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JhkkbckdZy�ZdZ^_fby�gZmd⋅MjZevkdh_�hl^_e_gb_
MjZevkdbc�fbg_jZeh]bq_kdbc�k[hjgbd��������������

:� =��DhjZ[e_\��E� Y��DZ[Zgh\Z��<��G��:gnbeh]h\

I?LJH=J:NBY�B�FBG?J:EH=BY
MEVLJ:D:EB?<UO�IHJH>

<HKLHQGH�MJ:EVKDH=H�IH>GYLBY

A. G. Korablev, L. Ya. Kabanova, V. N. Anfilogov

PETROGRAPHY AND MINERALOGY OF THE ULTRAPOTASHIC
ROCKS OF EAST-URAL UPLIFT

There is the description of the new ultrapotashic dykes on the Urals
geology, petrography and composition of rocks and minerals. The ul-
trapotashic rocks is interpred as lamprophires  which composition is ap-
proached to lamproites.

<i_j\u_�gZ�MjZe_�^Zcdb�eZfijhblh\�hibkZgu�\�kdZjgh\h�

fZ]g_lblh\hf�f_klhjh`^_gbb�FZeuc�Dmc[Zk� �\� ��� df� k_\_jg__

]��FZ]gblh]hjkdZ��[4, 5].
E_lhf������]��kh\f_klgh�k�khljm^gbdZfb�<K?=?B�b�Q_ey-

[bgkdhc� ]_heh]h�kt_fhqghc� wdki_^bpbb�� \� R_bgkdhf� dZjv_j_

p_f_glgh]h� aZ\h^Z� �jbk�� ��� ihk��I_j\hfZckdbc� �\� ��� df� d�x]h�

aZiZ^m� hl� Q_ey[bgkdZ�� h[ke_^h\Zgu� ^Zcdb� ihjh^�� ih� khklZ\m

[ebadbo�d�eZfijhblZf�FZeh]h�Dmc[ZkZ��>Zcdb�ijhju\Zxl�ihjh-
^u�kZjZcgbgkdh]h�]hjbahglZ��ijZ`kdh]h�yjmkZ�b�dZjibgkdh]h�]h-
jbahglZ�D1��ij_^klZ\e_ggu_�k\_leufb��fZkkb\gufb��jbnh]_ggu-
fb� \h^hjhke_\ufb� b� djbghb^_cgufb� ba\_klgydZfb� >�@��Ba\_kl-
gydb�jZa[blu�jZaehfZfb�k_\_jh�aZiZ^gh]h�ijhklbjZgby� �\�aZiZ^-
ghc�qZklb�dZjv_jZ�b�ih� l_dlhgbq_kdhfm�dhglZdlm� ]jZgbqZl� k�ba-
\_klgydZfb�ij`b^hfkdh]h�yjmkZ�S2��<�p_gljZevghc�b�x`ghc�qZk-
lyo� dZjv_jZ� hlf_q_gu� fgh]hqbke_ggu_� f_edb_� l_eZ� ]Z[[jh�

^bZ[Zah\�� IjhklbjZgb_� ^Z_d� \ukhdhdZeb_\uo� [Zablh\� \� k_\_jh�

\hklhqghc�qZklb�dZjv_jZ�baf_gy_lky�hl���º ^h����º; iZ^_gb_�ij_-
bfms_kl\_ggh� k_\_jh�\hklhqgh_�� ih^� m]ehf� ��º—60º. <� k_\_jh�
\hklhqghf�[hjlm�dZjv_jZ�fhsghklv�^Z_d�dhe_[e_lky�hl� ���kf�^h

����f��<�aZev[Zg^Zo�^Z_d�gZ[ex^Zxlky�ahgu�^jh[e_gby��kh^_j`Z-
sb_�gZjy^m�k�h[ehfdZfb�\f_sZxsbo�ba\_klgydh\�h[ehfdb�eZf-
ijhblh\�� DhglZdlu� ^Z_d� k� \f_sZxsbfb� ihjh^Zfb� j_adb_�� j\m-
sb_�� ba\_klgydb� aZdZe_gu�� hk\_le_gu� b� [j_dqbjh\Zgu�� <^hev

dhglZdlh\�gZ[ex^Zxlky�kdhie_gby�b�`beu�oZep_^hgZ��b��djbklZe�
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Jbk��1. Ko_fZ�]_heh]bq_kdh]h�kljh_gby�R_bgkdh]h�dZjv_jZ�
1 — dj_fgbklh�l_jjb]_ggZy�lhesZ�nZf_gkdh]h�yjmkZ�D3����²�eblhdeZklb-

q_kdb_� ba\_klgydb� lZevlbckdh]h� ]hjbahglZ�D2�� ��²� k\_leu_� ba\_klgydb� dZjibg-
kdh]h�]hjbahglZ�D1����²�k\_leu_�ba\_klgydb�ijZ`kdh]h�]hjbahglZ�D1����²�q_jgu_

ba\_klgydb� kZjZcgbgkdh]h� ]hjbahglZ D1�� �� ²� k_ju_� ba\_klgydb� ij`b^hfkdh]h

yjmkZ�62����²�^Zcdb�eZfijhblh\����²�l_eZ�^he_jblh\����²�l_dlhgbq_kdb_�gZjmr_-
gby�����²�]jZgbpZ�dZjv_jZ

ebq_kdh]h� d\ZjpZ�� dhlhju_� hlf_qZxlky� lZd`_� \� g_dhlhjuo� ^Zc-
dZo�� <hajZkl� ^Z_d�� hij_^_e_gguc K-Ar f_lh^hf� ih� neh]hiblm�
khklZ\ey_l� �80 ± 10 feg� e� �EZ[hjZlhjby� ]_hojhgheh]bb� B=B=
MjH�J:G��

<� djZ_\uo� qZklyo� ^Z_d� hlf_qZ_lky� ihehkqZlhklv�� ihjh^Z

oZjZdl_jbam_lky�Znbjh\hc�kljmdlmjhc��bgh]^Z�^hklZlhqgh�hlq_l-
eb\h� ijhy\e_gZ�fbdjhimaujqZlZy� l_dklmjZ� ihjh^u�� J_^db_� ihj-
nbjh\u_�\u^_e_gby�khklZ\eyxl��—10 ��h[t_fZ�ihjh^u�b�h[uq-
gh�ij_^klZ\e_gu�djbklZeeZfb�neh]hiblZ�jZaf_jhf�hl����—����^h

2.5—����ff��<�wg^hdhglZdl_�hkgh\gZy�fZkkZ�keh`_gZ�iheghklvx

jZajmr_gguf� [mjuf� ^_\bljbnbpbjh\Zgguf� \medZgbq_kdbf

kl_dehf��kh^_j`Zsbf�kd_e_lgu_�djbklZeebdb�b�k]mkldb�jm^gh]h
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\_s_kl\Z�� q_rmcdb� oehjblZ� b� k_jbpblZ�� bgh]^Z� � f_edb_� dhiv_-
\b^gu_�djbklZeebdb�hjlhdeZaZ��A_jgZ�d\ZjpZ��oZep_^hgZ�b�dZev-
pblZ�\uihegyxl�imklhlu�jZaf_jhf�^h��—��ff�

<� p_gljZevguo� qZklyo� ^Z_d� ihjh^Z� ]bib^bhfhjngha_jgb-
klZy��f_klZfb�k�hlq_leb\h�\ujZ`_gghc�ljZoblhb^ghc�kljmdlmjhc�

;he__�djmigu_�n_ghdjbklZeeu��dhebq_kl\h�dhlhjuo�\Zjvbjm_l�hl

15—���^h� �����h[t_fZ�ihjh^u��h[uqgh�ij_^klZ\e_gu�neh]hib-
lhf��eb[h�neh]hiblhf�b�ik_\^hfhjnhaZfb�k_ji_glbgZ�ih�heb\b-
gm�� I_j_oh^� hl� keZ[hjZkdjbklZeebah\Zgguo� j_^dhihjnbjh\uo

jZaghkl_c� d� iheghdjbklZeebq_kdbf� ihjnbjh\b^guf� \� [hevrbg-
kl\_� kemqZ_\� ihkl_i_gguc�� b� ihwlhfm� \g_rg_� ihjh^u� \u]ey^yl

h^ghjh^gufb�

<� aZ\bkbfhklb� hl� ij_h[eZ^Zgby� \� ihjh^_� l_fghp\_lguo

fbg_jZeh\� \u^_eyxlky� e_cdhdjZlh\u_� b�f_eZghdjZlh\u_� jZagh-
klb�eZfijhblh\��E_cdhdjZlh\u_�jZaghklb�oZjZdl_jbamxlky�]bib-
^bhfhjngha_jgbklhc� kljmdlmjhc�� ihjnbjh\hc� kljmdlmjhc�� h[m-
keh\e_gghc� djmigufb� \u^_e_gbyfb� hjlhdeZaZ� b� ik_\^hfhjnha

k_ji_glbgZ�ih�heb\bgm��jZaf_jhf�^h��—��ff�

F_eZghdjZlh\uc�eZfijhbl�²�ihjh^Z�kj_^g_a_jgbklhc�]b-
ib^bhfhjngha_jgbklhc� kljmdlmju�� kh^_j`ZsZy� neh]hibl�� heb-
\bg��ibjhdk_g�b�hjlhdeZa��Ihjnbjh\b^gZy�kljmdlmjZ�h[mkeh\e_gZ

[he__�djmigufb�\u^_e_gbyfb�neh]hiblZ�jZaf_jhf�^h��—��ff�

I_j_oh^� hl� h^ghc� jZagh\b^ghklb� d� ^jm]hc� ihkl_i_gguc�

ohly� gZ[ex^Zxlky� kemqZb� j_adbo� dhglZdlh\�� <� f_eZghdjZlh\hf

eZfijhbl_ dhglZdlu�ih^q_jdgmlu�kdhie_gbyfb�jm^gh]h�\_s_kl\Z
b�hjb_glbjh\Zgguf�jZkiheh`_gb_f�ieZklbghd�^_nhjfbjh\Zggh-
]h�neh]hiblZ��jbk������

<� h^ghc�ba� ^Z_d� ihjh^Z� ebkl\_gblbabjh\ZgZ. >ey� g__� oZ-
jZdl_jgZ� k\_leh�a_e_gZy� hdjZkdZ� b� iylgbklZy� l_dklmjZ��GZ�nhg_

hkgh\ghc��fZkku�gZ[ex^Zxlky�yjdb_�]hem[h\Zlh�a_e_gu_�q_rmc-

_____________

Jbk� 2.�>_�
nhjfbjh\ZggZy

ieZklbgdZ�neh�

]hiblZ��[_a�ZgZ�

ebaZlhjZ�����m\_�

ebq_gb_����
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LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk�����[ebadbo�d�eZfijhblZf�ihjh^
R_bgkdh]h�dZjv_jZ��jZchg�]��Dhjdbgh��X��MjZe��b�eZfijhblh\

^Z_d�;hm�Obee
��i��i� 1 2 3 4 5 6 7
��ijh[u ���w� 952-2 ���[ ���w 958106 958107 958108
SiO2 44.17 40.51 43.56 49.42 34.9 37.4 40.3
TiO2 0.7 0.74 0.77 0.88 2.06 2.30 1.59
Al2O3 8.24 7.06 8.28 11.51 6.80 10.70 8.74
Fe2O3 2.82 5.16 2.85 3.00 - - -
FeO 5.84 3.05 4.57 3.38 10.30* 10.84* 6.65*
MnO 0.16 0.13 0.11 0.10 0.38 0.31 0.18
MgO 18.66 18.96 12.95 8.06 9.49 15.8 19.4
CaO 6.22 7.20 7.66 6.22 24.5 13.4 9.79
Na2O 0.09 0.10 0.14 1.10 0.29 0.39 0.95
K2O 2.20 6.00 2.38 7.80 2.81 4.89 6.24
H2O 0.42 2.77 0.48 0.51 - - -
F 0.12 0.19 0.20 0.22 - - -
CO2 3.66 4.98 7.94 4.43 - - -
P2O5 0.78 0.70 0.85 0.92 2.47 0.64 0.34
i��i��i� 9.89 12.31 14.84 7.12 0.53 0.40 0.35
KmffZ 100.34 99.35 99.44 100.02 99.46 99.52 99.71
K+Na/Al 0.31 0.95 0.34 0.89 0.26 0.28 0.48

K/Na 16.7 3.9 11.0 4.7 6.5 8.3 4.3
Mg / (∑Fe+
Mg)

0.85 0.92 0.84 0.70 0.62 0.72 0.84

Ijbf_qZgby� * — )H�hij_^_eyehkv�dZd FeO;��²��²�ihjh^u�^Z_d

R_bgkdh]h�dZjv_jZ���²��²�heb\bg�neh]hiblh\u_�eZfijhblu��� — nmd-
kbl�k_jbpbl�dZj[hgZlguc� ZiheZfijhblh\uc�f_lZkhfZlbl;� �²��²� eZf-
ijhblu�^Z_d�;hm�Obee�[2]��:gZebau��²��\uiheg_gu�\�obfbq_kdhc�eZ[h-
jZlhjbb�BFbg��ZgZeblbdb�L��<��K_f_gh\Z�b�F��K��K\bj_gdh�

db� nmdkblZ� jZaf_jhf� ^h� �� kf� G_kdhevdh� fZehfhsguo� ���—
30 kf��^Z_d�bgl_gkb\gh�jZkkeZgph\Zgu��Ihjh^u�\�gbo�aZf_s_gu
]ebgbklh�]b^jhkex^bkluf� Z]j_]Zlhf�� ijhiblZgu� ]b^jhdkb^Zfb

`_e_aZ�b�ij_^klZ\eyxl�kh[hc�juoemx�fZkkm�[mjh]h�p\_lZ�iylgb-
klhc�l_dklmju��Jm^gu_�fbg_jZeu�\�baf_g_gguo�ihjh^Zo�\us_eh-
q_gu�

Ihjh^u�ih�obfbq_kdhfm�khklZ\m�hlg_k_gu�d�]jmii_�mevljZ-
hkgh\guo�s_ehqguo�dZeb_\uo�ihjh^��hlebqZykv�hl�eZfijhblh\�ih-
\ur_ggufb�kh^_j`Zgbyfb�Mg, K, Cr, \ukhdbf�hlghr_gb_f�K/Na�b
g_kdhevdh�ihgb`_ggufb�dhgp_gljZpbyfb�Ti, Al, Ca �lZ[e�����

GZ� ^bZ]jZffZo� �jbk�� ��� bamq_ggu_� ihjh^u� R_bgkdh]h

dZjv_jZ�ihiZ^Zxl�\�ihe_�eZfijhblh\uo�ihjh^��Hgb� khihklZ\ey-
xlky��k��eZfijhblZfb��;hm�Obee����AZiZ^gZy��:\kljZeby���lZ[e������
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Jbk�� ��� >bZ]jZffu� aZ\bkbfhklb� fZ]g_abZevghklb� hl� kh^_j`Zgby

dj_fg_a_fZ��:��b�kh^_j`Zgby�dZevpby�hl�kh^_j`Zgby�Zexfbgby��;� [1].
��²�eZfijhbl�AZi��:\kljZebb;��²��²�eZfijhnbju�AZi��:\kljZebb;���²�e_c-

pblblu�BlZebb;���²�eZfijhblu�X`ghc�BkiZgbb;���²�eZfijhnbju�rlZlZ�<Zchfbg];
KR:�� �²�� ²� eZfijhblu� rlZlZ� <Zchfbg]�� KR:;� ��� ²� e_cpblblu�� KR:;
��²���²�eZfijhblu�;hm�Obee; 13 ²�eZfijhnbju�;hm�Obee��AZi��:\kljZebb; 14 —
���²�ihjh^u�R_bgkdh]h�dZjv_jZ�

I—I — ebgby�jZa^_e_gby�\ukhdhfZ]g_abZevguo�b�ghjfZevghfZ]g_abZevguo
ihjh^

kh^_j`Zgb_f�SiO2, Al2O3, K2O, MgO b�hlghr_gb_f�K2O/Na2O > 3,
gh�hlebqZxlky�hl�ihke_^gbo�ihgb`_ggufb� kh^_j`Zgbyfb� 7L22,
CaO, Z�lZd�`_�hlghr_gb_f�K2O/Al2O3��agZq_gb_�dhlhjh]h�lZdh_�`_

dZd��\��lbibqguo��eZfijhblZo���lh�_klv�!�������<���lh��`_��\j_fy
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LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk�����fbg_jZeh\�ba�^Z_d�[ebadbo
d�eZfijhblZf�ihjh^�R_bgkdh]h�dZjv_jZ

��ii 1 2 3 4 5
��ijh[u ���[ ���[ ���w ���w ���w

SiO2 39.77 39.07 40.38 38.99 39.64
TiO2 1.24 0.92 0.91 1.06 1.16
Al2O3 13.06 13.70 13.02 12.19 11.83
Cr2O3 0.19 0.89 0.40 0.58 0.03
FeO 4.47 3.70 3.77 4.27 7.25
MnO 0.03 0.02 0.00 0.01 0.03
MgO 24.17 23.59 24.57 23.66 19.47
CaO 0.02 0.00 0.00 0.19 0.11
Na2O 0.16 0.06 0.22 0.47 0.08
K2O 9.51 9.55 9.61 8.96 7.29

F 0.84 0.46 0.26 0.48 0.38
Cl 0.00 0.03 0.02 0.02 0.02

KmffZ 93.47 92.00 93.15 90.89 87.28
HdhgqZgb_�lZ[e��

��ii 6 7 8 9 10
��ijh[u 952-2 ���w ���w ���[ ���w

SiO2 36.53 43.97 45.68 0.06 0.04
TiO2 1.58 0.10 0.02 0.65 0.56
Al2O3 8.99 9.30 10.15 7.89 7.23
Cr2O3 0.02 0.47 0.45 52.95 55.00
FeO 14.93 3.15 3.86 17.99 19.09
MnO 0.53 0.11 0.08 0.28 0.19
MgO 0.37 18.04 17.82 13.08 12.29
CaO 32.16 10.83 10.72 0.01 0.00
Na2O 0.01 1.09 1.32 0.03 0.02
K2O 0.00 0.07 0.09 0.01 0.02

F 0.00 0.00 0.24 0.16 0.00
Cl 0.01 0.01 0.00 0.00 0.00

KmffZ 95.13 87.14 90.43 93.12 94.46
Ijbf_qZgby�� �²��²�neh]hiblu�� �� ²� ]jhkkmeyj�Zg^jZ^bl�� �²

��²�Zfnb[heu���²���²�ojhfribg_eb^u���:gZebau�\uiheg_gu�\�eZ[hjZ-
lhjbb� wdki_jbf_glZevghc� fbg_jZeh]bb�� gZ� fbdjhZgZebaZlhj_� JCXA-733,
ZgZeblbd�?��B��Qmjbg (BFbg�MjH�J:G��

hlf_qZxlky� jZagh\b^ghklb�� \� dhlhjuo� wlh� hlghr_gb_� khihk�

lZ\bfh�k�eZfijhnbjZfb��lh�_klv�.2O/Al2O3 = 0.2.
Gb`_�ijb\h^blky�djZldZy�oZjZdl_jbklbdZ�]eZ\guo�ihjh^h-

h[jZamxsbo�fbg_jZeh\�

N_ghdjbklZeeu�ij_^klZ\e_gu�neh]hiblhf�� heb\bghf�� ^b-
hikb^hf��kZgb^bghf��Wlb�`_�fbg_jZeu�keZ]Zxl�jZkdjbklZeebah-
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\Zggu_�jZaghklb�ihjh^u��<�ihjh^_� \klj_qZxlky�ik_\^hfhjnhau

dZeb_\h]h� ihe_\h]h�riZlZ� ih� e_cpblm�� Zfnb[he�� ojhfribg_eb-
^u��jmlbe��kn_g��ZiZlbl��Ih�bf_xsbfky�^Zgguf�khklZ\�hkgh\ghc

fZkku�ke_^mxsbc��k_ji_glbg��lZevd��dZevpbl��oehjbl��fbg_jZeu

]jmiiu�wib^hlZ�phbablZ��b^^bg]kbl��mjZebl�

G_baf_g_gguc� neh]hibl� �K0.88Na0.02)0.90(Mg2.61Fe0.27Ti0.07

Cr0.03Al 0.05)3.03(Si3.00Al 1.00)4.00(F,OH)2.00 hdjZr_g� \� [e_^gu_� lhgZ�

aZf_lgh� ie_hojhbjm_l� hl� a_e_gh]h� ih� 1J ^h� `_elh\Zlh�

dhjbqg_\h]h�ih�Np��@_e_abklhklv�_]h�dhe_[e_lky�hl���^h������ Ih
kiZcghklb� aZf_sZ_lky� `_e_abkluf� jbib^heblhf� k� f = 41—42.
GZ[ex^Z_lky� eb[h� qZklbqgh_� aZf_s_gb_� hl^_evguo� q_rm_d�

q_j_^mxsboky� k� g_aZf_s_gguf� neh]hiblhf�� eb[h� hgb� ihe�

ghklvx�aZf_s_gu�jbib^heblhf.�Ih�obfbq_kdhfm�khklZ\m�bamq_�
ggZy� ljbhdlZw^jbq_kdZy� kex^Z� �lZ[e�� ��� [ebadZ� neh]hiblm� ba

eZfijhblh\uo�^Z_d�;hm�Obee�AZiZ^ghc�:\kljZebb�>�@�

N_ghdjbklZeeu�hjlhdeZaZ�keZ]Zxl�^h������h[t_fZ�ihjh^u�

HjlhdeZa� h[jZam_l� lZ[ebpu� b� b^bhfhjngu_� djbklZeeu� debgh-
\b^ghc�nhjfu�jZaf_jhf�hl�����^h����—����ff��bgh]^Z�k�ijhklufb

^\hcgbdZfb��<�g_dhlhjuo�mqZkldZo�ihjh^u�dZebriZl�bgl_gkb\gh

i_eblbabjh\Zg� b� bf__l� [mjh\Zluc� beb� djZkgh\Zlh�[mjh\Zluc

hll_ghd��f_klZfb�aZf_sZ_lky�dZj[hgZlhf��QZklh�ih�g_fm�jZa\b\Z-
_lky�Zev[bl�b�d\Zjp�

GZbf_g__�mklhcqb\uf�fbg_jZehf�y\ey_lky�e_cpbl��gZ[ex-
^Z_lky�\�\b^_�hdjm]euo�\u^_e_gbc�beb�\hkvfb]jZggbdh\��jbk�����

ij_^klZ\eyxsbo� kh[hc� ik_\^hfhjnhau� hjlhdeZaZ�� kh^_j`Zsbo

\djZie_gghklv� fZ]g_lblZ�� jZkiheh`_ggmx� ih� k_dlhjbZevghklb

djbklZeeh\�

JZaf_ju�ik_\^hfhjnha�dZeb_\h]h�ihe_\h]h�riZlZ�ih�e_c-
pblm�\Zjvbjmxl�\�ij_^_eZo����—����^h����—����ff� <�g_dhlhjuo

_______________

Jbk�� ��� Ik_-
\^hfhjnhau� hjlh-
deZaZ� ih� e_cpblm�� k

ZgZebaZlhjhf�� m\_-
ebq_gb_����



129

Jbk�� ��� Dhjj_eypby� kh^_j`Zgbc� ihjh^hh[jZamxsbo� hdb-
keh\�\�s_ehqguo�ihjh^Zo�<hklhqgh�MjZevkdhc�ahgu�MjZeZ�

�²��²�s_ehqgu_� ihjh^u�<hklhqgh�MjZevkdhc� ahgu�� eZfijhblu; 3 —
ZefZahghkgu_�heb\bgh\u_�ihey�We_g^_ce��AZi��:\kljZeby; 4 —�heb\bgh\u_�ljm[-
db�:j]Zce��AZi��:\kljZeby;���²�heb\bg�e_cpblh\u_��ljm[db�:j]Zce��AZi��:\kljZ-
eby;����²�e_cpblh\u_

kemqZyo�gZ[ex^Z_lky�k_jbpbl�b�oehjbl��dhlhju_�h[uqgh�hlf_qZ-
xlky�\�djZ_\hc�qZklb�Zihe_cpblh\h]h�dZeb_\h]h�ihe_\h]h�riZlZ�

Ih�\b^bfhfm�� oehjbl� jZa\b\Z_lky� ih� ibjhdk_gm�� dhlhjuc� fh]

[ulv�\dexq_g�\�e_cpbl�ijb�_]h�djbklZeebaZpbb�

<�ihjh^_�gZ[ex^Zxlky�jhf[h\b^gu_�ik_\^hfhjnhau�k_j-
i_glbgZ�ih�heb\bgm��<klj_qZxlky�lZd�`_�ik_\^hfhjnhau�g_ijZ-
\bevghc�nhjfu��\uiheg_ggu_�i_l_evqZluf�ebaZj^blhf�
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Jbk�� ��� <_kh\u_

kh^_j`Zgby� hdbkeh\� \

s_ehqguo� ihjh^Zo� <hk-
lhqgh-MjZevkdhc� ahgu

MjZeZ�� dbf[_jeblZo� b

ibdjblZo� Ydmlbb� b� eZf-
ijhblZo� AZiZ^ghc� :\kl-
jZebb�

�²�� ²� s_ehqgu_

ihjh^u�<hklhqgh�MjZevkdhc

ahgu�� eZfijhblu;
��²�dbf[_jeblu�b�ibdjblu�

eZfijhblu;� ��²� ZefZahghk-
gu_� heb\bgh\u_; 5 — e_c-
pbl�heb\bgh\u_;���²�e_cpb-
lh\u_

___________________

<klj_q_gu� ik_\�

^hfhjnhau�� \� dhlhjuo

rgmju� ij_^klZ\e_gu

lZevd�dZj[hgZlguf

Z]j_]Zlhf�� Z� y^jZ� —
k_ji_glbghf�� djhf_

lh]h��hlf_qZxlky�ahgu�

keh`_ggu_� k_ji_glb-
ghf�� Z� y^jZ� — f_edh-
a_jgbkluf� d\Zjp_f

beb�hiZehf��=jZgbpu�ik_\^hfhjnha�b�y^jZ�ih^q_jdgmlu�lhgdhc

\djZie_gghklvx� fZ]g_lblZ�� G_dhlhju_� ik_\^hfhjnhau� ihegh-
klvx�keh`_gu�lZevd�dZj[hgZlguf�Z]j_]Zlhf�

Ibjhdk_g� ij_^klZ\e_g� ^bhikb^hf�� LZd� `_� \� ihjh^_� ijb-
kmlkl\mxl�ik_\^hfhjnhau�ih�ibjhdk_gm��ij_^klZ\e_ggu_�Z]j_]Z-
lhf�� khklhysbf� ba� dZj[hgZlZ�� oehjblZ� b� dj_fg_a_fZ� �oZep_^hg�

hiZe�beb�f_edha_jgbkluc�d\Zjp���dhlhju_�h[uqgh�gZ[ex^Zxlky�\

\b^_�\hkvfb]jZggbdh\�

Kj_^b�Zdp_kkhjguo�fbg_jZeh\�^Z_d�gZ[ex^Zxlky�gZjy^m�k

ZiZlblhf�� ojhfribg_eb^Zfb�� fZ]g_lblhf�� oZjZdl_jgufb� ^ey

eZfijhblh\��lZdb_�fbg_jZeu�dZd�]jhkkmeyj�ZevfZg^bg�b�Zfnb[he

dZevpbc�fZ]g_abZevgh]h�jy^Z��Ijh^mdlu�baf_g_gby�b�\lhjbqgu_

fbg_jZeu� ij_^klZ\e_gu� fbg_jZeZfb SiO2� �d\Zjp�� oZep_^hg��

dZevpblhf��^hehfblhf��lZevdhf��k_ji_glbghf��oehjblhf��k_jbpb-
lhf�� b^^bg]kblhf�� \_jfbdmeblhf�� fhglfhjbeehgblhf�� ]_lblhf�

]b[[kblhf�� ^bZkihjhf�� \lhjbqguf� Zfnb[hehf�� lh� _klv
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fbg_jZeZfb��dhlhju_�jZa\b\Zxlky�dZd�ih�eZfijhnbjZf��lZd�b�ih

eZfijhblZf�

<� k\yab� kh� keh`ghklyfb��\hagbdZxsbfb�ijb�deZkkbnbdZ-
pbb�mevljZdZeb_\uo�ihjh^� [3]��ihemq_ggu_�fZl_jbZeu�g_�iha\h-
eyxl�h^ghagZqgh�hlg_klb�bamq_ggu_�ihjh^u�d�eZfijhblZf��b�ih-
dZ�bo�ke_^m_l�hlg_klb�d�s_ehqguf�fbgg_lZf��[ebadbf�ih�khklZ\m

d�eZfijhblZf�

GZ�jbkmgdZo���b���khklZ\u�mjZevkdbo�eZfijhblh\�gZg_k_gu

gZ�dhjj_eylb\gu_�^bZ]jZffu��iha\heyxsb_�kjZ\gblv�bo�k�khklZ-
\Zfb� ZefZahghkguo� eZfijhblh\� b� dbf[_jeblh\� [6]�� G_� ljm^gh
aZf_lblv�� qlh� \� dhhj^bgZlZo� TiO2–K2O, Al2O3–K2O, K2O– SiO2,
K2O–MgO hgb�h[jZamxl�h[hkh[e_ggmx�]jmiim��hlebqZykv�hl�Ze-
fZahghkguo� heb\bgh\uo� eZfijhblh\� \ukhdbf� kh^_j`Zgb_f

Al2O3�ijb�[ebadbo�d�gbf�kh^_j`Zgbyf�K22��0J2�b�6L22.
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