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ABOUT FORMATIONAL BELONGING AND PROSPECTS
PLATINUM-BEARING MAFITE-ULTRAMAFITE MASSIFS OF

SOUTHERN URAL

Clinopyroxenes and chrome-spinellids of the Kulikovsk, Warsaw,
Amamby, Suroyam, and Sakharinsk typhons are characterized. Composition
and evolutionary trend of them testify that the typhons contain complexes of
dunite-clinopyroxnite-gabbro or dunite-clinopyroxnite-gabbro with increased
alkalinity formations, rather than dunite-harzburgite formations as was
considered earlier. The characteristic of prospects for platinum-bearings of
mafic-ultramafic complexes of the Southern Urals is given.

G_kfhljy� gZ� \ukhdmx� kl_i_gv� bamq_gghklb� fZnbl�

mevljZnblh\�X`gh]h�MjZeZ� [2, 10—12, 14, 16, 18—20]��Z�lZd`_
lhl�nZdl�� qlh�MjZe� ml\_j^beky� \� dZq_kl\_� wlZehggh]h� iheb]hgZ

ieZlbgh\h]h� hjm^_g_gby� [7, 8]��fZkkb\u�� jZkiheh`_ggu_� \� ahg_
=eZ\gh]h�MjZevkdh]h�jZaehfZ��=MJ���\�\hklhqghf�[hjlm�FZ]gblh-
]hjkdhc�f_]Zahgu�b�\�<hklhqgh�MjZevkdbo�kljmdlmjZo��^h�kbo�ihj

bkke_^h\Zgu� keZ[h�� ?^bgkl\_gguf� bkke_^h\Zl_e_f� mevljZfZnb-
lh\uo� fZkkb\h\� gZ� ijhly`_gbb� ^_kyldh\� e_l� y\ey_lky

:��K��<ZjeZdh\�[3—6]��<�_]h�jZ[hlZo�gZ�[Za_�i_ljh]jZnbq_kdbo�b
i_ljhobfbq_kdbo�hkh[_gghkl_c�hgb�jZkkfZljb\Zxlky� \� dZq_kl\_

©jbnlh]_gguo�hnbheblh\ª��qlh�iha\hey_l�hlebqblv�bo�hl�Zevib-
ghlbiguo�]bi_j[Zablh\�MjZeZ��d�dhlhjuf�gZ�kljmdlmjgh�nhjfZ�

pbhgguo�dZjlZo�hlg_k_gu�[hevrbgkl\h�fZnbl�mevljZfZnblh\uo

fZkkb\h\�[13]��H��D��B\Zgh\�lZd`_�hlf_qZ_l�bo�oZjZdl_jgu_�hkh-
[_gghklb�� ohly� b� jZkkfZljb\Z_l� dZd� dhgp_gljbq_kdb�ahgZevgu_

[15].
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<� gZklhys_c� jZ[hl_� baeZ]Zxlky� fbg_jZeh]h�]_hob�

fbq_kdb_� ^Zggu_�� ihemq_ggu_� \� j_amevlZl_� kh\f_klguo� jZ[hl

Q_ey[bgkd]_hedhfZ�� <K?=?B� b� BgklblmlZ� fbg_jZeh]bb� MjH

J:G��<�ihke_^gb_�]h^u�ihy\bebkv�gh\u_�ij_^klZ\e_gby�h�]_heh-
]bq_kdhf� kljh_gbb� b� bklhjbb� jZa\blby� MjZevkdhc� kdeZ^qZlhc

h[eZklb��jZa\b\Z_fu_�\�wlbo�hj]ZgbaZpbyo��MjZe�jZkkfZljb\Z_lky

dZd� \gmljbdhglbg_glZevgZy� ihebpbdebqgZy� jbnlh]_ggZy� kljmd-
lmjZ�� knhjfbjh\Z\rZyky� gZ� ieZlnhjf_gghf� djbklZeebq_kdhf

hkgh\Zgbb�

L_jjblhjby� aZiZ^gh]h� kdehgZ�MjZeZ�²� wlh�iZkkb\gZy� hd-
jZbgZ�\hklhqghc�qZklb�Jmkkdhc�ieZlnhjfu��keh`_ggZy�l_jjb]_g-
gh�dZj[hgZlgufb� ihjh^Zfb� gb`g_]h� jbn_y�� ij_^klZ\eyxsbfb

kh[hc�h[jZah\Zgby�q_oeZ��A^_kv�gZ�kh\j_f_gguc�wjhabhgguc�kj_a

\u\_^_gu� [ehdb� nmg^Zf_glZ�� � LZjZlZrkdbc�� :e_dkZg^jh\kdbc�

MnZe_ckdbc��<hklhqgZy�]jZgbpZ�Jmkkdhc�ieZlnhjfu�ijhoh^bl�ih

ahg_�=MJ��gZkus_ggh]h�l_eZfb�]bi_j[Zablh\�

<hklhqguc� kdehg�X`gh]h�MjZeZ� ij_^klZ\ey_l� kh[hc� ]b-
]Zglkdmx� ©fZdjh[j_dqbxª�� ]^_� ©h[ehfdZfbª� \uklmiZxl� [ehdb

nmg^Zf_glZ�� ij_l_ji_\rb_� g_h^ghdjZlgmx� ]jZgblbaZpbx� \� iZ-
e_hah_�� Wlh� keh`ghihkljh_ggu_� ]g_ckh�fb]fZlbl�]jZgblgu_

dhfie_dku� k� j_ebdlZfb� ]jZgmeblh\hc�nZpbb [9]�� dhlhju_� i_j_-
dju\Zxlky� h[jZah\Zgbyfb� keZgp_\h]h� dhfie_dkZ�� f_lZfhjnbah-
\Zggufb� \� mkeh\byo� wib^hl�Zfnb[heblh\hc� nZpbb��G_hlt_fe_-
fZy� qZklv� jZaj_aZ� keZgp_\h]h� dhfie_dkZ� ²� rbjhdh_� jZa\blb_

m]e_jh^bklh�l_jjb]_gguo� h[jZah\Zgbc� iha^g_]h� jbn_y�� dhlhju_

keZ]Zxl�h[rbjgu_�iehsZ^b�gZ�l_jjblhjbb�Q_ey[bgkdhc�h[eZklb�

GZ�\hklhqghf�kdehg_�MjZeZ�\u^_eyxlky�ke_^mxsb_�[ehdb�� �Ku-
k_jlkdh�Bevf_gh]hjkdbc�� Q_ey[bgkdbc�� DZf[meZlh\kdbc�� Dhq-
dZjkdbc�� >`Z[udkdbc�� Kmmg^mdkdbc�� Gb`g_kZgZjkdbc�� FZjbb-
gh\kdbc�� JZ^bheh]bq_kdb_� ^Zlbjh\db� ]g_ckh\� mjZg�k\bgph\uf

f_lh^hf� �ih� f_lZfhjnh]_gguf� pbjdhgZf�� k\b^_l_evkl\mxl� h

\_jog_Zjo_ckdh�gb`g_ijhl_jhahckdhf� \hajZkl_� km[kljZlZ� djb-
klZeebq_kdh]h� nmg^Zf_glZ�� � Kuk_jlkdh�Bevf_gh]hjkdbc� [ehd� ±

����� �� ��� feg�� e_l� �^\mibjhdk_gh\u_� djbklZeebq_kdb_� keZgpu

k_eygdbgkdhc� k\blu��� Z[khexlguc� \hajZkl� j_]j_kkb\gh]h� f_lZ-
fhjnbafZ��Zfnb[heblh\Zy�nZpby��²������±����feg��e_l��<�Q_ey-
[bgkdhf�[ehd_�ih�f_lZfhjnh]_gguf�pbjdhgZf�ba�]g_ckh\�]hjh^-
kdhc� lhesb� hij_^_e_g� \hajZkl� ����� ±� ���� feg�� e_l�� \� ]g_ckZo
>`Z[udkdh]h� [ehdZ� ²� ����� ±� ���� feg�� e_l� [17]�� FZnbl�
mevljZfZnblh\u_�fZkkb\u�\�ij_^_eZo�\hklhqgh]h�kdehgZ�X`gh-
]h� MjZeZ� aZgbfZxl� jZaebqgmx� ]_heh]bq_kdmx� ihabpbx�� <� Ku-
k_jlkdh�Bevf_gh]hjkdhf�� DhqdZjkdhf�� FZjbbgh\kdhf� [ehdZo
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kj_^b�f_lZfhjnblh\�gb`g_]h�ijhl_jhahy�dZjlbjmxlky�l_eZ�ebg-
ah\b^ghc��q_q_\bp_h[jZaghc�nhjfu�iehsZ^vx�hl�i_j\uo�^_kyl-
dh\��khl_g�d\Z^jZlguo�f_ljh\�^h�i_j\uo�dbehf_ljh\��keh`_ggu_

heb\bg�wgklZlblh\ufb� ihjh^Zfb� b�f_lZfhjnblZfb� ih� gbf��>h-
\hevgh�djmigu_�fZkkb\u� ]bi_j[Zablh\� �iehsZ^vx� ��²���� df2)
dZjlbjmxlky� kj_^b� h[jZah\Zgbc� keZgp_\h]h� dhfie_dkZ�� wlh� LZ-
eh\kdbc��LZlbs_\kdbc��<_j[ex`v_]hjkdbc��Hevoh\kdbc��<ZjrZ\-
kdbc�b�DZp[Zokdbc�fZkkb\u��QZklv�fZkkb\h\�gZ[ex^Z_lky�kj_^b

\medZgh]_gguo�hleh`_gbc�iZe_hahy��KZoZjbgkdbc��:fZf[Zckdbc�

X`gh�:fZf[Zckdbc�� Km[mlZdkdbc� b� ^j���� HklZevgu_� fZkkb\u

ebgah\b^ghc� b� e_glhh[jZaghc� nhjfu� y\eyxlky� ijhljmabyfb� b

\uihegyxl�ahgu�l_dlhgbq_kdbo�gZjmr_gbc��wlh�DZa[Z_\kdbc��Dm-
ebdh\kdbc��=h]bgkdbc��=mebgkdbc��DZf_ggh^hevkdbc�b�^j�

Ljm^ghklb� k� bamq_gb_f� [hevrbgkl\Z� fZkkb\h\� k\yaZgu� k

djZcg_�gbadhc�h[gZ`_gghklvx��\lhjbqgufb�ij_h[jZah\Zgbyfb��\

lhf� qbke_� k\yaZggufb� kh� agZqbl_evgufb� l_dlhgbq_kdbfb� i_j_-
f_s_gbyfb��Ih�\b^bfhfm��ke_^kl\b_f�wlbo�i_j_f_s_gbc�b�y\ey-
_lky� khijy`_gghklv� jZaebqguo� fZnbl�mevljZfZnblh\uo� nhjfZ-
pbhgguo�dhfie_dkh\�\�h^gbo�b�l_o�`_�fZkkb\Zo��Hlkmlkl\b_�]_h-
eh]bq_kdbo� ^Zgguo� h� dhglZdlZo� b� \aZbfhhlghr_gbyo� ihjh^� \

wlbo�fZkkb\Zo� hij_^_ey_l� kl_i_gv� ^hklh\_jghklb�ijb\h^bfuo� \

^Zgghc�klZlv_�\u\h^h\��dhlhju_�l_f�g_�f_g__�y\eyxlky�gh\ufb�b

ijbgpbibZevgufb�

Ijbf_g_gb_�fbdjhahg^h\h]h� ZgZebaZ�\�bkke_^h\Zgbyo� kh-
klZ\Z� ihjh^hh[jZamxsbo� b� Zdp_kkhjguo� fbg_jZeh\� iha\hebeh

ihemqblv�gh\u_�^Zggu_�h�fbg_jZeh]bq_kdhf�khklZ\_�ihjh^��keZ-
]Zxsbo� g_dhlhju_� fZnbl�mevljZfZnblh\u_� fZkkb\u� X`gh]h

MjZeZ��Z� lZd`_�h�fbg_jZeh]bb�fZeuo� l_e�[Zabl�]bi_j[Zablh\h]h

khklZ\Z��ijhkljZgkl\_ggh��Z�\hafh`gh��b�]_g_lbq_kdb�k\yaZgguo�k

wlbfb�fZkkb\Zfb�

<�j_amevlZl_�bamq_gby�[ueh�mklZgh\e_gh�

²�\� ]bi_j[Zablh\uo�fZkkb\Zo��hlghkbfuo�jZg__�d�^mgbl�

]Zjp[mj]blh\hc�nhjfZpbb��ijbkmlkl\mxl� ©g_lbibqgu_ª�^ey�gbo

jZagu_�ih�khklZ\m�debghibjhdk_gu��Z�w\hexpby�bo�k\b^_l_evkl\m-
_l�h�g_klZg^Zjlghf�^ey�^Zgghc�nhjfZpbb�ibjhdk_gh\hf�lj_g^_�

²� ojhfribg_eb^u� g_dhlhjuo� fZkkb\h\� bf_xl� g_h[uq-
guc�khklZ\�b�hij_^_e_gguc�w\hexpbhgguc�lj_g^�

<k_� wlh� iha\hebeh� ij_^iheh`blv�� qlh� qZklv� bamq_gguo

fZkkb\h\� g_� y\eyxlky� ij_^klZ\bl_eyfb� ^mgbl�]Zjp[mj]blh\hc

nhjfZpbb�b�hlghkblky�d�^jm]bf�nhjfZpbhgguf�lbiZf��eb[h�y\-
eyxlky�ihebnhjfZpbhggufb�b�fgh]hnZagufb�

Gb`_�ijb\h^ylky�hjb]bgZevgu_�^Zggu_�h�khklZ\Zo�debgh-
ibjhdk_gh\��b��ojhfribg_eb^h\���gZ��hkgh\Zgbb��q_]h�b�^_eZxlky
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Jbk�� ��� KhklZ\u� debghibjhdk_gh\� ba� fZnbl�mevljZfZnblh\uo

fZkkb\h\�X`gh]h�MjZeZ�\�kbkl_f_
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FZkkb\u�� � �� —� Dmebdh\kdbc�� �� —� LZeh\kdbc�� �� — <ZjrZ\kdbc�� �� —
:fZf[Zckdbc����—�KZoZjbgkdbc����—�Kmjhyfkdbc

\u\h^u� h� jZaebqghc�nhjfZpbhgghc� ijbgZ^e_`ghklb� bamq_gguo

h[t_dlh\���Dmebdh\kdh]h��LZeh\kdh]h��<ZjrZ\kdh]h��:fZf[Zckdh-
]h��KZoZjbgkdh]h�b�Kmjhyfkdh]h�fZkkb\h\��Djhf_�lh]h��\�jZ[hl_

ijb\h^ylky� djZldb_� k\_^_gby�b� h� ^jm]bo�fbg_jZeZo�� keZ]Zxsbo

ihjh^u�wlbo�fZkkb\h\�

Ihjh^u�Dmebdh\kdh]h�fZkkb\Z�ij_^klZ\e_gu��\�hkgh\ghf�
k_ji_glbgblZfb��Kj_^b� debghibjhdk_gh\�b� ojhfribg_eb^h\�ih

bo�khklZ\m�fh`gh�\u^_eblv�^\_�]jmiiu�wlbo�fbg_jZeh\�

Debghibjhdk_gu� i_j\hc� ]jmiiu� b� \ukhdh]ebgha_fbklu_

ojhfribg_eb^u�y\eyxlky�oZjZdl_jgufb�fbg_jZeZfb�]Zjp[mj]b-
lh\�� e_jpheblh\�� ^mgbl�]Zjp[mj]blh\hc� nhjfZpbb��Debghibjhd-
k_gu�wlhc�]jmiiu�oZjZdl_jbamxlky�gbadhc�`_e_abklhklvx�b�lblZ-
gbklhklvx�(F ≤ 10—11, TiO2 < ����fZk������ih\ur_ggufb�kh^_j`Z-
gbyfb�Cr2O3 (≥��fZk� %), SiO2��!����fZk������b�NiO (^h�����fZk�����
Hlghr_gb_�Ca/(Ca+Mg) \Zjvbjm_l�hl����^h�����jbk�����
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>ey� ojhfribg_eb^h\�� khkms_kl\mxsbo� k� debghibjhdk_-
gZfb�ih^h[gh]h� khklZ\Z�� oZjZdl_jgu� \ukhdb_� kh^_j`Zgby�Al2O3

(!����fZk�������kh^_j`Zgb_�Cr2O3 dhe_[e_lky�hl����^h����fZk�����
IZ^_gb_�dhgp_gljZpbc�hdkb^Z�ojhfZ�khijh\h`^Z_lky�\hajZklZgb-
_f�kh^_j`Zgby�Al2O3��^h����fZk������Z�aZl_f�j_adbf�_]h�mf_gvr_-
gb_f��^h���fZk����Al2O3, ijb�kh^_j`Zgbb�Cr2O3�hdheh����fZk.  %).
Kh^_j`Zgb_�MgO kgb`Z_lky�hl���²���^h����fZk������`_e_ah�hklZ-
_lky� ihklhygguf� ���²��� fZk�� � ���� aZl_f� j_adh� \hajZklZ_l� ^h

��²���fZk�����ijb�dhgp_gljZpbb�Cr2O3 ���fZk�����W\hexpby�ob-
fbafZ� ojhfribg_eb^h\� wlhc� ]jmiiu� aZdexqZ_lky� \� m\_ebq_gbb

kh^_j`Zgbc�\�gbo�ZnO b�NiO�^h������b�����fZk�����khhl\_lkl\_g-
gh�� Ojhfribg_eb^u�� k� \ukhdbfb� kh^_j`Zgbyfb� ZnO, NiO,
FeOh[s�� b� gbadbfb� kh^_j`Zgbyfb� Al2O3, MgO h[jZamxl� lZd`_
dZcfu� gZ� ojhfbl_� k� \ukhdbfb� kh^_j`Zgbyfb� Al2O3, MgO�� Ih
khklZ\m�\ukhdh]ebgha_fbklu_�ojhfribg_eb^u�hl\_qZxl�Zexfh-
ojhfblZf�� ojhfibdhlblZf�� ojhfribg_eb^u� dZcf� ²� n_jjhojh-
fblZf��ojhffZ]g_lblZf��jbk�����

Jbk�� ��� KhklZ\u� ojhfribg_eb^h\� ba� fZnbl�mevljZfZnblh\uo

fZkkb\h\�X`gh]h�MjZeZ�\�kbkl_f_�Cr – Al – (Fe3++Ti).
FZkkb\u�� � �� —� Dmebdh\kdbc�� �� —� LZeh\kdbc�� �� — <ZjrZ\kdbc�� �� —

:fZf[Zckdbc�� ��—�KZoZjbgkdbc�� I —�ihe_�ojhfribg_eb^h\�ba�dhfie_dkh\�^m-
gbl�]Zjp[mj]blh\hc�nhjfZpbb��II — �ihe_�ojhfribg_eb^h\�ba�dhfie_dkh\�^mgbl�

debghibjhdk_gbl�]Z[[jh\hc�nhjfZpbb� b� dhfie_dkh\�—� ijh^mdlh\� djbklZeebaZ-
pbb�ibdjblhb^guo�jZkieZ\h\
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Debghibjhdk_gu� \lhjhc� ]jmiiu� h[eZ^Zxl� ih\ur_gghc

`_e_abklhklvx� (F 15—25), TiO2 ���²�� fZk�� � �, Cr2O3 0.1—
����fZk����, SiO2������fZk����� Ca/(Ca + Mg) baf_gy_lky�hl����^h
��� �kf�� jbk�� ����Ihke_^g__� y\ey_lky� k\b^_l_evkl\hf� ^hklZlhqgh

^ebl_evghc� w\hexpbb� khklZ\Z� debghibjhdk_gh\� gZ� iha^g_fZ]-
fZlbq_kdhc� b� km[kheb^mkghc� klZ^byo�� Ih� khklZ\m� debghibjhd-
k_gu� wlhc� ]jmiiu� hl\_qZxl� ^bhikb^�Z\]blm��K� ih^h[gufb� deb-
ghibjhdk_gZfb�khkms_kl\mxl�ojhfribg_eb^u�k�gbadbfb�kh^_j-
`Zgbyfb�Al 2O3 (< ���fZk�������Cr2O3�\�gbo�baf_gy_lky�hl����^h���

fZk������IZ^_gb_�kh^_j`Zgbc�Cr2O3, Al2O3�b�MgO�khijh\h`^Z_lky
\hajZklZgb_f�FeOh[s�� �k����^h� ���fZk�� �����>ey�ojhfribg_eb^h\
oZjZdl_jgh�hlkmlkl\b_�hdkb^h\�ZnO, NiO�b�g_dhlhjZy�h[h]Zs_g-
ghklv� lblZghf� �TiO2� ^h� ���� fZk�� � ����Ih� khklZ\m� hgb� hl\_qZxl

ojhfblZf�b� km[n_jjbojhfblZf��Debghibjhdk_gu�b� ojhfribg_-
eb^u� ih^h[gh]h� khklZ\Z� y\eyxlky� ijh^mdlZfb� djbklZeebaZpbb

ibdjblhb^guo� �ibjhdk_gblh\uo��jZkieZ\h\�ih\ur_gghc�s_ehq-
ghklb�b� lblZgbklhklb��Ijyfuf�ih^l\_j`^_gb_f� lh]h�� qlh�ihjh-
^u�� kh^_j`Zsb_� debghibjhdk_gu� b� ojhfribg_eb^u� \lhjhc

]jmiiu� ²� ijh^mdlu� djbklZeebaZpbb� ih^h[guo� ibdjblhb^guo

jZkieZ\h\�� y\ey_lky� ijbkmlkl\b_� \� gbo� kmevnb^h\� Cu, Ni, Zn
�oZevdhibjbl�� oZevdhabg�� i_gleZg^bl�� dh\_eebg�� knZe_jbl��� Ih-
\ur_ggu_� kh^_j`Zgby� lblZgZ� j_Zebamxlky� gZebqb_f� \� ihjh^Zo

bevf_gblZ��h[h]Zs_ggh]h�fZ]gb_f�b�fZj]Zgp_f��jmlbeZ��lblZgh-
fZ]g_lblZ��Djhf_� lh]h�� \�ihjh^Zo�ihklhyggh�ijbkmlkl\mxl�pbj-
dhg�b�ZiZlbl�

AZdZgqb\Zy�oZjZdl_jbklbdm�fbg_jZeh]bq_kdh]h�khklZ\Z�ih-
jh^�²�ijh^mdlh\� djbklZeebaZpbb�ibdjblhb^gh]h� jZkieZ\Z�� ke_-
^m_l�hlf_lblv�gZebqb_�\�gbo�b�lZdbo�dk_gh]_gguo�fbg_jZeh\�dZd

ZevfZg^bg�b�debghibjhdk_g�hfnZpblh\h]h�khklZ\Z��;ebadb_�fb-
g_jZeh]bq_kdb_�hkh[_gghklb�bf_xl�ihjh^u�jZkkeh_ggh]h�?eZgv�

<yah\kdh]h� dhfie_dkZ� <hjhg_`kdh]h� djbklZeebq_kdh]h� sblZ

[21].
LZeh\kdbc�fZkkb\�keh`_g�^mgblZfb��\_jeblZfb��heb\bgb-

lZfb��debghibjhdk_gblZfb��]Z[[jh��Ihjh^u�bf_xl�f_`^m�kh[hc

dZd� ihkl_i_ggu_� i_j_oh^u�� lZd� b� k_dmsb_� \aZbfhhlghr_gby

�]Z[[jh� b� debghibjhdk_gblu� ihjhc� h[jZamxl� `bevgu_� l_eZ� hl

g_kdhevdbo� kZglbf_ljh\� ^h� ^_kyldh\�f_ljh\�� k_dmsb_� ^mgblu�b

\_jeblu���=eZ\gufb�ihjh^hh[jZamxsbfb�fbg_jZeZfb�ihjh^�y\-
eyxlky�� � k_ji_glbgbabjh\Zgguc� heb\bg�� ^bhikb^�� Zfnb[he� �Zd-
lbghebl��jh]h\Zy�h[fZgdZ���eZ[jZ^hj�Zg^_abg�b�ribg_eb^u�

Debghibjhdk_gu�b�ribg_eb^u�y\eyxlky�kd\hagufb�fbg_-
jZeZfb�� >ey� debghibjhdk_gh\� oZjZdl_jgu� \ukhdb_� kh^_j`Zgby
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SiO2 (≥����fZk�������i_j_f_ggZy�`_e_abklhklv��hl����fZk�����\�\_j-
eblZo�^h����fZk�����\�]Z[[jh���GZb[he__�`_e_abklu_�debghibjhd-
k_gu�kh^_j`Zl�Al2O3�^h��.��fZk������Z�gZb[he__�fZ]g_abZevgu_�²
Cr2O3 ≥���fZk������K�m\_ebq_gb_f�`_e_abklhklb�debghibjhdk_gh\
gZ[ex^Z_lky�m\_ebq_gb_�\�gbo�hlghr_gby�Ca/(Ca + Mg) hl����^h
��²����jbk������qlh�hljZ`Z_l�iZ^_gb_�l_fi_jZlmju�bo�djbklZeeb-
aZpbb�

Ribg_eb^u�\�ihjh^Zo�fZkkb\Z�oZjZdl_jbamxlky�i_j_f_g-
guf� khklZ\hf�� GZb[he__� \ukhdhojhfbklu_� �Cr2O3 40—
���fZk������\klj_qZxlky�\�^mgblZo��\_jeblZo��>ey�debghibjhdk_-
gblh\�b�]Z[[jh�k\hckl\_gu�h[jZapu�k�kh^_j`Zgb_f�Cr2O3�hl����^h

��²���fZk������Ijb�wlhf�kgb`_gb_�kh^_j`Zgby�Cr2O3�khijh\h`-
^Z_lky� mf_gvr_gb_f� dhgp_gljZpbc� $O2O3� �hl� ��� ^h� �²

��fZk�������MgO �hl����^h���fZk�������\hajZklZgb_f�`_e_aZ��hl���
^h���²���fZk�������<�LZeh\kdhf�fZkkb\_�mklZgh\e_g�ke_^mxsbc

jy^�� � hl� ojhfblh\� d� km[n_jjbojhfblZf� b� n_jjbojhfblZf� ^h

ojhffZ]g_lblh\� �jbk�� ����Ih^h[gZy� w\hexpby� khklZ\h\�debghib-
jhdk_gh\�b�ribg_eb^h\�\�jy^m�ihjh^�hl�^mgblh\�^h�]Z[[jh�k\b^_-
l_evkl\m_l��gZ�gZr�\a]ey^��h[�h[jZah\Zgbb�wlbo�ihjh^�\�oh^_�_^b-
gh]h� ijhp_kkZ� w\hexpbb� bkoh^gh]h� jZkieZ\Z�²� djbklZeebaZpb-
hgghc�^bnn_j_gpbZpbb�

Bamq_ggu_� ihjh^u� b� khklZ\u� keZ]Zxsbo� bo� fbg_jZeh\

�ribg_eb^u�� debghibjhdk_gu�� k\hckl\_gu� dhfie_dkZf�� hlghkb-
fuf� d� ^mgbl�debghibjhdk_gbl�]Z[[jh\hc� nhjfZpbb�� d� ij_^klZ-
\bl_eyf�dhlhjhc�b�ke_^m_l�hlg_klb�LZeh\kdbc�fZkkb\�

:gZeba�j_^dbo�a_f_ev�ihdZaZe��qlh�ih�oZjZdl_jm�bo�jZij_-
^_e_gby� b� \_ebqbg_� dhgp_gljZpbb� hgb� agZqbl_evgh� hlebqZxlky

hl�Zevibghlbiguo�]bi_j[Zabl�[Zablh\uo�ZkkhpbZpbc��>ey�e_]dbo

b� kj_^gbo� eZglZghb^h\� �jy^�La—Eu)� oZjZdl_jgh�ihke_^h\Zl_ev-
gh_�m\_ebq_gb_�bo�kh^_j`Zgbc�hl�i_jb^hlblh\�d�]Z[[jh��Kl_i_gv

dhjj_eypbhgghc� aZ\bkbfhklb�b�hlghr_gbc�PAW� khojZgy_lky�^ey
\k_]h�kbg]_g_lbq_kdh]h�jy^Z�ihjh^��qlh�fh`_l�k\b^_l_evkl\h\Zlv

h�]hfh]_gghklb�fZglbcgh]h�bklhqgbdZ�fZ]fZlbq_kdh]h�jZkieZ\Z�

<�<ZjrZ\kdhf�fZkkb\_��lZd�`_�dZd�b�\�LZeh\kdhf��kj_^b
debghibjhdk_gh\�\u^_ey_lky�h^gZ�]jmiiZ��<�__�ij_^_eZo�gZ[ex-
^Z_lky� m\_ebq_gb_� `_e_abklhklb� debghibjhdk_gh\� hl� ��� ^h� ���

ijb�wlhf�ijhbkoh^bl�\hajZklZgb_�hlghr_gby�Ca/(Ca + Mg)�hl���
^h� ���� m\_ebq_gb_� kh^_j`Zgby�Al2O3 �^h� ����fZk�� � ���� TiO2 (^h
����fZk�� ����GZebqb_�Cr2O3� hlf_q_gh� ebrv� \� gZbf_g__�`_e_ab-
klhf�debghibjhdk_g_��Kh^_j`Zgb_�SiO2 ��²���fZk�� ����Hl�deb-
ghibjhdk_gh\�LZeh\kdh]h�fZkkb\Z�hgb�hlebqZxlky�ebrv�g_kdhev-
dh� ih\ur_gghc� `_e_abklhklvx� b� ih\ur_gguf� kh^_j`Zgb_f

Al2O3��Ih�khklZ\m�hl\_qZxl�^bhikb^m��kZeblm�� kZebl�Z\]blm��Ih-
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jh^u��kh^_j`Zsb_�wlb�debghibjhdk_gu�jZa\blu�\�\hklhqghc�qZk-
lb� fZkkb\Z� b� ij_^klZ\e_gu� jy^hf� ^mgbl�debghibjhdk_gbl�

]Z[[jh�� ijb� wlhf� gZb[he__�`_e_abklu_� b� ]ebgha_fbklu_� debgh-
ibjhdk_gu�\klj_q_gu�\�]Z[[jh�

<� iZjZ]_g_abk_� k� debghibjhdk_gZfb� gZoh^ylky� ojhfrib-
g_eb^u�� ^ey� dhlhjuo� oZjZdl_jgh� g_\ukhdh_� kh^_j`Zgb_

Al2O3 ( ≤���� fZk�� ���� kh^_j`Zgb_� Cr2O3� dhe_[e_lky� hl� ��� ^h

��� fZk�� � ���K� iZ^_gb_f� kh^_j`Zgby�Cr2O3 ijhbkoh^bl� iZ^_gb_
MgO�k����^h���fZk������\hajZklZgb_�kh^_j`Zgby�kmffZjgh]h�`_e_-
aZ�hl����^h����fZk������Ih�khklZ\m�wlb�ojhfribg_eb^u�hl\_qZxl

ojhfblZf�� km[n_jjbojhfblZf�� n_jjbojhfblZf�� ojhffZ]g_lblZf

�kf��jbk�����

IZjZ]_g_abk� debghibjhdk_gh\� b� ojhfribg_eb^h\�� hlf_-
q_gguc� \� <ZjrZ\kdhf� fZkkb\_� \� k_jbb� ihjh^� ^mgbl�debgh�

ibjhdk_gbl�]Z[[jh�� y\ey_lky� q_ldbf� k\b^_l_evkl\hf� h� ijbgZ^-
e_`ghklb�wlhc�k_jbb��dZd�b�\�LZeh\kdhf�fZkkb\_��d�h^ghbf_gghc

nhjfZpbb�

Djhf_� gbadh]ebgha_fbkluo� ojhfribg_eb^h\� \� Zih]bi_j-
[Zablh\uo� k_ji_glbgblZo�� keZ]Zxsbo� [hevrmx� aZiZ^gmx� qZklv

<ZjrZ\kdh]h� fZkkb\Z�� hlf_q_gZ� ZkkhpbZpby� \ukhdh]ebgha_fb-
kluo� ojhfribg_eb^h\�� oZjZdl_jguo� ^ey� ihjh^� ^mgbl�

]Zjp[mj]blh\hc� nhjfZpbb�� Ojhfribg_eb^u� kh^_j`Zl� [he__

��� fZk�� �� Al2O3�� kh^_j`Zgb_� Cr2O3 khklZ\ey_l� ��²��� fZk�� ��

MgO �²���fZk�����Feh[s ��²���fZk����

GZebqb_�^\mo�j_adh�hlebqguo�ih�khklZ\m�k_jbc�ojhfrib-
g_eb^h\�\�ihjh^Zo�<ZjrZ\kdh]h�fZkkb\Z�iha\hey_l�k^_eZlv�\u\h^

h[�mqZklbb�\�_]h�kljh_gbb�^\mo�k_jbc�ihjh^��hlghkysboky�d�jZa-
guf� nhjfZpbyf�� � ^mgbl�]Zjp[mj]blh\hc� b� ^mgbl�debghibjhd�

k_gbl�]Z[[jh\hc�

Kj_^b� debghibjhdk_gh\� b� ojhfribg_eb^h\�:fZf[Zckdh]h
fZkkb\Z� \u^_eyxlky�^\_� ]jmiiu�fbg_jZeh\��Debghibjhdk_gu�i_j-
\hc�]jmiiu�oZjZdl_jbamxlky�gbadbfb�hlghr_gbyfb�[Ca/(Ca + Mg)]
�hl����^h������`_e_abklhklv�bo�khklZ\ey_l���—����>ey�gbo�oZjZd-
l_jgh�ihqlb�ihklhyggh_�ijbkmlkl\b_�Cr2O3 (≥���fZk�������\ukhdh_
kh^_j`Zgb_� SiO2 (≤� ��²��� fZk�� ��, Al2O3 baf_gy_lky� hl� �� ^h
�� fZk�� ��� Ih� khklZ\m� wlh� ojhf^bhikb^u�� Ihjh^u�� \� dhlhjuo

\klj_q_gu� lZdb_� debghibjhdk_gu�� ij_^klZ\e_gu� e_jpheblZfb�

gh� qZs_� \k_]h� k_ji_glbgblZfb��Ojhfribg_eb^u� ba� wlbo� ihjh^

\u^_eyxlky� lZd`_� \� kZfhklhyl_evgmx� ]jmiim� �i_j\mx��� >ey

gbo� oZjZdl_jgh� ih\ur_ggh_� kh^_j`Zgb_� Al2O3 (15—
���fZk�������kh^_j`Zgb_�Cr2O3�kgb`Z_lky�hl����^h���—���fZk����

0J2� �²��� fZk�� ��� kh^_j`Zgb_� kmffZjgh]h� `_e_aZ� khklZ\ey_l
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20—���fZk�����Wibah^bq_kdb�\�ojhfribg_eb^Zo�hlf_qZ_lky�ijb-
kmlkl\b_�MnO�\�dhebq_kl\_�^h���fZk�����OZjZdl_jghc�hkh[_ggh-
klvx�w\hexpbb�khklZ\h\�ojhfribg_eb^h\�wlhc�]jmiiu�y\ey_lky

jhkl�kh^_j`Zgby�Al2O3�k�iZ^_gb_f�kh^_j`Zgby�Cr2O3��Ih�khklZ\m

ojhfribg_eb^u� hl\_qZxl� ZexfhojhfblZf�� j_^dh� —� ojhfblZf

�kf��jbk�����

DZd� \b^gh� ba� ijb\_^_gguo� ^Zgguo�� bamq_ggu_� debghib-
jhdk_gu� b� ojhfribg_eb^u� hlebqZxlky� hl� koh^guo� ih� khklZ\m

]jmii�fbg_jZeh\�ba�^jm]bo�fZkkb\h\� ke_^mxsbfb�hkh[_gghkly-
fb�� LZd�� debghibjhdk_gu� bf_xl� ih\ur_ggmx� `_e_abklhklv�

Z� ojhfribg_eb^u� ihgb`_ggmx� ]ebgha_fbklhklv�� qlh� \b^bfh�

y\ey_lky� hljZ`_gb_f� ih^h[guo�`_� hkh[_gghkl_c� khklZ\Z� kh^_j-
`Zsbo� bo� ihjh^��Fbg_jZeu� e_jpheblh\�� ]Zjp[mj]blh\�� ^mgblh\

bf_xl� ih\ur_ggmx�`_e_abklhklv� b�fh]ml� [ulv� hlg_k_gu� d� ^m-
gbl�]Zjp[mj]blh\hc� nhjfZpbb� ih\ur_gghc� `_e_abklhklb�� Ih-
ke_^gyy�hkh[_gghklv��ih�\b^bfhfm��y\ey_lky�ke_^kl\b_f�qZklbq-
gh]h�ieZ\e_gby�fZglbcgh]h�km[kljZlZ�

Debghibjhdk_gu�\lhjhc�]jmiiu��kf��jbk�����hlebqZxlky�hl

debghibjhdk_gh\�i_j\hc�\ukhdbf����—����hlghr_gb_f�Ca/(Ca +
Mg),�ih\ur_gghc�`_e_abklhklvx� �F 31—44), ihgb`_gghc�dj_f-
g_a_fbklhklvx��SiO2������fZk������b��dZd�ke_^kl\b_��ih\ur_gguf

hlghr_gb_f�Al2O2/SiO2��dhebq_kl\h�Al2O3 \�gbo�lZdh_�`_��dZd�b�\
debghibjhdk_gZo� i_j\hc� ]jmiiu)�� k\b^_l_evkl\mxsbf� h� ih\u-
r_gghc�^_kbebpbjh\Zgghklb�jZkieZ\Z��ba�dhlhjh]h�hgb�h[jZah\Z-
gu� [22]��Debghibjhdk_gu�ih�khklZ\m�hl\_qZxl�^bhikb^m�beb�kZ-
eblm��Debghibjhdk_gu� ih^h[gh]h� khklZ\Z� \klj_qZxlky� \� \_jeb-
lZo�� debghibjhdk_gblZo�� ]Z[[jh�� fhgphgblZo�� <� iZjZ]_g_abk_� k

gbfb�hlf_qZxlky�ojhfribg_eb^u��\u^_e_ggu_�\h�\lhjmx�]jmi-
im��>ey�gbo�oZjZdl_jgh�gbadh_�kh^_j`Zgb_�Al2O3 (11—��fZk������

kh^_j`Zgb_�Cr2O3�dhe_[e_lky�hl����^h����fZk�� ����MgO hl����^h
��fZk������kh^_j`Zgb_�kmffZjgh]h�`_e_aZ�khklZ\ey_l���—���fZk����

>ey� gbadhojhfbkluo� jZagh\b^ghkl_c� oZjZdl_jgh� ijbkmlkl\b_

MnO��^h���fZk������Ih�khklZ\m�ojhfribg_eb^u�hl\_qZxl�ojhfb-
lZf��n_jjbojhfblZf��ojhffZ]g_lblZf��kf��jbk�����

Debghibjhdk_gu� b� ojhfribg_eb^u� \lhjhc� ]jmiiu�� dZd

\b^gh�ba�ijb\_^_gguo�^Zgguo��aZf_lgh�hlebqZxlky�hl�ZgZeh]bq-
guo�fbg_jZeh\�ba�lZdbo�`_�ihjh^�^jm]bo�fZkkb\h\��LZd��debgh-
ibjhdk_gu� bf_xl� ih\ur_ggmx� `_e_abklhklv�� dZevpb_\hklv�

ojhfribg_eb^u� oZjZdl_jbamxlky� \ukhdbf� kh^_j`Zgb_f� MnO,
qlh�fh`_l�k\b^_l_evkl\h\Zlv�h[�h[jZah\Zgbb�kh^_j`Zsbo�bo�ih-
jh^� ba� [he__� `_e_abklh]h� jZkieZ\Z�� ^Zxs_]h� ^mgbl�debgh�

ibjhdk_gbl�]Z[[jh\u_� k_jbb� beb� jZkieZ\Z�� bkiulZ\r_]h� [hev�

rmx�^bnn_j_gpbZpbx��\�ijhp_kk_�dhlhjhc�ijhbkoh^beZ�_]h�^_-
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kbebdZpby�� gZ� qlh� mdZau\Z_l� m\_ebq_gb_� hlghr_gby� Al2O3/SiO2

[22]��Ih�khklZ\m�wlhl�jZkieZ\��\b^bfh�khhl\_lkl\h\Ze�ibdjblhb^-
ghfm (ibjhdk_gblh\hfm).

<�ihjh^Zo�KZoZjbgkdh]h�fZkkb\Z��ij_^klZ\e_gguo�k_jb_c
hl� ibjhdk_gkh^_j`Zsbo� ^mgblh\� ^h� \_jeblh\�� debghibjhdk_gb-
lh\�� ]Z[[jh��fhgphgblh\�� kb_gblh\�� \klj_q_gu� debghibjhdk_gu�

dhlhju_�h[jZamxl�w\hexpbhgguc�jy^�hl�fZeh`_e_abkluo��F 14)�\
^mgblZo��\_jeblZo��^h�\ukhdh`_e_abkluo�(F 43)�\�]Z[[jh��fhgph-
gblZo��<�wlhf�jy^m��\�ijhp_kk_�m\_ebq_gby�`_e_abklhklb�debgh-
ibjhdk_gh\� ijhbkoh^bl� iZ^_gb_� kh^_j`Zgby� Cr2O3 (hl� �� ^h
��fZk�������m\_ebq_gb_�bo�dZevpb_\hklb��qlh�gZoh^bl�hljZ`_gb_�\

m\_ebq_gbb�hlghr_gby�Ca/(Ca+Mg) hl����^h�����jbk������Z�lZd�`_
—�hlghr_gby�Al2O3/SiO2. Ijb�wlhf�^ey�heb\bgkh^_j`Zsbo�ihjh^
oZjZdl_jgu�agZqbl_evgu_�\ZjbZpbb�hlghr_gby�Ca/(Ca + Mg)��qlh
mdZau\Z_l� gZ� ^hklZlhqgh� ^ebl_evguc� wlZi� bo� iha^g_fZ]fZlbq_-
kdbo�b�km[kheb^mkguo�ij_h[jZah\Zgbc��lh]^Z�dZd�^ey�]Z[[jh�wlb

\ZjbZpbb� fZeu� b� k\b^_l_evkl\mxl� h[� bo� ^hklZlhqgh� [ukljhc

djbklZeebaZpbb�ba�]Z[[jh\h]h�jZkieZ\Z��DZd�fh`gh�\b^_lv��]eZ\-
ghc�hkh[_gghklvx�khklZ\h\�debghibjhdk_gh\�KZoZjbgkdh]h�fZk-
kb\Z��dZd�b�:fZf[Zckdh]h��y\ey_lky�bo�ih\ur_ggZy�`_e_abklhklv�

H^gZdh��debghibjhdk_gu�KZoZjbgkdh]h�fZkkb\Z�h[jZamxl�g_ij_-
ju\guc�jy^��qlh�fh`_l�y\blvky�ke_^kl\b_f�lh]h��qlh�hgb��lhqg__

\_kv�ki_dlj�ihjh^��keZ]Zxsbo�fZkkb\��djbklZeebah\Zebkv�ba�_^b-
gh]h� jZkieZ\Z� \� ijhp_kk_� _]h� ^bnn_j_gpbZpbb��G_agZqbl_evgh_

m\_ebq_gb_�hlghr_gby�Al2O3/SiO2�\�debghibjhdk_gZo�ba�iha^gbo

ihjh^� fZkkb\Z� fh`_l� k\b^_l_evkl\h\Zlv� h� lhf�� qlh� \� ijhp_kk_

^bnn_j_gpbZpbb� jZkieZ\� ij_l_ji_e� ^_kbebdZpbx�� Ih� khklZ\m

debghibjhdk_gu�fZkkb\Z�hl\_qZxl�^bhikb^Zf�jZaghc�`_e_abklh-
klb�b�kZeblZf�

Ojhfribg_eb^u� KZoZjbgkdh]h� fZkkb\Z� lZd`_� ij_^klZ\-
eyxl� kh[hc� _^bguc� w\hexpbhgguc� jy^�� \� dhlhjhf� iZ^_gb_� kh-
^_j`Zgby�Cr2O3�hl� ���^h� ���fZk�� ��� khijh\h`^Z_lky�jhklhf� kh-
^_j`Zgbc Al2O3 hl� ��^h� ���fZk�� ����`_e_aZ�hl� ���^h� ���fZk����
TiO2�^h���fZk�����iZ^_gb_f�kh^_j`Zgby�MgO hl����^h���fZk����
Ih�khklZ\m�ojhfribg_eb^u�KZoZjbgkdh]h�jZchgZ�hl\_qZxl�km[-
n_jjbojhfblZf��km[n_jjbZexfhojhfblZf��kf��jbk������LZdhc�oh^

w\hexpbb� khklZ\h\� ojhfribg_eb^h\�� \b^bfh�� h[mkeh\e_g� _]h

kh\f_klghc� djbklZeebaZpb_c� k� dZdhc�eb[h�fZ]g_abZevghc�nZahc

�heb\bg��debghibjhdk_g"���gh�^h�gZqZeZ�djbklZeebaZpbb� Zexfb-
gbckh^_j`Zsbo� nZa�� Ojhfribg_eb^u� lZdbo� khklZ\h\� h[uqgh

oZjZdl_jgu� ^ey� kljZlbnhjfguo� bgljmab\h\�� ^mgbl�debgh�

ibjhdk_gblh\uo� bgljmab\h\� ih\ur_gghc� s_ehqghklb� ²� lbiZ

Dhg^_j��BgZ]eb��Z�lZd`_�^ey�dhfZlbblh\�
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Debghibjhdk_gu� \� Kmjhyfkdhf� fZkkb\_� \klj_q_gu� \h

\k_o�lbiZo�ihjh^�hl�Zih^mgblh\uo�neh]hiblh\uo�k_ji_glbgblh\

b� \_jeblh\� ^h� jZaghh[jZaguo� ih� khklZ\m� debghibjhdk_gblh\

�jm^guo��kex^yguo��ihe_\hriZlh\uo���b�s_ehqguo�b�n_ev^riZ-
lhb^guo� kb_gblh\��Hgb� h[jZamxl� _^bgmx� k_jbx� hl� ^bhikb^Z� \

k_ji_glbgblZo�� \_jeblZo� ^h� ^bhikb^�Z\]blZ�� kZebl�Z\]blZ� \� ib-
jhdk_gblZo� b� kb_gblZo�� W\hexpby� khklZ\h\� debghibjhdk_gh\� \

wlhf�jy^m� khijh\h`^Z_lky� \hajZklZgb_f�bo�`_e_abklhklb�� hlgh-
r_gbc�Ca/(Ca + Mg), Al2O3/SiO2�� qlh�mdZau\Z_l�gZ�bo�g_ij_ju\-
gh_�h[jZah\Zgb_�ba�djbklZeebamxs_]hky�jZkieZ\Z�mevljZfZnblh-
\h]h�khklZ\Z�ih\ur_gghc�s_ehqghklb�

Ihfbfh�ihemq_gguo�^Zgguo�h[�w\hexpbb�khklZ\h\�debgh-
ibjhdk_gh\� \� ijhp_kk_� ^bnn_j_gpbZpbb� s_ehqgh�mevljZ-
hkgh\gh]h�jZkieZ\Z��h�_]h�s_ehqghf�mdehg_�k\b^_l_evkl\m_l�lZd-
`_� gZebqb_� \� ihjh^Zo� fZkkb\Z� lZdbo� fbg_jZeh\� dZd� neh]hibl�

[bhlbl��dZebc�gZljb_\uc�ihe_\hc�riZl��dZgdjbgbl��g_n_ebg�

Ojhfribg_eb^u�\�ihjh^Zo�Kmjhyfkdh]h�fZkkb\Z�hlkmlkl-
\mxl��bo�f_klh�aZgbfZ_l�fZ]g_lbl��Ijb�wlhf�fZ]g_lbl�lZd`_�bf_-
_l�i_j_f_gguc�khklZ\�b�h[jZam_l�_^bgmx�k_jbx�hl�ojhffZ]g_lb-
lZ� ���—���fZk�� ���Cr2O3��\�k_ji_glbgblZo�^h�fZehojhfbkluo�b

[_aojhfbkluo�fZ]g_lblh\� \� debghibjhdk_gblZo� b� kb_gblZo��Hl-
kmlkl\b_�lbibqguo�ojhfribg_eb^h\�\�ihjh^Zo�fZkkb\Z�k\yau\Z-
_lky� k� ihgb`_gguf� kh^_j`Zgb_f�Cr2O3� \� bkoh^ghf� jZkieZ\_�� Z

lZd`_� ih\ur_gghc� s_ehqghklvx� bkoh^gh]h� jZkieZ\Z�� qlh� kih-
kh[kl\m_l�jZkk_b\Zgbx�ojhfZ�\�j_r_ldZo�lZdbo�ihjh^hh[jZamx-
sbo�fbg_jZeh\�dZd�debghibjhdk_g�b�kex^Z�

GZ�hkgh\Zgbb�bamq_gby�khklZ\h\�ojhfribg_eb^h\��debgh-
ibjhdk_gh\� ba� ihjh^� Dmebdh\kdh]h�� LZeh\kdh]h�� <ZjrZ\kdh]h�

:fZf[Zckdh]h�� KZoZjbgkdh]h� b� Kmjhyfkdh]h� fZkkb\h\� fh`gh

k^_eZlv� ke_^mxsb_� \u\h^u� h� nhjfZpbhgghc� ijbgZ^e_`ghklb

dhfie_dkh\�ihjh^��keZ]Zxsbo�wlb�fZkkb\u�

<� Dmebdh\kdhf� fZkkb\_� \uy\e_gh� ^\Z� dhfie_dkZ� ihjh^�

^ey� dhlhjuo� oZjZdl_jgu� debghibjhdk_gu� b� ojhfribg_eb^u� k

hlebqgufb�^jm]�hl�^jm]Z�hkh[_gghklyfb�obfbq_kdh]h�khklZ\Z��GZ

hkgh\Zgbb�jZkkfhlj_gby� wlbo�hkh[_gghkl_c�[ue�k^_eZg�\u\h^�h

ijbgZ^e_`ghklb�dZ`^h]h�ba�dhfie_dkh\�ihjh^�d�jZaguf�nhjfZ-
pbyf���i_j\uc�dhfie_dk��ihjh^u�dhlhjh]h�kh^_j`Zl�fZeh`_e_ab-
klu_� debghibjhdk_gu� b� \ukhdh]ebgha_fbklu_� ojhfribg_eb^u�

y\ey_lky� ij_^klZ\bl_e_f� ^mgbl�]Zjp[mj]blh\hc� nhjfZpbb�� \lh-
jhc�� \�ihjh^Zo� dhlhjh]h� \klj_q_gu� \ukhdh`_e_abklu_� debghib-
jhdk_gu�� gbadh]ebgha_fbklu_� ojhfribg_eb^u�� ^he`_g� [ulv

hlg_k_g�d�©ibdjblhb^ghcª�nhjfZpbb�ih\ur_gghc�s_ehqghklb��k

dhlhjhc� h[uqgh� k\yaZgh� kmevnb^gh_� f_^gh�gbd_e_\h_� hjm^_g_-
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gb_�� GZ� ih\ur_ggmx� s_ehqghklv� jZkieZ\Z�� ba� dhlhjh]h� [ue

knhjfbjh\Zg�\lhjhc�dhfie_dk�ihjh^�Dmebdh\kdh]h�fZkkb\Z��lZd-
`_�mdZau\Zxl�ihgb`_ggh_�kh^_j`Zgb_�SiO2�b�ih\ur_ggh_�hlgh-
r_gb_�Al2O3/SiO2�\�debghibjhdk_gZo�

LZeh\kdbc� fZkkb\� hlghkblky� d� ^mgbl�debghibjhdk_gbl�

]Z[[jh\hc� nhjfZpbb�� Zih]Zjp[mj]blh\u_� k_ji_glbgblu� \hklhq-
ghc�ihehku�l_dlhgbq_kdb�kh\f_s_gu�k�^Zgghc�nhjfZpb_c�

<� kljh_gbb�<ZjrZ\kdh]h�fZkkb\Z�ijbgbfZxl�mqZklb_�^\Z

dhfie_dkZ� ihjh^� —� ^mgbl�]Zjp[mj]blh\hc� b� ^mgbl�debgh�

ibjhdk_gbl�]Z[[jh\hc�nhjfZpbc�

<�:fZf[Zckdhf�fZkkb\_�lZd`_�mklZgh\e_gh�mqZklb_�\�_]h

kljh_gbb� ^\mo� dhfie_dkh\� jZaghc�nhjfZpbhgghc� ijbgZ^e_`gh-
klb�� Dhfie_dk� ihjh^�� kh^_j`Zsbo� \ukhdh]ebgha_fbklu_� ojhf-
ribg_eb^u� b� fZeh`_e_abklu_� debghibjhdk_gu�� y\ey_lky� ij_^-
klZ\bl_e_f� ^mgbl�]Zjp[mj]blh\hc� nhjfZpbb��Ihjh^u� k�`_e_ab-
klufb� debghibjhdk_gZfb�b�gbadh`_e_abklufb� ojhfribg_eb^Z-
fb�h[jZah\Zgu�ba�ibdjblhb^gh]h�jZkieZ\Z�b�hlghkylky��\_jhylgh�

d�^mgbl�debghibjhdk_gbl�]Z[[jh\hc�nhjfZpbb�ih\ur_gghc�s_-
ehqghklb�

<�KZoZjbgkdhf�fZkkb\_�mklZgh\e_gh�gZebqb_�\�_]h�kljh_-
gbb� h^gh]h� dhfie_dkZ� ihjh^�� h� q_ldhc� nhjfZpbhgghc� ijbgZ^-
e_`ghklb�dhlhjh]h�gZ�^Zgghf� wlZi_� km^blv� ljm^gh��W\hexpbhg-
gu_�jy^u�debghibjhdk_gh\�b�ojhfribg_eb^h\�ba�ihjh^�fZkkb\Z

koh^gu�k�lZdh\ufb�ba�k_jbc�dhfZlbblh\��\hafh`gh�ibdjblh\�ih-
\ur_gghc� s_ehqghklb�� Bkoh^guc� ^ey� KZoZjbgkdh]h� fZkkb\Z

jZkieZ\�\�ijhp_kk_�^bnn_j_gpbZpbb�bkiulu\Ze�g_agZqbl_evgmx

^_kbebdZpbx�

Kmjhyfkdbc� fZkkb\� keh`_g� _^bguf� dhfie_dkhf� ihjh^�

Bamq_gb_�_^bghc�k_jbb�debghibjhdk_gh\�b�n_jjbribg_eb^h\�ba

ihjh^�fZkkb\Z�ihdZaZeh��qlh�\�ijhp_kk_�^bnn_j_gpbZpbb�bkoh^-
gh]h� jZkieZ\Z�ijhbkoh^beZ� _]h� ^_kbebdZpby��Bkoh^guc� jZkieZ\

bf_e� mevljZfZnblh\uc� khklZ\� b� ih\ur_ggmx�s_ehqghklv�� Wlh

ih^l\_j`^Z_lky�dhgp_gljZpb_c�b�jZkij_^_e_gb_f�e_]dbo�b�ly`_-
euo�j_^dbo� a_f_ev�\�jZaebqguo�ihjh^Zo�fZkkb\Z��GZ�hkgh\Zgbb

bamq_gby� debghibjhdk_gh\��ribg_eb^h\�� Z� lZd`_� [he__� jZgg_]h

bamq_gby� i_ljhobfbq_kdbo�� ]_hobfbq_kdbo�� fbg_jZeh]bq_kdbo

hkh[_gghkl_c��keZ]Zxsbo�fZkkb\u�ihjh^��fh`gh�k^_eZlv�\u\h^�

qlh�hg�ih�k\h_c�nhjfZpbhgghc�ijbgZ^e_`ghklb�aZgbfZ_l�ijhf_-
`mlhqgh_�iheh`_gb_�f_`^m�^mgbl�debghibjhdk_gbl�]Z[[jh\hc�b

s_ehqgh�mevljZfZnblh\hc�nhjfZpbyfb�>�@�

H^gh\j_f_ggh�k�bamq_gb_f�fbg_jZeh]bb�hoZjZdl_jbah\Zg-
guo�fZkkb\h\� \h�<K?=?B�ijh\h^beZkv�ij_^\Zjbl_evgZy� hp_gdZ

i_jki_dlb\� ieZlbghghkghklb� jy^Z� mevljZfZnblh\uo�fZkkb\h\� b
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\f_sZxsbo�l_jjb]_ggh�dZj[hgZlguo�ihjh^��h[h]Zs_gguo�m]eb-
kluf�\_s_kl\hf��«m]ebklu_�keZgpu»).

GZ�ieZlbghb^u�[ueb�hijh[h\Zgu�ke_^mxsb_�h[t_dlu�

—� aZiZ^guc� kdehg� MjZeZ�� � jm^gu_� debghibjhdk_gblu� b

fZ]g_lblh\u_� d\Zjpblu� LZjZlZrkdh]h� [ehdZ�� \djZie_ggu_� b

kiehrgu_� lblZghfZ]g_lblh\u_� jm^u� ba� jZkkeh_gghc� Dmkbgkdh�

DhiZgkdhc� ]Z[[jh�Zfnb[heblh\hc� ijhljmabb�� jm^gu_� debghib-
jhdk_gblu�Kmjhyfkdh]h�fZkkb\Z�

—�\hklhqguc�kdehg�MjZeZ���ojhfblh\u_�jm^u�MnZe_ckdh-
]h��Ahehlh]hjkdh]h��LZeh\kdh]h��<_j[ex`v_]hjkdh]h��<ZjrZ\kdh-
]h��:fZf[Zckdh]h��Bldmevkdh]h��DZjdh^bgkdh]h�fZkkb\h\�

J_amevlZlu� ijh\_^_gguo� bkke_^h\Zgbc� k\h^ylky� d� ke_-
^mxs_fm�

—�agZqbfu_�kh^_j`Zgby�ieZlbgu�— 0.���]�l��iZeeZ^by�—
0.�� ]�l�� ahehlZ�— 0.1—0.��� ]�l�� k_j_[jZ�—� �� ]�l� h[gZjm`_gu� \

jm^guo�ibjhdk_gblZo�Kmjhyfkdh]h�fZkkb\Z�

—� \� LZjZlZrkdhf� dhfie_dk_� �f_klhjh`^_gb_� JZ^hklgh_�

ieZlbghb^u�dhgp_gljbjmxlky�\�fZ]g_lblh\uo�d\ZjpblZo��h[h]Z-
s_gguo� kmevnb^Zfb�� ]^_�hlf_qZ_lky�ieZlbgZ� ��.��� ]�l��b�iZeeZ-
^bc�����—����f]�l��

—� \djZie_ggu_� lblZghfZ]g_lblh\u_� jm^u� Dmkbgkdh�

DhiZgkdhc� ijhljmabb� kh^_j`Zl� iZeeZ^bc� \� dhebq_kl\_� ���—
����f]�l��ijbq_f�dhebq_kl\h�ieZlbghb^h\�ih\urZ_lky�\�lblZgh-
fZ]g_lblh\uo� jm^Zo� ih� kjZ\g_gbx� k� fZ]g_lblh\ufb�� iZeeZ^bc

lZd`_�h[gZjm`_g�b�\�]hjg[e_g^blZo��^h�����f]�l��

—� ojhfblh\u_� jm^u� MnZe_ckdh]h�� DZjdh^bgkdh]h�� Bl-
dmevkdh]h�� LZeh\kdh]h�� Ahehlh]hjkdh]h�� Maugdujkdh]h�� :fZf-
[Zckdh]h��<_j[ex`v_]hjkdh]h�b�<ZjrZ\kdh]h�fZkkb\h\�kh^_j`Zl�

ih�ij_^\Zjbl_evguf�^Zgguf��g_[hevrb_�dhebq_kl\Z�ieZlbghb^h\

(300—����f]�l���qlh�lj_[m_l�[he__�^_lZevgh]h�bo�bamq_gby�gZ�\k_

r_klv�f_lZeeh\�ieZlbgh\hc�]jmiiu��H^gZdh��m`_�k_]h^gy�fh`gh

kdZaZlv��qlh�gZb[he__�i_jki_dlb\gu�fZkkb\u�MnZe_ckdbc��<_j[-
ex`v_]hjkdbc�� <ZjrZ\kdbc�� dhlhju_� ih� k\hbf� ]_hobfbq_kdbf

hkh[_gghklyf� hlebqZxlky� ih\ur_ggufb� kh^_j`Zgbyfb� gbd_ey

(0.2—0.��fZk�� �����f_^b� ��.1—0.��fZk�� �����dh[ZevlZ� �����]�l���<
<_j[ex`v_]hjkdhf�fZkkb\_� hlf_qZ_lky� k_e_g� �^h� ��—��� ]�l��� \

Maugdujkdhf�—�furvyd� ����—���� ]�l�� ±� kimlgbd�ijhfure_g-
guo�dhgp_gljZpbc�f_lZeeh\�ieZlbgh\hc�]jmiiu�

—� DZjdh^bgkdbc�� LZeh\kdbc�� Bldmevkdbc�� :fZf[Zckdbc

fZkkb\u�oZjZdl_jbamxlky�ihebf_lZeebq_kdhc�ZkkhpbZpb_c���pbg-
dZ�— 0.��fZk������f_^b�—�����]�l��k\bgpZ�—����]�l��furvydZ���—
���]�l��MnZe_ckdbc�—�j_^dhf_lZevghc� �\�]�l��� �eZglZg�—�����bl-
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ljbc�—�����bll_j[bc�—����kdZg^bc�±—����]Zeebc�—�����pbjdhgbc

— 60;
—� \� Ahehlh]hjkdhf� fZkkb\_� \_^ms_c� y\ey_lky� gbd_ev�

Zjk_gb^gZy� ]_hobfbq_kdZy� ZkkhpbZpby�� � gbd_ey�— 0.�� fZk�� � ��
dh[ZevlZ�—�����]�l��furvydZ�— 50 —����]�l�

<� aZdexq_gb_�fh`gh�hlf_lblv��qlh�bamq_gb_�ieZlbghghk-
ghklb�ihjh^�b�jm^�X`gh]h�MjZeZ� lhevdh�gZqbgZ_lky��Ihemq_g-
gu_�ij_^\Zjbl_evgu_�j_amevlZlu�k\b^_l_evkl\mxl�h�i_jki_dlb\-
ghklb�wlh]h�gZijZ\e_gby�

<� k\_l_� gh\uo� ^Zgguo� h� nhjfZpbhgghc� ijbgZ^e_`ghklb

bamq_gguo� ]bi_j[Zablh\uo�fZkkb\h\� lj_[m_lky� [he__� ^_lZevgh_

bkke_^h\Zgb_�Dmebdh\kdh]h��<ZjrZ\kdh]h� b�:fZf[Zckdh]h�fZk-
kb\h\� \�hlghr_gbb� kh^_j`Zgby� \�gbo�bjb^by��hkfby��jml_gby� ±

f_lZeeh\��oZjZdl_jguo�^ey�fZkkb\h\�^mgbl�]Zjp[mj]blh\hc�nhj-
fZpbb��qlh�fh`_l�lZd`_�ih^l\_j^blv�bo�nhjfZpbhggmx�ijbgZ^-
e_`ghklv��LZeh\kdh]h�fZkkb\Z�—�gZ�ieZlbgm��ih�koh^kl\m�k�Gb`-
g_�LZ]bevkdbf�fZkkb\hf���Kmjhyfkdh]h�—�gZ�iZeeZ^bc�

Hkh[uc�bgl_j_k�ij_^klZ\eyxl�q_jghkeZgp_\u_�dhfie_dku

MjZeZ�\�hlghr_gbb�ieZlbgh\hc�b�ahehlh�iZeeZ^b_\hc�fbg_jZeb-
aZpbb�

Ebl_jZlmjZ

1. ;_edh\kdbc�:��B���K_eb\_jklh\�=��N��H�nhjfZpbhgghc�ijbgZ^-
e_`ghklb� Kmjhyfkdh]h�s_ehqgh�mevljZhkgh\gh]h� fZkkb\Z� ��� >hde��:G

KKKJ��������L�������������K�����—663.
2. ;meudbg�E��>���Aheh_\�D��D��NhjfZpbb�mevljZhkgh\guo�ihjh^

MjZeZ�b�ijbgpbiu�bo�\u^_e_gby� ���=_heh]bq_kdb_�nhjfZpbb��E��� �<K?-
=?B��������K����—78.

3. <ZjeZdh\�:��K��D�i_ljh]jZnbb�b�i_ljhobfbb�]bi_j[Zablh\�KZ-
jZgh\kdh]h�ojhfblhghkgh]h�fZkkb\Z� ���FZ]fZlbaf�b�f_lZfhjnbaf�mevl-
jZhkgh\guo� b� s_ehqguo� ihjh^� MjZeZ�� K\_j^eh\kd�� � MGP� :G� KKKJ�
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4. <ZjeZdh\�:��K��I_ljh]jZnby��i_ljhobfby�b�]_hobfby�]bi_j[Z-

ablh\�Hj_g[mj]kdh]h�MjZeZ��F����GZmdZ������������k�

5. <ZjeZdh\�:��K��Jbnlh]_ggu_�^h]_hkbgdebgZevgu_�hnbheblu�\
^hiZe_hahckdhc� bklhjbb�MjZeZ� ���W\hexpby� hnbheblh\uo� dhfie_dkh\�

<medZgbaf��f_lZfhjnbaf��K\_j^eh\kd���MGP�:G�KKKJ��������K����—38.
6. <ZjeZdh\�:��K��Jbnlh]_ggu_�hnbheblu��f_lZfhjnbaf�]bi_j[Z-

ablh\�b�kljh_gb_�<brg_\h]hjkdh�Bevf_gh]hjkdh]h�dhfie_dkZ� ���FbZkk�

BFbg�MjH�J:G�����������k�
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7. <heq_gdh�X��:���Dhjhl__\�<��:���Aheh_\�D��D��Ijh^mdlb\ghklv

ieZlbgh\hf_lZevguo� ihykh\� MjZeZ� ��� ?`_]h^gbd±������ K\_j^eh\kd�

B=B=�MjH�J:G��������K����—63.
8. <heq_gdh�X��:���G_mkljh_\Z�B��B���<bebkh\�<��<��IeZlbghb^gh_

hjm^_g_gb_�djZ_\uo�ihehkqZluo�k_jbc�Zevibghlbiguo�dhfie_dkh\�MjZ-
eZ����?`_]h^gbd�±������K\_j^eh\kd��B=B=��MjH�J:G��������K����—80.

9. =jZq_\�<��:���D_cevfZg�=��:��H�fbg_jZevguo�ZkkhpbZpbyo�]jZ-
gmeblh\hc�nZpbb�\�]g_ckZo�MjZeZ����>hde��:G�KKKJ��������L������������

K������—1441.
10. ?nbfh\�:��:��=Z[[jh�]bi_j[Zablh\u_�dhfie_dku�MjZeZ�b�ijh-

[e_fZ�hnbheblh\��F����G_^jZ������������k�

11. ?nbfh\�:��:��©=hjyqZy�l_dlhgbdZª�\�]bi_j[ZablZo�b�]Z[[jhb-
^Zo�MjZeZ����=_hl_dlhgbdZ�������������K����— 42.

12. Aheh_\�D��D���;meudbg�E��>��H�nhjfZpbhgghf�^_e_gbb�mevljZ-
hkgh\guo�ihjh^�MjZeZ� ���>hde��:G�KKKJ�� ������L�� ������� ���K�� ���—
697.

13. Aheh_\�D��D���Rl_cg[_j]�>��K���RfZbgZ�F��Y��b�^j��:evibgh-
lbigu_� ]bi_j[Zablu� MjZeZ��BgnhjfZpbhggu_� fZl_jbZeu�� K\_j^eh\kd�

MGP�:G�KKKJ�����������k�

14. B\Zgh\�H��D��AhgZevgu_�mevljZfZnbq_kdb_�fZkkb\u�MjZeZ� ��

I_ljheh]by� b� i_ljhobfby� jm^hghkguo� fZ]fZlbq_kdbo� nhjfZpbc�� F��

GZmdZ��������K������— 353.
15�� B\Zgh\� H�� D�� Dhgp_gljbq_kdb�ahgZevgu_� ibjhdk_gbl�

^mgblh\u_�fZkkb\u�MjZeZ� �Fbg_jZeh]by��i_ljheh]by��]_g_abk�� ���?dZl_-
jbg[mj]���Ba�\h�MjZevkdh]h�mgb\_jkbl_lZ������������k�

16. B\Zgh\�H��D��JZkkeh_ggu_�ojhfblhghkgu_�fZkkb\u�MjZeZ��F��

GZmdZ������������k�

17. DjZkgh[Z_\�:��:���G_q_mobg�<��F���>Z\u^h\�<��:���Khdheh\�<��;�

Pbjdhgh\Zy�]_hojhgheh]by�b�ijh[e_fu�l_jj_cgh\�MjZevkdhc�Zddj_Zpb-
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