bhgguo�jZ^bmkh\�

�����MdZ`bl_�kljmdlmjguc�deZkk�^Zgghc�fhe_dmeu��ihykgbl_�kfuke�wlh]h�kljmd-
lmjgh]h�deZkkZ��AZibrbl_�kbf\he�ih�R_gnebkm�

G2O – 2mm (m; 2mm); C2v.
;_gahe – 6/mmm (2mm; 2mm); D6h.

CO2 –  ( ;  );m m m∞ ∞ ∞  D∞h.

S8 – 82m (m); D4d.

CH4 – 43  (43 ;  3 );m m m  Td.

NhjfZev^_]b^ – 2mm (2mm; m; 2mm) C2v.
G2H2 – pbk�nhjfZ���mm (m; m) C2v; ljZgk�nhjfZ����m (m; m) C2h;
ijhba\hevgZy�nhjfZ������������K2.

P4 – 43  (3 );m m  Td.

SF6 – m3m (m3m; 4mm) Oh.

C3H6 – 6 2m  (2mm; m) D3h.

�����MdZ`bl_�kljmdlmjguc�deZkk�p_ib��ihykgbl_�kfuke�

β-Se – Pc312, Z = 3 (2).
Ihebwlbe_g – Pcmmm, Z = 1 (mmm; 2mm).
PdCl2 – Pcmmm, Z = 1 (mmm; 2mm).

SiS2 – Pc42/mmc, Z = 2 (4 2;m  2mm).

DZj[bg – P ,  1 ( ).c m Z m∞ = ∞

�����MdZ`bl_�kljmdlmjguc�deZkk�kehy��ihykgbl_�kfuke�

=jZnbl – Pl6/mmm, Z = 2 (6 2m ).

BN – P 6 2,ml  Z = 1 (6 2;  6 2m m ).

As – P 3 1,ml  Z = 2 (3m).

Zn Pl6/mmm, Z = 1 (6/mmm).

MoS2 – P 6 2,ml  Z = 1 (6 2;m  3m).

�����MdZ`bl_�kljmdlmjguc�deZkk�djbklZeebq_kdh]h �\_s_kl\Z;�ihykgbl_�kfuke�

CaF2 – Fm3m, Z = 4 (m3m; 43 ).m

CuAu – P4/mmm, Z = 1 (4/mmm; 4/mmm).

NiAs – P63/mmc, Z = 2 (3 ;  6 2).m m

Cu3Au – Pm3m, Z = 1 (4/mmm; m3m).
TiO2 (jmlbe) – P42/mnm, Z = 2 (mmm; mm2).
CaTiO3 – Pm3m, Z = 1 (m3m; m3m; 4/mmm).
FeS2 (fZjdZabl) – Pnnm, Z = 2 (2/m; m).
ReO3 – Pm3m, Z = 1 (m3m; 4/mmm).

Hg – 3 ,  3 (3 ).R m Z m=
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Se (k_juc) – P312, Z = 6 (2).

�����DZdh_�nbabq_kdh_�y\e_gb_�e_`bl�\�hkgh\_�j_gl]_ghkljmdlmjgh]h �ZgZebaZ"�Qlh

ij_^klZ\ey_l �kh[hc�fZl_jbZevgZy�km[klZgpby��jZkk_b\ZxsZy�j_gl]_gh\kdb_�emqb"

Nbabq_kdh_�y\e_gb_�±�^bnjZdpby�j_gl]_gh\kdbo�emq_c�j_r_ldhc�djbklZeeZ��FZl_jbZevgZy

km[klZgpby�±�dhglbgmZevgh_�jZkij_^_e_gb_�we_dljhgghc�iehlghklb�

�����GZah\bl_�hkgh\gu_�kihkh[u�ihemq_gby�^bnjZdpbhgghc�dZjlbgu�\�j_gl]_gh-
]jZnbb�

1) F_lh^�EZmw��ihebojhfZlbq_kdbc�imqhd��djbklZee�g_ih^\b`_g��>ey�g_dhlhjuo�^ebg�\heg

gZ[ex^Z_lky�^bnjZdpby�

2) F_lh^�\jZs_gby�±�fhghojhfZlbq_kdh_�baemq_gb_��djbklZee�^\b`_lky�\h�\j_fy�wdki_jb-
f_glZ��Ijb�g_dhlhjuo�m]eZo��hjb_glZpbyo�djbklZeeZ��gZ[ex^Z_lky�^bnjZdpby�

3) F_lh^�ihjhrdZ� (>_[Zy�R_j_jZ�� ±�fhghojhfZlbq_kdh_�baemq_gb_��gZ[ex^Z_lky�^bnjZd-
pby�hl�djbklZeeh\�k�g_dhlhjhc�hjb_glZpb_c�ih�hlghr_gbx�d�imqdm�

�����DZdb_� oZjZdl_jbklbdb �djbklZeebq_kdh]h �\_s_kl\Z�fh`gh�ihemqblv� k�ihfh-
svx�mjZ\g_gbc�EZmw"

MjZ\g_gby�EZmw��

( )
( )
( )

cos cos1 1

cos cos2 2

cos cos3 3

a p

b q

c r

ϕ χ λ

ϕ χ λ

ϕ χ λ

− =

− =

− =







(a, b, c�±�iZjZf_lju�yq_cdb��ϕ1, ϕ2, ϕ3�±�m]eu��hij_^_eyxsb_�gZijZ\e_gb_�i_j\bqgh]h�imqdZ

ih� hlghr_gbx� d� hkyf� dhhj^bgZl� djbklZeeZ��χ1, χ2, χ3� ±� m]eu�� hij_^_eyxsb_�gZijZ\e_gb_

^bnjZdpbhggh]h�emqZ�ih�hlghr_gbx�d�hkyf�dhhj^bgZl��p, q, r ±�bg^_dku�emqZ���LZdbf�h[jZ-
ahf��mjZ\g_gby�EZmw�iha\heyxl�hij_^_eblv�iZjZf_lju�we_f_glZjghc�yq_cdb�djbklZeeZ�

�����DZdb_� oZjZdl_jbklbdb �djbklZeebq_kdh]h �\_s_kl\Z�fh`gh�ihemqblv� k�ihfh-
svx�mjZ\g_gby�;jw]]Z�<mevnZ"

2 sind nhkl θ λ=  – mjZ\g_gb_�;jw]]Z�<mevnZ

(d�±�f_`iehkdhklgh_�jZkklhygb_��θ�±�m]he�iZ^_gby�emqZ��h, k, l�±�bg^_dku�iehkdhklb��n�±�ih-
jy^hd� hljZ`_gby��� MjZ\g_gby� ;jw]]Z�<mevnZ� iha\heyxl� hij_^_eblv� f_`iehkdhklgu_� jZk-
klhygby�\�djbklZee_��Z��ijhbg^bpbjh\Z\�j_gl]_gh]jZffm� �lh�_klv�ijbibkZ\�iehkdhklyf�bg-
^_dku�hkl���kbg]hgbx�b�iZjZf_lju�we_f_glZjghc�yq_cdb�

�����DZdb_�nhjfmeu�\ujZ`Z_l�aZ\bkbfhklv�bgl_gkb\ghklb �^bnjZdpbhggh]h �emqZ

hl�djbklZeebq_kdhc �kljmdlmju"�Qlh�lZdh_�kljmdlmjgZy�Zfieblm^Z?

2 2( ) ( ) ( )
;  .

1

i hx ky lzn j j j j\uq \uq \uq
I F F f ejhkl hkl hkl j

π τ 
 
 

+ +
= = ∑

=
F� �kljmdlmjgZy�Zfieblm^Z��±�dhfie_dkgZy�\_ebqbgZ��oZjZdl_jbam_fZy�ijb\_^zgguf�mjZ\g_-

gb_f��Nbabq_kdbc� kfuke� bf__l�
( )wdki

hklF � ±� Zfieblm^Z� ^bnjZdpbhggh]h� emqZ� hl� k_f_ckl\Z

iehkdhkl_c�k�bg^_dkZfb�hkl. (fj�±�nmgdpby�Zlhfgh]h�jZkk_ygby�� j� ±�bg^_dk�ZlhfZ��n� ±�qbkeh
Zlhfh\�\�yq_cd_��τj�±�l_ieh\hc�iZjZf_lj��

�����Qlh�lZdh_�R�nZdlhj��nZdlhj�g_^hklh\_jghklb��\�JK:"
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Wlh�[_ajZaf_jgZy�\_ebqbgZ��ihdZau\ZxsZy��gZkdhevdh�lhqgh�\uqbke_ggZy�djbklZeebq_kdZy

kljmdlmjZ�khhl\_lkl\m_l�j_Zevghc��q_f�gb`_�R�nZdlhj��l_f�lhqg__�jZkkqblZggZy�kljmdlmjZ��
KljmdlmjZ�kqblZ_lky�gZ^_`gh�mklZgh\e_gghc��_keb�R < 4%.

( ) ( )

.
( )

wdki \uqF Fhkl hklhklR
wdkiFhklhkl

−∑
=

∑

�����DZdZy�nhjfmeZ�jZkij_^_e_gby � we_dljhgghc�iehlghklb�bkihevam_lky�\�JK:"

DZdb_�oZjZdl_jbklbdb �djbklZeebq_kdh]h �\_s_kl\Z�ba\e_dZxl�ba�wlhc�nmgdpbb"

( )
21

, , ,
0

i hx ky lz
x y z F ehklV h k l

π
ρ

   
− + +

= ∑ ∑ ∑  V0�±�h[t_f�we_f_glZjghc�yq_cdb�

FZdkbfmfu�ρ(x, y, z��ijb[ebabl_evgh�khhl\_lkl\mxl�kj_^gbf�ih�\j_f_gb�iheh`_gbyf�Zlhf-
guo�y^_j��lh�_klv�nmgdpby�jZkij_^_e_gby�we_dljhgghc�iehlghklb�^Z_l�\hafh`ghklv�hij_^_-
eblv�dhhj^bgZlu�b�l_ieh\u_�iZjZf_lju�Zlhfh\��Z�lZd`_�kljmdlmjguc�deZkk�

�����<�q_f�kmsghklv�ijyfh]h�klZlbklbq_kdh]h �f_lh^Z�hij_^_e_gby�gZqZevguo�nZa

kljmdlmjguo�Zfieblm^"

<� ih^[hj_� gZqZevguo� nZa� f_lh^Zfb� fZl_fZlbq_kdhc� klZlbklbdb� lZd�� qlh[u� we_dljhggZy

iehlghklv�\�ex[hc�lhqd_�ijhkljZgkl\Z�[ueZ�iheh`bl_evgZ��GZqZevgZy�nZaZ�Dhkl�hij_^_ey_l

khhlghr_gb_�f_`^m�kljmdlmjghc�Zfieblm^hc��bkihevam_fhc�ijb�\uqbke_gbb�nmgdpbb�jZk-
ij_^_e_gby� we_dljhgghc� iehlghklb�� b� fh^me_f� kljmdlmjghc� Zfieblm^u�� ba\e_dZ_fhc� ba

^Zgguo�j_gl]_gh\kdh]h�wdki_jbf_glZ� �wlh�d\Z^jZlgu_�dhjgb�ba�agZq_gbc�khhl\_lkl\mxsbo

bgl_gkb\ghkl_c��� ( ) .wdki hkl
hkl hkl

iD
F F e=

�����<�q_f�khklhbl�ijhp_^mjZ�mlhqg_gby�djbklZeebq_kdhc�kljmdlmju�\�JK:"

Wlh�fbgbfbaZpby�d\Z^jZlZ�agZq_gby�g_dhlhjh]h�nmgdpbhgZeZ��ihdZau\Zxs_]h�g_^hklh\_j-
ghklv�hij_^_e_gby�djbklZeebq_kdhc�kljmdlmju��k�ihfhsvx�\Zjvbjh\Zgby�dhhj^bgZl�Zlhfh\

b�bo� l_ieh\uo�iZjZf_ljh\��<�dZq_kl\_� lZdh]h�nmgdpbhgZeZ�qZklh�bkihevamxl�R�nZdlhj��<
ij_pbabhgghf�JK:�lZd`_�mqblu\Zxlky�kemqZcgu_��k�ihfhsvx�ih\lhjguo�kt_fhd��b�kbkl_-
fZlbq_kdb_��ih]ehs_gb_��bgkljmf_glZevgZy��ih]j_rghklb��djhf_�wlh]h�mlhqgy_lky�[hevr__

qbkeh�iZjZf_ljh\�±�\�qZklghklb��Zlhfgu_�nmgdpbb�jZkk_ygby�

������Ihq_fm� klZg^Zjlguc�j_gl]_ghkljmdlmjguc� ZgZeba�g_�fh`_l� ^Zlv� Z^_d\Zl-
gmx�bgnhjfZpbx�h�nmgdpbb�jZkij_^_e_gby�we_dljhgghc�iehlghklb"

Ihlhfm�qlh�ijb�jZkq_l_�ijhkljZgkl\_ggh]h�jZkij_^_e_gby� we_dljhgghc�iehlghklb�bkihev-
amxlky�klZg^Zjlgu_�Zlhfgu_�nmgdpbb�jZkk_ygby��lZ[mebjh\Zggu_�^ey�b^_Zevguo��kn_jbq_-
kdbo��khklhygbc�Zlhfh\��LZdbf�h[jZahf��g_�mqblu\Z_lky�\ebygb_�\Ze_glguo�k\ya_c��Z�lZd`_

iheyjbaZpby�we_dljhgguo�h[hehq_d�Zlhfh\��<�ij_pbabhgghf�JK:�Zlhfgu_�nmgdpbb�jZkk_y-
gby�mlhqgyxlky�\f_kl_�k�^jm]bfb�iZjZf_ljZfb�djbklZeebq_kdhc�kljmdlmju��ihwlhfm�^Zgguc

f_lh^�^Z_l�Z^_d\Zlgmx�bgnhjfZpbx�h�jZkij_^_e_gbb�we_dljhgghc�iehlghklb�

������DZdmx�^hihegbl_evgmx�bgnhjfZpbx�^Zzl�ij_pbabhgguc�JK:�ih�kjZ\g_gbx

kh� klZg^Zjlguf�\ZjbZglhf� wlh]h�f_lh^Z��Qlh� lZdh_�fmevlbihevgh_� jZaeh`_gb_� we_d-
ljhgghc�iehlghklb?
Ij_pbabhgguc�JK:�iha\hey_l�hij_^_eblv�g_�lhevdh�ijbf_jgu_�iheh`_gby�Zlhfh\��gh�b�\u-
^_eblv�^_n_dlu�we_dljhgghc�iehlghklb��mdZau\Zxsb_�gZ�gZebqb_�obfbq_kdbo�k\ya_c��g_ih-
^_ezgguo�we_dljhgguo�iZj�beb�iheyjbaZpbx�we_dljhgguo�h[hehq_d�
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Fmevlbihevgh_�jZaeh`_gb_�we_dljhgghc�iehlghklb�±�ij_^klZ\e_gb_�dhglbgmZevgh]h�jZk-
ij_^_e_gby�we_dljhgghc�iehlghklb�\�\b^_�kmi_jihabpbb�ihe_c�hl^_evguo�fmevlbihe_c� �lh

_klv�gZ[hjh\�lhq_qguo�aZjy^h\���Bkihevam_lky�\�ij_pbabhgghf�JK:�

������DZdh\h�gZagZq_gb_�b�h[sb_�ijbgpbiu�mkljhckl\Z�Z\lhfZlbq_kdh]h�^bnjZd-
lhf_ljZ"

GZagZq_gb_�±�^bnjZdpbhgguc�ijb[hj�^ey�JK:��Mkljhckl\h��djbklZee��h[emqZ_fuc�fhgh-
ojhfZlbq_kdbf�j_gl]_gh\kdbf�baemq_gb_f��\jZsZ_lky�\hdjm]�\k_\hafh`guo�hk_c�^ey�ihem-
q_gby� iheghc� ^bnjZdpbhgghc� dZjlbgu��Kq_lqbd� j_]bkljbjm_l� bgl_gkb\ghklv� jZkk_yggh]h

baemq_gby� \� jZaguo� lhqdZo� ijhkljZgkl\Z� ijb� jZaguo� iheh`_gbyo� djbklZeeZ� hlghkbl_evgh

i_j\bqgh]h�imqdZ�

������>ey�dZdhc�p_eb�bkihevam_lky�j_gl]_ghnZah\uc�ZgZeba"�<�q_f�kmsghklv�wlh-
]h�f_lh^Z"

P_ev�j_gl]_ghnZah\h]h�ZgZebaZ�±�hij_^_e_gb_�nZah\h]h�khklZ\Z�kf_kb�djbklZeebq_kdbo�\_-
s_kl\�� Kmsghklv� f_lh^Z� ±� b^_glbnbdZpby� nZau� ih� oZjZdl_jbklbq_kdhc� ^bnjZdpbhgghc

dZjlbg_��h[mkeh\e_gghc�jZaebqguf�gZ[hjhf�f_`iehkdhklguo�jZkklhygbc�\�djbklZeebq_kdbo

j_r_ldZo�jZaguo�\_s_kl\�

������ DZdb_� ^bnjZdpbhggu_� f_lh^u� �djhf_� j_gl]_gh]jZnbb�� bkihevamxlky� ^ey

hij_^_e_gby�kljmdlmju�djbklZeeh\"�<�q_f�bo�ij_bfms_kl\Z�b�g_^hklZldb"

G_cljhgh]jZnby�b�we_dljhgh]jZnby�

G_cljhgh]jZnby�±�^bnjZdpby�g_cljhgh\��h[uqgh�g_cljhgh\�hij_^_e_gghc�kdhjhklb��lh�_klv

hij_^_e_gghc� wg_j]bb��gZ� Zlhfguo� y^jZo��Ij_bfms_kl\Z��\hafh`ghklv�g_ihkj_^kl\_ggh]h

hij_^_e_gby� kj_^gbo� ih� \j_f_gb� dhhj^bgZl� Zlhfguo� y^_j�� Z� g_�fZdkbfmfh\� we_dljhgghc

iehlghklb�� gZ^z`gh_� hij_^_e_gb_� iheh`_gbc� ez]dbo� Zlhfh\� �]eZ\gh_� ±� \h^hjh^Z���G_^hk-
lZldb��g_h[oh^bfhklv�gZebqby�djmiguo�djbklZeeh\��^hjh]h\bagZ�b�keh`ghklv�

We_dljhgh]jZnby�±�^bnjZdpby�we_dljhgh\��h[uqgh�we_dljhgh\�k�hij_^_e_gghc�^ebghc�\he-
gu��gZ�ihl_gpbZeZo�y^jZ�b�we_dljhgh\��Ij_bfms_kl\Z��\hafh`ghklv�bkke_^h\Zgby�djbklZe-
eh\�fZeuo�jZaf_jh\�b�ih\_joghklb��G_^hklZldb��iehob_�j_amevlZlu�gZ�djmiguo�djbklZeeZo�

^hjh]h\bagZ�

������DZdh_�nbabq_kdh_�y\e_gb_�e_`bl�\�hkgh\_�g_cljhgh]jZnbb�b�we_dljhgh]jZ-
nbb"�GZ�dZdbo�fZl_jbZevguo�h[t_dlZo�jZkk_b\Zxlky�g_cljhgu�b�we_dljhgu"

Nbabq_kdh_� y\e_gb_� ±� ^bnjZdpby� g_cljhgh\� beb� we_dljhgh\� gZ� khhl\_lkl\mxsbo�fZl_jb-
Zevguo�km[klZgpbyo� �jZkij_^_e_gb_�ihl_gpbZeZ�y^_jguo�kbe�� lh�_klv�Zlhfgu_� y^jZ�\�g_c-
ljhgh]jZnbb��we_dljhklZlbq_kdbc�ihl_gpbZe�y^_j�b�we_dljhgh\�\�we_dljhgh]jZnbb��

�����Ijb\_^bl_�ijbf_ju�f_lZeeh\��kljmdlmjZ�dhlhjuo�hibku\Z_lky�^\mokehcghc

IRM��DZd�jZkiheh`_gu�Zlhfu�\�we_f_glZjguo�yq_cdZo�wlbo�f_lZeeh\"�DZdh\Z�dhhj-
^bgZpby�Zlhfh\"

Mg, Be, β-Ce, Tl, Ti. :lhfu�jZkiheh`_gu�\�\_jrbgZo�]_dkZ]hgZevghc�yq_cdb�b�p_glj_�h^ghc

ba�^\mo�ljb]hgZevguo�ijbaf��gZ�dhlhju_�yq_cdm�jZa[b\Z_l�iehkdhklv��ijhoh^ysZy�q_j_a�fZ-
emx�^bZ]hgZev�hkgh\Zgby��DQ� �����]_dkZ]hgZevguc�ZgZeh]�dm[hhdlZw^jZ��

�����Ijb\_^bl_�ijbf_ju�f_lZeeh\��kljmdlmjZ�dhlhjuo�hibku\Z_lky�lj_okehcghc

IRM��DZd�jZkiheh`_gu�Zlhfu�\�we_f_glZjguo�yq_cdZo�wlbo�f_lZeeh\"�DZdh\Z�dhhj-
^bgZpby�Zlhfh\"

Cu, Au, Al, Ni, Pb. :lhfu�jZkiheh`_gu�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�p_gljZo�\k_o

]jZg_c��DQ� �����dm[hhdlZw^j��
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�����Ijb\_^bl_�ijbf_ju�f_lZeeh\��bahkljmdlmjguo�α-Fe��DZd�jZkiheh`_gu�Zlhfu
\�we_f_glZjguo�yq_cdZo�wlbo�f_lZeeh\"�DZdh\Z�dhhj^bgZpby�Zlhfh\"

K, Ba, V, W��:lhfu�jZkiheh`_gu�\�\_jrbgZo�b�p_glj_�dm[bq_kdhc�yq_cdb��DQ� ����dm[��

����Ijb\_^bl_�ijbf_ju� ZghfZevguo�djbklZeebq_kdbo� kljmdlmj�f_lZeeh\��Hib-
rbl_�wlb�kljmdlmju�

1) Zn, Cd�±�kljmdlmjZ�Mg��jZklygmlZy�\^hev�hkb�lj_lv_]h�ihjy^dZ�
2) In� ±�kljmdlmjZ�Cu��jZklygmlZy�\^hev�hkb�q_l\zjlh]h�ihjy^dZ��Hg� ±�kljmdlmjZ�Cu��k`ZlZy
\^hev�hkb�lj_lv_]h�ihjy^dZ�

3) La�±�q_lujzokehcgZy�IRM��Sm�±�^_\ylbkehcgZy�IRM�

4) α-Po�±�ijhklZy�dm[bq_kdZy�deZ^dZ�Zlhfh\�Po.

�����DZdmx�kljmdlmjm�bf_xl�hl\_j^_\rbo�bg_jlgu_�]Zau�

<� khhl\_lkl\bb� k� ijZ\behf�Xf�Jha_jb� qbkeh� dh\Ze_glguo� k\ya_c� \� djbklZeeZo� bg_jlguo

]Zah\� jZ\gh�gmex��Ihwlhfm� \k_� k\yab� \� wlbo� djbklZeeZ� \Zg�^_j�\ZZevkh\u�� lh� _klv� ±� g_gZ-
ijZ\e_ggu_��LZdbf�h[jZahf��kljmdlmju�hl\_j^_\rbo�bg_jlguo�]Zah\�b�f_lZeeh\�koh`b�b�fh-
]ml�[ulv�hibkZgu�\�l_jfbgZo�IRM��DjbklZeebq_kdbc�He�±�^\mokehcgZy�IRM��ZgZeh]�Mg;
hklZevgu_�bg_jlgu_�]Zau�±�ljzokehcgZy�IRM��kljmdlmjZ�Cu.

�����Hibrbl_�hkh[_gghklb�\ukhdhl_fi_jZlmjguo�djbklZeebq_kdbo�fh^bnbdZpbc

nlhjZ�b�dbkehjh^Z�

<�wlbo�djbklZeeZo�^\moZlhfgu_�fhe_dmeu�khhl\_lkl\mxsbo�we_f_glh\�gZoh^ylky�\�khklhy-
gbb�k\h[h^gh]h�\jZs_gby�\hdjm]�\_jrbg�dm[bq_kdhc�yq_cdb��JK:�nbdkbjm_l�lZdb_�fhe_dm-
eu�dZd�kn_ju��>Zggh_�khklhygb_�gZau\Z_lky�jhlZpbhggh�djbklZeebq_kdbf. β-F2, γ-O2: Pm3n,
Z = 8.

�����DZdh_� \b^hbaf_g_gb_� djbklZeebq_kdhc� kljmdlmju� gZ[ex^Z_lky� \� jy^m� Cl2,
Br2, I2?
<�khhl\_lkl\bb�k�ijZ\behf�XfZ�Jha_jb�qbkeh�dh\Ze_glguo�k\ya_c�\�djbklZeeZo�]Zeh]_gh\

jZ\gh����lh�_klv�\�kljmdlmj_�bf_xlky�^\moZlhfgu_�fhe_dmeu��L_f�g_�f_g__��\�mdZaZgghf�jy^m

kl_i_gv�]_l_jh^_kfbqghklb�kljmdlmju�ihgb`Z_lky�\ke_^kl\b_�hkeZ[e_gby�\gmljbfhe_dmeyj-
guo�k\ya_c�b�mdj_ie_gby�f_`fhe_dmeyjguo�k\ya_c�ba�aZ�jhklZ�jZaf_jh\�Zlhfh\�b�we_dljhg-
guo�h[hehq_d�

�����DZdb_�dhhj^bgZpbhggu_�qbkeZ�bf_xl�Zlhfu�\�kljmdlmjZo�Te, $V�b�Ge?
Te�±�bahkljmdlmj_g�k_jhfm�Se��p_ihq_qgh_�kljh_gb_��DQ� ���
As�±�bahkljmdlmj_g�q_jghfm�nhknhjm��]hnjbjh\Zggu_�kehb�ba�r_klbqe_gguo�dhe_p�±�©dj_-
k_eª���DQ� ���

Ge�±�bf__l�ZefZahih^h[gmx�kljmdlmjm��DQ� ���

�����DZdh\�oZjZdl_j�djbklZeebq_kdbo�kljmdlmj�k_jh]h�b�djZkgh]h�k_e_gZ"

DjZkguc�k_e_g (α-6H��±�bahkljmdlmj_g�jhf[bq_kdhc�k_j_��\hkvfbqe_ggu_�dhevpZ�Se8�k\yaZgu

keZ[ufb�\Zg�^_j�\ZZevkh\ufb�k\yayfb��oZjZdl_j�kljmdlmju��hkljh\gZy�]_l_jh^_kfbq_kdZy�

K_juc�k_e_g (β-Se��±�kljmdlmjZ�knhjfbjh\ZgZ�p_iyfb�Pc31���p_ib�k\yaZgu�keZ[ufb�\Zg�^_j�

\ZZevkh\ufb�k\yayfb��oZjZdl_j�kljmdlmju��p_ihq_qgZy�]_l_jh^_kfbq_kdZy�

������Hibrbl_�kljmdlmjgu_�hkh[_gghklb�^\mo�djbklZeebq_kdbo�fh^bnbdZpbc�Zah-
lZ�

α-N2�±�dm[bq_kdZy�we_f_glZjgZy�yq_cdZ��Pa3, Z = 4(3).

β-N2�±�]_dkZ]hgZevgZy�we_f_glZjgZy�yq_cdZ��P63/mmc, Z = 2(6 2).m



10

�\�h[hbo�kemqZyo�mdZaZgu�kljmdlmjgu_�deZkku�^ey�fhe_dme�N2).

������DZdh\�oZjZdl_j�kljmdlmju�[_eh]h��q_jgh]h�b�djZkgh]h�nhknhjZ"

Qzjguc�nhknhj�±�]hnjbjh\Zggu_�kehb��khklhysb_�ba�r_klbqe_gguo�dhe_p�\�dhgnhjfZpbb

©dj_kehª��f_`^m�kehyfb�±�keZ[u_�\Zg�^_j�\ZZevkh\u�k\yab��oZjZdl_j�kljmdlmju��kehbklZy�]_-
l_jh^_kfbq_kdZy�

;_euc�nhknhj�±�dm[bq_kdZy�iehlg_crZy�miZdh\dZ�l_ljZw^jbq_kdbo� ©fhe_dmeª�J4��oZjZdl_j

kljmdlmju��hkljh\gZy�]_l_jh^_kfbq_kdZy�

DjZkguc�nhknhj�±�Zfhjngh_�\_s_kl\h��kdhj__�\k_]h��khklhbl�ba�p_i_c��g_mihjy^hq_ggh�jZk-
iheh`_gguo�\�ijhkljZgkl\_�

������I_j_qbkebl_�\Z`g_crb_�djbklZeebq_kdb_�nhjfu�m]e_jh^Z�

���:efZa�b�ehgk^_cebl� �sp3
�]b[jb^baZpby�Zlhfh\�m]e_jh^Z��DQ� ���±�l_ljZw^j���kbg]hgby�±

dm[bq_kdZy�b�]_dkZ]hgZevgZy�khhl\_lkl\_ggh�

2) α��b�β�]jZnbl��sp2
�]b[jb^baZpby�Zlhfh\�m]e_jh^Z��DQ� ���±�lj_m]hevgbd���kljmdlmjZ�knhj-

fbjh\ZgZ�kehyfb��khklhysbo�ba�ijZ\bevguo�r_klbqe_gguo�dhe_p��<�α�]jZnbl_�kehb�q_j_-
^mxlky�q_j_a�h^bg��\�β�]jZnbl_�±�q_j_a�^\Z�
3) dZj[bg�±�[_kdhg_qgu_�p_ib� cP .m∞

������DZdh\Z�dhhj^bgZpby�ZlhfZ�m]e_jh^Z�\�nmee_j_g_"

Fhe_dmeZ� nmee_j_gZ� bf__l� nhjfm� mk_qzggh]h� bdhkZw^jZ� b� knhjfbjh\ZgZ� iylb�� b�r_klb-
qe_ggufb�pbdeZfb�Zlhfh\�m]e_jh^Z��DQ� ����Zlhfu�m]e_jh^Z�\�\_jrbgZo�bkdZ`zgguo�ljb]h-
gZevguo�ibjZfb^�

������DZdh\Z�dhhj^bgZpby�Zlhfh\�[hjZ�\�djbklZeebq_kdhf�[hj_"

DjbklZeebq_kdZy�kljmdlmjZ�[hjZ�knhjfbjh\ZgZ�bdhkZw^jZfb�<12��kh_^bgzggufb�q_j_a�fhk-
lbdh\u_�Zlhfu�[hjZ��Dhhj^bgZpby�Zlhfh\��DQ�  � �� �\�\_jrbg_� l_ljZ]hgZevghc�ibjZfb^u��

DQ� ����\�\_jrbg_�i_glZ]hgZevghc�ibjZfb^u���DQ� ����\�p_glj_�i_glZ]hgZevghc�ibjZfb^u��

������Ijb\_^bl_�ijbf_ju�bahkljmdlmjguo�g_f_lZeeh\�ba�VIII �b�VII �]jmii�
Ne – Ar – Kr– Xe (kljmdlmjZ Cu); Cl2 – Br2 – I2.

������Ijb\_^bl_�ijbf_ju�bahkljmdlmjguo�g_f_lZeeh\�ba�VI �b�V�]jmii�
Jhf[bq_kdZy�k_jZ�±�α-Se��djZkguc�k_e_g���β-Se��k_juc�k_e_g��±�Te.
Qzjguc�nhknhj�±�As – Sb – Bi.

������Ijb\_^bl_�ijbf_ju�bahkljmdlmjguo�g_f_lZeeh\�IV �]jmiiu�

:efZa� ±�Si – Ge – α-Sn� �k_jh_�heh\h���\ukhdhl_fi_jZlmjgu_�fh^bnbdZpbb�Si�b�Ge – β-Sn
�[_eh_�heh\h��

������Ijb\_^bl_�ijbf_ju�bgl_jf_lZeeb^h\�kh�kljmdlmjZfb��ih^h[gufb�hkgh\guf

kljmdlmjguf�lbiZf��f_lZeeh\��Qlh�lZdh_�k\_jokljmdlmjZ?
K\_jokljmdlmjZ�±�]_hf_ljbq_kdh_�ih^h[b_�\�fhlb\_�jZkiheh`_gby�Zlhfh\�\�[he__�keh`ghf

obfbq_kdhf� \_s_kl\_� ih� kjZ\g_gbx� k� [he__� ijhkluf��GZijbf_j��Cu3Au� ±� k\_jokljmdlmjZ
Cu; Fe3Al �±k\_jokljmdlmjZ�α-Fe.

������Qlh�lZdh_�nZau�EZ\_kZ"�Ijb\_^bl_�ijbf_ju�

NZau�EZ\_kZ�±�bgl_jf_lZeebq_kdb_�kh_^bg_gby��\�dhlhjuo�Zlhfu�f_gvr_]h�jZaf_jZ�h[jZ-
amxl�dhfiZdlgu_�]jmiibjh\db��h[uqgh�±�l_ljZw^jbq_kdb_���kh_^bgyxsb_ky�\�dZjdZku��:lh-
fu� [hevr_]h� jZ^bmkZ� aZgbfZxl� h[jZamxsb_ky� imklhlu��LZdb_� kljmdlmju� oZjZdl_jgu� ^ey
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[bgZjguo�f_lZeebq_kdbo�kh_^bg_gbc�:<�\�kemqZ_��_keb�Zlhfu�:�b�<�[ebadb�obfbq_kdb��gh

bo�bhggu_�jZ^bmku�kms_kl\_ggh�jZaebqZxlky�

Ijbf_ju: MgCu2, MgZn2, MgNi2.

������Q_f�kljmdlmjZ�bgl_jf_lZeeb^Z�&X$X�hlebqZ_lky�hl�kljmdlmju�kieZ\Z�lh]h

`_�khklZ\Z��DZdh\Z�kbff_ljby�djbklZeebq_kdbo�kljmdlmj�kieZ\Z�b�bgl_jf_lZeeb^Z"

KieZ\�±�klZlbklbq_kdh_�jZkiheh`_gb_�Zlhfh\�f_^b�b�ahehlZ��l_f�g_�f_g__��_keb�ijbgylv�wlb

Zlhfu�aZ�h^bgZdh\u_��lh�kms_kl\mxl�mihjy^hq_gghklv�b�i_jbh^bqghklv�bo�jZkiheh`_gby�

Bgl_jf_lZeeb^�±�jZkiheh`_gb_�Zlhfh\�f_^b�b�ahehlZ�mihjy^hq_ggh�

Kbff_ljby�kljmdlmju��\�h[hbo�kemqZyo�wlh�kljmdlmjZ�f_^b��jZklygmlZy�\^hev�hkb����\�kieZ-
\_�Zlhfu�jZkiheh`_gu�klZlbklbq_kdb��\�bgl_jf_lZeeb^_�±�kehb�f_^b�b�ahehlZ�q_j_^mxlky�

�����Hibrbl_�hkgh\gu_�kljmdlmjgu_�lbiu�bhgguo�djbklZeeh\��DZdh\u�dhhj^b-
gZpbhggu_�qbkeZ�bhgh\�\�wlbo�\_s_kl\Zo"

1. NaCl�±�Zlhfu�gZljby�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o�]jZg_c��Zlhfu�oeh-
jZ�\�p_glj_�yq_cdb�b�k_j_^bgZo�\k_o�j_[_j��DQ� ����hdlZw^j��

2. KsCl�±�Zlhfu�oehjZ�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��Zlhf�p_aby�\�p_glj_��DQ� ����dm[��

3. CaF2��nexhjbl��±�Zlhfu�dZevpby�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o�__�]jZ-
g_c��Zlhfu�nlhjZ�\�p_gljZo�\k_o�\hkvfb�hdlZglh\��DQ��KZ�� ����dm[���DQ��F�� ����l_ljZw^j��
4. Li2O (Zglbnexhjbl��±�Zlhfu�dbkehjh^Z�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o

__�]jZg_c��Zlhfu�eblby�\�p_gljZo�\k_o�\hkvfb�hdlZglh\��DQ� �Li �� ����l_ljZw^j���DQ� �H�� ��
�dm[��

�����Q_f�jZaebqZxlky�kljmdlmjZ�\xjlpblZ�b�knZe_jblZ"

KnZe_jbl�±�dm[bq_kdZy�iehlg_crZy�miZdh\dZ�Zlhfh\�k_ju��Zlhfu�pbgdZ�aZgbfZxl�iheh\bgm

l_ljZw^jbq_kdbo�imklhl��Kljmdlmjguc�deZkk��F43 ,m  Z = 4 (43 ;  43 ).m m
<xjlpbl�±�]_dkZ]hgZevgZy�iehlg_crZy�miZdh\dZ�Zlhfh\�k_ju��Zlhfu�pbgdZ�aZgbfZxl�iheh-
\bgm�l_ljZw^jbq_kdbo�imklhl��Kljmdlmjguc�deZkk��P6m1, Z = 2 (6m, 3m; 6m, 3m).

����� DZdh\� oZjZdl_j� djbklZeebq_kdhc� kljmdlmju� Cu2O"� DZdh\Z� dhhj^bgZpby
Zlhfh\�\�wlhf�\_s_kl\_"

OZjZdl_j�kljmdlmju��dZjdZkgZy�]_l_jh^_kfbq_kdZy��DQ� �Cu�� ��� �^bw^j���DQ� �O�� ��� �l_ljZ-
w^j��KljmdlmjZ�Cu2O�±�ijbf_j�dZl_gZgZ�\�djbklZeehobfbb��j_r_ldb�Zlhfh\�f_^b�b�dbkehjh-
^Z�©ijh^_luª�h^gZ�\�^jm]mx�

�����GZah\bl_�ba\_klgu_�fh^bnbdZpbb�SiO2��mdZ`bl_�bo�kbg]hgbx�b�khhlghr_gb_�k

fh^bnbdZpbyfb�m]e_jh^Z�

Djbklh[Zebl�±�dm[bq_kdZy�kbg]hgby��b^_Zebabjh\ZggZy�kljmdlmjZ�djbklh[ZeblZ�fh`_l�[ulv

ihemq_gZ�^h[Z\e_gb_f�Zlhfh\�dbkehjh^Z�gZ�k_j_^bgu�\k_o�k\ya_c�\�ZefZa_�b�ihke_^mxsbf

ih^h[guf�m\_ebq_gb_f� we_f_glZjghc� yq_cdb��<�j_Zevguo�djbklZeeZo�djbklh[ZeblZ� Zlhfu

dbkehjh^Z� g_kdhevdh� k^\bgmlu� ba� b^_Zevguo� iheh`_gbc� lZd�� qlh� \Ze_glguc� m]he�Si-O-Si
klZgh\blky�f_gvr_����

0.
Ljb^bfbl�±� ]_dkZ]hgZevgZy� kbg]hgby��b^_Zebabjh\ZggZy� kljmdlmjZ� ljb^bfblZ�fh`_l�[ulv

ihemq_gZ�^h[Z\e_gb_f� Zlhfh\� dbkehjh^Z� gZ� k_j_^bgu� \k_o� k\ya_c� \� ehgk^_cebl_� b� ihke_-
^mxsbf� ih^h[guf� m\_ebq_gb_f� we_f_glZjghc� yq_cdb��<� j_Zevguo� djbklZeeZo� ljb^bfblZ

Zlhfu�dbkehjh^Z�g_kdhevdh�k^\bgmlu�ba�b^_Zevguo�iheh`_gbc�lZd��qlh�\Ze_glguc�m]he�Si-
O-Si�klZgh\blky�f_gvr_����

0.
D\Zjp�±�dm[bq_kdZy�kbg]hgby��l_ljZw^ju�SiO4�kh_^bg_gu�q_j_a�\_jrbgu�b�gZoh^ylky�\�\_j-
rbgZo�b�p_glj_�yq_cdb��Kms_kl\mxl�^\_�hilbq_kdb�Zdlb\gu_�fh^bnbdZpbb�ba�aZ�\hafh`gh-
klb�kms_kl\h\Zgby�hk_c��1�beb��2.
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Klbrh\bl�±�l_ljZ]hgZevgZy�kbg]hgby��bahkljmdlmj_g�jmlbem��TiO2).

�����MdZ`bl_�\Z`g_crb_�jZaebqby�kljmdlmj�KH2�b�SiO2.
CO2� ±� fhe_dmeyjgu_� djbklZeeu�� khklhysb_� ba� ebg_cguo� fhe_dme�CO2�� jZkiheh`_gguo� \

\_jrbgZo�dm[bq_kdhc�yq_cdb��KljmdlmjZ��]_l_jh^_kfbq_kdZy��hkljh\gZy�

SiO2� ±� kms_kl\m_l� \�g_kdhevdbo�fh^bnbdZpbyo�� d\Zjp�� djbklh[Zebl�� ljb^bfbl��Kljmdlmju

\k_o�wlbo�kh_^bg_gbc�khklhyl�ba�l_ljZw^jh\�SiO4�b�g_�y\eyxlky�fhe_dmeyjgufb�

�����DZdh_�kljh_gb_�bf_xl�djbklZeeu�ev^Z"�Kdhevdh�\h^hjh^guo�k\ya_c�h[jZam_l

fhe_dmeZ�\h^u�\�wlbo�djbklZeeZo"�DZd�wlb�k\yab�jZkiheh`_gu"

Kms_kl\m_l�^\_�fh^bnbdZpbb�ev^Z��kljmdlmju�dhlhjuo�fh`gh�ihemqblv�ba�kljmdlmj�djbklh-
[ZeblZ�b�ljb^bfblZ��:lhfu�dbkehjh^Z�aZgbfZxl�ihabpbb�Zlhfh\�dj_fgby��Zlhfu�\h^hjh^Z

g_kdhevdh�[eb`_�d�h^ghfm�ba�Zlhfh\�dbkehjh^Z��g_`_eb�d�^jm]hfm��Ihwlhfm�kljmdlmjZ�klZ-
gh\blky�hkljh\ghc�]_l_jh^_kfbq_kdhc��<h^hjh^gu_�k\yab�±�q_luj_�gZ�fhe_dmem�±�kh_^bgyxl

©hkljh\Zª�\�djbklZee_��Wlb�k\yab�gZijZ\e_gu�\^hev�gZijZ\e_gbc�k\ya_c�H±G�\�fhe_dmeZo�

�����Q_f�ihoh`b�b�\�q_f�jZaebqZxlky�kljmdlmju�BN�b�]jZnblZ"
Koh^kl\Z��h[_�kljmdlmju�]_l_jh^_kfbq_kdb_��kehbklu_��kehb�khklhyl�ba�ijZ\bevguo�r_klb-
qe_gguo�dhe_p�

JZaebqby��\�BN�kehb�jZkiheZ]Zxlky�iZjZee_evgh�^jm]�^jm]m��\�]jZnbl_�bf__lky�^\mokehcgZy
miZdh\dZ��khk_^gb_�kehb�g_iZjZee_evgu�

�����Ijb\_^bl_�ijbf_ju�hkljh\guo�djbklZeebq_kdbo�kljmdlmj�ba�qbkeZ�ijhkluo

b�[bgZjguo�\_s_kl\�

Ijhklu_�\_s_kl\Z��Cl2, S8.
;bgZjgu_�kh_^bg_gby��H2O, CO2��m]e_\h^hjh^u�

�����Ijb\_^bl_�ijbf_ju�p_ihq_qguo�djbklZeebq_kdbo�kljmdlmj�[bgZjguo�kh_^b-
g_gbc�:O�b�XY.
PdCl2, BeCl2, SiS2.

������Ijb\_^bl_�ijbf_ju�kehbkluo�djbklZeebq_kdbo�kljmdlmj�:O�b�OY.
CuCl2, BN, MoS2, CdI2.

������Ijb\_^bl_�ijbf_ju�]hfh^_kfbq_kdbo��fhgheblguo��kljmdlmj�AX �b�XY �k�dh-
\Ze_glgufb�k\yayfb�

ReO3, ZnS��knZe_jbl���SiO2 (djbklh[Zebl��ljb^bfbl��d\Zjp��

������Hibrbl_�fhlb\�aZiheg_gby�imklhl�\�dhjmg^_�Al2O3.
:lhfu�dbkehjh^Z�h[jZamxl�]_dkZ]hgZevgmx�iehlg_crmx�miZdh\dm��Zlhfu�Zexfbgby�kbkl_-
fZlbq_kdb�aZgbfZxl�����hdlZw^jbq_kdbo�imklhl��\�gZijZ\e_gbb��i_ji_g^bdmeyjghf�d�iehl-
g_crbf�kehyf��^\_�aZgylu_�imklhlu�q_j_^mxlky�k�h^ghc�g_aZgylhc��<�iehkdhklb��iZjZee_ev-
ghc�iehkdhklyf�keh_\��Zlhfu�Zexfbgby�h[jZamxl�r_klbqe_ggu_�dhevpZ��\�p_glj_�dhlhjuo

jZkiheZ]Z_lky�imklhlZ�

������Ijb\_^bl_�ijbf_ju�djbklZeebq_kdbo�kljmdlmj�:O��]^_�f_lZee�bf__l�dhhj-
^bgZpbhgguc�fgh]h]jZggbd�\�\b^_�

Z��hdlZw^jZ�– NaCl, Al2O3.
[��l_ljZ]hgZevghc�^bibjZfb^u�– CuCl2, HgCl2.
\��ljb]hgZevghc�ijbafu – MoS2, CdI2.
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������Ijb\_^bl_�ijbf_ju�kljmdlmj�AX ��]^_�Zlhfu�f_lZeeZ�dhhj^bgbjh\Zgu�ih�
Z��l_ljZw^jm�– ZnS, Li2O.
[��d\Z^jZlm�– PdCl2, CuO.

�����H[sb_�ijbgpbiu� kbkl_fZlbdb� l_jgZjguo� djbklZeebq_kdbo� kljmdlmj��<Z`-
g_crb_�hkh[_gghklb�kljh_gby�djbklZeeh\�:<K��:<O��:O<��XYZ.
ABC�±�bgl_jf_lZeebq_kdb_�kh_^bg_gby��_keb�:��<�b�K�±�lbibqgu_�f_lZeeu��bhggu_�jZ^bmku
dhlhjuo� [ebadb�� lh� h[jZamxs__ky� kh_^bg_gb_� y\ey_lky� k\_jokljmdlmjhc� ih� hlghr_gbx� d

lbibqguf�f_lZeebq_kdbf�kljmdlmjZf��Cu, Mg, α-Fe���_keb�:��<�b�K�jZaebqZxlky�obfbq_kdb
beb�ih�bhgguf�jZ^bmkZf��lh�fh]ml�h[jZah\u\Zlvky�kZfu_�jZaghh[jZagu_�kljmdlmju�

ABX �±�h[uqgh�hibku\Zxlky�\�l_jfbgZo�IRM��keh`gu_�hdkb^u�b�kmevnb^u��

AXY �±�IRM�g_�oZjZdl_jgu��dZj[hgZlu��gbljZlu��[hjZlu��kmevnZlu��

XYZ �±�oZjZdl_jgh�h[jZah\Zgb_�fhe_dmeyjguo�kljmdlmj�

�����Hibrbl_�kljh_gb_�djbklZeeh\�i_jh\kdblZ�CaTiO3.
:lhfu�dZevpby�b�dbkehjh^Z�kh\f_klgh�h[jZamxl�lj_okehcgmx�IRM��Zlhfu�lblZgZ�aZgbfZ-
xl� q_l\_jlv� hdlZw^jbq_kdbo� imklhl��<lhjhc� \ZjbZgl� hibkZgby�� Zlhfu� lblZgZ� b� dbkehjh^Z

h[jZamxl�dZjdZk��ZgZeh]bqguc�kljmdlmj_�ReO3��Zlhf�dZevpby�gZoh^blky�\�p_glj_�dm[bq_kdhc

yq_cdb���OZjZdl_j�kljmdlmju��dZjdZkgZy��]_l_jh^_kfbq_kdZy��Kljmdlmjguc�deZkk��Pm3m, Z = 1
(4/mmm; m3m; mmm���DQ��Ca) = 12 (dm[hhdlZw^j���DQ��Ti�� ����hdlZw^j���DQ��H�� ����]Zgl_ev��

�����DZdb_�baf_g_gby�\�kljmdlmj_�BaTiO3� �lbi�i_jh\kdblZ��ijhbkoh^yl�ijb�i_j_-
oh^_�\�k_]g_lhwe_dljbq_kdh_�khklhygb_"

K_]g_lhwe_dljbdb�±�\_s_kl\Z�k�hkh[uf�oZjZdl_jhf��]bkl_j_abk��aZ\bkbfhklb�iheyjbaZpbb�hl

gZijy`_gghklb�we_dljbq_kdh]h�ihey�

Ijb�i_j_oh^_�\�k_]g_lhwe_dljbq_kdh_�khklhygb_�Zlhfu�[Zjby�b�lblZgZ�g_kdhevdh�kf_sZxlky

ba� b^_Zevguo� iheh`_gbc� \� kljmdlmj_�� \� j_amevlZl_� ijhbkoh^bl� nZah\uc� i_j_oh^� II � jh^Z�
djbklZeeu�l_jyxl�p_glj�kbff_ljbb�

�����MdZ`bl_�\Z`g_crb_�hkh[_gghklb�kljh_gby�djbklZeeh\�ribg_eb�MgAl 2O4.
:lhfu� dbkehjh^Z� h[jZamxl� dm[bq_kdmx� iehlg_crmx� miZdh\dm�� :lhfu� fZ]gby� aZgbfZxl

\hkvfmx�qZklv�l_ljZw^jbq_kdbo�imklhl��Z�Zlhfu�Zexfbgby�±�q_l\_jlv�hdlZw^jbq_kdbo��Ijb

wlhf�h[jZam_lky�]hfh^_kfbq_kdZy�kljmdlmjZ��?_�hkh[_gghklvx�y\ey_lky�\hafh`ghklv�©h[jZ-
s_gbyª�±�aZgylb_�qZklb�hdlZw^jbq_kdbo�imklhl�ZlhfZfb�lbiZ�:��Z�khhl\_lkl\mxs_]h�qbkeZ

l_ljZw^jbq_kdbo�imklhl�±�ZlhfZfb�lbiZ�<��JZaf_s_gb_�Zlhfh\�f_lZeeh\�ih�imklhlZf�hij_-
^_ey_lky�mklhcqb\hklvx�^ey�gbo�khhl\_lkl\mxsbo�dhhj^bgZpbc�

�����DZdhc�\ZjbZgl� kljmdlmjgh]h� lbiZ�ribg_eb� �ghjfZevgZy�� h[jZs_ggZy��ijh-
f_`mlhqgZy��ke_^m_l�h`b^Zlv�^ey�^\hcguo�hdkb^h\�NiFe2O4, ZnCr2O4, NiCr2O4"�Hl\_l

h[hkgh\Zlv�

ZnNi2O4�±�ghjfZevgZy�ribg_ev��Zn(II��g_�klZ[bebabjm_lky�djbklZeebq_kdbf�ihe_f�gb�\�l_l-
jZw^jbq_kdhc��gb�\�hdlZw^jbq_kdhc�dhhj^bgZpbyo�ba�aZ� aZiheg_ggh]h� �d�ih^mjh\gy��Ni(III)
bf__l�we_dljhggmx�dhgnb]mjZpbx��d7

��[he__�mklhcqb\mx�\�hdZlw^jbq_kdhf�ihe_�eb]Zg^h\��

NiCr2O4 ±�ijhf_`mlhqgZy�ribg_ev��Ni(II) (3d8) b�Cr(III) (3d3
��klZ[bebabjmxlky�\�hdZlw^jbq_-

kdhf�ihe_�eb]Zg^h\��

NiFe2O4�±�h[jZs_ggZy�ribg_ev��Ni(II) (3d8
��klZ[bebabjm_lky�\�hdlZw^jbq_kdhc�dhhj^bgZpbb�

Fe(III) (3d5
��g_�klZ[bebabjm_lky�gb�\�hdlZw^jbq_kdhc��gb�\�l_ljZw^jbq_kdhc�dhhj^bgZpbyo��

�����Hibrbl_�kljmdlmjm�K2PtCl6.
>Zggmx�kljmdlmjm�fh`gh�hibkZlv�^\mfy�kihkh[Zfb��Zlhfu�dZeby�b�ieZlbgu�h[jZamxl�dm[b-
q_kdmx�iehlg_crmx�miZdh\dm��Zlhfu�oehjZ�aZgbfZxl�\k_�l_ljZw^jbq_kdb_�imklhlu��Zlhfu
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dZeby�b�oehjZ�h[jZamxl�dm[bq_kdmx�iehlg_crmx�miZdh\dm��Zlhfu�ieZlbgu�aZgbfZxl�h^gm

\hkvfmx�qZklv�hdlZw^jbq_kdbo�imklhl�

�����<�q_f�koh^kl\h�b�\�q_f�jZaebqb_�kljmdlmj�dZevpblZ�b�ZjZ]hgblZ�

Koh^kl\Z��h^bgZdh\uc�\Zeh\hc�khklZ\��\�h[_bo�kljmdlmjZo�fh`gh�\u^_eblv�]jmiiu�CO3.
JZaebqby�� \� kljmdlmj_� dZevpblZ�CO3�]jmiiu� g_� khijbdZkZxlky�� \� kljmdlmj_� ZjZ]hgblZ� wlb

]jmiiu�khijbdZkZxlky��Djhf_�wlh]h��\�kljmdlmj_�dZevpblZ�bf_xlky�dhgmku�gme_\h]h�jZkrb-
j_gby� ±� dhgbq_kdb_� ih\_joghklb�� g_� baf_gyxsb_ky� ijb� gZ]j_\Zgbb� beb� hoeZ`^_gbb�� <

kljmdlmj_�ZjZ]hgblZ�ih^h[gu_�dhgmku�hlkmlkl\mxl�

�����<�q_f�aZdexqZ_lky�hkgh\gh_�jZaebqb_�djbklZeebq_kdbo�kljmdlmj�Zexfhkbeb-
dZlh\�b�kbebdZlh\�Zexfbgby"�Ijb\_klb�ijbf_ju�

<�ZexfhkbebdZlZo�kms_kl\mxl�Zlhfu�Zexfbgby�k�dhhj^bgZpbhgguf�qbkehf����lZdb_�Zlhfu

dhhj^bgbjh\Zgu�\�l_ljZw^jZo��lh�_klv�\oh^yl�\�khklZ\�dj_fgbc�dbkehjh^gh]h�fhlb\Z��Ijb-
f_ju��NaAlSiO4��p_heblu�

<� kbebdZlZo� Zexfbgby� \k_� Zlhfu� Zexfbgby�bf_xl� dhhj^bgZpbhggh_� qbkeh� ��� lh� _klv� g_

\g_^j_gu� \� dj_fgbc�dbkehjh^guc� fhlb\�� Ijbf_ju�� dZhebgbl� �Al2[Si2O5](OH)4��� lhiZa

(Al 2SiO4(OH)F).

�����Bah[jZabl_�oZjZdl_jgu_�dj_fg_dbkehjh^gu_�fhlb\u�hkljh\guo�kbebdZlh\�b

mdZ`bl_�bo�khklZ\u�

6.10��Ijb\_^bl_� ijbf_j� oZjZdl_jgh]h� jZkiheh`_gby� dj_fg_dbkehjh^guo� l_ljZ-
w^jh\�\�kehbkluo�kbebdZlZo�b�mdZ`bl_�khklZ\�kehy�

6.11��Bah[jZabl_�oZjZdl_jgu_�dj_fg_dbkehjh^gu_�fhlb\u�p_ihq_qguo�kbebdZlh\

b�mdZ`bl_�bo�khklZ\u�

������Ijb\_^bl_�ijbf_ju�aZ\bkbfhklb�k\hckl\�kbebdZlh\�hl�bo�kljmdlmju�

Al2(Si2O5)(OH)4 – dZhebgbl��]ebgZ���bf__l�kehbklmx�kljmdlmjm�b�e_]dh�gZ[moZ_l��ih]ehsZ_l

\h^m���ihkdhevdm�fhe_dmeu�\h^u�e_]dh�ijhgbdZxl�f_`^m�kehyfb��h[jZamy�\h^hjh^gu_�k\yab�

«Kblh�:» (Na12Al12Si12O48·24H2O) – p_hebl��\�kljmdlmj_�bf_xlky�hdgZ�^bZf_ljhf�~ 4.25 Å;
ijhimkdZ_l� q_j_a� k_[y�fZe_gvdb_�fhe_dmeu� �gZijbf_j�� \h^m�� b� aZ^_j`b\Z_l� [hevrb_� �gZ-
ijbf_j��jZa\_l\ezgguc�hdlZg��

KiZcghklv�±�[hevrbgkl\h� kbebdZlh\� h[eZ^Z_l� ohjhr_c� kiZcghklvx� �kihkh[ghklvx� jZkdZ-
eu\Zlvky�\^hev�gZijZ\e_gbc�hij_^_ezgguo�iehkdhkl_c��[eZ]h^Zjy�gZebqbx�hkljh\guo��p_-
ihq_qguo�beb�kehbkluo�kljmdlmj�
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[SiO3]�

[Si2O5]�

[Si4O11]�

[Si6O17]�
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������DZdb_�kljmdlmjgu_�hkh[_gghklb�oZjZdl_jgu�^ey�p_heblh\"

1) DZjdZkgu_�kljmdlmju�
2) Al \oh^bl� \� dj_fgbc�dbkehjh^guc� fhlb\�� lh� _klv� ih� djZcg_c� f_j_� g_dhlhju_� Zlhfu

Zexfbgby�dhhj^bgbjh\Zgu�\�l_ljZw^jZo�

3) Bf_xlky�ihehklb��kh_^bgzggu_�q_j_a�hdgZ��pbdeu�l_ljZw^jh\��– kbkl_fZ dZgZeh\�

������<� q_f� khklhbl� hkgh\gh_� jZaebqb_�djbklZeebq_kdbo� kljmdlmj�dZj[hgZlh\� b

kbebdZlh\"

Kljmdlmju� dZj[hgZlh\� ±� hkljh\gu_�� d\Zab]hfh^_kfbq_kdb_� �[ebadb_� d� ]hfh^_kfbq_kdbf��

Zlhfu�m]e_jh^Z�qZklh�bf_xl�DQ� ���ba�aZ�khojZg_gby�\�kljmdlmj_�]jmii�CO3. Kljmdlmju�kb-
ebdZlh\ – ]_l_jh^_kfbq_kdb_� jZaebqguo� lbih\� �hkljh\gu_�� p_ihq_qgu_�� kehbklu_�� dZjdZk-
gu_���Zlhfu�dj_fgby�\k_]^Z�dhhj^bgbjh\Zgu�\�l_ljZw^jZo�

������Hkh[_gghklb�kljh_gby�dZhebgblZ.
DZhebgbl (Al2(Si2O5)(OH)4�� ±� hkgh\gZy� khklZ\eyxsZy� ijbjh^ghc� ]ebgu��Bf__l� kehbklmx

kljmdlmjm�� khklZ\� kehz\� ±� [Si2O5]2�; e_]dh� ]b^jZlbjm_lky� b� gZ[moZ_l� ba�aZ� aZo\ZlZ� \h^u� \
f_`kehcgh_�ijhkljZgkl\h�

������Hkh[_gghklb�kljh_gby�rZ[ZablZ�b�nh`ZablZ.
RZ[Zabl�(Ca2Al4Si8O24·12H22��b�nh`Zabl�(Na13Ca12Mg11[Al 59Si133O384]·235H2O) – p_heblu�
lh�_klv�dZjdZkgu_�ZexfhkbebdZlu��\�kljmdlmjZo�dhlhjuo�bf_xlky�ihehklb��kh_^bgzggu_�q_-
j_a�hdgZ��<�rZ[Zabl_�hdgZ�r_kl_jgu_��lh�_klv�pbde�khklhbl�ba�r_klb�l_ljZw^jh\��\�nh`Zabl_

±�^\_gZ^pZl_jgu_��^bZf_lj�~7.5 Å).

[Si2O5]2�
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������Hkh[_gghklb�kljh_gby�djbklZeeh\�©kblZ�:ª�b�©kblZ�O».
«Kblh�:» (Na12Al12Si12O48·24H22��b�«kblh�O» (Na11AlnSi102-nO384·260H2O) – p_heblu��lh�_klv
dZjdZkgu_�ZexfhkbebdZlu��\�kljmdlmjZo�dhlhjuo�bf_xlky�ihehklb��kh_^bgzggu_�q_j_a�hdgZ�

<�©kbl_�:ª�^bZf_lj�hdhg�khklZ\ey_l�~ 4.25 Å, \�©kbl_�Oª�~ 7.25 Å. Bkihevamxl�^ey�jZa^_e_-
gby�fhe_dme�jZaebqguo�jZaf_jh\��gZijbf_j��g�hdlZgZ�b�jZa\_l\ezggh]h�hdlZgZ��

������DZdh\u�hkgh\gu_�hkh[_gghklb�djbklZeebq_kdbo�kljmdlmj�i_glZkbeh\?
I_glZkbeu�±�dZjdZkgu_�ZexfhkbebdZlu��bkdmkkl\_ggu_�p_heblu��Kh^_j`Zl�madb_�iyl_jgu_

hdgZ�b�kbkl_fm�i_j_k_dZxsboky�dZgZeh\��dZd�ijyfuo��lZd�b�ab]aZ]hh[jZaguo���IhiZ^Zy�\�wlb

dZgZeu��Zlhfu�beb�fhe_dmeu�i_j_oh^yl�\�bffh[bebah\Zggh_�khklhygb_��ihwlhfm�i_glZkbeu

bkihevamx�dZd�dZlZebaZlhju�

�����Ijb\_^bl_� ijbf_ju� djbklZeebq_kdbo� \_s_kl\�� hlghkysboky� d� ]hfhfhe_dm-
eyjguf�b�]_l_jhfhe_dmeyguf.
=hfhfhe_dmeyjgu_��khklhyl�ba�obfbq_kdb�b^_glbqguo�fhe_dme���gZnlZebg��n_ghe��lheZg�

=_l_jhfhe_dmeyjgu_� �khklhyl� ba� obfbq_kdb� jZaebqguo� fhe_dme��� �COOH)2·2H2O,
�K2COOH)2·2H2O, deZljZlu (kh_^bg_gby�� \� kljmdlmjZo� dhlhjuo� h^gb� fhe_dmeu� h[jZamxl
dZjdZk��Z�^jm]b_�±aZgbfZxl�_]h�imklhlu��

����� Qlh� lZdh_� fhgh�� b� ihebkbkl_fgu_� fhe_dmeyjgu_� djbklZeeu"� Ijb\_^bl_

ijbf_ju�

<�fhghkbkl_fguo�djbklZeeZo�\k_�fhe_dmeu�aZgbfZxl�h^gm�hj[blm��\�ihebkbkl_fguo�±�g_-
kdhevdh�hj[bl�

Fhghkbkl_fgu_�djbklZeeu��gZnlZebg��]_dkZf_lbe[_gahe����f_lhdkbn_ghe�

Ihebkbkl_fgu_ djbklZeeu��lheZg����hj[blu���n_ghe����hj[blu���k_e_ghfhq_\bgZ����hj[bl��

�����DZdh\u�hkh[_gghklb�fhe_dmeyjguo�djbklZeeh\��hlghkysboky�d�lbiZf�:��<�b

K"�Ijb\_^bl_�ijbf_ju�kljmdlmj�

Lbi�: ±�\k_�fhe_dmeu�\�djbklZee_�objZevgu�b�wd\b\Ze_glgu��lh�_klv�gZoh^ylky�\�h^ghc�ba
hjb_glZpbc��ijZ\hc�beb�e_\hc���Lbibqgu_�kljmdlmjgu_�deZkku: P212121, Z = 4 (1); P21, Z = 2
(1). Ijbf_ju������^bf_lben_ghe������^bf_lben_ghe�
Lbi�< ±�\�djbklZee_�ijbkmlkl\mxl�dZd�e_\u_��lZd�b�ijZ\u_�fhe_dmeu� �jZp_fZl���Lbibqgu_

kljmdlmjgu_�deZkku: P21/c, Z = 4(1); P1,  2(1);Z =  Pbca, Z = 8(1). Ijbf_ju����f_lhdkbn_ghe�
y[ehqgZy�dbkehlZ�

Lbi� K ±� \k_� fhe_dmeu� \� djbklZee_� ZobjZevgu�� Lbibqgu_� kljmdlmjgu_� deZkku:

1);P2 / ,  2(1);  P1,  1(  P ,  4(1).1 c Z Z bca Z= = =  Ijbf_ju��gZnlZebg�� ]_dkZf_lbe[_gahe�� mjhljh-

ibg��[_gahe�

>ZggZy�deZkkbnbdZpby�hlghkblky�d�]hfhfhe_dmeyjguf, fhghkbkl_fguf�djbklZeeZf�

�����GZah\bl_�g_kdhevdh�kljmdlmjguo�deZkkh\�ba�qbkeZ�gZb[he__�rbjhdh�jZkijh-
kljZgzgguo�kj_^b�]hfhfhe_dmeyjguo�hj]Zgbq_kdbo�djbklZeeh\��Ijb\_^bl_�ijbf_ju

kljmdlmj��hlghkysboky�d�wlbf�deZkkZf�

Lbi�: – P212121, Z  �����������^bf_lben_ghe�
Lbi�< – P21/k, Z  ���������f_lhdkbn_ghe�

Lbi�K – P21/k, Z = 2(1); �gZnlZebg��ZgljZp_g��n-^boehj[_gahe��α�fh^bnbdZpby��

�����DZdhc� we_f_gl� kbff_ljbb�qZs_�\k_]h� \klj_qZ_lky� \� hj]Zgbq_kdbo�djbklZe-
eZo"�DZdZy�kbg]hgby�gZb[he__�rbjhdh�jZkijhkljZg_gZ�kj_^b�wlbo�\_s_kl\"�Ijb\_^bl_

ijbf_ju�
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GZb[he__� jZkijhkljZgzgguc� we_f_gl� kbff_ljbb� ±� hkv� �1�� gZb[he__� jZkijhkljZgzgguc

kljmdlmjguc�deZkk�±�P21/c, Z = 4(1) – fhghdebggZy�kbg]hgby��Ijbf_j�±���f_lhdkbn_ghe�

�����Qlh�lZdh_�dhglZdlgZy�dhgnhjf_jby"�DZdh\u�_z�lbibqgu_�ijhy\e_gby"�Ijb-
\_^bl_�ijbf_ju.
DhglZdlgZy�dhgnhjf_jby�±�wlh�khkms_kl\h\Zgb_�\�h^ghf�djbklZee_�h^bgZdh\uo�obfbq_kdb

fhe_dme��bf_xsbo�jZagmx�]_hf_ljbq_kdmx�nhjfm�

Lbibqgu_�ijhy\e_gby�

1) GZebqb_�\�h^ghf�djbklZee_�fhe_dme�\�jZaguo�dhgnhjfZpbyo��GZijbf_j��pbdeh]_dkZg�\

dhgnhjfZpbyo�©dj_kehª�b�©\ZggZª��P2/c, Z = 4(1;  2));  L-bahe_cpbg�\�©pbkª�b�©]hrª�nhj-
fZo��P2/c, Z = 4(1; 1)).

2) DhgnhjfZpbhgguc�bahfhjnbaf�±�bahfhjnbaf�djbklZeeh\��kh^_j`Zsbo�fhe_dmeu�\�jZa-
guo�dhgnhjfZpbyo��gZijbf_j��\jZs_gb_�f_lhdkb�]jmiiu�\�hkgh\Zgbyo�RbnnZ�

�����Ijb\_^bl_�ijbf_ju�ehdZevghc�ik_\^hkbff_ljbb�fhe_dmeyjguo�ih^kbkl_f�\

hj]Zgbq_kdbo�djbklZeeZo�

EhdZevgZy�ik_\^hkbff_ljby�±�kbff_ljby��dhlhjZy�fh`_l�[ulv�\u^_e_gZ�\�hl^_evguo�qZklyo

djbklZeeZ��gh�hlkmlkl\m_l�\�djbklZee_�\�p_ehf��Ijbf_ju��n_ghe�±�ehdZevgZy�kbff_ljby�p_-
i_c�Pc312, Z = 3(2); C19H23NO3 (ijhba\h^gh_�^bn_gbehdkb^Z�� ±�ehdZevgZy�kbff_ljby�kehz\

Pl21/c (kbff_ljby�djbklZeebq_kdhc�kljmdlmju�±�P1,  2(1)).Z =

�����Ijb\_^bl_�ijbf_ju�]bi_jkbff_ljbb�\�hj]Zgbq_kdbo�djbklZeeZo�

=bi_jkbff_ljby� ±� we_f_glu� kbff_ljbb�� y\eyxsb_ky� dhf[bgZpb_c� aZdjuluo� we_f_glh\

kbff_ljbb�b�k^\b]Z�gZ�ijhba\hevguc�\_dlhj��ijb�wlhf�^Zggu_�hi_jZpbb�lZd`_�y\eyxlky�aZ-
djulufb��lh�_klv�fh]ml�[ulv�ijbf_g_gu�ebrv�h^bg�jZa��Ijbf_ju��\�kljmdlmj_�lheZgZ�bf_-
_lky�hkv��q; \�kljmdlmj_�D,L-f_lbeyglZjghc�dbkehlu�±�iehkdhklv�mp.

�����DZdhc� we_f_gl� kh[kl\_gghc� kbff_ljbb�fhe_dmeu� qZs_� \k_]h� khojZgy_lky� \

djbklZeebq_kdhc�kljmdlmj_"�Ijb\_^bl_�ijbf_ju�khojZg_gby� wlh]h� we_f_glZ�kbff_l-
jbb�\�djbklZee_�

Kh]eZkgh� ijZ\bem� DblZc]hjh^kdh]h� fhe_dmeu� \� djbklZeeZo� h[uqgh� l_jyxl� kh[kl\_ggu_

we_f_glu� kbff_ljbb� �aZ� bkdexq_gb_f� p_gljZ� kbff_ljbb��� Z� _keb�fhe_dmeZ� h[eZ^ZeZ� p_g-

ljhf� kbff_ljbb�� lh� hgZ�ihiZ^Z_l� \�ihabpbx� 1�ijhkljZgkl\_gghc� ]jmiiu��LZdbf� h[jZahf�

wlhl�we_f_gl�kbff_ljbb�±�p_glj�bg\_jkbb. Ijbf_ju��gZnlZebg��P21/k, Z = 2(1));  ]_dkZf_lbe-

[_gahe� 1));(P1,  1(Z = [_gahe��Pbca, Z = 4(1)).

7�����GZah\bl_�kljmdlmjgu_�deZkku�\�dhlhjuo��Z��\k_�fhe_dmeu�hjb_glbjh\Zgu

h^bgZdh\h��[��bf_xlky�^\_�jZaebqgu_�hjb_glZpbb.

Z��P1,  1(1).Z =

[��3�1/c, Z = 2(1);  P1,  2(1);Z =  P21, Z = 2(1); Pbca, Z = 4(1).

������Kdhevdh�jZaebqguo�hjb_glZpbc�fhe_dme�qZs_�\k_]h�gZ[ex^Z_lky�\�kljmdlm-
jZo�hj]Zgbq_kdbo�djbklZeeh\"�MdZ`bl_�khhl\_lkl\mxsb_�kljmdlmjgu_�deZkku�

QZs_�\k_]h�gZ[ex^Zxlky� ��jZaebqgu_�hjb_glZpbb��Kljmdlmjgu_�deZkku��P212121, Z = 4(1);
P21/c, Z = 4(1).

7.12. Ko_fZlbq_kdb� bah[jZabl_� jZkiheh`_gb_�fhe_dme� \� djbklZeeZo� gZnlZebgZ�
Kdhevdh�jZaebqguo�hjb_glZpbc�fhe_dme�gZ[ex^Z_lky�\�wlhf�\_s_kl\_"
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��hjb_glZpbb�

������DZdb_�fhe_dmeyjgu_�Z]ehf_jZ-
lu�qZs_�\k_]h�\klj_q�\�hj]Zgbq_kdbo�djb-
klZeeZo"

Dhg_qgu_�Z]ehf_jZlu�±�hkljh\Z�beb�h[ju\-
db� p_i_c� �gZijbf_j�� ^bf_ju� \� kljmdlmjZo

ijhibhgh\hc�b�fZkeyghc�dbkehl����

;_kdhg_qgu_� Z]ehf_jZlu� ±� kehb� beb� p_ib�

P_ib�� ©dhgvdh\uc� rZ]ª� �Pc21 – 2,5-
^bf_lben_ghe�� Pcg – ��f_lhdkb���������

l_ljZf_lben_ghe��� ©[mkuª� �P 1c  – ^bf_lbe]-

ebhdkbf��

Kehb�� ©iZjd_lguc� kehcª� �Pl21/c – ]ebhdkbf�
gZnlZebg��

������ <� q_f� kmsghklv� l_hjbb� iehl-
ghc�miZdh\db�fhe_dme?
1) Kms_kl\m_l� kbkl_fZ� \Zg�^_j�\ZZevkh\uo

jZ^bmkh\� we_f_glh\�hj]Zgh]_gh\� lZdbo��qlh�fhe_dmeu��fh^_ebjm_fu_�\g_rg_c�ih\_jo-
ghklvx�i_j_k_dZxsboky�Zlhfguo�kn_j�k�lZdbfb�jZ^bmkZfb��dZkZxlky��lh�_klv�g_�ijhgb-
dZxl�^jm]�\�^jm]Z�b�g_�\bkyl�\�imklhl_� �\Zg�^_j�\ZZevkh\u�jZ^bmku�±�Zlhfgu_�jZ^bmku

^ey�\Ze_glgh�k\yaZgguo�Zlhfh\��

2) <�ex[hf�fhe_dmeyjghf�djbklZee_�_klv�dhglZdlu�©\uklmi�\iZ^bgZª��dhlhju_�hij_^_ey-
xl�kljmdlmjm�djbklZeeZ�b�__�mklhcqb\hklv�

3) MiZdh\dZ�fhe_dme�\�djbklZee_�g_miehlgy_fZ��gh�b�g_�y\ey_lky�gZbiehlg_cr_c��lh�_klv

g_evay�fZeufb�baf_g_gbyfb�^hklbqv�kms_kl\_ggh]h�baf_g_gby�dhwnnbpb_glZ�iehlgh-
klb�miZdh\db�

������Qlh�lZdh_�\Zg�^_j�\ZZevkh\�Zlhfguc�jZ^bmk?
Wlh�Zlhfguc�jZ^bmk�^ey�\Ze_glgh�k\yaZggh]h�ZlhfZ��hij_^_ey_lky�klZlbklbq_kdbf�ZgZebahf

^ebg�k\ya_c�\�[hevrhf�dhebq_kl\_�kljmdlmj��?keb d(A–A) = l, lh rA = l/2; _keb d(A–B) = l, lh

2 .A Br r l=

������Ijb\_^bl_�ijbf_ju�ki_pbnbq_kdbo�f_`fhe_dmeyjguo�dhglZdlh\�

1) >\moZlhfgu_�dhglZdlu� �Cl–Cl \�oehj[_gahe_��S–S, M–M \�^bf_lbe]ebhdkbfZl_�gbd_ey�
M–O \�kZebpbeZebfbgZl_�gbd_ey�b�^j���

2) LjzoZlhfgu_� dhglZdlu� ±� \h^hjh^gu_� k\yab� XH...Y� �����^bf_lben_ghe�� ����

^bf_lben_ghe��mjZpbe��

3) IhebZlhfgu_�dhglZdlu�±��dhglZdlu�[_gahevguo�dhe_p�\�[_gahe_��h�dj_ahe_��]_dkZf_lbe-
[_gahe_��

F_`fhe_dmeyjguc� dhglZdl� ±� kms_kl\_ggh_� i_j_dju\Zgb_� \Zg�^_j�\ZZevkh\uo� kn_j� g_-
kdhevdbo�Zlhfh\�

������MdZ`bl_�\Z`g_crb_�lbiu�ki_pbnbq_kdbo�f_`fhe_dmeyjguo�dhglZdlh\�[_g-
ahevguo�dhe_p�

1) ©Kwg^\bqª�±�]_dkZf_lbe[_gahe
2) Hjlh]hgZevgu_� [_gahevgu_� dhglZdlu� �L�h[jZagu_� dhglZdlu� kh� k^\b]hf�� ±� [_gahe�� h-

dj_ahe����Zfbgh���oehj[_gahe�
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3) Kdhr_ggu_� dhglZdlu� �©iZjd_lguc� kehcª�� ©dhgvdh\uc� rZ]ª�� ±� gZnlZebg�� ����

^bf_lben_ghe����f_lhdkbn_ghe�

������DZdh\u�oZjZdl_jgu_�agZq_gby�hkgh\guo�]_hf_ljbq_kdbo�oZjZdl_jbklbd�\h-
^hjh^ghc�k\yab�

ϕ�g_fgh]h�[hevr_����
0; 2 .R r r r ryX X Y≈ ≥ + �LZdbf�h[jZahf��\hagbdZ_l

g_[hevrh_�i_j_dju\Zgb_�Zlhfguo�kn_j�X b�Y.

������ Ijb\_^bl_� ijbf_ju� G�ZkkhpbZlh\� k� mdZaZgb_f� kbf\heh\

khhl\_lkl\mxsbo�]jZnh\�

H[sbc�kbf\he�]jZnZ: ( ),mG kn �]^_�G�±�nhjfZ�Z]ehf_jZlZ��I�±�hkljh\��K�±�p_iv��L�±�kehc��F –

dZjdZk���m�±�djZlghklv�\_jrbgu� �qbkeh�k\ya_c��bkoh^ysbo�ba�^Zgghc�\_jrbgu���n� ±�qbkeh
\_jrbg��k�dhlhjufb�^ZggZy�\_jrbgZ�k\yaZgZ�\h^hjh^gufb�k\yayfb��k ±�jZaf_jghklv�pbdeZ�

Ijbf_ju�G�ZkkhpbZlh\: 2(0)2C �±�fmjZ\vbgZy�b�mdkmkgZy�dbkehlu��
2(2)1I �±�\ukrb_�dZj[hgh-

\u_�dbkehlu��ijhibhgh\Zy��fZkeygZy�b�^j����
4(2;6)3L  – mjZpbe�

������Qlh�lZdh_�khijy`zggu_��dhhi_jZlb\gu_��\h^hjh^gu_�k\yab?
Wlh� Z]j_]Zpby� bg^b\b^mZevguo� \h^hjh^guo� k\ya_c� k� h[jZah\Zgb_f� _^bgh]h� Z]j_]ZlZ��>ey

hibkZgby�lZdbo�k\ya_c�bkihevamxl�]jZnu��dhlhju_�fh]ml�[ulv�dZd�dhg_qgufb��lZd�b�[_kdh-
g_qgufb��H[sbc�kbf\he�]jZnZ�±�\�\hijhk_������

������Qlh�ij_^klZ\ey_l�kh[hc�gZ[hj�kljmdlmjguo�iZjZf_ljh\�hibkZgby�kljh_gby

fhe_dmeyjguo�djbklZeeh\"

>ey�fhghkbkl_fguo�djbklZeeh\�

1) IZjZf_lju�we_f_glZjghc�yq_cdb��Z, b, c, α, β, γ.
2) Dhhj^bgZlu�b�wce_jh\u�m]eu�fhe_dmeu��xi, yi, zi, αi, βi, γi.
3) M]eu�dhgnhjfZpbhggh]h�ih\hjhlZ��ϕ, θ, ψ.

������ DZd� \uqbkey_lky� wg_j]by� f_`fhe_dmeyjgh]h� \aZbfh^_ckl\by� \� Zlhf�

Zlhfghf�ijb[eb`_gbb"

( ),
,ijU ij iji j

ϕ ψ= +∑ �]^_�ϕij – ihl_gpbZe�\aZbfh^_ckl\by�Zlhfh\��\oh^ysbo�\�fhe_dmeu��ψij –

ihl_gpbZe�\aZbfh^_ckl\by�hklZlhqguo�aZjy^h\�Zlhfh\; i,j – ghf_jZ�Zlhfh\��\oh^ysbo�\h

\aZbfh^_ckl\mxsb_�fhe_dmeu�

Kms_kl\mxl�^\Z�kihkh[Z�jZkqzlZ�ihl_gpbZeZ�ϕij: 
6 12A r B rij ij ij ij ijϕ − −= − +  – ihl_gpbZe�E_g-

gZj^Z�>`hgkhgZ��beb� ( )exp
6

rijA r Bij ij ij ij αϕ −−= − +  – ihl_gpbZe�;Zdbg]_fZ�Bhjg_jZ��A^_kv

A ij, Bij – wfibjbq_kdb_�dhgklZglu��ih^[bjZ_fu_�^ey� dZ`^hc�iZju� Zlhfh\�� rij – jZkklhygb_

f_`^m�ZlhfZfb�� .
q qi j

ij rij
ψ =

7�����DZd�\uqbkey_lky�ihl_gpbZevgZy�wg_j]by�hj]Zgbq_kdh]h�djbklZeeZ"

Ihl_gpbZevgZy�wg_j]by�hj]Zgbq_kdh]h� �lh�_klv�fhe_dmeyjgh]h��djbklZeeZ�±� wg_j]by��dhlh-
jmx� g_h[oh^bfh� aZljZlblv� ^ey� m^Ze_gby� ba� djbklZeeZ� h^ghc� fhe_dmeu�� LZdbf� h[jZahf�

,U Umm
= ∑ �]^_�Um – wg_j]by�\aZbfh^_ckl\by�jZkkfZljb\Z_fhc�fhe_dmeu�k�h^ghc�ba�^jm]bo
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fhe_dme�djbklZeeZ��<�j_Zevghklb��gZ�agZq_gb_�wg_j]bb�hdZau\Zxl�agZq_gb_�lhevdh�l_�fhe_-
dmeu��jZkklhygb_�^h�dhlhjuo�g_�ij_\urZ_l���±��Å, ihwlhfm�kmffbjh\Zgb_�ijhba\h^blky�ih
h]jZgbq_gghfm�qbkem�fhe_dme�

������ Qlh� ij_^klZ\ey_l� kh[hc� wg_j]by� hj]Zgbq_kdh]h� djbklZeeZ�� dZd� nmgdpby

kljmdlmjguo�iZjZf_ljh\"�Qlh�fh`gh�ba\e_qv�ba�wlhc�nmgdpbb"

Wg_j]by�hj]Zgbq_kdh]h�djbklZeeZ�±�nmgdpby�fgh]bo�i_j_f_gguo��kljmdlmjguo�iZjZf_ljh\��

_z� ]jZnbq_kdbf� bah[jZ`_gb_f� y\ey_lky� ih\_joghklv� \�fgh]hf_jghf� ijhkljZgkl\_��<� b^_-
Zevghf� kemqZ_�� ]eh[Zevguc� fbgbfmf� wlhc� nmgdpbb� ^he`_g� khhl\_lkl\h\Zlv� wdki_jbf_g-
lZevgh�gZ[ex^Z_fuf�kljmdlmjguf�iZjZf_ljZf��GZ�kZfhf�^_e_��wdki_jbf_glZevguf�nZdlZf

khhl\_lkl\m_l�h^bg�ba�ehdZevguo�fbgbfmfh\��qlh�k\yaZgh�k�hij_^_ezggufb�ij_g_[j_`_gby-
fb�ijb�jZkqzl_�ihl_gpbZeZ�f_`fhe_dmeyjgh]h�\aZbfh^_ckl\by��Z�lZd`_�l_f��qlh�kljmdlmjZ

hij_^_ey_lky�fbgbfmfhf�k\h[h^ghc�wg_j]bb�djbklZeeZ��Z�g_�ihl_gpbZevghc�wg_j]bb�

������ Qlh� lZdh_� kljmdlmjgu_� ih^deZkku� hj]Zgbq_kdbo� djbklZeeh\"� Ijb\_^bl_

ijbf_ju�

Kljmdlmjguc� ih^deZkk� ±� kh\hdmighklv� djbklZeeh\�� hlghkysboky� d� ^Zgghfm� kljmdlmjghfm

deZkkm�b�kh^_j`Zsbo�h^bgZdh\u_�ih�kbff_ljbb�fhe_dmeyjgu_�Z]ehf_jZlu��h^bgZdh\h�hjb-
_glbjh\Zggu_�ih�hlghr_gbx�d�we_f_glZf�kbff_ljbb�

Ijbf_ju: 1 P 2 / P2 /1 1( ) c cl YZ− − � ±� gZnlZebg�� 1 P 2 P 2 P2 2 2 ,  41 1 1 1 1( ) ( ) Zc Y l YZ− ↑↑ ↑↓ =  –

����^bf_lben_ghe��1 P 2 P 2 P2 ,  21 1 1( ) ( ) Zc Y l YZ− ↑↑ ↑↑ = �±�����^bf_lben_ghe�

�����DZdmx�dhgnhjfZpbx��iehkdmx�beb�g_iehkdmx��bf_xl�fhe_dmeu�[bn_gbeZ�\

djbklZeeZo�� hlghkysboky� d� kljmdlmjghfm� deZkkm� 3�1/c, Z = 2(1)?�Hl\_l� h[hkgh\Zlv�

Fhe_dmeZ�bf__l�iehkdmx�dhgnhjfZpbx��ihkdhevdm�g_iehkdZy�fhe_dmeZ�[bn_gbeZ� �kbff_l-
jby������g_�kh^_j`bl�p_gljZ�bg\_jkbb�

�����MdZ`bl_�kljmdlmjguc�deZkk�b�ih^deZkk�djbklZeeh\�gZnlZebgZ�b�ZgljZp_gZ�

Kljmdlmjguc�deZkk: P21/c, Z = 2(1);  kljmdlmjguc�ih^deZkk: 1 – Pl21/c ↑↑�P21/c, Z = 2��Ijb-
kmlkl\mxsb_�fhe_dmeyjgu_�Z]ehf_jZlu�ij_^klZ\eyxl�kh[hc� ©iZjd_lgu_ª�kehb��iZjZee_ev-
gh_�gZeh`_gb_�dhlhjuo�ijb\h^bl�d�h[jZah\Zgbx�ieZklbgqZluo�djbklZeeh\�

�����DZdh\u�hkh[_gghklb�kljh_gby�djbklZeebq_kdh]h�[_gaheZ"

Kljmdlmjguc�deZkk�Pbca, Z = 4(1).�<�djbklZeeZo�ijbkmlkl\mxl�©hjlh]hgZevgu_�[_gahevgu_
kehbª��h[jZah\Zggu_�©hjlh]hgZevgufb�[_gahevgufb�dhglZdlZfbª� �L�h[jZagu_�dhglZdlu�kh

k^\b]hf��\�j_amevlZl_�k^\b]Z�kbff_ljby�dhglZdlZ�ihgb`Z_lky��g_��mm��Z�m).

�����DZdbfb�]jZnZfb�hibku\Z_lky�kbkl_fZ�\h^hjh^guo�k\ya_c�2+���2�\�djbklZe-
eZo�dZj[hgh\uo�dbkehl�&nH2n+1&22+��]^_�&nH2n+1 – g�Zedbe�

n = 0; 1 (fmjZ\vbgZy�b�mdkmkgZy�dbkehlu��±� 2
2 (0).C

n > 1 (ijhibhgh\Zy��fZkeygZy�b�^j��dbkehlu��±� 2
1 (2).I

�����DZdh\u�hkh[_gghklb�djbklZeebq_kdbo�kljmdlmj�n_gheZ�b�h�dj_aheZ"

<�h[_bo�kljmdlmjZo�ijbkmlkl\mxl�p_ib�khijy`_gguo�+�k\ya_c�k�\bglh\hc�hkvx��1��dhlhjZy

y\ey_lky�\�kemqZ_�h�dj_aheZ�lhqghc�djbklZeeh]jZnbq_kdhc�hkvx��Z�\�kemqZ_�n_gheZ�±�ehdZev-
ghc� hkvx� ik_\^hkbff_ljbb��<� djbklZeebq_kdhf� h�dj_ahe_� bf__lky� djhf_� lh]h� kibjZevgZy
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kbkl_fZ� khijy`_gguo� ©hjlh]hgZevguo� [_gahevguo� dhglZdlh\ª�� gZ� i_jbh^� lZdhc� kibjZeb

ijboh^blky�^_\ylv�[_gahevguo�dhe_p�

�����MdZ`bl_�kljmdlmjguc�deZkk�b�hibrbl_�hkh[_gghklb�djbklZeebq_kdhc�kljmd-
lmju�]_dkZf_lbe[_gaheZ�

J_^dbc�kljmdlmjguc�deZkk�P1,  1(1);Z = �fhe_dmeyjgZy�kljmdlmjZ�;jZ\w�±�\k_�fhe_dmeu�ljZgk-
eypbhggh�k\yaZgu�b�bf_xl�h^bgZdh\mx�hjb_glZpbx��;_gahevgu_�dhevpZ�h[jZamxl�©kdhr_g-
gu_ª�klhidb��\�dhlhjuo�[_gahevgu_�dhevpZ�khijbdZkZxlky��h[jZamy�dhglZdlu�lbiZ�©kwg^\bqª

�kh� k^\b]hf��� \� lh� `_� \j_fy� dZ`^Zy� fhe_dmeZ� e_`bl� \� iehkdhklb� ik_\^h]_dkZ]hgZevgh]h

©kehyª�� H^gZ� ba� i_j\uo� hj]Zgbq_kdbo� djbklZeebq_kdbo� kljmdlmj�� bamq_gguo� k� ihfhsvx

j_gl]_ghkljmdlmjgh]h�ZgZebaZ��Ehgk^_ce��������

�����DZdh\u�hkh[_gghklb�djbklZeebq_kdbo�kljmdlmj�^bf_lbe]ebhdkbfZlZ�gbd_ey

b�kZebpbeZebfbgZlZ�gbd_ey"

<�djbklZeeZo�^bf_lbe]ebhdkbfZlZ�gbd_ey�ijbkmlkl\mxl�p_ib�� kh^_j`Zsb_� ki_pbnbq_kdb_

f_`fhe_dmeyjgu_�dhglZdlu�1L���1L��wlb�dhglZdlu�khijy`_gu�±�\hagbdZxl�[_kdhg_qgu_�p_ib

���1L���1L���1L����<�kZebpbeZebfbgZl_�gbd_ey�fhe_dmeu�h[jZamxl�iZjd_lgu_�kehb��f_`^m�fhe_-
dmeZfb�bf_xlky�ki_pbnbq_kdb_�f_`fhe_dmeyjgu_�dhglZdlu�1L���2�

�����MdZ`bl_�kljmdlmjguc�deZkk�b�hibrbl_�hkh[_gghklb�djbklZeebq_kdhc�kljmd-
lmju�lheZgZ�

<� djbklZeeZo� lheZgZ� �^bn_gbeZp_lbe_gZ��� hlghkysboky� d� kljmdlmjghfm� deZkkm� 3�1/c,
2

4(1 ),Z =  kbff_ljbq_kdb�g_aZ\bkbfu_�fhe_dmeu�ij_h[jZamxlky�^jm]�\�^jm]Z�]bi_jkbff_l-
jbq_kdhc�hi_jZpb_c��q��ih\hjhl�gZ������kh�k^\b]hf���hkv��q�iZjZee_evgZ�iehkdhklb�YZ�b�h[-
jZam_l�m]he�ω ≈����k�iehkdhklvx�XZ��:gZeh]bqgufb�hkh[_gghklyfb�h[eZ^Zxl�ihqlb�\k_�djb-
klZeeu�wlh]h�kljmdlmjgh]h�deZkkZ�

�����MdZ`bl_�hkh[_gghklb�djbklZeebq_kdbo�kljmdlmj������b�����^bf_lben_gheZ����

f_lhdkbn_gheZ�

<h�\k_o�gZa\Zgguo�djbklZeeZo�bf_xlky�kbkl_fu�khijy`_gguo�k\ya_c�2+���2��ihkj_^kl\hf

dhlhjuo�fhe_dmeu�h[t_^bgyxlky�\�p_ib�3c21, Z  �������<�djbklZeeZo�����^bf_lben_gheZ�p_-
ib�gZdeZ^u\Zxlky�iZjZee_evgh�k�h[jZah\Zgb_f�keh_\�3l (YZ) 21, Z = 2(1); ZglbiZjZee_evgh_�gZ-
eh`_gb_�keh_\�^Z_l�djbklZee�deZkkZ�3�12121, Z = ������<�djbklZeeZo�����^bf_lben_gheZ�ZgZ-
eh]bqgu_� kehb� �kh^_j`Zsb_� ZgZeh]bqgu_� p_ib�� gZeZ]Zxlky� iZjZee_evgh� k� h[jZah\Zgb_f

kljmdlmju��hlghkys_cky�d�deZkkm�3�1, Z = ������<�djbklZeebq_kdhf���f_lhdkbn_ghe_�bf_xlky
e_\u_�b�ijZ\u_�p_ib�3c21, Z=2 �����dhlhju_�h[jZamxl�kehb�k�kbff_ljb_c�3l21/c��gZeZ]Zxsb_-
ky�iZjZee_evgh�k�h[jZah\Zgb_f�jZp_fZlZ�3�1/c, Z = 4(1).

������ MdZ`bl_� hkh[_gghklb� djbklZeebq_kdhc� kljmdlmju� n-^boehj[_gaheZ� �α-
fh^bnbdZpby��

Kljmdlmjguc�deZkk�gZnlZebgZ�3�1/c, Z = 2(1).�DZd�b�\�gZnlZebg_��fhe_dmeu�h[jZamxl�©iZj-
d_lgu_� kehbª��GZ� \g_rgbo� ih\_joghklyo� wlbo� keh_\� k� h[_bo� klhjhg� jZkiheZ]Zxlky� Zlhfu

oehjZ��Ijb�gZeh`_gbb�keh_\�h[jZamxlky�f_`fhe_dmeyjgu_�dhglZdlu�Cl...&O�^ebghc������Å
�l�_��gZ�����Å [he__�dhjhldb_��q_f��rCl���LZdbf�h[jZahf��\hagbdZ_l�[_kdhg_qguc�\�^\mo�baf_-
j_gbyo�&O�Z]j_]Zl�

������MdZ`bl_�hkh[_gghklb�djbklZeebq_kdhc�kljmdlmju�oehj[_gaheZ�

:lhfu�oehjZ�khk_^gbo�fhe_dme�k[eb`_gu� �djZlqZcrb_�dhglZdlu�Cl...&O�������b�������Å); \
blh]_�\hagbdZ_l�[_kdhg_qguc�&O�Z]j_]Zl��bf_xsbc�\b^�kl_j`gy�
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������MdZ`bl_�hkh[_gghklb�djbklZeebq_kdhc�kljmdlmju���Zfbghn_gheZ�b���Zfbgh�

��oehjn_gheZ�

DjbklZeeu���Zfbgh���oehjn_gheZ�khklhyl�ba�keh_\��bf_xsbo�ke_^mxs__�kljh_gb_��[_gahev-
gu_� dhevpZ� h[jZamxl� hjlh]hgZevguc� [_gahevguc� kehc� 2%]/� �Z]j_]Zl� hjlh]hgZevguo� [_g-
ahevguo�dhglZdlh\���hq_gv�ihoh`bc�gZ�lhl��dhlhjuc�gZ[ex^Z_lky�\�djbklZeebq_kdhf�[_gah-
e_��Zlhfu�&O�jZkiheZ]Zxlky�ih�h^gm�klhjhgm�wlh]h�kehy��2+��b�1+2�]jmiiu�±�ih�^jm]mx��GZ-
eh`_gb_�keh_\�ijhbkoh^bl�lZd��qlh�h[t_^bgyxlky�Zlhfu�&O�^\mo�keh_\��h[jZamy�[_kdhg_qguc

\�^\mo�baf_j_gbyo�&O�Z]j_]Zl��b�+�kh^_j`Zsb_�]jmiiu��h[jZamxsb_�f_`keh_\u_�+�k\yab��<

djbklZee_� ihke_^h\Zl_evgh� q_j_^mxlky�� kehc� 2%]/�� &O�Z]j_]Zl�� kehc� 2%]/�� kehc� k\ya_c

NH2���2�b�2+���1��kehc�2%]/�b�l�^�

<���Zfbghn_ghe_�dhglZdlu�Cl…Cl�hlkmlkl\mxl��ihwlhfm�k\yab�f_`^m�kehyfb�klZgh\ylky�f_-
g__�ijhqgufb�

������MdZ`bl_�hkh[_gghklb�djbklZeebq_kdhc�kljmdlmju�mjZpbeZ�

Fhe_dmeu�ihiZjgh�h[t_^bgyxlky�^\mfy�k\yayfb�1+���2�\�iehkdb_�p_gljhkbff_ljbqgu_�^b-
f_ju��<�k\hx�hq_j_^v��^bf_ju�k\yayfb�1+���2�b� &+���2�h[t_^bg_gu�\�iehkdb_�iZjd_lgu_

kehb�lZd��qlh�dZ`^uc�^bf_j�k\yaZg�k�q_lujvfy�[eb`Zcrbfb�^bf_jZfb��f_`^m�^\mfy�k\yaZg-
gufb� ^bf_jZfb� bf__lky� h^gZ� k\yav� 1+���2� b� ^\_� k\yab� &+���2���KljmdlmjZ� beexkljbjm_l

jhev�keZ[uo�k\ya_c�&+���2��\�bo�hlkmlkl\b_�kehb�g_�[ueb�[u�iehkdbfb��=jZn�k\ya_c�1+���2

�[_a�mq_lZ�k\ya_c�&+���2� – 4
3(2,6).L

������Hkh[_gghklb�djbklZeebq_kdhc�kljmdlmju�^\mo�ihebfhjnguo�fh^bnbdZpbc

��f_lbemjZpbeZ�

<�h[_bo�fh^bnbdZpbyo�fhe_dmeu�ihiZjgh�h[t_^bg_gu�\�iehkdb_�p_gljhkbff_ljbqgu_�^b-
f_ju�^\mfy� k\yayfb�1+���2��<�α�nhjf_�^bf_ju�h[t_^bg_u� k\yayfb�1+���2� \� kehb� �f_`^m
^\mfy�k\yaZggufb�^bf_jZfb�bf__lky�h^gZ�k\yav�1+���2���]jZn�k\ya_c�1+���2�±�

4
3(2,6).L �<�β-

nhjf_� ^bf_ju� h[t_^bg_gu� k\yayfb� 1+���2� \� e_glu� �f_`^m� ^\mfy� k\yaZggufb� ^bf_jZfb

bf_xlky�^\_�k\yab�1+���2���]jZn�k\ya_c�1+���2�±�
4
2 (2).C �Ijb�jZkl\hj_gbb�wlbo�ihebfhjnh\�\

jZkl\hj_�\�i_j\hf� kemqZ_�ijbkmlkl\mxl�hl^_evgu_�^bf_ju�� Z�\h�\lhjhf� kemqZ_� ±� h[ju\db

e_gl��qlh�h[tykgy_l�kms_kl\_ggh_�jZaebqb_�e_dZjkl\_gguo�k\hckl\� ���f_lbemjZpbe�bkihev-
am_lky�^ey�aZ`b\e_gby�jZg��ijbq_f�β�nhjfZ�ij_^ihqlbl_evgZ��

������MdZ`bl_�hkh[_gghklb�djbklZeebq_kdhc�kljmdlmju�mjhljhibgZ�

I_j\Zy�bamq_ggZy�k�ihfhsvx�j_gl]_ghkljmdlmjgh]h�f_lh^Z� �\������]���kljmdlmjZ�hj]Zgbq_-
kdh]h�djbklZeeZ��MgbdZevguc�^ey�hj]Zgbq_kdbo�\_s_kl\�kemqZc�dm[bq_kdhc�kbff_ljbb��Fh-
e_dmeZ�\�djbklZee_�iheghklvx�khojZgy_l�kh[kl\_ggmx�kbff_ljbx��3m��Kljmdlmjguc�deZkk
I43m, Z = 2(43m).

�����>Zcl_�hibkZgb_��©keh\_kguc�ihjlj_lª��mdZaZgghc�kljmdlmju�

Cu:�Zlhfu�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o�__�]jZg_c�

Mg: � Zlhfu� \� \_jrbgZo� ]_dkZ]hgZevghc� yq_cdb� b� \� p_glj_� h^ghc� ba� ^\mo� ljb]hgZevguo

ijbaf��gZ�dhlhju_�^_eblky�]_dkZ]hgZevguc�iZjZee_e_ibi_^�iehkdhklvx��ijhoh^ys_c�q_j_a

fZeu_�h[t_fgu_�^bZ]hgZeb�yq_cdb�

α-Fe:�Zlhfu�\�\_jrbgZo�b�\�p_glj_�dm[bq_kdhc�yq_cdb�

α-Po:�Zlhfu�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�

:efZa��Zlhfu�&�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��\�p_gljZo�__�]jZg_c�b�\�p_gljZo�q_luj_o�ba

\hkvfb�hdlZglh\��\�rZofZlghf�ihjy^d_��

Li 2O:�Zlhfu�H�\�\_jrbgZo�b�\�p_gljZo�\k_o�]jZg_c��Li �±�\�p_glj_�\k_o�\hkvfb�hdlZglh\�
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Cu2O:�Zlhfu�2�\�\_jrbgZo�b�\�p_glj_�dm[bq_kdhc�yq_cdb��Zlhfu�&X�\�p_gljZo�q_luj_o�ba

\hkvfb�hdlZglh\��\�rZofZlghf�ihjy^d_��

ZnS��knZe_jbl���Zlhfu�6�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�__�]jZg_c��Zlhfu�=Q�\

p_gljZo�q_luj_o�ba�\hkvfb�hdlZglh\��\�rZofZlghf�ihjy^d_��

CaF2:�Zlhfu�&D�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o�__�]jZg_c��Zlhfu�)�\�p_g-
ljZo�\k_o�\hkvfb�hdlZglh\�

NaCl:�Zlhfu�1D�\�\_jrbgZo�dm[bq_kdhc�yq_cdb�b�\�p_gljZo�\k_o�]jZg_c��Zlhfu�&O�\�p_glj_

yq_cdb�b�\�k_j_^bgZo�\k_o�__�j_[_j

CsCl:�Zlhfu�&O�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��Zlhf�&V�\�__�p_glj_�

CaTiO3:�Zlhfu�7L�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��Zlhf�&D�\�__�p_glj_��Zlhfu�2�\�k_j_^bgZo

\k_o�j_[_j�yq_cdb�

Cu3Au: �Zlhfu�$X�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��Zlhfu�&X�\�p_gljZo�\k_o�]jZg_c�yq_cdb�

�����Hibrbl_�mdZaZggmx�kljmdlmjm�\�l_jfbgZo�IRM�IRD.
La: �q_lujzokehcgZy�IRM�

Sm:�^_\ylbkehcgZy�IRM�

CuAu: �ljzokehcgZy�IRM�k�g_kdhevdh�©jZa^\bgmlufbª�kehyfb��h[jZah\Zggufb�ZlhfZfb�Cu
b�$X�kh\f_klgh�

Cu3Au: �ljzokehcgZy�IRM��iehlgu_�kehb�h[jZah\Zgu�ZlhfZfb�Cu b�Au�kh\f_klgh�
Mg3Cd:�^\mokehcgZy�IRM��iehlgu_�kehb�h[jZah\Zgu�ZlhfZfb�Mg b�Cd kh\f_klgh�
Fe3Al: �Zlhfu�Zexfbgby�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�`_e_aZ�aZgbfZxl�\k_�l_ljZw^-
jbq_kdb_�b�hdlZw^jbq_kdb_�imklhlu�

NiAs:�Zlhfu�furvydZ�h[jZamxl�^\mokehcgmx�IRM��Zlhfu�gbd_ey�aZgbfZxl�\k_�hdlZw^jb-
q_kdb_�imklhlu�

Li 2O:�Zlhfu�dbkehjh^Z�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�eblby�aZgbfZxl�\k_�l_ljZw^jb-
q_kdb_�imklhlu�

CaF2:�Zlhfu�dZevpby�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�nlhjZ�aZgbfZxl�\k_�l_ljZw^jbq_-
kdb_�imklhlu�

NaCl:�Zlhfu�oehjZ�h[jZamxl� ljzokehcgmx�IRM�� Zlhfu�gZljby� aZgbfZxl�\k_�hdlZw^jbq_-
kdb_�imklhlu�

CsCl:�Zlhfu�oehjZ�h[jZamx�ijhklmx�dm[bq_kdmx�deZ^dm��Zlhfu�p_aby�aZgbfZxl�p_glju�\k_o
h[jZamxsboky�dm[h\�

CdCl2:�Zlhfu�oehjZ�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�dZ^fby�ihkehcgh�aZgbfZxl�iheh-
\bgm�hdlZw^jbq_kdbo�imklhl�

=Q6�knZe_jbl���Zlhfu�k_ju�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�pbgdZ�jZ\ghkehcgh�aZgb-
fZxl�iheh\bgm�l_ljZw^jbq_kdbo�imklhl�

ZnS(\xjlpbl���Zlhfu�k_ju�h[jZamxl�^\mokehcgmx�IRM��Zlhfu�pbgdZ�jZ\ghkehcgh� aZgb-
fZxl�iheh\bgm�l_ljZw^jbq_kdbo�imklhl�

CaTiO3:�Zlhfu�dZevpby�b�dbkehjh^Z�kh\f_klgh�h[jZamxl�ljzokehcgmx�IRM��Zlhfu��lblZgZ

aZgbfZxl�q_l\_jlv�hdlZw^jbq_kdbo�imklhl�

MgAl 2O4:�Zlhfu�dbkehjh^Z�h[jZamxl�ljzokehcgmx�IRM��Zlhfu�fZ]gby�aZgbfZxl�\hkvfmx

qZklv�l_ljZw^jbq_kdbo�imklhl��Zlhfu�Zexfbgby�±�iheh\bgm�hdlZw^jbq_kdbo�

�����Bah[jZabl_�ijh_dpbx�mdZaZgghc�kljmdlmju�

Ku3Au, CaTiO3, CaF2, ZnS (knZe_jbl���Cu2O – kf�������keh\_kgu_�ihjlj_lu�
:efZa��Zlhfu�K�\�\_jrbgZo�dm[bq_kdhc�yq_cdb��\�p_gljZo�\k_o�_z�]jZg_c�b�\�p_gljZo�q_lu-
jzo�ba�\hkvfb�hdlZglh\��\�rZofZlghf�ihjy^d_��

α�]jZnbl�� Zlhfu�K�h[jZamx� kehb�� khklhysb_�bo� khijy`zgguo�ijZ\bevguo�r_klbm]hevgb-
dh\��Kehb�gZeZ]Zxlky�ih�aZdhgm�«:<:<:<«��kehc�<�k^\bgml�hlghkbl_evgh�kehy�:�gZ�\_-
ebqbgm�\_dlhjZ��jZ\gh]h�k\yab�K±K�
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BN: Zlhfu�B b�N, q_j_^mykv��Zlhf�1�hdjm`zg�ZlhfZfb�<��Zlhf�<�hdjm`zg�ZlhfZfb�N)��h[jZ-
amxl�kehb��khklhysb_�ba�khijy`zgguo�ijZ\bevguo�r_k-
lbm]hevgbdh\��Kehb�gZeZ]Zxlky� lZd�� qlh�r_klbqe_ggu_

pbdeu�hdZau\Zxlky�^jm]�gZ^�^jm]hf� �Zlhfu�<�gZ^�Zlh-
fZfb�N��Zlhfu�N�gZ^�ZlhfZfb�<��
NiAs:
ReO3: :lhfu�Re \�\_jrbgZo�dm[bq_kdhc�yq_cdb��Zlhfu

H�±�\�k_j_^bgZo�\k_o�_z�jz[_j�

ZnS (\xjlpbl��

�����DZdh\u� oZjZdl_j� kljmdlmju� b� dhhj^bgZ-
pby�Zlhfh\�\�mdZaZgguo�djbklZeeZo"

Cu:�DQ� �����dm[hhdlZw^j���]hfh^_kfbq_kdZy�
Mg: � DQ�  � ��� �]_dkZ]hgZevguc� ZgZeh]� dm[hhdlZw^jZ��
]hfh^_kfbq_kdZy�

La: �DQ� �����dm[hhdlZw^j�b�]_dkZ]hgZevguc�ZgZeh]�dm[hhdlZw^jZ���]hfh^_kfbq_kdZy�
Sm: DQ� �����dm[hhdlZw^j�b�]_dkZ]hgZevguc�ZgZeh]�dm[hhdlZw^jZ���]hfh^_kfbq_kdZy�
CuAu: �DQ��Ku) = DQ�(Au)� �����bkdZ`zggu_�±�\ulygmlu_�±�dm[hhdlZw^ju���]hfh^_kfbq_kdZy�
Cu3Au: �DQ��Ku�� �DQ��Au) = 12 (dm[hhdlZw^ju���]hfh^_kfbq_kdZy�
Mg3Cd:�DQ��Mg) = DQ��Cd) = 12 (]_dkZ]hgZevgu_�ZgZeh]b�dm[hhdlZw^jh\���]hfh^_kfbq_kdZy�
Fe3Al: �DQ��Fe) = DQ��Al) = ���dm[���]hfh^_kfbq_kdZy�
NiAs:�DQ��Ni)  ��������bkdZ`zgguc�hdlZw^j���DQ��As)  ����ljb]hgZevgZy�ijbafZ���]hfh^_k-
fbq_kdZy�

Li 2O:�DQ��Li) = 4(l_ljZw^j���DQ��O) = 8 (dm[���]hfh^_kfbq_kdZy�
WO3:�DQ��W)� ����hdlZw^j���DQ��H�� ����]Zgl_ev���]hfh^_kfbq_kdZy�
H2O �ez^���DQ��G�� ����DQ��H�� ����m]hehd���hkljh\gZy�]_l_jh^_kfbq_kdZy�
CO2:�DQ��K�� ����]Zgl_ev���DQ��H�� ����hkljh\gZy�]_l_jh^_kfbq_kdZy�
CaF2:�DQ��KZ�� ����dm[���DQ��F) = ���l_ljZw^j���]hfh^_kfbq_kdZy�
BeCl2:�DQ� �Be)  ����l_ljZw^j���DQ� �Cl) = ���bah]gmlZy�]Zgl_ev���]_l_jh^_kfbq_kdZy�p_ihq_q-
gZy�

CdCl2:�DQ��Cd) = 6 (hdlZw^j���DQ��Cl) = ���lj_m]hevgbd���]_l_jh^_kfbq_kdZy�kehbklZy�
PdCl2:�DQ��Pd) = 4 (iehkdbc�d\Z^jZl���DQ��Cl) = ���bah]gmlZy�]Zgl_ev���]_l_jh^_kfbq_kdZy�p_-
ihq_qgZy�

MoS2:� DQ� �Fh��  � �� �ljb]hgZevgZy� ijbafZ��� DQ� �S)�  � �� �lj_m]hevgbd��� ]_l_jh^_kfbq_kdZy
kehbklZy�

CaTiO3: DQ��KZ�� �����dm[hhdlZw^j���DQ��Ti)  ����hdlZw^j���DQ��H�� ����]Zgl_ev���]_l_jh^_k-
fbq_kdZy�dZjdZkgZy�

������DZdb_�dhhj^bgZpbhggu_�qbkeZ�b�fgh]h]jZggbdb�oZjZdl_jgu�^ey�Zlhfh\�g_-
f_lZeebq_kdbo�we_f_glh\"

Kh]eZkgh�ijZ\bem�Xf�Jha_jb�\�ijhkluo�\_s_kl\Zo�DQ� ���± N��]^_�N�±�ghf_j�]jmiiu��\�dh-
lhjhc�gZoh^blky�we_f_gl�g_f_lZee��<�wlhf�kemqZ_�j_Zebamxlky��DQ� ���^ey�]Zeh]_gh\��DQ� ��

^ey�k_ju��β-Se, Te (bah]gmlZy�]Zgl_ev���DQ� ��� �lj_m]hevgbd�beb�\�\_jrbg_�l_ljZw^jZ��^ey

qzjgh]h�nhknhjZ��DQ� ����l_ljZw^j��^ey�ZefZaZ��<hafh`gu�lZd`_�ZghfZevgu_�dhhj^bgZpbb�

DQ� ����\�\_jrbg_�l_ljZ]hgZevghc�ibjZfb^u���DQ� ����Zlhf�\�\_jrbg_�i_glZ]hgZevghc�ib-
jZfb^u��b�DQ� ����i_glZ]hgZevgZy�ibjZfb^Z��^ey�[hjZ�

<�kljmdlmjZo�[bgZjguo�b�[he__�keh`guo�kh_^bg_gbc�Zlhfu�g_f_lZeeZ�ijhy\eyxl�jZaebqgu_

dhhj^bgZpbhggu_�qbkeZ��hl���^h������b����DQ� ����\h^hjh^�\�kljmdlmj_�ev^Z���DQ� ����]Zgl_ev�

dbkehjh^�\�kljmdlmj_�CaTiO3), DQ� ����\�\_jrbg_�ljb]hgZevghc�ibjZfb^u��oehj�\�CdCl2), DQ
 ����l_ljZw^j��nlhj�\�CaF2), DQ� ����hdlZw^j��oehj�\�NaCl), DQ = 8 (dm[��dbkehjh^�\�/L2O).
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10����DZdb_�dhhj^bgZpbhggu_� qbkeZ�b�dhhj^bgZpbhggu_�fgh]h]jZggbdb� oZjZd-
l_jgu�^ey�Zlhfh\��\oh^ysbo�\�khklZ\�f_lZeeh\��bgl_jf_lZeeb^h\�b�kieZ\h\"

Hkgh\gu_�kljmdlmju�f_lZeeh\��&X�±�DQ� �����dm[hhdlZw^j���Mg – DQ� �����]_dkZ]hgZevguc
ZgZeh]�dm[hhdlZw^jZ���α-Fe – DQ� ����dm[��
Bgl_jf_lZeeb^u��h[uqgh�eb[h�hibku\Zxlky�\�l_jfbgZo�IRM�b�y\eyxlky�k\_jokljmdlmjZfb

ih�hlghr_gbx�d�hkgh\guf�kljmdlmjguf�lbiZf�f_lZeeh\��DQ� ����dm[���DQ� �����dm[hhdlZw^j

b�_]h�]_dkZ]hgZevguc�ZgZeh]����eb[h�y\eyxlky�nZaZfb�EZ\_kZ� �oZjZdl_jgu�\ukhdb_�dhhj^b-
gZpbhggu_�qbkeZ�b�keh`guf�dhhj^bgZpbhggu_�fgh]h]jZggbdb� ±�bdhkZw^ju��^h^_dZw^ju�b

bo�ijhba\h^gu_��

������Ijb\_^bl_�ijbf_ju�djbklZeebq_kdbo� kljmdlmj��\�dhlhjuo� Zlhf� �beb�bhg�

oehjZ�bf__l�dhhj^bgZpbhggh_�qbkeh���������������

DQ� ����&O2.
DQ� ����PdCl2, BeCl2.
DQ = 3: CdCl2, CuCl2.
DQ = 6: NaCl, KCl.
DQ� ����CsCl.

������Ijb\_^bl_�ijbf_ju�djbklZeebq_kdbo�kljmdlmj��\�dhlhjuo�Zlhf�dbkehjh^Z

bf__l�dhhj^bgZpbhggh_�qbkeh���������������

DQ� ����H2, CO2.
DQ�= 2: CaTiO3, ReO3, WO3.
DQ = 3: TiO2��jmlbe�, SiO2 (klbrh\bl��

DQ = 4: Cu2O,
DQ = 6: MgO,

10����GZah\bl_�ljb�g_hj]Zgbq_kdb_�djbklZeebq_kdb_�kljmdlmju��\�dhlhjuo�Zlhf

dbkehjh^Z�bf__l�dhhj^bgZpbhggh_�qbkeh���

CaTiO3, ReO3, H2O.

10����DZdb_�\b^u�dhhj^bgZpbb��dhhj^bgZpbhggh_�qbkeh��dhhj^bgZpbhgguc�iheb-
w^j��\klj_qZxlky�m�Zlhfh\�m]e_jh^Z�b�dj_fgby"

C:�DQ� ����]Zgl_ev��±�dZj[bg��&22.
����DQ� ����lj_m]hevgbd��±�]jZnbl���\�\_jrbg_�ljb]hgZevghc�ibjZfb^u��±�nmee_j_g�

����DQ� ����l_ljZw^j��±�ZefZa�b�ehgk^_cebl�

Si:�DQ� ����l_ljZw^j��±�SiO2 (djbklh[Zebl�b�ljb^bfbl��d\Zjp��
�����DQ� ����hdlZw^j��±�klbrh\bl�

������DZdb_�\b^u�dhhj^bgZpbb��dhhj^bgZpbhggh_�qbkeh��dhhj^bgZpbhgguc�iheb-
w^j��\klj_qZxlky�m�Zlhfh\�Zexfbgby�b�lblZgZ"

Ti:��DQ� ����hdlZw^j��±�CaTiO3, TiO2 (jmlbe��[jmdbl�b�ZgZlZa��
      DQ = 8 (dm[��±�Ti7Sb2.
������DQ� �����dm[hhdlZw^j�b�_]h�]_dkZ]hgZevguc�ZgZeh]��±�f_lZeebq_kdbc�lblZg, TiNi3, TiAl 3.
Al: �DQ� ����l_ljZw^j��±�NaAlSiO4, p_heblu�
      DQ� ����hdlZw^j��±�MgAl2O4, Al2O3.
      DQ� ����dm[��±�Fe3Al, Cr2Al.
������DQ� �����dm[hhdlZw^j��±�f_lZeebq_kdbc�Al, KuAl3, TiAl 3, Cu2Mg.

10����Ijb\_^bl_�ijbf_ju�]Zeh]_gb^h\�$;2��]^_�;� �)��Cl, %U��,��bf_xsbo�p_ihq_q-
gmx��kehbklmx�b�fhgheblgmx�djbklZeebq_kdmx�kljmdlmjm�
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P_ihq_qgZy�kljmdlmjZ��PdCl2, BeCl2, HgCl2.
KehbklZy kljmdlmjZ��CuCl2��DQ�Cl=3), CdCl2.
FhgheblgZy kljmdlmjZ��NaCl, CsCl.

10���� <� iZjZee_e_ibi_^_� ih\lhjy_fhklb�� bf_xs_f� nhjfm� dm[Z�� jZkiheZ]Zxlky

Zlhf�O�k�dhhj^bgZlZfb�����������b�Zlhf�Y�k�dhhj^bgZlZfb���/6, 1/6, 1/6). Hij_^_eblv�lbi

j_rzldb��dhhj^bgZpbhggh_�qbkeh�b�oZjZdl_j�kljmdlmju��Hl\_l�h[hkgh\Zlv�

Ijbfblb\gZy� ]_dkZ]hgZevgZy� j_rzldZ� �_klv� hkv� lj_lv_]h� ihjy^dZ��� DQ� �O��  � DQ� �Y) = 1;
kljmdlmjZ��hkljh\gZy��]_l_jh^_kfbq_kdZy�

10.10. <� iZjZee_e_ibi_^_� ih\lhjy_fhklb�� bf_xs_f� nhjfm� dm[Z�� jZkiheZ]Zxlky

Zlhf�O�k�dhhj^bgZlZfb�����������b�Zlhf�Y�k�dhhj^bgZlZfb���, 0, 1/2). Hij_^_eblv�lbi�j_-
rzldb��dhhj^bgZpbhggh_�qbkeh�b�oZjZdl_j�kljmdlmju��Hl\_l�h[hkgh\Zlv�

Ijbfblb\gZy� l_ljZ]hgZevgZy� yq_cdZ� �_klv� hkv� q_l\zjlh]h� ihjy^dZ���DQ� �O��  �DQ� �Y) = 2;
kljmdlmjZ��p_ihq_qgZy��]_l_jh^_kfbq_kdZy�

10.11. <� iZjZee_e_ibi_^_� ih\lhjy_fhklb�� bf_xs_f� nhjfm� dm[Z�� jZkiheZ]Zxlky

Zlhf�O�k�dhhj^bgZlZfb� ����������b�Zlhf�Y�k�dhhj^bgZlZfb� ��/2, 0, 1/2). Hij_^_eblv�lbi

j_rzldb��dhhj^bgZpbhggh_�qbkeh�b�oZjZdl_j�kljmdlmju��Hl\_l�h[hkgh\Zlv�

Ijbfblb\gZy�l_ljZ]hgZevgZy�j_rzldZ��hkv�����DQ��O�� �DQ��Y)� ����kljmdlmjZ��kehbklZy��]_-
l_jh^_kfbq_kdZy�


