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The rapid development of the modern information technologies results in big needs of both

flexible and powerful solutions in the area of information storage and management. Existing

magnetic and laser technologies will exceed their possibilities in the nearest future so very big

attention of scientists all over the world paid to further investigations of mass storage devices

based on other technological and even other physical principles.

One of the most interesting discoveries are the very versatile possibilities of holographic

method of the information storage. Since the investigations were just started, lots of materials are

reviewed as the base materials for holographic needs. During the series of experiments discussed

the big class of materials - magnetic insulator crystals - were examined. This work covers results

of the experiments with Ca3Mn2Ge3O12 garnet crystals; even more, due to big quantity of infor-

mation to be investigated, several properties of such crystals were investigated only, such as

photoinduced enhancement of light absorption.

In this work results of measurements of photoinduced changes of light absorption in

Ca3Mn2Ge3O12 crystals represented. Also some preliminary theoretical assumptions made and

discussed; none of them are proofed as of today. The way to possess the real information about

the nature of phenomena discovered is the way to gather experimental data and to try to regulate

our knowledge about magnetic insulator crystals and their photoinduced properties.
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;ukljh_� jZa\blb_� bgnhjfZpbhgguo� l_ogheh]bc� ijb\_eh� d� lhfm�� qlh� bf_xsb_ky� gZ

^Zgguc� fhf_gl� f_lh^u� � ojZg_gby� bgnhjfZpbb� i_j_klZeb� m^h\e_l\hjylv� kh\j_f_gguf

lj_[h\Zgbyf�� M`_� k_cqZk� ^hklb]gml� ij_^_e� kms_kl\mxsbo� fZ]gblh�hilbq_kdbo

l_ogheh]bc��b�ihlhfm�[hevrh_�\gbfZgb_�bkke_^h\Zl_eyfb�\k_]h�fbjZ�m^_ey_lky�jZ[hlZf�\

h[eZklb�mkljhckl\�ojZg_gby�bgnhjfZpbb��[Zabjmxsboky�gZ�^jm]bo�l_ogheh]bq_kdbo� �b�\

g_dhlhjuo�kemqZyo�^Z`_�nbabq_kdbo��ijbgpbiZo�

H^gbf� ba� gZb[he__� i_jki_dlb\guo� gZijZ\e_gbc� \� ^Zgghc� h[eZklb� y\ey_lky

]heh]jZnbq_kdbc�f_lh^�ojZg_gby�bgnhjfZpbb��Ihkdhevdm�wlhl�f_lh^�[ue�hldjul�g_�lZd

^Z\gh��ba\_klgh�g_�hq_gv�fgh]h�fZl_jbZeh\��ijb]h^guo�\�j_Zevguo�mkeh\byo�^ey� aZibkb

bgnhjfZpbb� ]heh]jZnbq_kdbfb� f_lh^Zfb�� H[km`^Z_fZy� gb`_� k_jby� wdki_jbf_glh\

jZkkfZljb\Z_l� h^bg� ba� deZkkh\� lZdbo� fZl_jbZeh\�� <� wlhc� jZ[hl_� jZkdjulu� j_amevlZlu

wdki_jbf_glh\�� ijh\_^_ggufb� k� djbklZeehf� &D3Mn2Ge3O12, \� qZklghklb�� hiulh\� ih

bamq_gbx�_]h�nhlhbg^mpbjh\Zgguo�k\hckl\�

<� ^Zgghc� jZ[hl_� ij_^klZ\e_gu� j_amevlZlu� bkke_^h\Zgbc�� bf_\rbo� p_evx� ihiuldm

h[tykg_gby� ijbjh^u� nhlhbg^mpbjh\Zggh]h� baf_g_gby� ih]ehs_gby� k\_lZ� \� djbklZee_

Ca3Mn2Ge3O12. LZd`_� ijb\_^_gu� g_dhlhju_� l_hj_lbq_kdb_� ij_^iheh`_gby�� gb� h^gZ� ba

ij_^eh`_gguo� l_hj_lbq_kdbo� ko_f� \kz� _sz� g_� ^hdZaZgZ� b� g_� hijh\_j]gmlZ��IhgbfZgb_

j_Zevghc� ijbjh^u� ^Zggh]h� b� ih^h[guo� wnn_dlh\� fh`_l� [ulv� ^hklb]gmlh� ebrv� iml_f

^Zevg_cr_]h�gZdhie_gby��^_lZevgh]h�bamq_gby�b�h[jZ[hldb�wdki_jbf_glZevguo�^Zgguo�
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R\b^dbc�jha\blhd�LgnhjfZpLcgbo�l_ogheh]Lc�ijba\L\�^h�lh]h��sh�fZc`_�mkL�^hklmigL�gZ

l_i_jbrgLc� qZk� f_lh^b� a[_jL]Zggy� LgnhjfZpL�� \`_� g_� fh`mlv� aZ^h\hevgLlb� l_i_jbrgL

\bfh]b��<`_�aZjZa�^hky]g_gZ�f_`Z� Lkgmxqbo�fZ]gblh�hilbqgbo�l_ogheh]Lc�� L�lhfm�\_ebdZ

m\Z]Z� ^hkeL^gbdZfb� mkvh]h� k\Llm� ijb^Ley}lvky� f_lh^Zf�� sh� ]jmglmxlvky� gZ� Lgrbo

l_ogheh]Lqgbo��lZ�Lgdheb�gZ\Llv�nLabqgbo��ijbgpbiZo�

H^gbf� a� gZc[Levr� i_jki_dlb\gbo� gZijyfdL\� m� pL}�� ]ZemaL� }� ]heh]jZnLqgbc� f_lh^

a[_jL]Zggy� LgnhjfZpL���HkdLevdb�p_c�f_lh^�[m\� \b^djblbc�g_� lZd�^Z\gh�� \L^hfh�g_�^m`_

[Z]Zlh�fZl_jbZeL\��sh�fh`mlv�[mlb�aZklhkh\ZgL�m�j_Zevgbo�mfh\Zo�^ey�aZibkm� LgnhjfZpL�

]heh]jZnLqgbfb�f_lh^Zfb��K_jLy�_dki_jbf_glL\��sh�jha]ey^Z}lvky�gb`_��^hkeL^`m}�h^bg�a

lZdbo� deZkL\� fZl_jbZeL\�� M� jZ[hlL� jhadjblL� j_amevlZlb� _dki_jbf_glL\�� ijh\_^_gbo� a

djbklZehf�&D3Mn2Ge3O12��m�qZklghklL��^hkeL^`_gv�ch]h�nhlhLg^mpbjh\Zgbo�\eZklb\hkl_c�

M� jZ[hlL� ij_a_glh\Zgb� j_amevlZlb� ^hkeL^`_gv�� sh� fZeb� gZfLjhf� ihykg_ggy� ijbjh^b

nhlhLg^mpbjh\Zgbo�afLg�\[bjZggy�k\Llm�m�djbklZeL�&D3Mn2Ge3O12. �LZdh`�ijb\_^_gL�^_ydL

l_hj_lbqgL�ij_^iheh`_ggy�sh^h�ijbjh^b�h[kl_`_ggbo�y\e_gv��gL�h^gZ�a�ijb\_^_gbo�ko_f

s_�g_�^h\_^_gZ�lZ�g_�kijhklh\ZgZ��A¶ykm\Zggy�j_Zevgh��ijbjh^b�pvh]h�lZ�ih^L[gbo�_n_dlL\

fh`_�[mlb�^hky]g_gh�ebr_�iLkey�^Zevrh]h�gZdhie_ggy��^_lZevgh]h�\b\q_ggy�lZ�h[jh[db

wdki_jbf_glZevgh�� LgnhjfZpL�.
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<\_^_gb_

J_amevlZlu� ihke_^gbo� bkke_^h\Zgbc� aZjm[_`guo� gZmqguo� ]jmii� ihdZaZeb�� qlh

bkihevam_fu_� gZ� ^Zgguc� fhf_gl� l_ogheh]bb� ^he]h\j_f_ggh]h� ojZg_gby� bgnhjfZpbb

ijZdlbq_kdb�bkq_jiZeb�k\hb�\hafh`ghklb��<�k\yab�k�wlbf�\h�fgh]bo�kljZgZo�fbjZ�\_^mlky

i_jki_dlb\gu_�jZajZ[hldb�gh\uo�f_lh^h\�b�l_ogheh]bc�ojZg_gby�bgnhjfZpbb��h^gbf�ba

gZb[he__�fgh]hh[_sZxsbo�y\ey_lky� ]heh]jZnbq_kdbc�f_lh^��>Zgguc�f_lh^�[ue�hldjul

^hklZlhqgh� g_^Z\gh� b� ihlhfm� ba\_klgh� g_� lZd� fgh]h� \_s_kl\�� dhlhju_� fh]ml� [ulv

bkihevah\Zgu� \� j_Zevguo� mkeh\byo� dZd� jZ[hqb_� kj_^u� ^ey� ]heh]jZnbb�� Bkke_^h\Zgbx

nhlhbg^mpbjh\Zgguo�hilbq_kdbo�b�fZ]gblh�hilbq_kdbo�k\hckl\�h^gh]h�ba�lZdbo�\_s_kl\

��fZj]Zg_p�]_jfZgb_\h]h�]jZgZlZ�&D3Mn2Ge3O12 - b�ihk\ys_gZ�^ZggZy�jZ[hlZ.

DjbklZee� fZj]Zg_p�]_jfZgb_\h]h� ]jZgZlZ� &D3Mn2Ge3O12� [ue� kbgl_abjh\Zg� ^hklZlhqgh

^Z\gh�� gh� g_ihkj_^kl\_ggh_� _]h� bamq_gb_� gZqZehkv� lhevdh� \� k_fb^_kyluo� ]h^Zo�� <

ijh^he`_gb_� ihke_^gbo� ljb^pZlb� e_l� \gbfZgb_� g_kdhevdbo� bkke_^h\Zl_evkdbo� ]jmii

[ueh�ijb\e_q_gh�d�p_ehfm�jy^m�bgl_j_kguo�hilbq_kdbo�b�fZ]gblhhilbq_kdbo�wnn_dlh\�

k\hckl\_gguo�^Zgghfm�lbim�]jZgZlh\��B�\kz�`_��g_kfhljy�gZ�^hklZlhqgh�[hevrhc�h[t_f

bf_xsboky�wdki_jbf_glZevguo�^Zgguo��djbklZee�l_ljZ]hgZevgh]h�]jZgZlZ�&D3Mn2Ge3O12

ihdZ�_sz�fh`gh�hlg_klb�d�fZehbamq_gguf�h[t_dlZf���Ihfbfh�qbklh�gZmqgh]h�bgl_j_kZ�d

bkke_^h\Zgbx� ^Zggh]h� \b^Z� h[t_dlh\�� fh`gh� hlf_lblv� b� ijbdeZ^ghc� �� bkihevah\Zgb_

]jZgZlh\�dZd��Zdlb\guo�kj_^�\�]heh]jZnbq_kdhc�l_ogbd_�

<� ^Zgghc� jZ[hl_� ijb\_^_gu� ij_^\Zjbl_evgu_� j_amevlZlu� k_jbb� wdki_jbf_glh\�

ihk\ys_gguo� bamq_gbx� b� h[tykg_gbx� hkh[_gghkl_c� hilbq_kdbo� b� fZ]gblhhilbq_kdbo

k\hckl\� fZj]Zg_p�]_jfZgb_\h]h� ]jZgZlZ�� hkgh\gh_� \gbfZgb_� m^_e_gh� hkh[_gghklyf

nhlhbg^mpbjh\Zggh]h� ih]ehs_gby� k\_lZ� \� ^Zgghf� djbklZee_�
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�KljmdlmjZ� djbklZeeZ� Ca3Mn2Ge3O12�� djZldh_� hibkZgb_� _]h� hilbq_kdbo� b

fZ]gblguo�k\hckl\�

Ijb� \ukhdhc� l_fi_jZlmj_� djbklZeeu� kh� kljmdlmjhc� ]jZgZlZ�� kh^_j`Zsb_� yg�

l_ee_jh\kdb_� bhgu� 0Q3+�� h[eZ^Zxl� dm[bq_kdhc� kbff_ljb_c� �ijhkljZgkl\_ggZy� ]jmiiZ

Ia3d-Oh
10�� \iehlv� ^h� djblbq_kdhc� l_fi_jZlmju� 7C ���.�� Ijb� wlhc� l_fi_jZlmj_

gZ[ex^Z_lky� dhhi_jZlb\gh_� mihjy^hq_gb_� yg�l_ee_jh\kdbo� bkdZ`_gbc� eb]Zg^guo

hdlZw^jh\� �gZau\Z_fh_� lZd`_� dhhi_jZlb\guf� wnn_dlhf� YgZ�L_ee_jZ��� ijb\h^ys__� d

ihgb`_gbx� kbff_ljbb� ^h� l_ljZ]hgZevghc� �ijhkljZgkl\_ggZy� ]jmiiZ� ,�1/a-C4h
6) [1].

>Zevg_cr__� mf_gvr_gb_� l_fi_jZlmju� ijb\h^bl� d� i_j_oh^m� \� fZ]gblhmihjy^hq_ggh_

Zglbn_jjhfZ]gblgh_� khklhygb_�� ijhbkoh^ys_fm� ijb� l_fi_jZlmj_� G__ey� 7N�� jZ\ghc

�����D� �ih� ^Zgguf� baf_j_gbc� l_ieh_fdhklb� \� ihebdjbklZeebq_kdbo� h[jZapZo�� [2].

H[jZamxsZyky� ijb� fZ]gblghf� mihjy^hq_gbb� fgh]hih^j_r_lhqgZy� g_dheebg_ZjgZy

Zglbn_jjhfZ]gblgZy�kljmdlmjZ�h[mkeh\e_gZ�dZd�l_ljZ]hgZevguf�bkdZ`_gb_f�j_r_ldb��lZd

b� yg�l_ee_jh\kdhc� ijbjh^hc� lj_o\Ze_glgh]h� bhgZ� 0Q3+. LZdbf� h[jZahf�� djbklZee� ijb

ihgb`_gbb� l_fi_jZlmju� ij_l_ji_\Z_l� ^\Z� baf_g_gby�� kljmdlmjgh_�� ijb� dhlhjhf

fZ]gblgu_�k\hckl\Z�_]h�hklZxlky�g_baf_ggufb��gh�f_gy_lky�kbff_ljby�djbklZeebq_kdhc

kljmdlmju�� b� fZ]gblgh_�� ijb� dhlhjhf� ijhbkoh^bl� i_j_oh^� ba� iZjZfZ]gblgh]h� \

Zglbn_jjhfZ]gblgh_�khklhygb_�

<�kbem�fZehc�bamq_gghklb�hilbq_kdbo�k\hckl\�djbklZeeZ�ijZdlbq_kdb�hlkmlkl\m_l

bgnhjfZpby� h� _]h� ki_dljZevguo� oZjZdl_jbklbdZo��Ba\_klgh�� qlh� fZj]Zg_p�]_jfZgb_\uc

]jZgZl� ijZdlbq_kdb� g_ijhajZq_g� \� \b^bfhf� ^bZiZahg_� ^ebg� \heg�� qlh� aZljm^gy_l

bkke_^h\Zgby� _]h� hilbq_kdbo� k\hckl\�� LZd�� ^ey� ihemq_gby� ki_dljh\� ijhimkdZgby� b

ih]ehs_gby�ijboh^blky�bkihevah\Zlv�ieZklbgdb�djbklZeebq_kdh]h�]jZgZlZ�lhesbghc����

fbdjhg�b�f_g__��Ijb�lZdbo�lhesbgZo�m^Z_lky�^_l_dlbjh\Zlv�ijhoh^ysbc�q_j_a�djbklZee

k\_lh\hc�ihlhd�b�hkms_kl\eylv�bamq_gb_�_]h�hilbq_kdbo�b�ki_dljZevguo�k\hckl\�
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Fh^_ev�djbklZeebq_kdhc�j_r_ldb�]jZgZlZ�&D2Mn3Ge2O12.

<� oh^_� jZ[hl� ih� l_hj_lbq_kdhfm� h[hkgh\Zgbx� ihemq_gguo� ^Zgguo� [ueZ� ihkljh_gZ

dhfivxl_jgZy�fh^_ev�djbklZeebq_kdhc�j_r_ldb�bkke_^m_fh]h�djbklZeeZ��>ey�wlh]h�[ueb

bkihevah\Zgu� bf_xsb_ky� nZdlbq_kdb_� ^Zggu_� j_gl]_gh]jZnbq_kdbo� b

g_cljhgh]jZnbq_kdbo�bkke_^h\Zgbc�fZj]Zg_p�]_jfZgb_\h]h�]jZgZlZ��Ijb\_^_ggu_�^Ze__�\

wlhf�jZa^_e_�jbkmgdb�ihemq_gu�bf_ggh�gZ�hkgh\Zgbb�jZkkfhlj_gby�wlhc�fh^_eb�

�GZ�^Zgguc�fhf_gl� \�fh^_eb�g_�mqblu\Z_lky�ijbkmlkl\b_� \� j_r_ld_�bhgh\� dZevpby�b

]_jfZgby��ihemq_gb_�^hklh\_jguo�^Zgguo�^ey�gbo�ij_^klZ\ey_l�h[t_dlb\gu_�ljm^ghklb�b

ihlhfm�\�^Zgguc�fhf_gl�ijZdlbq_kdb�g_�ij_^klZ\ey_lky�\hafh`guf��

Ke_^m_l� hlf_lblv�� qlh� hkgh\m� djbklZeebq_kdhc� j_r_ldb� fZj]Zg_p�]_jfZgb_\h]h

]jZgZlZ� &D2Mn3Ge2O12 khklZ\eyxl� bhgu�fZj]ZgpZ�� dhlhju_� �dZd� \b^gh� ba� jbk��; a^_kv� b

^Ze__�\k_�jbkmgdb�\ug_k_gu�\�dhg_p�]eZ\u��jZkiheh`_gu�\��o�iehkdhklyo��gZoh^ysboky�gZ

jZkklhygbb�k���^jm]�hl�^jm]Z��a^_kv�k���iZjZf_lj�djbklZeebq_kdhc�j_r_ldb���We_f_glZjgZy

yq_cdZ� khklhbl� ba� ��� lZdbo� bhgh\�� dZ`^uc� ba� dhlhjuo� hdjm`_g� �� bhgZfb� dbkehjh^Z�

h[jZamxsbfb� hdlZw^jbq_kdmx� ]jmiim�� Fh`gh� \u^_eblv� ^\Z� jZaebqguo� lbiZ� bhgh\

fZj]ZgpZ��jZaebqZxsboky�ih�^_nhjfZpbb�kljmdlmju�hdjm`Zxsbo�bo�bhgh\�dbkehjh^Z; gZ

jbk���wlb�lbiu�h[hagZqZxlky�khhl\_lkl\_ggh�kbgbf�b�a_e_guf�p\_lZfb� �djZkguf�p\_lhf

h[hagZq_gu� dbkehjh^gu_� hdlZw^jbq_kdb_� ]jmiiu; gZ� jbk��� ^ey� [hevr_]h� m^h[kl\Z

ijb\_^_gZ� lhevdh� h^gZ� ba� gbo; gZ� jbk��� ijb\_^_gu� \k_� \oh^ysb_� \� yq_cdm� eb]Zg^gu_

]jmiiu��

Bah[jZ`_ggZy� a^_kv� j_r_ldZ� jZkkfZljb\Z_lky� ijb� l_fi_jZlmj_� 7 ���.� b� bf__l

ke_^mxsb_� iZjZf_lju�� a=12.29A, F ������$�� hlghr_gb_� iZjZf_ljh\� c/D �������� lh� _klv

hgb� ijZdlbq_kdb� h^bgZdh\u� �l_ljZ]hgZevgu_� ^_nhjfZpbb� dm[bq_kdh]h� ]jZgZlZ� ijb� yg�

l_ee_jh\kdhf� i_j_oh^_� hq_gv� fZeu�� ih�\b^bfhfm�� ba�aZ� g_n_jjh^bklhjkbhggh]h

mihjy^hq_gby�ehdZevguo�^_nhjfZpbc�dbkehjh^guo�hdlZw^jh\��

H[jZsZ_l� gZ� k_[y� \gbfZgb_� lZdZy� hkh[_gghklv� kljmdlmju� djbklZeebq_kdhc� j_r_ldb

l_ljZ]hgZevgh]h� ]jZgZlZ�� dZd� \aZbfgh_� \bglh\h_� jZkiheh`_gb_� bhgh\� fZj]ZgpZ� k

^_nhjfZpb_c�eb]Zg^guo�hdlZw^jh\�h^gh]h�lbiZ��\�qZklghklb��bhgh\��bah[jZ`_gguo�kbgbf

p\_lhf��jbk����

DZd�fh`gh�m\b^_lv�^Ze__��jbk�����\�we_f_glZjghc�yq_cd_�kms_kl\mxl�q_lgu_�b�g_q_lgu_

iehkdhklb�� h[jZam_fu_� bhgZfb� fZj]ZgpZ�� Wlb� iehkdhklb� kf_s_gu� ^jm]� hlghkbl_evgh

^jm]Z�\^hev�gZijZ\e_gby�>���@�gZ�\_ebqbgm�q_l\_jlb�iZjZf_ljZ�djbklZeebq_kdhc�j_r_ldb

D�� LZd`_� ijb� \gbfZl_evghf� jZkkfhlj_gbb� aZf_lgZ� hq_\b^gZy� Zkbff_ljby� eb]Zg^guo
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hdlZw^jh\��jbk�����h[jZah\Zgguo�bhgZfb�dbkehjh^Z�\hdjm]�bhgh\�fZj]ZgpZ��Ijbqbg�lZdhc

Zkbff_ljbb� fh`_l� [ulv� g_kdhevdh�� fu� fh`_f� gZa\Zlv� hkgh\gu_�� LZd�� wlh� l_ieh\h_

kf_s_gb_� �ih\hjhl�� hdlZw^jh\� hlghkbl_evgh� iheh`_gbc�� dhlhju_� hgb� aZgbfZxl� ijb

Z[khexlghf� gme_� \� khklhygbb� ihdhy�� yg�l_ee_jh\kdZy� ^_nhjfZpby� djbklZeebq_kdhc

kljmdlmju�� g_ba[_`gu_� hrb[db� ijb� g_cljhgh]jZnbq_kdbo� b� j_gl]_gh]jZnbq_kdbo

baf_j_gbyo�
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Jbk����Fh^_ev�kljmdlmju�djbklZeeZ�Ca3Mn2Ge3O12.

IhdZaZg�h^bg�eb]Zg^guc�hdlZw^j�
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Jbk����Fh^_ev�kljmdlmju�djbklZeeZ�Ca3Mn2Ge3O12.

IhdZaZgu�\k_�dbkehjh^gu_�hdlZw^ju�
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Jbk����Fh^_ev�kljmdlmju�djbklZeeZ�&D2Mn3Ge2O12��\b^�k�gZijZ\e_gby�[100]



13

Jbk����Fh^_ev�kljmdlmju�djbklZeeZ�&D2Mn3Ge2O12��\b^�k�gZijZ\e_gby�[001]
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Wnn_dl� nhlhbg^mpbjh\Zggh]h� baf_g_gby� \_ebqbgu� ih]ehs_gby� iZ^Zxs_]h

baemq_gby�

Hkgh\gu_�iheh`_gby�

Ba\_kl_g� p_euc� jy^� \ukhdhl_fi_jZlmjguo� k\_joijh\h^gbdh\� [3]� b� fZ]gblguo

^bwe_dljbq_kdbo� djbklZeeh\� �\� qZklghklb�� ]jZgZlh\��� \� dhlhjuo� gZ[ex^Z_lky� baf_g_gb_

nbabq_kdbo� k\hckl\�� \hagbdZxs__� ih^� \ha^_ckl\b_f� k\_lh\h]h� h[emq_gby� b

khojZgyxs__ky�ijb�hij_^_e_gguo�mkeh\byo�^hklZlhqgh�ijh^he`bl_evgh_�\j_fy� �^_kyldb

qZkh\��^g_c�beb�^Z`_�f_kyp_\���Hibku\Z_fu_�wnn_dlu�h[uqgh�gZ[ex^Zxlky�ijb�gbadhc

l_fi_jZlmj_� b� ihkl_i_ggh� bkq_aZxl� k� __� ih\ur_gb_f� � �dZd� ijZ\beh�� \� ]jZgZlZo� wlh

ijhbkoh^bl� f_`^m� ���D� b� ���D��� >ey� [hevrbgkl\Z� jZkkfZljb\Z_fuo� djbklZeeh\

�gZijbf_j�� <3Fe5O12, EuCrO3, FeBO3, a-Fe2O3�� l_fi_jZlmjZ� i_j_oh^Z� \

fZ]gblhmihjy^hq_ggh_� khklhygb_� ij_\urZ_l� ���D�� [eZ]h^Zjy� wlhfm�� klZ[bevgu_

nhlhbg^mpbjh\Zggu_� baf_g_gby� fh]ml� gZ[ex^Zlvky� lhevdh� \� fZ]gblhmihjy^hq_gghf

khklhygbb��qlh��\�k\hx�hq_j_^v��aZklZ\ey_l�gZk�mqblu\Zlv�lZd`_�b�fZ]gblgu_�hkh[_gghklb

\_s_kl\Z�� GZijbf_j�� ebg_cgh� iheyjbah\Zggh_� � k\_lh\h_� h[emq_gb_� djbklZeebq_kdbo

h[jZaph\� <3Fe5O12�� ijbgZ^e_`Zsbo� d� jZkkfZljb\Z_fhc� gZfb� ]jmii_�� ijb\h^bl� d

baf_g_gbx� bo� fZ]gblghc� Zgbahljhibb� [4-6], \hagbdgh\_gbx� ebg_cgh]h� ^bojhbafZ� [6];

[he__� lh]h�� ih^h[gh_� h[emq_gb_� y\ey_lky� ijbqbghc� baf_g_gbc� ^hf_gghc� kljmdlmju� b

ihy\e_gbx� m� djbklZeeZ� kibgh\hc� i_j_hjb_glZpbb� [7]�� LZd`_� ih^� ^_ckl\b_f

iheyjbah\Zggh]h� k\_lZ� \� fZj]Zg_p�]_jfZgb_\hf� ]jZgZl_� ijhy\ey_lky� wnn_dl

nhlhbg^mpbjh\Zggh]h� ebg_cgh]h� ^\memq_ij_ehfe_gby� �bkke_^h\Zgby� \� ^Zgghc� h[eZklb

ih^jh[gh�hk\_s_gu�\�[1], [2], [8]).

H[emq_gb_� g_iheyjbah\Zgguf� k\_lhf� \uau\Z_l� \� ih^h[guo� h[t_dlZo� baf_g_gby

fZ]gblguo� ijhgbpZ_fhklb� b� \hkijbbfqb\hklb [9], dhwjpblb\ghklb� b� ih^\b`ghklb

^hf_gguo� ]jZgbp [10-11], fZ]gblhkljbdpbb� [12] b�� gZdhg_p�� baf_g_gby� \_ebqbgu

hilbq_kdh]h�ih]ehs_gby�[13, 14]��<k_�_s_�g_�h[tykg_gh�l_hj_lbq_kdb�b�ihlhfm�\uau\Z_l

hkh[uc� bgl_j_k� lZdh_� y\e_gb_�� ijbkms__� hibkZgghfm� gZfb� \ur_� h[t_dlm�� dZd

nhlhbg^mpbjh\Zggh_� baf_g_gb_� \_ebqbgu� hilbq_kdh]h� ih]ehs_gby�� Wlhl� wnn_dl

ijhy\ey_lky� \� rbjhdhf� ^bZiZahg_� ^ebg� \heg� b� \ujZ`Z_lky� \� lhf�� qlh� \_kvfZ

g_ijh^he`bl_evgh_� �hl� iylb� ^h� ^_kylb� fbgml� \� aZ\bkbfhklb� hl� \g_rgbo� mkeh\bc�� \

qZklghklb�� fhsghklb� baemq_gby�� l_fi_jZlmju� djbklZeeZ� b� ijhqbo�� \ha^_ckl\b_� gZ

djbklZee� k\_lh\uf� baemq_gb_f� y\ey_lky� ijbqbghc� mf_gvr_gby� \_ebqbgu� hilbq_kdh]h

ijhimkdZgby�� [he__� lh]h�� ijb� gbadhc� l_fi_jZlmj_� �ihjy^dZ� l_fi_jZlmju� `b^dh]h
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\h^hjh^Z�� ^Zgguc� wnn_dl� hdZau\Z_lky� ^hklZlhqgh� ^he]h`b\msbf� �� hilbq_kdh_

ih]ehs_gb_� h[jZapZ� ijh^he`Z_l� hklZ\Zlvky� m\_ebq_gguf� \� l_q_gb_� ^_kyldh\� �b� [he__�

qZkh\�

Ij_^klZ\ey_l�[hevrhc�bgl_j_k�bamq_gb_� ki_dljZevguo� k\hckl\�^Zggh]h� wnn_dlZ�

lZdbo�� dZd� dbg_lbdZ� nhlhbg^mpbjh\Zggh]h� baf_g_gby� ijhimkdZgby� k\_lZ�� ki_dljZevgh_

jZkij_^_e_gb_� dhwnnbpb_glZ� nhlhbg^mpbjh\Zggh]h� ih]ehs_gby� k\_lZ�� L_f� [he__�� qlh

ih^h[gu_�bkke_^h\Zgby�^h�gZklhys_]h�\j_f_gb�_s_�g_�ijh\h^bebkv�

HibkZgb_�wdki_jbf_glZevghc�mklZgh\db�

Ijb�bamq_gbb�k\hckl\�fZj]Zg_p�]_jfZgb_\h]h�]jZgZlZ�bkihevah\ZeZkv�hilbq_kdZy

mklZgh\dZ��iha\heyxsZy�ijh\h^blv�baf_j_gby�ki_dljZevguo�oZjZdl_jbklbd�\�hilbq_kdhf

^bZiZahg_�^ebg�\heg�hl�����^h������gf�ijb�\Zjvbjh\Zgbb�l_fi_jZlmju�hl����D�^h����D�

H[jZa_p�ihf_sZeky�\�hilbq_kdbc�djbhklZl�\�iZju�]_eby�\h^hjh^Z�beb�ZahlZ��hoeZ`^Zykv

lZdbf�h[jZahf�^h�l_fi_jZlmj�hl��D����D�b���D��dhgljhev�l_fi_jZlmju�hkms_kl\eyeky�ijb

ihfhsb� l_jfhiZju��� Ijb� g_h[oh^bfhklb� ijhba\h^behkv� gZ]j_\Zgb_� Zlfhkn_ju� \gmljb

djbhklZlZ�ijb�ihfhsb�gbojhfh\h]h�gZ]j_\Zl_ey��HoeZ`^_ggu_�h[jZapu�l_ljZ]hgZevgh]h

]jZgZlZ�ih^\_j]Zebkv�h[emq_gbx�fhghojhfZlbq_kdbf�baemq_gb_f�]_ebc�g_hgh\h]h�eZa_jZ

�^ebgZ�\hegu����gf���>ey�ihemq_gby�hilbq_kdh]h�ki_dljZ�ih]ehs_gby�\�\b^bfhc�h[eZklb

bkihevah\Zeky�rbjhdhihehkguc�bklhqgbd�k\_lZ� ��eZfiZ�dk_ghgh\h]h�gZiheg_gby�>DKR�

�����K\_l� hl�rbjhdhihehkgh]h� bklhqgbdZ� ihiZ^Ze� gZ� i_j_kljZb\Z_fuc� ih� ^ebgZf� \heg

fh^_jgbabjh\Zgguc� ijbaf_gguc�fhghojhfZlhj�KJF���� Z� hllm^Z� gZ� h[jZa_p� b� ^Ze__� gZ

nhlhwe_dljhgguc� mfgh`bl_ev�� LZdZy� ©h[jZs_ggZyª� hilbq_kdZy� ko_fZ� mklZgh\db

iha\hey_l�h[emqZlv�h[jZa_p�fbgbfZevguf�ahg^bjmxsbf�k\_lh\uf�ihlhdhf�b�g_�\ebylv�gZ

hkgh\gh_� h[emq_gb_�� hkms_kl\ey_fh_� ]_ebc�g_hgh\uf� eZa_jhf�� K� nhlhwe_dljhggh]h

mfgh`bl_ey� bgnhjfZpby� hpbnjh\u\ZeZkv� h^ghdZgZevguf� ZgZeh]h�pbnjh\uf

ij_h[jZah\Zl_e_f�b� aZghkbeZkv�\�i_jkhgZevguc�dhfivxl_j�^ey�^Zevg_cr_c�h[jZ[hldb�b

ojZg_gby�� H^gh\j_f_ggh� k� bgnhjfZpb_c� hl� NWM� \� dhfivxl_j� ihklmiZeb� ^Zggu_� h

l_fi_jZlmj_�b�fhsghklb�baemq_gby��bkihevah\Zeky�fh^_jgbabjh\Zgguc��fgh]hdZgZevguc

\ZjbZgl�ieZlu�khijy`_gby�dhfivxl_jZ�k�mklZgh\dhc�. IjbgpbibZevgZy�ko_fZ�mklZgh\db

iha\heyeZ�ijhba\h^blv�[ukljh_�ijhoh`^_gb_�\k_]h�ki_dljZ�
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��Jbk����Ko_fZ�wdki_jbf_glZevghc�mklZgh\db��bkihevah\Z\r_cky�\�ijhp_kk_�hibkZgguo�\

jZ[hl_�wdki_jbf_glh\�
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Ke_^m_l� lZd`_� hlf_lblv�� qlh� \� oh^_� wdki_jbf_glh\� mklZgh\dZ� g_h^ghdjZlgh

fh^_jgbabjh\ZeZkv� b� ijbkihkZ[eb\ZeZkv� ^ey� ijh\_^_gby� dhgdj_lguo� baf_j_gby� b

wdki_jbf_glh\�� IjhklhlZ� b� ]b[dhklv� ihkljh_gby� kbkl_fu�� Z� lZd`_� ijbf_g_gb_

kh\j_f_gguo� f_lh^h\� h[jZ[hldb� b� ZgZebaZ� bgnhjfZpbb�� iha\hebeb� ijh\_klb

rbjhdhfZkrlZ[gu_�bkke_^h\Zgby�ki_dljZevguo�k\hckl\�djbklZeeZ�

F_lh^bdZ�\ujZsb\Zgby�djbklZeeZ�b�ba]hlh\e_gby� wdki_jbf_glZevguo�h[jZaph\�

\ebygb_�^Zgghc�f_lh^bdb�gZ�ihemq_ggu_�j_amevlZlu�

>ey� wdki_jbf_glh\� [ueb� ih^]hlh\e_gh� ^\Z� h[jZapZ� l_ljZ]hgZevgh]h� ]jZgZlZ

Ca3Mn2Ge3O12. >ey� [hevr_c� ^hklh\_jghklb� j_amevlZlh\� b� dZd� ke_^kl\b_� fZehc

ijhajZqghklb� h[jZapu� bf_eb� fZemx� lhesbgm� �� ��� b� ��� fbdjhg� �[he__� lhgdbc� h[jZa_p

iha\heye� ihemqZlv� ki_dlju� \� [he__�rbjhdhf� bgl_j\Ze_� ^ebg� \heg���IeZklbgdb� ]jZgZlZ

[ueb� \uj_aZgu� lZdbf� h[jZahf�� qlh[u� jZ[hqZy� ih\_joghklv� djbklZeeZ� [ueZ

i_ji_g^bdmeyjgZ�hkb�kbff_ljbb�dm[bq_kdh]h�djbklZeeZ�q_l\_jlh]h�ihjy^dZ�

P_evx�� dhlhjmx� klj_fbebkv� ^hklb]gmlv� \� ijhp_kk_� ih^]hlh\db� h[jZaph\�� y\eyehkv

ihemq_gb_�fhgh^hf_gguo�djbklZeeh\�beb�gZbf_gvr_]h�\hafh`gh]h�dhebq_kl\Z�^hf_gh\�

LZdbf�h[jZahf�mf_gvrZehkv�\ebygb_�\aZbfh^_ckl\by�baemq_gby�k�^hf_ggufb�kl_gdZfb�b

jZagbpu�k\hckl\�mqZkldh\�k�jZaebqguf�ih]ehs_gb_f�gZ�dhg_qguc�j_amevlZl��H[Z�h[jZapZ

ih^]hlZ\eb\Zebkv�ih�h^bgZdh\hc�f_lh^bd_��\dexqZxs_c�\�k_[y�f_oZgbq_kdmx�ihebjh\dm

b�hl`b]��Ihebjh\dhc�k�ihfhsvx�ZefZaghc�iZklu�m[bjZebkv�bf_xsb_ky�gZ�ih\_joghklb

djbklZeeh\� g_jh\ghklb�� ijb\h^ysb_� d� ihy\e_gbx� ih\_joghklguo� gZijy`_gbc� b

\hafh`ghfm�ihke_^mxs_fm�kha^Zgbx�^hf_gguo�p_gljh\��Ijb�hl`b]_�`_�ih\_joghklgu_

gZijy`_gby� hdhgqZl_evgh� kgbfZebkv� b� ij_^ijbgbfZeZkv� ihiuldZ� mf_gvrblv� qbkeh

^bkehdZpbc� \� kljmdlmj_� djbklZeeZ�� L_ogheh]by� hl`b]Z� h[jZapZ� \dexqZeZ� \� k_[y

gZ]j_\Zgb_� djbklZeeZ� kh� kdhjhklvx� ���� ]jZ^mkh\� \� qZk� ^h� l_fi_jZlmju� ���������.�

kh^_j`Zgb_� ijb� wlhc� l_fi_jZlmj_� \� l_q_gb_� ijbf_jgh� ��� qZkh\� b� ihke_^mxs__

hoeZ`^_gb_�^h�dhfgZlghc�l_fi_jZlmju�k�lhc�`_�kdhjhklvx�����]jZ^mkh\�\�qZk�

IhklZ\e_ggZy�\�ijhp_kk_�ba]hlh\e_gby�h[jZaph\�aZ^ZqZ���fbgbfbaZpby�qbkeZ�^hf_gh\�b

^bkehdZpbc���[ueZ�^hklb]gmlZ�ebrv�qZklbqgh��<�kbem�hklZlhqguo�gZijy`_gbc��ba[Z\blvky

hl�dhlhjuo�iheghklvx�g_�m^Zehkv��fhgh^hf_ggu_�djbklZeeu�ihemq_gu�g_�[ueb�b�h[jZapu

bf_eb� hl� ^\mo� ^h� iylb� ^hf_gh\�� JZagbpZ� \� qbke_� ^hf_gh\� h[tykgy_lky� jZaebqbyfb� \

l_ogheh]bb� hl`b]Z; lZd�� h[jZa_p� k� [hevrbf� qbkehf� ^hf_gh\� ijhoh^be� l_jfZevgmx

h[jZ[hldm� \� mkeh\byo� eZ[hjZlhjbb�� dh]^Z� ihegh_� kh[ex^_gb_� mkeh\by� ihklhygkl\Z
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l_fi_jZlmju� [ueh� ijZdlbq_kdb� g_\hafh`guf; [he__� `_� \ukhdhdZq_kl\_gguc� h[jZa_p

hl`b]Zeky� \� ijhfure_gghc� i_qb�� ijbf_gy_fhc� ijb� l_ieh\hc� h[jZ[hld_

\ukhdhdZq_kl\_gguo�fhghdjbklZeeh\��L_f�g_�f_g__��m`_�bf_xsb_ky�h[jZapu�iha\hebeb

ihemqblv�^hklh\_jgu_�j_amevlZlu�k�\ukhdhc�kl_i_gvx�\hkijhba\h^bfhklb�

DZd� m`_� ]h\hjbehkv� jZg__�� bkihevah\Zgb_� h[jZaph\� jZaebqghc� lhesbgu� iha\hey_l

ijh\_klb� [he__� h[sbc� ZgZeba� ki_dljZevguo� oZjZdl_jbklbd� djbklZeeZ�� H^gZdh�� \� kbem

p_eh]h�jy^Z�ijbqbg� �\�qZklghklb��g_^hklZlhqghc�ijhajZqghklb�b�h]j_oh\�ijb�h[jZ[hld_��

hkgh\gu_� bkke_^h\Zgby� ki_dljZ� ]jZgZlZ� ijhba\h^bebkv� k� mqZklb_f� [he__� lhgdh]h� b

\ukhdhdZq_kl\_ggh]h�h[jZapZ�lhesbghc����fbdjhg�

AZf_lbf�� gZdhg_p�� qlh� \� jZfdZf� ijh]jZffu� ^Zevg_crbo� bkke_^h\Zgbc� ijh\h^ylky

jZ[hlu� ih� ihemq_gbx� gh\uo� h[jZaph\� fZj]Zg_p�]_jfZgb_\h]h� ]jZgZlZ� &D3Mn2Ge3O12�� \

oh^_�dhlhjuo�mqblu\Zxlky�j_amevlZlu�m`_�ijh\_^_gguo�wdki_jbf_glh\��Hkgh\gu_�mkbeby

ijbdeZ^u\Zxlky� \� ^Zgghf� kemqZ_� � \� ^\mo� gZijZ\e_gbyo�� <h�i_j\uo�� ij_^ijbgbfZxlky

ihiuldb�m\_ebqblv�l_fi_jZlmjm��ijb�dhlhjhc�[m^ml�gZ[ex^Zlvky�hibku\Z_fu_�wnn_dlu�

<h�\lhjuo��iml_f�g_[hevrbo�\ZjbZpbc�l_ogheh]bb�jhklZ�ih�kjZ\g_gbx�k�hjb]bgZevgufb

^hklb]Z_lky� [hevrZy� ijhajZqghklv� djbklZeeh\� \� \b^bfhc� h[eZklb� ki_dljZ� �lZd�� \

g_dhlhjuo� h[jZapZo� lhesbgZ�� ^hklZlhqgZy� ^ey� ^_l_dlbjh\Zgby� ijhoh^ys_]h� k\_lh\h]h

ihlhdZ��khklZ\ey_l�m`_�g_�^_kyldb�fbdjhg��Z�_^bgbpu�fbeebf_ljh\��qlh�[he__�ijb_fe_fh

k�lhqdb�aj_gby�ijhqghklguo�oZjZdl_jbklbd�djbklZeeZ��
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J_amevlZlu�wdki_jbf_glh\�

Mkeh\gh� hibku\Z_fmx� gb`_� k_jbx� wdki_jbf_glh\� fh`gh� jZa^_eblv� gZ� ^\_� qZklb:

bkke_^h\Zgby� dbg_lbdb� wnn_dlZ� nhlhbg^mpbjh\Zggh]h� baf_g_gby� hilbq_kdh]h

ih]ehs_gby��b�ihemq_gby�ki_dljZevguo�oZjZdl_jbklbd�^Zggh]h�wnn_dlZ�

GZ�i_j\hc�klZ^bb� wdki_jbf_glh\�bamqZeZkv�dbg_lbdZ�nhlhbg^mpbjh\Zggh]h�baf_g_gby

\_ebqbgu� ih]ehs_gby� \� \_s_kl\_� djbklZeeZ� ]jZgZlZ�� Ijh\h^behkv� h[emq_gb_� h[jZapZ

lhesbghc����fbdjhg�eZa_jguf�baemq_gb_f�gZ�^ebg_�\hegu�����gf��^ey�[hevr_c�h[sghklb

j_amevlZlh\�\�ihke_^mxsbo�hiulZo�ijbf_gyebkv�h[jZapu�l_ljZ]hgZevgh]h�]jZgZlZ�lZdhc

`_� lhesbgu�� L_fi_jZlmjZ� h[jZapZ� ih^^_j`b\ZeZkv� ihklhygghc� gZ� mjh\g_� ��D�

Ihemq_ggu_�j_amevlZlu�ijhbeexkljbjh\Zgu�gZ�i_j\hf�ba�ijb\_^_gguo�]jZnbdh\��jbk����

>_l_dlbjh\Zgb_�hkms_kl\eyehkv�gZ�nbdkbjh\Zgghc�^ebg_�\hegu��\�^Zgghf�kemqZ_�jZ\ghc

���gf� �bkihevah\Zehkv�rbjhdhihehkgh_� keZ[h_� ahg^bjmxs__� baemq_gb_� eZfiu�>DKR�

p_gljZevgZy�^ebgZ�\hegu�dhlhjhc�b�khklZ\ey_l�^Zggmx�\_ebqbgm��

DZd� fh`gh� \b^_lv�� wnn_dl� nhlhbg^mpbjh\Zggh]h� baf_g_gby� \_ebqbgu� hilbq_kdh]h

ih]ehs_gby� y\ey_lky� ^hklZlhqgh� [ukljhijhl_dZxsbf� wnn_dlhf� �� ih]ehs_gb_� ih^

\ha^_ckl\b_f� nhlhh[emq_gby� h[uqgh� ij_djZsZ_l� m\_ebqb\Zlvky� �wnn_dl� ©\uoh^bl� gZ

gZkus_gb_ª�� q_j_a� �� fbgmlu� ihke_� gZqZeZ� h[emq_gby�� H^gZdh� mdZaZggh_� \j_fy� g_evay

kqblZlv� oZjZdl_jguf� \j_f_g_f� � wnn_dlZ�� ihkdhevdm� hgh� kbevgh� aZ\bkbl� hl� fhsghklb

iZ^Zxs_]h�baemq_gby��Ijb�fhsghklb�hdheh������hl�wlZehgghc� �khklZ\eyxs_c�\_ebqbgm

ihjy^dZ� ����<l�kf
2
���\j_fy�\uoh^Z�djb\hc�gZ�gZkus_gb_�m\_ebqb\Z_lky�^h� ������fbgml�

;he__� lh]h�� lsZl_evgZy� h[jZ[hldZ� gZqZevgh]h� mqZkldZ� dbg_lbd� �jbk���� ihdZaZeZ�� qlh

ihklhyggZy� \j_f_gb� ijhp_kkZ� hdZau\Z_lky� h[jZlgh� ijhihjpbhgZevghc� fhsghklb

h[emq_gby��k�lhqghklvx�^h�wdki_jbf_glZevghc�hrb[db��

�Ij_^klZ\ey_l� bgl_j_k� b� lhl� nZdl�� qlh� kZfZ� \_ebqbgZ� baf_g_gby� ih]ehs_gby� _klv

nmgdpby��fhsghklb�iZ^Zxs_]h�baemq_gby��GZ�ke_^mxs_f�]jZnbd_��jbk����\�dZq_kl\_�hk_c

\u[jZgu� \_ebqbgZ� baf_g_gby� hilbq_kdh]h� ih]ehs_gby� b� hlghkbl_evgZy� fhsghklv

iZ^Zxs_]h� gZ� h[jZa_p� baemq_gby�� DZd� wlh� b� fh`gh� [ueh� ij_^iheh`blv�� f_gvrZy

fhsghklv� h[emq_gby� hagZqZ_l� f_gvr__� \ha^_ckl\b_� gZ� h[emqZ_fh_� \_s_kl\h� b�

khhl\_lkl\_ggh��f_gvr__� baf_g_gb_� _]h� k\hckl\�� \� qZklghklb�� hilbq_kdhc� ijhajZqghklb

�baf_j_gby� ijh\h^bebkv� \� khklhygbb� ©k\_lh\h]h� gZkus_gbyª�� lh� _klv� h[uqgh� ihke_

ihemqZkh\h]h� h[emq_gby� h[jZapZ��� <b^gh� lZd`_�� qlh� b� kZfZ� \_ebqbgZ� ^hihegbl_evgh]h
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�nhlhbg^mpbjh\Zggh]h�� ih]ehs_gby� k\_lZ� klZ[bebabjm_lky� �“\uoh^bl� gZ� ieZlh”) � ijb

\ukhdbo�fhsghklyo�h[emq_gby�

>Ze__� jZkkfhljbf� l_fi_jZlmjgZy� aZ\bkbfhklv� \_ebqbgu� nhlhbg^mpbjh\Zggh]h

ih]ehs_gby� k\_lZ� �jbk�� ����<� j_amevlZl_� p_ehc� k_jbb� wdki_jbf_glh\� hdZaZehkv�� qlh� ijb

jZaebqguo�fhsghklyo�iZ^Zxs_]h�gZ�h[jZa_p�baemq_gby��bah[jZ`_gu�ljb�djb\u_�^ey�lj_o

jZaebqguo�fhsghkl_c�� aZ\bkbfhklv�\_ebqbgu� wnn_dlZ�hl� l_fi_jZlmju� �ijb[ebabl_evgh

h^bgZdh\Zy� ��\� wlhc�k_jbb�djb\u_�ijhklh� k^\bgmlu�^jm]�hlghkbl_evgh�^jm]Z��Q_f�\ur_

fhsghklv�� l_f� [he__� \ukhdhc� hdZau\Z_lky� l_fi_jZlmjZ�� ijb� dhlhjhc� aZdZgqb\Z_lky

nhlhbg^mpbjh\Zgguc� wnn_dl�� <� aZ\bkbfhklb� hl� fhsghklb� \� dZq_kl\_� ]jZgbqghc� fu

fh`_f�ijbgylv�h[eZklv�hl� ���D�^h� ���D��ijb�^Zevg_cr_f�ih\ur_gbb� l_fi_jZlmju�fu

i_j_klZ_f� j_]bkljbjh\Zlv� dZdb_�eb[h� nhlhbg^mpbjh\Zggu_� baf_g_gby� \_ebqbgu

hilbq_kdh]h�ih]ehs_gby�\�djbklZeeZo�]jZgZlZ�Ca3Mn2Ge3O12.

<k_� ijb\_^_ggu_� \ur_� ^Zggu_� b� beexkljZpbb� [ueb� ihemq_gu� \� oh^_� bkke_^h\Zgbc

dbg_lbdb� baf_g_gby� hilbq_kdbo� k\hckl\� l_ljZ]hgZevgh]h� ]jZgZlZ� gZ� hij_^_e_gguo

nbdkbjh\Zgguo� ^ebgZo� \heg� ^_l_dlbjh\Zgby�� L_i_jv� h[jZlbfky� d� ki_dljZevghfm

jZkij_^_e_gbx���nhlhbg^mpbjh\Zggh]h�ih]ehs_gby�k\_lZ�

BlZd��\�oh^_�\lhjhc�klZ^bb�bkke_^h\Zgbc�[ueb�ihemq_gu�ki_dljZevgu_�oZjZdl_jbklbdb

wnn_dlZ�nhlhbg^mpbjh\Zggh]h�baf_g_gby�ih]ehs_gby�k\_lZ��Ke_^m_l�hlf_lblv�lhl�nZdl�

qlh� ki_dlj� ih]ehs_gby� djbklZeeZ� l_ljZ]hgZevgh]h� ]jZgZlZ� &D3Mn2Ge3O12� ^h� kbo� ihj

ba\_kl_g�g_�[ue��b�l_f�[hevrbc�bgl_j_k�ij_^klZ\eyxl�ijb\_^_ggu_�gb`_�]jZnbdb�

JZkkfhlj_gb_�ki_dljZevgh]h�jZkij_^_e_gby�ih]ehs_gby�k\_lZ�ijh\h^behkv�\�^bZiZahg_

qZklhl�hl�������^h�������h[jZlguo�kZglbf_ljh\� �^ebgu�\heg�hl�����^h�����gf�� �jbk�����

;ueb�ihemq_gu�lZd`_�ki_dlju�^ey�[he__�rbjhdh]h�^bZiZahgZ�qZklhl��gh�bo�^hklh\_jghklv

\�h[eZklb�[he__�������kf
-1
�ih\lhjgufb�wdki_jbf_glZfb�ih^l\_j`^_gZ�g_�[ueZ�b�ihlhfm

wlb�j_amevlZlu�a^_kv�g_�jZkkfZljb\Zxlky�

LZdbf� h[jZahf�� \� ki_dlj_� djbklZeeZ� h[gZjm`_gZ� ^hihegbl_evgZy� rbjhdZy� ihehkZ

ih]ehs_gby� k\_lZ� k�fZdkbfmfhf� \� jZchg_� ���gf��Ex[hiulgh�� qlh� wlZ�`_� ^ebgZ� \hegu

ijhy\ey_lky�b�\�g_dhlhjuo�^jm]bo�wnn_dlZo�dZd�g_dZy�hkh[_ggZy��lZd��ijb�i_j_oh^_�q_j_a

^Zggmx�^ebgm�\hegu�f_gy_lky�agZd�jy^Z�fZ]gblh�hilbq_kdbo�wnn_dlh\��

GZ� ke_^mxs_f� ]jZnbd_� �jbk����� ijhbeexkljbjh\Zgh� ki_dljZevgh_� jZkij_^_e_gb_

dhwnnbpb_glZ�nhlhbg^mpbjh\Zggh]h�ih]ehs_gby�ijb�jZaebqguo�l_fi_jZlmjZo�djbklZeeZ

�bkihevah\ZeZkv� lZ� `_� ieZklbgdZ� lhesbghc� ��� fbdjhg��� GZ� wlhl� jZa� h[emq_gb_

ijhba\h^behkv� ]_ebc�g_hgh\uf� eZa_jhf� k� ^ebghc� \hegu� ���gf�� fhsghklv� imqdZ
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khklZ\eyeZ� \_ebqbgm� ihjy^dZ� ���<l�kf2�� Ijb\_^_gu� ^\_� djb\u_� ^ey� ^\mo� jZaebqguo

l_fi_jZlmj� h[jZapZ� ���D� b� ��D��� Ihemq_ggu_� j_amevlZlu� _s_� jZa� ^_fhgkljbjmxl� lhl

nZdl�� qlh� wnn_dl� aZ\bkbl� hl� l_fi_jZlmju� h[jZapZ�� f_gvrZy� l_fi_jZlmjZ� hl\_qZ_l� \

^Zgghf� kemqZ_l� [hevr_fm�nhlhbg^mpbjh\Zgghfm�baf_g_gbx� dhwnnbpb_glZ� ih]ehs_gby

k\_lZ�

<� oh^_� baf_j_gbc� h[gZjm`_gZ� bgl_j_kgZy� hkh[_gghklv� ki_dljZ� ih]ehs_gby

l_ljZ]hgZevgh]h�]jZgZlZ��J_qv�b^_l�h�\hagbdgh\_gbb�\�iZjZfZ]gblghc�h[eZklb�l_fi_jZlmj

^hihegbl_evgh]h� �ih� kjZ\g_gbx� kh� ki_dljhf� ih]ehs_gby� \� Zglbn_jjhfZ]gblghc� nZa_�

hlghkbl_evgh�madh]h�ibdZ�\�ki_dljZevghf�jZkij_^_e_gbb�dhwnnbpb_glZ�ih]ehs_gby�k\_lZ

fZj]Zg_p�]_jfZgb_\uf� ]jZgZlhf�� Wnn_dl� \hagbdgh\_gby� gh\hc� ihehku� jZa\b\Z_lky� � \

h[eZklb�l_fi_jZlmj��[ebadbo�d�l_fi_jZlmj_�G__ey�7N��Wlhl�ibd�hlq_leb\h�\b^_g�gZ�jbk���

gZ� djb\hc�� khhl\_lkl\mxs_c� l_fi_jZlmj_� h[jZapZ� ��D� gZ� qZklhl_� ������ kf-1�� WlZ

hkh[_gghklv� [ueZ� bkke_^h\ZgZ� ih^jh[g__; ^bgZfbdZ� jhklZ� bgl_gkb\ghklb� ibdZ� \

hdj_klghklb�7N \�jZklygmlhf�ih�qZklhlZf�fZkrlZ[_�ihdZaZgZ�gZ�jbk����

<_jhylg__�\k_]h��ihy\e_gb_�gh\h]h�ibdZ�k�jhklhf�l_fi_jZlmju�g_�kemqZcgh�dhjj_ebjm_l

k� l_fi_jZlmjhc� mklZgh\e_gby� Zglbn_jjhfZ]gblgh]h� mihjy^hq_gby�� Bf_xlky� hkgh\Zgby

k\yau\Zlv� ^Zgghc� y\e_gb_� k� baf_g_gb_f� kbff_ljbb� djbklZeeZ� �ijb� i_j_oh^_� \

iZjZfZ]gblgh_� khklhygb_� bf__l� f_klh� ihy\e_gb_� ^hihegbl_evgh]h� we_f_glZ� kbff_ljbb

djbklZeebq_kdhc� j_r_ldb�� jZaj_rZxs_]h� khhl\_lkl\mxsbc� hilbq_kdbc� i_j_oh^��� <

ebl_jZlmj_� g_l� kkuehd� gZ� ih^h[gu_� wnn_dlu�� kblmZpby� gm`^Z_lky� \� ^hihegbl_evghf

bamq_gbb�

Ih^ulh`b\Zy� ijb\_^_ggu_� a^_kv� wdki_jbf_glZevgu_� j_amevlZlu�� fh`gh� kdZaZlv�� qlh

kms_kl\h\Zgb_� wnn_dlZ� nhlhbg^mpbjh\Zggh]h� baf_g_gby� \_ebqbgu� hilbq_kdh]h

ih]ehs_gby� \� djbklZeeZo�fZj]Zg_p�]_jfZgb_\h]h� l_ljZ]hgZevgh]h� ]jZgZlZ� &D3Mn2Ge3O12

ihemqbeh� mki_rgh_� ih^l\_j`^_gb_�� Ijh\_^_ggu_� wdki_jbf_glu� iha\hebeb� mklZgh\blv

oZjZdl_j� aZ\bkbfhklb� wlh]h� wnn_dlZ� hl� l_fi_jZlmju� djbklZeebq_kdh]h� h[jZapZ� b

fhsghklb�iZ^Zxs_]h�gZ�g_]h�baemq_gby��;he__�lh]h��[ueb�h[gZjm`_gu�^hihegbl_evgu_

ki_pbnbq_kdb_�^ey�^Zggh]h�\_s_kl\Z�wnn_dlu��jZg__�g_�hibkZggu_�\�ebl_jZlmj_��kZfh�bo

kms_kl\h\Zgb_� b� ijbjh^Z� fh]ml� ihkem`blv� � bklhqgbdhf� bgnhjfZpbb� h� ijbjh^_

hilbq_kdbo� b� fZ]gblhhilbq_kdbo� k\hckl\� jZkkfZljb\Z_fh]h� djbklZeeZ�
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Jbk����Dbg_lbdZ�ijhp_kkZ�baf_g_gby�\_ebqbgu�ih]ehs_gby�\�djbklZee_�l_ljZ]hgZevgh]h

fZj]ZgpZ�



23

Jbk�����AZ\bkbfhklv�\_ebqbgu�nhlhbg^mpbjh\Zggh]h�baf_g_gby�hilbq_kdh]h

ih]ehs_gby�hl�fhsghklb�iZ^Zxs_]h�baemq_gby��<�dZq_kl\_�_^bgbpu�hlkq_lZ�ijbgylZ

fhsghklv�baemq_gby�����<l�kf2.
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Jbk�����L_fi_jZlmjgZy�aZ\bkbfhklv�baf_g_gby�\_ebqbgu�nhlhbg^mpbjh\Zggh]h

ih]ehs_gby�k\_lZ
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Jbk����Ki_dljZevgh_�jZkij_^_e_gb_�\_ebqbgu�nhlhbg^mpbjh\Zggh]h�ih]ehs_gby�k\_lZ
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Jbk�����Ki_dljZevgh_�jZkij_^_e_gb_�dhwnnbpb_glZ�nhlhbg^mpbjh\Zggh]h�ih]ehs_gby

ijb�jZaebqguo�l_fi_jZlmjZo
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Jbk������>bgZfbdZ�jhklZ�bgl_gkb\ghklb�^hihegbl_evgh]h�ibdZ�\�ki_dljZevghf

jZkij_^_e_gbb�dhwnnbpb_glZ�ih]ehs_gby�k\_lZ�\�hdj_klghklb�l_fi_jZlmju�G__ey�
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L_hj_lbq_kdb_�ij_^ihkuedb�d�j_r_gbx�aZ^Zqb�

<� ijhp_kk_� bkke_^h\Zgbc� k\hckl\� l_ljZ]hgZevgh]h� ]jZgZlZ� b� ijbkmsbo� _fm� wnn_dlh\

kh[jZg� ^hklZlhqgh� [hevrhc� fZkkb\� bgnhjfZpbb�� ih^l\_j`^Zxs_c� ijZ\hlm

i_j\hgZqZevguo� ml\_j`^_gbc� b� ]bihl_a�� H^gZdh� ^h� gZklhys_]h� fhf_glZ� ijbjh^Z

jZkkfhlj_gguo� gZfb� \ur_� nhlhbg^mpbjh\Zgguo� y\e_gbc� b� nbabq_kdb_� f_oZgbafu�

ijb\h^ysb_�d�^he]h\j_f_gghfm�baf_g_gbx�k\hckl\�hibku\Z_fh]h�deZkkZ�djbklZeeh\�ih^

\ha^_ckl\b_f� k\_lh\h]h� baemq_gby�� hklZxlky� g_\uykg_ggufb�� Imlv� d� j_r_gbx

ihklZ\e_gghc� aZ^Zqb�� \hafh`gh�� e_`bl� q_j_a� ^Zevg_cr__� gZdhie_gb_� ^Zgguo� h

dhebq_kl\_gguo� b� dZq_kl\_gguo� k\yayo� f_`^m� ki_dljZevgufb� b� dbg_lbq_kdbfb

oZjZdl_jbklbdZfb��k�h^ghc�klhjhgu��b�mkeh\byfb�b�iZjZf_ljZfb�wdki_jbf_glZ��k�^jm]hc�

DZd�m`_�[ueh�kdZaZgh�jZg__��\�oh^_�bamq_gby�ki_dljZevguo�oZjZdl_jbklbd�djbklZeeZ�\

_]h� ki_dlj_� [ueZ� h[gZjm`_gZ� ^hihegbl_evgZy� rbjhdZy� ihehkZ� ih]ehs_gby� k\_lZ� k

fZdkbfmfhf� \� jZchg_� ���gf�� ?z� kbevgZy� djZkgZy� Zkbff_ljby� y\ey_lky� \_kvfZ

oZjZdl_jguf�y\e_gb_f�^ey�ihehk�ih]ehs_gby�k\_lZ�k�i_j_ghkhf�aZjy^Z� �beb�baf_g_gb_f

\Ze_glghklb��[15].

LZdbf�h[jZahf��j_amevlZlu��ihemq_ggu_�\�ijhp_kk_�bkke_^h\Zgbc��^Zxl�gZf�hkgh\Zgby

\aylv�\�dZq_kl\_�hkgh\u�^ey�^Zevg_cr_]h�l_hj_lbq_kdh]h�h[hkgh\Zgby�wnn_dlZ�ke_^mxsb_

nZdlu�

• ^he]h`b\msb_� nhlhbg^mpbjh\Zggu_� baf_g_gby� \� j_r_ldZo� y\eyxlky� ke_^kl\b_f

i_j_ghkZ�aZjy^Z�f_`^m�bhgZfb�\�j_r_ld_��\dexqZy�lZd`_�bhgu�ijbf_k_c�;

• wnn_dl�YgZ�L_ee_jZ��\�kmff_�k�^_nhjfZpbyfb�j_r_ldb��[eZ]h^Zjy�i_j_ghkm�wg_j]bb

nhjfbjm_l�wg_j]_lbq_kdbc�[Zjv_j��dhlhjuc�ij_iylkl\m_l�h[jZlguf�i_j_oh^Zf�we_dljhgh\

b�ijb^Z_l�nhlhbg^mpbjh\Zgguf�baf_g_gbyf�i_jkbkl_glguc�oZjZdl_j;

• nhlhbg^mpbjh\Zgguc�jhkl�\_ebqbgu�ih]ehs_gby� k\_lZ�g_� aZ\bkbl�hl�iheyjbaZpbb

k\_lZ�b�ihy\ey_lky�ba�aZ� ehdZevguo� we_dljbq_kdbo�ihe_c�� kha^Zgguo�i_j_f_sZxsbfbky

aZjy^Zfb;� \_ebqbgZ� nhlhbg^mpbjh\Zggh]h� ^\memq_ij_ehfe_gby� \� ^Zgghf� djbklZee_

aZ\bkbl� hl� gZijZ\e_gby� iheyjbaZpbb� k\_lZ� �ijbgbfZy� \h� \gbfZgb_� kbff_ljbx

ih^j_r_lhd��ijbgbfZxsbo�mqZklb_�\�i_j_^Zq_�wg_j]bb��

• Zglbn_jjhfZ]gblgu_� j_r_ldb� kh_^bg_gbc� k� gbadhc� l_fi_jZlmjhc� G__ey� �dZdh\hc

y\ey_lky� b� � j_r_ldZ� jZkkfZljb\Z_fh]h� gZfb� djbklZeeZ�� ij_^hklZ\eyxl� \hafh`ghklv

bkke_^h\Zlv� f_oZgbaf� nhlhbg^mpbjh\Zgguo� baf_g_gbc� dZd� \� fZ]gblhg_mihjy^hq_gghf
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khklhygbb�� dh]^Z� dZjlbgZ� bf__l� [he__� q_ldbc� oZjZdl_j�� lZd� b� Zglbn_jjhfZ]gblghf

khklhygbb��dh]^Z�kljmdlmjgu_��hilbq_kdb_�b�fZ]gblgu_�wnn_dlu�kbevgh�\aZbfhk\yaZgu�

• [eZ]h^Zjy� kms_kl\h\Zgbx� nhlhbg^mpbjh\Zgguo� wnn_dlh\� \� iZjZfZ]gblghf

khklhygbb��jZ\gh�dZd�b�hlkmlkl\bx�i_j_fZ]gbqb\Zxsbo�ihe_c�\�fZ]gblhmihjy^hq_gghf

khklhygbb�� Zglbn_jjhfZ]gblgu_� j_r_ldb� fh]ml� [ulv� bkihevah\Zgu� ^ey� aZibkb

bgnhjfZpbb�k�hq_gv�\ukhdhc�iehlghklvx�

<�dZq_kl\_�[Zabkguo�^ey�^Zevg_cr_]h�jZkkfhlj_gby�gZ�^Zgguc�fhf_gl�ij_^eh`_gu�^\_

fh^_eb�wnn_dlZ�nhlhbg^mpbjh\Zggh]h�baf_g_gby�\_ebqbgu�hilbq_kdh]h�ih]ehs_gby��H[_

ij_^eh`_ggu_�fh^_eb� hkgh\u\Zxlky� gZ� ij_^iheh`_gbb� h� lhf�� qlh� h[emq_gb_� \_s_kl\Z

k\_lhf� y\ey_lky� ijbqbghc� i_j_ghkZ� aZjy^Z� hl� h^ghc� hdlZw^jbq_kdhc� ih^j_r_ldb�

khklhys_c�ba�bhgh\�Mn3+
��\�^jm]mx�lZdmx�`_��Hkgh\guf�ihke_^kl\b_f�^Zggh]h�ijhp_kkZ

y\ey_lky�ihy\e_gb_�^\memq_\hc� Zgbahljhibb� �lh� _klv�m�djbklZeeZ�ihy\ey_lky� \lhjZy� hkv

kbff_ljbb���ijhihjpbhgZevghc�i_j_g_k_gghfm�aZjy^m��LZdZy�fh^_ev�gZau\Z_lky�fh^_evx

j_r_ldZ�j_r_ldZ� beb�� ^ey� djZldhklb�� L-L (lattice-lattice). <� jZfdZo� ^Zgghc� fh^_eb� jhev

Zdp_ilhjguo�ijbf_k_c��i_j_\h^ysbo�g_[hevrh_�dhebq_kl\h�bhgh\�Mn3+ \�Mn4+, g_\_ebdZ

b�g_�baf_gy_lky�\�aZ\bkbfhklb�hl�hk\_s_gby�

K�^jm]hc�klhjhgu��fu�fh`_f�ij_^iheh`blv��qlh�g_dhlhjmx�jhev�b]jZ_l�lZd`_�b�i_j_ghk

aZjy^Z� hl� bhgh\� Mn3+ 
d� ijbf_kguf� Zdp_ilhjZf�� >ey� [hevr_c� ykghklb� fu� fh`_f

h]jZgbqb\Zlvky� kemqZyfb�� dh]^Z� i_j_ghk� aZjy^Z� j_r_ldZ�ijbf_kv� �L-I, lattice-impurity)

ij_\Zebjm_l�gZ^��i_j_ghkhf�j_r_ldZ�j_r_ldZ, b�gZh[hjhl�

Ihkdhevdm� bkke_^h\Zgby� hibkZgguo� \ur_� wnn_dlh\� lhevdh� gZqZlu�� ij_`^_\j_f_ggh

^_eZlv� \u[hj� \� ihevam� lhc� beb� bghc� fh^_eb�� Qlh[u� k^_eZlv� hij_^_e_ggu_� \u\h^u�

ihlj_[m_lky� lsZl_evgZy� ^hihegbl_evgZy� h[jZ[hldZ� ihemq_gguo� wdki_jbf_glZevguo

^Zgguo��Z�lZd`_�ijh\_^_gb_�[he__�rbjhdh]h�dhfie_dkZ�baf_j_gbc�ijb�jZaebqghc�lhesbg_

h[jZaph\� �gZihfgbf�� qlh� ^ey� jZkkfhlj_gguo� j_amevlZlh\� lhesbgZ� h[jZaph\� \h� \k_o

kemqZyo� [ueZ� h^ghc� b� lhc� `_��� jZaebqguo� fhsghklyo� iZ^Zxs_]h� baemq_gby� b

l_fi_jZlmjZo�

>Zevg_crb_�ieZgbjm_fu_�bkke_^h\Zgby�bf_xl�p_evx�ijh\_jdm�ij_^eh`_gguo�fh^_e_c

wnn_dlZ� iml_f� ^_lZevgh]h� bamq_gby� fbdjhkdhibq_kdh]h� f_oZgbafZ� ^he]h`b\msbo

nhlhbg^mpbjh\Zgguo�wnn_dlh\�
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Ihemq_ggu_� \� ijhp_kk_� wdki_jbf_glh\� j_amevlZlu� ihdZaZeb� ijZ\bevghklv� k^_eZgguo

jZg__� ij_^iheh`_gbc�� G_kfhljy� gZ� lh�� qlh� nbabdZ� ijhbkoh^ysbo� ijhp_kkh\� b

h[gZjm`_gguo�wnn_dlh\�\kz�_sz�g_�ykgZ��ijbdeZ^u\Zxlky�aZf_lgu_�mkbeby�ih�jZajZ[hld_

l_hj_lbq_kdbo�fh^_e_c�b�ih^l\_j`^_gbx�wlbo�fh^_e_c�

DZd�m`_�]h\hjbehkv�\ur_��ijh]jZffZ�bkke_^h\Zgbc�lhevdh�gZqZlZ�b�ij_^mkfZljb\Z_l�\

[m^ms_f� [hevrhc� h[t_f� wdki_jbf_glZevghc� jZ[hlu�� Hkgh\gufb� gZijZ\e_gbyfb� wlhc

jZ[hlu�fh`gh�gZa\Zlv�ke_^mxsb_:

• bamq_gb_� [hevrh]h� dhebq_kl\Z� h[jZaph\� l_ljZ]hgZevgh]h� fZj]Zg_p�]_jfZgb_\h]h

]jZgZlZ�jZaebqghc�lhesbgu�ijb�jZaebqguo�l_fi_jZlmjZo�b�fhsghklb�baemq_gby�k�p_evx

k[hjZ�^hihegbl_evghc�bgnhjfZpbb;

• ^hihegbl_evgZy�h[jZ[hldZ�gZdhie_gghc�bgnhjfZpbb;

• nhlhbg^mpbjh\Zggu_� wnn_dlu�� ih^h[gu_� jZkkfhlj_gghfm� \� ^Zgghf� kemqZ_�

ijhy\eyxlky� lZd`_� \� j_r_ldZo� lbiZ� Ca3Me2Ge3O12, ]^_� Me=Mn3+, Fe3+, Cr3+, b

NaCa2Me2V3O12, ]^_� Me=Mn2+, Cu2+, Ni2+, Co2+. Ihwlhfm� [hevrhc� l_hj_lbq_kdbc� b

ijZdlbq_kdbc� bgl_j_k� ij_^klZ\ey_l� bamq_gb_� lZd`_� b� wlbo� djbklZeeh\� k� p_evx

mklZgh\e_gby�\hafh`guo�aZdhghf_jghkl_c�k\hckl\�

Ij_^klZ\ey_lky� lZd`_� i_jki_dlb\guf� bkke_^h\Zgb_� \hafh`ghklb� bkihevah\Zgby

hibkZgguo�djbklZeeh\�\�dZq_kl\_�Zdlb\guo�kj_^�^ey�]heh]jZnbb��Kh\hdmighklv�k\hckl\�

ijbkmsbo� wlbf� fZl_jbZeZf�� ^_eZ_l� \hafh`guf� bo� bkihevah\Zgb_� ^ey� \ukhdhiehlghc

aZibkb�bgnhjfZpbb��qlh�hq_gv�\Z`gh�\�kh\j_f_gguo�mkeh\byo�
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