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<�hkgh\m�fhgh]jZnbb�iheh`_gu�j_amevlZlu�fgh]he_lgbo�bk-
ke_^h\Zgbc� Z\lhjZ��dZkZ\rboky�\hijhkh\�i_ljheh]bb�b� w\hexpbb
]jZgblhb^guo� ZkkhpbZpbc� bevf_gh�\brg_\h]hjkdh]h� dhfie_dkZ
X`gh]h� MjZeZ�� <� jZfdZo� wlhc� l_fZlbdb� \� i_jbh^
����±�����]]��[ue�bamq_g�Dbk_]Zqkdbc�]jZgblguc�fZkkb\��jZkiheh-
`_gguc�gZ�\hklhqghf�kdehg_�Bevf_gkdbo�]hj�>��@��Z�k������ih�����
]]��ijh\_^_gu�i_ljheh]bq_kdb_�bkke_^h\Zgby�]jZgblhb^h\�qZrdh\-
kdh]h�dhfie_dkZ��fZkkb\u�dhlhjh]h��QZrdh\kdbc�b�?eZgqbdh\kdbc�
jZa\blu� gZ� x`guo� hljh]Zo� Bevf_gkdh]h� oj_[lZ
�jbk�����

K\_^_gby�h�]jZgblhb^Zo�X`gh]h�MjZeZ�b��\�qZklghklb��Bev-
f_gkdbo�]hj�kh^_j`Zlky�\�him[ebdh\Zgguo�jZ[hlZo� >�������±������
16, 17, 20, 23, 33, 34, 36, 38–42, 44, 46, 48, 52, 55, 59–61, 63, 68, 69,
���� ��� b� ^j�@�� Z� lZd`_� \� jy^_� jmdhibkguo� hlq_lh\� ]_heh]h\
Q_ey[bgkdhc�]_heh]hjZa\_^hqghc�wdki_^bpbb��F=JB��Bevf_gkdh-
]h�aZih\_^gbdZ��BgklblmlZ�]_heh]bb�b�]_hobfbb�MjH�J:G�

Jbk�� ��� L_dlhgbq_kdh_
iheh`_gb_�Dbk_]Zqkdh]h� ���� b
QZrdh\kdh�?eZgqbdh\kdh]h����

fb]fZlbl�]g_ckh]jZgblguo
fZkkb\h\�

,±,9��±��f_]Z[ehdb��ih�>��@��
I� ±� h[s_mjZevkdbc� rh\guc� k
dhjhc� hd_Zgbq_kdh]h� lbiZ�� ,,� ±

k_\_jh�aZiZ^guc� LZ]bevkdh�
Fmjabgkdbc�� ,,,� ±�FZ]gblh]hjkdh�
Q_ey[bgkdbc� k� dhjhc� hkljh\h-
^m`gh�dhglbg_glZevgh]h�lbiZ��,,,Z
±�hkljh\h^m`gZy�n_fbq_kdZy�ahgZ�
,,,[� ±� hdjZbggh�dhglbg_glZevgZy
kbZeh�n_fbq_kdZy� ahgZ�� ,,,\� ±

iZe_hdhglbg_glZevgZy
kbZebq_kdZy� ahgZ��� ,9� ±

AZmjZevkdbc� k� aZ\_jr_ggufb
dZe_^hgb^Zfb�\�nmg^Zf_gl_�
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Ijb� bamq_gbb� ]jZgblhb^h\� qZrdh\kdh]h� dhfie_dkZ�� lZd`_
dZd� b� Dbk_]Zqkdh]h� fZkkb\Z�� hkgh\gh_� \gbfZgb_� [ueh� m^_e_gh
ke_^mxsbf�\hijhkZf�

±� kljmdlmjghfm�iheh`_gbx�b�mkeh\byf� aZe_]Zgby�fZkkb\h\�
bo�nhjf_�b�i_ljh]jZnbq_kdhfm�khklZ\m�

±�ihke_^h\Zl_evghklb�h[jZah\Zgby�b�khhlghr_gbx�]jZgblhb-
^h\�k�\f_sZxsbfb�f_lZfhjnbq_kdbfb�lhesZfb�

±�dhglZdlh\uf�baf_g_gbyf�ihjh^�
±� i_ljh�� b� ]_hobfbq_kdbf� hkh[_gghklyf� ihjh^guo� ]jmii

b�bo�f_lZeeh]_gbb�
±�w\hexpbb�obfbafZ��]_g_lbq_kdbf�ijbagZdZf�b�nhjfZpbhg-

ghc�ijbgZ^e_`ghklb�bamqZ_fuo�]jZgblhb^h\�
±� \ebygbx� ijhp_kkh\� ]jZgblhh[jZah\Zgby� gZ� nhjfbjh\Zgb_

kljmdlmjguo�we_f_glh\�j_]bhgZ�
F_lh^bdZ�ihe_\uo�bkke_^h\Zgbc�b�h[jZ[hldb�j_amevlZlh\�eZ-

[hjZlhjguo�^Zgguo��ih�kjZ\g_gbx�k�f_lh^bdhc�bamq_gby�Dbk_]Zq-
kdh]h�fZkkb\Z� �kf�� >��@���hkh[uo�baf_g_gbc�g_�ij_l_ji_eZ��Hij_-
^_e_gb_�kh^_j`Zgbc�i_ljh]_gguo�dhfihg_glh\�]hjguo�ihjh^�b�bo
fbdjhwe_f_glgh]h�khklZ\Z�hkms_kl\e_gh�\�eZ[hjZlhjbyo�Bgklblm-
lZ� fbg_jZeh]bb� MjH� J:G� �ZgZeblbdb� J� =��:of_jh\Z�
E��:��=Zg__\Z��F��G��FZeyj_ghd��F��K��K\bj_gdh��L��<��K_f_gh\Z��

<�ijhp_kk_�l_fZlbq_kdbo�bkke_^h\Zgbc�ijhba\_^_gh�]_heh]b-
q_kdh_� dZjlbjh\Zgb_� QZrdh\kdh]h� b� ?eZgqbdh\kdh]h� fZkkb\h\
fZkrlZ[Z� � : ��� ���� �gZ� hl^_evguo� mqZkldZo� k� ^_lZebaZpb_c
fZkrlZ[Z� � : ��� ������ bamq_gh� hdheh� ���� h[jZaph\� ]jZgblhb^h\
qZrdh\kdh]h� dhfie_dkZ� b� \f_sZxsbo� ihjh^�� h[jZ[hlZgh� k\ur_
����kbebdZlguo�b�����j_gl]_gh�nemhj_kp_glguo�ZgZebah\��khklZ\-
e_gu� ]_heh]bq_kdZy� dZjlZ�QZrdh\kdh]h�b�?eZgqbdh\kdh]h�fZkkb-
\h\�fZkrlZ[Z�� : �������b�kljmdlmjgh�l_dlhgbq_kdb_�ko_fu�x`ghc
qZklb�Bevf_gh]hjkdh]h�Zglbdebghjby�

<�hkgh\m�i_ljhobfbq_kdhc�oZjZdl_jbklbdb�]hjguo�ihjh^�ih-
eh`_gu�]jZgbqgu_�kh^_j`Zgby�dj_fg_dbkehlu�\�fZ]fZlblZo�>��@�
Z�lZd`_�qbkeh\u_�agZq_gby�fh^me_c�ba\_kldh\bklhklb��h[r_c�s_-
ehqghklb��`_e_abklhklb�b�lbiZ�s_ehqghklb�>��@�

Ijb� ]_hobfbq_kdhc� oZjZdl_jbklbd_� fZ]fZlbq_kdbo� b� f_lZ-
fhjnbq_kdbo� ihjh^� bkihevah\Zgu� deZjdb� ih� :��I��<bgh]jZ^h\m
>O�@� b� dhwnnbpb_gl� gZdhie_gby� fbdjhwe_f_glh\� \� ihjh^_� ih
>��F��Rhm�>��@�

Hkgh\gu_�ihgylby�b�l_jfbgu��ijbf_gy_fu_�\�jZ[hl_�
I_ljhobfbq_kdZy� ]jmiiZ� ±� kh\hdmighklv� jZagh\b^ghkl_c

fZ]fZlbq_kdbo�beb�f_lZfhjnbq_kdbo�ihjh^�kljh]h�hij_^_e_gghc
�\� ij_^_eZo� ]jZgbqguo� agZq_gbc�� kl_i_gb� dj_fg_dbkehlghklb�
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jZkijhkljZg_gguo� \� khklZ\_� dhgdj_lguo� ]jmii�ihjh^� �hkgh\guo�
kj_^gbo��dbkeuo��

I_ljhobfbq_kdZy� ih^]jmiiZ� ±� qZklv�i_ljhobfbq_kdhc� ]jmi-
iu��ij_^klZ\e_ggZy�jZagh\b^ghklyfb�fZ]fZlblh\�beb�f_lZfhjnb-
lh\��ijbgZ^e_`Zsbo�d�dZdhfm�eb[h�h^ghfm�jy^m�s_ehqghklb�

I_ljhobfbq_kdbc�lbi�±� ]jmiiZ�fZ]fZlbq_kdbo�ihjh^��koh^-
guo�ih�ijhbkoh`^_gbx��[ebadbo�ih�obfbq_kdhfm�khklZ\m�b�fbg_-
jZeh]h�]_hobfbq_kdbf� hkh[_gghklyf�� ih� ih\_^_gbx� �]jZgbqghfm
khhlghr_gbx� Zlhfguo� dhebq_kl\�� i_ljh]_gguo� we_f_glh\
b� ih� ijhy\e_gbx� h^ghlbighc� jm^ghc� fbg_jZebaZpbb�� H^ghc� ba
oZjZdl_jguo� hkh[_gghkl_c� i_ljhobfbq_kdbo� lbih\� fZ]fZlblh\
y\ey_lky�bo�ih\lhjy_fhklv�\h�\j_f_gb�b�ijhkljZgkl\_�

I_ljhobfbq_kdZy�k_jby�±�ZkkhpbZpby�fZ]fZlblh\� �beb�f_lZ-
fhjnblh\���ijbgZ^e_`Zsbo�d�jZaguf�ihjh^guf� ]jmiiZf�b�h[eZ-
^Zxsbo�koh^gufb�beb�[ebadbfb�ijbagZdZfb�ih�jy^m�b�lbim�s_-
ehqghklb�b�`_e_ahfZ]g_abZevghklb��K�mq_lhf�dj_fg_dbkehlghklb
ihjh^�� i_ljhobfbq_kdb_� k_jbb� fh]ml� [ulv� g_dhgljZklgufb�� ih-
ke_^h\Zl_evgh� ^bnn_j_gpbjh\Zggufb� �hl� djZcg_� gbadhdj_fg_-
dbkehc� ^h� \ukhdhdj_fg_dbkehc��� ij_ju\bklh� ^bnn_j_gpbjh�
\Zggufb� �dh]^Z� ba� k_jbb� \uiZ^Z_l� dZdZy�eb[h� i_ljhobfbq_kdZy
]jmiiZ�beb�ih^]jmiiZ���dhgljZklgufb� �k_jby�ij_^klZ\e_gZ�^\mfy
djZcgbfb� i_ljhobfbq_kdbfb� ]jmiiZfb� beb� ih^]jmiiZfb� ]hjguo
ihjh^��

NZpbZevgZy�jZagh\b^ghklv�±�]hjgu_�ihjh^u��jZaebqZxsb_ky
hkh[_gghklyfb� fbg_jZevgh]h� khklZ\Z�� kljmdlmju�� l_dklmju�� ijh-
kljZgkl\_ggh]h�jZaf_s_gby�\�ij_^_eZo�fZkkb\h\��oZjZdl_jhf�ijh-
y\e_gby�dhglZdlh\uo�baf_g_gbc�b�^j�

Ihgylby� ©fZ]fZlbq_kdbc� dhfie_dk», «nhjfZpbhgguc�lbi»,
«fZ]fZlbq_kdZy�nhjfZpbyª�[ebadb�d�hij_^_e_gbx�X��:��Dmag_ph\Z
[32], «]_hobfbq_kdbc�lbiª� ±�d�hij_^_e_gbx�E��<� LZmkhgZ� >��@��>ey
kjZ\g_gby� bkihevah\Zgu� deZkkbnbdZpbhggu_� ijbagZdb� fZ]fZlb-
q_kdbo�ihjh^��ij_^eh`_ggu_�;��QZii_ehf�b�:��MZclhf�>������@�

:\lhj� [eZ]h^Zjbl� :� =� ;Z`_gh\Z� �Bgklblml� fbg_jZeh]bb
MjH� J:G�� b� F� K� JZihihjlZ� �MjZe]_hedhf�� aZ� h[km`^_gb_
hl^_evguo� ijh[e_f�� jZkkfZljb\Z_fuo� \� jZ[hl_��B� :� I_jfydh\m
aZ� ihklhyggh_� mqZklb_� \� ihe_\uo� bkke_^h\Zgbyo�� ZgZeblbq_kdmx
kem`[m�BgklblmlZ�fbg_jZeh]bb��j_^Zdpbhggh�ba^Zl_evkdmx�]jmi-
im�B=A�\�khklZ\_�=��<��=m[dh��H��E��AZmrbpbghc��L��:��E_\Zgh\hc�
E��;��Gh\hdj_r_gh\hc��<��<��Ke_lZ� aZ�hnhjfe_gb_�b�dhjj_dlbjh\�
dm� l_dklZ� fhgh]jZnbb�� ^bj_dlhjZ� Bevf_gkdh]h� aZih\_^gbdZ
I��F��<Zeba_jZ� b� mq_gh]h� k_dj_lZjy� I��I��Lj_kdbgZ�� Zdlb\gh
kh^_ckl\h\Z\rbo� ijh\_^_gbx� gZmqguo� jZ[hl�� <��:��Ihih\Z
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�Bgklblml� fbg_jZeh]bb��� \ay\r_]h� gZ� k_[y� ljm^� ih� gZmqghfm
j_^Zdlbjh\Zgbx�^Zgghc�jZ[hlu�

Ijbgylu_�\�jZ[hl_�khdjZs_gby�b�mkeh\gu_�h[hagZq_gby�
«=jZgblu��ª�b�©]jZgblu��ª�±�]jZgblu��h[jZah\Zggu_��khhl-

\_lkl\_ggh�� \� i_j\uc� b� \lhjhc� wlZi� nhjfbjh\Zgby� QZrdh\kdh�
?eZgqbdh\kdh]h��b�Dbk_]Zqkdh]h��fZkkb\Z�

Si – [0.2Al + 0.8(K + Na) + 0.7Ca + Mg + Fe]±�hlghkbl_evgZyq =
Si ��dj_fg_dbkehlghklv�

Cac =
Ca + Na + K

±�ba\_kldh\bklhklv�

Na + Kα =
Al

±�kl_i_gv�s_ehqghklb�

Fef =
Fe + Mg

±�kl_i_gv�`_e_abklhklb�

Nan =
Na + K

±�lbi�s_ehqghklb�

al′ = Al2O3/(FeO + Fe2O3 + MgO) – ]ebgha_fbklhklv�
l��g��±�lhqdZ�gZ[ex^_gby�
Za��iZ^��±�Zabfml�iZ^_gby�
Zg����±�ZgZeba��ghf_j�ijh[u�
_^��ag��±�_^bgbqgu_�agZdb�



8

=eZ\Z����=?HEH=BQ?KD:Y�B�KLJMDLMJGH�

L?DLHGBQ?KD:Y�IHABPBY
=J:GBLGUO�F:KKB<H<�X@GUO�BEVF?G

�����KljZlb]jZnby�x`ghc�qZklb
Bevf_gh]hjkdh]h�Zglbdebghjby

<� khklZ\_� Bevf_gh]hjkdh]h� Zglbdebghjby� jZkijhkljZg_gu
iha^g_Zjo_ckdb_�b��ij_bfms_kl\_ggh��jZgg_ijhl_jhahckdb_�f_lZ-
fhjnbq_kdb_�lhesb��kljZlb]jZnbq_kdh_�ih^jZa^_e_gb_�dhlhjuo�\
^Zgghc�jZ[hl_�ijb\_^_gh�\�khhl\_lkl\bb�k�j_r_gb_f�IV �MjZevkdh-
]h�f_`\_^hfkl\_ggh]h�kljZlb]jZnbq_kdh]h�kh\_sZgby�>��@��k_eyg-
dbgkdZy� k\blZ� �iha^gbc� Zjo_c��� \brg_\h]hjkdZy��bevf_gh]hjkdZy�
_eZgqbdh\kdZy�b� durlufkdZy� lResb� �jZggbc�ijhl_jhahc���:glb-
debghjbc� h[jZfey_lky� keZgp_\ufb� lhesZfb� kZblh\kdhc� k_jbb
�kj_^gbc�jbn_c���i_j_djulufb�\�x`ghc�qZklb�jZchgZ�hleh`_gby-
fb�dmg^jZ\bgkdhc�k\blu��\_g^��

HibkZgb_�k\bl�b�lhes�f_lZfhjnbq_kdbo�ihjh^�ih^�jZagufb
gZa\Zgbyfb�kh^_j`blky�\�im[ebdZpbyo� >��� ��� ��� ���� ���� ���� ���� ���
����������������������������������±���b�^j�@��Z�lZd`_�\�jy^_�jmdhibk-
guo�hlq_lh\�h�j_amevlZlZo� ]_heh]hkt_fhqguo�b� l_fZlbq_kdbo�jZ-
[hl��Gb`_��k�mq_lhf�fZl_jbZeh\�ij_^u^msbo�bkke_^h\Zl_e_c��ijb-
\_^_f�djZldmx�oZjZdl_jbklbdm�kljZlb]jZnbq_kdbo�ih^jZa^_e_gbc
j_]bhgZ�� \hajZklgu_�jm[_`b� dhlhjuo�^Zgu� \� jZ[hlZo� >���� ���� ���
�������b�^j�@�

K_eygdbgkdZy�k\blZ�iha^g_Zjo_ckdh]h�\hajZklZ�ij_^klZ\e_gZ
kbeebfZgbl�]jZgZl�[bhlblh\ufb�b�]jZgZl�[bhlblh\ufb�]g_ckZfb�
d\Zjpblh�]g_ckZfb�� ]jZgZlh\ufb� Zfnb[heblZfb�� kdZihebl�
^bhikb^�ieZ]bhdeZah\ufb� djbklZeebq_kdbfb� keZgpZfb�� j_^dh
d\ZjpblZfb�b�jZkijhkljZg_gZ�\�K_eygdbgkdhf�l_dlhgbq_kdhf�[eh-
d_�kj_^g_c�qZklb�Bevf_gkdbo�]hj��Hleh`_gby�k\blu�ih^\_j]gmlu
s_ehqghfm�f_lZkhfZlham�kh�klhjhgu�fbZkdblh\h]h�fZkkb\Z�k�h[-
jZah\Zgb_f� Zfnb[he�[bhlblh\uo� b� ibjhdk_gh\uo� n_gblh\� b� g_-
n_ebg�ihe_\hriZlh\uo�fb]fZlblh\��Ihjh^u�i_j\hgZqZevgh�[ueb
f_lZfhjnbah\Zgu� \� mkeh\byo� ]jZgmeblh\hc�nZpbb� >��@�� gZ� dhlh-
jmx�iha^g__�[ue�gZeh`_g�Zfnb[heblh\uc�f_lZfhjnbaf� >������@�
Fhsghklv�k\blu�±������f�

Gb`g_ijhl_jhahckdb_� f_lZfhjnbq_kdb_� h[jZah\Zgby� jZa\b-
lu� ij_bfms_kl\_ggh� ih� \hklhqghfm� b�x`ghfm� kdehgm� Bevf_g-
kdbo� ]hj�� ]^_� bfb� keh`_g� djmiguc� l_dlhgbq_kdbc� [ehd�� h]jZgb-
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q_gguc� k� aZiZ^Z� FbZkkdbf�� \hklhdZ� ±� Q_[Zjdmevkdbf� b� x]Z� ±
?eZgqbdh\kdbf�jZaehfZfb�

<brg_\h]hjkdZy� lhesZ� dZjlbjm_lky� \� \b^_� g_rbjhdhc
����±�����f��ihehku�� hdZcfeyxs_c�ijby^_jgmx� qZklv�Bevf_gh-
]hjkdh]h� ZglbdebgZevgh]h� \uklmiZ�� b� k� \hklhdZ� h]jZgbq_gZ� Gy-
r_\kdbf�k[jhkhf��LhesZ�bf__l�jblfbqgh�kehbklh_�kljh_gb_��kgb-
am�\\_jo������h^ghjh^gZy�iZqdZ�[bhlblh\uo�]g_ckh\�����iZqdZ�dbZ-
gbl�]jZgZl�[bhlblh\uo�ieZ]bh]g_ckh\�� ���lhgdh_�q_j_^h\Zgb_�f_-
eZghdjZlh\uo� [bhlblh\uo� ]g_ckh\�� Zfnb[heblh\� b� d\Zjpblh\� k
ijhkehyfb� ibjhdk_g�ieZ]bhdeZah\uo� djbklZeebq_kdbo� keZgp_\�
dZevpbnbjh\� b� fjZfhjh\��OZjZdl_jgh� gZebqb_� ieZ]bh]jZgblguo
fb]fZlblh\��n_gblbabjh\Zgguo�ihjh^�b�ibjhdk_gh\uo�[_kd\Zjp_-
\uo�n_gblh\�\�dhglZdlh\hc�qZklb�k�Bevf_gh]hjkdbf�fbZkdblh\uf
fZkkb\hf��Fhsghklv�lhesb�±�����f�

<brg_\h]hjkdb_� Zfnb[heblu� hlebqZxlky� hl� Zfnb[heblh\
k_eygdbgkdhc� k\blu� ih\ur_gghc� ]ebgha_fbklhklvx�� f_gvrbf
kh^_j`Zgb_f� dj_fg_a_fZ�� dZeby� b� lblZgZ�� [hevr_c� h[h]Zs_ggh-
klvx� ojhfhf�� gbd_e_f� b� khihklZ\bfu� k� \ukhdh]ebgha_fbklufb
[ZaZevlZfb� hkljh\guo� ^m]��GZ� ^bZ]jZff_� :��:��Ij_^h\kdh]h� Zf-
nb[heblu�ihiZ^Zxl�\�ihe_�[ZaZevlh\��Z�]g_cku�±�\�ihe_�]jZm\Zd-
dh\�>����@�

Bevf_gh]hjkdZy�lhesZ� jZkijhkljZg_gZ� \hklhqg__� \brg_\h-
]hjkdhc�b�h[jZam_l�ihehkm�rbjbghc�����±�����f��jZkrbjyxsmx-
ky�gZ�x`ghf�i_jbdebgZevghf� aZfudZgbb�Bevf_gh]hjkdh]h�Zglb-
debgZevgh]h�\uklmiZ�^h� �����f��<� khklZ\� lhesb�\oh^yl� ]jZgZlh-
\u_�b�ibjhdk_gh\u_�Zfnb[heblu��[bhlblh\u_��]jZgZl�[bhlblh\u_
b� kbeebfZgbl�]jZgZl�[bhlblh\u_� ieZ]bh]g_cku�� d\Zjpblu�� d\Zj-
pblh]g_cku��Ih�]g_ckZf�b�Zfnb[heblZf�jZa\blu�^\mihe_\hriZlh-
\u_� b� ieZ]bhdeZah\u_� fb]fZlblu�� :fnb[heblu� khklZ\eyxl� \
kj_^g_f� ��±�����h[t_fZ�lhesb��Z�gZ�\hklhqghf�djue_�Bevf_gh-
]hjkdh]h�ZglbdebgZevgh]h�\uklmiZ�bo�dhebq_kl\h�^hklb]Z_l������

<�jZaj_a_�lhesb�\u^_eyxlky�ljb�ih^lhesb��gb`gyy�kms_kl-
\_ggh�Zfnb[heblh\Zy�k�ijhkehyfb�[bhlblh\uo�b�[bhlbl�]jZnblh�
\uo�]g_ckh\�b�d\Zjpblh\��kj_^gyy�±�i_j_keZb\Zgb_�]g_ckh\�b�d\Zj-
pblh\��\_jogyy�±�Zfnb[heblh\Zy��Fhsghklv�lhesb�hp_gb\Z_lky�\
����f�

Bevf_gh]hjkdb_�Zfnb[heblu�hlebqZxlky�hl�\brg_\h]hjkdbo
[he__�\ukhdbf�kh^_j`Zgb_f�gZljby�b�lblZgZ��ijbq_f�dhebq_kl\h
lblZgZ�khihklZ\bfh�k�_]h�kh^_j`Zgb_f�\�k_eygdbgkdbo�Zfnb[heb-
lZo�� GZ� ^bZ]jZff_� :��:��Ij_^h\kdh]h� [bhlblh\u_� ieZ]bh]g_cku
ihiZ^Zxl�\�ihe_�lmnnblh\�dbkeh]h�b�kj_^g_]h�khklZ\Z��Z�kbeebfZ-
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gbl�]jZgZlh\u_� ieZ]bh]g_cku� ±� \� ihe_� ]jZm\Zddh\�
ihebfbdlh\�b�lmnnblh\�>��������@�

?eZgqbdh\kdZy� lhesZ� gZb[he__� rbjhdh� jZa\blZ� gZ� x`ghf
aZfudZgbb� kljmdlmju� Bevf_gh]hjkdh]h� Zglbdebghjby� \� jZchg_
ha_j�Bevf_gkdh_��?eZgqbd�b�;he��?eZgqbd��hldm^Z�ijhke_`b\Z_lky
\�k_\_jghf�gZijZ\e_gbb�\^hev�aZiZ^gh]h�[hjlZ�dhleh\bg�ha_j�;he�
Dbk_]Zq��;he��FbZkkh\h�b�^Ze__�^h�ha��:j]Zab�

<� gbaZo� jZaj_aZ� lhesb� jZkijhkljZg_gu� ij_bfms_kl\_ggh
]g_cku� b� fb]fZlblu�� Ih� khklZ\m� ]g_cku� [bhlblh\u_�� Zfnb[he�
[bhlblh\u_��j_`_�]jZgZl�[bhlblh\u_�b�kbeebfZgbl�]jZgZl�[bhlb�
lh\u_��Fb]fZlblu� ihehkqZlu_�� ebgah\b^gh�ihehkqZlu_�� hqdh\u_
�ihjnbjh[eZklh\u_���l_g_\u_�b�ijhly]b\Zxlky�\�\b^_�g_rbjhdhc
����±����f��ihehku�hl�ha��;he��?eZgqbd�\�jZchg�Dhkuo�]hj�b�^Ze__
ih� aZiZ^ghfm� [hjlm� dhleh\bgu� Ra�� ;he�� FbZkkh\h�� <� ij_^_eZo
lhesb�oZjZdl_jgh�h[beb_�]jZgblguo�b�i_]fZlblh\uo�`be��GZ�^bZ-
]jZff_�:��:��Ij_^h\kdh]h�]g_cku��ieZ]bh]g_cku��jZkiheZ]Zxlky�\
ihe_�lmnnblh\�b��]eZ\guf�h[jZahf��\�ihe_�]jZm\Zddh\��qlh�k\b^_-
l_evkl\m_l�h�bo�l_jjb]_gghf�ijhbkoh`^_gbb�>��������@��Fhsghklv
lhesb������f�

DurlufkdZy�lhesZ� jZa\blZ� ij_bfms_kl\_ggh� \� kbgdebgZ-
e_ih^h[guo�kljmdlmjZo��jZa^_eyxsbo�ZglbdebgZevgu_�beb�dmih-
eh\b^gu_� \uklmiu��Gb`gyy� ]jZgbpZ� lhesb� ijh\h^blky� ih� kehx
d\Zjpblh\��aZe_]Zxsbo�k�g_[hevrbf�m]eh\uf�g_kh]eZkb_f�gZ�ieZ-
]bh]g_ckZo� _eZgqbdh\kdhc� lhesb��<� khklZ\_� durlufkdhc� lhesb
jZkijhkljZg_gu� ]jZnblh\u_� d\Zjpblu� �fZjdbjmxsbc� ]hjbahgl��
Zfnb[heblu�� [bhlblh\u_�� ]jZgZl�[bhlblh\u_�� ]jZgZl�Zfnb[he�
[bhlblh\u_� b� Zfnb[he�[bhlblh\u_� ieZ]bh]g_cku�� kex^ygu_
d\Zjpblu�b�fjZfhju��Fhsghklv�lhesb�����f�

<ur_�durlufkdhc�lhesb�aZe_]Zxl�hleh`_gby�kj_^g_jbn_c-
kdhc��"��kZblh\kdhc�k_jbb��©keZgp_\h_�h[jZfe_gb_ª���\dexqZxs_c
ZjZdmevkdmx�� gb`g_kZblh\kdmx�� \_jog_kZblh\kdmx� b� b]brkdmx
k\blu��JZaj_a� ©keZgp_\h]h� h[jZfe_gbyª� aZ\_jrZ_lky� ieZ]bhkeZg-
pZfb�dmg^jZ\bgkdhc�k\blu�\_g^kdh]h�\hajZklZ�

KhihklZ\e_gb_� kljZlb]jZnbq_kdbo� jZaj_ah\� gb`g_ijhl_jh-
ahckdbo�f_lZfhjnbq_kdbo�lhes�\uy\ey_l�[ebahklv�bo�\_s_kl\_g-
gh]h� khklZ\Z�� Z� bgh]^Z� b� koh^gmx� jblfbqghklv� \� i_j_keZb\Zgbb
hl^_evguo�keh_\�b�iZq_d��Wlh�gZ\h^bl�gZ�ij_^iheh`_gb_�h�gZeb-
qbb� \� Bevf_gkdbo� ]hjZo� g_� lj_o� �\brg_\h]hjkdhc�� bevf_gh]hj-
kdhc�b�_eZgqbdh\kdhc��lhes��Z�\hafh`gh�h^ghc��^bkehpbjh\Zgghc
gZ� \hklhqghf� djue_� b� x`ghc� i_jbdebgZeb� Bevf_gh]hjkdh]h
ZglbdebgZevgh]h� \uklmiZ� k� h[jZah\Zgb_f� hijhdbgmluo� gZ� aZiZ^
�Z  �\� x`ghc �i_jbdebgZeb� – �gZ �k_\_j��  �bahdebgZevguo  ��ebg_c�
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Jbk�� ��� H^bg� ba
\ZjbZglh\� bkdmkkl\_g-
gh]h� gZjZsb\Zgby

kljZlb]jZnbq_kdhc
dhehgdb� aZ� kq_l� k_jbb
hijhdbgmluo� bahdeb-
gZevguo�ebg_cguo�kdeZ-
^hd�� ijhy\e_gguo� \� h^-
ghc�b�lhc�`_�lhes_�

�±��±�©ik_\^hlhesbª
�pbnju� \� djm`dZo�: 1 –
©gb`gyyª����±�©kj_^gyyª���
±�©\_jogyyª�

guo�kdeZ^hd��G_�bkdexq_gh��qlh�ijhy\e_gb_�g_h^bgZdh\h]h�mjh\gy
wjhabhggh]h�kj_aZ�f_lZfhjnbq_kdhc�lhesb�hlghkbl_evgh�__�iheh-
`_gby�gZ�kdehgZo�Bevf_gkdbo�]hj��Z�lZd`_�aZijhdbgmlhklv�kdeZ^hd�
fh`_l� ijb\_klb� d� hrb[hqghfm� gZjZsb\Zgbx� kljZlb]jZnbq_kdhc
dhehgdb� b� kha^Zlv� beexabx� gZebqby� \� jZaj_a_� g_kdhevdbo� lhes
�jbk������?kl_kl\_ggh��qlh�^Zgguc�\hijhk�y\ey_lky�^bkdmkkbhgguf�
b�jZaj_r_gb_�_]h�lj_[m_l�ihklZgh\db�ki_pbZevguo�bkke_^h\Zgbc�

�����:jo_c�ijhl_jhahckdb_�]_heh]h�kljmdlmjgu_
we_f_glu�x`ghc�qZklb�Bevf_gh]hjkdh]h�Zglbdebghjby

Kms_kl\mxsb_�ij_^klZ\e_gby�]_heh]h\�h�l_dlhgbd_�X`guo
Bevf_g� k\b^_l_evkl\mxl� dZd� h� ]_l_jh]_gghklb�� lZd� b� qj_a\uqZc-
ghc� keh`ghklb� kljmdlmj�Bevf_gh]hjkdh]h� Zglbdebghjby� >���� ���
���� ���� ���� ���� ���� ���� ���� ��@��Kh]eZkgh�K��<��Q_kghdh\m� >���� ��@�
x`g__�Bevf_gh]hjkdh]h� dmiheZ�� y^jh� dhlhjh]h� keh`_gh�s_ehq-
gufb�ihjh^Zfb� �fbZkdblZfb��� jZa\bl�FbZkkdbc� dmihe� �Zglbnhj-
fZ���khklhysbc�ba�lj_o�y^_j��QZrdh\kdh]h�]jZgblh]g_ckh\h]h��K_-
\_jh�?eZgqbdh\kdh]h�b�X`gh�?eZgqbdh\kdh]h�ieZ]bh]g_ckh\uo�k
mqZkldZfb� ]jZgblh]g_ckh\��QZrdh\kdh_� y^jh�bf__l� h[ebd� ebg_c-
ghc��gZ� k_\_j_� ±�bahdebgZevghc�hijhdbgmlhc� ZglbdebgZeb� k�[jZ-
obnhjfghc�� kh[kl\_ggh� dmihehh[jZaghc�x`ghc� i_jbdebgZevx� b
g_y\guf��kdjuluf�k_\_jguf� aZfudZgb_f��<�x`ghc�i_jbdebgZeb
Zfnb[heh\Zy� h[hehqdZ� i_j_^Z\e_gZ� f_lZi_eblh\uf� y^jhf�� q_f
kdZau\Z_lky�^bZibjbaf��Z�\�k_\_jghc�qZklb�hgZ�©ih^\_jgmlZª�ih^
f_lZi_eblh\h_� y^jh� ihi_j_d� ijhklbjZgby� hkb� kljmdlmju� b� \k_o
ebg_cguo�we_f_glh\�
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K_\_jh�?eZgqbdh\kdh_�b�X`gh�?eZgqbdh\kdh_�y^jZ�FbZkkdh-
]h�dmiheZ�\f_kl_�k�jZa^_eyxs_c�bo�Rmfbobgkdhc�Zfnb[heblh\hc
bahdebgZevghc�kbgnhjfhc�bah]gmlu�gZ^�ih]jm`_gb_f�Bevf_gh]hj-
kdh]h�dmiheZ�lZdbf�h[jZahf��qlh�m�gbo��gZjy^m�k�q_ldh�\ujZ`_ggu-
fb�dmiheh\b^gufb�x`gufb�i_jbdebgZeyfb��h[jZamxlky�k_\_jgu_
©i_jbdebgZebª��ih^\_jgmlu_�ihi_j_d�ebg_cghklb�

<��G��Xj_pdbc�b�^j�� �O����
�\u^_eyxl�ke_^mxsb_� kljmdlmj-
gu_�ih^jZa^_e_gby��hlghkysb_ky�d�Zjo_c�ijhl_jhahckdhfm�kljmd-
lmjghfm� yjmkm�� K_eygdbgkdbc� [ehd�� Bevf_gh]hjkdmx� Zglbdeb-
gZev��Bevf_gh]hjkdmx� kdeZ^qZlh�[ehdh\mx� kljmdlmjm�� \dexqZx-
smx�Gyr_\kdmx� kbgdebgZev��?eZgqbdh\kdmx� b�QZrdh\kdmx� Zg-
lbdebgZeb��Rmfbobgkdmx�kbgnhjfm�

K_eygdbgkdbc� [ehd� keh`_g� f_lZfhjnbq_kdbfb� ihjh^Zfb
iha^g_Zjo_ckdhc� k_eygdbgkdhc� k\blu� b� jZgg_ijhl_jhahckdhc
\brg_\h]hjkdhc� lhesb�� \� x`ghc� b� k_\_jghc� qZklyo� kljmdlmju
ijhj\Zggufb�fZkkb\hf�fbZkdblh\��;ehd�bf__l�\ulygmlmx�\�km[-
f_jb^bhgZevghf�gZijZ\e_gbb�ijhi_ee_jhh[jZagmx�nhjfm��rbjb-
gm�\�p_gljZevghc�qZklb�g_�[he__�����df�k�ihkl_i_gguf�jZkrbj_gb-
_f�d�x]m�b�k_\_jm�^h� �±��df��Durlufkdbf�k^\b]h�gZ^\b]hf�K_-
eygdbgkdbc�[ehd�jZahj\Zg�gZ�^\_�qZklb��ijb� wlhf� k_\_jgZy�qZklv
ihemqbeZ�\jZs_gb_�hlghkbl_evgh�hkb�[ehdZ��\ke_^kl\b_�q_]h�\hk-
lhqgh_�iZ^_gb_�]g_ckh\b^ghklb�b�hk_\uo�iehkdhkl_c�kdeZ^hd�kf_-
gbehkv�gZ�aZiZ^gh_��<�ijh^hevghf�k_q_gbb�[ehd�bf__l�Zjdhh[jZa-
gmx�nhjfm�k�ih]jm`_gb_f�ebg_cghklb�fbg_jZeh\�\�k_\_jghc�qZk-
lb�gZ�k_\_j��Z�\�x`ghc�±�gZ�x]�

K� aZiZ^Z� K_eygdbgkdbc� [ehd� h]jZgbq_g� <brg_\h]hjkdh�
K_eygdbgkdbf� k^\b]h�\a[jhkhf�� nbdkbjmxsbfky� ahghc� ihjnb-
jhdeZklh\uo�[eZklhfbehgblh\�ih�k_eygdbgkdbf�]g_ckZf�b�fb]fZ-
lblZf��Z�lZd`_�l_eZfb�lZevd�Zglhnbeeblh\uo�ihjh^��Z�k�\hklhdZ�±
Gyr_\kdbf� k^\b]h�k[jhkhf� b� LZldmevkdbf� k[jhkhf�� <� ij_^_eZo
[ehdZ� jZa\blu�f_edb_� k_^eh\b^gu_� kdeZ^db� k� m\_ebq_gghc�fhs-
ghklvx�keh_\�fb]fZlblh\�\�aZfdh\hc�qZklb�b�ihkl_i_gguf�\udeb-
gb\Zgb_f�bo�gZ� djuevyo��iZjZee_evguo� hk_\hc�ih\_joghklb��OZ-
jZdl_jgZ�fgh]hnZagZy�kdeZ^qZlhklv�


�Xj_pdbc�<��G���I_ljh\�<��B���Dmag_ph\�=��I��b�^j��©Hlq_l�Bevf_-
gh]hjkdh]h� ]_heh]h�kt_fhqgh]h� hljy^Z� h� j_amevlZlZo� ]_heh]bq_kdh]h� ^h-
bamq_gby�fZkrlZ[Z� � :���� ����Bevf_gh]hjkdhc�iehsZ^b� ���� aZ� ����±����� ]h-
^uª��:job\�Bevf_gkdh]h�aZih\_^gbdZ�������
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Bevf_gh]hjkdZy�ZglbdebgZev��d�y^jm�dhlhjhc�ijbmjhq_g�fZk-
kb\� s_ehqguo� ihjh^�� k� aZiZ^Z� h]jZgbq_gZ� <brg_\h]hjkdh�
K_eygdbgkdbf��Z�k�\hklhdZ�±�Gyr_\kdbf�jZaehfZfb��RZjgbj�wlhc
kljmdlmju�ih]jm`Z_lky�\�x`ghf�gZijZ\e_gbb��Z�hk_\Zy�iehkdhklv
gZdehg_gZ� gZ� \hklhd� ih^� m]ehf� ��±��°��:glbdebgZev� hkeh`g_gZ
[he__� f_edbfb� kdeZ^dZfb�� iZjZee_evgufb� __� hkb�
<�Bevf_gh]hjkdhf�s_ehqghf�fZkkb\_� gZ[ex^Zxlky� [eZklhfbeh-
gblu� ^\mo� ]_g_jZpbc� �mklgh_� khh[s_gb_� <�� B�� E_gguo�:� [he__
jZggb_�\ukhdhl_fi_jZlmjgu_��kh]eZkgu_�k�]g_ckh\b^ghklvx�fbZ-
kdblh\��b�[he__�iha^gb_�ihjnbjhdeZklh\u_�km[rbjhlgh]h�±�k_\_-
jh�aZiZ^gh]h�gZijZ\e_gby��D��B��Ihklh_\uf�mklZgh\e_gu�^\_�kbk-
l_fu�deb\Z`Z��jZa\blu_�\�fbZkdblZo��ijbq_f� kdeZ^db�jZgg_c� ]_-
g_jZpbb� k\yaZgu� k�deb\Z`_f��iZ^Zxsbf�gZ� aZiZ^�ih^�m]ehf� ��±
30°��Z�iha^g_c�]_g_jZpbb�±�k�deb\Z`_f��iZ^Zxsbf�gZ�\hklhd�ih^�m]-
ehf���±��°��<��G��Xj_pdbc�b�^j���������

Bevf_gh]hjkdZy� kdeZ^qZlh�[ehdh\Zy� kljmdlmjZ� h]jZgbq_gZ
LZldmevkdbf�b�Gyr_\kdbf�jZaehfZfb��<�__�ij_^_eZo�lZd`_�mklZ-
gZ\eb\Z_lky�g_kdhevdh�]_g_jZpbc�kdeZ^hd��K_\_jg__�ha��:j]Zyr�\
fb]fZlbabjh\Zgguo�]g_ckZo�jZa\blu�y^jZ��h[jbkh\Zggu_�d\Zjpb-
lZfb��GZb[he__�jZggb_�kdeZ^db�k\yaZgu�k�deb\Z`_f��iZ^Zxsbf�gZ
\hklhd�ih^�m]ehf���±��°��GZ�wlb�kdeZ^db�gZeh`_g�iha^gbc�deb\Z`�
iZ^Zxsbc�lZd`_�\�\hklhqghf gZijZ\e_gbb��gh�m`_�ih^�m]ehf� ��±
80°�� K� wlbf� deb\Z`_f� kh]eZkgZ� f_edZy� iehcqZlhklv� b
i_j_hjb_glbjh\dZ� ebklhqdh\� [bhlblZ�� OZjZdl_jgh�� qlh� ]jZgblgu_
`beu�^_nhjfbjh\Zgu�\�kdeZ^db�ih�[he__�iha^g_c�kbkl_f_�deb\Z`Z�
Z�i_]fZlblh\u_�`beu�k_dml�dZd�jZggb_��lZd�b�iha^gb_�kdeZ^db�

<� k_\_jghc�qZklb� kdeZ^qZlh�[ehdh\hc� kljmdlmju� \u^_ey_lky
Gyr_\kdZy� kbgdebgZev�� ^ey� dhlhjhc� oZjZdl_jgu� ^\Z� gZijZ\e_gby
rZjgbjh\�f_edbo�kdeZ^hd��k_\_jh�\hklhqgh_�b�x]h�x]h�\hklhqgh_�
MklZgZ\eb\Zxlky� ljb� ]_g_jZpbb� kdeZ^hd�� [he__� jZggb_� kdeZ^db
bf_xl�k_\_jh�\hklhqgh_�ih]jm`_gb_�rZjgbjh\;�\lhjZy� ]_g_jZpby
kdeZ^hd� oZjZdl_jbam_lky� ih]jm`_gb_f� rZjgbjh\� gZ� x]h�\hklhd�
lj_lvy�]_g_jZpby�ij_^klZ\e_gZ�hldjulufb�kdeZ^dZfb�k�iheh]bfb
djuevyfb� \heghh[jZaghc�nhjfu� k�rZjgbjZfb��ih]jm`Zxsbfbky
gZ�\hklhd�

<�x`ghc� qZklb�Bevf_gh]hjkdhc� kdeZ^qZlh�[ehdh\hc� kljmd-
lmju� jZa\blu� ?eZgqbdh\kdZy� b� QZrdh\kdZy� dmiheh\b^gu_� Zglb-
debgZeb��bf_xsb_��ih�fg_gbx�<��G��Xj_pdh]h�b�^j����������lZdhc
`_�ihjy^hd��qlh�b�Bevf_gh]hjkdZy�ZglbdebgZev��Wlb�kljmdlmju�b
jZa^_eyxsZy�bo�i_j_fylZy�RmfbobgkdZy�kbgnhjfZ�\i_j\u_�[ueb
bamq_gu�� dZd� hlf_qZehkv� jZg__��K��<��Q_kghdh\uf� [72],� ^hihegb-
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l_evgh�d�bkke_^h\Zgbyf�dhlhjh]h�<��G��Xj_pdbc�k�dhee_]Zfb�ijb-
\h^yl� ke_^mxsb_�^Zggu_�� \�?eZgqbdh\kdhc� dmiheh\b^ghc� kljmd-
lmj_� hlq_leb\h� gZ[ex^Zxlky� ljb� kbkl_fu� kdeZ^hd� ²� k_\_jh�
\hklhqgZy��bahdebgZevgu_�kdeZ^db���x]h�x]h�\hklhqgZy��Zkbff_l-
jbqgu_� kdeZ^db��b�f_jb^bhgZevgZy� �hldjulu_� kdeZ^db�;� \� k_\_j-
ghc�qZklb�QZrdh\kdhc�dmihehh[jZaghc�ZglbdebgZeb�\�fb]fZlblZo
jZa\blu� f_edb_� e_`Zqb_� bahdebgZevgu_� kdeZ^db� k� i_j_fylufb
hk_\ufb� iehkdhklyfb�� RZjgbju� kdeZ^hd� h[jbkh\Zgu� lhgdbfb
ijhkehyfb� d\Zjpblh\� b� iZ^Zxl� gZ�x]h�aZiZ^� ih^� m]ehf� ��±��°.
IZ^_gb_� rZjgbjh\� [he__� iha^gbo� hldjuluo� kdeZ^hd� k_\_jh�
\hklhqgh_�ih^�lZdbfb�`_�m]eZfb��<k_�we_f_glu�kdeZ^hd�b�]g_ckh-
\b^ghklb� \� fb]fZlblZo� _eZgqbdh\kdhc� lhesb� bf_xl� x`gh_� gZ-
ijZ\e_gb_��l��_��k_\_jgh_�i_jbdebgZevgh_� aZfudZgb_�QZrdh\kdhc
ZglbdebgZeb� hlkmlkl\m_l�� AZiZ^guc� dhglZdl� wlhc� kljmdlmju� djm-
lhc�k�i_j_f_gguf�iZ^_gb_f�gZ�aZiZ^�beb�\hklhd��<�x`ghc�qZklb
nbdkbjm_lky�i_jbdebgZevgh_�aZfudZgb_�ZglbdebgZeb�

RmfbobgkdZy� kbgnhjfZ�� jZa^_eyxsZy�QZrdh\kdmx� b� ?eZg-
qbdh\kdmx�kljmdlmju��dhlhjmx�K��<��Q_kghdh\� [72]�oZjZdl_jbam_l
dZd�dhfi_gkZpbhgguc�ijh]b[��nhjfbjh\Z\rbcky�h^gh\j_f_ggh�k
jhklhf�dmiheh\��<��G��Xj_pdbf�b�^j���������[ueZ�ijhke_`_gZ�^Z-
e_dh�gZ�k_\_jh�\hklhd�^h�ha��Q_jgh_��DhglZdl�Rmfbobgkdhc�kbg-
nhjfu�k�QZrdh\kdhc�ZglbdebgZevx�j_adbc�b�iZ^Z_l�gZ�\hklhd�ih^
m]ehf���°��dhglZdl�k�?eZgqbdh\kdbf�dmihehf�±�gZ�aZiZ^��Kbgnhj-
fZ�bf__l�\b^�kb]fhb^u��h[jZah\Zgghc��ih�fg_gbx�<��G��Xj_pdh]h
b�^j����������\�j_amevlZl_�i_j_k_q_gby�[he__�^j_\gbo�km[rbjhlguo
±� k_\_jh�\hklhqguo� kljmdlmj� [he__� fheh^ufb� km[f_jb^bhgZev-
gufb�kljmdlmjZfb�

:\lhj��gZ�hkgh\Zgbb�fgh]he_lg_]h�bamq_gby�x`ghc�qZklb�Bev-
f_gh]hjkdh]h� Zglbdebghjby�b� h[h[s_gby� ^Zgguo� ij_^r_kl\mxsbo
bkke_^h\Zl_e_c��>���������������������������b�^j�@��<��G��Xj_pdbc�b�^j��
1982), ijb^_j`b\Z_lky�ke_^mxs_c�ko_fu�kljmdlmjgh]h�ih^jZa^_�
e_gby�wlh]h�j_]bhgZ��jbk�����

Ijhl_jhahckdbc�kljmdlmjguc�yjmk

���Iheh`bl_evgu_�kljmdlmju�
Bevf_gh]hjkdbc�ZglbdebgZevguc�\uklmi
<hklhqgh�Bevf_gh]hjkdZy�ZglbdebgZev
?eZgqbdh\kdbc�dmihe
QZrdh\kdbc�ZglbdebgZevguc�\uklmi
Dbk_]Zqkdbc�ZglbdebgZevguc�\uklmi

���HljbpZl_evgu_�kljmdlmju�
RmfbobgkdZy�kbgnhjfZ
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Jbk�� ��� Kljmd-
lmjgZy�ko_fZ�x`ghc
qZklb� Bevf_gh-
]hjkdh]h� Zglbdebgh-
jby�� KhklZ\be
;�� G�� I_jfydh\� k
bkihevah\Zgb_f� fZ-
l_jbZeh\� <��G��Xj_p-
dh]h�b�^j��������

�� ±� iheh`bl_ev-
gu_� kljmdlmju�
keh`_ggu_� f_lZfhj-
nbq_kdbfb�ihjh^Zfb���
±� kbgdebgZe_ih^h[gu_
kljmdlmju�� �� ±

ZglbdebgZevguc
\uklmi� k� y^jhf
s_ehqguo� ihjh^�� �� ±

ZglbdebgZevgu_
\uklmiu�� keh`_ggu_

]jZgblgufb
fZkkb\Zfb�� �� ±� jZa-
ehfu� ^hklh\_jgu_� b

ij_^iheZ]Z_fu_
�imgdlbj�����±�jZaehfu
k� mklZgh\e_gguf
gZijZ\e_gb_f� iZ^_gby
kf_klbl_ey�

Pbnju� \� djm`�
dZo:� �±��� ±� kljmd-
lmjgu_�we_f_glu�Zglb-
debghjby:� �� ±� Bevf_-
gh]hjkdbc� Zg-
lbdebgZevguc� \uklmi�
�� ±� <hklhqgh�
Bevf_gh]hjkdZy� Zg�

lbdebgZev����±�Dbk_]Zqkdbc�ZglbdebgZevguc�\uklmi����±�QZrdh\kdbc�ZglbdebgZev-
guc�\uklmi����±�X`gh�?eZgqbdh\kdZy�dmiheh\b^gZy�ZihnbaZ�QZrdh\kdh]h�\uklm-
iZ����±�?eZgqbdh\kdbc�]g_ckh\uc�dmihe����±�RmfbobgkdZy�kbgnhjfZ����±�:j]Zyr-
kdZy�kbgdebgZev�� ��±�Gyr_\kdZy�kbgdebgZev�� ���±�FbZkkh\h�?eZgqbdh\kdZy�kbgd-
ebgZev�

��±��� ±� jZaehfu:� ��� ±� <brg_\h]hjkdh�K_eygdbgkdbc� k^\b]h�k[jhk�
��� ±� Gyr_\kdbc� k[jhk�� ��� ±� LZldmevkdbc� k[jhk�� ��� ±� ?eZgqbdh\kdbc� ih^^\b]�
���±�Q_[Zjdmevkdbc��<hklhqgh�Dmg^jZ\bgkdbc��gZ^\b]�

:j]ZyrkdZy�kbgdebgZev
Gyr_\kdZy�kbgdebgZev
FbZkkh\h�?eZgqbdh\kdZy�kbgdebgZev�
Gb`_�hklZgh\bfky�gZ�jy^_�fhf_glh\��k\yaZgguo�k�\ur_baeh-

`_gghc�ko_fhc�
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���L_jfbg� ©\uklmiª� gZfb� ijbf_gy_lky� ^ey� h[hagZq_gby� ih-
eh`bl_evguo� kdeZ^qZlh�[ehdh\uo� kljmdlmj�� h[uqgh� h]jZgbq_g-
guo�jZaju\gufb�gZjmr_gbyfb��ijb� wlhf��ijbeZ]Zl_evgh_� ©Zglb-
debgZevgucª�beb�©dmiheh\b^gucª�oZjZdl_jbam_l�nhjfm�\uklmiZ�

��� QZrdh\kdbc� b� Dbk_]Zqkdbc� ZglbdebgZevgu_� \uklmiu
b�?eZgqbdh\kdbc�dmihe�y\eyxlky�h^ghihjy^dh\ufb�kljmdlmjZfb�k
Bevf_gh]hjkdbf�ZglbdebgZevguf�\uklmihf��\�k\yab�k�q_f�hliZ^Z-
_l�g_h[oh^bfhklv�\u^_e_gby�Bevf_gh]hjkdhc�kdeZ^qZlh�[ehdh\hc
kljmdlmju�\�dZq_kl\_�hl^_evgh]h�ih^jZa^_e_gby�Bevf_gh]hjkdh]h
Zglbdebghjby�

���<��G��Xj_pdbf�b�^j����������ijb�hibkZgbb�Bevf_gh]hjkdhc
kdeZ^qZlh�[ehdh\hc�kljmdlmju��hlf_qZehkv��qlh�\hklhqg__�Gyr_\-
kdhc� kbgdebgZeb� jZa\blZ� ZglbdebgZev�� keh`_ggZy� f_lZfhjnbq_-
kdbfb�ihjh^Zfb�_eZgqbdh\kdhc�lhesb��<�gZr_c�ko_f_�wlZ�kljmd-
lmjZ�\u^_e_gZ�ih^�gZa\Zgb_f�<hklhqgh�Bevf_gh]hjkdhc�Zglbdeb-
gZeb��ij_^klZ\e_gghc�\ulygmlhc�\�km[f_jb^bhgZevghf�gZijZ\e_-
gbb�b� aZijhdbgmlhc�gZ� aZiZ^� djmighc� kdeZ^dhc�ijhly`_gghklvx
��±���df�ijb�rbjbg_����±��df�

��� RmfbobgkdZy� kbgnhjfZ� Z\lhjhf� ih^jZa^_e_gZ� gZ� ^\_
kljmdlmju�� khqe_gyxsb_ky� \� jZchg_� mjhqbsZ�RmfboZ��:j]Zyr-
kdmx�kbgdebgZev�b�kh[kl\_ggh�Rmfbobgkdmx�kbgnhjfm�

:j]ZyrkdZy�kbgdebgZev�ijhke_`b\Z_lky�hl�mjhqbsZ�RmfboZ
\gZqZe_�gZ�\hklhd��]^_�hl^_ey_l�x`gmx�i_jbdebgZev�Bevf_gh]hj-
kdh]h�ZglbdebgZevgh]h�\uklmiZ�hl�?eZgqbdh\kdh]h�dmiheZ��b�^Ze__
\�jZchg_�ha��:j]Zyr�jZa\hjZqb\Z_lky�\�k_\_jh�\hklhqghf�gZijZ\-
e_gbb� b� ijhly]b\Z_lky� ^h� ha�� Q_jgh_�� jZa]jZgbqb\Zy� \hklhqgh_
djueh� Bevf_gh]hjkdh]h� \uklmiZ� hl� <hklhqgh�Bevf_gh]hjkdhc
ZglbdebgZeb�

K��<��Q_kghdh\� >��]� jZkkfZljb\Ze� Rmfbobgkdmx� kbgnhjfm
dZd�kbgdebgZe_ih^h[gmx�kljmdlmjm��jZa^_eyxsmx�QZrdh\kdbc�b
?eZgqbdh\kdbc�y^jZ�FbZkkdh]h�dmiheZ�\�\b^_�kiehrghc�i_j_fuq-
db�f_lZfhjnbq_kdbo�ihjh^��Ih�gZrbf�^Zgguf��kbgnhjfZ��\uihe-
g_ggZy�Zfnb[heblZfb��ieZ]bh]g_ckZfb�b�d\ZjpblZfb�durlufkdhc
lhesb�� ebrv� g_[hevrbf� ©aZeb\hfª� aZoh^bl� f_`^m� QZrdh\kdbf
ZglbdebgZevguf� \uklmihf� b� k_\_jghc� qZklvx� ?eZgqbdh\kdh]h
dmiheZ��>Ze__�\�x`ghf�gZijZ\e_gbb�gZ[ex^Zxlky�lhevdh�hl^_ev-
gu_� dk_gheblu� f_lZfhjnbq_kdbo� ihjh^�� aZe_]Zxsb_� \� qZrdh\-
kdbo� b� _eZgqbdh\kdbo� ]jZgblZo�� dhlhju_� nZdlbq_kdb� h[jZamxl
_^bgh_�l_eh�

Mqblu\Zy�wlh��Z�lZd`_��qlh�k_\_jgZy�qZklv�\u^_ey\r_cky�jZ-
g__�Rmfbobgkdhc�kbgnhjfu�hlg_k_gZ�d�:j]Zyrkdhc�kbgdebgZeb�
gZa\Zgb_� ©RmfbobgkdZy� kbgnhjfZª� khojZg_gh� ebrv� ^ey� __� p_g-
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ljZevghc�qZklb��jZkiheh`_gghc� \�jZchg_� kludZ�Bevf_gh]hjkdhc�
QZrdh\kdhc�b�?eZgqbdh\kdhc�kljmdlmj��<�kbem�k\h_]h�kljmdlmjgh-
]h� iheh`_gby�� kbgnhjfZ� ijbh[j_eZ� ©eZf^Zh[jZagucª� �λ�� \b^�
K\hbf� k_\_jguf� hdhgqZgb_f� hgZ� qZklbqgh� hl^_ey_l�QZrdh\kdbc
\uklmi�hl�x`ghc�i_jbdebgZeb�Bevf_gh]hjkdh]h�ZglbdebgZevgh]h
\uklmiZ��<�x`ghf�gZijZ\e_gbb�kbgnhjfZ�jZa^_ey_lky�gZ�^\_�\_l-
\b�����km[f_jb^bhgZevgmx��ijhoh^ysmx�ih�]jZgbp_�QZrdh\kdh]h
\uklmiZ� b� aZiZ^ghc� qZklb� ?eZgqbdh\kdh]h� dmiheZ� b� ��� x]h�
\hklhqgmx��qZklbqgh�hl^_eyxsmx�_eZgqbdh\kdb_�]jZgblu�hl�ieZ-
]bh]g_ckh\�_eZgqbdh\kdhc�lhesb�

���?eZgqbdh\kdbc� ]g_ckh\uc� dmihe� gZ^\bgml� gZ�x`gmx� i_-
jbdebgZev�Bevf_gh]hjkdh]h�ZglbdebgZevgh]h�\uklmiZ��\ke_^kl\b_
q_]h�k_\_jgZy�]jZgbpZ�dmiheZ�\f_kl_�k�jZa^_eyxs_c�wlb�kljmdlm-
ju�:j]Zyrkdhc�kbgdebgZevx�ih^\_jgmlZ�ih^�dmihe�b�bf__l�h[jZ-
s_ggmx�gZ�x]�^m]hh[jZagmx�nhjfm��<� lh�`_�\j_fy�nbdkbjm_lky
ghjfZevgh_� aZe_]Zgb_� aZiZ^gh]h� b� \hklhqgh]h� djuev_\� dmiheZ� b
_]h�q_ldh_�x`gh_�i_jbdebgZevgh_�aZfudZgb_�

?eZgqbdh\kdbc� dmihe� keh`_g� Zfnb[he�[bhlblh\ufb� b� [bh-
lblh\ufb�ieZ]bh]g_ckZfb��<�y^j_�dmiheZ�jZkijhkljZg_gu�[bhlb-
lh\u_� b� e_cdhdjZlh\u_� ]jZgblh]g_cku�� \u^_e_ggu_� <��G��Xj_p-
dbf� b� ^j�� ������� \� _eZgqbdh\kdbc� km[dhfie_dk�� <�x`ghc� qZklb
dmihe�bgljm^bjh\Zg�fmkdh\blh\ufb�b�^\mkex^ygufb�]jZgblZfb�
h[jZamxsbfb� ihqlb� kh]eZkgmx� ^m]hh[jZagmx� Zihnbam�� hloh^y-
smx�hl�QZrdh\kdh]h�\uklmiZ�\�\hklhqghf�gZijZ\e_gbb�b�gZa\Zg-
gmx�gZfb�X`gh�?eZgqbdh\kdhc��=jZgbpZ� khqe_g_gby� Zihnbau� k
QZrdh\kdbf� \uklmibf� ijhoh^bl� ih� aZiZ^ghfm� djuem� f_jb^bh�
gZevghc� kbgdebgZevghc� kdeZ^db�� ijhy\e_gghc� \� _eZgqbdh\kdbo
fmkdh\blh\uo� ]g_ckh\b^guo� ]jZgblZo� b� ijhkljZgkl\_ggh� kh\iZ-
^Zxs_c�k�\u^_ey\r_cky�jZg__�Rmfbobgkdhc�kbgnhjfhc��X`gh�
?eZgqbdh\kdZy�ZihnbaZ�bf__l�\�ieZg_�g_ijZ\bevgmx�k_jih\b^gmx
nhjfm�k�h[jZs_gghc�gZ�x]�\uimdehklvx�b�\udebgb\Zxsbfbky�\
k_\_jghf�gZijZ\e_gbb� aZiZ^guf�b�\hklhqguf�neZg]Zfb��ho\Zlu-
\Zxsbfb� ih� i_jbn_jbb� ?eZgqbdh\kdbc� ]g_ckh\uc� dmihe� \� _]h
x`ghc� iheh\bg_��:ihnbaZ� \ibku\Z_lky� \� kljmdlmjm� ?eZgqbdh\-
kdh]h�dmiheZ�b�bf__l�k�ihke_^gbf�h[s__�x`gh_�i_jbdebgZevgh_
aZfudZgb_�ebg_cguo�l_dklmj�

���FbZkkh\h�?eZgqbdh\kdZy� kbgdebgZev� \uiheg_gZ� ij_bfm-
s_kl\_ggh�hleh`_gbyfb�durlufkdhc�lhesb�b�k�aZiZ^Z�]jZgbqbl�k
<hklhqgh�Bevf_gh]hjkdhc�ZglbdebgZevx��Ijhly]b\Z_lky�\�x`ghf
gZijZ\e_gbb�hl�jZchgZ�FbZkkh\kdbo�ha_j�^h�ha��;he��?eZgqbd��]^_
^_eZ_l�jZa\hjhl�gZ�x]h�aZiZ^��aZoh^y�g_[hevrbf�©aZeb\hfª�f_`^m
x`guf� hdhgqZgb_f� QZrdh\kdh]h� \uklmiZ� b� X`gh�
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?eZgqbdh\kdhc� Zihnbahc�� KbgdebgZev� ijbmjhq_gZ� d� djmighfm
LZldmevkdhfm�jZaehfm��Z�\�x`ghc�k\h_c�qZklb�±�d�?eZgqbdh\kdhfm
^m]hh[jZaghfm�ih^^\b]m��<hklhqgh_�djueh�__�©ih]ehs_ghª�Dbk_-
]Zqkdbf�]jZgblguf�fZkkb\hf�

��� Dbk_]Zqkdbc� ZglbdebgZevguc� \uklmi�� keh`_gguc� ]g_ckh-
]jZgblZfb� b� ]jZgblZfb� h^ghbf_ggh]h� fZkkb\Z�� jZa\bl� \hklhqg__
FbZkkh\h�?eZgqbdh\kdhc� kbgdebgZeb�� bf__l� km[f_jb^bhgZevgh_
gZijZ\e_gb_� b� ijhly`_gghklv� ihjy^dZ� ��� df� ijb� fZdkbfZevghc
rbjbg_����df��<�k_\_jghc��jZchg�FbZkkh\kdbo�ha_j��b�x`ghc��x`-
g__�ha��Q_[Zjdmev��qZklyo�\uklmi�j_adh�km`Z_lky�^h�ihegh]h�\udeb-
gb\Zgby�� K� \hklhdZ� h]jZgbq_g� Q_[Zjdmevkdbf� �<hklhqgh�Dmg^-
jZ\bgkdbf��jZaehfhf��<uklmi�ijZdlbq_kdb�p_ebdhf�keh`_g�iZjZZ\-
lholhggufb� ]jZgblZfb�� k� aZiZ^Z� dhglZdlbjmxsbfb� k�ieZ]bh]g_c-
kZfb�b� Zfnb[heblZfb�durlufkdhc� lhesb�� \�jZaghc� kl_i_gb�ih^-
\_j]gmlufb�]jZgblbaZpbb�b�fb]fZlbaZpbb��<�_]h�ij_^_eZo�\u^_ey-
xlky�� ih� djZcg_c� f_j_�� ^\_� hlghkbl_evgh� djmigu_� dmiheh\b^gu_
kljmdlmju��oZjZdl_jbklbdZ�dhlhjuo�ijb\_^_gZ�\�jZ[hl_�[52].

���X`gmx�b�\hklhqgmx�]jZgbpu�Bevf_gh]hjkdhc�ZglbdebgZ-
eb�p_e_khh[jZagh�ijh\h^blv�g_�ih�Gyr_\kdhfm�jZaehfm��nZdlbq_-
kdb�h]jZgbqb\Zxs_fm�y^jh�ZglbdebgZevgh]h�\uklmiZ�\�ij_^_eZo
K_eygdbgkdh]h� [ehdZ�� Z� ih�Gyr_\kdhc� b�:j]Zyrkdhc� kbgdebgZ-
eyf��<�wlhf�kemqZ_�\hklhqgh_�djueh�Bevf_gh]hjkdhc�ZglbdebgZeb
�ZglbdebgZevgh]h� \uklmiZ��b� __�x`gZy�i_jbdebgZev� [m^ml�ij_^-
klZ\e_gu�ijZdlbq_kdb�iheguf�jZaj_ahf�jZgg_ijhl_jhahckdbo�f_-
lZfhjnbq_kdbo�h[jZah\Zgbc�� \dexqZxsbo� \brg_\h]hjkdmx��bev-
f_gh]hjkdmx�b�_eZgqbdh\kdmx�lhesb�

LZdh\u��\�hkgh\ghf��^hiheg_gby��\g_k_ggu_�Z\lhjhf�\�kms_-
kl\mxsmx� ko_fm� kljmdlmjgh]h� ih^jZa^_e_gby� Bevf_gh]hjkdh]h
Zglbdebghjby�

<�nhjfbjh\Zgbb� kljmdlmjguo� we_f_glh\�x`ghc� qZklb�Bev-
f_gkdbo� ]hj� kms_kl\_ggmx� jhev� b]jZeb� jZaju\gu_� gZjmr_gby
lbiZ�k[jhkh\��\a[jhkh\��gZ^\b]h\�b�k^\b]h\��ih�dhlhjuf�ijhbkoh-
^beb� dZd� \_jlbdZevgu_�� lZd� b� ]hjbahglZevgu_� ih^\b`db� hl^_ev-
guo� [ehdh\� a_fghc� dhju��IjZdlbq_kdb� \k_� kbgdebgZe_ih^h[gu_
kljmdlmju�� jZa^_eyxsb_� iheh`bl_evgu_� kljmdlmju� Zglbdebgh-
jby�� ijbmjhq_gu� d� djmiguf� jZaehfZf�� LZd� FbZkkh\h�
?eZgqbdh\kdZy�kbgdebgZev�dhgljhebjm_lky�LZldmevkdbf�k[jhkhf�
Z�\�x`ghc�k\h_c�qZklb�±�^m]hh[jZaguf�?eZgqbdh\kdbf�ih^^\b]hf�
:j]ZyrkdZy�b�Gyr_\kdZy� kbgdebgZeb�ijbmjhq_gu�d� km[f_jb^bh-
gZevghc�hkeZ[e_gghc�ahg_�ih\ur_gghc�lj_sbgh\Zlhklb��jZkkeZg-
p_\Zgby�b�^jh[e_gby�ihjh^��ijhoh^ys_c�ih�]jZgbp_�Bevf_gh]hj-
kdh]h� ZglbdebgZevgh]h� \uklmiZ��b�<hklhqgh�Bevf_gh]hjkdhc� Zg-
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lbdebgZeb��RmfbobgkdZy� kbgnhjfZ� �\� gh\uo� ]jZgbpZo�� ij_^eh-
`_gguo�Z\lhjhf��jZa\blZ�gZ�klud_�q_luj_o�iheh`bl_evguo�kljmd-
lmj� �Bevf_gh]hjkdh]h�b�QZrdh\kdh]h� ZglbdebgZevguo� \uklmih\�
?eZgqbdh\kdh]h� dmiheZ� b�X`gh�?eZgqbdh\kdhc� Zihnbau��� h]jZ-
gbq_gguo�gZ�^Zgghf�mqZkld_�\__jhh[jZagh�jZkoh^ysbfbky�hl�x`-
ghc�i_jbdebgZeb�Bevf_gh]hjkdh]h�\uklmiZ�kdjulufb�jZaehfZfb�
ljZkkbjm_fufb� fgh]hqbke_ggufb� `bevgufb� l_eZfb� ]jZgblh\� b
i_]fZlblh\�

H^ghc� ba� oZjZdl_jguo� hkh[_gghkl_c� kljh_gby�x`ghc� qZklb
Bevf_gh]hjkdh]h� Zglbdebghjby� y\ey_lky� dmebkhh[jZagh_� jZkih-
eh`_gb_� ZglbdebgZevguo� kljmdlmj� �\uklmih\��� LZd�� \� k_\_jghf
hdhgqZgbb� QZrdh\kdbc� \uklmi� dmebkhh[jZagh� ijbqe_gy_lky� d
x`ghc� i_jbdebgZeb�Bevf_gh]hjkdh]h� ZglbdebgZevgh]h� \uklmiZ�
X`gh�?eZgqbdh\kdZy� ZihnbaZ� aZgbfZ_l� dmebkhh[jZagh_� iheh`_-
gb_� \� aZiZ^ghc� k\h_c� qZklb� ih� hlghr_gbx� d� QZrdh\kdhfm�
Z�\�\hklhqghc�qZklb�±�Dbk_]Zqkdhfm�\uklmiZf��<k_�wlh�k\b^_l_ev-
kl\m_l�h�\hafh`ghf�k^\b]_�hl^_evguo�[ehdh\�a_fghc�dhju�ih�^bZ-
]hgZeb�hlghkbl_evgh�ijbeh`_gby�^\mo�jZaghgZijZ\e_gguo�kbe�±�k
\hklhdZ�gZ�aZiZ^�b�k�x]Z�gZ�k_\_j�

KhklZ\�b�oZjZdl_j�kljZlb]jZnbq_kdbo�jZaj_ah\�jZgg_ijhl_jh-
ahckdbo�lhes�mdZau\Z_l�gZ�jblfbqghklv�ijhy\e_gby�l_jjb]_gguo
b�\medZgbq_kdbo�ijhp_kkh\��ijb\_^rbo�d�h[jZah\Zgbx�w\]_hkbgd-
ebgZevghc� nhjfZpbb� \� jbn_ckdbc� wlZi� ]_heh]bq_kdh]h� jZa\blby
X`gh]h� MjZeZ�� <� hlebqb_� hl� iehsZ^_c� jZkijhkljZg_gby� f_lZ-
fhjnbq_kdbo�ihjh^�bevf_gh]hjkdhc�b�_eZgqbdh\kdhc�lhes��Zj_Z-
eu�jZa\blby�f_lZfhjnblh\�durlufkdhc�lhesb�h]jZgbq_gu�madb-
fb� kbgdebgZe_ih^h[gufb� kljmdlmjZfb�� dhlhju_� K�� <�� Q_kghdh\
[72] hij_^_eye� dZd� dhfi_gkZpbhggu_�ijh]b[u�� h[jZah\Zggu_� h^-
gh\j_f_ggh�k�jhklhf�dmiheh\��Ih^h[gu_�ijh]b[u��dZd�gZf�ij_^-
klZ\ey_lky��fh]eb� \hagbdgmlv� lhevdh� \� hjh]_gguc� wlZi� jZa\blby
j_]bhgZ��Ke_^h\Zl_evgh��^he`_g�[ulv�\j_f_gghc�hlju\�nhjfbjh-
\Zgby�ihjh^�durlufkdhc�lhesb�hl�h[jZah\Zgby�\brg_\h]hjkdhc�
bevf_gh]hjkdhc�b�_eZgqbdh\kdhc�lhes��B�\�wlhf�hlghr_gbb��ih�
\b^bfhfm�� p_e_khh[jZagh�� \ke_^� aZ� <��G��Xj_pdbf� b� ^j�� �������
^Zlbjh\Zlv�hleh`_gby�durlufkdhc�lhesb�iha^gbf�ijhl_jhah_f�
Z�g_�jZggbf��dZd�wlh�ijbgylh�\�j_r_gbb�IV �MjZevkdh]h�f_`\_^hf-
kl\_ggh]h�kljZlb]jZnbq_kdh]h�kh\_sZgby�[67].

Ih�gZr_fm�fg_gbx��iehsZ^v�jZa\blby�hleh`_gbc�durluf-
kdhc� lhesb� g_� h]jZgbqb\ZeZkv� lhevdh� kbgdebgZe_ih^h[gufb
kljmdlmjZfb��Z�ho\Zlu\ZeZ�\kx�\hklhqgmx�b�x`gmx�qZklb�Bevf_-
gh]hjkdh]h�Zglbdebghjby��Wlh�ih^l\_j`^Z_lky�ke_^mxsbfb�nZd-
lZfb�
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±�durlufkdZy�lhesZ�jZkijhkljZg_gZ�g_�lhevdh�\gmljb�Bev-
f_gh]hjkdh]h� Zglbdebghjby�� gh� b� ih� _]h� i_jbn_jbb�� hdZcfeyy
ijZdlbq_kdb� kh� \k_o� klhjhg� QZrdh\kdbc�� ?eZgqbdh\kdbc� b�� qZk-
lbqgh��Dbk_]Zqkdbc�\uklmiu��qlh��gZjy^m� k�^jm]bfb�ijbagZdZfb�
ih^l\_j`^Z_l�lhqdm�aj_gby�K��<��Q_kghdh\Z [72]�h�kms_kl\h\Zgbb
m�]jZgblh]g_ckh\uo�dmiheh\�Zfnb[heblh\hc�h[hehqdb�

±�gZebqb_�fgh]hqbke_gguo�dk_gheblh\�fb]fZlbabjh\Zgguo�b
]jZgblbabjh\Zgguo�Zfnb[heblh\�b�f_ahdjZlh\uo�ieZ]bh]g_ckh\�\
]g_ckh]jZgblZo� Dbk_]Zqkdh]h�� QZrdh\kdh]h� fZkkb\h\� b� X`gh�
?eZgqbdh\kdhc�Zihnbau�dZd�\[ebab�]jZgbp�k�durlufkdhc�lhes_c�
lZd�b�\�m^Ze_gbb�hl�gbo;

±� f_lZkhfZlbq_k-
dbf� ij_h[jZah\Zgb_f
b� ]jZgblbaZpbb� ih^-
\_j]gmlu�ihjh^u�\k_o
ijhl_jhahckdbo� lhes�

\dexqZy� dur-
lufkdmx��dhlhju_�jZ-
g__� [ueb� f_lZfhj-
nbah\Zgu� \� mkeh\byo
h^ghc�b�lhc�`_�nZpbb
±� ZevfZg^bg�
Zfnb[heblh\hc;

Jbk�����IZe_hkljmd-
lmjgZy� ko_fZ� x`ghc
qZklb� Bevf_gh]hjkdh]h
Zglbdebghjby��jbn_c��

�� ±� hleh`_gby� dur-
lufkdhc�� _eZgqbdh\kdhc� b
bevf_gh]hjkdhc� lhes�� �� ±

hleh`_gby� durlufkdhc
lhesb�� �� ±� jZaehfu
^hklh\_jgu_� b� ij_^ih-
eZ]Z_fu_��imgdlbj��
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Jbk�� ��� IZe_h-
kljmdlmjgZy� ko_fZ
x`ghc�qZklb�Bevf_gh-
]hjkdh]h�Zglbdebghjby
�iha^gbc� jbn_c� ±

\_g^��
��±�ZglbdebgZevgu_

kljmdlmju:  I� ±� Bev-
f_gh]hjkdZy�� II� ±� QZr-
dh\kdZy�� III� ±� K_\_jh�
?eZgqbdh\kdZy��IV – X`-
gh�?eZgqbdh\kdZy� V –
Dbk_]ZqkdZy�� VI – <hk-
lhqgh�Bevf_gh]hjkdZy; 2 –
kbgdebgZe_ih^h[gu_
kljmdlmju�� �� ±� jZaehfu
^hklh\_jgu_� b� ij_^iheZ�
]Z_fu_��imgdlbj��

±� nhjfbjh\Z-
gb_� ]jZgblguo� fZk-
kb\h\�ijhbkoh^beh�\
j_amevlZl_� ]jZgb-
lbaZpbb� hleh`_gbc
_eZgqbdh\kdhc� lhe-
sb�� qlh� ijbagZ_lky
[hevrbgkl\hf� bk-
ke_^h\Zl_e_c� X`-
guo� Bevf_g�� <� lZ-
dhf� kemqZ_�� \� dZ-
q_kl\_� djh\eb� ]jZ�
gblguo� fZkkb\h\
^he`gu� [ulv� b� ih-
jh^u�durlufkdhc�lhesb��Ijhp_kku�hjh]_g_aZ��kihkh[kl\h\Z\rb_
h[jZah\Zgbx�kdeZ^qZlh�[ehdh\uo�kljmdlmj��Z�lZd`_�ihke_^mxsZy
wjhaby�ijb\_eb�d�lhfm��qlh�hleh`_gby�durlufkdhc�lhesb�khojZ-
gbebkv�lhevdh�\�y^jZo�kbgdebgZe_c�

J_dhgkljmdpby� kljmdlmjgh]h� ieZgZ� x`ghc� qZklb� Bevf_gh-
]hjkdh]h�Zglbdebghjby��jbk���±���iha\hey_l�iheZ]Zlv��qlh�iha^g_-
jbn_ckdbc�hjh]_gbq_kdbc�wlZi�jZa\blby�X`guo�Bevf_g�gZqZeky
k� aZeh`_gby� djmiguo� km[f_jb^bhgZevguo� b� k_\_jh�\hklhqguo
jZaehfh\�lbiZ�k[jhkh\�b�\a[jhkh\�dZd�ih�i_jbn_jbb�w\]_hkbgdeb-
gZeb�� lZd� b� \gmljb� g__�� ijb� wlhf� \� __� x`ghc� qZklb
ijhy\bebkv  �^m]hh[jZagu_  �jZaehfu��  h]jZgbqb\Zxsb_�  nhjfb-
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Jbk�� ��� IZe_h-
kljmdlmjgZy� ko_fZ�x`-
ghc� qZklb� Bevf_gh-
]hjkdh]h� Zglbdebghjby
�jZggbc�hj^h\bd��

��±�ZglbdebgZevgu_
kljmdlmju�� keh`_ggu_

f_lZfhjnbq_kdbfb
ihjh^Zfb�� �� ±� Zglb-
debgZe_ih^h[gu_� kljmd-
lmju�� keh`_ggu_� ]jZgbl-
gufb� ihjh^Zfb�
�� ±� kbgdebgZe_ih^h[gu_
kljmdlmju�� �� ±� jZaehfu
^hklh\_jgu_� b� ij_^ih-
eZ]Z_fu_� �imgdlbj��
I–VI � ±� gZa\Zgby� Zglb-
debgZevguo� kljmdlmj� kf�
jbk����

jmxsbcky� Bevf_-
gh]hjkdbc� Zglbdeb-
ghjbc�� Ijhp_kku
]jZgblbaZpbb� f_lZ-
fhjnbq_kdbo� lhes
kihkh[kl\h\Zeb

jZamiehlg_gbx
hl^_evguo� mqZkldh\
a_fghc� dhju�� qlh
ijb\h^beh�d�\hagbd-
gh\_gbx� ]g_ckh\uo
dmiheh\�b�ih^gylbc�
Ih� i_jbn_jbb

Zglbdebghjby
h[jZah\u\Zebkv� \ulygmlhc� nhjfu� ZglbdebgZevgu_� kljmdlmju
�QZrdh\kdZy��Dbk_]ZqkdZy���gZ�x`ghf�aZfudZgbb�Zglbdebghjby�±
ih^gylby�^m]hh[jZaghc�nhjfu��h[e_dZxsb_�i_jbdebgZev�Bevf_-
gh]hjkdh]h�ZglbdebgZevgh]h�\uklmiZ�

<_jhylgh�� \� ihkl\_g^kdh_� \j_fy� gZb[he__� bgl_gkb\gh� ijh-
y\bebkv� ]hjbahglZevgu_� ih^\b`db� lbiZ� gZ^\b]h\�� ijb\_^rb_�� \
dhg_qghf� kq_l_�� d� aZijhdb^u\Zgbx� kdeZ^qZluo� kljmdlmj��<� jZg-
g_f� iZe_hah_� l_jjblhjby� X`guo� Bevf_g� ij_l_ji_eZ� l_dlhgh�
fZ]fZlbq_kdmx�Zdlb\baZpbx�k�nhjfbjh\Zgb_f�]jZgblguo��Z�aZl_f
b�s_ehqguo�fZkkb\h\�
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�����Kljmdlmjgu_�hkh[_gghklb�b�\_s_kl\_gguc�khklZ\
]jZgblguo�fZkkb\h\�X`guo�Bevf_g

H^ghc�ba� hkh[_gghkl_c� kljh_gby�Bevf_gh]hjkdh]h� Zglbdeb-
ghjby�y\ey_lky�ijbmjhq_gghklv�]jZgblguo�fZkkb\h\�d�_]h�\hklhq-
ghfm�b�x`ghfm�i_jbn_jbq_kdbf�qZklyf��<�bamq_gghf�jZchg_�\u-
^_eyxlky� ^\Z� hlghkbl_evgh� djmiguo� ]jZgblguo� l_eZ� ±� Dbk_]Zq-
kdbc�b�QZrdh\kdh�?eZgqbdh\kdbc�fZkkb\u�

Dbk_]Zqkdbc� fZkkb\� iehsZ^vx� hdheh� ��� df2� ih^jh[gh� hoZ-
jZdl_jbah\Zg�\�jZ[hl_�Z\lhjZ�[52]��A^_kv�`_�hlf_lbf�ebrv�l_�]eZ\-
gu_� hkh[_gghklb�fZkkb\Z�� dhlhju_� [m^ml� g_h[oh^bfu� ijb� ^Zev-
g_cr_f�baeh`_gbb�kms_kl\Z�jZkkfZljb\Z_fh]h�\hijhkZ�

FZkkb\�ijbmjhq_g�d� aZijhdbgmlhfm�gZ� aZiZ^�h^ghbf_gghfm
ZglbdebgZevghfm� \uklmim�� jZkiheh`_gghfm� gZ� \hklhqghf� djue_
Bevf_gh]hjkdh]h� Zglbdebghjby� \[ebab� _]h� khqe_g_gby� k� :jZ-
fbevkdh�Kmol_ebgkdbf� kbgdebghjb_f�� K� \hklhdZ� hg� h]jZgbq_g
Q_[Zjdmevkdbf�jZaehfhf��Z�k�aZiZ^Z�dhglZdlbjm_l�k�f_lZfhjnbq_-
kdbfb� ihjh^Zfb� durlufkdhc� lhesb�� \uihegyxs_c� ebg_cgmx
FbZkkh\h�?eZgqbdh\kdmx� kbgdebgZev��Dbk_]Zqkdbc�fZkkb\� \uly-
gml� \� km[f_jb^bhgZevghf� gZijZ\e_gbb�� bf__l� kb]Zjhh[jZagmx
nhjfm�k�km`Zxsbfbky�b�\udebgb\Zxsbfbky�k_\_jguf�b�x`guf
hdhg_qghklyfb�b�aZgbfZ_l�kh]eZkgh_�iheh`_gb_�ih�hlghr_gbx�d
hkgh\guf�kljmdlmjZf�jZchgZ�

Nhjfbjh\Zgb_�dbk_]Zqkdbo�]jZgblhb^h\�ijhbahreh�\�^\Z�hk-
gh\guo�wlZiZ�����f_lZkhfZlha�b�]jZgblbaZpby�\f_sZxsbo�ihjh^�k
h[jZah\Zgb_f� hqdh\uo�� ihjnbjh[eZklh\uo� b� ebgah\b^gh�
ihehkqZluo� fb]fZlblh\�� ]g_ckh\b^guo� Zfnb[he�[bhlblh\uo
d\Zjp_\uo� kb_gblh\� �d\Zjp_\uo� fhgph^bhjblh\��� ]jZghkb_gblh\�
]jZgh^bhjblh\�b�]jZgblh\�����ehdZevguc�ZgZl_dkbk��]hfh]_g_aZpby
\_s_kl\_ggh]h�khklZ\Z�[he__�jZggbo�]jZgblguo�fZkk��nhjfbjh\Z-
gb_� [bhlblh\uo� b� e_cdhdjZlh\uo� ]g_ckh]jZgblh\� b� ]jZgblh\�
@bevgZy� k_jby�ij_^klZ\e_gZ� ZieblZfb�� Zieblh\b^gufb�b�f_edh�
kj_^g_a_jgbklufb�]jZgblZfb��i_]fZlblZfb�b�i_]fZlhb^gufb�]jZ-
gblZfb�

Km^y�ih�dhevp_\hfm�jZkiheh`_gbx�jZaebqguo�nZpbc�]jZgb-
lhb^h\�� gZebqbx� dhgp_gljbq_kdhc� i_ljh�]_hobfbq_kdhc� ahgZev-
ghklb��we_f_glZf�aZe_]Zgby�ebg_cguo�l_dklmj��\�Dbk_]Zqkdhf�fZk-
kb\_�\u^_eyxlky�^\_�dmiheh\b^gu_�kljmdlmju�k�p_gljZfb�\�jZc-
hg_�ha��;he��Dbk_]Zq�b�\�jZchg_�FbZkkh\kdbo�ha_j�

DhglZdlu� ]jZgblhb^h\��� k� \f_sZxsbfb� ihjh^Zfb� ij_b�
fms_kl\_ggh�kh]eZkgu_��qZklh�k�h[jZah\Zgb_f�jZaebqghc�rbjbgu
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ahg� bgt_dpbhggh�f_lZkhfZlbq_kdbo� ebgah\b^gh�ihehkqZluo� fb]-
fZlblh\��i_j_oh^ysbo�d�p_gljm�fZkkb\Z�\�ihjnbjh[eZklh\u_�]jZ-
gblhb^u��Ijb� \aZbfh^_ckl\bb� ]jZgblh\��� k�ieZ]bh]g_ckZfb�gZb-
[he__�oZjZdl_jgu�ke_^mxsb_�dhglZdlh\u_�baf_g_gby�� kj_^g_a_j-
gbklu_� fZkkb\gu_� ]jZgblu� kf_gyxlky� gZ� dhglZdl_� f_edha_jgb-
klufb� ]g_ckh\b^gufb� [bhlblh\ufb� ]jZgblZfb;� \� wdahdhglZdlh-
\uo�qZklyo�\�f_lZfhjnbq_kdbo�ihjh^Zo�jZa\b\Zxlky�ihjnbjh[eZ-
klh\u_�\u^_e_gby�ihe_\h]h�riZlZ��Z�lZd`_�ijh`bedb�b�`beu�]jZ-
gblh\� b� i_]fZlblh\�� K� Zfnb[heblZfb� dhglZdlu� ]jZgblh\� [he__
j_adb_��GZ�dhglZdl_�Zfnb[heblu�g_j_^dh�ij_\jZs_gu�\�^bhjblh-
ih^h[gmx�ihjh^m�beb�`_�ih^\_j]gmlu�ihkehcghc�bgt_dpbb�\�\b^_
d\Zjp�ihe_\hriZlh\uo�ijh`bedh\�

QZrdh\kdh�?eZgqbdh\kdbc�fZkkb\� gZoh^blky� \�x`ghc� qZklb
Bevf_gh]hjkdh]h� Zglbdebghjby�� GZa\Zgb_� fZkkb\Z� ij_^eh`_gh
ihke_� lh]h�� dZd� \� ijhp_kk_� ihe_\uo� jZ[hl� gZfb� kh\_jr_ggh� g_-
h`b^Zggh� [ueh� \uy\e_gh�� qlh� f_`^m�QZrdh\kdbf� b� ?eZgqbdh\-
kdbf�fZkkb\Zfb�g_� kms_kl\m_l� kiehrghc��jZa^_eyxs_c�bo�i_j_-
fuqdb�f_lZfhjnbq_kdbo�ihjh^��l�_��qZrdh\kdb_�b�_eZgqbdh\kdb_
]jZgblu� h[jZamxl� _^bgh_� l_eh�� h� q_f� [he__� ih^jh[gh� [m^_l
baeh`_gh�g_kdhevdh�gb`_�

X��>��IZgdh\� [48, 49@� jZkkfZljb\Ze� QZrdh\kdbc� b� ?eZgqb-
dh\kdbc� fZkkb\u� dZd� y^jZ� djmiguo� ZglbdebgZevguo� kdeZ^hd�
Ih� fg_gbx� wlh]h� bkke_^h\Zl_ey�� QZrdh\kdbc� fZkkb\� ijbmjhq_g
d�y^jm�[jZobZglbdebgZevghc��aZijhdbgmlhc�gZ�aZiZ^�kdeZ^db��ih^-
\_j]gmlhc�[he__�f_edhc�kdeZ^qZlhklb��Y^jZ�kbgdebgZevguo�kdeZ-
^hd� keh`_gu� ]jZgblbabjh\Zggufb� Zfnb[heblZfb� b� ]g_ckZfb�� Z
ZglbdebgZevguo� kdeZ^hd� ±� kj_^g_�djmigha_jgbklufb� ]g_ckh\b^-
gufb� ]jZgblZfb� qZklh� k� hqdh\hc� kljmdlmjhc�� <� ?eZgqbdh\kdhf
fZkkb\_� \� y^jZo� f_edbo� ZglbdebgZevguo� kdeZ^hd� jZa\blu� beb
f_edha_jgbklu_� ]jZgblu�� qZklh� kh^_j`Zsb_� djmigu_� klhe[hh[-
jZagu_�dk_gheblu�Zfnb[heblh\��beb�`_�hqdh\u_�djmigha_jgbklu_
]jZgblu�

<��G��Xj_pdbc�b�^j� (l982),�G��K��;hjh^bgZ�b�=��;��N_jrlZl_j
[46]��oZjZdl_jbamy�kljmdlmjgh_�iheh`_gb_�fZkkb\h\�qZrdh\kdh]h
dhfie_dkZ��kqblZxl��qlh�QZrdh\kdbc�fZkkb\��keh`_gguc�[bhlblh-
\ufb�f_edha_jgbklufb� ]g_ckh]jZgblZfb� k�g_ykghhqdh\hc� kljmd-
lmjhc�� \ibku\Z_lky� \� weebikh\b^guc� dmihe�^bZibj� k� q_ldbf� i_-
jbdebgZevguf� aZfudZgb_f�ihehkqZlhklb�gZ�x`ghf�hdhgqZgbb�b
ih]jm`_gb_f�\�klhjhgm�aZfudZgby�ebg_cghhjb_glbjh\Zgguo�l_d-
klmj�� <� k_\_jghc� iheh\bg_� dmihe�^bZibj� aZijhdbgml� gZ� aZiZ^�
?eZgqbdh\kdbc� fZkkb\� hl^_e_g� hl� QZrdh\kdh]h� g_rbjhdhc
�^h�����f��ihehkhc�f_lZfhjnbq_kdbo�ihjh^�b�ij_^klZ\ey_l�kh[hc
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bgljmab\gmx� aZe_`v�� ]jm[h�kh]eZkgmx�k�\f_sZxsbfb�ihjh^Zfb�
keh`_g� kj_^g_a_jgbklufb� ^\mkex^ygufb� b� fmkdh\blh\ufb� ]jZ-
gblZfb��ijhj\Zggufb�`beZfb�[bhlblh\uo�b�^\mkex^yguo�]jZgb-
lh\�b�i_]fZlblh\�

Ijh\_^_ggh_�gZfb��\�jZfdZo�ijh]jZffu�l_fZlbq_kdbo�jZ[hl
Bevf_gkdh]h� aZih\_^gbdZ�� ]_heh]bq_kdh_� dZjlbjh\Zgb_�fZkrlZ[Z
1����������\�jZchg_�jZa\blby�QZrdh\kdh]h�b�?eZgqbdh\kdh]h�fZk-
kb\h\��g_�ih^l\_j^beh��dZd�hlf_qZehkv�\ur_��gZebqby�f_`^m�wlb-
fb�fZkkb\Zfb�kiehrghc�ihehku�f_lZfhjnbq_kdbo�ihjh^��keZ]Z\-
rbo��ih�^Zgguf�ij_^u^msbo�bkke_^h\Zl_e_c��Rmfbobgkdmx�kbg-
nhjfm� �jbk�� ���� Kh]eZkgh� gZrbf� fZl_jbZeZf�� f_lZfhjnbq_kdb_
ihjh^u�� ij_^klZ\e_ggu_� Zfnb[heblZfb�� ieZ]bh]g_ckZfb� b� d\Zj-
pblZfb�durlufkdhc� lhesb�� \� \b^_�madbo� ����±����f�� ©aZeb\h\ª
ijhly`_gghklvx����±����df��\^Zxlky�k�x]Z�b�k_\_jZ�\�?eZgqbdh\-
kdbc� fZkkb\�� F_`^m� wlbfb� aZeb\Zfb� \� km[f_jb^bhgZevghf� gZ-
ijZ\e_gbb�nbdkbjmxlky�ebrv�hl^_evgu_�m^ebg_gghc�nhjfu�dk_-
gheblu�f_lZfhjnblh\�� kh^_j`Zsb_ky� \�fmkdh\blh\uo�b� ^\mkex-
^yguo�]jZgblZo��<�x`ghf�aZeb\_�gZ[ex^Z_lky�q_ldh_�p_gljbdjb-
gZevgh_� ih]jm`_gb_� ebg_cguo� l_dklmj� f_lZfhjnbq_kdbo� ihjh^�
DhglZdl�_eZgqbdh\kdbo�b�qZrdh\kdbo�]jZgblh\�ijhoh^bl�aZiZ^g__
ij_ju\bklhc�ihehku�jZa\blby�f_lZfhjnblh\��jbk������

LZdbf� h[jZahf�� \� ^Zgghf� jZchg_� nZdlbq_kdb� jZa\blh� h^gh
]jZgblgh_�l_eh�g_ijZ\bevghc�ih^dh\hh[jZaghc�nhjfu�k�h[jZs_g-
ghc�gZ�x]� \uimdehc� klhjhghc�b� \udebgb\Zxsbfbky� \� k_\_jghf
gZijZ\e_gbb� aZiZ^guf� b� \hklhqguf� neZg]Zfb�� QZrdh\kdh�
?eZgqbdh\kdbc�fZkkb\�ijbmjhq_g�d�x`ghfm�aZfudZgbx�kljmdlmj
Bevf_gh]hjkdh]h� Zglbdebghjby�
qlh� b� ij_^hij_^_ebeh� khhl\_l-
kl\mxsmx� nhjfm� ]jZgblgh]h
l_eZ�� khklhys_]h� ba� ^\mo� jZagh-
mjh\g_\uo�\uklmih\�����aZiZ^gh]h
QZrdh\kdh]h�     ZglbdebgZevgh]h�

Jbk�� ��� Iheh`_gb_� ]jZgbp
QZrdh\kdh]h�����b�?eZgqbdh\kdh]h����
fZkkb\h\� ih� <�� G��Xj_pdhfm� b� ^j��
�����]�

�� ±� qZrdh\kdb_� ]g_ckh]jZgblu�� �� ±
_eZgqbdh\kdb_� ^\mkex^ygu_� b� fmkdh\b-
lh\u_� ]jZgblu�� �� ±� ebgby� fZjrjmlgh]h
i_j_k_q_gby��lhqdZ�gZ[ex^_gby�b�__�ghf_j
�kf��jbk�����



26

Jbk�� ��� Iheh`_gb_� dhglZdlZ� QZrdh\kdh]h� \uklmiZ� ���� b� X`gh�
?eZgqbdh\kdhc�Zihnbau�����ih�;��G��I_jfydh\m������±�����]]�

Mkeh\gu_�h[hagZq_gby�kf��jbk����

keh`_ggh]h�]jZgblhb^Zfb�[he__�\ukhdh]h� �[ebadjh\e_\h]h��mjh\-
gy� nhjfbjh\Zgby� fZkkb\Z� b� ��� x]h�\hklhqgh]h� X`gh�?eZgqb-
dh\kdh]h� �[u\r_]h�?eZgqbdh\kdh]h�fZkkb\Z���ij_^klZ\e_ggh]h� [h-
e__� ]em[bggufb� ^\mkex^ygufb� b� fmkdh\blh\ufb� ]jZgblZfb�� \
fhjnheh]bq_kdhf�hlghr_gbb�h[jZamxsbfb�Zihnbam��hloh^ysmx�\
\hklhqghf� gZijZ\e_gbb� hl� QZrdh\kdh]h� \uklmiZ� b� ihemkh]eZkgh
\ibku\Zxsmxky�\�kljmdlmjm�?eZgqbdh\kdh]h�]g_ckh\h]h�dmiheZ�

Nhjfbjh\Zgb_� ]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�fZk-
kb\Z�ijhbkoh^beh�\�^\Z�wlZiZ��hljZ`Zxsbo�hkgh\gu_�jm[_`b�jZa-
\blby�fb]fZlbl�]g_ckh]jZgblghc�kbkl_fu�

�� wlZi� DZebc�gZljb_\h�dj_fgb_\Zy� klZ^by� ]jZgblbaZpbb�f_-
eZgh��b�f_ahdjZlh\uo�f_lZfhjnbq_kdbo�ihjh^� �Zfnb[heblh\��Zf-
nb[he�[bhlblh\uo� b� [bhlblh\uo� ieZ]bh]g_ckh\��� ijb\_^rZy� d
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h[jZah\Zgbx�ihehkqZluo�b�ebgah\b^gh�ihehkqZluo�fb]fZlblh\�\
djZ_\uo� dhglZdlh\uo� ahgZo�� ihkl_i_ggh� kf_gyxsboky� \h� \gml-
j_ggbo� qZklyo� fZkkb\Z� ihjnbjh[eZklh\ufb� Zfnb[he�[bhlblh-
\ufb� ]g_ckh]jZgh^bhjblZfb�� ]g_ckh]jZghkb_gblZfb�� [bhlblh\u-
fb�b�e_cdhdjZlh\ufb�ihjnbjh[eZklh\ufb�]g_ckh]jZgblZfb�

��wlZi��DZeb_\h�dj_fgb_\Zy�klZ^by�]jZgblbaZpbb�b�ZgZl_dkb-
kZ�f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\���]h�wlZiZ�k�nhjfbjh\Z-
gb_f� bgt_dpbhggh�f_lZkhfZlbq_kdbo� b� l_g_\uo�fb]fZlblh\� ]jZ-
gblgh]h� khklZ\Z�� [bhlblh\uo� b� e_cdhdjZlh\uo� ]g_ckh]jZgblh\� b
]jZgblh\;� fZ]fZlbq_kdZy� fmkdh\blbaZpby� ]jZgblh\�� ijb\_^rZy� d
h[jZah\Zgbx�^\mkex^yguo�b�fmkdh\blh\uo�jZagh\b^ghkl_c�

>Zcdh\Zy� b�`bevgZy� k_jby� ij_^klZ\e_gZ� ]jZgblZfb�� ZieblZ-
fb��]jZgblgufb�i_]fZlblZfb�

KjZ\gb\Zy�\_s_kl\_gguc�khklZ\�QZrdh\kdh�?eZgqbdh\kdh]h�b
Dbk_]Zqkdh]h�fZkkb\h\��fh`gh�h^ghagZqgh�dhgklZlbjh\Zlv��qlh�ih
gZ[hjm� i_ljh]jZnbq_kdbo� jZagh\b^ghkl_c� ]jZgblhb^h\� b� ihke_^h-
\Zl_evghklb� bo� nhjfbjh\Zgby� �aZ� bkdexq_gb_f� fmkdh\blh\uo� b
^\mkex^yguo�]jZgblh\��wlb�fZkkb\u�\_kvfZ�[ebadb��<�]eZ\_���[m^_l
ihdZaZgh��qlh�djhf_�[ebahklb�\_s_kl\_ggh]h�khklZ\Z�^ey�wlbo�fZk-
kb\h\�oZjZdl_jgh�koh^kl\h�b�ih�p_ehfm�jy^m�^jm]bo�ijbagZdh\�

Gb`_� jZkkfhljbf� kljmdlmjgu_� hkh[_gghklb� QZrdh\kdh�
?eZgqbdh\kdh]h�fZkkb\Z�

QZrdh\kdbc�\uklmi�jZkiheh`_g�d�x]h�aZiZ^m�hl�ha��Bevf_g-
kdh_�\�ij_^_eZo�h^ghbf_gguo�]hj��<uklmi�ijhklbjZ_lky�\�km[f_-
jb^bhgZevghf�gZijZ\e_gbb�ijbf_jgh�gZ����df�ijb�rbjbg_����±���
df�b�\�kljmdlmjghf�hlghr_gbb�ij_^klZ\ey_l�kh[hc�ZglbdebgZev��k
aZiZ^Z� ]jZgbqZsmx� k�B]brkdhc� kbgdebgZevx� ih� ^m]hh[jZaghfm
jZaehfm�� <� k_\_jghc� qZklb� QZrdh\kdbc� \uklmi� dmebkhh[jZagh
ijbqe_gy_lky� d� Bevf_gh]hjkdhfm� ZglbdebgZevghfm� \uklmim� b
\udebgb\Z_lky�gZ�rbjhl_� k_\_jghc� hdhg_qghklb� ha��Bevf_gkdh_�
X`gh_� ©ghkh\b^gh_ª�hdhgqZgb_� \uklmiZ�bf__l�jZa\hjhl�gZ� \hk-
lhd� kh]eZkgh� k� h[sbf� aZfudZgb_f� kljmdlmj� Bevf_gkdh]h� Zglb-
debghjby�

QZrdh\kdbc�\uklmi��nZdlbq_kdb�y\eyxsbcky�\ulygmluf�dm-
iheh\b^guf� h[jZah\Zgb_f��bf__l�� dZd�b� \k_� deZkkbq_kdb_� ]jZgb-
lh]g_ckh\u_�dmiheZ� [64]��h[hehqdm�b�y^jh��qlh�\�k\h_�\j_fy�[ueh
hlf_q_gh�K��<��Q_kghdh\uf [72].�<u^_ey_lky� ^\_� h[hehqdb�QZr-
dh\kdhc�kljmdlmju��\g_rgyy��keh`_ggZy�Zfnb[heblZfb�durluf-
kdhc�lhesb��b�\gmlj_ggyy��ij_^klZ\e_ggZy�ieZ]bh]g_ckZfb��\�jZa-
ghc�kl_i_gb�fb]fZlbabjh\Zggufb�b�i_j_oh^ysbfb�\�ebgah\b^gh�
ihehkqZlu_� fb]fZlblu�� dhlhju_� ihkl_i_ggh� kf_gyxlky� ihjnb-
jh[eZklh\ufb�]g_ckh]jZgblZfb�
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Y^jh�QZrdh\kdh]h�\uklmiZ� ahgZevgh_��<_jogyy� ahgZ�h[jZah-
\ZgZ� [bhlblh\ufb� b� e_cdhdjZlh\ufb� ]g_ckh]jZgblZfb�� kj_^gyy
ahgZ�±�^\mkex^ygufb�]jZgblZfb��Z�\gmlj_ggyy�ahgZ�±�fmkdh\blh-
\ufb� ]jZgblZfb�� =jZgblguf� fZl_jbZehf� \gmlj_gg_c� b� kj_^g_c
ahg� keh`_gZ�X`gh�?eZgqbdh\kdZy� ZihnbaZ�� jZa\blZy� gZ� x`ghf
i_jbdebgZevghf�aZfudZgbb�?eZgqbdh\kdh]h�]g_ckh\h]h�dmiheZ�

>ey�QZrdh\kdh]h� \uklmiZ� oZjZdl_jgh�x`gh_� ih]jm`_gb_� b
\ha^ufZgb_�\� k_\_jghf�gZijZ\e_gbb��\ke_^kl\b_�q_]h�\� k_\_jghc
qZklb�\uklmiZ�h[gZ`_gZ�\_jogyy�ahgZ�y^jZ��ij_^klZ\e_ggZy�f_edh�
kj_^g_a_jgbklufb�[bhlblh\ufb�b�e_cdhdjZlh\ufb� ]g_ckh\b^gu-
fb�]jZgblZfb��jbk�����

F_lZfhjnbq_kdZy� lhesZ� \� h[sbo� q_jlZo� dhgnhjfgh� h[jZf-
ey_l�y^jh�QZrdh\kdh]h�\uklmiZ��ijbq_f�\g_rgyy�Zfnb[heblh\Zy
h[hehqdZ�khojZgbeZkv�lhevdh�ih�_]h�i_jbn_jbb��<gmlj_ggyy�h[h-
ehqdZ�jZa\blZ�ijZdlbq_kdb�ih\k_f_klgh�\�ij_^_eZo�wlhc�kljmdlm-
ju��h^gZdh�]hjbahgl�ebgah\b^gh�ihehkqZluo�fb]fZlblh\�gZb[he__
q_ldh�nbdkbjm_lky�lhevdh�\�k_\_jh�\hklhqghc�qZklb�\uklmiZ��OZ-
jZdl_jghc� q_jlhc� y\ey_lky�bgl_gkb\gZy� ]jZgblbaZpby�ihjh^� km[-
kljZlZ�� gZjZklZxsZy� d� y^jm� QZrdh\kdh]h� \uklmiZ�� ihjh^u� h[h-
ehqdb�ihkl_i_ggh�h[h]ZsZxlky�]jZgblguf�fZl_jbZehf��fZehfhs-
gu_�d\Zjp�ihe_\hriZlh\u_�bgt_dpbb�kf_gyxlky�ahgZfb�ihehkqZ-
luo�b�ebgah\b^gh�ihehkqZluo�fb]fZlblh\�� aZl_f� ihjnb-

Jbk�����Ko_fZlbq_kdbc�ijh^hevguc�jZaj_a�QZrdh\kdh]h�\uklmiZ�
�±�� ±� h[hehqdb� \uklmiZ�� �� ±� \g_rgyy� Zfnb[heblh\Zy�� �–�� ±� \gmlj_ggyy

��� ±� fb]fZlblh\Zy� ahgZ�� �� ±� ahgZ� ihjnbhjh[eZklh\uo� ]jZgblhb^h\��� �±�� ±� y^jh
\uklmiZ����±�[bhlblh\u_�]g_ckh]jZgblu����±�^\mkex^ygu_�]jZgblu����±�fmkdh\blh-
\u_� ]jZgblu;� �� ±� ]jZgbpZ� nZpbZevgh]h� i_j_oh^Z� ihjh^guo� ZkkhpbZpbc�
��±�ieZ]bh]g_cku�\f_sZxs_c�lhesb�
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jh[eZklh\uo�]jZgblhb^h\��\hajZklZ_l�dhebq_kl\h� [he__ �dSYiguo
kh]eZkguo� l_e� ]g_ckh\b^guo� ]jZgblh\��<� ]jZgblbabjm_fuo�f_eZ-
ghdjZlh\uo�ihjh^Zo�ih\urZ_lky� kh^_j`Zgb_�ieZ]bhdeZaZ��gZ�[h-
e__� iha^gbo� klZ^byo� f_lZkhfZlhaZ� aZf_sZ_fh]h� dZeb_\uf� ihe_-
\uf� riZlhf�� ibjhdk_g� aZf_sZ_lky� Zfnb[hehf�� ih� dhlhjhfm�
\� k\hx� hq_j_^v�� jZa\b\Z_lky� [bhlbl�� ihy\ey_lky� d\Zjp�� G_j_^dh
\� hl^_evguo� qZklyo� ]jZgblbabjh\Zgghc� \gmlj_gg_c� h[hehqdb� kh-
ojZg_gu�g_� aZljhgmlu_� ]jZgblbaZpb_c�j_ebdlu�f_lZfhjnbq_kdbo
ihjh^�[_a�\b^bfh]h�bo�i_j_f_s_gby�\�ijhkljZgkl\_��l� _��nhjfb-
jh\Zgb_�]jZgblgh]h�l_eZ�ijhbkoh^beh�iml_f� ©fZ]fZlbq_kdh]h� aZ-
f_s_gbyª�f_lZfhjnbq_kdbo�lhes�gZ�f_kl_�bo�aZe_]Zgby�

=jZgbpZ� y^jZ� b� h[hehqdb� kljmdlmju� hlghkbl_evgh� j_adZy�
=jZgblu�� keZ]Zxsb_� y^jh�� h[jZamxl� \� ihjh^Zo� h[hehqdb�fgh]h-
qbke_ggu_� kh]eZkgu_� b� k_dmsb_�`bevgu_� bgt_dpbb��OZjZdl_jgZ
djmigZy�]jZgblgZy�ZihnbaZ� �X`gh�?eZgqbdh\kdZy���hloh^ysZy�hl
QZrdh\kdh]h�\uklmiZ�b�ijhgbdZxsZy�\�ieZ]bh]g_cku�?eZgqbdh\-
kdh]h� dmiheZ�� :ihnbaZ� aZgbfZ_l� ]jm[hkh]eZkgh_� iheh`_gb_� \
kljmdlmj_�]g_ckh\h]h�dmiheZ��bgljm^bjm_l�ij_bfms_kl\_ggh�x`-
gmx�i_jbdebgZev�dmiheZ��ho\Zlu\Zy�ihke_^gbc�k�aZiZ^Z�b�\hklhdZ
\udebgb\Zxsbfbky�\�k_\_jghf�gZijZ\e_gbb�neZg]Zfb�

QZrdh\kdbc� ZglbdebgZevguc� \uklmi� bf__l� Zkbff_ljbqgh_
ihi_j_qgh_�kljh_gb_�k�iheh]bf����±��°��aZiZ^guf�djuehf�b�[he__
djmluf� ���±��°�� ±� \hklhqguf��:glbdebgZev� hkeh`g_gZ�f_edbfb
kdeZ^dZfb��hk_\u_�ebgbb�dhlhjuo�kf_s_gu�d�__�\hklhqghc�qZklb�
Ihwlhfm�\�^Zgghc�kljmdlmj_�hlkmlkl\m_l�_^bgZy�hk_\Zy�iehkdhklv�
lZd� dZd� aZfdh\Zy� qZklv� ZglbdebgZeb� ij_^klZ\e_gZ
p_euf�jy^hf�k[eb`_gguo�ebg_cguo��qZklh�dmebkhh[jZagh�jZkih-
eh`_gguo�kdeZ^hd�[he__�gbadh]h�ihjy^dZ��jbk������

GZb[he__� bgl_gkb\gh� ih^\_j]gmlZ� ^hihegbl_evghc� kdeZ^qZ-
lhklb� k_\_jgZy� qZklv�QZrdh\kdh]h� \uklmiZ� �\h^hjZa^_e� ha��Bev-
f_gkdh_�±�FbZkkdbc�ijm^��]^_�nbdkbjmxlky�km[f_jb^bhgZevgh]h
gZijZ\e_gby�ebg_cgu_� kdeZ^db�ijhly`_gghklvx� ���±���� df��ijb-
q_f�m]eu�iZ^_gby�djuev_\�kdeZ^hd�baf_gyxlky�hl���±��°�\�k_\_j-
ghc�qZklb�mqZkldZ�^h���±��°�\�_]h�x`ghc�qZklb��<�kbgdebgZevguo
kdeZ^dZo� h[gZ`_gu� fb]fZlblu�� Zfnb[he�[bhlblh\u_� b� [bhlblh-
\u_�ihjnbjh[eZklh\u_� ]g_ckh]jZghkb_gblu�� ]g_ckh]jZgh^bhjblu
b�]g_ckh]jZgblu���]h�wlZiZ��Y^jZ�ZglbdebgZevguo�kdeZ^hd�keh`_-
gu� f_edh�kj_^g_a_jgbklufb� [bhlblh\ufb� b� e_cdhdjZlh\ufb
]g_ckh\b^gufb�]jZgblZfb���]h�wlZiZ�

=jZgbpZ�fH`^m�k_\_jghc�qZklvx�QZrdh\kdh]h�b�x`ghc�i_jbd-
ebgZevx� Bevf_gh]hjkdh]h� ZglbdebgZevguo� \uklmih\� ijhoh^bl
ih �kbgdebgZevghc �kdeZ^d_   k_\_j�k_\_jh�aZiZ^gh]h  �gZijZ\e_gby�
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Jbk������KljmdlmjgZy�ko_fZ�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z��Kh-
klZ\be�;��G��I_jfydh\�

�� ±� hk_\Zy� ebgby� ZglbdebgZevghc� kdeZ^db�� �� ±� kbgdebgZev�� �� ±� ]jZgblh�
]g_ckh\h_�y^jh�?eZgqbdh\kdh]h�dmiheZ����±�we_f_glu�aZe_]Zgby�ebg_cguo�l_dklmj�
�±�dhglmj�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
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jZa\blhc�\�ieZ]bh]g_ckZo�_eZgqbdh\kdhc�lhesb�\�aZiZ^ghf�[hjlm
dhleh\bgu�ha��Bevf_gkdh_��KdeZ^dZ�ghkbl�bahdebgZevguc�oZjZd-
l_j� k� gZdehghf� hk_\hc� iehkdhklb� \� \hklhqghf� gZijZ\e_gbb��Eb-
g_cgu_� l_dklmju�dZd�\�f_lZfhjnbq_kdbo�ihjh^Zo�� lZd�b�qZrdh\-
kdbo� ]jZgblhb^Zo� bf_xl� km[f_jb^bhgZevgh_� ijhklbjZgb_�� We_-
f_glu� km[rbjhlghc� hjb_glbjh\db� ebg_cghklb� ihjh^� \� jZchg_
khqe_g_gby� QZrdh\kdh]h� b� Bevf_gh]hjkdh]h� \uklmih\� gZfb� g_
h[gZjm`_gu��Ihwlhfm� gZ[ex^_gby� Z\lhjZ� g_� ih^l\_j`^Zxl� ^Zg-
gu_�h�lhf��qlh�gZ�rbjhl_�kj_^g_c�qZklb�ha��Bevf_gkdh_�\�QZrdh\-
kdbo�]hjZo�ijhbkoh^bl�jZa\hjhl�kljmdlmju�_eZgqbdh\kdhc�lhesb�k
k_\_jh�aZiZ^gh]h� q_j_a� km[rbjhlgoe� gZ� x]h�x]h�\hklhqgh_�� dZd
wlh� ihdZaZgh� gZ� ]_heh]bq_kdhc� dZjl_� fZkrlZ[Z� � : 50 000
�<��G��Xj_pdbc�b�^j��������]���

<�kj_^g_c�b�x`ghc�qZklyo�QZrdh\kdh]h�\uklmiZ�lZd`_�nbd-
kbjm_lky�jy^�iZjZee_evguo��bgh]^Z�dmebkhh[jZagh�jZkiheh`_gguo
km[f_jb^bhgZevguo� kdeZ^hd�� ijhy\e_gguo� \� ihjnbjh[eZklh\uo
[bhlblh\uo� ]g_ckh]jZgblZo�� Hk_\Zy� iehkdhklv� g_dhlhjuo� Zglb-
debgZevguo� kdeZ^hd� ba]b[Z_lky� \�x]h�\hklhqghf� gZijZ\e_gbb� b
ijhke_`b\Z_lky� ^Ze__� \� fmkdh\blh\uo� ]g_ckh\b^guo� ]jZgblZo
X`gh�?eZgqbdh\kdhc� Zihnbau�� ij_ju\Zy� l_f� kZfuf�Rmfbobg-
kdmx�kbgnhjfm��jZg__�\u^_ey\rmxky�ij_^u^msbfb�bkke_^h\Zl_-
eyfb�f_`^m�QZrdh\kdbf�b�?eZgqbdh\kdbf�fZkkb\Zfb�

<�x`ghc� qZklb� QZrdh\kdh]h� \uklmiZ� ijhbkoh^bl� jZa\hjhl
kdeZ^qZlhc�kljmdlmju�k�f_jb^bhgZevgh]h�gZijZ\e_gby�gZ�km[rb-
jhlgh_�b�^Ze__�\hklhd�k_\_jh�\hklhqgh_��qlh�ih^q_jdb\Z_l�h[s__
x`gh_�aZfudZgb_�kljmdlmj�Bevf_gh]hjkdh]h�Zglbdebghjby�

Hkgh\ghc� h[t_f�QZrdh\kdh]h� \uklmiZ� �ijbf_jgh� ��� �� _]h
iehsZ^b�� aZgbfZxl� ]jZgblhb^u���� ij_^klZ\e_ggu_� ihjnbjh[eZ-
klh\ufb�ihjh^Zfb�]g_ckh\b^ghc�b��g_j_^dh��ebgah\b^gh�ihehkqZ-
lhc�l_dklmju��khklZ\�dhlhjuo�baf_gy_lky�hl�Zfnb[he�[bhlblh\uo
]jZgh^bhjblh\� b� ]jZghkb_gblh\� ^h� [bhlblh\uo� b� e_cdhdjZlh\uo
]jZgblh\��<�k_\_jh�\hklhqghc�qZklb�\uklmiZ�\[ebab�_]h�dhglZdlZ�k
f_lZfhjnblZfb�_eZgqbdh\kdhc�b�durlufkdhc�lhes�hlghkbl_evgh
rbjhdh�jZa\blu�ihehkqZlu_�b�ebgah\b^gh�ihehkqZlu_�fb]fZlblu�
ih�\Zeh\hfm�khklZ\m�khhl\_lkl\mxsb_�d\Zjp_\hfm�fhgph^bhjblm
±�d\Zjp_\hfm�kb_gblm�b�bf_xsb_�ihkl_i_ggu_�i_j_oh^u�d�ihjnb-
jh[eZklh\uf�]jZgblhb^Zf��k�h^ghc�klhjhgu��b�f_ahdjZlh\uf�ieZ-
]bh]g_ckZf�b�]jZgblbabjh\Zgguf�Zfnb[heblZf��k�^jm]hc��Fb]fZ-
lblu�h[jZamxl�\hklhqgmx�dhglZdlh\mx�ahgm�QZrdh\kdh]h�\uklm-
iZ�rbjbghx� ���±����f�� ijhke_`b\Zxsmxky� \�x`ghf� gZijZ\e_-
gbb� ih� aZiZ^ghfm� [hjlm� dhleh\bgu� ha��Bevf_gkdh_� ^h� mjhqbsZ
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DZf_gghc�;jh^��QZklh�\�gbo�kh^_j`Zlky�kh]eZkgu_�bgt_dpbb�f_e-
dha_jgbkluo�[bhlblh\uo�]jZgblh\�

F_edha_jgbklu_�b�f_edh�kj_^g_a_jgbklu_�[bhlblh\u_�b�e_c-
dhdjZlh\u_�]jZgblu���jZa\blu�ij_bfms_kl\_ggh�\�k_\_jghc�qZklb
QZrdh\kdh]h� \uklmiZ�� ]^_� h[gZ`Zxlky� \� y^jZo� ZglbdebgZevguo
kdeZ^hd�beb�`_�h[jZamxl�^Zcdhih^h[gu_�l_eZ��<uoh^u�wlbo�]jZ-
gblh\�g_[hevrhc�iehsZ^b�gZ[ex^Zxlky�\�x`ghc�qZklb�\uklmiZ�b
ih�_]h�]jZgbp_�k�X`gh�?eZgqbdh\kdhc�Zihnbahc��]^_�hgb�i_j_oh-
^yl� \�[bhlbl�fmkdh\blh\u_�b�fmkdh\blh\u_�bgl_gkb\gh� jZkkeZg-
ph\Zggu_�]jZgblu�

X`gh�?eZgqbdh\kdZy�ZihnbaZ� �ij_`g__�gZa\Zgb_� ±�?eZgqb-
dh\kdbc�fZkkb\��hloh^bl�gZ�\hklhd�hl�x`ghc�iheh\bgu�QZrdh\-
kdh]h�\uklmiZ�b�\hklhqg__�ha��;he��?eZgqbd�^_eZ_l�jZa\hjhl�\�k_-
\_jghf� gZijZ\e_gbb�� jZks_ieyykv� gZ� jy^� ]jZgblguo� bgt_dpbc�
:ihnbaZ�ihemkh]eZkgh� \ibku\Z_lky� \�x`gmx�i_jbdebgZev�?eZg-
qbdh\kdh]h� ]g_ckh\h]h� dmiheZ�� \ke_^kl\b_� q_]h� k_\_jgZy� ]jZgbpZ
__� bf__l� ^m]hh[jZaguc� \b^�� =jZgbpZ� khqe_g_gby�X`gh�?eZgqb-
dh\kdhc�Zihnbau�k�QZrdh\kdbf�\uklmihf�ijhoh^bl�aZiZ^g__�ij_-
ju\bklhc�ihehku�f_lZfhjnbq_kdbo�ihjh^��kljmdlmjgh�hlghkbfuo
ij_^u^msbfb� bkke_^h\Zl_eyfb� d� Rmfbobgkdhc� kbgnhjf_�� b
ljZkkbjm_lky�iR�j_adhc�kf_g_�qZrdh\kdbo�ihjnbjh[eZklh\uo�[bh-
lblh\uo�]g_ckh]jZgblh\�kj_^g_a_jgbklufb�^\mkex^ygufb�b�fmk-
dh\blh\ufb�]jZgblZfb��keZ]Zxsbfb�Zihnbam�

X`gh�?eZgqbdh\kdZy� ZihnbaZ� \� kljmdlmjghf� hlghr_gbb
ij_^klZ\ey_l� kh[hc� ZglbdebgZevguc� \uklmi��gZ^\bgmluc�gZ�x`-
gmx�i_jbdebgZev�?eZgqbdh\kdh]h�]g_ckh\h]h�dmiheZ�b�hkeh`g_g-
guc�jy^hf�^m]hh[jZaguo�aZijhdbgmluo�gZ�k_\_j�kdeZ^hd�k�gZdeh-
ghf� hk_\uo�iehkdhkl_c�gZ�x]��M]he�iZ^_gby� hijhdbgmlh]h� �ih^-
\_jgmlh]h�� djueZ� ZglbdebgZevguo� kdeZ^hd�� dZd� ieZ\beh�
[he__� djmlhc� ���±��°��� q_f� m]he� iZ^_gby� ghjfZevgh]h� djueZ
(30–40°���Hk_\u_�ebgbb�ijZdlbq_kdb�\k_o�kdeZ^hd�baf_gyxl�k\h_
gZijZ\e_gb_� hl� km[f_jb^bhgZevgh]h� gZ� x]h�\hklhqgh_� b� ^Ze__
q_j_a�km[rbjhlgh_�^h�k_\_jh�\hklhqgh]h��l�_��bf_xl�^m]hh[jZagmx
nhjfm�� kh]eZkgmx� \�h[sbo�q_jlZo� k�x`ghc�i_jbdebgZevx�?eZg-
qbdh\kdh]h�]g_ckh\h]h�dmiheZ�

GZb[he__�ijhly`_ggZy�kd\hagZy�ZglbdebgZevgZy�kdeZ^dZ�ijh-
ke_`b\Z_lky� q_j_a�x`gmx� qZklv�X`gh�?eZgqbdh\kdhc� Zihnbau�
i_j_k_dZ_l�jZg__�\u^_ey\rmxky�Rmfbobgkdmx�kbgnhjfm�b�^Ze__
nbdkbjm_lky�\�km[f_jb^bhgZevghf�gZijZ\e_gbb�\�ihjnbjh[eZklh-
\uo� ]g_ckh]jZgblZo�QZrdh\kdh]h� \uklmiZ��Wlh� _s_� jZa�ih^l\_j-
`^Z_l�nZdl��qlh�QZrdh\kdbc�b�?eZgqbdh\kdbc�fZkkb\u�g_�jZa^_-
e_gu�kiehrghc�ihehkhc�f_lZfhjnbq_kdbo�ihjh^�
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OZjZdl_jghc� hkh[_gghklvx� kdeZ^qZlhc� kljmdlmju� X`gh�
?eZgqbdh\kdhc� Zihnbau� y\ey_lky� lh� h[klhyl_evkl\h�� qlh� ijb� ba-
f_g_gbb� km[f_jb^bhgZevgh]h�ijhklbjZgby� kdeZ^hd�gZ� km[rbjhl-
gh_�ijhbkoh^bl�bo�hijhdb^u\Zgb_�\� k_\_jghf�gZijZ\e_gbb��ih^-
q_jdb\Zy�� l_f� kZfuf�� h[smx� l_g^_gpbx� gZ^\b]Z� kljmdlmjguo
we_f_glh\�Bevf_gh]hjkdh]h�Zglbdebghjby�k�x]Z�gZ�k_\_j� �lZd`_�
dZd�b�k�\hklhdZ�gZ�aZiZ^��

X`gZy� b� aZiZ^gZy� qZklv� Zihnbau� keh`_gZ� fmkdh\blh\ufb
]jZgblZfb�� kf_gyxsbfbky� \� k_\_jghf� gZijZ\e_gbb� [bhlbl�
fmkdh\blh\ufb� jZagh\b^ghklyfb��G_ihkj_^kl\_ggh� \� dhglZdl_� k
?eZgqbdh\kdbf� ]g_ckh\uf� dmihehf� ^\mkex^ygu_� ]jZgblu� i_j_-
oh^yl� \� [bhlblh\u_� ]jZgblu�� ]g_ckh\b^ghklv� dhlhjuo� iZ^Z_l� gZ
x]�ih^�m]ehf���±��°.

<� y^jZo� kbgdebgZevguo� kdeZ^hd�� jZa\bluo� \� ^\mkex^yguo
]jZgblZo��hlf_qZxlky�j_ebdlh\u_�\uoh^u�ihjnbjh[eZklh\uo�]jZ-
gblhb^h\� b� ebgah\b^gh�ihehkqZluo�fb]fZlblh\� ih\ur_gghc� hk-
gh\ghklb�

LZdbf� h[jZahf�� \�QZrdh\kdhf� \uklmi_�b�X`gh�?eZgqbdh\-
kdhc� Zihnba_ ]jZgblhb^u� ^bkehpbjh\Zgu� k� h[jZah\Zgb_f� jy^Z
ebg_cguo� kdeZ^hd�� gZijZ\e_gb_� dhlhjuo� ih^qbg_gh� h[s_fm
kljmdlmjghfm�ieZgm�wlbo�\uklmih\��QZklv�kdeZ^hd�bf__l�kd\haghc
oZjZdl_j��l��_��ijhke_`b\Z_lky�ba�h^ghc�kljmdlmju�\�^jm]mx��qlh
k\b^_l_evkl\m_l�h[�h^gh\j_f_gghklb�ijhy\e_gby�kdeZ^qZlhc�^bk-
ehdZpbb�dZd� \�QZrdh\kdhf� ZglbdebgZevghf� \uklmi_�� lZd�b� \� _]h
X`gh�?eZgqbdh\kdhc�Zihnba_�
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=eZ\Z����=J:GBLHB>U�I?J<H=H�WL:I:�NHJFBJH<:-
GBY�Q:RDH<KDH�?E:GQBDH<KDH=H�F:KKB<:

�����NZpbZevgu_�jZagh\b^ghklb�]jZgblhb^h\��

H^ghc� ba� oZjZdl_jguo� hkh[_gghkl_c�QZrdh\kdh�?eZgqbdh\-
kdh]h� fZkkb\Z� y\ey_lky� ihebnZpbZevghklv� ]jZgblhb^h\�� \ujZ-
`ZxsZyky�\�fgh]hh[jZabb�dZd�i_ljh]jZnbq_kdbo��lZd�b�kljmdlmj-
gh�l_dklmjguo�jZagh\b^ghkl_c��Kj_^b�]jZgblhb^h\���]h�wlZiZ�jZk-
ijhkljZg_gu�

±�ihehkqZlu_�b�ebgah\b^gh�ihehkqZlu_�f_eZgh��b�f_ahdjZlh-
\u_�fb]fZlblu�

±�ihjnbjh[eZklh\u_�Zfnb[he�[bhlblh\u_�b�[bhlblh\u_�^\m-
ihe_\hriZlh\u_� ]g_ckh]jZghkb_gblu�� ]g_ckh]jZgh^bhjblu� b
]g_ckh]jZgblu�

±� g_jZ\ghf_jgha_jgbklu_� kj_^g_�djmigha_jgbklu_� [bhlblh-
\u_�b�e_cdhdjZlh\u_�]g_ckh]jZgblu�k�j_^dbfb�ihjnbjh[eZklZfb
ihe_\h]h�riZlZ��jbk������

<�]_g_lbq_kdhf�hlghr_gbb�fb]fZlblu�ih^jZa^_e_gu�gZ�^\Z�lb-
iZ��f_lZkhfZlbq_kdb_�� h[jZah\Zggu_� \�ijhp_kk_� ]jZgblbaZpbb�f_lZ-
fhjnbq_kdbo�lhes��bgt_dpbhggu_
��\hagbdrb_�\�j_amevlZl_�ihkehc-
gh]h�\g_^j_gby�]jZgblgh]h�fZl_jbZeZ�\h�\f_sZxsb_�ihjh^u�

Kh]eZkgh� fZl_jbZeZf� ij_^u^msbo� bkke_^h\Zl_e_c� �[34, 36,
48]��Xj_pdbc�b�^j����������fb]fZlblu�h[uqgh�keZ]Zxl�hl^_evgu_
ahgu�fhsghklvx�g_kdhevdh�khl�f_ljh\��\�ijhf_`mldZo�f_`^m�dh-
lhjufb� jZkijhkljZg_gu� ijhkehb� Zfnb[heblh\� b� ieZ]bh]g_ckh\�
GZb[he__�rbjhdh�fb]fZlblu�jZa\blu�kj_^b�hleh`_gbc�bevf_gh-
]hjkdhc�b� _eZgqbdh\kdhc� lhes�gZ� \hklhqghf�djue_�Bevf_gh]hj-
kdh]h�ZglbdebgZevgh]h�\uklmiZ�b�_]h�x`ghc�i_jbdebgZeb�

<�^Zgghc�jZ[hl_�Z\lhj�Zdp_glbjm_l�\gbfZgb_�gZ�fb]fZlblZo�
ehdZebah\Zgguo� g_ihkj_^kl\_ggh� \� dhglZdlh\uo� ahgZo� QZrdh\-
kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Fb]fZlblu�f_lZkhfZlbq_kdh]h�lbiZ

F_lZkhfZlbq_kdb_� fb]fZlblu� bf_xl� gZb[hevr__� jZa\blb_� \
k_\_jghc�iheh\bg_�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�� ]^_� \^hev
_]h �\hklhqgh]h �dhglZdlZ �wlbfb� ihjh^Zfb� keh`_gZ�km[f_jb^bh-


Bgt_dpbhggu_�fb]fZlblu�gZb[he__�oZjZdl_jgu�^ey�dhglZdlh\uo
ahg�]jZgblh\���]h�wlZiZ��\�k\yab�k�q_f�hibkZgb_�bo�ijb\h^blky�\�]e����
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Jbk�� ���� =_heh]bq_kdZy� dZjlZ� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z�
KhklZ\be�;��G��I_jfydh\�

�� ±� Zfnb[heblu�� �� ±�ieZ]bh]g_cku�� �� ±� d\Zjpblu�� �� ±� ^Zcdb� ]jZgblh\�� �� ±
fmkdh\blh\u_�]jZgblu����±�^\mkex^ygu_�]jZgblu����±�[bhlblh\u_�b�e_cdhdjZlh\u_
]jZgblu� �b�]g_ckh]jZgblu�� ��±�ihjnbjh[eZklh\u_�]g_ckh]jZgblu�� ��±�fb]fZlblu�
���±�]jZgbpZ�nZpbZevguo�jZagh\b^ghkl_c�����±�jZaehfu�����±�we_f_glu�aZe_]Zgby
ebg_cguo�l_dklmj�
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gZevgZy �ahgZ� rbjbghc�hl�����^h������f�b�ijhly`_gghklvx�ihjy^-
dZ� ���� df�� GZ� mqZkld_� gZb[hevr_]h� jZkrbj_gby� ahgu� �x]h�
aZiZ^g__� ha�� Bevf_gkdh_�� gZjy^m� k� f_lZkhfZlbq_kdbfb� jZkijh-
kljZg_gu�lZd`_�fb]fZlblu�bgt_dpbhggh]h�lbiZ�

Fb]fZlblu��\hagbdrb_�ijb�]jZgblbaZpbb�f_lZfhjnblh\��h[-
eZ^Zxl� k_jhc� beb� i_kljhc� hdjZkdhc� b� q_ldh� \ujZ`_gghc� ebgah-
\b^gh�ihehkqZlhc� l_dklmjhc�� KljmdlmjZ� bo� qZs_� \k_]h� g_jZ\gh-
f_jgha_jgbklZy�� gh� hlf_qZxlky� lZd`_�f_edh��� kj_^g_�� b� djmigh-
a_jgbklu_� jZagh\b^ghklb�� Fb]fZlblu� khklhyl� ba� i_j_keZb\Zx-
sboky� km[iZjZee_evguo� ebgah\b^guo� ihehk�� keh`_gguo� d\Zjp�
ihe_\hriZlh\uf� �[bhlbl�d\Zjp�ihe_\hriZlh\uf�� b� ieZ]bhdeZa�
Zfnb[he�[bhlblh\uf� Z]j_]Zlhf�� Dhebq_kl\_ggh_� khhlghr_gb_
e_cdhkhf�b�f_eZghkhf�fh`_l�[ulv�jZaebqguf� ±�hl� ���� ��^h� �� �� �
khhl\_lkl\_ggh��AgZqbl_evgh�j_`_�\klj_qZxlky�fb]fZlblu�k�ij_-
h[eZ^Zgb_f�e_cdhdjZlh\h]h�fZl_jbZeZ�

<�aZ\bkbfhklb�hl�khklZ\Z�km[kljZlZ�b�ijhkljZgkl\_ggh]h�jZk�
iheh`_gby�f_eZghkhf�b�e_cdhkhf��\u^_eyxlky�ke_^mxsb_�jZagh-
\b^ghklb�ebgah\b^gh�ihehkqZluo�fb]fZlblh\�

���Fb]fZlblu��\�dhlhjuo�hkgh\ghc�nhg�ij_^klZ\e_g�ihjh^hc
lhgZeblh\h]h�khklZ\Z�f_edh�kj_^g_a_jgbklhc�kljmdlmju�]g_ckh\b^-
ghc�l_dklmju��GZ�wlhf�nhg_�jZa\blu�ebgah\b^gu_�\u^_e_gby�ieZ-
]bhdeZaZ�jZaf_jhf�hl�� × ���^h��� × ���ff��ih�^ebgghc�hkb�hjb_glb-
jh\Zggu_�kh]eZkgh�k�]g_ckh\b^ghklvx�hkgh\ghc�fZkku��;bhlblh\uc
Z]j_]Zl�keZ]Z_l�lhgdb_���±��ff��ij_ju\bklu_�ijhkehcdb��qZklh�h[-
e_dZxsb_�ihe_\hriZlh\u_�\u^_e_gby��jbk����Z��

���Fb]fZlblu��keh`_ggu_�i_j_f_`Zxsbfbky�iZjZee_evgufb
ijhkehcdZfb� d\Zjp�ihe_\hriZlh\h]h�� ihe_\hriZlh\h]h� b� [bhlb-
lh\h]h� Z]j_]Zlh\�� Fhsghklv� ihe_\hriZlh\uo� b� d\Zjp�
ihe_\hriZlh\uo�ijhkeh_d�dhe_[e_lky�hl���^h����[bhlblh\uo�±����±
��ff��<�ihe_\hriZlh\uo� kehcdZo�g_j_^dh�gZ[ex^Zxlky� jZa^m\u
jZaf_jhf���� × ��kf��kh_^bg_ggu_�f_`^m�kh[hc�lhgdbfb�ijh\h^gb-
dZfb��jbk����[��

���Fb]fZlblu��khklhysb_�ba�iZjZee_evguo�hlghkbl_evgh�\u-
^_j`Zgguo�ih�ijhklbjZgbx�ihehk�ihe_\h]h�riZlZ� �ij_bfms_kl-
\_ggh� ieZ]bhdeZaZ�� b� ebgah\b^guo� h[hkh[e_gbc� a_j_g� d\ZjpZ
b� [bhlblZ�� Fhsghklv� ihe_\hriZlh\uo� kehcdh\� khklZ\ey_l� �±��
d\Zjp_\uo�b�[bhlblh\uo�ebga�±��±��ff��jbk����\��

���Fb]fZlblu��\�dhlhjuo�hkgh\ghc�h[t_f� ���±������aZgbfZ-
xl� f_eZghkhfu�� ij_^klZ\e_ggu_� [bhlblbabjh\Zgguf� Zfnb[heh-
\uf� Z]j_]Zlhf�� E_cdhkhfu� keh`_gu� h[uqgh� ieZ]bhdeZah\ufb
ebgah\b^gh�\ulygmlufb �ijhkehcdZfb� beb �`_�lhgdbfb���±��ff�



37

Jbk������L_dklmjgu_�jZagh\b^ghklb�fb]fZlblh\� �ihykg_gby�\
l_dkl_��

�� ±� d\Zjp�ihe_\hriZlh\uc� Z]j_]Zl�� �� ±� ihjnbjh[eZklu� b� ebgau� ihe_\h]h
riZlZ����±�ebgah\b^gu_�\u^_e_gby�d\ZjpZ����±�[bhlblh\uc�Z]j_]Zl����±�Zfnb[he�
[bhlblh\uc�Z]j_]Zl�

iZjZee_evgufb� ihe_\hriZlh\ufb� ijh`bedZfb�� kh]eZkgufb� kh
keZgp_\Zlhklvx�km[kljZlZ���jbk����]��

���Fb]fZlblu�� kh^_j`Zsb_�^bhjblh\b^gu_�f_eZghkhfu�� kh-
klhysb_�ba�ieZ]bhdeZaZ���±����[bhlblZ�b�Zfnb[heZ���±����d\ZjpZ
�±�� ��� E_cdhkhfu� h[jZah\Zgu� kj_^g_�djmigha_jgbkluf� d\Zjp�
ihe_\hriZlh\uf� Z]j_]Zlhf� k� lhgdbfb� ebgah\b^gh�ba\bebklufb
ijhkehcdZfb�lhgdhq_rmcqZlh]h�[bhlblZ��IeZ]bhdeZa�bgh]^Z�h[jZ-
am_l� hl^_evgu_� \u^_e_gby� m^ebg_ggh�h\Zevghc�nhjfu� jZaf_jhf
1 × ����kf��hdhglmj_ggu_�f_edbfb�a_jgZfb�d\ZjpZ�beb�`_�[bhlbl�
d\Zjp_\uf� Z]j_]Zlhf��=jZgbpu� e_cdhkhf�b�f_eZghkhf�g_jh\gu_�
ba\bebklu_� k� g_[hevrbfb� aZeb\Zfb� ihe_\hriZlh\h]h� b� d\Zjp�
ihe_\hriZlh\h]h� khklZ\Z� \� ^bhjblh\b^guc� km[kljZl� �jbk� 13).�<
f_eZghkhfZo� gZ� dhglZdl_� k� e_cdhkhfZfb� bgh]^Z� m\_ebqb\Z_lky
dhebq_kl\h�Zfnb[heZ�

���Fb]fZlblu��khq_lZxsb_�we_f_glu�ebgah\b^gh�ihehkqZlhc
b�hqdh\hc�l_dklmj��H[uqgh�hlghkylky�d�^\mihe_\hriZlh\uf�jZa-
gh\b^ghklyf�� ijbq_f� e_cdhkhfu� b� f_eZghkhfu� bf_xl� koh^guc
fbg_jZevguc�khklZ\��ieZ]bhdeZa���dZebriZl���d\Zjp���[bhlbl���gh
\�f_eZghkhf_�dhebq_kl\h�[bhlblZ�agZqbl_evgh�[hevr_��q_f�\�e_c-
dhkhf_�
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Jbk�� ���� OZjZd-
l_j� ]jZgbpu� e_cdhkh-
fu� b� f_eZghkhfu
fb]fZlblh\�

�� ±� ihjnbjh-
[eZklu�ihe_\h]h�riZlZ�
�� ±� e_cdhkhfZ�� �� ±

f_eZghkhfZ�� �� ±� ebgah-
\b^gu_� ijhkehb
[bhlblZ�

Ihjnbjh[eZklh\u_�]jZgblhb^u

Ihjnbjh[eZklh\u_� ]jZgblhb^u� aZgbfZxl� hkgh\ghc� h[t_f
QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z��Ih�\g_rg_fm�\b^m�±�wlh�g_-
jZ\ghf_jgha_jgbklu_�� kj_^g_��b�djmigha_jgbklu_�ihjh^u�ij_h[-
eZ^Zxsbo� k_juo� lhgh\� hdjZkdb�� h[uqgh� ]g_ckh\b^ghc� l_dklmju�
kh^_j`Zsb_� ihjnbjh[eZklh\u_� \u^_e_gby� [_eh]h� ieZ]bhdeZaZ�
j_`_� jhah\Zlh]h� dZeb_\h]h� ihe_\h]h� riZlZ� ebgah\b^gh�
g_ijZ\bevghc�� bahf_ljbqghc� beb� lZ[eblqZlhc� nhjfu�� JZaf_ju
ihjnbjh[eZkl�jZaebqgu_�±�hl�� × ���^h��� × ���ff��Kh^_j`Zgb_�bo
lZd`_�dhe_[e_lky�\�rbjhdbo�ij_^_eZo�±�hl����^h������

=g_ckh\b^ghklv�ihjnbjh[eZklh\uo�]jZgblhb^h\�ih^q_jdb\Z-
_lky� km[iZjZee_evguf� jZkiheh`_gb_f� \ulygmluo� a_j_g� \k_o� ih-
jh^hh[jZamxsbo� fbg_jZeh\�� A_jgZ� d\ZjpZ� b� q_rmcdb� [bhlblZ
h[uqgh�keZ]Zxl�\ulygmlu_� �^h���kf��ebgah\b^gu_�Z]j_]Zlu�rbjb-
ghx��±��ff��qZklh�h[e_dZxsb_�ihjnbjh[eZklu�ihe_\h]h�riZlZ�

L Z [ e b p Z � �
Kj_^gbc�fbg_jZevguc�khklZ\�ihjnbjh[eZklh\uo�]jZgblhb^h\

Kh^_j`Zgb_�fbg_jZeZ���
Ihjh^Z ieZ]bh�

deZa
dZeb�
riZl

d\Zjp [bh-
lbl

jh]h\Zy
h[fZgdZ

]g_ckh]jZgh^bhjbl 60 10 15 13 2
]g_ckh]jZghkb_gbl 45 25 15 10 5
]g_ckh]jZgbl
[bhlblh\uc

60 10 22 8 -

]g_ckh]jZgbl
e_cdhdjZlh\uc

55 17 25 3 -
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Kj_^b� ihjnbjh[eZklh\uo� ]jZgblhb^h\� \u^_eyxlky� ]g_ckh-
]jZgh^bhjblu��]g_ckh]jZghkb_gblu��]g_ckh]jZgblu��kj_^gbc� �fb-
g_jZevguc�khklZ\�dhlhjuo�ijb\_^_g�gb`_� �lZ[e������=g_ckh]jZgh-
^bhjblu� b� ]g_ckh]jZghkb_gblu� bf_xl� h]jZgbq_ggh_� jZkijhkljZ-
g_gb_�� <� QZrdh\kdhf� \uklmi_� bo� \uoh^u� h[uqgh� ijbmjhq_gu
d� dhglZdlZf� k� f_ahdjZlh\ufb� ieZ]bh]g_ckZfb� b� Zfnb[heblZfb�
\�X`gh�?eZgqbdh\kdhc�Zihnba_�wlb�ihjh^u�gZ[ex^Zxlky�\�\b^_
g_[hevrbo�dk_gheblh\�\�^\mkex^yguo�]jZgblZo�beb�`_�\�dhglZd-
lh\uo�ahgZo�k�Zfnb[heblZfb�

�����DhglZdlh\u_�baf_g_gby�]jZgblhb^h\
b�\f_sZxsbo�ihjh^

Bamq_gb_� \aZbfhhlghr_gbc� f_`^m� jZagufb� ]jmiiZfb� ]hj-
guo�ihjh^�hkms_kl\eyehkv�\�ijhp_kk_�]_heh]bq_kdh]h�dZjlbjh\Z-
gby�b�fZjrjmlguo�i_j_k_q_gbc�dhglZdlh\uo�ahg��GZ�jbk�����b���
ihdZaZgh�f_klhiheh`_gb_�fZjrjmlguo� i_j_k_q_gbc�� hoZjZdl_jb-
ah\Zgguo�\�]eZ\Zo��±��

OZjZdl_jbklbdZ�dhglZdlh\�f_`^m�nZpbZevgufb

jZagh\b^ghklyfb�]jZgblhb^h\��

GZ� \hklhqghf� kdehg_� k_\_jghc� qZklb� QZrdh\kdh]h� \uklmiZ
mklZgh\e_gu� ke_^mxsb_� fbg_jZevgu_� b� kljmdlmjgh�l_dklmjgu_
baf_g_gby� ihjh^� ijb� i_j_oh^_�fb]fZlblh\� d� ihjnbjh[eZklh\uf
]g_ckh]jZgblZf��jbk������l��g�����±���).

�±����f��Kj_^g_a_jgbklu_�ebgah\b^gh�ihehkqZlu_�fb]fZlb-
lu��h[jZah\Zggu_�ih�[bhlblh\uf�ieZ]bh]g_ckZf��<� wlbo�ihjh^Zo
ieZ]bhdeZa�`_elh\Zlh�[_eh]h�p\_lZ�keZ]Z_l�djmigu_���±��ff��a_j-
gZ��]jmiibjmxsb_ky�\�ij_ju\bklu_�ebgah\b^gu_�Z]j_]Zlu��hjb_g-
lbjh\Zggu_�kh]eZkgh�k�]g_ckh\b^ghklvx�b�ihehkqZlhklvx�fb]fZ-
lblh\��Bgh]^Z�ihe_\hc�riZl�h[jZam_l�lhgdb_� �^h� ��ff��\udebgb-
\Zxsb_ky�ijh`bedb�ijhly`_gghklvx�^h��±��kf��;bhlbl�qZklbqgh
oehjblbabjh\Zg� b� jZkijhkljZg_g� \� \b^_� ij_ju\bkluo� ijhkeh_d
fhsghklvx��±����ff��D\Zjp�keZ]Z_l�lZd`_�\ulygmlhc�nhjfu�Z]j_-
]Zlu� jZaf_jhf� � × ��� ff�� H[sbc� \Zeh\uc� fbg_jZevguc� khklZ\
fb]fZlblh\��ieZ]bhdeZa�����d\Zjp�����[bhlbl�������H[jZsZ_l�\gb-
fZgb_� ih\ur_ggh_� dhebq_kl\h� d\ZjpZ��<� dhgp_� bgl_j\ZeZ� ����±
����f�� \�fb]fZlblZo� gZ[ex^Z_lky� ihy\e_gb_� jh]h\hc� h[fZgdb� b
[bhlblZ�

���±����f��Kj_^g_�djmigha_jgbklu_�ebgah\b^gh�ihehkqZlu_
Zfnb[he�[bhlblh\u_ �fb]fZlblu�� \� dhlhjuo� a_jgZ�jh]h\hc
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Jbk������F_klhiheh`_gb_�hibkZgguo� �\�l_dkl_�fZjrjmlguo�i_j_k_-
q_gbc� dhglZdlh\� ihjh^guo� ZkkhpbZpbc� k_\_jghc� qZklb� QZrdh\kdh�
?eZgqbdh\kdh]h�fZkkb\Z�

�� ±� ieZ]bh]g_cku�� �� ±� fb]fZlblu�� �� ±� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu�
��±�f_edh�kj_^g_a_jgbklu_�[bhlblh\u_�b�e_cdhdjZlh\u_�]g_ckh]jZgblu�b�]jZgblu���
±�f_edh�kj_^g_a_jgbklu_�[bhlblh\u_�b�e_cdhdjZlh\u_�fZkkb\gu_�]jZgblu��^Zcdb����
±�^\mkex^ygu_�]jZgblu����±�fmkdh\blh\u_�]jZgblu����±�ebgby�fZjrjmlgh]h�i_j_k_-
q_gby��lhqdZ�gZ[ex^_gby�b�__�ghf_j����±�dhglmj�]hjh^kdbo�aZkljh_d�



Jbk�� ����F_klhiheh`_gb_�hibkZgguo� \� l_dkl_�fZjrjmlguo�i_j_k_q_gbc�dhglZdlh\�ihjh^guo� ZkkhpbZpbc�x`ghc�qZklb

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Jbk�� ����DhglZdlh\u_�baf_g_gby�fb]fZlblh\�b�ihjnbjh[eZklh\uo

]g_ckh]jZgblh\� �k_\_jgZy� qZklv� QZrdh\kdh]h� \uklmiZ�� ko_fZlbq_kdbc

jZaj_a��
Mkeh\gu_�h[hagZq_gbb� �d�jbk����±������±������±������±������±��±� Zfnb[h-

eblu�� �� ±� fZkkb\gu_�� �� ±� jZkkeZgp_\Zggu_�� �� ±� ]jZgZlh\u_�� �� ±� ebgah\b^gh�
ihehkqZlu_���±��±�ieZ]bh]g_cku����±�f_edha_jgbklu_����±�djmigha_jgbklu_�� ��±
hqdh\u_�� �±��� ±�fb]fZlblu�� �� ±�f_edha_jgbklu_�[bhlblh\u_�� �� ±� djmigha_jgb-
klu_�[bhlblh\u_�����±�[bhlbl�Zfnb[heh\u_�����±�[bhlbl�Zfnb[heh\u_�k�j_^dbfb
ihjnbjh[eZklZfb� ihe_\h]h� riZlZ�� ���� ��� ±� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu�
���±�[bhlblh\u_�����±�[bhlblh\u_�ebgah\b^gh�ihehkqZlu_�����±�ihjnbjh[eZklh-
\u_�Zfnb[he�[bhlblh\u_�]g_ckh]jZgh^bhjblu����±���±�]g_ckh]jZgblu�����±�f_e-
dha_jgbklu_�� ���±�djmigha_jgbklu_�� ���±�k�j_^dbfb�hqdZfb�b�ihjnbjh[eZklZfb
ihe_\h]h�riZlZ�����±�ebgah\b^gh�ihehkqZlu_�����±�]jZgblu�f_edha_jgbklu_�fZk-
kb\gu_�����±�]jZgblu�f_edha_jgbklu_�k�j_^dbfb�ihjnbjh\b^gufb�\u^_e_gbyfb
ihe_\h]h�riZlZ�� ��� ±� ]jZgblu� ^\mkex^ygu_�� ��� ±� ]jZgblu�fmkdh\blh\u_�� ��� ±
i_]fZlhb^gu_�]jZgblu�b�i_]fZlblu�����±�Zieblu�����±�`beu�b�ijh`bedb�]jZgb-
lh\�b�i_]fZlblh\�����±�d\Zjpblu�����±�jZaehfu�����±�ahgZ�^jh[e_gby�b�jZkkeZgp_-
\Zgby�� ��� ±� dhglZdlh\u_� ahgu� h[h]Zs_gby� [bhlblhf�� ��� ±� ]jZgbpZ�nZpbZevguo
jZagh\b^ghkl_c�� ��� ±� ebgby� fZjrjmlgh]h� i_j_k_q_gby�� lhqdZ� gZ[ex^_gby� b� __
ghf_j�����±�we_f_glu�aZe_]Zgby�ebg_cguo�l_dklmj�
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h[fZgdb����±������h[jZamxl�Z]j_]Zlu�\�\b^_�ba\bebkluo�ij_ju-
\bkluo� ihehk� rbjbghc� ���±�� ff� b� ijhly`_gghklvx� �±�� ff�

Q_rmcdb� oehjblbabjh\Zggh]h� [bhlblZ� ��±��� ��� hlghkbl_evgh

jZ\ghf_jgh�jZkij_^_e_gu�\�hkgh\ghc�fZkk_�ihjh^u��Kh^_j`Zgb_

d\ZjpZ�g_�ij_\urZ_l���±������Hg�keZ]Z_l�bahf_ljbqgu_�beb�\u-
lygmlhc�nhjfu� a_jgZ�� Z� lZd`_� Z]j_]Zlu� a_j_g�rbjbghc� ���� ff

b�^ebghc��±����kf�� �IeZ]bhdeZa� ���±������h[uqgh�h[jZam_l�bah-
f_ljbqgu_�beb�g_kdhevdh�\ulygmlu_�h[hkh[e_gby��qZklh� kh_^b-
g_ggu_�f_`^m�kh[hc�lhgdbfb�ijh\h^gbdZfb�

<�bgl_j\Ze_����±����f�\�fb]fZlblZo�gZ[ex^Zxlky�j_ebdlh-
\u_�ihehku�kbevgh�baf_g_ggh]h�[bhlblbabjh\Zggh]h�Zfnb[heb-
lZ�rbjbghx���±���kf�b�ijhly`_gghklvx����±���kf��ih�\g_rg_fm

\b^m� gZihfbgZxs_]h� kj_^g_a_jgbklmx� ihjh^m� ^bhjblh\h]h

khklZ\Z��:a��iZ^_gby�ihehk�Zfnb[heblZ�����∠40°.
���±����f��Kj_^g_�� b� kj_^g_�djmigha_jgbklu_� [bhlblh\u_

]g_ckh]jZgblu��kh^_j`Zsb_�j_^db_����±������ihjnbjh[eZklh\u_

\u^_e_gby�dZeb_\h]h�ihe_\h]h�riZlZ�jZaf_jhf�� × ���ff��Dheb-
q_kl\h�[bhlblZ�g_�ij_\urZ_l�����Z�d\ZjpZ�������I_j_oh^�Zfnb-
[he�[bhlblh\uo� fb]fZlblh\� d� ihjnbjh[eZklh\uf� ]g_ckh]jZgb-
lZf�hlghkbl_evgh�j_adbc��qlh�hlq_leb\h�nbdkbjm_lky�bkq_agh\_-
gb_f�\�ihjh^_� Zfnb[heZ��ihy\e_gb_f�jhah\h]h�ihe_\h]h�riZlZ�

m\_ebq_gb_f�kh^_j`Zgby�d\ZjpZ�

���±����f��F_edh�kj_^g_a_jgbklu_� [bhlblh\u_� ]g_ckh]jZ-
gblu�k�_^bgbqgufb�ihjnbjh[eZklZfb�`_elh\Zlh�k_jh]h�ihe_\h-
]h�riZlZ�jZaf_jhf�� × ����ff��Kh^_j`Zgb_�[bhlblZ�khklZ\ey_l���±
12��d\ZjpZ� ��±����ihe_\h]h�riZlZ� ��±������<�^Zgguo�jZagh\b^-
ghklyo� ]g_ckh]jZgblh\�ih� kjZ\g_gbx� k� ]g_ckh]jZgblZfb�ij_^u-
^ms_]h�bgl_j\ZeZ�hlf_qZ_lky�g_�lhevdh�mf_gvr_gb_�a_jgbklhklb

hkgh\ghc�fZkku��gh�b�mf_gvr_gb_�jZaf_jZ�b�dhebq_kl\Z�ihjnb-
jh[eZklh\�ihe_\h]h�riZlZ�

<�\h^hjZa^_evghc�qZklb�x`ghc�hdhg_qghklb�ha��Bevf_gkdh_

±�FbZkkdbc� ijm^� aZnbdkbjh\ZgZ� i_j_f_`Z_fhklv� fb]fZlblh\� b

ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\� �jbk�� ���� l�� g�� ���±����� ����

859).
�±���� f�� Djmigha_jgbklu_� ihjnbjh[eZklh\u_� �\� ihi_j_q-

ghf�kj_a_��b�ebgah\b^gh�ihehkqZlu_� �\�ijh^hevghf�kj_a_��]g_c-
kh]jZgblu�� GZ� nhg_� [bhlbl�d\Zjp�ihe_\hriZlh\hc� hkgh\ghc

fZkku� ihjh^u� jZkijhkljZg_gu� djmigu_� �^h� �� × ���ff�� ihjnb-
jh[eZklu�ebgah\b^gh�h\Zevghc�nhjfu��keh`_ggu_�[_euf�ieZ]b-
hdeZahf�b�hdjm`_ggu_�Z]j_]Zlhf�f_edbo�a_j_g�d\ZjpZ�b�[bhlblZ�

Dhebq_kl\h�ihjnbjh[eZklh\�^hklb]Z_l������h[t_fZ�]g_ckh]jZgb-
lh\��<�ijh^hevghf�kj_a_�ihjh^u�gZ[ex^Z_lky�jblfbqgh_�q_j_^h-
\Zgb_���ebgah\b^gh�ij_ju\bkluo��ihehk���d\Zjp�ihe_\hriZlh\h]h
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Jbk�� ����DhglZdlh�

\u_� baf_g_gby� fb]�

fZlblh\� b� ihjnbjh[eZ�

klh\uo� ]g_ckh]jZgblh\

�\h^hjZa^_e�ha��Bevf_g�

kdh_� ±� FbZkkdbc� ijm^�

ko_fZlbq_kdbc�jZaj_a��
Mkeh\gu_� h[hagZ�

q_gby�kf��jbk�����

b�[bhlblh\h]h�Z]j_]Zlh\��H[sbc�fbg_jZevguc�khklZ\��ieZ]bhdeZa

����dZeb_\uc�ihe_\hc�riZl����d\Zjp�����[bhlbl�������:a��iZ^_gby

]g_ckh\b^ghklb�b�ihehkqZlhklb�����∠65°.
���±���� f�� Djmigha_jgbklu_� ebgah\b^gh�ihehkqZlu_�� mqZ-

kldZfb�ihjnbjh[eZklh\u_�fb]fZlblu�]jZgh^bhjblh\h]h�khklZ\Z�

<�hlebqb_�hl�ihjh^�ij_^u^ms_]h�bgl_j\ZeZ��\�fb]fZlblZo�aZf_l-
gh�mf_gvrbehkv�kh^_j`Zgb_�d\ZjpZ��^h�������b�ihy\beZkv�jh]h-
\Zy�h[fZgdZ�\�dhebq_kl\_��g_�ij_\urZxs_f� �±�����I_j_oh^�hl

]g_ckh]jZgblh\� d� fb]fZlblZf� ]jZgh^bhjblh\h]h� khklZ\Z� ihkl_-
i_gguc��:a��iZ^_gby�ihehkqZlhklb�����∠60°.

���±����f��Kj_^g_a_jgbklu_�ebgah\b^gh�ihehkqZlu_�Zfnb-
[he�[bhlblh\u_� fb]fZlblu� ^bhjblh\h]h� khklZ\Z� i_kljhc� hdjZ-
kdb��Khklhyl�ba�lhgdbo���±��ff��ij_ju\bkluo�iZjZee_evguo�ih-
ehk�� keh`_gguo� [_euf� ihe_\uf�riZlhf�� q_j_^mxsboky� k� ijh-
kehcdZfb� Zfnb[he�[bhlblh\h]h� Z]j_]ZlZ�� OZjZdl_jgu� f_edb_

(3 × ��ff�� ©hqdbª�b� [he__� djmigu_� ��� × ���ff�� ihjnbjh[eZklu
ihe_\h]h�riZlZ� ebgah\b^ghc� nhjfu�� h[e_dZ_fu_� [bhlblh\ufb

ihehkdZfb��Kh^_j`Zgb_�ihjnbjh[eZklh\uo�\u^_e_gbc�^hklb]Z_l

�����h[t_fZ�ihjh^u��Fbg_jZevguc�khklZ\�fb]fZlblh\��ieZ]bhd-
eZa�����[bhlbl���jh]h\Zy�h[fZgdZ�����d\Zjp�����

���±����f��F_edh�kj_^g_a_jgbklu_�ebgah\b^gh�ihehkqZlu_

fb]fZlblu�ih�\Zeh\hfm�fbg_jZevghfm�khklZ\m�khhl\_lkl\mxsb_

]jZgh^bhjblm��Kh^_j`Zl� iZjZee_evgu_� \udebgb\Zxsb_ky� kehc-
db�� keh`_ggu_� d\Zjp�ihe_\hriZlh\uf� b� kms_kl\_ggh� [bhlblh-
\uf� Z]j_]Zlhf��<� d\Zjp�ihe_\hriZlh\uo�ijhkehcdZo��bf_xsbo

fhsghklv��±��ff��bgh]^Z�h[jZamxlky�jZa^m\u�jZaf_jhf��±��ff�

RbjbgZ�[bhlblh\uo�ijhkeh_d�g_�ij_\urZ_l�����ff�

Kf_gZ� fb]fZlblh\� ]jZgh^bhjblh\h]h� khklZ\Z� fb]fZlblZfb

^bhjblh\b^gufb�khijh\h`^Z_lky�j_adbf�mf_gvr_gb_f�kh^_j`Z-
gby�d\ZjpZ��ihy\e_gb_f�jh]h\hc�h[fZgdb�b�m\_ebq_gb_f�h[s_]h

dhebq_kl\Z�l_fghp\_lguo�fbg_jZeh\�

���±���� f�� Djmigha_jgbklu_� ihjnbjh[eZklh\u_� e_cdhdjZ-
lh\u_�b�[bhlblkh^_j`Zsb_�]g_ckh]jZgblu��khklhysb_�ba�ieZ]b-
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hdeZaZ� ��±���� dZeb_\h]h� ihe_\h]h�riZlZ� ���� d\ZjpZ� ��� b�� \� hl-
^_evguo� kemqZyo��[bhlblZ� �����Ihjnbjh[eZklu�ihe_\h]h�riZlZ

aZgbfZxl��hdheh������h[t_fZ�ihjh^u��bf_xl�m^ebg_ggmx�nhjfm

b�jZaf_ju��±� × ��±���ff��:a��iZ^_gby�]g_ckh\b^ghklb�����∠50°.
Kh^_j`Zl� kh]eZkgu_�`beu�f_edha_jgbkluo� e_cdhdjZlh\uo� ]jZ-
gblh\�fhsghklvx�^h����kf�

���±���� f�� >_ex\bZevgu_� jZa\Zeu� `beu� f_edha_jgbkluo

e_cdh]jZgblh\� jhah\Zlh�k_jh]h�p\_lZ��fZkkb\ghc�� mqZkldZfb� g_-
q_ldh�]g_ckh\b^ghc�l_dklmju��IjhklbjZgb_�`beu����±���°.

���±���� f�� Kj_^g_�djmigha_jgbklu_� g_jZ\ghf_jgha_jgb-
klu_� ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZgh^bhjblu�� Kh-
klhyl�ba�ieZ]bhdeZaZ�����dZeb_\h]h�ihe_\h]h�riZlZ���±����d\ZjpZ

����[bhlblZ���±������:a��iZ^_gby�]g_ckh\b^ghklb�����∠75°.
Ihkl_i_ggu_� i_j_oh^u� fb]fZlblh\� d� ihjnbjh[eZklh\uf

]g_ckh]jZgblZf�gZ[ex^Zebkv�b�\�jy^_�^jm]bo�qZkl_c�QZrdh\kdh�

?eZgqbdh\kdh]h� fZkkb\Z�� LZd�� k_\_jh�aZiZ^g__� ]hju� Djm]eZy� \

wg^hdhglZdl_� k� [bhlblh\ufb� ieZ]bh]g_ckZfb� jZkijhkljZg_gu

�jbk������l��g�����±�����

�±���� f�� G_jZ\ghf_jgha_jgbklu_� ebgah\b^gh�ihehkqZlu_

[bhlblh\u_�fb]fZlblu�

���±���� f�� Djmigha_jgbklu_� ebgah\b^gh�ihehkqZlu_� [bh-
lblh\u_� ]g_ckh]jZgblu�� kh^_j`Zsb_� ihjnbjh[eZklu� k\_leh�

k_jh]h�b�[_eh]h�ieZ]bhdeZaZ�bahf_ljbqghc�b�g_ijZ\bevghc�nhj-
fu�\�dhebq_kl\_��g_�ij_\urZxs_f�������Kh^_j`Zgb_�ebgah\b^-
guo�ihe_\hriZlh\uo�b�d\Zjp�ihe_\hriZlh\uo�ijhkeh_\�khklZ\-
ey_l���±������HklZevghc�h[t_f�]g_ckh]jZgblh\�aZgbfZ_l�d\Zjp�

[bhlbl�ihe_\hriZlh\Zy� hkgh\gZy� fZkkZ�� <� dhgp_� bgl_j\ZeZ� \

]g_ckh]jZgblZo�bkq_aZ_l�ebgah\b^gh�ihehkqZlZy�l_dklmjZ�

���±���� f�� Djmigha_jgbklu_� ihjnbjh[eZklh\u_� [bhlblh-
\u_�]g_ckh]jZgblu��kh^_j`Zsb_�bahf_ljbqgu_�b�h\Zevghc�nhj-
fu�ihjnbjh[eZklu�jhah\h]h�ihe_\h]h�riZlZ�jZaf_jhf��� × ���ff
\� dhebq_kl\_� ��±������<� khklZ\_� ]g_ckh]jZgblh\� ijbkmlkl\mxl

ieZ]bhdeZa�����dZeb_\uc�ihe_\hc�riZl�����d\Zjp�����[bhlbl������

<�hibkZgghf�\ur_�fZjrjmlghf�i_j_k_q_gbb�rbjbgZ�i_j_-
oh^ghc�ahgu�hl�fb]fZlblh\�d�ihjnbjh[eZklh\uf�]g_ckh]jZgblZf

khklZ\ey_l� ���±����f��QZr_�\k_]h�fhsghklv�ih^h[guo� ahg�hp_-
gb\Z_lky�\�ij_^_eZo�g_kdhevdbo�^_kyldh\�f_ljh\��<�j_^dbo�kem-
qZyo� i_j_oh^� fb]fZlblh\� \� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu

fh`gh�gZ[ex^Zlv�^Z`_�\�h^ghc�djmighc� ]eu[_��LZd�\� aZiZ^ghf

[hjlm�dhleh\bgu�ha��Bevf_gkdh_��jbk������l��g�������\�^_ex\bZev-
ghc� ]eu[_�jZaf_jhf� �� × ���� kf�nbdkbjmxlky� ke_^mxsb_�i_j_-
oh^gu_�ahgu�
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Jbk�� ����DhglZdlh\u_�baf_g_gby�fb]fZlblh\�b�ihjnbjh[eZklh\uo

]g_ckh]jZgblh\��k_\_jh�aZiZ^gZy�qZklv�X`gh�?eZgqbdh\kdhc�Zihnbau�\

jZchg_�]hju�Djm]eZy��ko_fZlbq_kdbc�ieZg��
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

±�ihehkqZlu_�fb]fZlblu��khklhysb_�ba�q_j_^mxsboky�ijh-
keh_\�d\Zjp�ihe_\hriZlh\h]h�b�kms_kl\_ggh�[bhlblh\h]h�khklZ-
\Z��Khhlghr_gb_�f_eZghkhf�b�e_cdhkhf�hp_gb\Z_lky�dZd���������

±��ebgah\b^gh�ihehkqZlu_�fb]fZlblu��Fhsghklv�ahgu����kf�

±� ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZgblu� k� we_f_g-
lZfb�ebgah\b^gh�ihehkqZlhc�l_dklmju��Fhsghklv�ahgu����kf;

±� ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZgblu� k� jZ\gh-
f_jgha_jgbklhc�hkgh\ghc�fZkkhc�]g_ckh\b^ghc�l_dklmju�

LZdbf�h[jZahf��gZ[ex^_gby�\�h[eZklb�dhglZdlZ�fb]fZlblh\

b� ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\� \uy\beb� aZf_lgmx� baf_g-
qb\hklv� \� � fbg_jZevghf� khklZ\_� b� kljmdlmjgh�l_dklmjguo� hkh-
[_gghklyo� ]jZgblhb^h\� ��]h� wlZiZ� nhjfbjh\Zgby� QZrdh\kdh�

?eZgqbdh\kdh]h�fZkkb\Z��Ijb�wlhf�hlf_qZxlky��k�h^ghc�klhjhgu�

ihkl_i_ggu_� i_j_oh^u� hl� [bhlblh\uo� ebgah\b^gh�ihehkqZluo

fb]fZlblh\� d� [bhlblh\uf� ihjnbjh[eZklh\uf� ]g_ckh]jZgblZf

b�� k� ^jm]hc� klhjhgu�� ±� hlghkbl_evgh� j_adb_� dhglZdlu� f_`^m

Zfnb[he�[bhlblh\ufb�b�e_cdhdjZlh\ufb�jZagh\b^ghklyfb�wlbo

ihjh^�

Jbk�� ���� I_j_oh^

ihkehcguo� fb]fZlblh\� d

ihjnbjh[eZklh\uf� ]g_c�

kh]jZgblZf��aZiZ^guc�[hjl

dhleh\bgu� ha�� Bevf_g�

kdh_��l��g�������
Pbnju�\�djm`dZo: 1 –

ihkehcguc� fb]fZlbl�� �� ±

ebgah\b^gh�ihehkqZluc�fb]�

fZlbl�� �� ±� ihjnbjh[eZklh�

\uc� ]g_ckh]jZgbl� k� we_f_g�

lZfb�ebgah\b^gh�ihehkqZlhc

l_dklmju�� �� ±� ihjnbjh�

[eZklh\uc�]g_ckh]jZgbl�
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OZjZdl_jbklbdZ�dhglZdlh\�]jZgblhb^h\��

b�\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^

<aZbfhhlghr_gby� ]jZgblhb^h\��� k� \f_sZxsbfb�f_lZfhj-
nbq_kdbfb�lhesZfb�gZb[he__�ihegh�ijhy\e_gu�\�k_\_jghc�qZklb

QZrdh\kdh]h�\uklmiZ�\�f_klZo�_]h�khqe_g_gby�k�x`ghc�i_jbdeb-
gZevx�Bevf_gh]hjkdh]h�ZglbdebgZevgh]h�\uklmiZ��GZ�wlhf�mqZ-
kld_� jZkijhkljZg_gu� ke_^mxsb_� i_j_oh^gu_� i_ljh]jZnbq_kdb_

ahgu� �hl�\f_sZxsbo�ihjh^�d� ]jZgblhb^Zf���f_ahdjZlh\u_�[bh-
lblh\u_� b� Zfnb[he�[bhlblh\u_� ieZ]bh]g_cku� →� ihehkqZlu_

[bhlblh\u_� ]g_cku� �ieZ]bh]g_cku�� →� ebgah\b^gh�ihehkqZlu_

g_jZ\ghf_jgha_jgbklu_�[bhlblh\u_�fb]fZlblu�→�ihjnbjh[eZ-
klh\u_�� g_j_^dh� ebgah\b^gu_� [bhlblh\u_� ]g_ckh]jZgh^bhjblu

→�ihjnbjh[eZklh\u_�[bhlblh\u_�]g_ckh\b^gu_�]jZgblu�→�e_c-
dhdjZlh\u_� ]g_ckh\b^gu_� ]jZgblu� k� j_^dbfb� ihjnbjh[eZklZfb

ihe_\h]h�riZlZ�

RbjbgZ�fb]fZlblh\uo�ahg�fh`_l�^hklb]Zlv�g_kdhevdbo�khl

f_ljh\��gh� kZf�i_j_oh^�hl�fb]fZlbabjh\Zgguo�ieZ]bh]g_ckh\�d

]jZgblhb^Zf�hkms_kl\ey_lky�\�ij_^_eZo�i_j\uo�^_kyldh\�f_ljh\�

ijb� wlhf� ebgah\b^gh�\ulygmlu_� Z]j_]Zlu� ihe_\h]h�riZlZ� kf_-
gyxlky�hlghkbl_evgh�bahf_ljbqgufb�ihjnbjh[eZklh\ufb�\u^_-
e_gbyfb�� Z� ihehkh\b^gu_� Z]j_]Zlu� [bhlblZ� jZkiZ^Zxlky� gZ� hl-
^_evgu_� lhgdb_� iZjZee_evgu_� kdhie_gby� f_edbo� [bhlblh\uo

q_rmc��>Zevg_crZy�]jZgblbaZpby�km[kljZlZ��\ua\ZggZy�s_ehqgh�

dj_fgb_\uf�f_lZkhfZlhahf�b�^_[ZabnbdZpb_c��ijb\h^bl�d�kf_g_

[bhlblh\uo� ihjnbjh[eZklh\uo� ]g_ckh]jZgh^bhjblh\� [bhlblh-
\ufb��Z�aZl_f�b�e_cdhdjZlh\ufb�]g_ckh]jZgblZfb�k�khojZg_gb_f

hkgh\guo�kljmdlmjgh�l_dklmjguo�hkh[_gghkl_c�ihjh^�

<� ijb^hjh`ghc� \u_fd_� Z\lhljZkku� MnZ�Q_ey[bgkd�� gZoh-
^ys_cky� \� ���� df� \hklhqg__� i_j_k_q_gby� k� ^hjh]hc�FbZkk�Q_j�

gh\kdh_��gZ�ijhly`_gbb����f� �k�g_[hevrbfb�i_j_ju\Zfb��h[gZ-
`_gu� ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZgblu�� kh^_j`Z-
sb_�kh]eZkgu_�ijhkehb�f_edha_jgbkluo�[bhlblh\uo�ieZ]bh]g_c-
kh\� �jbk������l��g�������� �<�khklZ\_�]g_ckh]jZgblh\�ijbkmlkl\mxl

ieZ]bhdeZa� ����d\Zjp� ����[bhlbl� ������Ihjnbjh[eZklu�ieZ]bhd-
eZaZ� bf_xl� ebgah\b^gh�h\Zevgmx� nhjfm�� jZaf_ju� hl� � × �� ^h
10 × ���ff��\ulygmlu�\�h^ghf�gZijZ\e_gbb�b�keZ]Zxl�ijbf_jgh
�����h[t_fZ�ihjh^u��D\Zjp�\�\b^_�bahf_ljbqguo�beb�m^ebg_g�

ghc��nhjfu�a_j_g�h[uqgh�h[jZam_l�ebgah\b^gu_�Z]j_]Zlu�jZaf_-
jhf� � × ���ff��;bhlbl�qZklbqgh�oehjblbabjh\Zg�b��dZd�ijZ\beh�
jZkijhkljZg_g� \hdjm]� ihjnbjh[eZklh\� ihe_\h]h� riZlZ� beb� `_

\^hev�\ulygmluo�Z]j_]Zlh\�d\ZjpZ�
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Jbk�� ���� Ijhkehc� [bhlblh\uo� ieZ]bh]g_ckh\� \� ihjnbjh[eZklh\uo

]g_ckh]jZgblZo��^hjh`gZy�\u_fdZ�Z\lhljZkku�MnZ±Q_ey[bgkd��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

;bhlblh\u_�ieZ]bh]g_cku�h[jZamxl�ijhkehc�\b^bfhc�fhs-
ghklb� ��±��� kf�� DhglZdl� ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\� k

ieZ]bh]g_ckZfb� kh]eZkguc�� ijbq_f� \� wdahdhglZdl_� \� ]g_ckZo

ijhy\e_gZ�ahgdZ�bgl_gkb\gh]h�jZkkeZgp_\Zgby�fhsghklvx���±��

kf�� khijh\h`^Z_fZy�oehjblbaZpb_c�b�fmkdh\blbaZpb_c�[bhlblZ�

IeZ]bh]g_cku�khklhyl�ba�ieZ]bhdeZaZ� ��±����d\ZjpZ� ����[bhlblZ

��±��� ��� l�� _�� fbg_jZevguc� khklZ\� f_lZfhjnbq_kdbo� ihjh^

b�ihjnbjh[eZklh\uo�]g_ckh]jZgblh\�ijZdlbq_kdb�b^_glbq_g�

Ijhkehc� ieZ]bh]g_ckh\� h[gZ`_g� gZ� ihegmx� fhsghklv

��±����f��\����f�hl�i_j\h]h�dhj_ggh]h�\uoh^Z�ihjnbjh[eZklh\uo

]g_ckh]jZgblh\�� OZjZdl_jghc� hkh[_gghklvx� y\ey_lky� lhl� nZdl�

qlh�\�ih^hr\_�b�djh\e_�ijhkehy�jZa\blu�f_edha_jgbklu_�ieZ]b-
h]g_cku�� kh^_j`Zsb_� oehjblbabjh\Zgguc� [bhlbl� \� dhebq_kl\_

��±������Z�\�p_gljZevghc�qZklb�jZkijhkljZg_gu�kj_^g_�djmigh�

a_jgbklu_�b�g_jZ\ghf_jgha_jgbklu_�g_q_ldh�ihjnbjh[eZklh\u_

ieZ]bh]g_cku��\�dhlhjuo�dhebq_kl\h�[bhlblZ�g_�ij_\urZ_l��� %.
Ih�\b^bfhfm�� \� ^Zgghf� kemqZ_� ijhy\e_gZ� qZklbqgZy� i_j_djb-
klZeebaZpby�ieZ]bh]g_ckh\�k�\ughkhf�n_fbq_kdbo�dhfihg_glh\

\�dhglZdlh\u_�qZklb�k�ihjnbjh[eZklh\ufb�]g_ckh]jZgblZfb�

K_\_jg__�k_eZ�Q_jgh\kdh_��jbk������l��g������������g_ihkj_^-
kl\_ggh�gZ�dhglZdl_�ihjnbjh[eZklh\uo�[bhlblh\uo�b�e_cdhdjZ-
lh\uo� ]g_ckh]jZgblh\� k� f_edha_jgbklufb� jZkkeZgph\Zggufb

oehjblbabjh\Zggufb�b�wib^hlbabjh\Zggufb�Zfnb[heblZfb�jZa-
\blu� f_edha_jgbklu_� e_cdhdjZlh\u_� ]g_ckh]jZgblu�� h[jZamx-
sb_� wg^hdhglZdlh\mx� ahgm�rbjbghc� ��±���� f�� D� p_gljZevghc

qZklb�fZkkb\Z� wlb� ]g_ckh]jZgblu� kf_gyxlky� kj_^g_a_jgbklufb

hqdh\ufb�g_q_ldh�ihjnbjh[eZklh\ufb�e_cdhdjZlh\ufb�]g_ckh-
]jZgblZfb�� ©Hqdbª� jhah\h]h�ihe_\h]h�riZlZ� jZaf_jhf� � × ��ff
khklZ\eyxl�ijbf_jgh���±�����h[t_fZ�ihjh^u��Hlf_qZxlky��lZd-
`_��hl^_evgu_�ebgah\b^gu_�\u^_e_gby�ihe_\h]h�riZlZ��\ulygm-
lu_�ih�^ebgghc�hkb�^h����ff��RbjbgZ�ahgu�hqdh\uo�]g_ckh]jZgblh\
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Jbk������DhglZdlh\u_�baf_g_gby�Zfnb[heblh\�b�ihjnbjh[eZklh\uo

]g_ckh]jZgblh\��jZchg�k_eZ�Q_jgh\kdh_��ko_fZlbq_kdbc�jZaj_a��
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

khklZ\ey_l� ���±���� f�� ihke_� q_]h� jZkijhkljZg_gu� kj_^g_�

djmigha_jgbklu_� e_cdhdjZlh\u_� b� [bhlblh\u_� ihjnbjh[eZklh-
\u_�]g_ckh]jZgblu�

X`g__�ha��Bevf_gkdh_��jbk������l��g� 785)�\�hkgh\Zgbb�h^gh-
]h�ba�hklZgph\�ihjnbjh[eZklh\uo�]g_ckh]jZgblh\�\ukhlhc�����f

h[gZ`_gu� lhgdh�f_edha_jgbklu_� [bhlblh\u_� ieZ]bh]g_cku�

<b^bfZy�fhsghklv�kehy�����f��Za��iZ^_gby�����∠50°��GZ�dhglZdl_
k�]g_ckh]jZgblZfb�ieZ]bh]g_cku�gZb[he__�bgl_gkb\gh�h[h]Zs_-
gu� f_edhq_rmcqZluf� [bhlblhf�� ih^\_j]gmlu� jZkkeZgp_\Zgbx

b� kh^_j`Zl� ebgah\b^gu_� h[hkh[e_gby� kj_^g_a_jgbklh]h� d\ZjpZ

jZaf_jhf�hl�� × ���^h��� × ���kf�
<ur_� ]g_ckh\� h[gZ`_gu� f_edh�kj_^g_a_jgbklu_�� kj_^g_-

a_jgbklu_� b� g_jZ\ghf_jgha_jgbklu_� [bhlblh\u_� ]g_ckh\b^gu_

]jZgblu��bf_xsb_�k�ieZ]bh]g_ckZfb�kh]eZkgu_�dhglZdlu��<�wg-
^hdhglZdl_�\�]jZgblZo�jZa\blu�[bhlblh\Zy�hlhjhqdZ�fhsghklvx

^h�����kf��Z�lZd`_�ebgau�b�]g_a^Z�i_]fZlblh\��RbjbgZ�ahgu�g_-
jZ\ghf_jgha_jgbkluo� [bhlblh\uo� ]g_ckh\b^guo� ]jZgblh\� kh-
klZ\ey_l���±���kf��\�ij_^_eZo�dhlhjhc�jZa\blu�dk_gheblu�ieZ]b-
h]g_ckh\��\ulygmlu_�kh]eZkgh�dhglZdlm�

Jbk�� ���� DhglZdl� ihjnbjh�

[eZklh\uo� ]g_ckh]jZgblh\� k� ieZ�

]bh]g_ckZfb� �x`guc� [hjl� dhleh�

\bgu�ha��Bevf_gkdh_��l��g�������
�� ±�ieZ]bh]g_cku�� �� ±�ihjnbjh�

[eZklh\u_� ]g_ckh]jZgblu�� �� ±

g_jZ\ghf_jgha_jgbkluc�]g_ckh]jZgbl�

��±�ebgau�d\ZjpZ�
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?s_� \ur_� jZkijhkljZg_gu� ihjnbjh[eZklh\u_� [bhlblh\u_

]g_ckh]jZgblu�k�g_jZ\ghf_jgha_jgbklhc�hkgh\ghc�fZkkhc��Ihj-
nbjh[eZklu� ij_^klZ\e_gu� ieZ]bhdeZahf�� bf_xl� fZdkbfZevguc

jZaf_j�� × ��kf�b�khklZ\eyxl�g_�[he__������h[t_fZ�ihjh^u���I_-
j_oh^� f_`^m� gb`_aZe_]Zxsbfb� ]jZgblZfb� b� ihjnbjh�

[eZklh\ufb�]g_ckh]jZgblZfb�hlghkbl_evgh�j_adbc�

LZdbf� h[jZahf�� \� h[eZklb� dhglZdlZ� ]jZgblhb^h\��� k� \f_-
sZxsbfb�f_lZfhjnbq_kdbfb� lhesZfb�\�h^gbo� kemqZyo�nbdkb-
jm_lky� jZa\blb_� fb]fZlblh\uo� ahg�� \� ^jm]bo� ±� \hagbdgh\_gb_

wg^hdhglZdlh\hc�nZpbb� ]g_ckh\b^guo� [bhlblh\uo� �b� e_cdhdjZ-
lh\uo�� ]jZgblh\��g_j_^dh� kh^_j`Zsbo� dk_gheblu�f_lZfhjnbq_-
kdbo� ihjh^�� \� lj_lvbo� ±� qZklbqgZy� i_j_djbklZeebaZpby� ieZ]bh�

]g_ckh\�k�\ughkhf�n_fbq_kdbo�dhfihg_glh\�\�dhglZdlh\u_�qZklb�

�����I_ljhobfbq_kdb_�hkh[_gghklb

I_ljhobfbq_kdZy�deZkkbnbdZpby�fZ]fZlbq_kdbo�ihjh^�ijh-
ba\_^_gZ�ih�kh^_j`Zgbx�dj_fg_dbkehlu� [28] b�\_ebqbg_�ba\_kl-
dh\h�s_ehqgh]h� ihdZaZl_ey� �fh^mey� ba\_kldh\bklhklb� ©kª�� [53],
qlh� hljZ`_gh� \� lZ[e�� ���Ih� obfbq_kdhfm� khklZ\m� ]jZgblhb^u��

QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� ih^jZa^_e_gu� gZ� q_luj_

i_ljhobfbq_kdb_�]jmiiu���lZ[e�����jbk����������

I_ljhobfbq_kdZy��]jmiiZ�gbadhdj_fg_dbkeuo

ZkkhpbZpbc��SiO2 = 60–63 %)

Ih^]jmiiZ�VIII � �k�  � ����±������\dexqZ_l�fb]fZlblu��ih�\Z-
eh\hfm�obfbq_kdhfm�khklZ\m�hl\_qZxsb_�d\Zjp_\uf�fhgph^bh-
jblZf� b� d\Zjp_\uf�fhgphgblZf��Wlh� km[s_ehqgu_� mf_j_ggh� b

\ukhdhs_ehqgu_� ihjh^u� gbadh`_e_abklh]h�� gbadh�� b� mf_j_ggh

gZljb_\h]h� lbiZ�� OZjZdl_jbamxlky� kj_^g_�djmigha_jgbklhc

kljmdlmjhc� b� ebgah\b^gh�ihehkqZlhc� l_dklmjhc�� Khhlghr_gb_

f_eZghkhf�b�e_cdhkhf�\�kj_^g_f�khklZ\ey_l� �����gh�hlf_qZxlky

jZagh\b^ghklb� fb]fZlblh\� ijbf_jgh� k� jZ\guf� khhlghr_gb_f

f_eZghdjZlh\uo�b�e_cdhdjZlh\uo�ijhkeh_\�

<�lZ[e� 4� �ijb\_^_g�obfbq_kdbc�khklZ\�f_eZghkhf�b�e_cdh-
khf�fb]fZlblh\��F_eZghkhfu�ih�khklZ\m�hl\_qZxl�km[s_ehqgh-
fm�]Z[[jh�beb�`_�fhgph]Z[[jh��Zg����������mf_j_gghc�b�\ukhdhc

s_ehqghklb�� gbadhc�`_e_abklhklb� b� gbadhc� gZljh\hklb��E_cdh-
khfu� �Zg���� ��� ���ij_^klZ\e_gu�mf_j_ggh�b� \ukhdhgZljb_\ufb

km[s_ehqgufb� b� ba\_kldh\h�s_ehqgufb� ljhg^t_fblZfb�� h[eZ-
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^Zxsbfb�gbadhc�`_e_abklhklvx� b� mf_j_gghc� kl_i_gvx�s_ehq-
ghklb��OZjZdl_jgh��qlh�gZljh\hklv�e_cdhkhf� aZf_lgh�\ur_��q_f

f_eZghkhf�� l��_�� ijhp_kku� ]jZgblbaZpbb� Zfnb[heblh\� khijh�

\h`^Zebkv�kms_kl\_gguf�ijb\ghkhf�gZljby�

L Z [ e b p Z � �

Ko_fZ�i_ljhobfbq_kdhc�deZkkbnbdZpbb�fZ]fZlbq_kdbo�ihjh^

�\�dhhj^bgZlZo�©SiO2 − ba\_kldh\bklhklvª�

I_ljhobfbq_kdZy�ih^]jmiiZ
I_ljhobfbq_kdZy

]jmiiZ Ba\_kldh\h�

s_ehqghc�jy^

Km[s_ehqghc

jy^

S_ehqghc

jy^

:��<_kvfZ�gbadh-
dj_fg_dbkeZy�

SiO2 = 44−53 %

I. =Z[[jh
SiO2 = 44−53 %

k�> 0.40

II ��Km[s_ehqgh_
]Z[[jh��fhgph-

]Z[[jh

SiO2 = 44−53 %
k� �����−0.70

III ��S_ehqgh_

]Z[[jh��wkk_dkbl�

l_r_gbl��l_jZ-
ebl��rhgdbgbl;
SiO2 = 44−53 %

k�������

IV ��>bhjbl

SiO2 = 53−57 %
k�> 0.36

V.�Fhgph^bhjbl�
fhgphgbl

SiO2 = 53−57 %
k� �����−0.40

VI ��FbZkdbl�
emy\jbl

SiO2 = 53−58 %
k�������

;��Gbadhdj_fg_-
dbkeZy

SiO2 = 53−64 %

VII ��D\Zjp_\uc
^bhjbl

SiO2 = 57−64 %
k�> 0.23

VIII��D\Zjp_\uc
fhgph^bhjbl�

d\Zjp_\uc�fhg-
phgbl��kb_gbl

SiO2 = 57−64 %
k� �����−0.36

IX ��S_ehqghc

kb_gbl

SiO2 = 54−64 %
k�������

<��Mf_j_ggh

dj_fg_dbkeZy

SiO2 = 64−69 %

X.�=jZgh^bhjbl
k�> 0.18

XI ��D\Zjp_\uc
kb_gbl��]jZgh-

kb_gbl

k� �����−0.23

XII ��S_ehqghc

d\Zjp_\uc�kb_-
gbl��s_ehqghc

]jZghkb_gbl

k�������

=��<ukhdhdj_fg_-
dbkeZy

SiO2 = 70−73 %

XIII��=jZgbl
k�> 0.13

XIV. �Km[s_ehq-
ghc�]jZgbl

k� �����−0.18

XV. �S_ehqghc

]jZgbl

k�������

>��<_kvfZ�\ukh-
dhdj_fg_dbkeZy

SiO2 > 73 %

XVI. �E_cdh]jZ-
gbl

k�> 0.09

XVII. �Km[s_ehq-
ghc�e_cdh]jZgbl

k� �����−0.13

XVIII. �S_ehqghc

e_cdh]jZgbl�

Zeykdbl

k�������
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Obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii�]jZgblhb^h\���]h�wlZiZ�nhjfbjh\Zgby

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

Hdkb^u��i_ljhobfbq_kdb_�fh^mebI_ljh-
obf�

ih^]jmiiZ

��i/i;�kj_^�
agZq_gb_;
^bki_jkby

SiO2 TiO2 Al2O3 Fe2O3 FeO MgO CaO Na2O K2O q k α f n al'

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 60.34 0.92 17.61 1.61 3.85 2.48 4.10 4.85 2.87 0.57 0.25 0.63 0.54 0.71 2.22
2 61.39 1.02 16.39 2.30 3.08 2.15 2.83 4.80 4.50 0.58 0.17 0.78 0.57 0.62 2.18
o 60.86 0.97 17.00 1.95 3.46 2.31 3.46 4.82 3.68 0.58 0.21 0.70 0.55 0.66 2.20

VIII *

S2 0.583 0.005 0.74 0.23 0.30 0.06 0.82 0.002 1.34
3 66.55 1.05 15.22 1.13 2.77 2.09 1.82 4.77 3.45 0.67 0.12 0.76 0.50 0.68 2.54
4 66.40 0.40 17.90 0.63 1.70 1.18 3.09 5.80 2.62 0.67 0.18 0.69 0.32 0.77 5.1
o 66.48 0.72 16.56 0.88 2.23 1.63 2.45 5.28 3.03 0.67 0.15 0.73 0.51 0.72 3.49

XI

S2 0.010 0.2 2.54 0.065 0.58 0.4 0.80 0.54 1.68
XII 5 (635/2)** 67.30 0.26 13.98 1.09 4.14 0.45 1.35 4.20 4.90 0.69 0.09 0.88 0.87 0.57 2.46

6 69.89 0.34 14.68 0.07 2.08 1.18 2.41 3.68 4.14 0.73 0.17 0.72 0.50 0.57 4.41
7 71.82 0.37 15.07 0.54 1.61 0.95 1.66 3.82 3.26 0.75 0.13 0.65 0.55 0.64 4.86

8 (447/2) 72.46 0.26 13.87 0.73 2.06 0.27 1.26 4.29 2.87 0.76 0.16 0.74 0.86 0.69 4.92
9 71.16 0.24 15.63 0.07 1.48 0.59 2.35 4.68 1.91 0.76 0.18 0.62 0.59 0.79 12.8
o 71.33 0.30 14.81 0.35 1.81 0.75 1.92 4.11 3.04 0.75 0.16 0.68 0.62 0.67 5.09

XIII

S2 1.21 0.004 0.059 0.112 0.09 0.158 0.31 0.21 0.85
10 73.16 0.25 13.96 0.22 1.39 0.98 1.41 3.90 4.20 0.76 0.10 0.79 0.45 0.58 5.39
11 71.27 0.28 14.55 0.48 1.23 0.50 1.45 4.00 5.18 0.73 0.09 0.92 0.67 0.50 6.58
12 69.68 0.46 15.74 0.52 1.55 0.99 1.70 5.00 3.73 0.72 0.11 0.78 0.54 0.67 5.14

13 (660/1) 71.10 0.53 13.78 1.02 1.25 0.50 0.88 2.60 7.00 0.75 0.06 0.86 0.71 0.36 4.97
14 (502) 73.26 0.25 13.53 0.86 1.58 0.27 0.93 4.43 4.55 0.76 0.07 0.90 0.85 0.59 4.99

o 71.69 0.35 14.31 0.62 1.40 0.64 1.27 3.98 4.93 0.74 0.08 0.85 0.64 0.54 5.38

XIV
(n = 5)

S2 2.287 0.028 0.778 0.102 0.026 0.103 0.126 0.788 1.611
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
XV 15 71.71 0.12 16.10 0.52 0.45 0.05 0.25 6.12 3.87 0.74 0.01 0.87 0.93 0.71 15.78

16 75.20 0.17 12.49 0.96 1.31 1.15 2.80 4.60 0.18 0.79 0.25 0.62 0.52 0.97 3.65
17 74.35 0.10 14.83 0.28 0.58 0.10 1.85 6.24 1.00 0.78 0.13 0.77 0.80 0.90 13.0
18 73.89 0.14 14.06 0.07 0.86 0.79 2.28 5.29 1.65 0.74 0.17 0.74 0.39 0.83 8.62
19 73.78 0.16 13.71 0.95 2.16 1.53 1.92 5.00 0.32 0.76 0.17 0.63 0.52 0.96 2.95

20 (447/1) 73.42 0.22 14.03 1.00 1.08 0.23 0.84 3.80 4.64 0.76 0.11 0.80 0.84 0.55 6.07
o 74.13 0.16 13.72 0.65 1.20 0.76 1.94 4.90 1.56 0.76 0.17 0.71 0.61 0.84 5.29

XVI
(n = 5)

S2 0.469 0.002 0.721 0.195 0.362 0.368 0.518 1.064 3.312
21 74.00 0.30 11.94 1.35 5.54 0.49 0.54 4.00 1.20 0.77 0.06 0.66 0.89 0.83 1.62

22 (196) 75.81 0.33 12.74 0.97 0.93 0.30 0.69 4.03 3.29 0.80 0.06 0.80 0.78 0.65 5.79
o 74.90 0.31 12.34 1.16 3.23 0.40 0.61 4.02 2.25 0.79 0.06 0.73 0.83 0.74 2.58

XVII
(n = 2)

S2 1.62 0.0005 0.32 0.072 10.58 0.019 0.013 0.0005 2.203
X 23 (657) 68.37 0.54 15.43 1.44 2.03 1.23 2.41 4.40 2.10 0.72 0.19 0.61 0.61 0.76 3.28
XI 24 (200) 68.98 0.45 15.26 2.00 1.17 0.43 1.32 3.98 4.80 0.73 0.09 0.77 0.78 0.56 4.24
XII 25 (602) 69.33 0.57 11.60 2.40 3.45 1.96 2.69 2.65 2.50 0.75 0.25 0.61 0.62 0.61 1.48

26 (547/1) 70.68 0.32 13.84 1.40 1.80 0.37 1.25 4.50 4.70 0.73 0.08 0.91 0.84 0.59 3.28
27 (610) 73.12 0.28 13.19 1.42 1.80 0.74 1.39 4.75 1.14 0.78 0.12 0.69 0.70 0.86 3.49
28 (612) 72.82 0.13 12.96 1.10 1.41 0.34 1.20 3.60 5.30 0.76 0.08 0.90 0.80 0.51 4.55
29 (650) 71.34 0.23 13.25 0.79 2.31 0.40 1.03 4.10 4.00 0.77 0.08 0.83 0.80 0.61 3.78
30 (615) 73.26 0.18 12.91 0.85 1.12 0.29 1.28 4.15 4.80 0.76 0.08 0.94 0.79 0.57 5.71
31 (548) 70.67 0.27 13.60 1.92 1.70 0.26 1.13 3.70 5.10 0.74 0.08 0.87 0.89 0.53 3.50

32 72.77 0.24 13.92 0.53 1.83 0.40 0.99 3.67 3.92 0.78 0.08 0.74 0.75 0.59 5.04
33 72.70 0.20 14.79 0.13 1.69 0.48 1.26 3.00 4.20 0.78 0.10 0.64 0.67 0.52 6.43

34 (201) 69.69 0.28 14.61 2.19 1.68 0.52 1.35 4.41 3.64 0.73 0.10 0.76 0.81 0.65 3.32
35 (206) 71.53 0.37 14.18 1.77 1.92 0.28 1.29 4.00 3.64 0.75 0.10 0.74 0.87 0.63 3.57
36 (447) 73.21 0.20 13.54 0.90 1.56 0.26 0.94 3.57 4.46 0.78 0.07 0.79 0.85 0.54 4.98
37 (519) 72.24 0.36 13.86 0.39 1.13 0.25 0.99 4.10 5.80 0.75 0.06 0.94 0.78 0.51 7.83

XIV
(n = 14)

38 (501) 72.43 0.29 13.73 1.04 1.68 0.32 1.23 5.10 3.70 0.74 0.08 0.90 0.84 0.68 4.52
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
39 (663) 71.98 0.49 13.89 0.81 1.19 0.37 1.01 3.50 5.70 0.76 0.07 0.86 0.75 0.48 5.86

o 72.07 0.30 14.06 0.97 1.58 0.36 1.13 3.92 4.38 0.76 0.08 0.80 0.79 0.57 4.83
S2 1.244 0.009 0.409 0.366 0.111 0.018 0.024 0.319 1.373

XV 40 (607/1) 69.70 0.12 12.22 1.69 3.85 0.57 0.69 3.60 4.60 0.73 0.05 0.89 0.85 0.54 2.0
XVI 41 73.90 0.16 13.50 0.85 1.08 0.48 1.69 4.26 3.87 0.77 0.12 0.82 0.68 0.63 5.60

42 74.73 0.14 13.42 0.07 1.73 0.44 0.97 4.58 4.12 0.77 0.07 0.90 0.69 0.63 5.99
43 74.03 0.14 13.24 1.01 1.47 0.77 0.85 5.28 2.24 0.77 0.06 0.84 0.63 0.78 4.07
44 72.77 0.24 13.92 0.53 1.83 0.40 0.99 3.67 3.92 0.78 0.08 0.74 0.75 0.59 5.04

45 (199) 74.84 0.18 13.24 1.20 1.53 0.34 0.85 5.05 2.14 0.78 0.07 0.80 0.81 0.78 4.31
46 (444) 74.76 0.16 13.09 0.93 1.23 0.15 0.67 4.06 4.18 0.78 0.05 0.86 0.93 0.59 5.66
47 (539) 74.54 0.18 12.86 0.38 2.09 0.18 0.84 3.60 4.60 0.78 0.06 0.85 0.87 0.54 4.85
48 (540) 76.42 0.20 12.60 0.26 1.05 0.18 0.85 3.60 4.20 0.80 0.07 0.83 0.78 0.56 8.45
49 (546) 74.72 0.18 13.27 0.58 1.10 0.10 0.90 4.50 4.10 0.78 0.06 0.90 0.88 0.62 7.45
50 (507) 75.54 0.19 12.93 0.36 1.16 0.22 0.91 4.30 4.30 0.78 0.06 0.90 0.81 0.60 7.43
51 (647) 74.36 0.24 13.00 1.01 1.29 0.53 0.60 4.20 3.90 0.78 0.05 0.86 0.70 0.62 4.59
52 (603) 75.29 0.08 11.82 0.99 0.98 0.25 0.68 3.75 4.40 0.79 0.05 0.93 0.80 0.56 5.32

53 (607/2) 75.04 0.06 12.30 1.01 0.82 0.25 0.64 3.80 5.10 0.78 0.05 0.94 0.79 0.53 5.81
54 (602/2) 75.80 0.07 12.08 0.75 1.32 0.24 0.60 3.60 4.50 0.79 0.05 0.89 0.82 0.55 5.23
55 (569) 76.61 0.12 11.95 0.54 1.10 0.22 0.94 3.20 4.20 0.81 0.07 0.83 0.81 0.54 6.42

o 74.70 0.18 13.17 0.59 1.46 0.31 0.87 4.29 3.76 0.78 0.06 0.85 0.79 0.63 5.58

XVII
(n = 14)

S2 0.744 0.003 0.496 0.131 0.143 0.032 0.02 0.409 0.734

I j b f _ q Z g b _ . 1−22 − fb]fZlblu; 23−55 −�ihjnbjh[eZklh\u_�]g_ckh]jZgblu��:gZebau��−4, 6, 7, 9−12, 15−19, 21, 32,
33, 41−44 −�ba�dhee_dpbc�<��G��Xj_pdh]h�b�^j����������hklZevgu_�ZgZebau�−�ba�dhee_dpbb�;��G��I_jfydh\Z�

A^_kv�b�^Ze__�\�lZ[e������������
�ghf_j�i_ljhobfbq_kdhc�ih^]jmiiu��

ghf_j�ijh[u��o�−�kj_^g__�kh^_j`Zgb_�dhfihg_glZ�
S2 −�^bki_jkby�



Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ�k�±�SiO2 – α�]jZgblhb^h\���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
��±�fb]fZlblu����±�ihjnbjh[eZklh\u_�]g_ckh]jZgblu����±�Zj_Ze�i_ljhobfbq_kdhc�ih^]jmiiu�b�__�ghf_j�

A^_kv�b�^Ze__�gZ�i_ljhobfbq_kdbo�^bZ]jZffZo��:±>�±�i_ljhobfbq_kdb_�]jmiiu:�:�±�\_kvfZ�gbadhdj_fg_dbkeZy��;�±�gbadhdj_fg_dbkeZy�

<�±�mf_j_ggh�dj_fg_dbkeZy��=�±�\ukhdhdj_fg_dbkeZy��>�±�\_kvfZ�\ukhdhdj_fg_dbkeZy��I–III �±�k_jby�ihjh^����±�ba\_kldh\h�s_ehqgZy��II �±�km[-
s_ehqgZy��III �±�s_ehqgZy���±��±�kl_i_gv�s_ehqghklb�ihjh^��pbnju�\�djm`dZo�:���±�gbadZy����±�mf_j_ggZy����±�\ukhdZy����±�\_kvfZ�\ukhdZy�



Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ�f – SiO2 – n��]jZgblhb^h\���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

A^_kv�b�^Ze__�gZ�i_ljhobfbq_kdbo�^bZ]jZffZo���±���±�lbi�ihjh^u� �pbnju�\�djm`dZo�����±�\ukhdh`_e_abkluc����±�mf_j_ggh�`_e_abkluc�

��±�gbadh`_e_abkluc����±�gbadhfZ]g_abZevguc����±�mf_j_ggh�fZ]g_abZevguc����±�\ukhdhfZ]g_abZevguc����±�\ukhdhdZeb_\uc����±�mf_j_ggh�dZeb_�

\uc����±�gbadhdZeb_\uc�����±�gZljb_\h�dZeb_\uc�����±�dZeb_\h�gZljb_\uc�����±�gbadhgZljb_\uc�����±�mf_j_ggh�gZljb_\uc�����±�\ukhdhgZljb_\uc�
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L Z [ e b p Z � �

Obfbq_kdbc�khklZ\�f_eZghkhf�b�e_cdhkhf�ebgah\b^gh�

ihehkqZluo�b�ihehkqZluo�fb]fZlblh\

Hdkb^u�
i_ljhobfbq_-
kdb_�fh^meb

1 2 3 4 5 6 7 8

SiO2 48.23 50.45 55.62 58.55 69.80 71.62 73.48 74.53
TiO2 2.89 2.31 2.10 1.96 0.30 0.27 0.20 0.18
Al2O3 14.12 14.62 14.71 13.88 13.23 13.06 13.42 13.25
Fe2O3 5.24 4.75 3.62 3.08 1.42 1.53 0.87 0.65
FeO 6.20 5.88 4.24 4.15 2.68 2.34 1.92 1.70
MnO 0.20 0.15 0.17 0.15 0.10 0.08 0.05 0.05
MgO 4.46 3.95 3.23 3.21 1.72 1.60 0.80 0.27
CaO 6.15 6.10 5.18 5.05 2.12 2.18 1.07 1.18
Na2O 3.85 3.22 3.85 3.90 4.83 3.94 3.90 3.30
K2O 3.66 4.17 3.90 3.53 2.74 2.62 4.27 4.30
P2O5 0.45 0.33 0.35 0.28 0.24 0.18 0.12 0.08
i�i�i 4.25 3.92 3.60 2.00 1.48 1.33 0.40 0.54
KmffZ 99.78 99.85 100.57 99.74 100.66 100.75 100.50 100.03

q 0.31 0.37 0.49 0.53 0.70 0.73 0.76 0.79
c 0.35 0.36 0.31 0.31 0.15 0.17 0.08 0.09
α 0.73 0.68 0.71 0.74 0.79 0.72 0.83 0.76
f 0.58 0.59 0.57 0.54 0.57 0.56 0.65 0.84
n 0.62 0.54 0.60 0.63 0.76 0.69 0.58 0.53
al' 0.89 1.0 1.33 1.33 2.27 2.39 3.74 5.06

I j b f _ q Z g b _ : 1, 2 −�f_eZghkhfu�ba�fb]fZlblh\�fhgph^bhjb-
lh\h]h� khklZ\Z; 3, 4 −� f_eZghkhfu� ba� fb]fZlblh\� d\Zjp�kb_gblh\h]h
khklZ\Z; 5, 6 −� e_cdhkhfu� ba� fb]fZlblh\� fhgph^bhjblh\h]h� khklZ\Z;
7, 8 −�e_cdhkhfu�ba�fb]fZlblh\�d\Zjp�kb_gblh\h]h�khklZ\Z�

I_ljhobfbq_kdZy�]jmiiZ�mf_j_ggh�dj_fg_dbkeuo

ZkkhpbZpbc��SiO2 = 64–69 %)

Ih^]jmiiZ�OI� ��k� �����±������h[t_^bgy_l�fb]fZlblu�b�ihj-
nbjh[eZklh\u_� ]g_ckh]jZghkb_gblu�� Fb]fZlblu� ih� \Zeh\hfm

obfbq_kdhfm�khklZ\m�hl\_qZxl�km[s_ehqguf�d\Zjp_\uf�kb_gb-
lZf� b� ]jZghkb_gblZf�� oZjZdl_jbamxsbfky� mf_j_gghc� kl_i_gvx

s_ehqghklb�� gbadhc� `_e_abklhkltx�� mf_j_gghc� b� \ukhdhc

gZljb_\hklvx�� Ih� kljmdlmjgh�ijhkljZgkl\_gghfm� iheh`_gbx

ih^h[gu_�fb]fZlblu� aZgbfZxl� i_j_oh^gmx� ahgm�f_`^m� ebgah-
\b^gh�ihehkqZlufb� fb]fZlblZfb� b� ihjnbjh[eZklh\ufb� ]jZgb-
lhb^Zfb��<�wlbo�fb]fZlblZo�gZjy^m�k�ebgah\b^gufb�b�ij_ju\b-
klh�ihehkqZlufb�h[hkh[e_gbyfb�[bhlbl�d\Zjp�ihe_\hriZlh\h]h

khklZ\Z� jZa\blu� f_edb_� ©hqdbª� b� [he__� djmigu_� �^h� �±���� kf�
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ihjnbjh[eZklu�dZeb_\h]h�ihe_\h]h�riZlZ�� aZf_sZxsb_� Z]j_]Z-
lu�ieZ]bhdeZaZ��jZkijhkljZg_ggu_�\�e_cdhkhfZo�fb]fZlblh\�

F_eZghkhfu� hibku\Z_fuo� fb]fZlblh\� khhl\_lkl\mxl� kh-
klZ\m�fhgph^bhjblh\�b�fhgphgblh\��kf��lZ[e�����Zg������b�����^ey

dhlhjuo�oZjZdl_jgu�\ukhdZy� kl_i_gv�s_ehqghklb��gbadZy�`_e_-
abklhklt�b gbadhgZljb_\uc�lbi�s_ehqghklb��E_cdhkhfu��Zg�����

b����ij_^klZ\e_gu�dZeb_\h�gZljb_\ufb�gbadh��b�mf_j_ggh�`_e_-
abklufb�km[s_ehqgufb�e_cdh]jZgblZfb��<�hlebqb_�hl�e_cdhkhf

fb]fZlblh\�ij_^u^ms_c�ih^]jmiiu��e_cdhkhfu�fb]fZlblh\�i_-
j_oh^ghc� ahgu� h[eZ^Zxl� [he__� \ukhdhc� dZeb_\hklvx�� l�� _�� gZ

jZggxx�ieZ]bh]jZgblbaZpbx�[ueb�gZeh`_gu�ijhp_kku�iha^g_c

ghjfZevghc��dZeb_\h�gZljb_\hc��]jZgblbaZpbb�

Ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZghkb_gblu�� hlgh-
kysb_ky�d�ih^]jmii_�;,��oZjZdl_jbamxlky�kj_^g_a_jgbklhc��kj_^-
g_�djmigha_jgbklhc�kljmdlmjhc�b�q_ldhc�]g_ckh\b^ghc�l_dklmjhc�

Ihjnbjh[eZklu� ihe_\h]h�riZlZ� �ij_bfms_kl\_ggh� ieZ]bhdeZaZ�

jZaf_jhf�hl���� × ����kf�^h�� × ����kf�bf_xl�\ulygmlmx�h\Zevgmx
nhjfm�b� hjb_glbjh\Zgu�iZjZee_evgh� ^jm]� ^jm]m��Dhebq_kl\h� bo

dhe_[e_lky� hl� ��� ^h� ������ A_jgZ� k\_leh�k_jh]h� d\ZjpZ� h[jZamxl

ebgah\b^gu_�kdhie_gby����� × ��kf���Zkkhpbbjmxsb_ky�k�f_edhq_-
rmcqZluf�[bhlblhf��kh^_j`Zgb_�dhlhjh]h�^hklb]Z_l���±�����

=g_ckh]jZghkb_gblu� hlghkylky� d� ihjh^Zf� km[s_ehqgh]h

jy^Z�mf_j_gghc�kl_i_gb�s_ehqghklb��OZjZdl_jgu�\ukhdZy�`_e_-
abklhklv� �f�  � ����±������ b� dZeb_\h�gZljb_\uc� lbi� s_ehqghklb
(n = 0.55–0.57).

I_ljhobfbq_kdZy�]jmiiZ�\ukhdhdj_fg_dbkeuo

ZkkhpbZpbc��SiO2 = 69–73 %)

<� ^Zgghc� i_ljhobfbq_kdhc� ]jmii_� \u^_eyxlky� ^\_� ih^-
]jmiiu�� \dexqZxsb_� ba\_kldh\h�s_ehqgu_� b� km[s_ehqgu_� ih-
jh^u�

Ih^]jmiiZ� XIII  �k�  � ����±������ ij_^klZ\e_gZ� ba\_kldh\h�
s_ehqgufb� fb]fZlblZfb�� hl\_qZxsbfb� ih� \Zeh\hfm� khklZ\m

]jZgblZf�� Wlh� ihjh^u� kj_^g_a_jgbklhc� kljmdlmju�� keh`_ggu_

km[iZjZee_evgh�jZkiheh`_ggufb�ebgah\b^gufb� Z]j_]ZlZfb�f_-
^h\h�`_elh]h� d\ZjpZ� ���� ���� `_elh\Zlh�[_eh]h� ihe_\h]h�riZlZ

���±������b�f_edhq_rmcqZlh]h�[bhlblZ���±�������GZjy^m�k�wlbf�

\�hibku\Z_fuo�fb]fZlblZo�jZkijhkljZg_gu�hlghkbl_evgh�djmi-
gu_ (13 × l5�ff��ihjnbjh[eZklu�jhah\h]h�ihe_\h]h�riZlZ��h[uq-
gh�ijbmjhq_ggu_�d�e_cdhkhfZf�

>ey� ]jZgblguo� fb]fZlblh\� oZjZdl_jgu� mf_j_ggZy� kl_i_gv

s_ehqghklb�� rbjhdb_� \ZjbZpbb� \� \_ebqbgZo� `_e_abklhklb� �hl
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gbadh��^h�\ukhdh`_e_abkluo� � lbih\���dZeb_\h�gZljb_\uc�b�gba-
dhgZljb_\uc�mdehg�

Ih^]jmiiZ� XIV  �k = ����±������ h[t_^bgy_l� fb]fZlblu� b
ihjnbjh[eZklh\u_� ]g_ckh]jZgblu��Fb]fZlblu� ih� \Zeh\hfm� ob-
fbq_kdhfm�khklZ\m�khhl\_lkl\mxl�km[s_ehqguf�]jZgblZf�b�[u-
eb�h[jZah\Zgu��dZd�b�fb]fZlblu�ih^]jmiiu�OIII ��ijb�]jZgblbaZ-
pbb�f_ahdjZlh\uo� ieZ]bh]g_ckh\��Ij_^klZ\eyxl� kh[hc� ihjh^u�

khklhysb_� ba� q_j_^mxsboky� ij_ju\bkluo� d\Zjp�

ihe_\hriZlh\uo� �e_cdhkhfu�� b� [bhlbl�d\Zjp�ihe_\hriZlh\uo

�f_eZghkhfu��ihehk�rbjbghx� ���±��kf��H[eZ^Zxl�\ukhdhc�kl_-
i_gvx� s_ehqghklb�� mf_j_gghc� `_e_abklhklvx�� dZeb_\h�

gZljb_\uf�lbihf�s_ehqghklb��Hlf_qZxlky�hl^_evgu_�jZagh\b^-
ghklb�fb]fZlblh\�gbadh��b�mf_j_ggh�dZeb_\h]h�mdehgZ�

Ih� kjZ\g_gbx� k� \ukhdhdj_fg_dbkeufb� fb]fZlblZfb�� jZk-
ijhkljZg_ggufb� \� khklZ\_� durlufkdhc� lhesb�� \ukhdhdj_fg_-
dbkeu_� fb]fZlblu� dhglZdlh\uo� ahg� oZjZdl_jbamxlky� ihgb`_g-
ghc� ba\_kldh\bklhklvx�� [he__� \ukhdhc� kl_i_gvx� s_ehqghklb

b�`_e_abklhklb��ihgb`_gghc�gZljb_\hklvx�

Ihjnbjh[eZklh\u_� km[s_ehqgu_� ]g_ckh]jZgblu�� hlghky-
sb_ky� d� wlhc� `_� ih^]jmii_�� h[eZ^Zxl� mf_j_gghc� b� \ukhdhc

kl_i_gvx� s_ehqghklb�� mf_j_gghc� b� \ukhdhc� `_e_abklhklvx�

OZjZdl_j_g�dZeb_\h�gZljb_\uc�b�gbadhgZljb_\uc�lbi�s_ehqgh-
klb� �n�  � ����±�������=g_ckh]jZgblu�ihgb`_gghc�dj_fg_dbkehl-
ghklb� �SiO2 = ��±��������ih�fgh]bf�i_ljhobfbq_kdbf�ijbagZ-
dZf�[ebadb�d�]g_ckh]jZghkb_gblZf�ih^]jmiiu�;,�

Hibku\Z_fu_�]g_ckh]jZgblu�bf_xl�f_edha_jgbklmx�b�f_e-
dh�kj_^g_a_jgbklmx� hkgh\gmx�fZkkm�� \� dhlhjhc� jZa\blu� h\Zev-
ghc� b� g_kdhevdh� m^ebg_gghc� nhjfu� ihjnbjh[eZklu� ihe_\h]h

riZlZ� �ij_bfms_kl\_ggh�� ieZ]bhdeZaZ�� jZaf_jhf� hl� ��� × �� ^h
0.8 × ��kf��dhebq_kl\h�dhlhjuo�^hklb]Z_l� ��±�����h[t_fZ�ihjh-
^u��;bhlbl� ���±������ h[jZam_l� h[uqgh�f_edhq_rmcqZlu_� kdhi-
e_gby�\hdjm]�ihjnbjh[eZklh\�ihe_\h]h�riZlZ��Kh^_j`Zgb_�d\Zj-
pZ�khklZ\ey_l���±�����

I_ljhobfbq_kdZy�]jmiiZ�\_kvfZ�\ukhdhdj_fg_dbkeuo

ZkkhpbZpbc��SiO2 > 73 %)

Ih^]jmiiZ XVI (c =� ����±������\dexqZ_l�ba\_kldh\h�s_ehq�
gu_� fb]fZlblu� b� ihjnbjh[eZklh\u_� e_cdhdjZlh\u_� ]g_ckh]jZ-
gblu��>ey�fb]fZlblh\� oZjZdl_jgh� kj_^g_�djmigha_jgbklh_� keh-
`_gb_�b�km[iZjZee_evgh_�jZkiheh`_gb_�i_j_f_`Zxsboky�ebgah-
\b^guo� Z]j_]Zlh\� d\Zjp�ihe_\hriZlh\h]h� b� [bhlbl�d\Zjp�
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ihe_\hriZlh\h]h�khklZ\Z��Kh^_j`Zgb_�ieZ]bhdeZaZ�dhe_[e_lky�\

ij_^_eZo���±����d\ZjpZ���±����[bhlblZ���±������Fb]fZlblu�hl-
ghkylky� d� \ukhdh`_e_abklhfm� dZeb_\h�gZljb_\hfm� lbim� ihjh^�

h[eZ^Zxsbo�mf_j_gghc�kl_i_gvx�s_ehqghklb�

Ihjnbjh[eZklh\u_� e_cdhdjZlh\u_� ]g_ckh]jZgblu� bf_xl

mf_j_ggmx�s_ehqghklv��gbadmx�`_e_abklhklv�b�gbadmx�gZljb_-
\hklv�� l�� _�� ih� kjZ\g_gbx� k� fb]fZlblZfb� wlhc� `_� ih^]jmiiu

]g_ckh]jZgblu�g_kdhevdh�h[_^g_gu�`_e_ahf�b�dZeb_f�

Ih^]jmiiZ�VII �k� �����±������h[t_^bgy_l�km[s_ehqgu_�e_c-
dhdjZlh\u_�fb]fZlblu�b�ihjnbjh[eZklh\u_�e_cdh]g_ckh]jZgblu�

Ih�\Zeh\hfm�obfbq_kdhfm�khklZ\m�fb]fZlblu�hl\_qZxl�e_cdh]jZ-
gblZf� mf_j_gghc� kl_i_gb� s_ehqghklb�� \ukhdhc� `_e_abklhklb�

dZeb_\h�gZljb_\h]h� b� gbadhgZljb_\h]h� lbiZ�� OZjZdl_jbamxlky

ebgah\b^ghc�l_dklmjhc��h[mkeh\e_gghc�km[iZjZee_evguf�jZkih-
eh`_gb_f� \ulygmluo� Z]j_]Zlh\� a_j_g� ihe_\h]h� riZlZ� ����±���

kf���d\ZjpZ�����±��kf��b�[bhlblZ��kh^_j`Zgb_�dhlhjh]h�g_�ij_\u-
rZ_l��±����

<� hlebqb_� hl� [ebadbo� ih� khklZ\m�fb]fZlblh\�� jZkijhkljZ-
g_gguo� \� _eZgqbdh\kdhc� b� durlufkdhc� lhesZo�� hibku\Z_fu_

fb]fZlblu�dhglZdlh\uo�ahg�bf_xl�[he__�\ukhdmx�s_ehqghklv�b

ihgb`_ggmx�gZljb_\hklv�

Km[s_ehqgu_�ihjnbjh[eZklh\u_�e_cdhdjZlh\u_�]g_ckh]jZ-
gblu�oZjZdl_jbamxlky�mf_j_gghc�b�\ukhdhc�s_ehqghklvx�b�`_-
e_abklhklvx�� dZeb_\h�gZljb_\uf� b� gbadhgZljb_\uf� mdehghf� \

lbi_�s_ehqghklb��Wlb�ihjh^u�bf_xl�`_elh\Zlh�jhah\Zlh�k_jmx

hdjZkdm��djmigha_jgbklmx�b� kj_^g_�djmigha_jgbklmx�hkgh\gmx

fZkkm�� gZ� nhg_� dhlhjhc� jZkijhkljZg_gu� m^ebg_ggh�h\Zevghc

nhjfu� ihjnbjh[eZklu� dZeb_\h]h� ihe_\h]h�riZlZ� jZaf_jhf� hl

4 × ��^h�� × ���ff��dhebq_kl\h�dhlhjuo�dhe_[e_lky�hl����^h�����
h[t_fZ� ihjh^u�� H[sbc� fbg_jZevguc� khklZ\� e_cdhdjZlh\uo

]g_ckh]jZgblh\��dZeb_\uc�ihe_\hc�riZl�����ieZ]bhdeZa�����d\Zjp

����[bhlbl��±����

LZdbf� h[jZahf�� ]jZgblhb^u��� QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z�ijbgZ^e_`Zl�d�^\mf�i_ljhobfbq_kdbf�k_jbyf�±�ba\_kl-
dh\h�s_ehqghc�b��ij_h[eZ^Zxs_c��km[s_ehqghc.

Fb]fZlblu�ij_^klZ\e_gu�rbjhdbf�ki_dljhf�i_ljhobfbq_-
kdbo� jZagh\b^ghkl_c� ihjh^�� hl� gbadhdj_fg_dbkeuo� ^h� \_kvfZ

\ukhdhdj_fg_dbkeuo�lbih\��ijb�wlhf�ih^Z\eyxsZy�qZklv�fb]fZ-
lblh\� hlghkblky� d� km[s_ehqghfm� jy^m�� Ba\_kldh\h�s_ehqgu_

fb]fZlblu� hlf_qZxlky� lhevdh� kj_^b� \ukhdh�� b� \_kvfZ� \ukhdh-
dj_fg_dbkeuo� ZkkhpbZpbc�� l�� _�� kj_^b� ©]jZgblh\b^guoª� ihjh^�

>ey� ba\_kldh\h�s_ehqguo� b� km[s_ehqguo� fb]fZlblh\� h[sbf

ijbagZdhf�y\ey_lky�bo�ijbgZ^e_`ghklv�d�`_e_abklhc�kms_kl\_g-
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gh� gZljb_\hc� k_jbb��M\_ebq_gb_� kl_i_gb�`_e_abklhklb� b� ihgb-
`_gb_� gZljh\hklb� �\hajZklZgb_� dZeb_\hklb�� fb]fZlblh\� ijhbk-
oh^beh� ih� f_j_� \hajZklZgby� kl_i_gb� ]jZgblbaZpbb� ihjh^� km[-
kljZlZ�

Fb]fZlblu� dhglZdlh\uo� ahg� hlebqZxlky� hl� fb]fZlblh\�

jZa\bluo� \�f_lZfhjnbq_kdbo� lhesZo� �\�m^Ze_gbb�hl� ]jZgblguo

l_e�� [he__� \ukhdhc�`_e_abklhklvx�� ihgb`_gghc� ba\_kldh\bklh-
klvx�b�gZljh\hklvx�^Z`_�ijb�h^bgZdh\hc�kl_i_gb�bo�dj_fg_dbk-
ehlghklb�b�s_ehqghklb��Wlh�iha\hey_l�ij_^iheZ]Zlv��qlh�\�dhg-
lZdl_�k�]jZgblZfb�\�fb]fZlblu�^hihegbl_evgh�ijb\g_k_g�dZebc�b

`_e_ah�

Ih^Z\eyxs__� [hevrbgkl\h� jZagh\b^ghkl_c� ihjnbjh[eZ-
klh\uo� ]g_ckh]jZgblh\�� lZd`_� dZd� b� [hevrbgkl\h� fb]fZlblh\�

hlghkblky� d� km[s_ehqghfm� jy^m�� gh� \� hlebqb_� hl� fb]fZlblh\

]g_ckh]jZgblu�f_g__�^bnn_j_gpbjh\Zgu�ih�kl_i_gb�dj_fg_dbk-
ehlghklb��l��_��y\eyxlky�[he__�]hfh]_g_abjh\Zggufb�ih�khklZ\m

]jZgblgufb�ZkkhpbZpbyfb��Kj_^b�]g_ckh]jZgblh\�ih�kjZ\g_gbx

k�fb]fZlblZfb��hlkmlkl\mxl�km[s_ehqgu_�ihjh^u�]Z[[jhb^gh]h

khklZ\Z� �ih^]jmiiZ� VIII) � b� ba\_kldh\h�s_ehqgu_� ]jZgblu

(SiO2 =���±������ih^]jmiiZ�XIII) ��ohly�\�p_ehf�fh`gh�k�iheguf
hkgh\Zgb_f� ]h\hjblv� h[� mgZke_^h\Zgghklb� ihjnbjh[eZklh\ufb

]g_ckh]jZgblZfb� [hevrbgkl\Z� i_ljhobfbq_kdbo� ijbagZdh\� hl

ebgah\b^gh�ihehkqZluo�fb]fZlblh\�

�����=_hobfbq_kdb_�hkh[_gghklb

<� hibku\Z_fuo� ]jZgblhb^Zo� kh^_j`Zgb_� fbdjhwe_f_glh\

gZoh^blky gZ�deZjdh\hf�b�gb`_deZjdh\hf�mjh\gyo� [12, 75]��<u-
r_deZjdh\Zy� b� ki_pbZebabjh\ZggZy� dhgp_gljZpby� we_f_glh\�

ijbf_k_c�ijZdlbq_kdb�g_�nbdkbjm_lky��L_f�g_�f_g__��\uy\e_gb_

oZjZdl_jZ�ih\_^_gby�b�jZkij_^_e_gby�fbdjhwe_f_glh\�\�ijhp_kk_

nhjfbjh\Zgby� ]jZgblhb^h\�ij_^klZ\ey_l�hij_^_e_gguc�bgl_j_k

�lZ[e�����jbk������

Ojhf��GZb[he__�gbadb_�kh^_j`Zgby�ojhfZ� ��±��]�l��hlf_q_-
gu�\�e_cdhdjZlh\uo�fb]fZlblZo�b�ihjnbjh[eZklh\uo�]g_ckh]jZ-
gblZo�\_kvfZ�\ukhdhc�kl_i_gb�dj_fg_dbkehlghklb��SiO2 = 75–76 %).
DeZjdh\h_�dhebq_kl\h�wlh]h�we_f_glZ���±��]�l��ijbkms_�ihjh^Zf

k�g_kdhevdh�ihgb`_gguf�kh^_j`Zgb_f�dj_fg_dbkehlu����±�����,
ijb�wlhf��gZb[hevrZy�dhgp_gljZpby�ojhfZ���±��]�l��nbdkbjm_lky

\� ihjnbjh[eZklh\uo� ]g_ckh]jZghkb_gblZo� �SiO2 = 67–69 %)
b�©]jZgblguoª�fb]fZlblZo��SiO2 = 72–73 %).



L Z [ e b p Z � �

Kh^_j`Zgb_�we_f_glh\�ijbf_k_c��]/l��\�]jZgblhb^Zo���]h�wlZiZ�nhjfbjh\Zgby
QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

We_f_gl�

i/i
�

ijh[u Cr V Ti Cu Zn Pb As Sr Ba Ga Y Zr Rb Nb Rb/Sr Sr/Ba

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 549/2 − − 3400 − 80 62 − 597 − 25 6 150 205 14 0.34 −
2 682 55 34 1750 60 23 − − 125 586 − 19 174 146 16 1.07 0.21
3 682/1 − 18 1510 148 61 23 − 126 644 15 15 180 153 15 1.2 0.19
4 682/2 44 40 1680 159 67 53 − 148 638 − 16 162 174 14 1.17 0.23
5 683 − 23 1560 97 56 34 − 123 615 10 20 176 142 18 1.15 0.20
6 683/1 − 23 1820 126 146 111 − 167 727 − 13 152 146 21 0.87 0.23
7 720 41 16 510 96 16 14 7 93 − 23 − 55 260 12 2.8 −
8 747/4 53 23 1110 84 − 41 − 61 383 − 5 117 196 16 3.2 0.16
9 751 72 13 610 97 74 46 6 151 435 22 12 82 178 21 1.18 0.35
10 788 60 18 870 121 51 − − 106 490 21 14 207 61 14 0.57 0.22
11 801 44 37 1110 150 47 38 − 59 740 − 20 28 137 17 2.32 0.08
12 803 − 44 2090 43 53 30 − 154 688 − 14 180 130 11 0.84 0.22
13 804 50 34 1930 173 70 23 7 177 712 18 15 240 141 13 0.8 0.25
14 811 42 − 754 120 49 22 − 58 536 38 24 248 156 25 2.69 0.11
15 816 59 23 1560 112 − − 8 430 496 − 32 282 16 25 0.04 0.87
16 836 − 33 1190 123 90 − − 52 624 35 24 346 175 10 3.36 0.08
17 838 − 31 1150 132 47 37 − 51 608 − 14 328 166 9 3.25 0.08

18 839 43 42 1870 66 − 37 − 130 608 − 7 158 125 11 0.96 0.21



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 847 − 24 493 125 58 58 − 89 386 − 10 59 156 18 1.75 0.23
20 853 − 36 1620 64 34 48 − 146 754 − 18 224 144 22 1 0.19
21 854 65 28 1820 112 26 − 4 52 510 16 40 305 28 16 0.54 0.1
22 860 41 38 1320 144 31 − − 80 677 − 18 415 155 14 1.94 0.12
23 863 45 28 766 90 48 − 5 15 415 13 12 306 145 − 9.67 0.04
24 890 − 28 1430 104 34 35 5 80 676 − 8 140 142 9 1.78 0.12
25 447/2 50 − 1960 30 34 13 6 37 − 9 15 280 130 13 3.5 −
26 447/1 30 − 1750 − 31 22 6 47 − 21 15 220 162 18 3.4 −
27 196 10 − 1125 − 33 16 2 70 − 11 13 273 116 14 1.66 −
28 661/1 − − 2955 − 50 81 9 216 − − 5 83 283 13 1.3 −
29 657 − − 6495 − 80 − − 410 − − 13 121 115 15 0.28 −
30 684 68 15 1840 46 28 − 4 90 679 27 17 161 81 19 0.9 0.3
31 703/4 48 41 1530 124 39 − − 141 854 − 21 369 151 20 1.07 0.16
32 703/5 50 35 1440 165 148 50 − 67 567 33 33 467 154 16 2.3 0.12
33 705 85 39 1970 88 100 46 − 132 837 19 32 379 198 34 1.5 0.16
34 705/1 46 48 850 245 757 143 − 255 667 − 9 266 108 5 0.42 0.38
35 707 − 35 1560 168 88 16 − 143 737 32 31 389 159 20 1.1 0.19
36 740/1 133 90 5020 98 71 − − 680 930 − 10 240 121 9 0.18 0.73
37 740/2 55 − 2120 65 44 − 7 368 616 27 − 75 127 17 0.35 0.6
38 841/2 67 20 2140 162 41 − − 170 536 19 30 400 79 40 0.46 0.32
39 199 2 1 2010 1 4 3 5 60 − 6 13 167 71 12 1.2 −
40 200 4 − 1280 − 54 19 9 655 7 12 17 400 100 67 0.15 0.01
41 201 5 5 2830 22 78 22 7 88 − 7 32 417 127 18 1.44 −
42 206 6 3 2930 − − − 5 53 − 18 32 433 133 16 2.51 −



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

43 501 − − 4580 − 102 − 15 104 − 30 33 418 176 19 1.69 −
44 507 − − 1990 − 84 31 12 64 − 25 10 152 198 15 3.09 −
45 519 − − 1840 43 58 − 9 108 − 19 7 178 192 12 1.78 −
46 578 − − 4260 58 45 − 12 146 − − 22 253 64 14 0.44 −
47 547 − − 829 29 39 29 − 92 − 19 1 137 133 9 1.44 −
48 547/1 − − 4670 − 97 39 7 72 − 2 57 486 171 33 2.38 −
49 548 − − 4110 67 67 10 12 196 − 13 36 766 163 − 0.83 −
50 569 10 − 2580 − 54 38 5 37 − 31 9 121 272 20 7.35 −
51 573 − − 2590 40 − 42 7 79 − 24 10 137 231 13 2.92 −
52 575 − − 2890 − 43 9 9 73 − 27 4 107 109 10 1.49 −
53 576 − − 2850 − 55 26 9 12 − − 4 90 306 25 25.5 −
54 595 − − 3186 − 134 16 5 74 − − 16 171 186 14 2.51 −
55 579 6 − 2030 − 2 35 5 91 − − 6 116 219 19 2.41 −
56 582 − − 2990 − 115 49 6 81 − − 19 254 215 18 2.65 −
57 584 − − 4170 − 24 32 5 99 − − 16 184 238 19 2.40 −
58 587 − − 4200 − 41 − 7 259 − − 16 243 58 14 0.22 −
59 588 − − 3680 3 17 15 − 165 − − 17 294 96 12 0.58 −
60 589 − − 4940 − 16 − − 78 − − 15 168 84 18 1.08 −
61 590 − − 4030 35 57 26 6 16 − − 10 175 147 16 0.92 −
62 704 45 28 1036 156 147 48 − 100 595 − 17 322 178 15 1.78 0.17
63 610 − − 5290 37 − − 14 114 − 20 13 184 37 8 0.32 −
64 612 5 − 3514 − 27 20 8 113 − 12 4 136 169 12 1.49 −
65 647 − 8 3410 − 50 − 9 54 − 10 12 169 190 20 3.51 −
66 650 − − 2600 17 89 − 16 118 − 10 16 126 153 14 1.3 −



H d h g q Z g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
67 663 − − 2740 − 55 58 − 168 − 17 5 150 143 9 0.85 −
68 693 83 16 676 103 50 50 − 9 − − 19 85 325 25 36.1 −
69 706 − 24 1550 206 26 34 − 105 776 33 24 247 174 20 1.66 0.13
70 708/3 79 34 1270 88 − − − 116 500 − 18 172 141 17 1.21 0.23
71 711 62 27 1130 69 49 53 − 76 593 − 26 239 154 17 2.03 0.13
72 713 48 34 1130 104 41 5 − 132 500 − 9 138 136 1.1 1.0 0.26
73 716 44 47 1960 121 46 39 − 99 680 22 21 268 155 22 1.56 0.14
74 717 56 43 1490 57 46 31 − 163 646 − 13 284 139 12 0.85 0.25
75 718 − 19 794 36 24 33 − 66 410 18 8 94 142 14 2.15 0.16
76 719 16 39 1170 166 37 − 6 309 715 − 20 333 139 10 0.44 0.43
77 753 64 23 1240 113 69 16 − 54 440 − 10 94 117 19 2.17 0.12
78 782 47 28 1350 141 44 37 − 112 763 − 8 325 119 17 1.06 0.15
79 785 50 45 1720 142 76 17 5 86 693 − 26 354 144 21 1.67 0.12
80 793 − 42 1570 100 43 − − 93 850 20 31 418 141 17 1.52 0.11
81 793/2 − 33 1560 106 68 − − 83 728 26 32 318 122 17 1.47 0.11
82 840 − 50 2070 132 42 − − 146 656 24 9 84 148 13 1.0 0.22
83 868/1 46 32 1220 178 81 44 − 71 643 37 14 290 161 14 2.27 0.11
84 539 − − 1390 − 30 − 15 40 − − 15 119 299 25 7.5 −
85 540 − − 2187 45 48 27 − 39 − 20 18 144 318 25 8.15 −
86 603 − − 2190 − − 41 8 21 − − 14 108 280 25 13.3 −
87 607/2 − − 1620 27 21 47 11 35 − − 9 96 312 21 8.9 −

I j b f _ q Z g b _ . 1−28 − ebgah\b^gh�ihehkqZlu_�fb]fZlblu; 29−38 −�ihjnbjh[eZklh\u_� Zfnb[he�[bhlblh\u_� ]g_ckh�

]jZgh^bhjblu�b�]g_ckh]jZghkb_gblu; 39−83 −�ihjnbjh[eZklh\u_�[bhlblh\u_�]g_ckh]jZgblu; 84−87 −�ihjnbjh[eZklh\u_�e_c-
dhdjZlh\u_�]g_ckh]jZgblu��Ijhq_jd�±�we_f_gl�g_�h[gZjm`_g�
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Jbk�� ���� JZkij_^_e_gb_� jm^guo� b� j_^dbo

we_f_glh\�\� ]jZgblhb^Zo� ��]h� wlZiZ�nhjfbjh\Z-
gby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

�� ±� fb]fZlblu�� �� ±� ihjnbjh[eZklh\u_� ]g_ckh-
]jZgblu�

LblZg���Ih\ur_ggh_�kh^_j`Zgb_�lblZgZ������±�����]�l��oZ-
jZdl_jgh� ^ey� ]jZgblhb^h\� k� [he__� gbadhc� dj_fg_dbkehlghklvx

(SiO2 = 67–72����� ijbq_f� fb]fZlblu� dhgp_gljbjmxl� lblZg� \

ij_^_eZo�����±�����]�l��Ih^Z\eyxs__�[hevrbgkl\h�ihjnbjh[eZ-
klh\uo� ]g_ckh]jZgblh\� b� [he__� dbkeuo� fb]fZlblh\� h[eZ^Zxl

gb`_deZjdh\uf�kh^_j`Zgb_f�lblZgZ������±�����]�l��

F_^v�� � DeZjdh\h_� b� \ur_deZjdh\h_� dhebq_kl\h� f_^b� ���±��

]�l��oZjZdl_jgh�ij_bfms_kl\_ggh�^ey�ihjnbjh[eZklh\uo�]g_ckh-
]jZgblh\� �SiO2 = ��±��� ���� QZklv� wlbo� ihjh^�� bf_xsbo� ihgb-
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`_ggmx�dj_fg_dbkehlghklv��Z�lZd`_�fb]fZlblu�kh^_j`Zl�f_^v�\

gb`_deZjdh\uo�dhebq_kl\Zo�

Pbgd� nbdkbjm_lky� \� gb`_deZjdh\uo� dhebq_kl\Zo� \h� \k_o

jZagh\b^ghklyo� ]jZgblhb^h\� ��]h� wlZiZ��GZb[he__� ih\ur_ggu_

kh^_j`Zgby�pbgdZ� ���±��� ]�l��oZjZdl_jgu�^ey�ihjnbj[eZklh\uo

]g_ckh]jZgblh\�\�bgl_j\Ze_�dj_fg_dbkehlghklb�SiO2 = 70–76 %.
<�fb]fZlblZo�k�lZdhc�`_�dj_fg_dbkehlghklvx�kh^_j`Zgb_�pbgdZ

khklZ\ey_l���±���]�l�

K\bg_p��dhgp_gljbjm_lky�\�]jZgblhb^Zo���ij_bfms_kl\_ggh

\� deZjdh\uo� dhebq_kl\Zo� ���±��� ]�l���Ih\ur_ggu_� kh^_j`Zgby

k\bgpZ� ���±��� ]�l�� oZjZdl_jgu� ^ey� e_cdhdjZlh\uo� ihjnbjh[eZ-
klh\uo� ]g_ckh]jZgblh\� � �SiO2 = ��±��� ���� <ur_deZjdh\u_

dhgp_gljZpbb�k\bgpZ� ���±��� ]�l��hlf_qZxlky�\�[bhlblh\uo�ihj-
nbjh[eZklh\uo� ]g_ckh]jZgblZo� b� f_ahdjZlh\uo� fb]fZlblZo

(SiO2 = 70–73 %).
Furvyd�\�\ur_deZjdh\uo�b�ki_pbZebabjh\Zgguo� agZq_gb-

yo���±���]�l��aZnbdkbjh\Zg�dZd�\�ihjnbjh[eZklh\uo�]g_ckh]jZgb-
lZo�� lZd� b� fb]fZlblZo��OZjZdl_jgh�� qlh� \� \ukhdhdj_fg_dbkeuo

jZagh\b^ghklyo�wlbo�ihjh^��SiO2 =���±������mklZgh\e_gu�gZb[h-
e__�gbadb_�kh^_j`Zgby�furvydZ�����±����]�l��

Kljhgpbc� hlf_qZ_lky� \� ]jZgblhb^Zo��� lhevdh� \� gb`_deZj-
dh\uo�dhebq_kl\Zo����±����]�l���Ihjnbjh[eZklh\u_�]g_ckh]jZgb-
lu�b�fb]fZlblu�k�kh^_j`Zgb_f SiO2 = 74–76���oZjZdl_jbamxlky

gZb[he__�gbadbfb�dhgp_gljZpbyfb�kljhgpby� ���±��� ]�l���=jZgb-
lhb^u�g_kdhevdh�ihgb`_gghc�dj_fg_dbkehlghklb� ���±������h[-
eZ^Zxl�[he__�\ukhdbfb�kh^_j`Zgbyfb�kljhgpby�����±����]�l��

=Zeebc�� Ih� \_ebqbg_� kh^_j`Zgby� ]Zeeby� \u^_eyxlky� ^\_

]jmiiu�]jZgblhb^h\��D�i_j\hc�]jmii_�hlghkylky�ihjnbjh[eZklh-
\u_�]g_ckh]jZgblu��dhgp_gljbjmxsb_�]Zeebc�\�dhebq_kl\_��±��

]�l��gb`_deZjdh\uc�mjh\_gv���<lhjZy�]jmiiZ�ihjh^�ij_^klZ\e_gZ

fb]fZlblZfb��\�dhlhjuo�kh^_j`Zgb_�]Zeeby�khhl\_lkl\m_l�deZj-
dh\hfm�mjh\gx����±���]�l��

Blljbc� \� jZkkfZljb\Z_fuo� ]jZgblhb^Zo� hlf_qZ_lky� bk-
dexqbl_evgh�\�gb`_deZjdh\uo�dhebq_kl\Zo��ijb�wlhf��fb]fZlb-
lu�b�ih^Z\eyxs__�[hevrbgkl\h�ijhZgZebabjh\Zgguo�ihjnbjh[-
eZklh\uo� ]g_ckh]jZgblh\� kh^_j`bl� blljbc� gZ� mjh\g_� �±��� ]�l�

Ihjnbjh[eZklh\u_�]g_ckh]jZgblu�ihgb`_gghc�dj_fg_dbkehlgh-
klb��SiO2 =���±������gZdZieb\Zxl�blljbc�\�dhebq_kl\_���±���]�l�

Pbjdhgbc� lZd`_�� dZd� b� blljbc�� h[gZjm`b\Z_l� ^\Z� mjh\gy

dhgp_gljZpbc�� deZjdh\uc� ����±���� ]�l�� b� \ur_deZjdh\uc

����±����]�l���<ur_deZjdh\h_�dhebq_kl\h�oZjZdl_jgh�^ey�ihjnb-
jh[eZklh\uo� ]g_ckh]jZgblh\� ihgb`_gghc� dj_fg_dbkehlghklb

(SiO2 = 67–71 %).
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Jm[b^bc� dhgp_gljbjm_lky� \� ]jZgblhb^Zo��� gZ� deZjdh\hf

mjh\g_� ����±���� ]�l��� ijbq_f� ih� kh^_j`Zgbx� wlh]h� we_f_glZ

fb]fZlblu�b�ihjnbjh[eZklh\u_�]g_ckh]jZgblu�hkh[uo�jZaebqbc

g_�bf_xl�

Gbh[bc� � nbdkbjm_lky� ij_bfms_kl\_ggh� \� gb`_deZjdh\uo

dhebq_kl\Zo� �f_g__� ��� ]�l���gh�hlf_qZxlky�hl^_evgu_�jZagh\b^-
ghklb�ihjnbjh[eZklh\uo�]g_ckh]jZgblh\�gZljb_\h]h�mdehgZ��dhg-
p_gljbjmxsb_�gbh[bc�\�\ur_deZjdh\uo�agZq_gbyo����±���]�l��

LZdbf� h[jZahf�� ^ey� ih^Z\eyxs_]h� [hevrbgkl\Z� ijhZgZeb-
abjh\Zgguo�fbdjhwe_f_glh\�g_�h[gZjm`b\Z_lky�dZdh]h�eb[h�km-
s_kl\_ggh]h�jZaebqby�\�jZkij_^_e_gbb�bo�\�fb]fZlblZo�beb�ihj-
nbjh[eZklh\uo�]g_ckh]jZgblZo��L_f�g_�f_g__��gZf_qZ_lky�l_g^_g-
pby�m\_ebq_gby�dhgp_gljZpbc�Cu, Zn, Pb, Sr, As, Zr�ijb�i_j_oh^_
fb]fZlblh\� \� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu�� M\_ebq_gb_

dj_fg_dbkehlghklb� ]jZgblhb^h\� khijh\h`^Z_lky� mf_gvr_gb_f

kh^_j`Zgbc�\�gbo�Ti, Pb, Sr.
<_ebqbgZ� jm[b^bc�kljhgpb_\h]h� hlghr_gby� \� jZkkfZljb-

\Z_fuo�ihjh^Zo�g_�himkdZ_lky�gb`_�agZq_gbc������l��_��]jZgblhb-
^u���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

ih�wlhfm�ihdZaZl_ex�khihklZ\bfu�k�]jZgblhb^Zfb�dhjh\h]h�ijh-
bkoh`^_gby��kf��jbk������
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=eZ\Z����=J:GBLU�<LHJH=H�WL:I:�NHJFBJH<:GBY

Q:RDH<KDH�?E:GQBDH<KDH=H�F:KKB<:

�����NZpbZevgu_�jZagh\b^ghklb�]jZgblh\��

Hibku\Z_fu_�]jZgblu��dZd�b�]jZgblhb^u����fgh]hnZpbZevgu�

qlh� \ujZ`_gh� \� jZa\blbb� ihjh^�� hlebqZxsboky� ih� kljmdlmjgh�

l_dklmjguf� b� fbg_jZevguf� hkh[_gghklyf�� Kj_^b� ]jZgblh\� jZk-
ijhkljZg_gu�f_edha_jgbklu_��f_edh�kj_^g_a_jgbklu_�� kj_^g_a_j-
gbklu_� b� kj_^g_�djmigha_jgbklu_� jZagh\b^ghklb� dZd� ]g_ckh\b^-
gh]h�� lZd�b�fZkkb\gh]h� keh`_gby��Ih�fbg_jZevghfm� khklZ\m�jZa-
ebqZxlky� � e_cdhdjZlh\u_�� [bhlblh\u_�� [bhlbl�fmkdh\blh\u_� b

fmkdh\blh\u_�]jZgblu��f_`^m�dhlhjufb�kms_kl\mxl�ihkl_i_ggu_

i_j_oh^u�

;bhlblh\u_�b�e_cdhdjZlh\u_�]g_ckh]jZgblu

;bhlblh\u_�b�e_cdhdjZlh\u_�]g_ckh]jZgblu�gZb[hevr__�jZk-
ijhkljZg_gb_� ihemqbeb� \� k_\_jghc� qZklb� QZrdh\kdh]h� \uklmiZ�

]^_� bfb� keh`_gh� hlghkbl_evgh� djmigh_� ���� × ���� df�� l_eh�
\ulygmlh_�\�km[f_jb^bhgZevghf�gZijZ\e_gbb�b�jZks_ieyxs__ky

d� x]m� gZ� jy^� ^Zcdhh[jZaguo� bgt_dpbc� fhsghklvx� ���±���� f

b�ijhly`_gghklvx�ihjy^dZ����±��df��kf��jbk�������=jZgblgh_�l_eh

b� ^Zcdhh[jZagu_� bgt_dpbb� aZe_]Zxl� kh]eZkgh� kh� kljmdlmjZfb

\f_sZxsbo� ]jZgblhb^h\� ��]h�wlZiZ��IZjZee_evgh�\hklhqghc� ]jZ-
gbp_� wlh]h� l_eZ� jZa\bl� jy^� ^Z_d� f_edha_jgbkluo� e_cdhdjZlh\uo

fZkkb\guo� ]jZgblh\�� ijhke_`b\Zxsboky� ih� ijhklbjZgbx� ^h

���� df��G_[hevrhc� iehsZ^b� \uoh^u� f_edha_jgbkluo� ]g_ckh]jZ-
gblh\�hlf_qZxlky�\^hev�aZiZ^ghc�b�\hklhqghc�]jZgbp�QZrdh\kdh-
]h�\uklmiZ��Z��lZd`_�gZ�_]h�x`ghc�hdhg_qghklb�

<^hev�k_\_jghc�]jZgbpu�X`gh�?eZgqbdh\kdhc�Zihnbau�jZa-
\blZ� wg^hdhglZdlh\Zy� ahgZ� rbjbghc� ���±���� f�� ij_^klZ\e_ggZy

f_edha_jgbklufb� [bhlblh\ufb� ]g_ckh\b^gufb� ]jZgblZfb�

bf_xsbfb�ihkl_i_gguc�i_j_oh^�d�fmkdh\blh\uf�]jZgblZf�q_j_a

[bhlbl�fmkdh\blh\u_�jZagh\b^ghklb�

;bhlblh\u_�b�e_cdhdjZlh\u_�]jZgblu�bf_xl�f_edha_jgbklmx

b�f_edh�kj_^g_a_jgbklmx�kljmdlmjm�b�jZaebqgmx�kl_i_gv�jZa]g_c-
kh\Zgghklb�hkgh\ghc�fZkku�±�hl�q_ldh�]g_ckh\b^ghc��ih�\g_rg_fm

h[ebdm�gZihfbgZxs_c�]g_cku��^h�keZ[h�]g_ckh\b^ghc��ijZdlbq_-
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kdb� fZkkb\ghc�� =g_ckh\b^ghklv� h[mkeh\e_gZ� km[iZjZee_evguf

jZkiheh`_gb_f�\ulygmluo�a_j_g�\k_o�ihjh^hh[jZamxsbo�fbg_jZ-
eh\�� gh� qZs_� \k_]h� [bhlblZ� b� d\ZjpZ��P\_l� ]jZgblh\� aZ\bkbl� hl

ij_h[eZ^Zgby� \� gbo� jhah\Zlh]h� beb� `_elh\Zlh�[_eh]h� ihe_\h]h

riZlZ�b�dhebq_kl\Z�[bhlblZ�

Ih�fbg_jZevghfm� khklZ\m� \u^_ey_lky� e_cdhdjZlh\u_�b� [bh-
lblh\u_��kms_kl\_ggh�ieZ]bhdeZah\u_�b�^\mihe_\hriZlh\u_�jZa-
gh\b^ghklb� ]jZgblh\�� <� e_cdh]jZgblZo� kh^_j`Zgb_� [bhlblZ� g_

ij_\urZ_l������dhebq_kl\h�d\ZjpZ�^hklb]Z_l���±������<�ieZ]bh-
]jZgblZo�dhebq_kl\h�ieZ]bhdeZaZ�khklZ\ey_l���±����dZeb_\h]h�ih-
e_\h]h�riZlZ���±������\�^\mihe_\hriZlh\uo�jZagh\b^ghklyo�±�ih

��±�����khhl\_lkl\_ggh��<�[bhlblh\uo�]jZgblZo�kh^_j`Zgb_�[bh-
lblZ�m\_ebqb\Z_lky�^h���±������g_kdhevdh�mf_gvrZ_lky�dhebq_kl-
\h� d\ZjpZ� ���±��� ��� � b� ihe_\uo�riZlh\� �kmffZjgh_� dhebq_kl\h

ieZ]bhdeZaZ�b�dZeb_\h]h�ihe_\h]h�riZlZ�a���±�������Bgh]^Z�ijb-
kmlkl\mxl�_^bgbqgu_�a_jgZ�jh]h\hc�h[fZgdb�

>\mkex^ygu_��[bhlbl�fmkdh\blh\u_��]jZgblu

>\mkex^ygu_� ]jZgblu�nbdkbjmxlky� ij_bfms_kl\_ggh� \� k_-
\_jghc�iheh\bg_�p_gljZevghc�qZklb�X`gh�?eZgqbdh\kdhc�Zihnb-
au�gZ�iehsZ^b�ihjy^dZ���df��K�k_\_jZ�^\mkex^ygu_�]jZgblu�]jZ-
gbqZl�k�[bhlblh\ufb��Z�k�aZiZ^Z�b�x]Z�±�fmkdh\blh\ufb�]jZgblZ-
fb��k�dhlhjufb�k\yaZgu�ihkl_i_ggufb�i_j_oh^Zfb��Djhf_�wlh]h�

[bhlbl�fmkdh\blh\u_� ]jZgblu� jZkijhkljZg_gu� lZd`_� gZ� klud_

QZrdh\kdh]h�\uklmiZ�k�_]h�X`gh�?eZgqbdh\kdhc�Zihnbahc�b�h[-
jZamxl� jy^� djmiguo� bgt_dpbc� \� ieZ]bh]g_ckZo� _eZgqbdh\kdhc

lhesb� \� jZchg_� jZks_ie_gby� Zihnbau�fmkdh\blh\uo� ]jZgblh\� \

\hklhqghc�qZklb�?eZgqbdh\kdh]h�]g_ckh\h]h�dmiheZ�

Ih� \g_rg_fm� \b^m� ^\mkex^ygu_� ]jZgblu� ij_^klZ\eyxl

kh[hc� f_edh�kj_^g_a_jgbklu_� ihjh^u� jhah\Zlh�k_jh]h� b� k\_leh�

k_jh]h� p\_lZ� kh� keZ[h� \ujZ`_gghc� ]g_ckh\b^ghklvx�� Khklhyl

ba�ieZ]bhdeZaZ���±����dZeb_\h]h�ihe_\h]h�riZlZ���±����d\ZjpZ���±

����[bhlblZ��±����fmkdh\blZ��±������>\mkex^ygu_�]jZgblu�y\ey-
xlky� ijhf_`mlhqghc� �nZpb_c�f_`^m� [bhlblh\ufb� b�fmkdh\blh-
\ufb�]jZgblZfb��\�k\yab�k�q_f�^ey�gbo�oZjZdl_jgu�rbjhdb_�dhe_-
[Zgby�\�kh^_j`Zgbyo�[bhlblZ�b�fmkdh\blZ�

Fmkdh\blh\u_�]jZgblu

Fmkdh\blh\u_� ]jZgblu� jZkijhkljZg_gu� lhevdh� \� ij_^_eZo

X`gh�?eZgqbdh\kdhc�Zihnbau��qlh�j_adh�hlebqZ_l�wlm�kljmdlmjm

hl� ^jm]bo� kljmdlmj� b� fZkkb\h\� qZrdh\kdh]h� dhfie_dkZ�
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<��G��Xj_pdbc� b� ^j�� ������� kqblZxl�� qlh� fmkdh\blh\u_� ]jZgblu

[ueb�h[jZah\Zgu�\�j_amevlZl_�gZeh`_gghc�gZ�[bhlblh\u_�]jZgblu

fmkdh\blbaZpbb��B��K��;hjh^bgZ�b�=��;��N_jrlZl_j�ijb\h^yl�^Zg-
gu_�� k\b^_l_evkl\mxsb_� h� fZ]fZlbq_kdhc� ijbjh^_� fmkdh\blZ� \

_eZgqbdh\kdbo�]jZgblZo�[6, 8]��Fu�ijb^_j`b\Z_fky�lZdhc�`_�lhq-
db� aj_gby�gZ�ijhbkoh`^_gb_�fmkdh\blh\uo� ]jZgblh\�b�iheZ]Z_f�

qlh� wlb� ]jZgblu� [ueb� knhjfbjh\Zgu� \� y^j_� QZrdh\kdh]h� Zglb-
debgZevgh]h�\uklmiZ�k�ihke_^mxsbf�bo�\g_^j_gb_f�\�\b^_�^m]h-
h[jZaghc�\�ieZg_�Zihnbau�\�x`gmx�qZklv�?eZgqbdh\kdh]h�]g_ckh�

\h]h�dmiheZ�

Fmkdh\blh\u_�]jZgblu�ij_^klZ\eyxl�kh[hc�f_edh�kj_^g_a_j�

gbklu_�ihjh^u�k\_leh�k_jh]h�p\_lZ�� �h[uqgh�bgl_gkb\gh�jZkkeZg�

ph\Zggu_��Khklhyl�ba�ieZ]bhdeZaZ 18–23,�dZeb_\h]h�ihe_\h]h�riZ-
lZ� ��±���� d\ZjpZ� ��±���� fmkdh\blZ� ��±��� ��� _^bgbqguo� q_rmc

[bhlblZ��OZjZdl_jgZ�]g_ckh\b^gZy�l_dklmjZ��k�gZijZ\e_gb_f�dhlh-
jhc�kh\iZ^Z_l�keZgp_\Zlhklv�

�����DhglZdlh\u_�baf_g_gby�]jZgblh\

b�\f_sZxsbo�ihjh^

OZjZdl_jbklbdZ�dhglZdlh\�f_`^m�nZpbZevgufb

jZagh\b^ghklyfb�]jZgblh\��

=eZ\gufb� nZpbZevgufb� jZagh\b^ghklyfb� ihjh^� ��]h� wlZiZ

nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�y\eyxlky�[bh-
lblh\u_��^\mkex^ygu_��fmkdh\blh\u_�b�e_cdhdjZlh\u_�]g_ckh]jZ-
gblu�b�]jZgblu��\aZbfhhlghr_gby�f_`^m�dhlhjufb�gZ[ex^Zebkv

\�jy^_�mqZkldh\�fZkkb\Z��]^_�jZa\blu�kh\f_klgu_�bo�\uoh^u��LZd�

x]h�\hklhqg__� ]hju�Djm]eZy�mklZgh\e_g�ihkl_i_gguc�i_j_oh^�hl

fmkdh\blh\uo� d� [bhlblh\uf� ]jZgblZf�� hkms_kl\eyxsbcky� \� bg-
l_j\Ze_� ���� f�� ijb� wlhf� dhebq_kl\h� d\ZjpZ� b� ihe_\h]h�riZlZ� \

wlbo� jZagh\b^ghklyo� ]jZgblh\� ijZdlbq_kdb� khojZgy_lky� ihklhyg-
guf��gh�f_gy_lky�kh^_j`Zgb_�beb�[bhlblZ��beb�fmkdh\blZ��GZf_-
qZxlky� ke_^mxsb_� i_j_oh^gu_� ahgu� f_`^m� fmkdh\blh\ufb� b

[bhlblh\ufb�]jZgblZfb��jbk������l��g� 666–670).
±�fmkdh\blh\uc�]jZgbl��fmkdh\bl���±������[bhlbl�±�_^��ag���

±�[bhlbl�fmkdh\blh\uc�]jZgbl��fmkdh\bl���±����[bhlbl��±������

±�fmkdh\bl�[bhlblh\uc�]jZgbl��fmkdh\bl 4–6,�[bhlbl���±������

±�[bhlblh\uc�]jZgbl��[bhlbl���±������fmkdh\bl�_^��ag���

OZjZdl_jgh�� qlh� \� ^\mkex^yguo� jZagh\b^ghklyo� ]jZgblh\

[bhlbl��h[uqgh��fmkdh\blbabjh\Zg����Djhf_��lh]h���f_`^m��ahgZfb
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Jbk������Ihkl_i_gguc�i_j_oh^�fmkdh\blh\uo�]jZgblh\�\�[bhlblh\u_

]jZgblu� �k_\_jh�aZiZ^gZy�qZklv�X`gh�?eZgqbdh\kdhc�Zihnbau��ko_fZlb-
q_kdbc�jZaj_a��

Mkeh\gu_�h[hagZq_gby�kf��jbk�����

[bhlbl�fmkdh\blh\uo� b� fmkdh\bl�[bhlblh\uo� ]jZgblh\� jZkijh-
kljZg_gu�^\mkex^ygu_�]jZgblu�ijbf_jgh�k�jZ\guf��ih���±�����

kh^_j`Zgb_f�fmkdh\blZ�b�[bhlblZ�

:gZeh]bqgu_�i_j_oh^u�f_`^m�fmkdh\blh\ufb�b�[bhlblh\u-
fb� ]jZgblZfb� hlf_q_gu� k_\_jh�aZiZ^g__� ]hju� Djm]eZy

�jbk������l��g�����±������H[jZsZ_l�gZ�k_[y�\gbfZgb_�lhl�nZdl��qlh

nZpby�[bhlblh\uo� ]jZgblh\�jZa\b\Z_lky�g_ihkj_^kl\_ggh�\�wg^h-
dhglZdl_� k� \f_sZxsbfb� [bhlblh\ufb� ieZ]bh]g_ckZfb� _eZgqb-
dh\kdhc� lhesb��Ih^h[gh_� g_h^ghdjZlgh� gZ[ex^Zehkv� lZd`_� b� \

^jm]bo��dhglZdlh\uo�qZklyo�X`gh�?eZgqbdh\kdhc�Zihnbau�

GZ�aZiZ^ghf�[hjlm�dhleh\bgu�ha��;he��?eZgqbd��jbk������l��g�

���±�����\�ahg_�i_j_oh^Z�fmkdh\blh\uo�]jZgblh\�d�[bhlblh\uf�\

jZaj_a_�hlf_qZ_lky�q_j_^h\Zgb_�ihehk��keh`_gguo�^\mkex^ygufb

b� [bhlblh\ufb� ]jZgblZfb�� H[sZy� fhsghklv� i_j_oh^ghc� ahgu

hp_gb\Z_lky�\������f��ijbq_f�\�__�khklZ\_�^hfbgbjmxl�^\mkex^y-
gu_� ]jZgblu��I_j_oh^�fmkdh\blh\uo� ]jZgblh\� \� ^\mkex^ygu_� b

^Ze__�[bhlblh\u_�jZagh\b^ghklb�ihkl_i_gguc�aZ�kq_l�\hajZklZgby

dhebq_kl\Z�qZklh�fmkdh\blbabjh\Zggh]h�[bhlblZ�ijb�h^gh\j_f_g-
ghf�kgb`_gbb�kh^_j`Zgbc� �ihqlb�^h�ihegh]h�bkq_agh\_gby��fmk-
dh\blZ�

Jbk������DhglZdlh\u_�baf_g_gby�fmkdh\blh\uo�]jZgblh\�b�ieZ]bh]-
g_ckh\� �k_\_jh�aZiZ^gZy� qZklv�X`gh�?eZgqbdh\kdhc� Zihnbau�� ko_fZlb-
q_kdbc�ieZg��

Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Jbk������Ihkl_i_gguc�i_j_oh^�[bhlblh\uo�]jZgblh\�\�fmkdh\blh\u_

]jZgblu��aZiZ^guc�[hjl�dhleh\bgu�ha��;��?eZgqbd��ko_fZlbq_kdbc�jZaj_a��
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

LZdbf�h[jZahf��X`gh�?eZgqbdh\kdZy�ZihnbaZ�g_�h^ghjh^gZ

ih� fbg_jZevghfm� khklZ\m� keZ]Zxsbo� __� ]jZgblh\�� ;bhlblh\u_

]jZgblu� jZkijhkljZg_gu� h[uqgh� \� wg^hdhglZdlh\uo� qZklyo� Zih-
nbau�� ohly� hlf_qZebkv� nZdlu� kf_gu� ^\mkex^yguo� ]jZgblh\� g_

[bhlblh\ufb�� Z� e_cdhdjZlh\ufb� jZagh\b^ghklyfb�� jZa\blufb

g_ihkj_^kl\_ggh�\�dhglZdl_�k�\f_sZxsbfb�ihjh^Zfb�

OZjZdl_jbklbdZ�dhglZdlh\�]jZgblh\���k�\f_sZxsbfb

ihjh^Zfb��Bgt_dpbhggu_�fb]fZlblu

GZ�]_heh]bq_kdb_�ieZgu�x`ghc�qZklb�QZrdh\kdh]h�\uklmiZ

b� _]h�X`gh�?eZgqbdh\kdhc� Zihnbau� �kf�� jbk�� ���� ���� \ug_k_gu

ijhnbevgu_� i_j_k_q_gby� dhgljZdlh\uo� ahg� ]jZgblh\��� k� \f_-
sZxsbfb�ihjh^Zfb��qlh�beexkljbjm_lky�jbk����±���

Ihe_\u_� gZ[ex^_gby� \� x]h�\hklhqghc� qZklb� QZrdh\kdh]h

\uklmiZ�b� \^hev�x`ghc� ]jZgbpu�X`gh�?eZgqbdh\kdhc� Zihnbau

\uy\beb� ke_^mxsb_� gZb[he__� oZjZdl_jgu_� dhglZdlh\u_� baf_g_-
gby�]jZgblh\�b�\f_sZxsbo�ihjh^��<�wg^hdhglZdl_�fZkkb\Z�kj_^-
g_a_jgbkluo� fmkdh\blh\uo� ]jZgblh\� h[uqgh� jZa\b\Z_lky� nZpby

f_edha_jgbkluo�]jZgblh\��kh^_j`Zsbo�g_q_ldb_�©hqdh\u_ª�\u^_-
e_gby� ihe_\h]h�riZlZ�� ijbq_f� ]g_ckh\b^gZy� l_dklmjZ� ih^h[guo

]jZgblh\� qZklh� kf_gy_lky� ij_ju\bklh�ihehkqZlhc�� G_ihkj_^kl-
\_ggh�gZ�dhglZdl_�k�ieZ]bh]g_ckZfb�\�fmkdh\blh\uo�]jZgblZo�ih-
y\ey_lky�[bhlbl��g_j_^dh�ih^\_j]gmluc�fmkdh\blbaZpbb�b�oehjb-
lbaZpbb��Z�lZd`_�ijhy\ey_lky�bgl_gkb\gh_�i_]fZlblhh[jZah\Zgb_�\

\b^_�]g_a^��ebga�b�fZehfhsguo�`be�b�ijh`bedh\�]jm[ha_jgbklh]h

i_]fZlblZ��IeZ]bh]g_cku�\�dhglZdl_�k�fmkdh\blh\ufb�]jZgblZfb

h[uqgu�fmkdh\blbabjh\Zgu��Kh^_j`Zgb_�gh\hh[jZah\Zggh]h�fmk-
dh\blZ��qZklh�jZa\b\Zxs_]hky�ih�iehkdhklyf�jZkkeZgp_\Zgby�ieZ-
]bh]g_ckh\��ihjhc�^hklb]Z_l���±���%.
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OZjZdl_j�dhglZdlZ�]jZgblh\�k�Zfnb[heblZfb�g_kdhevdh�bghc�

DhglZdlu�h[uqgh�j_adb_��khijh\h`^Z_fu_�h[jZah\Zgb_f�wg^hdhg-
lZdlh\hc�nZpbb�f_edha_jgbkluo�]jZgblh\��<�h^gbo�kemqZyo�g_ih-
kj_^kl\_ggh�gZ� dhglZdl_� k� Zfnb[heblZfb�fmkdh\blh\u_� ]jZgblu

kf_gyxlky� [bhlbl�fmkdh\blh\ufb� jZagh\b^ghklyfb�

\�^jm]bo�kemqZyo�\hagbdZ_l�wg^hdhglZdlh\Zy�hlhjhqdZ��khklhysZy

ba� e_cdhdjZlh\uo� ]jZgblh\�� <� Zfnb[heblZo� \[ebab� dhglZdlZ

k� ]jZgblZfb� qZklh� ihy\eyxlky� ebgau� b� iZjZee_evgu_� ijh`bedb

�ihehku��fbdjha_jgbklh]h�d\ZjpZ�beb�`_�d\Zjp�ihe_\hriZlh\h]h

Z]j_]ZlZ��l��_��Zfnb[heblu�ih^\_j]Zxlky�qZklbqgh�fb]fZlbaZpbb�

Bgh]^Z�\�h[eZklb�wg^hdhglZdlZ�]jZgblh\�k�Zfnb[heblZfb�nbdkb-
jmxlky� ke_^mxsb_� i_j_oh^gu_� ahgu�� g_q_ldh� ihjnbjh[eZklbq_-
kdb_� ]g_ckh\b^gu_� ]jZgblu� k� ]g_a^Zfb� b� `beZfb� i_]fZlblZ� →
kj_^g_a_jgbklu_� e_cdhdjZlh\u_� ]jm[h]g_ckh\b^gu_� ]jZgblu� →
f_edha_jgbklu_�e_cdhdjZlh\u_�]g_ckh\b^gu_�]jZgblu�k�]g_a^Zfb

i_]fZlblZ�

GZ� aZiZ^ghf� [hjlm� dhleh\bgu� ha��;he��?eZgqbd� \� dhj_gghf

h[gZ`_gbb�gZ[ex^Zxlky�ke_^mxsb_�baf_g_gby�ihjh^�gZ�dhglZdl_

]jZgblh\� k� Zfnb[heblZfb� �jbk�� ���� l�� g� 740).� <� gb`g_c� qZklb
kdZevgh]h� \uoh^Z� jZa\blu� f_edh�kj_^g_a_jgbklu_� g_q_ldh� ]g_c-
kh\b^gu_� Zfnb[heblu�� dhlhju_� \ur_� ih� h[gZ`_gbx� kf_gyxlky

f_edha_jgbklufb� [bhlblh\ufb� ]g_ckh]jZgblZfb� k\_lehc� jhah\Z-
lh�k_jhc�hdjZkdb��Dhebq_kl\h�[bhlblZ�\�]jZgblZo�^hklb]Z_l������

kh^_j`Zgb_� d\ZjpZ� g_� ij_\urZ_l� ���� ieZ]bhdeZaZ� ���� dZeb_\h]h

ihe_\h]h�riZlZ�������Ih�gZijZ\e_gbx�hl�Zfnb[heblh\�d�]jZgblZf

gZ[ex^Zxlky� ^\_� i_j_oh^gu_� ahgu�� djmigha_jgbklu_� g_jZ\gh-
f_jgha_jgbklu_�[bhlbl�Zfnb[heh\u_�]g_ckh\b^gu_�ihjh^u�]Z[[-
jh�^bhjblh\h]h�khklZ\Z��\�dhlhjuo�l_fghp\_lgu_�fbg_jZeu�aZgb-
fZxl�hdheh�������ijb�ij_h[eZ^Zgbb�jh]h\hc�h[fZgdb�gZ^�[bhlb-
lhf��� Dhebq_kl\h �ieZ]bhdeZaZ� khklZ\ey_l� 55, �d\ZjpZ�����

Jbk�� ���� H[jZ-
ah\Zgb_� i_j_oh^guo

i_ljh]jZnbq_kdbo� ahg

gZ� dhglZdl_� ]jZgblh\� k

Zfnb[heblZfb� �aZiZ^-
guc� [hjl� dhleh\bgu

ha�� ;�� ?eZgqbd�

l��g�� 740).
��±�Zfnb[heblu����±�ahgZ�]Z[[jhb^guo�ihjh^����±�ahgZ�^bhjblh\b^guo�ihjh^�

��±�]jZgblu����±�`beu�i_]fZlhb^guo�]jZgblh\�
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Jbk�� ����DhglZdl�fmkdh\blh\uo� ]jZgblh\� k� Zfnb[heblZfb� �k_\_jh�

aZiZ^gZy�qZklv�X`gR�?eZgqbdh\kdhc�Zihnbau��jZchg�]hju�Djm]eZy��ko_-
fZlbq_kdbc�ieZg��

Mkeh\gu_�h[hagZq_gby�kf��jbk�����

RbjbgZ� ahgu� ]Z[[jhb^guo�ihjh^�hp_gb\Z_lky� \� ��±��� kf;�g_ih-
kj_^kl\_ggh�gZ�dhglZdl_�k�]jZgblZfb�jZkijhkljZg_gu�g_jZ\ghf_j-
gha_jgbklu_��mqZkldZfb�g_q_ldh�ihjnbjh[eZklh\u_�]g_ckh\b^gu_

d\Zjp_\u_� ^bhjblu� �]jZgh^bhjblu��� kh^_j`Zsb_� ieZ]bhdeZa� ���

[bhlbl�b�Zfnb[he�����d\Zjp���±������Fhsghklv�wlhc�ahgu�khklZ\-
ey_l��±���kf�

<� ��o� df� k_\_jg__� ]hju�Djm]eZy� \� h[eZklb� dhglZdlZ�f_edh�

kj_^g_a_jgbkluo� ]g_ckh\b^guo� jZkkeZgph\Zgguo� fmkdh\blh\uo

]jZgblh\�k�f_edha_jgbklufb�fZkkb\gufb�]jZgZlh\ufb�Zfnb[heb-
lZfb�mklZgh\e_gZ�ke_^mxsZy�kf_gZ�ihjh^��fmkdh\blh\u_�]jZgblu

→�f_edha_jgbklu_�keZ[h]g_ckh\b^gu_�[bhlbl�fmkdh\blh\u_�]jZ-
gblu� →� f_edha_jgbklu_� [bhlblh\u_� ]jZgblu�� Kf_gZ� fmkdh-
\blh\uo�]jZgblh\�]jZgblZfb�[bhlbl�fmkdh\blh\ufb��h[jZamxsb-
fb�ahgm�rbjbghc����f��ijhbkoh^bl�\_kvfZ�j_adh�\�bgl_j\Ze_��±�

f��ijbq_f�gZ�dhglZdl_�wlbo�jZagh\b^ghkl_c�]jZgblh\�jZa\blu�fZ-
ehfhsgu_�ijh`bedb�b�`beu�i_]fZlblh\��F_edha_jgbklu_�[bhlb-
lh\u_�fZkkb\gu_�]jZgblu��jZkijhkljZg_ggu_�g_ihkj_^kl\_ggh�gZ

dhglZdl_�k�Zfnb[heblZfb��h[jZamxl�ahgm�rbjbghc��±��f��jbk�����

l��g� 896, 897).
<�^hjh`ghc�\u_fd_�Z\lhljZkku�MnZ±Q_ey[bgkd�\����df�\hk-

lhqg__� i_j_dj_kldZ� k� ^hjh]hc�FbZkk±Q_jgh\kdh_� gZ� ijhly`_gbb

���f�h[gZ`_gu�bgt_dpbhggu_�fb]fZlblu��h[jZah\Zggu_�ih�Zfnb-
[heblZf��jbk����Z��l��g��������A^_kv�\�jZaj_a_�fb]fZlblh\hc�lhesb�

iZ^Zxs_c� gZ� k_\_jh�\hklhd� ih^� m]ehf� ��±��°�� gZ[ex^Z_lky� ke_-
^mxs__�q_j_^h\Zgb_�ijhkeh_\�]hjguo�ihjh^��k�aZiZ^Z�gZ�\hklhd�hl

gZqZeZ�h[gZ`_gby�:
�±���� f�� Kj_^g_�djmigha_jgbklu_� g_jZ\ghf_jgha_jgbklu_

]g_ckh]jZgblu�ebgah\b^gh�ihehkqZlhc�l_dklmju�k\_leh�k_jh]h�p\_-
lZ�� khklhysb_� ba� ebgah\b^gh�ij_ju\bkluo� iZjZee_evguo� ihehkhd

rbjbghc��±���ff��keh`_gguo�ieZ]bhdeZahf�b�[he__�lhgdbo��0.5–3
ff�� ihehkhd��  gZkus_gguo  f_edhq_rmcqZluf� [bhlblhf�



76

Jbk�� ���� Ihkehcgu_� ]jZgblgu_� bgt_dpbb� \� Zfnb[heblh\hc� lhes_

�^hjh`gZy�\u_fdZ�Z\lhljZkku�MnZ±Q_ey[bgkd��l��g�������
Z�±�h[sbc�\b^�h[gZ`_gby��mkeh\gu_�h[hagZq_gby�kf��jbk�������[�b�\�±�^_lZev

h[gZ`_gby��[�±�ihkehcgZy�bgt_dpby�]g_ckh]jZgblh\�\�jZkkeZgph\Zgguo�Zfnb[heb-
lZo�k�h[jZah\Zgb_f�ahgu�f_edha_jgbkluo�]g_ckh]jZgblh\��gZkus_gguo�[bhlblhf�

\�±�dk_ghebl�Zfnb[heblZ��ij_\jZs_ggh]h�\�^bhjblh\b^gmx�ihjh^m�

�� ±� Zfnb[hebl� jZkkeZgph\Zgguc�� �±� ]g_ckh]jZgbl� djmigha_jgbkluc�

��±� ]g_ckh]jZgbl�f_edha_jgbkluc��gZkus_gguc�[bhlblhf�� �� ±�^bhjblh\b^gZy�ih-
jh^Z����±�]jZgbpZ�nZpbZevguo�jZagh\b^ghkl_c�ihjh^�

Ihe_\hriZlh\u_� ijhkehcdb� [he__� \u^_j`Zgu� ih� ijhklbjZgbx�

[bhlblh\u_�kehcdb�bf_xl�h[uqgh�ebgah\b^gh�ij_ju\bkluc�oZjZd-
l_j�� ijbq_f� ^ebgZ� ebgah\b^guo� kdhie_gbc� [bhlblZ� dhe_[e_lky� \

agZqbl_evguo�ij_^_eZo�±�hl���^h����kf��Ebgah\b^gu_�h[hkh[e_gby

d\ZjpZ�qZs_�\k_]h�jZa\blu�ih� ]jZgbp_�ihe_\hriZlh\uo�ijhkeh_d�

ohly�hl^_evgu_�a_jgZ�d\ZjpZ�hlf_qZxlky�b�\gmljb�ihke_^gbo��Fb-
g_jZevguc�khklZ\�]g_ckh]jZgblh\��ieZ]bhdeZa�����d\Zjp���±����[bh-
lbl���±�����

=g_ckh]jZgblu�kh^_j`Zl�iZjZee_evgu_�ijhkehb�f_edha_jgb-
kluo� g_q_ldh� ]g_ckh\b^guo� ]jZgblbabjh\Zgguo� Zfnb[heblh\

fhsghklvx� �±���kf��ih�\g_rg_fm�\b^m�gZihfbgZxsbo�^bhjblh-
ih^h[gmx�ihjh^m�i_kljhc�hdjZkdb��khklhysmx�ba�ieZ]bhdeZaZ����

Zfnb[heZ� ����[bhlblZ� ���d\ZjpZ� �±�����<�h^gbo�kemqZyo� ]jZgbpZ

]g_ckh]jZgblh\�k�Zfnb[heblZfb�j_adZy��\�^jm]bo�±�\�wg^hdhglZdl_

jZa\blu� f_edha_jgbklu_�� gZkus_ggu_� [bhlblhf� ]g_ckh]jZgblu�

h[jZamxsb_�dhglZdlh\u_�ahgdb�rbjbghc��±��kf��jbk����[��

Djhf_� ijhkeh_\� Zfnb[heblZ�� \� ]g_ckh]jZgblZo� hlf_qZxlky

lZd`_�bo�dk_gheblu�jZaf_jhf�^h� � × ���kf��Ijh^hevgu_� ]jZgbpu
dk_gheblh\�hjb_glbjh\Zgu�kh]eZkgh�k�]g_ckh\b^ghklvx�]jZgblh\�
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ihi_j_qgu_� dhglZdlu� ijhoh^yl� ih^� m]ehf� d� ebg_cghklb

Zfnb[heblh\��<�wg^hdhglZdl_�\�]g_ckh]jZgblZo�h[jZah\Zgu�ihe_-
\hriZlh\u_�ahgdb�fhsghklvx�^h���kf��jbF����\��

���±����f��F_edh�kj_^g_a_jgbklu_�g_q_ldh�]g_ckh\b^gu_�Zf-
nb[heblu�i_kljhc�hdjZkdb��Khklhyl�ba�ieZ]bhdeZaZ 60, Zfnb[heZ
��[bhlblZ������

���±���� f�� F_edha_jgbklu_� e_cdhdjZlh\u_� ]g_ckh]jZgblu

k\_leh�k_jh]h� p\_lZ�� \� khklZ\_� dhlhjuo� hlf_qZxlky� ieZ]bhdeZa

b�dZeb_\uc�ihe_\hc�riZl��ih��������d\Zjp����b�[bhlbl��±����

���±����f��F_edh�kj_^g_a_jgbklu_�jZkkeZgph\Zggu_�Zfnb[h-
eblu�

���±����f��F_edh�kj_^g_a_jgbklu_�[bhlblh\u_�]g_ckhieZ]bh-
]jZgblu��khklhysb_�ba�ieZ]bhdeZaZ� ��±����[bhlblZ� ��±����d\ZjpZ

��±�����b�bf_xsb_�j_adb_�dhglZdlu�k�gb`_e_`Zsbfb�Zfnb[heb-
lZfb�

���±����f��F_edha_jgbklu_�Zfnb[heblu�keZ[h�]g_ckh\b^gu_�

ij_\jZs_ggu_�\ke_^kl\b_�]jZgblbaZpbb�\�^bhjblh\b^gmx�ihjh^m�

\�dhlhjhc�jZa\blu�ijh`bedb�b�`beu�djmigha_jgbklh]h�i_]fZlblZ�

kh^_j`Zs_]h�f_edb_�]g_a^Z�fmkdh\blZ��Fhsghklv�ijh`bedh\�kh-
klZ\ey_l��±��kf��`be�±���±���kf�

<� hibkZgghf� h[gZ`_gbb� gZ[ex^Zxlky� ljb� jZagh\b^ghklb

]jZgblguo� bgt_dpbc�� � \g_^j_gguo� \� Zfnb[heblh\uc� km[kljZl�

ebgah\b^gh�ihehkqZlu_� ]g_ckh]jZgblu�� f_edha_jgbklu_� e_cdh-
djZlh\u_� ]g_ckh]jZgblu��f_edha_jgbklu_�[bhlblh\u_� ]g_ckh\b^-
gu_�ieZ]bh]jZgblu�

<�����f�\hklhqg__�wlh]h�h[gZ`_gby�lZd`_�\�^hjh`ghc�\u_fd_

gZ[ex^Zxlky�i_j_f_`Zxsb_ky�\�jZaj_a_�ijhkehb�ieZ]bh]g_ckh\�b

Zfnb[heblh\�� bgt_pbjh\Zgguo� fmkdh\blh\ufb� ]jZgblZfb� �jbk�

��Z�� l��g�� ������ �������HibkZgb_�jZaj_aZ�ijb\h^blky� k� \hklhdZ�gZ

aZiZ^�b�k\_jom�\gba��fhsghklb�ijhkeh_\�mdZaZgu�bklbggu_�

±� F_edha_jgbklu_� ieZ]bh]g_cku� k\_leh�k_jh]h� p\_lZ�� jZk-
keZgph\Zggu_��khklhysb_�ba�[_eh]h�ieZ]bhdeZaZ�����k_jh]h�d\ZjpZ

��� b� jZ\ghf_jgh� jZkij_^_e_ggh]h� ih� ihjh^_� fmkdh\blZ� �±��� �.
D\Zjp� h[jZam_l� \ulygmlhc�nhjfu� ebgah\b^gu_� Z]j_]Zlu�f_edbo

a_j_g�kj_^b�ihe_\hriZlh\hc�hkgh\ghc�fZkku��:a��iZ^_gby�ijhkehy

70 ∠50°��fhsghklv����f;
±�f_edha_jgbklu_�ieZ]bh]g_cku��\�dhlhjuo�kh^_j`Zgb_�fmk-

dh\blZ�m\_ebq_gh�^h���±������I_j_oh^�hl�\ur_e_`Zs_]h�ijhkehy

ieZ]bh]g_ckh\�ihkl_i_gguc��fhsghklv���f;
±�f_edha_jgbklu_�fmkdh\blh\u_� ]jZgblu� ]g_ckh\b^ghc� l_d-

klmju� k\_leh�k_jh]h�p\_lZ��Khklhyl�ba�ieZ]bhdeZaZ� ��±���� dZeb_-
\h]h�ihe_\h]h�riZlZ���±����d\ZjpZ����� fmkdh\blZ���±���� fmkdh\b-
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Jbk������Ihkehcgu_�bgt_dpbb�fmkdh\blh\uo�]jZgblh\�\�f_lZfhjnb-
q_kdbo� ihjh^Zo� �^hjh`gZy� \u_fdZ� Z\lhljZkku� MnZ±Q_ey[bgkd�� ko_fZ�

lbq_kdbc�jZaj_a��
D�±�h[sbc�\b^�h[gZ`_gby��mkeh\gu_�h[hagZq_gby�kf��jbk�������[�b�\�±�^_lZev

h[gZ`_gby��[�±�dhglZdlh\u_�baf_g_gby�Zfnb[heblh\�b�]jZgblh\��\�±�ZglbdebgZev-
gZy�hijhdbgmlZy�kdeZ^dZ�k�]jZgblguf�y^jhf�

��±�Zfnb[hebl�jZkkeZgph\Zgguc�� ��±�^bhjblh\b^gZy�ihjh^Z�� ��±� ]g_ckh]jZ-
gbl�e_cdhdjZlh\uc����±�f_edha_jgbkluc�]jZgbl�fZkkb\ghc�l_dklmju����±�fmkdh\b-
lh\uc�]jZgbl�

lbabjh\Zggh]h�[bhlblZ� �±�����<� ]jZgblZo�hlf_qZxlky�ebgah\b^-
gu_�iZjZee_evgh�jZkiheh`_ggu_�h[hkh[e_gby�`_elh\Zlh�jhah\h]h

ihe_\h]h�riZlZ�jZaf_jhf�2–3 × ��±���ff��Fhsghklv���f�
>Ze__�\�aZiZ^ghf�gZijZ\e_gbb�gZ�jZkklhygbb����f�gZ[ex^Z-

xlky�jZa\Zeu�]eu[�fmkdh\blh\uo�]jZgblh\�b�e_cdhdjZlh\uo�ieZ-
]bh]g_ckh\��K����f�hl�gZqZeZ�jZaj_aZ�\gh\v�jZa\blu�dhj_ggu_�\u-
oh^u�ihjh^�

±�F_edha_jgbklu_�e_cdhdjZlh\u_�b�[bhlblkh^_j`Zsb_��[bh-
lblZ��±�����ieZ]bh]g_cku��Fhsghklv���f�

±� kj_^g_a_jgbklu_� jZkkeZgph\Zggu_� Zfnb[heblu�� khklhysb_

ba�ieZ]bhdeZaZ�����Zfnb[heZ���[bhlblZ�������Fhsghklv�����f;
±� kj_^g_a_jgbklu_� jZkkeZgph\Zggu_�fmkdh\blh\u_� ]jZgblu�

\� dhlhjuo� kh^_j`Zgb_� fmkdh\blZ� ^hklb]Z_l� ��� ��� :a�� iZ^_gby

]g_ckh\b^ghklb����∠45°��Fhsghklv�����f��GZ�dhglZdl_�fmkdh\blh-
\uo� ]jZgblh\� k� Zfnb[heblZfb� jZa\blu� ke_^mxsb_� i_j_oh^gu_

ahgdb� �ih�gZijZ\e_gbx�hl�]jZgblh\��jbk����[���Z��f_edha_jgbklu_
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e_cdhdjZlh\u_�]g_ckh]jZgblu��[��f_edha_jgbklu_�[bhlblh\u_�lhgZ-
eblh]g_cku��Fhsghklv�lhc�b�^jm]hc�ahghd�g_�ij_\urZ_l�����kf;

±� kj_^g_a_jgbklu_� jZkkeZgph\Zggu_� Zfnb[heblu�� \[ebab

dhglZdlZ� k� ]jZgblZfb� ij_\jZs_ggu_� \� ^bhjblh\b^gmx� ihjh^m�

Fhsghklv�����f;
±� kj_^g_a_jgbklu_� fmkdh\blh\u_� ]g_ckh\b^gu_� ]jZgblu�

Fhsghklv�����f�

±�kj_^g_a_jgbklu_�jZkkeZgph\Zggu_�Zfnb[heblu��Fhsghklv

����f;
±� kj_^g_a_jgbklu_� jZkkeZgph\Zggu_�fmkdh\blh\u_� ]jZgblu�

Fhsghklv����f;
±� aZijhdbgmlZy�gZ� aZiZ^� ZglbdebgZevgZy� kdeZ^dZ��\�y^j_�dh-

lhjhc� rbjbghc� �� f� h[gZ`_gu� kj_^g_a_jgbklu_� e_cdhdjZlh\u_

keZ[h�]g_ckh\b^gu_�]jZgblu��i_j_oh^ysb_�\�\_jog_c�qZklb�y^jZ�\

fmkdh\blh\u_�]jZgblu�k�kh^_j`Zgb_f�fmkdh\blZ��±�����Y^jh�h[-
e_dZ_lky�ijhkeh_f�Zfnb[heblZ�fhsghklvx�����f��dhlhjuc�\udeb-
gb\Z_lky� gZ� \hklhqghf� djue_� ZglbdebgZevghc� kdeZ^db�� <� aZfd_

kdeZ^db�b� __�djuevyo�jZa\blu� kj_^g_a_jgbklu_�jZkkeZgph\Zggu_

fmkdh\blh\u_�]jZgblu��IZ^_gb_�hk_\hc�ih\_joghklb�kdeZ^db�\hk-
lhqgh_�ih^�m]ehf���°��jbk����\��

GZ� k_\_jh�aZiZ^ghf� neZg]_� X`gh�?eZgqbdh\kdhc� Zihnbau

fmkdh\blh\u_�]jZgblu�\�wg^hdhglZdl_�k�f_lZfhjnbq_kdbfb�ihjh-
^Zfb� kf_gyxlky� f_edha_jgbklufb� e_cdhdjZlh\ufb� ]jZgblZfb

fZkkb\ghc�l_dklmju��ij_^klZ\eyxsbfb�kh[hc�ahgm�aZdZedb�k�j_adbfb

]jZgbpZfb��rbjbgZ�dhlhjhc�g_�ij_\urZ_l���±���f��jbk����������

Jbk�� ���� DhglZdl� k_\_jh�aZiZ^gh]h� neZg]Z� X`gh�?eZgqbdh\kdhc

Zihnbau� k� \f_sZxsbfb� f_lZfhjnbq_kdbfb� ihjh^Zfb� �ko_fZlbq_kdbc

ieZg��
GZ�dhglZdl_� k� Zfnb[heblZfb�fmkdh\blh\u_� ]jZgblu�i_j_oh^yl�\�f_edha_j-

gbklu_�fZkkb\gu_�e_cdh]jZgblu��Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Jbk�� ���� DhglZdl� k_\_jh�aZiZ^gh]h� neZg]Z� X`gh�?eZgqbdh\kdhc

Zihnbau� k� \f_sZxsbfb� f_lZfhjnbq_kdbfb� ihjh^Zfb� �ko_fZlbq_kdbc

jZaj_a��
GZ�dhglZdl_�k�ieZ]bh]g_ckZfb�fmkdh\blh\u_�]jZgblu�i_j_oh^yl�\�f_edha_j-

gbklu_�fZkkb\gu_�e_cdh]jZgblu��Mkeh\gu_�h[hagZq_gby�kf��jbk�����

<� x`ghc� qZklb� Zihnbau� fgh]hqbke_ggufb� fZjrjmlgufb

i_j_k_q_gbyfb�dhglZdlh\�fmkdh\blh\uo�]jZgblh\�k�\f_sZxsbfb

f_lZfhjnbq_kdbfb� ihjh^Zfb� \uy\e_gh� [hevrh_� jZaghh[jZab_

dhglZdlh\uo�baf_g_gbc�ihjh^guo�ZkkhpbZpbc� �jbk�����Z±_���\�h^-
gbo�kemqZyo�fmkdh\blh\u_�]jZgblu�gZ�dhglZdl_�kf_gyxlky�[bhlb-
lh\ufb� ]g_ckh]jZgblZfb�� bgh]^Z� ijbh[j_lZxsbfb� ebgah\b^gh�

ihehkqZlh_�kljh_gb_��\�^jm]bo�±�^\mkex^ygufb�]jZgblZfb��IjZd-
lbq_kdb�\h�\k_o�i_j_k_q_gbyo�gZ�dhglZdl_�]jZgblh\�k�f_lZfhjnb-
lZfb�hlf_q_gh�bgl_gkb\gh_�i_]fZlblhh[jZah\Zgb_�

H[h[sZy� \ur_baeh`_ggh_�� hlf_lbf� ke_^mxs__�� <� h[eZklb

dhglZdlZ�]jZgblh\���k�f_ahdjZlh\ufb�ieZ]bh]g_ckZfb�ijhy\e_gu

jZaghh[jZagu_�i_j_oh^gu_�ahgu�

±� f_edha_jgbklu_� hlghkbl_evgh� h^ghjh^gu_� [bhlblh\u_

]g_cku�→�ihehkqZlu_�b�ebgah\b^gh�ihehkqZlu_�[bhlblh\u_�]g_c-
ku� �fb]fZlblu��→�l_g_\u_�fb]fZlblu� �]g_ckh]jZgblu�k�mqZkldZ-
fb� ebgah\b^guo� h[hkh[e_gbb� lhgdhjZkiue_ggh]h� [bhlblZ�� →
f_edha_jgbklu_�[bhlblh\u_�]g_ckh\b^gu_�]jZgblu;

±� ebgah\b^gh�ihehkqZlu_� ]g_cku� �fb]fZlblu�� →� f_edha_j-
gbklu_� [bhlblh\u_� ]g_ckh\b^gu_� ]jZgblu� →� f_edh�kj_^g_-
a_jgbklu_�[bhlblkh^_j`Zsb_�keZ[h�]g_ckh\b^gu_�]jZgblu;

±�[bhlblh\u_�]g_cku�→�f_edha_jgbklu_�[bhlblh\u_�]g_ckh-
]jZgblu� →� kj_^g_a_jgbklu_� [bhlblh\u_� b� e_cdhdjZlh\u_� keZ[h

]g_ckh\b^gu_�b�fZkkb\gu_�]jZgblu;
±�[bhlblh\u_�]g_cku�→ «hqdh\u_ª�[bhlblh\u_�]g_cku�→�g_-

jZ\ghf_jgha_jgbklu_� [bhlblh\u_� ]g_ckh]jZgblu�→�f_edha_jgb-
klu_� e_cdhdjZlh\u_� � ]g_ckh\b^gu_� ]jZgblu� →� kj_^g_a_jgbklu_

e_cdhdjZlh\u_�]g_ckh\b^gu_�]jZgblu;
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Jbk�� ���� OZjZdl_j� dhglZdlh\uo� baf_g_gbc� ]jZgblh\� ��]h� wlZiZ� b

\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^��x`gZy�qZklv�X`gh�?eZgqbdh\kdhc

Zihnbau��
Ihykg_gb_�\�l_dkl_��mkeh\gu_�h[hagZq_gby�kf��lZ[e�����

±� f_edh�kj_^g_a_jgbklu_� e_cdhdjZlh\u_� b� [bhlblkh^_j`Z-
sb_� ]g_cku�→�fmkdh\blbabjh\Zggu_�f_edha_jgbklu_� ]g_cku� →
[bhlbl�fmkdh\blh\u_� f_edh�kj_^g_a_jgbklu_� jZkkeZgph\Zggu_

]jZgblu�

<�h[eZklb�dhglZdlZ�]jZgblh\���k�Zfnb[heblZfb�aZnbdkbjh\Z-
gu�ke_^mxsb_�i_j_oh^gu_�ahgu�

±�F_edh�kj_^g_a_jgbklu_� fZkkb\gu_� keZ[h� jZkkeZgph\Zggu_

Zfnb[heblu� →� bgl_gkb\gh� jZkkeZgph\Zggu_� Zfnb[heblu�� ih^-
\_j]gmlu_� f_edhc� kdeZ^qZlhklb� b� kh^_j`Zsb_� kh]eZkgu_� ihe_-
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\hriZlh\u_� b� d\Zjp�ihe_\hriZlh\u_� ijh`bedb� b� ebgahqdb� →
©i_]fZlbabjh\Zggu_ª� Zfnb[heblu� k� ebgahqdZfb�� ijh`bedZfb� b

`beZfb� i_]fZlblh\� b� i_]fZlhb^guo� ]jZgblh\;� f_edh�kj_^g_a_j-
gbklu_� [bhlblh\u_� ]g_ckh\b^gu_� ]jZgblu� k�`beZfb� b� ]g_a^Zfb

i_]fZlblZ�→�f_edh�kj_^g_a_jgbklu_�e_cdhdjZlh\u_�]g_ckh\b^gu_

]jZgblu�→�kj_^g_a_jgbklu_�e_cdhdjZlh\u_�fZkkb\gu_��]jZgblu�

±� Kj_^g_a_jgbklu_� fZkkb\gu_� Zfnb[heblu� →� ]jZgZlh\u_

Zfnb[heblu;�kj_^g_a_jgbklu_�[bhlblh\u_�fZkkb\gu_�]jZgblu�
±� JZkkeZgph\Zggu_� ]jZgZlh\u_� Zfnb[heblu� lhgdha_jgbklhc

kljmdlmju�→�kj_^g_a_jgbklu_�fZkkb\gu_�Zfnb[heblu��ih�kljmd-
lmj_�gZihfbgZxsb_�bgljmab\gu_�[Zablu;�kj_^g_a_jgbklu_�[bhlb-
lh\u_�]jZgblu�fZkkb\ghc�l_dklmju�k�ijh`bedZfb�i_]fZlblZ�

±� Kj_^g_a_jgbklu_� Zfnb[heblu� keZ[h� jZkkeZgph\Zggu_� →
fZkkb\gu_� Zfnb[heblu�� ih^\_j]gmlu_�f_edhc� kdeZ^qZlhklb� b� kh-
^_j`Zsb_� iZjZee_evgu_� ebgah\b^gh�\ulygmlhc� nhjfu� h[hkh[e_-
gby�ihe_\h]h�riZlZ;�kj_^g_a_jgbklu_�fmkdh\bl�[bhlblh\u_�]jZgb-
lu�→�kj_^g_a_jgbklu_�fmkdh\blh\u_�jZkkeZgph\Zggu_�]jZgblu�

±� Kj_^g_a_jgbklu_� fZkkb\gu_� Zfnb[heblu� →� Zfnb[heblu

k� ijh`bedZfb� b� ebgaZfb� i_]fZlhb^gh]h� ]jZgblZ� b� i_]fZlblZ;
kj_^g_a_jgbklu_�[bhlblh\u_�]jZgblu�

±� Kj_^g_a_jgbklu_� fZkkb\gu_� Zfnb[heblu;� f_edha_jgbklu_
[bhlblh\u_� ]jZgblu� →� kj_^g_a_jgbklu_� [bhlblkh^_j`Zsb_� b

e_cdhdjZlh\u_�]jZgblu�

±� Kj_^g_a_jgbklu_� keZ[h� jZkkeZgph\Zggu_� Zfnb[heblu� →
]jZgZlh\u_� jZkkeZgph\Zggu_� Zfnb[heblu;� g_q_ldh� ihjnbjh[eZ-
klh\u_�]g_ckh\b^gu_�]jZgblu�k�]g_a^Zfb�b�`beZfb�i_]fZlblZ�→
kj_^g_a_jgbklu_� e_cdhdjZlh\u_� ]jm[h]g_ckh\b^gu_� ]jZgblu� →
f_edha_jgbklu_�e_cdhdjZlh\u_�]g_ckh\b^gu_�]jZgblu�k�]g_a^Zfb

i_]fZlblZ�

<� � dhglZdlh\hc� ahg_� ]jZgblh\���QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z� k� \f_sZxsbfb� ]g_ckZfb� hlf_qZ_lky�� k� h^ghc� klhjhgu�

jZa\blb_�ihehkqZluo�b�©l_g_\uoª�fb]fZlblh\��Z�k�^jm]hc�±�gZeb-
qb_�dZd�ihkl_i_gguo�i_j_oh^h\�f_`^m�jZagufb�wg^hdhglZdlh\u-
fb�nZpbyfb�]jZgblh\��lZd�b�hlghkbl_evgh�j_adbo�dhglZdlh\�k�h[-
jZah\Zgb_f�wg^hdhglZdlh\hc�nZpbb�[he__�f_edha_jgbkluo�]jZgb-
lh\��<�dhglZdl_�k�fmkdh\blh\ufb�b�[bhlbl�fmkdh\blh\ufb�]jZgb-
lZfb�\f_sZxsb_�bo�]g_cku�fmkdh\blbabjh\Zgu��?).

=jZgbpu�]jZgblh\�k�Zfnb[heblZfb�ihqlb�\k_]^Z�j_adb_��ijb

wlhf� g_j_^dh� ijhy\ey_lky� ©i_]fZlblbaZpbyª� dZd� ]jZgblh\�� lZd� b

Zfnb[heblh\��<�ihke_^gbo�\�h[eZklb�dhglZdlZ�qZklh�jZa\blu�ih-
e_\hriZlh\u_�b�d\Zjp�ihe_\hriZlh\u_�ijh`bedb�b�ebgau�
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KhklZ\�b�kljh_gb_�ihkehcguo�fb]fZlblh\�\_kvfZ�jZaghh[jZa-
gu�� Nhjfbjh\Zgb_� bo� k\yaZgh� k� bgt_dpbyfb� d\Zjp�ihe_\hriZ�

lh\h]h� b� ]jZgblgh]h�fZl_jbZeZ� \h� \f_sZxsb_�f_lZfhjnbq_kdb_

ihjh^u�� Fhsghklv� \gh\v� h[jZah\Zgguo� e_cdhkhf� fh`_l� dhe_-
[Zlvky� hl� ^he_c� fbeebf_ljZ� ^h� ^_kyldh\� f_ljh\�� FZehfhsgu_

bgt_dpbb� d\Zjp�ihe_\hriZlh\h]h� khklZ\Z� ijZdlbq_kdb� g_� ijb\h-
^yl�d�baf_g_gbx� khklZ\Z�f_eZghkhf��GZb[he__� aZf_lgu_�baf_g_-
gby�km[kljZlZ�ijhbkoh^yl�ijb�nhjfbjh\Zgbb�ihkehcguo��`bevgh-
]h� lbiZ� ]jZgblguo�bgt_dpbc�fhsghklvx�hl�g_kdhevdbo�^_kyldh\

kZglbf_ljh\�^h�g_kdhevdbo�f_ljh\��<�wlbo�kemqZyo��gZijbf_j��Zf-
nb[heblh\uc�km[kljZl�\[ebab�dhglZdlZ�k�]jZgblZfb�g_j_^dh�h[h-
]Zs_g� [bhlblhf� b� ih^� \ha^_ckl\b_f�s_ehqgh�dj_fgb_\h]h�f_lZ-
khfZlhaZ� �ij_\jZs_g�\�^bhjblh\b^gmx�ihjh^m��\iehlv�^h�\hagbd-
gh\_gby� lhgZeblh\��� ijbq_f� g_ihkj_^kl\_ggh� gZ� dhglZdl_� k� ]jZ-
gblgufb�e_cdhkhfZfb�\�ih^h[guo�ihjh^Zo�gZ[ex^Z_lky�dhgp_g-
ljZpby� a_j_g�jh]h\hc�h[fZgdb�b�^Z`_�ibjhdk_gZ��Z�\�e_cdhkhfZo

jZa\b\Zxlky�fZehfhsgu_��h[h]Zs_ggu_�[bhlblhf��wg^hdhglZdlh-
\u_�ahgdb�

OZjZdl_jbklbdZ�dhglZdlh\�]jZgblh\���]h�b���]h�wlZih\

nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Fb]fZlblu�bgt_dpbhggh]h�lbiZ

OZjZdl_j�\aZbfhhlghr_gby�]jZgblh\���b�]jZgblh\���jZaghh[�

jZa_g��<�h^gbo�kemqZyo�dhglZdlh\h_�\ha^_ckl\b_�iha^gbo�]jZgblh\

gZ� [he__� jZggb_� \ujZ`Z_lky� \� Zkkbfbeypbb� g_dhlhjhc� qZklb� ih-
ke_^gbo�k�h[jZah\Zgb_f�i_j_oh^guo�ahg��<�^jm]bo�kemqZyo��\�j_-
amevlZl_� ihkehcguo� \g_^j_gbc� ]jZgblh\��� \hagbdZxl�fb]fZlblu

bgt_dpbhggh]h� lbiZ� k�jZaebqghc� kl_i_gvx�ijhy\e_gby�dhglZdlh-
\uo�baf_g_gbc�\f_sZxrbo�b�\g_^j_gguo�ihjh^�

<�hdj_klghklyo�k_eZ�Q_jgh\kdh_� �jbk������l��g�����±�����bam-
q_g�dhglZdl�kj_^g_a_jgbkluo�]jm[h]g_ckh\b^guo�[bhlblh\uo�]jZ-
gblh\� k� ihjnbjh[eZklh\ufb� [bhlblh\ufb� ]g_ckh]jZgblZfb�� kh-
^_j`Zsbfb� lZ[eblqZlu_� b� h\Zevghc�nhjfu� \u^_e_gby� ihe_\h]h

riZlZ�\�dhebq_kl\_�^h�30����Kh^_j`Zgb_�[bhlblZ�\�l_o�b�^jm]bo

jZagh\b^ghklyo�]jZgblh\�^hklb]Z_l�������d\ZjpZ�±���±�����\�ihj-
nbjh[eZklh\uo� ]g_ckh]jZgblZo� b� ��±��� �� ±� \� kj_^g_a_jgbkluo

]jZgblZo�

<� j_amevlZl_� \ha^_ckl\by� ]jZgblh\��� ijhbahreh� g_dhlhjh_

jZkdbke_gb_� ]g_ckh]jZgblh\��� k� h[jZah\Zgb_f� dhglZdlh\hc� ahgu

rbjbghc���±���f��ij_^klZ\e_gghc�g_jZ\ghf_jgha_jgbklufb�[bh-
lblkh^_j`Zsbfb��[bhlblZ��±�����]g_ckh]jZgblZfb�k�j_^dbfb
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Jbk�� ���� DhglZd-
lh\u_�baf_g_gby�]jZgblh\

��]h�b���]h�wlZih\�nhjfb-
jh\Zgby� QZrdh\kdh�

?eZgqbdh\kdh]h� fZkkb\Z

�jZchg� k_eZ� Q_jgh\kdh_�

ko_fZlbq_kdbc�jZaj_a��
Mkeh\gu_�h[hagZq_gby

kf��jbk�����

���±������ihjnbjh[eZklZfb�ihe_\h]h�riZlZ�b�ih\ur_gguf�dheb-
q_kl\hf�d\ZjpZ (��±�������D\Zjp_\uc�f_lZkhfZlha�khijh\h`^Zeky

\ughkhf�n_fbq_kdbo�we_f_glh\�b�qZklbqghc�i_j_djbklZeebaZpb_c

hkgh\ghc�fZkku� ]g_ckh]jZgblh\�O�� ijb\_^r_c� d� h[jZah\Zgbx� g_-
jZ\ghf_jgha_jgbklhc� kljmdlmju� b� mf_gvr_gbx� dhebq_kl\Z� ihj-
nbjh[eZklh\�ihe_\h]h�riZlZ�

Koh^guc� oZjZdl_j� dhglZdlh\uo� baf_g_gbc� \hagbdZ_l� ijb

\aZbfh^_ckl\bb� e_cdhdjZlh\uo� ]jZgblh\� b� ihjnbjh[eZklh\uo

[bhlblh\uo� ]g_ckh]jZgblh\�� qlh� gZ[ex^Zehkv� gZfb� \hklhqg__

dbjibqgh]h�aZ\h^Z�klZjhc�qZklb�]��0bZkkZ��jbk������l��g� 979, 980).
GZ�dhglZdl_�wlbo�ihjh^� a^_kv�lZd`_�jZa\b\Z_lky�i_j_oh^gZy� ahgZ

rbjbghc� ���±���� f�� keh`_ggZy� ]g_ckh\b^gufb� ]jZgblZfb�

bf_xsbfb�g_jZ\ghf_jgha_jgbklmx��mqZkldZfb�kj_^g_��beb�djmi-
gha_jgbklmx�hkgh\gmx�fZkkm�k�j_^dbfb��∼������ihjnbjh[eZklZfb

[_eh]h� ihe_\h]h�riZlZ�� b� oZjZdl_jbamxsbfbky� gZebqb_f� iZjZe-
e_evguo�ij_ju\bkluo�ihe_\hriZlh\uo��d\Zjp�ihe_\hriZlh\uo�b

kms_kl\_ggh� [bhlblh\uo� ihehk� rbjbghx� �±�� ff� b� ijhly-
`_gghklvx� �±�� kf��Kh^_j`Zgb_� [bhlblZ� \� wlbo� ihjh^Zo� g_� ij_-
\urZ_l� ������ gh� \[ebab� dhglZdlZ� k� ihjnbjh[eZklh\ufb� ]g_ckh-
]jZgblZfb�dhebq_kl\h�[bhlblZ�\hajZklZ_l�^h� ��±�����b�h^gh\j_-
f_ggh�m\_ebqb\Z_lky�dhebq_kl\h�ihjnbjh[eZklh\�ihe_\h]h�riZlZ

^h���±�����

Jbk������DhglZdlh\u_�baf_g_gby�]jZgblh\���]h�b���]h�wlZih\�nhjfb-
jh\Zgby� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� �jZchg� dbjibqgh]h� aZ\h^Z

klZjhc�qZklb�]��FbZkkZ��ko_fZlbq_kdbc�ieZg��
Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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=jZgblu��� � g_j_^dh� h[jZamxl� \� [he__� jZggbo� ]jZgblhb^Zo

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�ihkehcgu_�\g_^j_gby��ijb\h-
^ysb_� d� \hagbdgh\_gbx� fb]fZlblh\� bgt_dpbhggh]h� lbiZ�

LZd��\�k_\_jghc�qZklb�QZrdh\kdh]h�\uklmiZ�\�jZchg_�_]h�aZiZ^ghc

]jZgbpu� nbdkbjm_lky� q_ldbc� bgt_dpbhgguc� oZjZdl_j� dhglZdlZ

f_edha_jgbkluo�e_cdhdjZlh\uo�]g_ckh\b^guo�]jZgblh\�k�kj_^g_�

b� djmigha_jgbklufb� ihjnbjh[eZklh\ufb� [bhlblh\ufb� ]g_ckh-
]jZgblZfb��khklhysbfb�ba�ieZ]bhdeZaZ���±����dZeb_\h]h�ihe_\h]h

riZlZ���±����d\ZjpZ���±����[bhlblZ���±������jbk����Z��[��l��g������

������Ihjnbjh[eZklh\u_�\u^_e_gby�ebgah\b^gh�\ulygmlhc�nhjfu

jZaf_jhf�^h�����kf�ih�m^ebg_gbx�ij_^klZ\e_gu�ij_bfms_kl\_ggh

dZeb_\uf�ihe_\uf�riZlhf�b�aZgbfZxl�hdheh���±�����h[t_fZ�ih-
jh^u��;bhlbl�h[uqgh�keZ]Z_l�lhgdb_ (l–2�ff��ijhkehcdb��g_j_^dh
h[e_dZxsb_�ihjnbjh[eZklu��D\Zjp�h[jZam_l�ebgah\b^gu_�Z]j_]Z-
lu� f_edbo� a_j_g�� \ulygmlu_� kh]eZkgh� ]g_ckh\b^ghklb� hkgh\ghc

fZkku�

<� bgt_dpbyo� f_edha_jgbklu_� e_cdhdjZlh\u_� ]g_ckh\b^gu_

]jZgblu�qZklh�kf_gyxlky�fZkkb\gufb�jZagh\b^ghklyfb��\�khklZ\_

dhlhjuo�hlf_qZ_lky�ieZ]bhdeZa���±����dZeb_\uc�ihe_\hc�riZl���±

����d\Zjp���±����j_^dh�[bhlbl��±�����Fhsghklv�bgt_dpbc�dhe_[-
e_lky�hl����^h����f��Fhsghklv�ijhkeh_\�\f_sZxsbo�ihjnbjh[eZ-
klh\uo�]g_ckh]jZgblh\�khklZ\ey_l���±���f�

Jbk�� ���� DhglZdlh\u_� bgt_dpbb

]jZgblh\� ��]h� wlZiZ� \� ihjnbjh[eZklh\u_

]g_ckh]jZgblu� ��]h� wlZiZ� nhjfbjh\Zgby

QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� �k_�

\_jgZy�qZklv�QZrdh\kdh]h�\uklmiZ�:�Z�±�]_h-
eh]bq_kdbc� ieZg�� [� ±� ko_fZlbq_kdbc� jZa-
j_a�

���±���� ±� ghf_jZ� lhq_d� gZ[ex^_gby� ih

ebgbyf� fZjrjmlguo� i_j_k_q_gbc� dhglZdlh\

]hjguo�ihjh^��Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Ihkehcgu_� bgt_dpbb�� keh`_ggu_� fZkkb\gufb� e_cdhdjZlh-
\ufb� ]jZgblZfb�� bf_xl� qZs_� \k_]h� j_adb_� ]jZgbpu� [_a� kms_kl-
\_gguo�dhglZdlh\uo�baf_g_gbc�ihjh^��<�bgt_dpbyo�]g_ckh\b^guo

]jZgblh\�\�wg^hdhglZdl_�bgh]^Z�ijhbkoh^bl�h[h]Zs_gb_�[bhlblhf

�^h��������ijbq_f�fhsghklv�ih^h[ghc�wg^hdhglZdlh\hc�ahgu�dh-
e_[e_lky�\�ij_^_eZo��±��f�

GZ�\h^hjZa^_e_�ha��Bevf_gkdh_�±�FbZkkdbc�ijm^�jZa\blZ�p_-
eZy�k_jby�ihkehcguo�]jZgblguo�bgt_dpbc�\�ebgah\b^gh�ihehkqZ-
luo� [bhlblh\uo� b� Zfnb[he�[bhlblh\uo�fb]fZlblZo� b�� qZklbqgh�

ihjnbjh[eZklh\uo�]g_ckh]jZgblZo����jbk����Z��l��g�����±��������±

864;�jbk����[��l��g������������jbk����\��l��g�������������Km[kljZl�bgt-
_dpbhgguo�fb]fZlblh\� ih� \Zeh\hfm� khklZ\m� hl\_qZ_l� d\Zjp_\uf

fhgph^bhjblZf�� ]jZgh^bhjblZf�� ]jZghkb_gblZf� b� Zfnb[he�

[bhlblh\uf� ]jZgblZf��Bgt_dpbhgguc�fZl_jbZe� ij_^klZ\e_g� jZa-
ghh[jZagufb� ih� a_jgbklhklb� e_cdhdjZlh\ufb� ]jZgblZfb� ]g_ckh-
\b^ghc�b��j_`_��fZkkb\ghc�l_dklmju��Fhsghklv�]jZgblguo�bgt_d-
pbc� b� ijhkeh_\� \f_sZxsbo� ebgah\b^gh�ihehkqZluo�fb]fZlblh\

dhe_[e_lky�hl�i_j\uo�^_kyldh\�^h�^\mo�lj_o�khl_g�f_ljh\��=jZgb-
pu�f_`^m�]jZgblgufb�bgt_dpbyfb�b�km[kljZlhf�ijZdlbq_kdb�\k_-
]^Z�j_adb_�[_a�aZf_lgh]h�ijhy\e_gby�dhglZdlh\h]h�baf_g_gby�ih-
jh^��H^gZdh�\�jy^_�kemqZ_\�hlf_qZehkv�gZebqb_�\�]jZgblguo�bgt-
_dpbyo� \dexq_gbc� bgl_gkb\gh� ]jZgblbabjh\Zggh]h� km[kljZlZ�

ijbq_f� \� wg^hdhglZdl_� ]jZgblu� h[h]ZsZebkv� f_edhq_rmcqZluf

[bhlblhf�

X]h�\hklhqg__�klZjhc�qZklb�]��FbZkkZ�gZ�x`ghf�kdehg_�]hju

k�hlf���������gZ[ex^Zxlky�dhj_ggu_�h[gZ`_gby�ihkehcguo�fb]fZ-
lblh\��jbk������l��g� 558).�Fb]fZlblu�h[jZah\Zgu�\�j_amevlZl_�bgt-
_dpbc� kj_^g_a_jgbkluo� ]jZgblh\� \�ihjnbjh[eZklh\u_� ]g_ckh]jZ-
gblu��Khhlghr_gb_�f_eZghkhf�b�e_cdhkhf�hp_gb\Z_lky�dZd� � : 1.
Fhsghklv�]jZgblguo�bgt_dpbc�khklZ\ey_l���±���kf��f_eZghkhf�±

��±���kf��F_eZghkhfu�ij_^klZ\e_gu�ihjnbjh[eZklh\ufb�[bhlb-
lh\ufb�]g_ckh]jZgblZfb��kh^_j`Zsbfb�ieZ]bhdeZa 60,�d\Zjp���±
����[bhlbl���±�����

<�hkgh\ghc�fZkk_�]g_ckh]jZgblh\�ieZ]bhdeZa�h[jZam_l�a_jgZ

\ulygmlhc�nhjfu�jZaf_jhf�\�kj_^g_f�� × ���ff��Ihjnbjh[eZklu
ieZ]bhdeZaZ�bf_xl�h\Zevgmx�nhjfm�b�\ulygmlu�ih�^ebghc�hkb�^h

���ff��A_jgZ�d\ZjpZ�ih�jZaf_jm�agZqbl_evgh�mklmiZxl�a_jgZf�ieZ-
]bhdeZaZ� �\�kj_^g_f�� × ��ff��b�\�ZkkhpbZpbb�k�[bhlblhf�keZ]Zxl
ebgah\b^gu_� kdhie_gby� jZaf_jhf� � × 5–3 × ���ff�� hjb_glbjh\Zg-
gu_�iZjZee_evgh�^jm]�^jm]m�

E_cdhkhfu� fb]fZlblh\� ij_^klZ\e_gu� kj_^g_a_jgbklufb�

mqZkldZfb  �g_jZ\ghf_jgha_jgbklufb��  [bhlblh\ufb �]g_ckh\b^-



Jbk�� ���� Ihkehcgu_� bgt_dpbb� ]jZgblh\� ��]h� wlZiZ� nhjfbjh\Zgby� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� \� ebgah\b^gh�

ihehkqZlu_�fb]fZlblu��k_\_jgZy�qZklv�QZrdh\kdh]h�\uklmiZ��ko_fZlbq_kdbc�ieZg��
Ihykg_gb_�\�l_dkl_��mkeh\gu_�h[hagZq_gby�kf��jbk�����



88

Jbk�� ����Bgt_d-
pbhgguc� fb]fZlbl

�x]h�\hklhqgZy

hdjZbgZ�klZjhc�qZklb

]�� FbZkkZ�

l��g�������
Mkeh\gu_� h[hagZ-

q_gby�kf��jbk�����

gufb� ]jZgblZfb�

bgh]^Z� kh^_j-
`Zsbfb� g_q_ldh

\ujZ`_ggu_� ihj-
nbjh\b^gu_� \u^_e_gby� ieZ]bhdeZaZ� jZaf_jhf� � × ��ff��=jZgbpu
f_`^m� e_cdhkhfZfb� b� f_eZghkhfZfb� jZkieu\qZlu_�� gh� \� p_ehf

kh]eZkgu_� k� ebg_cghc� l_dklmjhc� km[kljZlZ�� Ijhkehb� e_cdhkhf

qZklh�\udebgb\Zxlky�

;ebadb_�ih�oZjZdl_jm�bgt_dpbhggu_�fb]fZlblu�nbdkbjmxlky

b� \� ^jm]bo� qZklyo� \h^hjZa^_eZ� ha��Bevf_gkdh_� ±�FbZkkdbc� ijm^

�jbk������l��g��������k�lhc�ebrv�jZagbp_c��qlh�bgt_dpbb�ij_^klZ\e_-
gu� f_edha_jgbklufb� e_cdhdjZlh\ufb� ]jZgblZfb� ijZdlbq_kdb

fZkkb\ghc�l_dklmju�b�bf_xl�fhsghklv�ihjy^dZ��±����f�

�����I_ljhobfbq_kdb_�hkh[_gghklb

Ih� obfbq_kdhfm� khklZ\m� ]jZgblu��� QZrdh\kdh�?eZgqbdh\-
kdh]h�fZkkb\Z�hlghkylky�d�^\mf�i_ljhobfbq_kdbf�]jmiiZf�b�q_lu-
j_f�ih^]jmiiZf��lZ[e� 6��jbk����������

I_ljhobfbq_kdZy�]jmiiZ�\ukhdhdj_fg_dbkeuo�ZkkhpbZpbc

(SiO2 = 70–73 %)

Ih^]jmiiZ� XIII �k�  � ����±������ ij_^klZ\e_gZ� ba\_kldh\h�s_-
ehqgufb �f_edha_jgbklufb �[bhlblh\ufb �]g_ckh\b^gufb� ]jZgb-

Jbk�� ����Ihkehcgu_�bgt_dpbb

f_edha_jgbkluo�e_cdhdjZlh\uo�]jZ-
gblh\� ��]h� wlZiZ� \� ihjnb-
jh[eZklh\uo� [bhlblh\uo� ]g_ckh-
]jZgblZo� ��]h� wlZiZ� nhjfbjh\Zgby

QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z� �\h^hjZa^_e� ha�� Bevf_g-
kdh_�±�FbZkkdbc�ijm^��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii�]jZgblh\���]h�wlZiZ�nhjfbjh\Zgby

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

Hdkb^u��i_ljhobfbq_kdb_�fh^mebI_ljh-
obf�

ih^]jmiiZ

��i/i;�kj_^�
agZq_gb_;
^bki_jkby

SiO2 TiO2 Al2O3 Fe2O3 FeO MgO CaO Na2O K2O q k α f n al'

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 72.71 0.12 15.76 0.09 0.75 0.46 2.10 3.80 3.75 0.77 0.16 0.65 0.50 0.61 12.12
2 71.52 0.39 15.45 0.14 1.39 0.43 2.30 3.52 3.91 0.77 0.17 0.64 0.67 0.58 7.88
3 71.31 0.33 15.18 0.37 1.65 0.68 2.07 3.71 3.75 0.75 0.16 0.67 0.64 0.60 5.62
o 71.85 0.28 15.46 0.20 1.26 0.52 2.10 3.68 3.80 0.76 0.16 0.65 0.60 0.59 7.81

XIII
(n = 3)

S2 0.570 0.02 0.084 0.022 0.215 0.019 0.025 0.02 0.008
4 70.66 0.25 15.58 0.30 1.79 0.74 1.86 3.90 3.70 0.75 0.14 0.67 0.62 0.62 5.50
5 72.50 0.19 13.81 1.09 0.93 0.50 1.44 3.90 5.00 0.75 0.10 0.86 0.69 0.54 5.48
6 71.59 0.31 14.27 0.21 1.58 0.80 1.58 4.00 5.00 0.76 0.11 0.84 0.54 0.55 5.51
7 71.08 0.02 14.92 0.84 1.08 1.01 1.16 3.60 5.00 0.75 0.09 0.76 0.51 0.52 5.09
8 70.95 0.40 14.75 0.07 1.91 0.32 1.34 3.92 5.15 0.75 0.10 0.81 0.79 0.54 6.41
9 70.04 0.61 14.45 0.45 1.94 0.31 1.62 3.56 6.66 0.72 0.10 0.90 0.82 0.44 5.35

10 (499) 71.59 0.21 15.13 1.25 1.40 0.26 1.48 5.60 2.70 0.75 0.10 0.80 0.78 0.76 5.2
11 (486) 72.22 0.23 14.72 0.30 0.99 0.32 1.35 4.43 4.05 0.76 0.09 0.79 0.72 0.62 9.14
12 (661) 71.44 0.61 13.43 1.19 0.89 0.50 0.90 3.30 5.90 0.76 0.06 0.88 0.68 0.45 5.20

13 (661/1) 70.78 0.53 14.94 0.68 0.95 0.43 1.99 4.30 3.60 0.76 0.14 0.73 0.65 0.64 7.25
14 (674) 73.26 0.40 13.44 0.86 0.65 0.19 0.86 3.70 5.20 0.78 0.06 0.87 0.80 0.52 7.90
15 (675) 71.10 0.56 14.19 0.84 1.10 0.37 1.17 3.70 4.80 0.76 0.09 0.80 0.74 0.54 6.14
16 (677) 70.18 0.77 13.91 1.72 1.22 0.52 1.21 4.00 4.70 0.74 0.08 0.84 0.76 0.56 4.02

17 (639/1) 72.94 0.09 14.81 0.34 0.97 0.25 1.07 4.20 4.90 0.76 0.07 0.83 0.74 0.57 9.49

18 (640) 70.19 0.36 15.40 1.19 1.45 0.57 1.98 4.10 3.60 0.74 0.14 0.69 0.73 0.63 2.06

XIV
(n = 22)

19 (635) 72.10 0.13 13.73 0.57 1.19 0.20 1.35 3.40 6.00 0.76 0.09 0.89 0.82 0.48 7.0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
20 (635/1) 70.86 0.26 14.10 0.90 1.08 0.51 1.58 4.00 5.60 0.74 0.10 0.90 0.68 0.52 5.66
21 (660) 72.32 0.20 13.75 0.61 1.79 0.39 1.13 3.40 4.75 0.77 0.08 0.78 0.80 0.52 4.93
22 (613) 70.46 0.18 14.38 1.22 1.22 0.40 1.34 3.85 4.80 0.75 0.09 0.80 0.75 0.55 5.06
23 (659) 70.40 0.10 15.14 0.85 0.96 0.27 1.54 4.40 4.80 0.73 0.10 0.82 0.80 0.58 7.28

24 (609/1) 71.40 0.21 13.31 1.50 1.56 0.43 1.32 3.70 4.70 0.75 0.09 0.85 0.79 0.54 3.81
25 (644/1) 70.36 0.33 15.27 0.66 1.05 0.47 1.65 4.70 3.40 0.75 0.11 0.75 0.67 0.68 7.0

o 71.39 0.39 14.42 0.75 1.26 0.48 1.38 4.00 4.73 0.76 0.09 0.82 0.70 0.56 5.79
S2 0.94 0.044 0.455 0.191 0.133 0.042 0.095 0.114 0.864

XV 26 (637) 71.35 0.13 14.30 0.61 1.21 0.32 1.09 4.60 5.80 0.78 0.06 0.97 0.68 0.54 6.68
27 76.75 0.12 12.39 0.33 0.86 0.38 1.71 2.50 4.92 0.81 0.14 0.75 0.65 0.43 7.89
28 76.04 0.16 12.88 0.64 1.09 0.26 1.29 3.08 3.68 0.81 0.11 0.71 0.79 0.56 6.44
29 76.00 0.16 12.88 0.32 1.16 0.36 1.20 3.44 3.84 0.88 0.10 0.76 0.69 0.58 7.0
30 75.22 0.13 12.98 1.02 0.96 0.19 1.43 4.00 4.00 0.78 0.11 0.85 0.83 0.60 5.98
31 74.02 0.18 14.09 0.74 0.86 0.28 1.29 3.82 2.40 0.81 0.12 0.62 0.75 0.71 7.49
32 75.64 0.05 13.80 0.31 0.63 0.19 1.12 4.00 3.24 0.80 0.09 0.74 0.72 0.65 7.34
33 75.05 0.08 14.56 0.09 0.86 0.56 1.40 3.81 3.16 0.80 0.12 0.66 0.48 0.64 9.64
34 74.90 0.18 13.20 0.77 0.97 0.39 1.41 3.92 4.40 0.78 0.10 0.85 0.69 0.57 6.20
35 74.05 0.04 14.86 0.07 0.66 0.16 1.57 3.82 3.32 0.80 0.13 0.66 0.71 0.63 16.69
o 15.29 0.12 13.52 0.48 0.89 0.31 1.38 3.60 3.66 0.80 0.11 0.73 0.70 0.60 8.04

XVI
(n = 9)

S2 0.837 0.003 0.721 0.108 0.03 0.016 0.033 0.248 0.546
36 76.80 0.12 12.30 0.43 1.02 0.36 0.44 2.92 3.76 0.83 0.04 0.71 0.69 0.54 6.79
37 73.31 0.26 12.73 0.45 1.81 1.24 1.44 3.78 3.71 0.83 0.11 0.80 0.74 0.61 3.64
38 75.09 0.10 12.48 0.30 0.74 1.20 0.70 3.68 5.00 0.77 0.05 0.91 0.32 0.53 5.57

XVII
(n = 17)

39 73.45 0.10 13.82 0.98 0.40 0.38 0.68 4.23 4.86 0.78 0.05 0.84 0.67 0.55 7.85
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
40 (572) 76.08 0.14 11.96 0.94 1.56 0.33 0.82 5.10 2.00 0.79 0.06 0.88 0.80 0.79 4.23
41 (547) 76.58 0.08 12.04 0.83 0.74 0.10 0.70 4.00 4.25 0.80 0.05 0.91 0.87 0.56 7.25
42 (568) 76.58 0.08 12.03 0.57 0.99 0.15 0.74 4.20 4.30 0.79 0.05 0.95 0.83 0.59 7.03
43 (195) 75.56 0.11 13.06 0.75 0.72 0.43 0.47 4.23 4.57 0.78 0.03 0.92 0.63 0.58 6.87

44 (196/1) 76.77 0.10 12.65 0.99 0.73 0.11 0.38 3.93 3.57 0.81 0.03 0.81 0.88 0.63 6.91
45 (202) 74.33 0.09 13.95 1.17 0.48 − 0.57 4.15 4.56 0.78 0.04 0.81 1.00 0.58 8.45
46 (205) 76.95 0.12 11.72 1.25 1.26 0.16 0.38 2.90 4.32 0.81 0.04 0.81 0.89 0.50 4.39

47 (206/1) 76.95 0.10 12.26 0.75 1.08 0.05 0.38 3.43 4.16 0.81 0.03 0.83 0.92 0.55 6.52
48 (527) 75.12 0.14 12.84 0.06 1.25 0.18 0.95 2.80 5.90 0.79 0.07 0.86 0.79 0.42 8.62

49 (527/1) 75.80 0.13 12.69 0.05 0.79 0.12 0.75 3.40 5.10 0.80 0.06 0.87 0.80 0.50 13.22
50 (497) 75.08 0.17 12.95 0.58 1.46 0.18 0.87 4.05 4.60 0.77 0.06 0.90 0.85 0.57 5.83
51 (508) 76.23 0.13 13.15 0.50 0.90 0.24 0.96 4.70 3.00 0.79 0.07 0.84 0.75 0.70 8.02
52 (672) 74.44 0.20 13.60 0.68 1.79 0.17 1.03 5.20 1.50 0.79 0.09 0.75 0.89 0.84 5.15

o 75.42 0.13 12.87 0.57 1.03 0.34 0.71 3.79 4.19 0.79 0.05 0.83 0.77 0.58 6.63
S2 1.453 0.002 0.445 0.13 0.18 0.17 0.08 0.507 1.216

53 (492) 73.18 0.16 14.15 0.28 1.10 0.29 1.07 3.97 4.80 0.77 0.08 0.83 0.73 0.55 8.47
54 (496) 72.24 0.19 14.39 0.47 1.20 0.32 0.93 4.90 4.39 0.75 0.06 0.89 0.77 0.63 7.2

55 (668/1) 72.56 0.45 14.35 0.83 0.71 0.36 1.05 3.70 4.70 0.77 0.08 0.78 0.70 0.54 7.55
56 (669) 73.20 0.39 13.45 0.53 0.83 0.27 0.99 3.40 5.00 0.78 0.08 0.76 0.75 0.51 8.25

57 (669/1) 70.60 0.35 13.93 0.71 1.91 0.41 0.95 3.40 4.90 0.76 0.07 0.78 0.77 0.51 4.6
58 (620) 69.24 0.36 15.72 1.04 0.95 0.52 1.68 5.75 3.30 0.72 0.09 0.83 0.68 0.73 6.26
59 (551) 72.54 0.13 14.29 0.36 1.29 0.34 1.10 3.80 5.05 0.73 0.08 0.82 0.73 0.53 7.15
60 (601) 72.60 0.18 13.64 0.64 1.04 0.22 1.02 3.80 5.30 0.77 0.07 0.88 0.81 0.52 7.18

61 (619/3) 69.82 0.34 15.74 0.91 1.07 0.60 1.72 5.15 3.30 0.73 0.11 0.77 0.65 0.70 6.1
62 (643) 72.01 0.15 14.25 0.59 1.28 0.34 1.18 3.90 5.30 0.75 0.08 0.85 0.75 0.53 6.45

o 72.35 0.31 14.05 0.56 1.15 0.33 1.00 3.87 4.76 0.77 0.07 0.81 0.74 0.55 6.89

XIV
(n = 10)

S2 2.313 0.016 0.722 0.151 0.288 0.015 0.115 0.747 0.572
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
63 (669/2) 73.40 0.37 13.36 0.77 1.43 0.28 0.89 3.70 4.83 0.77 0.07 0.85 0.80 0.54 5.39
64 (644) 74.03 0.13 14.15 0.69 0.60 0.25 0.96 3.00 4.50 0.80 0.08 0.69 0.67 0.52 9.19

o 73.71 0.25 13.75 0.73 1.01 0.26 0.93 3.35 4.65 0.78 0.07 0.77 0.73 0.53 6.87

XVII
(n = 2)

S2 0.192 0.034 0.32 0.32 0.336 0.032 0.002 0.245 0.045
XIII 65 72.77 0.18 14.23 0.86 1.20 0.19 1.46 2.82 4.16 0.79 0.13 0.64 0.87 0.50 6.32

66 73.10 0.13 14.56 0.26 1.11 0.26 1.07 3.67 4.78 0.78 0.08 0.77 0.78 0.54 8.93
67 72.83 0.07 14.69 0.30 0.65 0.70 1.01 3.82 5.20 0.77 0.07 0.80 0.50 0.52 8.90
68 72.04 0.28 14.32 0.68 0.97 0.54 1.19 4.00 5.00 0.76 0.08 0.84 0.68 0.55 6.54
69 71.74 0.26 14.32 0.64 1.08 0.52 1.14 4.00 4.57 0.76 0.08 0.81 0.72 0.57 6.39

70 (530) 71.64 0.20 14.56 0.36 1.48 0.32 1.07 3.40 4.50 0.77 0.08 0.72 0.79 0.53 6.74
71 (491) 72.60 0.19 14.53 0.35 1.58 0.31 1.15 3.61 4.60 0.77 0.08 0.75 0.82 0.54 6.49
72 (494) 72.97 0.16 14.10 0.58 0.92 0.36 0.91 4.24 4.70 0.76 0.06 0.86 0.69 0.58 7.58
73 (489) 72.88 0.19 14.36 0.52 1.02 0.32 1.01 4.00 4.70 0.77 0.07 0.82 0.74 0.56 7.72
74 (490) 72.81 0.21 14.35 0.44 1.27 0.32 1.02 4.05 4.75 0.76 0.07 0.82 0.77 0.56 7.07
75 (667) 72.82 0.34 13.54 0.61 1.12 0.25 0.85 3.60 4.90 0.78 0.06 0.83 0.79 0.53 6.84
76 (668) 71.74 0.35 13.56 0.52 2.27 0.31 0.89 3.40 4.50 0.77 0.07 0.78 0.84 0.53 4.37
77 (634) 72.36 0.10 14.03 0.61 1.07 0.19 1.02 4.40 4.55 0.76 0.09 0.87 0.85 0.59 7.50
78 (553) 72.00 0.18 14.21 0.64 0.96 0.40 1.43 4.10 4.85 0.76 0.09 0.84 0.68 0.56 7.10
79 (554) 72.69 0.14 14.18 0.79 0.98 0.39 1.00 3.70 4.60 0.77 0.07 0.79 0.71 0.55 6.56
80 (555) 72.16 0.15 14.22 0.55 1.57 0.35 1.08 3.20 5.15 0.77 0.08 0.77 0.76 0.48 5.76

81 (624/1) 72.10 0.14 14.85 0.77 0.65 0.20 1.14 4.50 3.90 0.77 0.08 0.78 0.97 0.64 9.17
82 (627) 72.44 0.12 14.19 0.70 0.86 0.21 1.03 3.30 5.10 0.78 0.08 0.77 0.79 0.49 8.01
83 (628) 72.36 0.16 14.12 0.78 1.01 0.25 1.00 4.40 4.70 0.77 0.07 0.83 0.79 0.56 6.92
84 (630) 73.10 0.17 14.10 0.62 0.83 0.24 1.03 3.60 5.15 0.78 0.07 0.81 0.79 0.51 8.34
85 (632) 73.26 0.12 13.70 0.64 0.95 0.21 1.03 3.15 5.15 0.78 0.08 0.79 0.78 0.48 7.61

o 72.47 0.22 14.26 0.48 1.22 0.38 1.03 3.80 4.74 0.77 0.07 0.80 0.74 0.55 6.85

XIV
( n = 20)

S2 0.247 0.006 0.12 0.033 0.092 0.019 0.016 0.14 0.096



H d h g q Z g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
86 (619/1) 70.42 0.11 15.15 0.49 0.77 0.21 1.01 4.00 7.20 0.73 0.06 0.95 0.76 0.46 10.31
87 (550) 72.59 0.11 13.68 0.64 1.74 0.23 0.80 3.90 5.35 0.76 0.05 0.89 0.86 0.53 5.24

o 71.50 0.11 14.42 0.56 0.75 0.22 0.90 3.95 6.28 0.74 0.06 0.92 0.81 0.49 9.42

XV
(n = 2)

S2 2.376 0 1.066 0.013 0.0008 0.0002 0.02 0.005 1.73
88 75.07 0.10 14.20 0.07 1.10 0.39 1.69 3.76 3.36 0.80 0.13 0.69 0.69 0.63 9.10
89 75.00 0.12 13.73 0.54 0.49 0.20 1.15 3.62 3.21 0.81 0.10 0.68 0.67 0.63 11.16
90 73.40 0.09 14.72 0.07 1.06 0.09 1.77 4.06 3.92 0.78 0.13 0.74 0.89 0.61 8.04
91 73.38 0.13 13.85 0.19 1.08 0.70 1.58 3.60 4.80 0.77 0.12 0.80 0.57 0.53 7.03
o 74.21 0.11 14.12 0.22 0.93 0.34 1.55 3.76 3.82 0.79 0.12 0.73 0.70 0.60 9.48

XVI
(n = 4)

S2 0.903 0.0003 0.197 0.049 0.087 0.071 0.076 0.045 0.198
92 (529) 74.94 0.23 12.23 0.17 1.08 0.24 0.67 3.20 4.80 0.80 0.05 0.85 0.74 0.50 8.20
93 (666) 73.94 0.30 13.55 0.53 1.20 0.24 0.86 3.70 4.90 0.79 0.06 0.84 0.80 0.53 6.88

94 74.58 0.05 13.49 0.08 0.75 0.30 1.15 4.00 5.00 0.78 0.08 0.89 0.69 0.55 11.94
95 74.50 0.10 13.80 0.21 0.97 0.58 1.13 3.84 4.88 0.78 0.08 0.84 0.58 0.54 7.0
96 74.12 0.14 13.40 0.25 0.71 0.49 1.12 3.12 5.00 0.79 0.09 0.79 0.59 0.49 8.70
97 73.86 0.20 13.72 0.24 1.25 0.58 1.13 3.60 5.00 0.77 0.08 0.83 0.64 0.52 6.63
98 73.81 0.16 14.41 0.35 0.93 0.12 0.91 3.23 5.29 0.79 0.07 0.77 0.90 0.48 10.29
99 73.42 0.19 14.08 1.23 0.95 0.66 0.96 3.00 4.16 0.76 0.08 0.67 0.70 0.52 4.96
o 74.15 0.17 13.58 0.38 0.98 0.40 0.99 3.46 4.88 0.78 0.07 0.81 0.70 0.52 7.71

XVII
(n = 8)

S2 0.244 0.006 0.304 0.135 0.036 0.04 0.03 0.137 0.637
XVIII 100 73.38 0.04 14.51 0.74 0.14 0.26 0.40 4.14 4.21 0.79 0.03 0.79 0.69 0.60 12.7

I j b f _ q Z g b _ . 1−52 −�[bhlblh\u_�b�e_cdhdjZlh\u_�]g_ckh]jZgblu; 53−64 −�^\mkex^ygu_�]jZgblu; 65−100 −�fmkdh\b-
lh\u_�]jZgblu�

:gZebau� �−9, 27−39, 65−69, 88−���� ba� dhee_dpbc� <��B��Xj_pdh]h� b� ^j�� ������;� hklZevgu_� ZgZebau� −� dhee�
;��G��I_jfydh\Z�



Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ��k�±�SiO2 – α�]jZgblh\���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
��±�e_cdhdjZlh\u_�]g_ckh]jZgblu�b�]jZgblu����±�[bhlblh\u_�]g_ckh]jZgblu�b�]jZgblu����±�^\mkex^ygu_�]jZgblu����±�fmkdh\blh\u_�]jZ-

gblu����±�[bhlblh\u_�]g_ckh]jZgblu�b�]jZgblu�Durlufkdh]h�fZkkb\Z����±�Zj_Ze�i_ljhobfbq_kdhc�ih^]jmiiu�b�__�ghf_j�

Pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�kf��jbk�����



Jbk�� ���� I_ljhobfbq_kdZy� ^bZ]jZffZ� � f – SiO2 – n� � ]jZgblh\� ��]h� wlZiZ� nhjfbjh\Zgby� QZrdh\kdh�?eZgqbdh\kdh]h
fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk������pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�±�jbk�����b����
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lZfb X`gh�?eZgqbdh\kdhc Zihnbau� bf_xsbfb�mf_j_ggmx� kl_-
i_gv� s_ehqghklb�� gbadmx� `_e_abklhklt� b� gbadhgZljb_\uc� lbi

s_ehqghklb��>ey�wlbo�]jZgblh\�oZjZdl_jgu�klZ[bevgu_�ihdZaZl_-
eb�\_ebqbg�ba\_kldh\bklhklb��kl_i_gb�s_ehqghklb��α = 0.64–0.67)�b
lbiZ� s_ehqghklb� �n  � ������� G_dhlhju_� \ZjbZpbb� hlf_qZxlky
lhevdh�ih�kl_i_gb�`_e_abklhklb��f = 0.50–0.66).

Hibku\Z_fu_� ]jZgblu� jZkijhkljZg_gu� \�X`gh�?eZgqbdh\-
kdhc�Zihnba_�\�ij_^_eZo�wg^hdhglZdlh\hc�ahgu�k�ieZ]bh]g_ckZfb

_eZgqbdh\kdhc�lhesb��Ih�\g_rg_fm�\b^m�ij_^klZ\eyxl�kh[hc�ih-
jh^u� f_edh�� b� f_edh�kj_^g_a_jgbklhc� kljmdlmju�� ]g_ckh\b^ghc

l_dklmju�� bgh]^Z� kh^_j`Zsb_� lhgdb_� iZjZee_evgu_� ijhkehcdb�

gZkus_ggu_�[bhlblhf�

Ih^]jmiiZ�;,9���k� �����±0.14)�h[t_^bgy_l�km[s_ehqgu_�f_e-
dh��b�kj_^g_a_jgbklu_�e_cdhdjZlh\u_�b�[bhlblh\u_�]jZgblu��jZa-
\blb_�\�k_\_jghc�qZklb�QZrdh\kdh]h�\uklmiZ��Z�lZd`_�fmkdh\blh-
\u_� b� ^\mkex^ygu_� ]jZgblu�X`gh�?eZgqbdh\kdhc� Zihnbau�� D

wlhc�`_�ih^]jmii_�hlghkylky�f_edha_jgbklu_�[bhlblh\u_�]jZgblu

Durlufkdh]h�fZkkb\Z�

Fmkdh\blh\u_�b�^\mkex^ygu_�]jZgblu�hlebqZxlky�hl�^jm]bo

\ur_i_j_qbke_gguo� jZagh\b^ghkl_c� ]jZgblh\� ih^]jmiiu� OIV
ihgb`_gghc� ba\_kldh\bklhkltx� �k�  � ����±�������f_gvrbfb� \_eb-
qbgZfb�kl_i_gb�s_ehqghklb��α� �����±�������ih\ur_gghc�`_e_ab-
klhklvx� �f  � ����±������ b� ih\ur_gghc� dZeb_\hklvx� �dZeb_\h�
gZljb_\uc�lbi� n =�����±�������F_edha_jgbklu_�[bhlblh\u_�]jZgb-
lu�Durlufkdh]h�fZkkb\Z�oZjZdl_jbamxlky�[he__�rbjhdbf�^bZiZ-
ahghf� \_ebqbg� kl_i_gb�s_ehqghklb� �hl� mf_j_ggh� ^h� \ukhdhs_-
ehqguo�lbih\��α� �����±�������kl_i_gb�`_e_abklhklb��hl�gbadh��^h
\ukhdh`_e_abkluo�lbih\�� f� � �����±������� gh�ih�lbim�s_ehqghklb
koh^gu�k�fmkdh\blh\ufb�]jZgblZfb��F_edha_jgbklu_�[bhlblh\u_

]jZgblu� QZrdh\kdh]h� \uklmiZ� h[eZ^Zxl� mklhcqb\uf� gbadhgZ-
ljb_\uf�mdehghf��n� �����±�������gbadhc�b�mf_j_gghc�`_e_abklh-
klvx��f� �����±�������ihgb`_gghc�kl_i_gvx�s_ehqghklb��α = 0.67–
������b�aZf_lgufb�\ZjbZpbyfb�\�\_ebqbgZo�ba\_kldh\bklhklb��k� 

����±�������F_edha_jgbklu_� e_cdhdjZlh\u_� ]g_ckh\b^gu_� ]jZgb-
lu�� jZkijhkljZg_ggu_� \� QZrdh\kdhf� \uklmi_� b� X`gh�

?eZgqbdh\kdhc� Zihnba_� oZjZdl_jbamxlky� hlghkbl_evgh�rbjhdbf

^bZiZahghf� lZdbo� i_ljhobfbq_kdbo� ihdZaZl_e_c�

dZd� ba\_kldh\bklhklv� �c�  � ����±������� kl_i_gv� s_ehqghklb

(α� �����±������b�lbi�s_ehqghklb� �hl�gZljb_\h�dZeb_\h]h�^h�gba-
dhgZljb_\h]h�lbih\��n = 0.45–0.63).
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I_ljhobfbq_kdZy�]jmiiZ�\_kvfZ�\ukhdhdj_fg_dbkeuo

ZkkhpbZpbc���SiO2 > 73 %)

Ih^]jmiiZ XVI �k� �����±������ �ij_^klZ\e_gZ�f_edha_jgbklu-
fb� [bhlblh\ufb� b�� \�f_gvr_c� f_j_��fmkdh\blh\ufb� ]jZgblZfb�

hlghkysbfbky� d� ba\_kldh\h�s_ehqghfm� jy^m� b� bf_xsbfb� ihgb-
`_ggmx� kl_i_gv�s_ehqghklb�� mf_j_ggmx�`_e_abklhklv�� dZeb_\h�

gZljb_\uc�b�gbadhgZljb_\uc�lbi�s_ehqghklb�

Ih^]jmiiZ�OVII  �k� �����±�������h[t_^bgy_l�km[s_ehqgu_�fmk-
dh\blh\u_�b�^\mkex^ygu_�]jZgblu��f_edha_jgbklu_�e_cdhdjZlh\u_

fZkkb\gu_� ]jZgblu��Z�lZd`_�f_edha_jgbklu_�[bhlblh\u_� ]jZgblu�

>ey�ihke_^gbo�oZjZdl_jgu�gbadb_�ihdZaZl_eb�ba\_kldh\bklhklb��k� 

����±������ �b�ih\ur_ggZy� kl_i_gv�s_ehqghklb� �]jZgbqgZy�h[eZklv

mf_j_ggh�b�\ukhdhs_ehqguo�lbih\��α� �����±�������Ih�ba\_kldh\b-
klhklb��kl_i_gb�s_ehqghklb�b�lbim�s_ehqghklb�d�[bhlblh\uf�]jZ-
gblZf�[ebadb�f_edha_jgbklu_�e_cdhdjZlh\u_�]g_ckh\b^gu_�]jZgb-
lu�� \� lh� `_� \j_fy� hlebqZxsb_ky� hl� [bhlblh\uo� jZagh\b^ghkl_c

[he__�\ukhdhc�`_e_abklhkltx��f = 0.80–0.95).
Fmkdh\blh\u_�b�^\mkex^ygu_� ]jZgblu�bf_xl�hlghkbl_evgh

klZ[bevgmx�ba\_kldh\bklhklv��k� �����±�������rbjhdb_�\ZjbZpbb�\

kl_i_gb�s_ehqghklb��α� �����±�������gbadmx�b�mf_j_ggmx�`_e_ab-
klhklv��f� �����±�������b�ih\ur_ggmx�dZeb_\hklv��ij_bfms_kl\_g-
gh�dZeb_\h�gZljb_\uc�lbi��n� �����±�������>ey�e_cdhdjZlh\uo�fZk-
kb\guo� ]jZgblh\� lZd`_� oZjZdl_jgu� aZf_lgu_� dhe_[Zgby� \_ebqbg

ijZdlbq_kdb�\k_o�i_ljhobfbq_kdbo�iZjZf_ljh\�

<�hlebqb_�hl� ]jZgblhb^h\���� ]jZgblu���keZ[h�^bnn_j_gpbjh-
\Zgu�ih�dj_fg_dbkehlghklb�b�ij_^klZ\e_gu�lhevdh�^\mfy�i_ljhob-
fbq_kdbfb�]jmiiZfb��\ukhdhdj_fg_dbkehc��SiO2 = 70–73 %) b�\_kv-
fZ�\ukhdhdj_fg_dbkehc� �SiO2  �����±���������JZkkfZljb\Z_fu_�]jZ-
gblu�koh^gu� k�ZgZeh]bqgufb�i_ljhobfbq_kdbfb� ]jmiiZfb� ]jZgb-
lhb^h\��� ih� ba\_kldh\bklhklb� �ba\_kldh\h�s_ehqgu_� b� km[s_ehq-
gu_�ZkkhpbZpbb���kl_i_gb�s_ehqghklb��mf_j_gguc�b�\ukhdhs_ehq-
ghc�lbiu���kl_i_gb�`_e_abklhklb��kms_kl\_ggh�`_e_abklZy�k_jby��f
!� ������b� lbim�s_ehqghklb� � �ij_bfms_kl\_ggh�gZljb_\uc� mdehg��

H^gZdh�� ^ey� g_dhlhjhc� qZklb� ]jZgblh\��� oZjZdl_jgZ� ihgb`_ggZy

gZljh\hklv� �dZeb_\h�gZljb_\uc� lbi��� qlh� hlf_qZ_lky� \�fmkdh\blh-
\uo��^\mkex^yguo�b�e_cdhdjZlh\uo�]g_ckh\b^guo�]jZgblZo�

�����=_hobfbq_kdb_�hkh[_gghklb

Ih� kh^_j`Zgbx� b� jZkij_^_e_gbx� jy^Z� we_f_glh\�ijbf_k_c

jZagh\b^ghklb� ]jZgblh\��� \h� fgh]hf� [ebadb�� gh� nbdkbjmxlky�

lZd`_��b�g_dhlhju_�bo�]_hobfbq_kdb_�hlebqby��lZ[e�����jbk������



L Z [ e b p Z � �

Kh^_j`Zgb_�we_f_glh\�ijbf_k_c��]�l��\�]jZgblZo���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

We_f_gl�

i�i

�

ijh[u Cr V Ti Cu Zn Pb As Sr Ba Ga Y Zr Rb Nb Rb/Sr Sr/Ba

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 486 − 6 1492 − 24 29 8 416 − 18 − 123 154 10 0.32 −
2 635 − − 2407 − 42 54 − 337 − 23 − 65 176 9 0.52 −
3 639/1 − − 2720 35 25 72 8 230 − − 15 50 141 11 0.61 −
4 659 − − 1247 − 46 85 5 458 − 18 − 97 163 15 0.35 −
5 691 78 83 3714 144 95 25 − 703 1310 − − 435 142 16 0.20 0.54
6 695 − − 561 100 56 48 7 21 345 − 15 68 271 23 12.9 0.06
7 708/2 − 12 358 170 35 50 − 8 − − 5 38 173 8 21.6 −
8 740 53 24 1047 65 44 − 7 368 573 27 − 75 127 17 0.34 0.64
9 746/3 − 29 522 128 23 − 9 344 651 − − 33 138 − 0.4 0.53
10 784 49 − 607 83 60 24 − 60 − − 8 195 184 15 3.1 −
11 786/1 39 73 2250 107 29 − 13 677 113 − − 159 118 − 0.17 0.6
12 792/2 61 32 937 156 41 47 − 60 550 13 13 300 170 14 2.8 0.1
13 797 46 13 507 196 86 − 5 24 310 29 13 210 117 15 4.9 0.07
14 832 − 30 2310 134 53 − 12 333 82 − 10 212 118 12 0.35 0.41
15 839/1 56 34 760 73 34 32 9 257 620 27 − 60 127 − 0.49 0.41
16 842 67 20 610 95 20 − 5 63 357 − 8 141 181 12 2.9 0.18
17 848 52 51 2586 166 85 30 − 780 883 33 − 150 100 12 0.13 0.88

18 848/1 52 56 2270 203 83 − − 763 905 50 − 174 96 − 0.12 0.84
19 864/1 − 31 760 11 39 35 − 326 627 30 6 97 127 12 0.39 0.52



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

20 869 − 32 970 140 66 39 − 115 655 − 25 365 160 15 1.39 0.17
21 878 107 28 780 120 38 16 11 242 390 13 − 104 132 12 0.54 0.62
22 195 − − 1050 6 5 20 7 13 − 7 23 273 144 14 11 −
23 196/1 − − 886 − 52 10 6 3 1 9 15 145 142 21 47 3
24 197 1 2 1510 28 50 29 3 2 − 13 11 155 156 17 78 −
25 198 − 2 1090 21 37 8 5 42 − 14 18 127 113 18 2.7 −
26 202 − − 1236 13 28 20 − 61 − 16 12 115 147 18 2.4 −
27 205 7 6 2564 52 40 20 − 22 − 13 31 147 150 16 6.8 −
28 206/1 6 3 2200 23 48 26 − 7 − 7 16 141 165 21 23.6 −
29 602 − − 1390 31 24 34 10 23 − 37 32 119 314 34 13.6 −
30 623 − − 3680 − 98 31 − 26 − − 10 292 26 9 1.0 −
31 684/1 44 37 720 57 63 27 3 597 756 15 − 62 95 9 0.16 0.79
32 702 62 − 229 99 43 104 − 140 − 48 − 29 155 12 1.1 −
33 708 − 19 407 195 36 25 7 11 − − − 127 171 9 15.5 −
34 710 75 16 407 133 − 10 9 13 − − 16 178 139 14 10.7 −
35 792/1 − 12 627 176 41 − 10 36 − 18 14 205 162 20 4.5 −
36 792/3 40 13 589 111 78 − − 18 312 − 8 257 159 14 8.8 −
37 800 55 15 667 197 − − − 28 − − 14 226 181 19 6.46 −
38 700/2 53 17 5860 110 78 59 − 399 75 − − 87 133 − 0.33 0.53
39 808 60 23 1790 133 77 − 5 145 973 16 25 335 141 21 1 0.15
40 826 − 16 588 172 57 32 − 49 440 − 23 218 149 17 3.04 0.11
41 827 56 − 591 158 58 36 − 5 − − − 155 121 9 24 −



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

42 828 − − 569 95 48 − 4 35 312 − 17 306 117 18 3.3 0.11
43 876 − 34 958 126 63 21 − 51 658 − 16 315 162 18 3.18 0.08
44 508 − − 1580 60 40 30 − 283 − 23 − 103 158 12 0.56 −
45 635/1 − − 2870 − 33 54 9 248 − 13 − 195 198 10 0.8 −
46 635/2 − − 3810 − 10 43 10 185 − 49 − 146 170 12 0.92 −
47 660 − − 3760 − 163 64 − 632 − 43 − 130 153 17 0.24 −
48 700/2 53 17 590 110 78 59 − 400 750 − − 87 133 − 0.33 0.53
49 762 40 20 700 86 30 29 − 357 350 20 − 57 37 7 0.1 1
50 762/1 43 24 440 96 − 53 8 254 400 − − 25 120 − 0.47 0.63
51 793/3 − − 550 160 37 − 7 82 − 19 8 200 155 12 1.9 −
52 798 48 23 520 44 24 32 − 120 410 − 22 142 120 12 1 0.29
53 807 42 15 580 152 56 35 − 4 350 20 − 200 143 10 36 0.01
54 821 55 16 450 137 37 34 − 13 − − − 180 154 15 12 −
55 824 92 18 674 210 85 − − 15 − 19 1.0 468 143 15 9.5 −
56 572 − − 1516 40 23 − 10 41 − 24 16 109 93 15 2.27 −
57 613 − − 3510 − 62 33 6 130 − 18 5 122 194 9 1.49 −
58 615 5 − 2700 − 72 41 − 110 − 22 7 114 181 16 1.6 −
59 783 71 17 466 101 26 14 − 30 − − 9 121 92 7 3 −
60 785/3 − 51 2150 134 72 − 12 426 843 16 10 136 100 18 0.23 0.5
61 796 50 30 975 162 43 − 9 59 450 24 19 263 195 17 3.3 0.13
62 831 − 31 974 134 51 − 6 49 596 17 14 221 170 17 3.47 0.08
63 834 − 37 1105 151 64 34 − 42 514 − 11 237 193 18 4.6 0.08



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

64 497 − − 2184 − − 33 8 56 − − 17 193 180 18 3.2 −
65 499 − − 2464 − 71 39 − 360 − 430 − 97 120 17 0.33 −
66 813 − 15 526 117 49 28 − 1 − − 10 120 195 15 195 −
67 816/1 70 22 491 194 54 − − 7 − − 10 190 164 12 23 −
68 701/1 56 13 277 66 42 90 − 177 − 26 31 159 131 9 0.74 −
69 706/1 64 27 1100 153 76 23 − 60 570 34 140 284 80 13 1.33 0.1
70 719/1 65 − 1266 89 48 31 − 163 577 − 12 156 148 26 0.9 0.28
71 817 54 23 607 77 59 − − 42 − − − 210 133 − 3.17 −
72 825 42 15 556 157 45 31 − 7 − 33 18 142 177 2 25.3 −
73 865 79 16 548 119 54 29 − 19 420 − − 148 147 − 7.73 0.04
74 882 53 20 555 160 37 43 − 98 385 − − 144 125 − 1.3 0.25
75 527 − − − − 34 77 − 31 − 16 21 86 321 24 10.3 −
76 792 − 20 551 127 51 25 6 83 − 21 7 185 149 10 1.9 −
77 805 46 32 620 115 56 30 9 53 344 − 13 223 189 12 3.6 0.15
78 810 62 16 500 142 34 20 − 30 454 − 18 149 153 15 3.1 0.06
79 527/1 − − 2500 − 28 50 12 28 − 18 15 100 300 23 10.7 −
80 592 − − 3140 − 37 14 9 82 − − 10 210 174 16 2.1 −
81 593 − − 2810 − 75 21 − 79 − 35 15 273 166 19 2.1 −
82 597 − − 2950 − 39 27 6 65 − − 15 230 197 15 3 −
83 598 − − 3650 − 20 13 12 52 − − 27 412 204 19 3.9 −
84 609/1 − − 4890 − − 19 7 113 − − 14 167 223 23 2 −
85 703/1 66 54 1030 187 375 84 6 163 850 18 23 303 130 8 0.8 0.19



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

86 747/3 46 18 980 94 37 35 − 38 − 17 12 82 185 21 4.9 −
87 748 54 25 1190 130 25 42 − 55 450 − 8 134 197 19 3.6 0.12
88 770 − − 520 160 25 37 − 25 − 18 6 76 236 23 9.4 −
89 787 − 34 1010 110 80 − − 264 530 − 7 183 116 10 0.44 0.5
90 823 75 40 890 130 63 − 9 73 590 − 13 160 190 16 2.6 0.12
91 795 − 34 1140 90 48 32 − 51 660 − 21 283 172 19 3.4 0.08
92 492 − − 1785 − 84 43 − 115 − 37 − 78 288 22 2.5 −
93 496 − − 2800 − 60 34 8 120 − 25 − 106 284 21 2.4 −
94 551 − − 1800 − 25 27 6 120 − 18 − 67 240 17 2 −
95 620 10 10 5060 43 37 30 − 814 − 23 − 130 132 − 0.16 −
96 631 − − 2540 − 95 40 − 84 − − − 100 270 17 3.2 −
97 637 − − 1230 33 53 60 5 157 9 14 3 67 170 10 1.1 17.4
98 640 − − 4850 − 85 28 − 270 − 32 − 194 178 15 0.65 −
99 643 − − 2690 56 74 73 − 195 − 46 5 124 164 13 0.84 −
100 662 − − 2130 79 68 40 6 422 − 30 − 66 173 10 0.41 −
101 668/1 − − 2660 − 65 44 8 140 − − − 76 242 21 1.73 −
102 669 − − 2680 − 39 31 6 105 − 18 − 68 220 17 2.1 −
103 669/1 − − 3430 37 92 41 6 100 − 34 − 65 230 17 2.3 −
104 669/2 − − 3510 − − 36 − 114 − − − 64 180 10 1.58 −
105 728 75 − 710 88 63 33 − 72 380 42 − 67 217 17 3 0.19
106 729/2 − 19 730 117 130 40 − 68 350 14 − 67 197 13 2.9 0.19



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

107 734 48 14 770 104 95 36 − 73 370 − − 67 188 13 2.57 2
108 738 73 − 730 83 − 46 − 82 450 19 − 60 206 16 2.5 0.18
109 742 42 13 310 75 117 39 − 34 − 32 − 33 213 15 6.3 −
110 744 47 25 870 110 115 30 6 90 410 − − 65 193 16 2.14 0.22
111 747 42 17 470 138 48 30 13 30 − − 39 71 230 30 7.7 −
112 767/1 20 30 1020 40 50 60 − 315 − 32 − 93 116 10 0.37 −
113 768 10 44 1090 120 43 − 8 564 750 32 − 70 102 − 0.18 0.75
114 772 − 30 730 120 30 47 6 377 520 − − 43 102 − 0.27 0.72
115 775/1 34 37 820 110 30 18 7 513 590 − − 60 90 − 0.17 0.87
116 779/1 47 20 535 150 40 56 − 260 530 26 − 31 157 12 0.6 0.5
117 779/3 58 45 875 98 65 46 − 455 665 24 − 72 130 8 0.29 0.68
118 489 − − 2980 − 19 16 10 123 − 25 − 100 295 20 2.4 −
119 490 − − 2450 − 48 31 − 124 − − − 100 286 20 2.3 −
120 491 − − 2300 53 29 24 7 130 − 34 − 115 285 20 2.2 −
121 494 − − 2780 66 67 29 − 94 − 41 − 60 246 23 2.6 −
122 529 − − 1920 42 32 45 10 51 − 24 39 83 350 33 6.9 −
123 530 − − 2700 − 74 22 4 130 − 51 − 104 267 19 2.05 −
124 550 − − 3710 − 45 15 − 70 − 23 − 82 300 18 4.3 −
125 553 6 − 2100 54 68 10 10 120 − 18 − 80 260 22 2.2 −
126 554 − − 1990 − 128 38 10 120 − − − 100 286 17 2.4 −
127 555 6 − 4110 47 56 19 6 113 − 20 − 110 300 20 2.65 −
128 618a − − 160 − 30 − − 210 − 13 55 290 9 12 0.04 −



I j h ^ h e ` _ g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

129 619/3 − − 1660 − 36 27 5 770 6 22 − 125 130 7 0.17 128
130 624/1 − − 2740 − − 44 − 420 − − − 80 173 8 0.4 −
131 627 − − 2000 − 82 47 − 90 − 29 − 64 285 22 3.17 −
132 628 − − 3380 − 32 57 − 110 − 13 − 78 280 − 2.54 −
133 630 − − 1870 − 75 25 − 90 − 48 − 80 250 22 2.8 −
134 632 − − 3010 − 95 36 6 120 − − − 76 270 18 2.2 −
135 634 − − 1790 − 90 48 − 67 − 40 − 50 240 21 3.6 −
136 666 − − 1930 40 253 50 − 107 − 30 − 80 247 19 2.3 −
137 667 − − 3390 − 132 40 − 110 − 37 6 60 223 18 2 −
138 668 − − 1240 − 66 50 − 90 − 20 4 53 240 20 2.7 −
139 686 − 4 290 64 30 16 − 24 − 12 6 25 110 24 4.6 −
140 686/1 44 13 420 143 73 48 − 398 390 26 − 60 68 12 0.17 1
141 687 50 36 870 45 − 40 − 480 830 16 − 64 127 8 0.26 0.58
142 690/1 46 32 930 112 114 − 9 490 890 24 − 137 115 − 0.24 0.55
143 692 82 14 730 95 63 35 4 87 450 22 − 83 216 13 2.48 0.19
144 699 93 26 960 100 58 25 − 142 580 − − 104 222 21 1.6 0.24
145 703 60 26 880 100 40 49 − 67 460 13 15 250 140 15 2.1 0.14
146 721 70 34 950 120 29 − − 110 500 26 − 96 197 16 1.8 0.2
147 722 40 23 1040 55 123 36 7 126 490 22 − 82 240 18 1.9 0.26
148 723 60 25 1060 137 71 − − 75 480 − − 75 255 19 3.4 0.16
149 723/1 42 27 940 142 75 46 − 87 420 25 − 84 264 18 3 0.21
150 723/2 47 25 810 90 52 35 − 92 390 15 − 75 253 15 2.75 0.23



H d h g q Z g b _ � l Z [ e � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

151 724 52 32 960 135 18 82 − 126 580 − − 92 230 17 1.8 0.22
152 730 75 − 350 156 67 27 − 46 − − − 42 196 11 4.3 −
153 731 − − 560 128 48 28 − 44 − 22 − 50 217 16 4.9 −
154 733 62 15 610 110 110 − − 45 − 30 − 58 224 13 5 −
155 736 − − 390 162 134 52 − 32 − − − 23 240 19 7.5 −
156 737 57 − 650 100 70 40 − 45 − − − 56 210 16 4.7 −
157 739 − − 410 123 53 43 − 50 − − − 38 194 17 3.9 −
158 741 48 22 900 125 148 63 − 120 480 36 − 72 250 18 2.1 0.25
159 745/2 − 19 860 65 65 32 − 100 430 − − 76 214 18 2.1 0.23
160 746 50 38 740 142 47 20 − 456 660 − − 53 80 8 0.17 0.69
161 750 50 36 1540 100 70 24 8 580 1080 − − 195 123 − 0.21 0.53
162 755/1 42 38 650 80 36 − 10 390 740 − − 80 110 − 0.28 0.53
163 756 42 21 760 64 − 49 − 300 440 − − 104 117 7 0.39 0.68
164 757 − 17 620 64 − 49 − 300 460 − − 104 117 7 0.39 0.65
165 759 62 19 930 108 55 − − 90 440 − − 80 240 14 2.7 0.2
166 761 100 50 2080 86 34 − 6 265 710 − − 233 120 18 0.45 0.37
167 765 29 27 820 93 37 35 − 90 − 13 − 76 210 19 2.3 −
168 766/1 103 27 930 89 31 − − 97 − − − 85 226 17 2.3 −
169 774 − 20 810 156 55 29 − 94 − 16 − 75 240 15 2.5 −

I j b f _ q Z g b _ . 1−92 − [bhlblh\u_� b� e_cdhdjZlh\u_� ]g_ckh]jZgblu; 93−118 −� ^\mkex^ygu_� ]jZgblu� 119−170 −
fmkdh\blh\u_�]jZgblu�
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Jbk�� ���� JZkij_^_e_gb_� jm^guo� b� j_^dbo� we_f_glh\� \� ]jZgblZo

��]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�
��±�^\mkex^ygu_�b�fmkdh\blh\u_�]jZgblu����±�[bhlblh\u_�b�e_cdhdjZlh\u_

]g_ckh]jZgblu�b�]jZgblu�

LblZg��;bhlblh\u_�b�e_cdhdjZlh\u_�]jZgblu��ih�kjZ\g_gbx�k

fmkdh\blh\ufb�b�^\mkex^ygufb�]jZgblZfb��g_kdhevdh�h[_^g_gu

lblZghf� �����±�����ijhlb\� ����±�����]�l���;he__�\ukhdb_�kh^_j-
`Zgby� wlh]h� we_f_glZ� \� fmkdh\blh\uo� b� ^\mkex^yguo� ]jZgblZo

h[tykgyxlky�� ih�\b^bfhfm�� bo� ihgb`_gghc� dj_fg_dbkehlghklvx

(SiO2  ���±�������lh]^Z�dZd�[bhlblh\u_�]jZgblu�kh^_j`Zl�dj_fg_-
a_f�\�dhebq_kl\_���±��������<�p_ehf�^ey�]jZgblh\���]h�wlZiZ�oZ-
jZdl_jgu�lZdb_�`_�dhgp_gljZpbb�lblZgZ��dZd�b�^ey�]jZgblhb^h\���

]h�wlZiZ�
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F_^v��ijbkmlkl\m_l�\�fmkdh\blh\uo�b�^\mkex^yguo�]jZgblZo

\� deZjdh\hf� b� \ur_deZjdh\hf� dhebq_kl\Zo� ���±��� ]�l��� Fbgb-
fZevgu_�kh^_j`Zgby�f_^b����±���]�l��nbdkbjmxlky�\�\ukhdhdj_f-
g_dbkeuo�[bhlblh\uo�]g_ckh]jZgblZo��ohly�g_dhlhjZy�qZklv�ba�gbo

dhgp_gljbjm_l�wlhl�we_f_gl�gZ�\ur_deZjdh\hf�mjh\g_� ����]�l���l�

_��gZ�lZdhf�`_�mjh\g_��dZd�b�ihjnbjh[eZklh\u_�\ukhdhdj_fg_dbk-
eu_�]g_ckh]jZgblu���]h�wlZiZ�

Pbgd�� Ih^Z\eyxs__� [hevrbgkl\h� ijhZgZebabjh\Zgguo

jZagh\b^ghkl_c� ]jZgblh\��� oZjZdl_jbamxlky� gb`_deZjdh\uf

mjh\g_f� gZdhie_gby� pbgdZ�� DeZjdh\uc� mjh\_gv� wlh]h� we_f_glZ

���±��� ]�l��hlf_qZ_lky� \�^\mkex^yguo��fmkdh\blh\uo�b�[bhlblh-
\uo�]jZgblZo�ihgb`_gghc�dj_fg_dbkehlghklb��SiO2 = 70–72.5 %).

K\bg_p \� dhebq_kl\_� ��±��� ]�l�nbdkbjm_lky� \h� \k_o�nZpbyo
]jZgblh\��<�hlebqb_�hl� ]jZgblhb^h\����jZkkfZljb\Z_fu_� ]jZgblu

h[eZ^Zxl�[he__�\ukhdbf�mjh\g_f�gZdhie_gby�wlh]h�we_f_glZ��ij_-
\urZxsbf�deZjd��ijb�wlhf�kj_^g__�kh^_j`Zgb_�k\bgpZ�\�^\mkex-
^yguo�b�fmkdh\blh\uo�]jZgblZo�ihqlb�\�����jZaZ�\ur_��q_f�\�[bh-
lblh\uo�]jZgblZo�

Furvyd��Ih� kh^_j`Zgbx�furvydZ� ]jZgblu� ��]h�b� ��]h� wlZ-
ih\� [ebadb�� <� [bhlblh\uo� ]g_ckh]jZgblZo� dhebq_kl\h� furvydZ

[he__�\ukhdh_���±���]�l���q_f�\�^\mkex^yguo�b�fmkdh\blh\uo�]jZ-
gblZo� ��±�� ]�l��� Dhgp_gljZpbb� furvydZ� \h� \k_o� jZagh\b^ghklyo

]jZgblh\��� ij_\urZxl� deZjd�� ^hklb]Zy� ki_pbZebabjh\Zgguo� agZ-
q_gbc�

Kljhgpbc� � h[uqgh� kh^_j`blky� \� gb`_deZjdh\uo� dhebq_kl-
\Zo��ijb� wlhf�� \�^\mkex^yguo�b�fmkdh\blh\uo� ]jZgblZo�mjh\_gv

gZdhie_gbc�wlh]h�we_f_glZ�agZqbl_evgh�\ur_�����±����]�l���q_f�\

[bhlblh\uo� ]g_ckh]jZgblZo� ���±��� ]�l���ohly�\�hl^_evguo�ijh[Zo

]g_ckh]jZgblh\�dhebq_kl\h�kljhgpby�^hklb]Z_l�����]�l�

Jm[b^bc��kh^_j`blky�gZ�deZjdh\hf�mjh\g_�����±����]�l���>\m-
kex^ygu_�b�fmkdh\blh\u_�]jZgblu�bf_xl�hlghkbl_evgh�klZ[bev-
gmx�dhgp_gljZpbx�jm[b^by�����±����]�l���lh]^Z�dZd�\�[bhlblh\uo

]jZgblZo�hlf_qZxlky�[he__�rbjhdb_�\ZjbZpbb�\�kh^_j`Zgbb�wlh]h

we_f_glZ�±�hl�����^h�����]�l�

<_ebqbgZ�Rb/Sr ±hlghr_gby� �kf�� jbk�� ���� k\b^_l_evkl\m_l� h
y\ghf�ij_h[eZ^Zgbb�jm[b^by�gZ^�kljhgpb_f��oZjZdl_jghf�^ey�dh-
jh\uo� ]jZgblhb^h\��>ey� g_dhlhjhc� qZklb� [bhlblh\uo� ]g_ckh]jZ-
gblh\�ihgb`_gghc�dj_fg_dbkehlghklb��SiO2  ���±������hlf_qZ_l-
ky�h[jZlgh_�khhlghr_gb_�jm[b^by�b�kljhgpby��h[mkeh\e_ggh_��\_-
jhylgh��h[jZah\Zgb_f�]g_ckh]jZgblh\�aZ�kq_l�km[kljZlZ�ih\ur_g-
ghc�hkgh\ghklb�
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=Zeebc�� Ih\ur_ggu_� kh^_j`Zgby� ]Zeeby� ���±��� ]�l�� oZjZd-
l_jgu� ^ey� fmkdh\blh\uo� b� ^\mkex^yguo� ]jZgblh\�� ;bhlblh\u_

]g_ckh]jZgblu�h[_^g_gu�wlbf�we_f_glhf��h[uqgh���±���]�l���ijb-
q_f� gZb[he__� gbadb_� kh^_j`Zgby� hlf_qZxlky� \� ]g_ckh]jZgblZo

ih\ur_gghc� dj_fg_dbkehlghklb (SiO2  � ��±��� ���� <� p_ehf
dhgp_gljZpbb�]Zeeby�\�]jZgblZo���[he__�\ukhdb_��q_f�\�]jZgblhb-
^Zo���

Blljbc� � kh^_j`blky� \�gb`_deZjdh\uo� dhebq_kl\Zo�b�ijZd-
lbq_kdb�\�l_o�`_�ij_^_eZo���±���]�l���qlh�b�\�]jZgblhb^Zo���]h�wlZ-
iZ��>\mkex^ygu_�b�fmkdh\blh\u_�]jZgblu�bf_xl�[he__�rbjhdbc

^bZiZahg�\_ebqbg�gZdhie_gby�blljby��q_f�[bhlblh\u_�]g_ckh]jZ-
gblu��\�dhlhjuo�dhgp_gljZpbb�wlh]h�we_f_glZ�gZoh^ylky�\�ij_^_-
eZo���±���]�l�

Pbjdhgbc��kh^_j`blky�\�deZjdh\hf�b�gb`_deZjdh\hf�dhebq_-
kl\Zo��ijbq_f�[bhlblh\u_�]g_ckh]jZgblu�ih\ur_gghc�dj_fg_dbk-
ehlghklb� �SiO2  ���±������h[eZ^Zxl�[he__�\ukhdbfb�dhgp_gljZ-
pbyfb� pbjdhgby� ����±���� ]�l��� lh]^Z� dZd� \�fmkdh\blh\uo� b� ^\m-
kex^yguo�]jZgblZo�kh^_j`Zgb_�wlh]h�we_f_glZ�g_�ij_\urZ_l����

]�l��Ih�kjZ\g_gbx�k�]jZgblhb^Zfb���]h�wlZiZ��]jZgblu���h[_^g_gu

pbjdhgb_f�\��±����jZaZ�

Gbh[bc�ihqlb�\h�\k_o�jZagh\b^ghklyo�]jZgblh\���kh^_j`blky

gZ�deZjdh\hf�mjh\g_��ohly�\�p_ehf�_]h�dhgp_gljZpbb��\�hlebqb_�hl

]jZgblhb^h\����g_kdhevdh�ih\ur_gu��ijbf_jgh�gZ���]�l��

KhihklZ\eyy�]_hobfbq_kdb_�hkh[_gghklb�]jZgblhb^h\�jZaguo

wlZih\�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z��fh`gh

hlf_lblv�hq_gv�fgh]h�h[sbo�q_jl�\�gZdhie_gbb�b�oZjZdl_j_�jZk-
ij_^_e_gby� �fbdjhwe_f_glh\��>ey�]jZgblhb^h\���]h�b���]h�wlZih\

ijbkmsb�ihgb`_ggu_�dhgp_gljZpbb�we_f_glh\�ijbf_k_c��ijbq_f

j_adh� \ujZ`_gguo� baf_g_gbc� \� kh^_j`Zgbb� b� ih\_^_gbb� [hev-
rbgkl\Z�fbdjhwe_f_glh\�\�ijhp_kk_� ]jZgblhh[jZah\Zgby�g_�nbd-
kbjm_lky�� K� g_dhlhjhc� ^he_c� mkeh\ghklb� fh`gh� dhgklZlbjh\Zlv

mf_gvr_gb_�dhebq_kl\Z�Cu, Ti, Zn, Zr \�]jZgblhb^Zo���ih�f_j_�\ha-
jZklZgby�kl_i_gb�bo�dj_fg_dbkehlghklb��\�]jZgblZo���ijb�m\_ebq_-
gbb�kh^_j`Zgbc�dj_fg_a_fZ�ijhbkoh^beh�ihgb`_gb_�mjh\gy�gZdh-
ie_gby Ti, Cu, Sr, Ga,�Z�lZd`_�Zn, As, Y, Zr.
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=eZ\Z�����@BEVGU?�=J:GBLU

B�=J:GBLGU?�I?=F:LBLU

�����<aZbfhhlghr_gby�k�\f_sZxsbfb�ihjh^Zfb

<� ij_^_eZo�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z� \u^_eyxlky

^\_� ijhly`_ggu_� ahgu� `bevguo� ]jZgblguo� h[jZah\Zgbc�� ij_^-
klZ\e_gguo� f_edha_jgbklufb�� f_edh�kj_^g_a_jgbklufb� e_cdh-
djZlh\ufb� b� [bhlblh\ufb� ]jZgblZfb�� i_]fZlblZfb�� i_]fZlhb^-
gufb�]jZgblZfb�b�ZieblZfb��I_j\Zy�ahgZ�ijhly]b\Z_lky�\�km[f_-
jb^bhgZevghf�gZijZ\e_gbb�hl�k_\_jh�\hklhqgh]h�[hjlZ�^hebgu�j�

FbZkk��^Ze__�gZ�x]h�x]h�\hklhd�q_j_a�\h^hjZa^_e�ha��Bevf_gkdh_

±� FbZkkdbc� ijm^� \� jZchg� khqe_g_gby� QZrdh\kdh]h� b� X`gh�

?eZgqbdh\kdh]h� ]jZgblguo� \uklmih\��<lhjZy� ahgZ�`bevguo� ]jZ-
gblh\�b� ]jZgblguo�i_]fZlblh\�ijbmjhq_gZ�d�k_\_jghfm�dhglZdlm

X`gh�?eZgqbdh\kdhc� Zihnbau� k� ieZ]bh]g_ckZfb� _eZgqbdh\kdhc

lhesb�

<�k_\_jghc�qZklb�QZrdh\kdh]h�\uklmiZ�jZkijhkljZg_gu�ij_-
bfms_kl\_ggh� ]jZgblgu_� `beu�� ijhkljZgkl\_ggh� ly]hl_xsb_� d

djmighfm�\uoh^m�f_edha_jgbkluo�[bhlblh\uo�]g_ckh\b^guo�]jZ-
gblh\�� hkh[_ggh� d� dhglZdlh\uf� qZklyf� wlh]h� l_eZ�� GZ� k_\_jh�

\hklhqghf� [hjlm� ^hebgu� j�� FbZkk� ijhy\e_g� Zdlb\guc� dhglZdl

bgt_dpbc�f_edha_jgbkluo�]jZgblh\���\�ihjnbjh[eZklh\u_�[bhlb-
lh\u_�]g_ckh]jZgblu����kf��jbk����Z���<�hlebqb_�hl�kZfh]h�]jZgbl-
gh]h� l_eZ��\�`bevguo�bgt_dpbyo�jZa\blu�f_edha_jgbklu_�e_cdh-
djZlh\u_�]jZgblu�fZkkb\ghc�l_dklmju��kh^_j`Zsb_�j_^db_�\djZi-
e_ggbdb�jhah\h]h�ihe_\h]h�riZlZ��Fhsghklv�`bevguo�bgt_dpbc

dhe_[e_lky� hl� ��� ^h� ��� f�� ijhly`_gghklv� ±� hl� ���� ^h� ����� f�

=jZgbpu�bo�keZ[h�ba\bebklu_��j_adb_�b�hjb_glbjh\Zgu�kh]eZkgh�k

ebg_cgufb� l_dklmjZfb� ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\�� GZ

\h^hjZa^_e_� ha�� Bevf_gkdh_� ±� FbZkkdbc� ijm^� � jZa\blZ� k_jby

]jZgblguo�`be�k_\_j�k_\_jh�aZiZ^gh]h�gZijZ\e_gby��aZe_]Zxsbo�\

ihjnbjh[eZklh\uo� [bhlblh\uo� ]g_ckh]jZgblZo��

�jbk�� �����IjhklbjZgb_�ebg_cghklb�ihjnbjh[eZklh\uo� ]g_ckh]jZ-
gblh\�ieZ\gh�baf_gy_lky�hl�k_\_jh�\hklhqgh]h�gZ�x]_�mqZkldZ�^h

k_\_jh�aZiZ^gh]h�\�_]h�k_\_jghc�qZklb��A^_kv�aZnbdkbjh\Zgh�r_klv

iZjZee_evgh� jZkiheh`_gguo� f_`^m� kh[hc� `be� f_edha_jgbkluo

]jZgblh\� kh� keZ[h� \ujZ`_gghc� ]g_ckh\b^ghklvx�� khklhysbo� ba

ieZ]bhdeZaZ� ��±���� dZeb_\h]h� ihe_\h]h�riZlZ� ��±���� d\ZjpZ� ���

[bhlblZ�����±�������RbjbgZ���]j_[g_\b^guo���\uoh^h\
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Jbk�� ���� K_jby� ]jZgblguo� `be

\� ihjnbjh[eZklh\uo� ]g_ckh]jZgblZo

��]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�

?eZgqbdh\kdh]h� fZkkb\Z� �k_\_jgZy

qZklv� QZrdh\kdh]h� \uklmiZ�� ko_-
fZlbq_kdbc�ieZg��

Mkeh\gu_�h[hagZq_gby�kf��jbk�����

`bevguo� l_e� dhe_[e_lky� hl� �� ^h

�� f�� jZkklhygb_� f_`^m� gbfb� g_

ij_\urZ_l� ���f��Mqblu\Zy�ieZ\-
gh_� baf_g_gb_� ebg_cghklb� ihj�

nbjh[eZklh\uo� ]g_ckh]jZgblh\�

`beu� qZklbqgh� bf_xl� dhkh�

k_dms__�iheh`_gb_� �hkh[_ggh�gZ

bo� x`ghf� hdhgqZgbb�� d� kljmd�

lmj_�\f_sZxsbo�ihjh^�

DhglZdlu�`bevguo�]jZgblh\

k�ihjnbjh[eZklh\ufb�]g_ckh]jZ-
gblZfb� q_ldb_�� j_adb_�� ij_bfm-
s_kl\_ggh� kh]eZkgu_�

Wg^hdhglZdlh\u_�baf_g_gby�\ujZ`_gu�\�h[jZah\Zgbb�ahg�Zieblh-
\b^guo�]jZgblh\�fhsghklvx��±���kf�\[ebab�]jZgbpu�k�\f_sZx-
sbfb�ihjh^Zfb��jbk������

X]h�\hklhqg__�hoZjZdl_jbah\Zggh]h�\ur_�mqZkldZ�kj_^b�ihj-
nbjh[eZklh\uo� [bhlblh\uo� ]g_ckh]jZghkb_gblh\� jZkijhkljZg_gu

`beu�f_edha_jgbkluo�e_cdhdjZlh\uo�]jZgblh\��bf_xsb_�km[f_jb-
^bhgZevgh_�gZijZ\e_gb_�b�fhsghklv���±���f��JZa\blu�b�[he__�fZ-
ehfhsgu_�`beu����±���kf���\�dhlhjuo�hlf_qZxlky�ke_^mxsb_�dhg-
lZdlh\u_� baf_g_gby� �jbk�� ����� P_gljZevgZy� qZklv� `beu� keh`_gZ

f_edha_jgbklufb�e_cdhdjZlh\ufb�fZkkb\gufb�]jZgblZfb��i_j_oh-
^ysbfb� gZ� dhglZdl_� \� g_jZ\ghf_jgha_jgbklu_� f_edh�

kj_^g_a_jgbklu_�[bhlblh\u_�]jZgblu�k�g_q_ldh�ijhy\e_gghc�]g_c-
kh\b^ghklvx��hjb_glbjh\Zgghc�iZjZee_evgh dhglZdlm�

Jbk�� ���� :ieblh\Zy� hlhjhqdZ� gZ

dhglZdl_� ]jZgblghc� `beu� \� ihjnb-
jh[eZklh\uo� ]g_ckh]jZgblZo� �k_\_jgZy

qZklv�QZrdh\kdh]h�\uklmiZ��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Jbk�� ���� AhgZevguc� oZjZdl_j� `beu

]jZgblh\�\�]g_ckh]jZghkb_gblZo���]h�wlZiZ

nhjfbjh\Zgby� QZrdh\kdh�?eZg�

qbdh\kdh]h� fZkkb\Z� �\h^hjZa^_e� ha�� Bev�

f_gkdh_�±�FbZkkdbc�ijm^��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

RbjbgZ�wg^hdhglZdlh\uo�ahghd�dhe_[-
e_lky� hl� �� ^h� �� kf�� I_j_oh^� e_cdh-
]jZgblh\�d�[bhlblh\uf�]jZgblZf�djZ_-
\uo� qZkl_c�`be� hlghkbl_evgh� j_adbc�

gh� ]jZgbpZ� kZfhc�`beu� k�\f_sZxsb�

fb� ihjnbjh[eZklh\ufb� ]g_ckh]jZgh-
kb_gblZfb� ke_]dZ� jZkieu\qZlZy�

ijbq_f�k�h^ghc�klhjhgu�`beu�g_ihkj_^kl\_ggh�gZ�dhglZdl_�k�]g_c-
kh]jZghkb_gblZfb� jZa\bl� kh]eZkguc� ihe_\hriZlh\uc� ijh`behd

fhsghklvx��±��kf�

<�aZiZ^ghf�[hjlm�mjhqbsZ�DZf_gguc�;jh^��jbk������l��g�������\

ebgah\b^gh�ihehkqZluo� [bhlblh\uo� fb]fZlblZo� jZkijhkljZg_gu

k_dmsb_�`beu�]jZgblh\�fhsghklvx�^h���f��@beu�keh`_gu�f_edh-
a_jgbkluf� e_cdhdjZlh\uf� ]jZgblhf� fZkkb\ghc� l_dklmju�

<� wg^hdhglZdl_� k� fb]fZlblZfb� \� `beZo� jZa\blu� fZehfhsgu_

��±��kf��ahgdb�kj_^g_a_jgbklh]h�i_]fZlhb^gh]h�]jZgblZ�kh�keZ[h

ba\bebklufb� ]jZgbpZfb��K_dmsbc�dhglZdl� kZfhc�`beu� k�fb]fZ-
lblZfb�\_kvfZ�j_adbc�

<� jZchg_�x]h�\hklhqghc� hdjZbgu� klZjhc� qZklb� ]��FbZkkZ� \

ihjnbjh[eZklh\uo�[bhlblh\uo�]g_ckh]jZgblZo�gZ[ex^Zxlky�fgh-
]hqbke_ggu_�kh]eZkgu_�b�k_dmsb_�`beu�f_edha_jgbkluo�g_q_ldh

ihjnbjh\b^guo��e_cdhdjZlh\uo�]jZgblh\�fhsghklvx�hl��� �^h� 50
kf ��jbk������� Ihjnbjh\b^gu_� \u^_e_gby �lZ[eblqZlhc

Jbk�� �8�� K_dmsbc� dhglZdl
]jZgblghc� `beu� \� ebgah\b^gh�

ihehkqZluo�fb]fZlblZo��aZiZ^guc

[hjl� mjhqbsZ� DZf_gguc� ;jh^�� l�

g� 841).
Mkeh\gu_� h[hagZq_gby� kf�

jbk�����
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Jbk�� ���� OZjZdl_j� dhglZdlh\� ]jZgblguo� `be� \� ihjnbjh[eZklh\uo

]g_ckh]jZgblZo� ��]h� wlZiZ� nhjfbjh\Zgby� QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z� �x]h�\hklhqgZy� hdjZbgZ� klZjhc� qZklb� ]��FbZkkZ�� l�� g�� ����� ����

547).
Ihykg_gb_�\�l_dkl_��mkeh\gu_�h[hagZq_gby�kf��jbk�����

nhjfu� jZaf_jhf� � ×��� ff� ij_^klZ\e_gu� `_elh\Zlh�jhah\uf� dZ-
ebriZlhf�b�g_jZ\ghf_jgh�jZkij_^_e_gu�\�hkgh\ghc�fZkk_�`bev-
guo�]jZgblh\��Dhebq_kl\h�\djZie_ggbdh\�ihe_\h]h�riZlZ�g_�ij_-
\urZ_l�������IjhklbjZgb_�`be�k_\_j�k_\_jh�aZiZ^gh_� ����°���gZ-
ijZ\e_gb_� ebg_cguo� l_dklmj� \f_sZxsbo� ihjnbjh[eZklh\uo

]g_ckh]jZgblh\� lZdh_�`_�� l�� _�� ih� ijhklbjZgbx�`beu� bf_xl� kh�

]eZkgh_�aZe_]Zgb_��gh�\�lh�`_�\j_fy�y\eyxlky�k_dmsbfb�ih�iZ^_-
gbx� �]g_ckh\b^ghklv� \h� \f_sZxsbo� ihjh^Zo� iZ^Z_l� ih^� m]ehf

�����iZ^_gb_�dhglZdlh\�`be�[ebadh_�d�\_jlbdZevghfm���<�wg^hdhg-
lZdl_�`be� jZa\blu� hlhjhqdb� Zieblh\b^guo� ]jZgblh\�fhsghklvx

�±�� kf�� ebr_ggu_� \djZie_ggbdh\� ihe_\h]h� riZlZ

�jbk�� ��Z���ijbq_f�Zieblh\b^gu_� ]jZgblu�g_j_^dh�h[jZamxl�f_e-
db_�kh]eZkgu_�bgt_dpbb�\�ihjnbjh[eZklh\uo�]g_ckh]jZgblZo��jbk�

��[��

G_j_^dh� \� wg^hdhglZdl_�`bevguo� l_e�� keh`_gguo�e_cdhdjZ-
lh\ufb�]jZgblZfb��aZe_]Zxsbfb�\�ihjnbjh[eZklh\uo�[bhlblh\uo

]g_ckh]jZgblZo��jZa\b\Zxlky�f_edha_jgbklu_�]jZgblu��h[h]Zs_g-
gu_�[bhlblhf��jbk������l��g������������

GZ�ijZ\hf�[hjlm�^hebgu�j��FbZkk�\�jZchg_�klZjhc�qZklb�]h-
jh^Z�\�bkdmkkl\_gghc�\ujZ[hld_�h[gZ`_g�dhglZdl�f_edha_jgbkluo

e_cdhdjZlh\uo� ]g_ckh\b^guo� ]jZgblh\�b�ihjnbjh[eZklh\uo�[bh-
lblh\uo�]g_ckh]jZgh^bhjblh\��B�l_��b�^jm]b_�jZagh\b^ghklb�]jZ-
gblh\� kh[jZgu� \� iheh]b_� kdeZ^db�� ijbq_f� ih� dhglZdlm� jZa\blZ

`beZ�i_]fZlhb^gh]h�]jZgblZ�fhsghklvx���±���kf��jbk�������<[eb-
ab�]jZgbpu�k�f_edha_jgbklufb�]jZgblZfb�ijhy\e_gZ�ahgZ�^jh[e_-
gby�b�jZkkeZgp_\Zgby�
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Jbk�� ���� JZa\blb_� wg^h-
dhglZdlh\uo� [bhlblh\uo� ahg� \

]jZgblghc� `be_� �ijZ\uc� [hjl

^hebgu� j�� FbZkk� \� jZchg_

klZjhc�qZklb�]hjh^Z��l��g�������
Mkeh\gu_� h[hagZq_gby� kf�

jbk�����

Jbk�� ����JZa\blb_�i_]fZlblh\hc� ahgu�gZ� dhglZdl_� kj_^g_a_jgbkluo

]g_ckh]jZgblh\� ��]h� wlZiZ� k� ihjnbjh[eZklh\ufb� ]g_ckh]jZgh^bhjblZfb

�ijZ\uc�[hjl�^hebgu�j��FbZkk�\�jZchg_�klZjhc�qZklb�]hjh^Z��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

Jbk������>Zcdb�f_edha_jgbkluo�fZkkb\guo�]jZgblh\�\�ebgah-
\b^gh�ihehkqZluo�fb]fZlblZo�b�ihjnbjh[eZklh\uo� ]g_ckh]jZgb-
lZo���]h�wlZiZ�nhjfbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

�k_\_jgZy�qZklv�QZrdh\kdh]h�\uklmiZ��ko_fZlbq_kdbc�ieZg��
Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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GZ� \h^hjZa^_e_� ha�� Bevf_gkdh_� ±� FbZkkdbc� ijm^� jZa\blu

km[f_jb^bhgZevgu_� ^Zcdhh[jZagu_� l_eZ� f_edha_jgbkluo� e_cdh-
djZlh\uo� b� [bhlblh\uo� ]jZgblh\�� bf_xsbo� k� \f_sZxsbfb� bo

ihjnbjh[eZklh\ufb� ]g_ckh]jZgblZfb� b� fb]fZlblZfb� j_adb_�� gh

kh]eZkgu_�dhglZdlu��jbk������

<� jZchg_� khqe_g_gby� QZrdh\kdh]h� fZkkb\Z� b� _]h� X`gh�

?eZgqbdh\kdhc� Zihnbau� jZkijhkljZg_gZ� k_jby�`bevguo� l_e� ]jZ-
gblh\� b� i_]fZlblh\�� ly]hl_xsbo� d� dhglZdlZf� dk_gheblh\� f_lZ-
fhjnbq_kdbo�ihjh^��GZ�wlhf�mqZkld_�`beu�ij_^klZ\e_gu�f_edh��b

kj_^g_a_jgbklufb� [bhlblh\ufb� b� e_cdhdjZlh\ufb� ]jZgblZfb�

i_]fZlblZfb��i_]fZlhb^gufb�b�Zieblh\b^gufb�]jZgblZfb��@beu

hjb_glbjh\Zgu

km[f_jb^bhgZevgh

beb� \� k_\_jh�aZiZ^-
ghf� gZijZ\e_gbb�

bf_xl� jZaf_ju� � hl

^_kyldh\� kZglbf_l�

jh\� ^h� �±��� f� ih

fhsghklb�b�hl�i_j-
\uo�f_ljh\�^h����±

����f�ih�ijhly`_g�

ghklb��jbk������

Jbk�� ���� JZa-
\blb_� k_jbb� `bevguo

l_e�]jZgblh\�b�i_]fZ�

lblh\�\�jZchg_�khqe_�

g_gby� QZrdh\kdh]h

\uklmiZ� b� X`gh�

?eZgqbdh\kdhc� Zih�

nbau� �]_heh]bq_kdbc

ieZg��
Mkeh\gu_� h[hagZ-

q_gby�kf�jbk�����
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Jbk�� ���� @beZ� i_]fZlhb^gh]h

]jZgblZ� \� ieZ]bh]g_ckZo�� <� \bkyq_f

[hdm� `beu� aZf_l_g� ih^\hjhl� keh_\

\f_sZxrbo� ihjh^� �aZiZ^guc� [hjl

dhleh\bgu�ha��;��?eZgqbd��l��g�������
Mkeh\gu_�h[hagZq_gby�kf��jbk�����

<� h[eZklb� dhglZdlZ� ]jZgblh\

X`gh�?eZgqbdh\kdhc� Zihnbau� k� f_lZfhjnbq_kdbfb� ihjh^Zfb

gZ[ex^Z_lky�bgl_gkb\gh_�jZa\blb_�k_dmsbo�b�kh]eZkguo�ijh`be-
dh\��ebga�b�g_ijZ\bevghc�nhjfu�h[hkh[e_gbc�i_]fZlhb^guo�]jZ-
gblh\�b�i_]fZlblh\��dhlhju_�ijbmjhq_gu�beb�d�ahgZf�^jh[e_gby�b

kfylby��beb�d�ahgZf�lj_sbgh\Zlhklb��GZijbf_j��gZ�aZiZ^ghf�[hj-
lm�dhleh\bgu�ha��;he��?eZgqbd� �jZchg�mjhqbsZ�Abfgbd��[bhlblh-
\u_� ]g_cku� ijhj\Zgu� i_]fZlblh\hc� `behc� k� g_[hevrbf� ���±��

kf��kf_s_gb_f�b�ih^\hjhlhf�keh_\�[hdh\uo�ihjh^���jbk�����.
<� x`ghc� qZklb� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� fgh]h-

qbke_ggu_� `bevgu_� l_eZ� ]jZgblh\� b� i_]fZlblh\� ijbmjhq_gu� d

djmighfm�\uoh^m�f_lZfhjnbq_kdbo�ihjh^� �ij_bfms_kl\_ggh�Zf-
nb[heblh\��� h[jZamxsbo� ©aZeb\ª�� \^Zxsbcky� \� fmkdh\blh\u_

]jZgblu�X`gh�?eZgqbdh\kdhc� Zihnbau�� A^_kv� jZa\blh� ^Zcdhh[-
jZagh_�� k�fgh]hqbke_ggufb� [hdh\ufb� bgt_dpbyfb�� l_eh� kj_^g_�

a_jgbkluo�[bhlblkh^_j`Zsbo�b�e_cdhdjZlh\uo�fZkkb\guo�]jZgb-
lh\�� \� h[s_f� ieZg_� kh]eZkgh� bgljm^bjmxsbo� Zfnb[heblh\mx

lhesm��jbk����±����

Jbk�� ���� =_h-
eh]bq_kdbc� ieZg� x`-
gh]h� dhglZdlZ� fm-
kdh\blh\uo� ]jZgblh\

X`gh�?eZgqbdh\-
kdhc� Zihnbau� k

\f_sZxsbfb� f_lZ-
fhjnbq_kdbfb� ih-
jh^Zfb�� Bgl_gkb\gh_

jZa\blb_� `beh�� b

^Zcdhh[jZaguo� l_e

]jZgblh\�b�i_]fZlblh\

\�h[eZklb�dhglZdlZ�
Mkeh\gu_� h[ha-
gZq_gby�kf��jbk�����
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Jbk�� ���� JZa\blb_� i_]fZ-
lhb^guo� ]jZgblh\� \� wg^h-
dhglZdl_� ^Zcdb� kj_^g_a_j-
gbkluo�e_cdhdjZlh\uo�]jZgblh\

�x`gZy� qZklv� X`gh�?eZgqb�

dh\kdhc� Zihnbau�� Z�� [� ±

ko_fZlbq_kdb_�jZaj_au��
Ihykg_gb_� \� l_dkl_�� mkeh\gu_

h[hagZq_gby�kf��jbk�����

<hklhqgh_� k_jih\b^gh_� hdhgqZgb_� X`gh�?eZgqbdh\kdhc

Zihnbau� jZks_iey_lky� gZ� jy^� djmiguo� ]jZgblguo� bgt_dpbc�� ih

k\h_c� kmlb� h[jZamxsbo� fhsgmx� lhesm� fb]fZlblh\� bgt_dpbhg�

gh]h�lbiZ��<�wlhf�jZchg_�[ueh�k^_eZgh�^\Z�ijhnbevguo�i_j_k_q_-
gby�dhglZdlh\�]jZgblh\�b�f_lZfhjnbq_kdbo�ihjh^��hibkZgb_�h^gh-
]h�ba�dhlhjuo�ijb\h^blky�gb`_��jbk����Z��[��

Ijhnbev� gZqZl� \� ����f� hl� \_jrbgu� ]hju� k� hlf�� ������f� ih

Za������b�hjb_glbjh\Zg�k�aZiZ^Z�gZ�\hklhd��jbk����Z��l��g������±������

�±��� f��F_edha_jgbklu_� [bhlblh\u_� ieZ]bh]g_cku� k\_leh�

k_jhc� hdjZkdb�� khklhysb_� ba� ieZ]bhdeZaZ� ��±���� d\ZjpZ� ��±���

[bhlblZ��±���Ihjh^hh[jZamxsb_�fbg_jZeu�]g_ckh\�keZ]Zxl�ij_-
ju\bklu_�ebgah\b^gu_��hjb_glbjh\Zggu_�iZjZee_evgh�^jm]�^jm]m

Z]j_]Zlu�rbjbghc��±��ff�b�ijhly`_gghklvx��±���ff�

��±���� f�� :fnb[heblu� ]g_ckh\b^gu_�� ]jZgblbabjh\Zggu_�

ij_\jZs_ggu_�\�f_edh�kj_^g_a_jgbklmx�^bhjblh\b^gmx�ihjh^m�

���±����f��Kj_^g_a_jgbklu_�e_cdhdjZlh\u_�]jZgblu�fZkkb\-
ghc�l_dklmju�

���±����f��F_edha_jgbklu_�[bhlblh\u_�ieZ]bh]g_cku� k� lhg-
dbfb���±��ff��d\Zjp�ihe_\hriZlh\ufb�kh]eZkgufb�ijh`bedZfb�

���±����f��Kj_^g_a_jgbklu_� e_cdhdjZlh\u_�fZkkb\gu_� ]jZ-
gblu��<�dhgp_�bgl_j\ZeZ�±�jZa\Zeu�`beu�]jm[ha_jgbklh]h�i_]fZ-
lblZ�km[f_jb^bhgZevgh]h�gZijZ\e_gby�

���±����f��F_edha_jgbklu_�[bhlblh\u_�ieZ]bh]g_cku�

���±���� f�� Kj_^g_a_jgbklu_� ^\mkex^ygu_� ]g_ckh\b^gu_

]jZgblu�k\_leh�k_jh]h�p\_lZ��Fbg_jZevguc�khklZ\��ieZ]bhdeZa���±

����dZebriZl���±����[bhlbl���±����fmkdh\bl��±����

���±����f��@beZ�djmigh[ehqgh]h�i_]fZlblZ�

���±����f��F_edha_jgbklu_�[bhlblh\u_�ieZ]bh]g_cku�

���±����f��Kj_^g_a_jgbklu_� e_cdhdjZlh\u_�fZkkb\gu_� ]jZ-
gblu�� kh^_j`Zsb_� ijh`bedb� Zieblh\b^gh]h� ]jZgblZ�fhsghklvx

^h����kf�



Jbk������Ihkehcgu_�`bevgu_�bgt_dpbb�]jZgblh\�\�f_lZfhjnbq_kdbo�ihjh^Zo��k_\_jh�\hklhqguc�neZg]�X`gh�

?eZgqbdh\kdhc�Zihnbau��Z��[�±�ko_fZlbq_kdb_�jZaj_au��
Ihykg_gb_�\�l_dkl_��mkeh\gu_�h[hagZq_gby�kf��jbk�����
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���±����f��F_edh�kj_^g_a_jgbklu_�[bhlblh\u_�ieZ]bh]g_cku�

���±����f��Kj_^g_a_jgbklu_�e_cdhdjZlh\u_�fZkkb\gu_�]jZgblu�

���±����f��F_edha_jgbklu_�[bhlblh\u_�ieZ]bh]g_cku��kj_^b

dhlhjuo�jZkijhkljZg_gu�ijhkehb�^bhjblh\b^guo�ihjh^��]jZgblb-
abjh\Zgguo�Zfnb[heblh\��

���±����� f�� Kj_^g_a_jgbklu_� ]g_ckh\b^gu_� fmkdh\blh\u_

]jZgblu�k\_leh�k_jh]h�p\_lZ��khklhysb_�ba�[_eh]h�ihe_\h]h�riZlZ

��±����d\ZjpZ�����fmkdh\blZ���±�����

����±����� f�� F_edh�kj_^g_a_jgbklu_� [bhlblh\u_� ieZ]bh]-
g_cku�� ih^\_j]gmlu_� bgl_gkb\ghc� ]jZgblbaZpbb� k� jZa\blb_f� iZ-
jZee_evguo�d\Zjp�ihe_\hriZlh\uo�b�ihe_\hriZlh\uo�ijh`bedh\

fhsghklvx� �±��� ff�� Kh^_j`Zl� ihjnbjh[eZklh\u_� \u^_e_gby

jZaf_jhf�hl�� × ��^h��� × ���ff��Z�lZd`_�g_ijZ\bevghc�nhjfu�ebg-
ah\b^gu_�h[hkh[e_gby� �� × �� kf��� keh`_ggu_�[e_^gh�jhah\uf�ih-
e_\uf�riZlhf�

LZdbf�h[jZahf��\�dhglZdl_�k�]jZgblgufb�bgt_dpbyfb�Zfnb-
[heblu��dZd�ijZ\beh��ij_\jZs_gu�\�^bhjblh\b^gmx�ihjh^m��Z�ieZ-
]bh]g_cku�� ih^\_j]gmlu_� ]jZgblbaZpbb�� n_ev^riZlbabjh\Zgu� b

i_j_k_q_gu�d\Zjp�ihe_\hriZlh\ufb�ijh`bedZfb�

Fgh]hqbke_ggu_�[he__�f_edb_�]jZgblgu_�bgt_dpbb�`bevgh-
]h�lbiZ��jZa\blu_�\�ieZ]bh]g_ckZo�k�ijhkehyfb�Zfnb[heblh\��hl-
f_qZxlky��lZd`_��\[ebab�dhglZdlZ�_eZgqbdh\kdhc�lhesb�k�X`gh�

?eZgqbdh\kdhc� Zihnbahc��qlh�ohjhrh�h[gZ`_gh� \�^hjh`guo� \u-
_fdZo�\^hev�ljZkku�MnZ±Q_ey[bgkd�

�����I_ljhobfbq_kdb_�hkh[_gghklb

Ih�obfbq_kdhfm�khklZ\m�`bevgu_�]jZgblu�b�]jZgblgu_�i_]-
fZlblu�hlghkylky��lZd`_�dZd�b�]jZgblu����d�\ukhdh��b�\_kvfZ�\u-
khdhdj_fg_dbkeuf� ZkkhpbZpbyf� ba\_kldh\h�s_ehqgh]h� b� km[s_-
ehqgh]h�jy^h\��lZ[e�����jbk����������

I_ljhobfbq_kdZy�]jmiiZ�\ukhdhdj_fg_dbkeuo�ZkkhpbZpbc

(SiO2 = 70–73 %)

Ih^]jmiiZ� ;,,,� �k�  � ����±������ � \dexqZ_l�ba\_kldh\h�s_ehq-
gu_� i_]fZlblu� ih\ur_gghc� ba\_kldh\bklhklb�� gbadhc� kl_i_gb

s_ehqghklb��α� �����±�������mf_j_gghc�`_e_abklhklb�b�mf_j_gghc
gZljh\hklb��Ih� wlbf� i_ljhobfbq_kdbf� ihdZaZl_eyf� �djhf_� lbiZ

s_ehqghklb��i_]fZlblu�^Zgghc�ih^]jmiiu�[ebadb�d�f_edha_jgb-
kluf�[bhlblh\uf� ]jZgblZf����gh�hlebqZxlky�hl�gbo�[he__�\ukh-
dhc�gZljh\hklvx��Q� �����±������ijhlb\�����±������



L Z [ e b p Z � �
Obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii�`bevguo�]jZgblh\�b�]jZgblguo�i_]fZlblh\

Hdkb^u��i_ljhobfbq_kdb_�fh^mebI_ljhobf�

ih^]jmiiZ

��i/i;�kj_^��agZ�
q_gb_;�^bki_jkby SiO2 TiO2 Al2O3 Fe2O3 FeO MgO CaO Na2O K2O q k α f n al'

1 72.64 0.20 13.33 1.79 1.30 0.68 1.16 3.58 5.00 0.75 0.09 0.85 0.53 0.52 3.53
2 72.49 0.20 15.67 0.36 0.66 0.42 1.34 4.01 3.60 0.78 0.12 0.67 0.58 0.63 11.1
3 72.14 0.15 15.02 1.08 1.34 0.50 1.16 4.22 4.25 0.75 0.08 0.77 0.73 0.60 5.14
4 71.82 0.03 15.62 0.12 1.17 0.60 1.16 4.08 5.00 0.75 0.08 0.78 0.53 0.55 8.26
5 71.27 0.28 14.55 0.48 1.23 0.50 1.45 4.00 5.18 0.74 0.10 0.84 0.66 0.54 6.58

6 (521/1) 70.90 0.35 15.40 0.05 1.30 0.38 1.21 5.40 3.60 0.74 0.08 0.83 0.65 0.70 8.90
7  (541) 72.60 0.28 14.15 0.86 1.30 0.19 1.03 4.20 3.20 0.78 0.08 0.74 0.85 0.67 6.02

o 71.98 0.21 14.82 0.68 1.18 0.47 1.21 4.21 4.26 0.75 0.09 0.78 0.65 0.60 6.36

XIV
(n = 7)

S2 0.467 0.011 0.62 0.176 0.057 0.025 0.019 0.315 0.655
8 74.05 0.01 14.07 0.26 0.76 0.60 0.93 3.88 5.28 0.77 0.07 0.86 0.63 0.53 9.25
9 73.51 0.10 14.06 0.81 0.75 0.29 0.85 4.79 4.25 0.78 0.06 0.89 0.61 0.63 7.60

10 (504) 77.07 0.15 11.97 0.52 0.84 0.15 0.68 4.22 4.30 0.80 0.05 0.97 0.81 0.60 7.93
11 (513) 74.05 0.15 14.14 0.44 0.73 0.19 1.21 5.43 3.85 0.76 0.07 0.92 0.76 0.68 10.40

12 (546/2) 76.24 0.06 12.15 0.53 0.58 0.21 0.72 3.70 4.45 0.80 0.05 0.89 0.78 0.56 7.06
o 74.67 0.10 13.56 0.51 0.80 0.31 0.92 4.58 4.42 0.78 0.06 0.91 0.71 0.60 8.37

XVII
(n = 5)

S2 2.311 0.004 0.841 0.039 0.011 0.009 0.047 0.54 0.277
XII 13 (484/1) 68.93 0.05 16.40 0.37 0.55 0.19 0.86 2.10 11.0 0.71 0.05 0.94 0.71 0.23 14.77
XIII 14 70.96 0.32 16.03 0.07 1.60 0.42 2.20 4.00 2.43 0.77 0.18 0.58 0.70 0.71 7.67
XIV 15 (525/3) 73.04 0.06 15.18 0.17 0.83 0.07 1.17 4.40 4.60 0.77 0.08 0.80 0.87 0.59 14.18

16 78.21 0.06 11.66 0.50 0.78 0.29 0.84 3.12 4.14 0.82 0.07 0.82 0.71 0.53 6.99
17 76.10 0.03 13.80 0.07 0.48 0.24 1.60 3.26 3.31 0.81 0.14 0.65 0.71 0.60 17.47
o 77.15 0.04 12.73 0.28 0.63 0.27 1.22 3.19 3.72 0.81 0.10 0.73 0.71 0.56 10.79

XVI
(n = 2)

S2 2.247 0.0008 2.29 0.097 0.045 0.0008 0.289 0.01 0.336
18 75.21 0.01 13.82 0.47 0.55 0.40 0.86 4.10 3.84 0.79 0.06 0.79 0.56 0.62 10.46
19 74.55 0.01 14.33 0.21 0.79 0.30 1.16 4.22 4.00 0.78 0.08 0.78 0.65 0.62 11.02
o 74.88 0.01 14.07 0.34 0.67 0.35 1.01 4.16 3.92 0.79 0.07 0.78 0.60 0.62 10.54

XVII
(n = 2)

S2 0.218 0 0.135 0.034 0.029 0.005 0.045 0.007 0.013
I j b f _ q Z g b _ �  1−12 − `bevgu_�]jZgblu����−19 −�]jZgblgu_�i_]fZlblu�

:gZebau��−5, 8, 9, 14, 16−19 −�ba�dhee��<��G��Xj_pdh]h�b�^j����������hklZevgu_�ZgZebau�−�dhee��;��G��I_jfydh\Z
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Jbk�� ����I_ljhobfbq_kdZy� ^bZ]jZffZ� k� ±�SiO2 – α�`bevguo� ihjh^
QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

��±�]jZgblu����±�i_]fZlblu�b�i_]fZlhb^gu_�]jZgblu����±�Zj_Ze�i_ljhobfbq_-
kdhc�ih^]jmiiu�b�__�ghf_j�

Pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�kf��jbk�����

Jbk�� ����I_ljhobfbq_kdZy�^bZ]jZffZ� � f – SiO2 – n�`bevguo�ihjh^
QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_� h[hagZq_gby� kf�� jbk�� ���� pbnjh\u_� b� [md\_ggu_� h[hagZq_gby� ±

jbk�����b����

Ih^]jmiiZ�;,9���k� �����±������h[t_^bgy_l�km[s_ehqgu_�f_e-
dh�kj_^g_a_jgbklu_� [bhlblh\u_� b�� qZklbqgh�� e_cdhdjZlh\u_

`bevgu_�]jZgblu��Z�lZd`_��gh�\�f_gvr_c�f_j_��i_]fZlhb^gu_�]jZ-
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gblu�� ;bhlblh\u_� ]jZgblu�� keZ]Zxsb_� `bevgu_� l_eZ�� h[eZ^Zxl

mf_j_gghc�b�\ukhdhc�kl_i_gvx�s_ehqghklb� �α�  � ����±�������gba-
dhc� b� mf_j_gghc� `_e_abklhklvx� �I�  � ����±������� dZeb_\h�

gZljb_\uf� b� gbadhgZljb_\uf� lbihf�s_ehqghklb��I_]fZlhb^gu_

]jZgblu�� \oh^ysb_� \� wlm�`_� ih^]jmiim�� bf_xl� ihgb`_ggmx� ba-
\_kldh\bklhklv�� mf_j_ggmx�s_ehqghklv� �α�  � ����±������ \ukhdmx
`_e_abklhklv��I� �����±������b�gbadmx�gZljh\hklv��Q� �����±������

Ih�\_ebqbgZf�ba\_kldh\bklhklb��kl_i_gb�b�lbim�s_ehqghklb

hibku\Z_fu_� ihjh^u� [ebadb� d� ^\mkex^yguf� b� fmkdh\blh\uf

]jZgblZf�� Z�ih� kl_i_gb�`_e_abklhklb� koh^gu� k�f_edha_jgbklufb

[bhlblh\ufb�]jZgblZfb���

I_ljhobfbq_kdZy�]jmiiZ�\_kvfZ�\ukhdhdj_fg_dbkeuo

ZkkhpbZpbc��6L22 > 73 %)

Ih^]jmiiZ� O9,� � �k�  � ����±������ � ij_^klZ\e_gZ� ba\_kldh\h�

s_ehqgufb� i_]fZlblZfb� ih\ur_gghc� dj_fg_dbkehlghklb

(SiO2�  � ��±��� ���� gbadhc� b� mf_j_gghc� s_ehqghklb�� mf_j_gghc

`_e_abklhklb� �I
�  � ����±������� dZeb_\h�gZljb_\h]h�b�gbadhgZljb_-
\h]h�lbih\��Q� �����±�������Ih\ur_ggZy�dZeb_\hklv�b�[he__�\ukh-
dZy�kl_i_gv�s_ehqghklb�gZ[ex^Z_lky�\�i_]fZlblZo�k�kh^_j`Zgb_f

SiO2 = 76 %.
Ih^]jmiiZ� O9,,� �k�  � ����±������ � h[t_^bgy_l� km[s_ehqgu_

`bevgu_�]jZgblu��i_]fZlblu�b�i_]fZlhb^gu_� ]jZgblu��bf_xsb_

fgh]h�h[sbo�q_jl�ih�ba\_kldh\bklhklb�b�`_e_abklhklb�k�fmkdh\b-
lh\ufb�]jZgblZfb�X`gh�?eZgqbdh\kdhc�Zihnbau��Z�ih�lbim�s_-
ehqghklb� ±� k� [bhlblh\ufb� ]jZgblZfb� QZrdh\kdh]h� \uklmiZ�

<�p_ehf�^ey�wlbo�ihjh^�oZjZdl_jgu�klZ[bevgu_�\_ebqbgu�ba\_kl-
dh\bklhklb�� rbjhdbc� ^bZiZahg� kl_i_gb� s_ehqghklb� �mf_j_ggh

s_ehqghc�lbi�\�i_]fZlblZo��α� �����±�����b�\ukhdhs_ehqghc�lbi
\� `bevguo� ]jZgblZo�� α�  � ����±������� gbadZy� b� mf_j_ggZy

`_e_abklhklt� �I�  � ����±������ b� gbadhgZljh\uc� lbi� s_ehqghklb

(n = 0.58–0.67).
LZdbf�h[jZahf��ihqlb�ih�\k_f�i_ljhobfbq_kdbf�ihdZaZl_eyf

`bevgu_�]jZgblu�b�i_]fZlblu�[ebadb�d�]jZgblZf����\�k\yab�k�q_f

fh`gh� ij_^iheh`blt�� qlh� `bevgu_� ihjh^u� QZrdh\kdh�?eZgqb-
dh\kdh]h�fZkkb\Z� ]_g_lbq_kdb� k\yaZgu�� kdhj__� \k_]h�� k� ]jZgblZfb

\lhjh]h�wlZiZ��y\eyykv�ijhba\h^gufb�hklZlhqguo�jZkieZ\h\�

�����=_hobfbq_kdb_�hkh[_gghklb

<�jZkij_^_e_gbb�fbdjhwe_f_glh\� �\�`bevguo�]jZgblZo�b�i_]-
fZlblZo�mklZgh\e_gu�ke_^mxsb_�aZdhghf_jghklb��lZ[e�����jbk������



L Z [ e b p Z � �
Kh^_j`Zgb_�we_f_glh\�ijbf_k_c��]�l��\�`bevguo�]jZgblZo�b�]jZgblguo�i_]fZlblZo

We_f_gl�
i�i�

�
ijh[u Cr V Ti Cu Zn Pb As Sr Ba Ga Y Zr Rb Nb Rb/Sr Sr/Ba

1 504 − − 1300 21 29 17 9 124 − 38 15 130 187 13 1.51 −
2 513 − − 2640 − 130 23 8 283 − − − 130 158 7 0.56 −
3 521/1 − − 3010 22 57 42 − 404 − 47 3 120 137 10 0.34 −
4 541 − − 970 117 82 65 7 290 − 23 − 136 145 10 0.5 −
5 568 − − 1050 − 93 55 5 15 − − 17 116 350 28 23.3 −
6 546/2 − − 3230 67 97 65 − 8 − 27 23 85 230 16 28.7 −
7 644/1 5 − 3640 − 62 15 5 1090 − 23 − 177 86 − 0.08 −
8 688 50 44 1140 56 39 36 − 42 850 10 − 132 130 6 0.31 0.49
9 703/2 47 38 1225 138 330 116 9 130 700 33 26 320 160 22 1.2 0.18
10 703/6 66 − 500 80 − 39 5 − − − 14 175 140 12 − −
11 719/2 37 12 500 113 90 19 6 13 278 − 20 165 145 13 11.1 21.4
12 831/1 73 46 1390 151 86 − 8 625 740 16 − 124 138 14 0.2 0.84
13 845 − 12 360 126 36 41 7 5 − 13 11 134 214 13 43 −
14 846/1 − 70 2100 124 69 − 7 566 980 15 − 203 104 8 0.18 0.58
15 850/2 48 36 640 86 23 − 10 275 650 − − 194 170 17 0.6 0.42
16 890/1 39 21 630 104 34 35 5 80 400 − 8 140 142 9 1.8 0.2
17 484/1 − 5 1630 − − 126 − 550 − 16 − − 290 − 0.53 −
18 525/1 − − 1890 34 − 185 − 246 − 21 − 25 458 9 1.86 −
19 525/3 − − 1690 28 − 124 − 238 − 35 − 88 200 9 0.84 −
20 546/2 − − 1650 60 100 65 − 8 − 27 23 85 230 16 29 −
21 625/1 − − 1910 − − 50 − 520 − 27 − 79 46 9 0.09 −
22 645/2 − − 2730 − − 72 6 390 − 12 7 43 33 7 0.08 −
23 687/1 99 22 330 43 − 143 − 310 450 26 − 13 260 9 0.83 0.69
24 699/1 58 16 220 124 − 49 − 104 318 − − − 232 7 2.2 0.32
25 724/1 40 33 970 110 40 − − 150 610 − − 107 217 11 1.4 0.24
26 760/1 75 12 215 184 − 89 12 183 − 18 − − 390 − 2.1 −
27 779 81 15 420 96 35 65 − 270 372 33 − 48 170 − 0.6 0.73
28 779/2 43 − 300 107 21 94 5 190 − 44 − 23 51 11 0.27 −

I j b f _ q Z g b _ . 1−16 − `bevgu_�]jZgblu; 16−28 −�]jZgblgu_�i_]fZlblu�
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Jbk������JZkij_^_e_gb_�jm^guo�b�j_^dbo�we_f_glh\�\�`bevguo�ihjh-
^Zo�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

��±�]jZgblu����±�i_]fZlblu�b�i_]fZlhb^gu_�]jZgblu�

LblZg�ijbkmlkl\m_l�\�\ur_gZa\Zgguo�ihjh^Zo�\�deZjdh\hf�b

gb`_deZjdh\hf�dhebq_kl\Zo��ijbq_f�dhgp_gljZpby�_]h�\�]jZgblZo�

bf_xsbo�ihgb`_ggmx�dj_fg_dbkehlghklv���6L22� ���±�������agZ-
qbl_evgh�\ur_��q_f�\�]jZgblZo�b�i_]fZlblZo�k�kh^_j`Zgb_f�6L22 >
����������±�����]�l�ijhlb\����±�����]�l��� �I_]fZlblu�\�[hevr_c

f_j_� h[_^g_gu� lblZghf�� q_f�`bevgu_� ]jZgblu�� dhlhju_� ih� dhg-
p_gljZpbb��wlh]h�we_f_glZ�[ebadb�d�^\mkex^yguf�b�fmkdh\blh\uf

]jZgblZf���]h�wlZiZ�

F_^v� �\�\ur_deZjdh\uo�dhebq_kl\Zo����±����]�l��oZjZdl_jgZ

dZd�^ey�`bevguo�]jZgblh\��lZd�b�i_]fZlblh\��ijbq_f�kh^_j`Zgb_

f_^b�\�wlbo�ihjh^Zo�ihqlb�\���jZaZ�\ur_��q_f�\�]jZgblZo���
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Pbgd�kh^_j`blky�\�`bevguo�]jZgblZo�b�i_]fZlblZo�gZ�gb`_-
deZjdh\hf�mjh\g_��ohly�ih�Z[khexlguf�\_ebqbgZf�dhgp_gljZpbb

pbgdZ� \� ]jZgblZo� \ur_�� q_f� \� i_]fZlblZo� ���±���� ijhlb\

��±���]�l��

K\bg_p�ijbkmlkl\m_l�\�\ur_deZjdh\uo�dhebq_kl\Zo��^hklb]Zy

ki_pbZebabjh\Zgguo�agZq_gbc� ���±����]�l��\�i_]fZlblZo�b�i_]fZ-
lhb^guo�]jZgblZo��@bevgu_�]jZgblu�ih�kh^_j`Zgbx�k\bgpZ�[eba-
db�d�[bhlblh\uf�]jZgblZf����Furvyd�hlf_qZ_lky�\�\ur_deZjdh-
\uo�dhebq_kl\Zo�b�gZ�lZdhf�`_�mjh\g_���±���]�l���dZd�b�\�fmkdh\b-
lh\uo��^\mkex^yguo�b�[bhlblh\uo�]jZgblZo�

Kljhgpbc� � g_� ^hklb]Z_l� deZjdh\h]h� mjh\gy� dhgp_gljZpbc� \

`bevguo�]jZgblZo�b�ebrv�\�g_dhlhjhc�qZklb�i_]fZlblh\�kh^_j`Z-
gb_�_]h�ijb[eb`Z_lky�d�deZjdm�����±����]�l��

Jm[b^bc� �ijbkmlkl\m_l�\�deZjdh\hf�dhebq_kl\_��ijb�wlhf�mk-
lZgZ\eb\Z_lky�ljb�mjh\gy�_]h�dhgp_gljZpbc�\�`bevguo�]jZgblZo�b

i_]fZlblZo�� ���khhl\_lkl\m_l�kh^_j`Zgbx�\�[bhlblh\uo� ]jZgblZo

��]h�wlZiZ����±����]�l�������khhl\_lkl\m_l�kh^_j`Zgbx�\�^\mkex^y-
guo�b�fmkdh\blh\uo� ]jZgblZo� ����±���� ]�l� ��� ���mjh\_gv�dhgp_g-
ljZpbb�� oZjZdl_jguc� lhevdh� ^ey� i_]fZlblh\� �[he__

����]�l��

:gZebabjmy�^bZ]jZffm�5E�6U�hlghr_gby��kf��jbk�������fh`gh

aZf_lblv�� qlh� \� hlebqb_� hl� ]jZgblh\��� ^ey� `bevguo� ]jZgblh\� b

i_]fZlblh\� ijbkms� agZqbl_evguc� jZa[jhk� \� \_ebqbgZo

kh^_j`Zgbc� jm[b^by� b� kljhgpby�� ?keb� \� ]jZgblZo��� hlghr_gb_

5E�6U�\�kj_^g_f�khklZ\ey_l��� :����lh�\�`bevguo�]jZgblZo�wlZ�\_eb-
qbgZ�khhl\_lkl\m_l�� :����Z�\�i_]fZlblZo�� :������Ke_^h\Zl_evgh��ijb
nhjfbjh\Zgbb�`bevguo�ihjh^�ijhbkoh^be�\ughk�jm[b^by�

=Zeebc��blljbc�b�pbjdhgbc�ijbkmlkl\mxl�ijZdlbq_kdb�\�l_o

`_� dhebq_kl\Zo�� qlh� b� \� ]jZgblZo� ��]h� wlZiZ�� ohly� blljbc� kh^_j-
`blky��\�`bevguo�]jZgblZo�\�g_kdhevdh��[hevrbo�dhgp_gljZpbyo�

q_f� \� fmkdh\blh\uo� b� ^\mkex^yguo� ]jZgblZo� ���±��� ijhlb\

�±���]�l���Z�i_]fZlblu�\�agZqbl_evghc�f_j_�h[_^g_gu�pbjdhgb_f�

Gbh[bc��hlf_qZ_lky�\�deZjdh\hf�dhebq_kl\_��ijbq_f�\�i_]fZ-
lblZo��ih�kjZ\g_gbx�k�`bevgufb�]jZgblZfb�b�]jZgblZfb���]h�wlZ-
iZ�� kh^_j`Zgb_� gbh[by� g_kdhevdh� ihgb`_gh� ��±��� ijhlb\

�±���]�l��

LZdbf�h[jZahf��ih�mjh\gx�gZdhie_gby�[hevrbgkl\Z�ijhZgZ-
ebabjh\Zgguo� fbdjhwe_f_glh\� `bevgu_� ]jZgblu� b� i_]fZlblu

\_kvfZ�[ebadb� d� ]jZgblZf� ��]h� wlZiZ�b� hlebqZxlky� hl�ihke_^gbo

lhevdh� ih\ur_gguf� kh^_j`Zgb_f� &X�� 3E�� 6U� � �\� i_]fZlblZo��

=U� � �\� `bevguo� ]jZgblZo�� b� f_gvrbfb� agZq_gbyfb� 5E�6U-hlgh-
r_gby�
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=eZ\Z����HP?GD:�IHL?GPB:EVGHC�JM>HGHKGHKLB
=J:GBLHB>H<�Q:RDH<KDH�?E:GQBDH<KDH=H
F:KKB<:�IH�I?LJHOBFBQ?KDBF�IJBAG:D:F

Hkgh\gu_� ijbgpbiu�f_lh^bdb� hp_gdb� ihl_gpbZevghc� jm^h-
ghkghklb� ]jZgblhb^guo� ZkkhpbZpbc� baeh`_gu� Z\lhjhf� \� jy^_

him[ebdh\Zgguo�jZ[hl�>��������������@��\�k\yab�k�q_f�p_e_khh[jZagh

i_j_clb� g_ihkj_^kl\_ggh� d� hibkZgbx� wlbo� ijbagZdh\� \� qZrdh\-
kdbo�]jZgblhb^Zo�

GZ� ^bZ]jZffu� jm^hghkghklb� fZ]fZlbq_kdbo� ihjh^

�jbk�� ��±���� \ug_k_gu�nb]mjZlb\gu_� lhqdb�obfbq_kdbo� khklZ\h\

]jZgblhb^h\����]jZgblh\����`bevguo�]jZgblh\�b�i_]fZlblh\�

Jbk������>bZ]jZffZ�jm^hghkghklb�k�±�q�]jZgblhb^h\���]h�wlZiZ�nhj-
fbjh\Zgby��QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

��±�fb]fZlblu����±�ihjnbjh[eZklh\u_�]g_ckh]jZgblu����±�ihey�jm^hghkguo

]jZgblhb^h\� k� fbg_jZebaZpb_c�� II� ±� ahehlh�fheb[^_g�ihebf_lZeebq_kdhc�

IIIZ � ±� ahehlh�fheb[^_gh\hc�� III[� ±� fheb[^_gh\hc�� IV – fheb[^_g�\hevnjZfh\hc�
V� ±� \hevnjZfh\hc�� VI ±� dhfie_dkghc� j_^dhf_lZevghc� �Sn, W, Be, Li, F, Ta),
VII �±�\hevnjZf�gbh[b_\hc�b�j_^dha_f_evghc��VIII �±�heh\hjm^ghc�
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Jbk������>bZ]jZffZ�jm^hghkghklb�q – α�]jZgblhb^h\���]h�wlZiZ�nhj-
fbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk�����

Jbk������>bZ]jZffZ�jm^hghkghklb�f – q�]jZgblhb^h\���]h�wlZiZ�nhj-
fbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk�����
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Jbk������>bZ]jZffZ�jm^hghkghklb�q – n�]jZgblhb^h\���]h�wlZiZ�nhj-
fbjh\Zgby�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk�����

����>bZ]jZffZ� jm^hghkghklb� k� ±�q� ]jZgblh\� ��]h� wlZiZ� b�`bevguo
ihjh^��QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

��±�[bhlblh\u_�]g_ckh]jZgblu����±�e_cdhdjZlh\u_�]g_ckh]jZgblu�b�]jZgblu�

��±�fmkdh\blh\u_�]jZgblu����±�^\mkex^ygu_�]jZgblu����±�i_]fZlblu�b�i_]fZlhb^-
gu_�]jZgblu����±�`bevgu_�]jZgblu����±�[bhlblh\u_�]g_ckh]jZgblu�b�]jZgblu�Dur-
lufkdh]h�fZkkb\Z����±�ihey�jm^hghkguo�]jZgblhb^h\��kf��jbk������
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Jbk������>bZ]jZffZ�jm^hghkghklb��q – α�]jZgblh\���]h�wlZiZ�b�`bev-
guo�ihjh^�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk�����b  65.

Jbk������>bZ]jZffZ�jm^hghkghklb� f – q�]jZgblh\���]h�wlZiZ�b�`bev-
guo�ihjh^�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\gu_�h[hagZq_gby�kf��jbk�����b����

Fb]fZlblu��Ba� ijhZgZebabjh\Zgguo� ijh[� �Q�  � ���� ebgah-
\b^gh�ihehkqZluo�fb]fZlblh\�\�ihey�jm^hghkguo�ihjh^�ih� lj_f

beb� q_luj_f� i_ljhobfbq_kdbf� iZjZf_ljZf� �fh^meyf�� ihiZ^Z_l

\k_]h� ��������ba�gbo�ih� ������nb]mjZlb\guo� lhq_d� jZaf_s_gh� \

iheyo�,,,Z��ahehlh�fheb[^_gh\Zy�ki_pbZebaZpby��b�III [��kh[kl\_ggh
fheb[^_gh\Zy� ki_pbZebaZpby��� l�� _�� �����hl�ijhZgZebabjh\Zgguo

ijh[� fb]fZlblh\� h[gZjm`b\Zxl� i_ljhobfbq_kdb_� ijbagZdb� ih-
l_gpbZevghc�jm^hghkghklb�gZ�fheb[^_g�ih�]jZgbqguf�\_ebqbgZf

fh^me_c�ba\_kldh\bklhklb��kl_i_gb�s_ehqghklb��lbim�s_ehqghklb

b�\������kemqZ_\�ih�`_e_abklhklb�
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Jbk�� ���� >bZ]jZffZ� jm^hghkghklb� � � q – n� � ]jZgblh\� ��]h� wlZiZ� b
`bevguo�ihjh^�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

Mkeh\u_�h[hagZq_gb_�kf��jbk�����b����

Fb]fZlblu�� nb]mjZlb\gu_� lhqdb� dhlhjuo� ihiZ^Zxl� \� ihe_

III Z��ij_^klZ\e_gu�ba\_kldh\h�s_ehqguf�jy^hf��h[eZ^Zxl�gbadhc
b� mf_j_gghc�`_e_abklhklvx��gbadhc� b� mf_j_gghc� gZljh\hklvx� b

mf_j_gghc� kl_i_gvx�s_ehqghklb�b�hlghkylky�d�i_ljhobfbq_kdhc

ih^]jmii_�XIII.
Fb]fZlblu�� ihl_gpbZevgh� jm^hghkgu_� gZ� fheb[^_g� �ihe_

III [���ijbgZ^e_`Zl�d�e_cdhdjZlh\uf�\_kvfZ�\ukhdhdj_fg_dbkeuf
ZkkhpbZpbyf�b�oZjZdl_jbamxlky�ba\_kldh\h�s_ehqguf��qZklbqgh�±

km[s_ehqguf� mdehghf�� \_kvfZ� rbjhdbf� ^bZiZahghf� \� kl_i_gb

s_ehqghklb��Rl�gbadh��^h�mf_j_ggh�s_ehqguo�lbih\���gbadhc�`_-
e_abklhklvx�b�gbadhc�gZljh\hklvx� �ih^]jmiiu�XVI �b�� qZklbqgh�
OVII).

QZklv�nb]mjZlb\guo�lhq_d�fb]fZlblh\�jZaf_s_gh�\�iheyo�,9

b�VI � �ih� ��������<�ihe_� IV � �fheb[^_g�\hevnjZfh\Zy� ki_pbZebaZ-
pby��fb]fZlblu�ihiZ^Zxl�ih�]jZgbqguf�\_ebqbgZf�lj_o�i_ljhob-
fbq_kdbo�ihdZaZl_e_c��ba\_kldh\bklhklb��kl_i_gb�b�lbim�s_ehqgh-
klb��Wlh�km[s_ehqgu_�jZagh\b^ghklb�fb]fZlblh\��bf_xsbo�mf_-
j_ggmx�b�\ukhdmx�kl_i_gv�s_ehqghklb��\ukhdmx�`_e_abklhklv�b

dZeb_\h�gZljb_\uc� lbi�s_ehqghklb� �i_ljhobfbq_kdZy� ih^]jmiiZ

XIV).
<�ihe_�9,� �dhfie_dkgZy�j_^dhf_lZevgZy�ki_pbZebaZpby��jZa-

f_s_gu� \_kvfZ� \ukhdhdj_fg_dbkeu_� km[s_ehqgu_� fb]fZlblu

mf_j_gghc�b�\ukhdhc�kl_i_gb�s_ehqghklb��mf_j_gghc�b�\ukhdhc

`_e_ abklhklb��gbadhc�b�mf_j_gghc�gZljh\hklb� �ih^]jmiiZ�XVII),
bf_xsb_� i_ljhobfbq_kdb_� ijbagZdb� ihl_gpbZevghc
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jm^hghkghklb� ih� lj_f� ihdZaZl_eyf�� ba\_kldh\bklhklb�� kl_i_gb

s_ehqghklb�b�`_e_abklhklb�

Ihjnbjh[eZklh\u_�]g_ckh]jZgblu��Kj_^b�ihjnbjh[eZklh-
\uo�]g_ckh]jZgblh\�qZklhlZ�\klj_qZ_fhklb�ijh[�k�ijbagZdZfb�ih-
l_gpbZevghc�jm^hghkghklb�^hklb]Z_l� ������� � �ba� ���ZgZebah\���<

ihe_� III [� �kh[kl\_ggh� fheb[^_gh\Zy� ki_pbZebaZpby�� jZaf_s_gh
����� �� nb]mjZlb\guo� lhq_d� ba\_kldh\h�s_ehqguo�� qZklbqgh� ±

km[s_ehqguo�]g_ckh]jZgblh\�mf_j_gghc�b�\ukhdhc�kl_i_gb�s_ehq-
ghklb��\ukhdhc�`_e_abklhklb�b�gbadhc�gZljh\hklb� �i_ljhobfbq_-
kdb_� ih^]jmiiu� ;9,�� \� f_gvr_c� f_j_�� XVII ��� l�� _�� ih� i_ljh�
obfbq_kdbf� hkh[_gghklyf� jZkkfZljb\Z_fu_� ihjnbjh[eZklh\u_

]g_ckh]jZgblu� � [ebadb� d� ebgah\b^gh�ihehkqZluf� fb]fZlblZf�

h[eZ^Zxsbf�ijbagZdZfb�fheb[^_gh\hc�ki_pbZebaZpbb�

G_agZqbl_evgZy���������]jmiiZ�ihjnbjh[eZklh\uo�]g_ckh]jZ-
gblh\� h[gZjm`b\Z_l� i_ljhobfbq_kdb_� ijbagZdb� � ihl_gpbZevghc

jm^hghkghklb�gZ�fheb[^_g�b�\hevnjZf��ihe_�IV ���Ih^h[gu_�]g_c-
kh]jZgblu� ij_^klZ\e_gu� km[s_ehqgufb� jZagh\b^ghklyfb� \ukh-
dhc�kl_i_gb�s_ehqghklb��mf_j_gghc�b�\ukhdhc�`_e_abklhklb��dZ-
eb_\h�gZljb_\h]h�lbiZ��ih^]jmiiZ�;,9��

Ihqlb� �����nb]mjZlb\guo� lhq_d� khklZ\Z�ihjnbjh[eZklh\uo

]g_ckh]jZgblh\� jZaf_s_gh� \� ihe_� V� �\hevnjZfh\Zy� ki_pbZebaZ-
pby��� Wlh� km[s_ehqgu_� \_kvfZ� \ukhdh�� b� \ukhdhdj_fg_dbkeu_

jZagh\b^ghklb� ]g_ckh]jZgblh\� ij_bfms_kl\_ggh� mf_j_gghc� kl_-
i_gb�s_ehqghklb�� mf_j_gghc� b� \ukhdhc� `_e_abklhklb�� gbadh�� b

mf_j_ggh� gZljb_\h]h� lbiZ� �i_ljhobfbq_kdb_� ih^]jmiiu� XVII,
qZklbqgh�;,9��

<�ihe_�9,� �dhfie_dkgZy�j_^dhf_lZevgZy�ki_pbZebaZpby��jZa-
f_s_gh�������nb]mjZlb\guo�lhq_d�ihjnbjh[eZklh\uo�]g_ckh]jZ-
gblh\� \_kvfZ� \ukhdhc� dj_fg_dbkehlghklb�� km[s_ehqgh]h� jy^Z�

\ukhdhc� kl_i_gb� s_ehqghklb�� \ukhdhc� `_e_abklhklb�� gbadhgZ-
ljb_\h]h�b�dZeb_\h�gZljb_\h]h�lbiZ�

LZdbf�h[jZahf��kj_^b�fb]fZlblh\�b�ihjnbjh[eZklh\uo�]g_c-
kh]jZgblh\�jZkijhkljZg_gu�jZagh\b^ghklb��bf_xsb_�i_ljhobfb-
q_kdb_�ijbagZdb�gZ�koh^gmx�]_hobfbq_kdmx�ki_pbZebaZpbx��QZk-
lhlZ� \klj_qZ_fhklb� ihjh^� k� ijbagZdZfb� h^bgZdh\hc� ki_pbZebaZ-
pbb�kj_^b�fb]fZlblh\�b�ihjnbjh[eZklh\uo�]g_ckh]jZgblh\�ijZd-
lbq_kdb�kh\iZ^Z_l��gZ�fheb[^_g�±�������\�fb]fZlblZo�b���������\

ihjnbjh[eZklh\uo� ]g_ckh]jZgblZo�� gZ� fheb[^_g� b� \hevnjZf� ±

khhl\_lkl\_ggh� ����b� �����;�gZ�dhfie_dkgh_�j_^dhf_lZevgh_�hjm-
^_g_gb_�±�khhl\_lkl\_ggh�����b��������<�lh�`_�\j_fy��\�hlebqb_�hl

fb]fZlblh\��agZqbl_evgZy�]jmiiZ� �������ihjnbjh[eZklh\uo�]g_c-
kh]jZgblh\� h[gZjm`b\Z_l� i_ljhobfbq_kdb_� ijbagZdb� \hevnjZfh-
\hc�ki_pbZebaZpbb�
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=jZgblu���]h�wlZiZ���:gZebabjmy�i_ljhobfbq_kdb_�ijbagZdb
ihl_gpbZevghc� jm^hghkghklb� ]jZgblh\��� QZrdh\kdh�?eZgqbdh\�

kdh]h�fZkkb\Z��g_evay�g_�h[jZlblv�\gbfZgby�gZ�j_adh_�m\_ebq_gb_

�ih� kjZ\g_gbx� k� ]jZgblhb^Zfb����ijhp_glZ� \klj_qZ_fhklb�ihl_g-
pbZevgh�jm^hghkguo�jZagh\b^ghkl_c�]jZgblh\��k������kj_^b�]jZgb-
lhb^h\��� ^h� ����� �� ±� kj_^b� ]jZgblh\����� <� wlhf� qbke_

������ ��� gZ� ]g_ckh\b^gu_� [bhlblh\u_� b� e_cdhdjZlh\u_� ]jZgblu

ijboh^blky���������gZ�[bhlbl�fmkdh\blh\u_�±�������gZ�fmkdh\blh-
\u_�±�������

;bhlblh\u_�b�e_cdhdjZlh\u_�]jZgblu

Kj_^b� [bhlblh\uo� b� e_cdhdjZlh\uo� ]g_ckh]jZgblh\� i_ljh-
obfbq_kdb_� ijbagZdb� ihl_gpbZevghc� jm^hghkghklb� hlf_qZxlky

\� ����� �� ijh[� wlbo� ihjh^�� ba� gbo� ���� �� ihiZ^Z_l� \� ihe_� III [�
�������±�ihe_�9���������±�ihe_�9,�b��������±�ihe_�VII.

IjbagZdZfb� fheb[^_gh\hc� ki_pbZebaZpbb� �ihe_� III [�� h[eZ-
^Zxl�jZagh\b^ghklb�]g_ckh]jZgblh\�km[s_ehqgh]h�jy^Z��bf_xsb_

g_kdhevdh� ih\ur_ggmx� ba\_kldh\bklhklv�� mf_j_ggmx� kl_i_gv

s_ehqghklb��gbadmx�b�mf_j_ggmx�`_e_abklhklv�b�gbadmx�gZljh-
\hklv��IjbgZ^e_`Zl�d�i_ljhobfbq_kdhc�ih^]jmii_�XIV.

<hevnjZfh\Zy� ki_pbZebaZpby� �ihe_� 9�� oZjZdl_jgZ� ^ey� km[-
s_ehqguo� \ukhdh�� b� \_kvfZ� \ukhdhdj_fg_dbkeuo� [bhlblh\uo

b� e_cdhdjZlh\uo� ]g_ckh]jZgblh\� mf_j_gghc�� bgh]^Z� \ukhdhc

s_ehqghklb��dZeb_\h�gZljb_\h]h��^h�mf_j_ggh�gZljb_\h]h��lbiZ�b

rbjhdh]h�^bZiZahgZ�\�kl_i_gb�`_e_abklhklb�±�hl�gbadh��^h�\ukh-
dh`_e_abkluo� lbih\�� Ih^h[gu_� ]jZgblu� hlghkylky� d� ]jZgbqghc

h[eZklb�i_ljhobfbq_kdbo�ih^]jmii�XIV �b�OVII.
IjbagZdb� dhfie_dkghc� j_^dhf_lZevghc� ki_pbZebaZpbb

(Sn–W, Be, Li, F, Ta;�ihe_�VI) �nbdkbjmxlky�\�[bhlblh\uo�b�e_cdh-
djZlh\uo�km[s_ehqguo�\_kvfZ�\ukhdhdj_fg_dbkeuo�]g_ckh]jZgb-
lZo��bf_xsbo�mf_j_ggmx�s_ehqghklv��mf_j_ggmx�b�\ukhdmx�`_-
e_abklhklv�� �dZeb_\h�gZljb_\uc�mdehg� �i_ljhobfbq_kdZy�ih^]jmi-
iZ� XVII) �� QZklv� [bhlblh\uo� ]jZgblh\� wlhc� `_� i_ljhobfbq_kdhc
ih^]jmiiu� h[gZjm`b\Z_l� ijbagZdb� gZ� \hevnjZf�gbh[b_\mx� ki_-
pbZebaZpbx�

>\mkex^ygu_�b�fmkdh\blh\u_�]jZgblu

Ih^Z\eyxs__�[hevrbgkl\h�ijhZgZebabjh\Zgguo�ijh[�[bhlbl�

fmkdh\blh\uo����������b�fmkdh\blh\uo��������]jZgblh\�h[gZjm`b-
\Zxl� i_ljhobfbq_kdb_� ijbagZdb� ihl_gpbZevghc� jm^hghkghklb� gZ

\hevnjZf��ihe_�9���.jRfH�lh]h�������nb]mjZlb\guo�lhq_d khklZ\h\
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fmkdh\blh\uo�]jZgblh\�jZaf_s_gh�\�ihe_�VI �±�dhfie_dkgZy�j_^dh-
f_lZevgZy�ki_pbZebaZpby��Sn–W, Be, Li, F, Ta).

Fmkdh\blh\u_�b�^\mkex^ygu_� ]jZgblu��ihl_gpbZevgh� jm^h-
ghkgu_� gZ� \hevnjZf�� ij_^klZ\eyxl� kh[hc \ukhdhdj_fg_dbkeu_
km[s_ehqgu_� ihjh^u� mf_j_ggh� b� \ukhdh`_e_abklh]h�� dZeb_\h�

gZljb_\h]h� b� gbadhgZljb_\h]h� lbiZ� �i_ljhobfbq_kdZy� ih^]jmiiZ

O,9���ijbq_f��^\mkex^ygu_�]jZgblu��ih�kjZ\g_gbx�k�fmkdh\blh-
\ufb��h[eZ^Zxl�g_kdhevdh�ihgb`_gghc�ba\_kldh\bklhklvx�b�kl_-
i_gvx�s_ehqghklb�b�[he__�\ukhdhc�dZeb_\hklvx�

Fmkdh\blh\u_�]jZgblu��ih�i_ljhobfbq_kdbf�ijbagZdZf� �ih-
l_gpbZevgh�jm^hghkgu_�gZ�j_^db_�f_lZeeu��lZd`_�ijbgZ^e_`Zl�d

km[s_ehqghfm�jy^m��gh�ijb�wlhf�hlghkylky�d�\_kvfZ�\ukhdhdj_fg_-
dbkeuf� ZkkhpbZpbyf�� oZjZdl_jbamxsbfky� ij_bfms_kl\_ggh� mf_-
j_gghc�s_ehqghklvx��rbjhdbf�^bZiZahghf�\�kl_i_gb�`_e_abklhklb

�hl� gbadh�� ^h� \ukhdh`_e_abkluo� � lbih\�� b� klZ[bevguf� dZeb_\h�

gZljb_\uf�mdehghf��i_ljhobfbq_kdZy�ih^]jmiiZ�OVII).
Kj_^b�]jZgblh\�`bevgh]h�lbiZ�i_ljhobfbq_kdb_�ijbagZdb

ihl_gpbZevghc�jm^hghkghklb� \uy\e_gu� \� ������� � hl� \k_]h�qbkeZ

ijhZgZebabjh\Zgguo� h[jZaph\�� ijb� wlhf� ����� �� ijboh^blky� gZ

jZagh\b^ghklb�]jZgblh\�k�\hevnjZfh\hc�ki_pbZebaZpb_c�b������� –
k�fheb[^_gh\hc�ki_pbZebaZpb_c�

IjbagZdb� fheb[^_gh\hc� ki_pbZebaZpbb� �ihe_� III [�� h[gZjm-
`b\Zxlky��\�km[s_ehqguo�\ukhdhdj_fg_dbkeuo�]jZgblZo�mf_j_g-
ghc� s_ehqghklb�� gbadhc� `_e_abklhklb�� gbadhgZljb_\h]h� lbiZ

�i_ljhobfbq_kdZy�ih^]jmiiZ�OIV).
IjbagZdb�\hevnjZfh\hc�ki_pbZebaZpbb� �ihe_�V��oZjZdl_jgu

^ey� km[s_ehqguo� \ukhdh�� b� \_kvfZ� \ukhdhdj_fg_dbkeuo� ihjh^�

bf_xsbo�mf_j_ggmx�b�\ukhdmx�kl_i_gv�s_ehqghklb��gbadmx�`_-
e_abklhklv�� dZeb_\h�gZljb_\uc�b�gbadhgZljh\uc� lbi�s_ehqghklb

�ih^]jmiiZ�OVII ��qZklbqgh�;IV).
Kj_^b� i_]fZlblh\� i_ljhobfbq_kdb_� ijbagZdb� ihl_gpbZev-

ghc� jm^hghkghklb� mklZgh\e_gu� \� ����� �� ijhZgZebabjh\Zgguo

ijh[�� ba� gbo� ����� �� ijboh^ylky� gZ� i_]fZlblu� k� ihl_gpbZevguf

\hevnjZfh\uf�hjm^_g_gb_f�b�ih��������±�k�dhfie_dkguf�j_^dh-
f_lZevguf�b�\hevnjZf�gbh[b_\uf�hjm^_g_gb_f�

I_]fZlblu�ihl_gpbZevgh� jm^hghkgu_�gZ� \hevnjZf� �ihe_�V)
ih� i_ljhobfbq_kdbf� ijbagZdZf� koh^gu� k� `bevgufb� ]jZgblZfb�

h[eZ^Zxsbfb� lZdhc�`_�f_lZeeh]_gbq_kdhc� ki_pbZebaZpb_c��I_]-
fZlblu��bf_xsb_�ijbagZdb�dhfie_dkghc�j_^dhf_lZevghc�ki_pbZ-
ebaZpbb��ihe_�VI ���hlghkylky�d�\_kvfZ�\ukhdhdj_fg_dbkeuf�Zkkh-
pbZpbyf� \ukhdhc� s_ehqghklb�� \ukhdhc� `_e_abklhklb� b� gbadhc

gZljh\hklb� �i_ljhobfbq_kdZy� ih^]jmiiZ� OVII ��� I_]fZlblu� k
\hevnjZf�gbh[b_\hc� ki_pbZebaZpb_c� ijbgZ^e_`Zl� d� ba\_kldh\h�
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s_ehqghfm�jy^m�k�aZf_lgufb�dhe_[Zgbyfb�\�\_ebqbgZo�ba\_kldh-
\bklhklb�� Bf_xl� mf_j_ggmx� s_ehqghklv�� mf_j_ggmx� `_e_ab-
klhklv�� dZeb_\h�gZljb_\uc� b� gbadhgZljb_\uc� lbi� s_ehqghklb

�i_ljhobfbq_kdZy�ih^]jmiiZ�OVI).
Ih^\h^y�blh]�i_ljhobfbq_kdhc�hp_gd_�ihl_gpbZevghc�jm^h-

ghkghklb� ]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�� p_e_-
khh[jZagh�hlf_lblv�ke_^mxsb_�fhf_glu�

���Hl�jZggbo�d�[he__�iha^gbf�ijhba\h^guf�]jZgblhh[jZamx-
sbo� ijhp_kkh\� mklZgZ\eb\Z_lky� aZdhghf_jgh_� m\_ebq_gb_� qbkeZ

jZagh\b^ghkl_c� ]jZgblh\�� h[eZ^Zxsbo� i_ljhobfbq_kdbfb� ijb-
agZdZfb� ihl_gpbZevghc� jm^hghkghklb�� ?keb� kj_^b� fb]fZlblh\

ih^h[gu_�ijbagZdb�bf_xl�\k_]h� �������ijhZgZebabjh\Zgguo�h[-
jZaph\��lh�m`_�\�ihjnbjh[eZklh\uo�]g_ckh]jZgblZo�bo�qbkeh�^hk-
lb]Z_l� ����� ��� Z� kj_^b� ]jZgblh\� ��]h� wlZiZ� ±� ����� ��� g_kdhevdh

kgb`Zykv�\�`bevguo�]jZgblZo����������b�i_]fZlblZo����������

���>ey�fb]fZlblh\� oZjZdl_jgu� ijbagZdb� ihl_gpbZevghc� jm-
^hghkghklb�gZ�fheb[^_g��^ey�ihjnbjh[eZklh\uo�]g_ckh]jZgblh\�±

gZ� \hevnjZf� b�� \�f_gvr_c�f_j_��fheb[^_g�� ^ey� ]jZgblh\��� b� bo

`bevguo� ^_jb\Zlh\� ±� gZ� \hevnjZf� b� j_^db_� f_lZeeu�� Ke_^h\Z-
l_evgh��oZevdhdhnbevgZy�ki_pbZebaZpby�]jZgblhb^h\�jZgg_]h�wlZ-
iZ�kf_gy_lky�eblhnbevghc�\�[he__�iha^gbc�wlZi�]jZgblhh[jZah\Z-
gby�

���JZkkfZljb\Z_fu_�]jZgblhb^u�[ueb�h[jZah\Zgu�\�ijhp_kk_

]jZgblbaZpbb� f_lZfhjnbq_kdbo� lhes� [_a� \k_h[t_fexs_]h� bo

ieZ\e_gby� b� fZ]fZlbq_kdhc� ^bnn_j_gpbZpbb�� qlh� ijb\_eh� g_� d

gZdhie_gbx�� Z� jZkk_ygbx� [hevrbgkl\Z� fbdjhwe_f_glh\�� Ohly� b

hlf_qZxlky� hlghkbl_evgh� klZ[bevgu_�i_ljhobfbq_kdb_�ijbagZdb

ihl_gpbZevghc�jm^hghkghklb�]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\-
kdh]h� fZkkb\Z�� j_ZebaZpby� wlhc� jm^hghkghklb� \� djmigu_� �ijh-
fure_ggu_��dhgp_gljZpbb�jm^guo�b�j_^dbo� we_f_glh\�g_�fh]eZ

[ulv� hkms_kl\e_gZ� \� kbem� ijhy\e_gby� hljbpZl_evguo� nZdlhjh\

jm^hh[jZah\Zgby�±�djZcg_�keZ[hc�fZ]fZlbq_kdhc�b�wfZgZpbhgghc

^bnn_j_gpbZpbb�
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=eZ\Z����KL:>BB�B�LBIU�F?L:KHF:LBQ?KDHC
=J:GBLBA:PBB�F?L:FHJNBQ?KDBO�IHJH>

B�W<HEXPBY�OBFBAF:�=J:GBLHB>H<
Q:RDH<KDH�?E:GQBDH<KDH=H�F:KKB<:

�����I_ljhobfbq_kdb_�hkh[_gghklb�\f_sZxrbo�ihjh^

DZd�hlf_qZehkv�jZg__��\f_sZxsbfb�ihjh^Zfb�^ey�]jZgblhb-
^h\� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� y\eyxlky� jZgg_ijhl_jh-
ahckdb_�f_lZfhjnblu�_eZgqbdh\kdhc�b�durlufkdhc�lhes�� �dhlh-
ju_� k� i_ljhobfbq_kdhc� lhqdb� aj_gby� h[jZamxl� ijZdlbq_kdb� g_-
ij_ju\gh� ^bnn_j_gpbjh\Zggmx� k_jbx� hl� djZcg_� gbadhdj_fg_-
dbkeuo�^h�\_kvfZ�\ukhdhdj_fg_dbkeuo�ZkkhpbZpbc��<�wlhc�k_jbb

ihke_^h\Zl_evgh� \u^_eyxlky�� Zfnb[heblu��h[jZah\Zggu_� aZ� kq_l

mevljZ[Zablh\��SiO2 < 50 %); Zfnb[heblu��\dexqZy�]jZgZlh\u_��b
f_eZghdjZlh\u_� [bhlbl�Zfnb[heh\u_� ieZ]bh]g_cku�� ih� khklZ\m

hl\_qZxsb_� ]Z[[jh�b�fhgph]Z[[jh� �6L22�  � ��±������� ]jZgZlh\u_

Zfnb[heblu�b� Zfnb[he�[bhlblh\u_�ieZ]bh]g_cku�^bhjblh\h]h�b

fhgph^bhjblh\h]h�khklZ\Z��6L22� ���±�������[bhlblh\u_�b�Zfnb-
[he�[bhlblh\u_� ieZ]bh]g_cku� d\Zjp�^bhjblh\h]h� b� d\Zjp�

fhgph^bhjblh\h]h� khklZ\Z� �6L22�  � ��±��� �����[bhlblh\u_�ieZ]b-
h]g_cku� ]jZgh^bhjblh\h]h� b� fhgph]jZgh^bhjblh\h]h� khklZ\Z

(SiO2� ���±�������[bhlbl�fmkdh\blh\u_�ieZ]bh]g_cku�b�]jZgblh]-
g_cku��6L22� ���±�������e_cdhdjZlh\u_�]g_cku��]jZgblh]g_cku��k

kh^_j`Zgb_f�6L22 > 73 %.
Ih� i_ljhobfbq_kdbf� hkh[_gghklyf� � �lZ[e�� ���� jbk�� ��±���

\ur_i_j_qbke_ggu_� jZagh\b^ghklb� f_lZfhjnbq_kdbo� ihjh^

�djhf_� mevljZ[Zablh\uo� Zfnb[heblh\�� jZa^_eyxlky� gZ� ^\Z� jy^Z�

ihke_^h\Zl_evgh� ^bnn_j_gpbjh\Zgguc� ba\_kldh\h�s_ehqghc� b

ij_ju\bklh�^bnn_j_gpbjh\Zgguc�km[s_ehqghc�

:fnb[heblu�� ]jZgZlh\u_� Zfnb[heblu� b� keZgpu�� hlghky-
sb_ky� d�ba\_kldh\h�s_ehqghfm�jy^m�� khklhyl�ba�ieZ]bhdeZaZ� ��±

���� Zfnb[heZ� ��±���� [bhlblZ� ���±���ibjhdk_gZ� �±��� d\ZjpZ� ���±��

bgh]^Z�]jZgZlZ����±�����Wlb�ihjh^u�bf_xl�gbadmx�b�mf_j_ggmx

kl_i_gv�s_ehqghklb��\ukhdmx�gZljh\hklv�b�ijbgZ^e_`Zl�d�i_ljh-
obfbq_kdhc�ih^]jmii_�,��:fnb[heblu�oZjZdl_jbamxlky�rbjhdbfb

\ZjbZpbyfb�\�kl_i_gb�`_e_abklhklb�±�hl�mf_j_ggh�fZ]g_abZevghc

^h� mf_j_ggh�`_e_abklhc��Ba\_kldh\bklhklv� \ur_�� Z� kl_i_gv�s_-
ehqghklb�gb`_�\�]jZgZlh\uo�Zfnb[heblZo�
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Obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii�\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^

Hdkb^u��i_ljhobfbq_kdb_�fh^mebI_ljhobf�

ih^]jmiiZ

��i/i;�kj_^�
agZq_gb_;
^bki_jkby

SiO2 TiO2 Al2O3 Fe2O3 FeO MgO CaO Na2O K2O q k α f n al'

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 (602/1) 37.78 0.05 0.60 3.27 3.32 32.92 0.57 0.05 0.03 -0.45 0.75 0.25 0.09 0.66 0.015
2 (562) 33.70 2.56 21.89 9.14 7.65 6.76 13.37 1.16 0.36 -0.26 0.84 0.10 0.57 0.84 0.93
3 (563) 41.53 0.05 0.92 5.82 3.99 30.95 0.21 0.04 0.02 -0.31 0.66 0.11 0.14 0.70 0.02
4 (565) 46.68 0.05 6.00 2.86 6.55 29.19 0.21 0.04 0.02 -0.13 0.50 0.03 0.15 0.75 0.15
5 (606) 40.04 0.03 2.24 3.97 3.35 35.53 0.39 0.07 0.05 -0.54 0.06 0.10 0.06 0.99 0.05

6 (525/5) 48.34 1.94 13.28 5.07 10.31 6.65 9.40 3.50 0.36 0.11 0.58 0.46 0.55 0.94 1.10
7 (525) 50.54 3.60 12.68 3.31 11.85 6.75 7.80 1.04 0.26 0.26 0.66 0.28 0.55 0.93 0.58

8 (486/1) 48.75 1.66 13.71 3.88 11.44 6.10 9.30 4.25 0.22 0.20 0.54 0.53 0.56 0.97 0.64
9 (487) 52.04 1.67 11.95 5.56 9.30 5.12 9.56 2.52 0.94 0.32 0.63 0.43 0.61 0.79 0.60

10 52.15 1.31 15.99 3.32 8.95 4.44 8.44 3.80 0.38 0.34 0.54 0.41 0.61 0.94 0.95
11 51.75 0.50 14.91 4.91 6.08 5.52 9.11 4.81 0.30 0.32 0.50 0.55 0.52 0.96 0.90
12 51.24 1.04 15.01 7.67 7.47 3.84 7.92 4.16 0.83 0.31 0.48 0.52 0.68 0.88 0.79
13 49.10 0.82 15.88 1.31 6.53 8.39 13.42 1.90 0.36 0.25 0.77 0.22 0.34 0.90 0.98
14 52.92 0.54 17.61 1.57 7.98 4.61 10.18 2.60 0.40 0.41 0.66 0.26 0.53 0.91 1.24
15 52.70 0.50 18.51 1.95 8.69 4.33 10.16 1.76 0.36 0.42 0.74 0.17 0.57 0.89 1.24
16 50.53 1.13 17.90 2.27 8.63 4.75 8.10 4.04 0.30 0.33 0.51 0.39 0.56 0.96 1.14
17 50.45 1.45 15.75 4.40 9.41 3.05 10.19 2.36 0.60 0.36 0.67 0.28 0.71 0.86 0.93
o 50.90 1.58 15.41 3.68 8.74 5.37 9.43 3.03 0.48 0.30 0.61 0.37 0.56 0.90 0.92

I
(n = 12)

S2 2.353 0.8 4.417 3.167 3.017 2.015 2.32 1.421 0.052
II 18 (619) 45.34 1.95 14.95 5.22 11.85 6.70 8.62 2.65 0.60 0.13 0.61 0.33 0.58 0.88 0.63

19 (624) 50.22 1.67 14.90 4.45 9.70 5.03 8.01 3.70 0.22 0.30 0.53 0.42 0.61 0.97 0.78
20 (645/1) 48.62 1.36 13.56 5.18 8.23 6.98 9.88 2.80 0.40 0.24 0.64 0.37 0.51 0.92 0.66

o 49.42 1.51 14.23 4.81 8.96 6.00 8.94 3.25 0.31 0.27 0.58 0.39 0.56 0.94 0.72

III
(n = 2)

S2 1.28 0.051 0.898 0.259 1.065 1.921 1.73 0.405 0.024
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
21 (524) 47.54 2.02 14.22 4.19 11.85 7.25 8.28 3.10 0.26 0.16 0.58 0.38 0.55 0.95 0.61

22 49.98 1.21 15.46 11.66 − 6.69 6.94 3.20 2.66 0.32 0.40 0.83 0.48 0.64 0.84
o 48.76 1.61 14.84 7.92 5.93 6.97 7.61 3.15 1.46 0.24 0.49 0.60 0.51 0.79 0.75

II
(n = 2)

S2 2.977 0.32 0.769 27.826 − 0.157 0.898 0.005 2.88
III 23 47.12 2.95 13.13 5.76 6.30 4.54 6.22 2.75 4.73 0.29 0.37 0.74 0.59 0.47 0.79

24 55.82 1.14 16.25 2.62 6.23 4.41 7.30 3.24 1.41 0.48 0.49 0.66 0.52 0.78 1.22
25 53.56 0.78 14.68 2.20 6.92 7.01 8.15 3.20 0.96 0.36 0.54 0.43 0.42 0.83 1.0
o 54.69 0.96 15.46 2.41 6.58 5.71 7.72 3.22 1.18 0.42 0.51 0.55 0.47 0.80 1.05

IV
(n = 2)

S2 2.554 0/065 1.217 0.088 0.245 3.38 0.353 0.0008 0.097
V 26 56.41 1.07 15.70 2.16 5.82 5.33 4.14 3.54 3.15 0.48 0.29 0.92 0.45 0.63 1.18

27 60.27 1.01 16.25 7.02 − 4.04 4.62 3.08 2.47 0.58 0.35 0.75 0.46 0.65 1.47
28 60.30 0.85 15.73 1.39 5.19 4.47 4.10 3.32 2.46 0.56 0.31 0.81 0.45 0.66 1.42
29 64.63 0.48 16.36 1.41 4.03 1.54 5.83 4.70 0.60 0.64 0.39 0.51 0.66 0.92 2.34
o 61.73 0.78 16.11 3.27 3.07 3.35 4.85 3.70 1.84 0.59 0.35 0.69 0.52 0.74 1.66

VII
(n = 3)

S2 6.295 0.102 0.111 10.528 2.708 2.33 0.788 0.764 1.159
30 61.56 0.83 16.30 1.58 4.93 3.23 2.97 3.44 3.04 0.61 0.23 0.86 0.52 0.63 1.71
31 63.90 0.64 15.33 2.96 3.21 2.70 2.51 3.80 2.70 0.64 0.20 0.60 0.55 0.68 1.73
o 62.73 0.73 15.81 2.17 4.07 2.96 2.74 3.62 2.87 0.63 0.22 0.73 0.54 0.65 1.72

VIII
(n = 2)

S2 2.785 0.02 0.48 1.248 1.479 0.135 0.106 0.065 0.058
32 65.79 0.78 14.55 1.28 4.80 2.14 3.85 2.76 2.07 0.70 0.34 0.72 0.61 0.67 1.77
33 66.44 0.63 15.15 1.14 4.10 2.70 3.39 3.06 2.04 0.69 0.30 0.74 0.51 0.69 1.91

X
(n = 7)

34 66.78 0.80 14.62 1.52 4.33 1.99 3.18 3.59 2.23 0.69 0.26 0.89 0.61 0.71 1.86
35 67.47 0.76 14.94 0.61 4.24 2.73 2.59 3.64 2.04 0.71 0.22 0.86 0.56 0.73 1.97
36 65.88 0.72 15.26 0.91 4.95 2.15 2.55 3.92 2.42 0.67 0.20 0.59 0.60 0.72 1.90
37 66.04 0.31 17.35 0.32 1.95 1.01 3.78 5.11 1.80 0.68 0.25 0.60 0.44 0.81 5.29

38 (655) 66.31 0.35 15.81 1.11 4.20 0.81 3.14 4.40 1.14 0.71 0.25 0.53 0.78 0.85 2.58
o 66.40 0.67 15.31 0.96 4.06 2.22 3.22 3.69 2.10 0.69 0.26 0.73 0.57 0.72 2.11
S2 0.178 0.044 0.938 0.167 0.986 0.364 0.265 0.665 0.173
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
39 70.80 0.28 15.19 2.66 − 0.75 1.99 3.33 3.70 0.78 0.16 0.97 0.63 0.58 4.45
40 72.41 0.37 14.15 0.25 2.30 1.37 3.12 4.32 1.44 0.75 0.24 0.61 0.51 0.81 3.61
41 70.77 0.41 15.63 0.15 2.32 0.56 2.02 4.17 2.29 0.76 0.16 0.60 0.71 0.74 5.16
42 73.33 0.22 14.36 0.07 1.44 0.59 2.28 5.15 2.00 0.76 0.16 0.82 0.58 0.80 6.84
43 72.22 0.32 13.00 0.26 3.14 2.11 2.64 3.60 1.50 0.75 0.16 0.58 0.47 0.78 2.36
44 71.64 0.51 12.91 0.29 3.05 1.96 1.83 5.00 1.80 0.72 0.14 0.79 0.48 0.81 2.43
45 70.83 0.58 14.27 0.42 2.87 1.57 2.56 4.79 1.42 0.72 0.20 0.66 0.54 0.84 2.94
46 70.65 0.34 15.84 1.12 1.26 1.48 1.42 2.84 2.76 0.77 0.14 0.48 0.46 0.60 4.10

47 (654) 69.57 0.37 15.51 1.49 2.12 0.94 2.33 4.70 1.54 0.74 0.18 0.61 0.67 0.83 3.45
48 (653) 70.46 0.31 14.77 1.28 1.58 0.85 2.45 3.90 1.88 0.76 0.21 0.58 0.64 0.77 3.98

o 71.58 0.38 14.42 0.65 2.05 1.30 2.23 3.65 2.11 0.75 0.18 0.69 0.55 0.74 3.60

XIII
(n = 10)

S2 1.306 0.011 1.087 0.716 0.464 0.332 0.23 0.891 0.49
49 (515) 69.12 0.61 15.48 0.54 1.49 0.65 1.47 5.20 4.70 0.71 0.09 0.88 0.65 0.63 5.78
50 (652) 68.92 0.25 16.26 0.64 1.40 0.58 1.67 4.80 3.60 0.73 0.11 0.72 0.66 0.67 6.21
51 (641) 72.00 0.19 14.45 0.52 1.32 0.40 1.19 3.30 5.60 0.76 0.08 0.76 0.71 0.49 6.45
52 (642) 72.02 0.24 14.45 0.90 1.21 0.39 1.32 3.90 4.60 0.76 0.09 0.79 0.76 0.56 5.78

53 (549/1) 70.19 0.36 15.39 0.99 1.04 0.64 1.86 5.00 3.85 0.73 0.11 0.80 0.64 0.66 5.76
54 (549/2) 69.30 0.31 15.65 0.47 1.20 0.59 1.37 3.90 5.95 0.73 0.08 0.82 0.62 0.50 6.92

o 70.26 0.33 15.28 0.68 1.28 0.54 1.48 4.35 4.72 0.74 0.09 0.79 0.67 0.58 6.26

XIV
(n = 6)

S2 2.229 0.023 0.505 0.047 0.026 0.014 0.06 0.571 0.863
XVI 55 73.85 0.68 11.42 0.48 3.90 1.56 1.70 2.12 2.90 0.78 0.19 0.58 0.61 0.52 1.92

56 (484) 73.90 0.16 14.28 0.40 0.72 0.25 0.72 3.35 5.45 0.78 0.06 0.80 0.73 0.48 10.42
57 (567) 74.23 0.07 13.53 0.65 0.89 0.17 0.87 4.00 4.40 0.78 0.06 0.85 0.83 0.58 7.91

o 74.06 0.12 13.90 0.52 0.80 0.21 0.79 3.67 4.92 0.78 0.06 0.82 0.78 0.53 9.08

XVII
(n = 2)

S2 0.058 0.003 0.274 0.288 0.013 0.003 0.001 0.218 2.27

Ijbf_qZgb_���−5 − f_lZmevljZ[Zablu; 6−20 −�Zfnb[heblu� 21, 22 −�f_eZghdjZlh\u_�[bhlbl�Zfnb[heh\u_�ieZ]bh]g_cku� 23 −�f_eZghdjZlh\uc
]g_ck� 24, 25 −� ]jZgZl�Zfnb[he�[bhlblh\u_� ieZ]bh]g_cku� 26 −� [bhlblh\uc� ]g_ck� 27−31 −� Zfnb[he�[bhlblh\u_� ]g_cku� 32−38 −� [bhlblh\u_� b
Zfnb[he�[bhlblh\u_�ieZ]bh]g_cku� 39 − 48 −�[bhlbl�fmkdh\blh\u_�ieZ]bh]g_cku� 49−57 −�]jZgblh]g_cku�

:gZebau���−17, 25, 29, 31, 36, 37, 40−46, 55 −�ba�dhee��<��G��Xj_pdh]h�b�^j��������� 22, 24, 26−28, 30, 32−35, 39 −�ih�>��@� 23 −�ih�>��@�
HklZevgu_�ZgZebau�−�dhee��;��G��I_jfydh\Z�
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Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ�k�±�SiO2�\f_sZxsbo�f_lZfhj-
nbq_kdbo�ihjh^�

��±�Zfnb[heblu����±�]jZgZlh\u_�Zfnb[heblu����±�[bhlbl�Zfnb[heh\u_�f_eZ-
ghdjZlh\u_�ieZ]bh]g_cku����±�[bhlblh\u_��b�Zfnb[he�[bhlblh\u_��ieZ]bh]g_cku�

��±�[bhlblh\u_�b�[bhlbl�fmkdh\blh\u_�ieZ]bh]g_cku����±�]jZgblh]g_cku����±�Zj_Ze

i_ljhobfbq_kdhc�ih^]jmiiu�b�__�ghf_j�

Pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�kf��jbk�����

IeZ]bh]g_cku� � ih� obfbq_kdhfm� b� fbg_jZevghfm� khklZ\m

\Zjvbjmxl�hl�f_eZghdjZlh\uo�[bhlbl�Zfnb[heh\uo��bgh]^Z�k�ib-
jhdk_ghf��^h�f_ahdjZlh\uo�[bhlblh\uo�jZagh\b^ghkl_c��g_j_^dh

ih^\_j]gmluo�bgl_gkb\ghc�]jZgblbaZpbb�k�h[jZah\Zgb_f�hqdh\uo

ieZ]bh]jZgblh]g_ckh\� �]jZgblh]g_ckh\��� \� dhlhjuo�gZjy^m� k�ieZ-
]bhdeZahf�kms_kl\_ggmx�jhev�b]jZ_l�dZeb_\uc�ihe_\hc�riZl��G_

aZljhgmlu_� ijhp_kkZfb� ]jZgblbaZpbb� beb� `_� keZ[h� ]jZ-
gblbabjh\Zggu_�ieZ]bh]g_cku�h[uqgh�ij_^klZ\eyxl�kh[hc�f_edh-
a_jgbklu_� b� lhgdha_jgbklu_� ihjh^u� l_fgh�k_jhc� hdjZkdb�� h[eZ-
^Zxsb_� q_ldhc� hjb_glbjh\Zgghc �l_dklmjhc�� Khklhyl� ba  �ieZ]b-
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Jbk�� ����I_ljhobfbq_kdZy� ^bZ]jZffZ�SiO2  – α� \f_sZxsbo� f_lZ-
fhjnbq_kdbo�ihjh^�

Mkeh\gu_� h[hagZq_gby� kf�� jbk�� ���� pbnjh\u_� b� [md\_ggu_� h[hagZq_gby� ±

jbk�����

hdeZaZ� ��±���� d\ZjpZ� ��±���� [bhlblZ� ��±���� jh]h\hc� h[fZgdb

��±������\�[bhlbl�Zfnb[heh\uo�jZagh\b^ghklyo���<�]jZgblbabjh-
\Zgguo� ieZ]bh]g_ckZo� ihy\ey_lky� dZeb_\uc� ihe_\hc� riZl

��±��� ���� ijb� wlhf� bo� kljmdlmjZ� baf_gy_lky� ^h� kj_^g_�djmigh-
a_jgbklhc��g_jZ\ghf_jgha_jgbklhc��hqdh\hc��ihjnbjh[eZklh\hc�

IeZ]bh]g_cku�f_eZghdjZlh\u_�[bhlbl�Zfnb[heh\u_�ih�ob-
fbq_kdhfm� khklZ\m� khhl\_lkl\mxl� gbadhdj_fg_dbkehfm

(SiO2� ���±������km[s_ehqghfm�b�s_ehqghfm�]Z[[jh�\_kvfZ�\ukh-
dhs_ehqgh]h�lbiZ� � �i_ljhobfbq_kdb_�ih^]jmiiu� ,,�b� ,,,���Km[s_-
ehqgu_� f_eZghdjZlh\u_� ieZ]bh]g_cku� hlghkylky� d� gbadh-
fZ]g_abZevguf� gbadhgZljb_\uf�� Z� s_ehqgu_� ieZ]bh]g_cku� ±� d

gbadh`_e_abkluf�gZljb_\h�dZeb_\uf� jZagh\b^ghklyf��<� hlebqb_

hl� Zfnb[heblh\��f_eZghdjZlh\u_� ieZ]bh]g_cku� oZjZdl_jbamxlky

[he__�\ukhdhc�s_ehqghklvx�b�ihgb`_gghc�gZljh\hklvx�

IeZ]bh]g_cku�[bhlblh\u_�b�Zfnb[he�[bhlblh\u_�h[jZamxl

^bnn_j_gpbjh\Zggmx �k_jbx� k �\ZjbZpbyfb �khklZ\Z�hl�^bhjblh\



Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ��f – SiO2 – n��\f_sZxsbo��f_lZfhjnbq_kdbo�ihjh^�
Mkeh\gu_�h[hagZq_gby�kf��jbk������pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�±�jbk�����b����
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b� d\Zjp_\uo� ^bhjblh\� ^h� ]jZgh^bhjblh\� � �6L22 = 56–68 %).
WlZ�fbg_jZevgZy� jZagh\b^ghklv�ieZ]bh]g_ckh\� hlghkblky� d� ^\mf

jy^Zf�s_ehqghklb��ba\_kldh\h�s_ehqghfm��i_ljhobfbq_kdb_�ih^-
]jmiiu�,9��9,,��;��b�km[s_ehqghfm��ih^]jmiiu�9��9,,,��

I h ^ ] j m i i Z � , 9 � ij_^klZ\e_gZ� ieZ]bh]g_ckZfb� ^bhjblh-
\h]h� khklZ\Z�� h[eZ^Zxsbfb� ih\ur_gghc� kl_i_gvx� s_ehqghklb�

gbadhc�`_e_abklhklvx�b�\ukhdhc�gZljh\hklvx�

I h ^ ] j m i i Z � 9 � \dexqZ_l� ieZ]bh]g_cku�� hl\_qZxsb_

khklZ\m� fhgph^bhjblh\� \_kvfZ� \ukhdhc� kl_i_gb� s_ehqghklb�

<� hlebqb_� hl ba\_kldh\h�s_ehqguo�� km[s_ehqgu_� ieZ]bh]g_cku
hlghkylky�d�gbadhfZ]g_abZevghfm�gbadhgZljb_\hfm�lbim�

I h ^ ] j m i i Z � 9 , , � h[t_^bgy_l� ba\_kldh\h�s_ehqgu_� ieZ-
]bh]g_cku�khklZ\Z�d\Zjp_\h]h�^bhjblZ��oZjZdl_jbamxsb_ky�\ukh-
dhc�kl_i_gvx�s_ehqghklb��gbadhc�fZ]g_abZevghklvx�b�mf_j_gghc

gZljh\hklvx�

I h ^ ] j m i i Z � 9 , , , � ij_^klZ\e_gZ�km[s_ehqgufb�ieZ]bh]-
g_ckZfb�� [ebadbfb� ih� khklZ\m� d� d\Zjp_\hfm� fhgph^bhjblm��>ey

wlbo�ihjh^�hlf_qZ_lky�hlghkbl_evgh�rbjhdbc�^bZiZahg�\�kl_i_gb

s_ehqghklb��α� �����±�������mklhcqb\Zy�gbadZy�`_e_abklhklv��gba-
dZy�b�mf_j_ggZy��gZljh\hklv�

I h ^ ] j m i i Z � ; � h[t_^bgy_l� ba\_kldh\h�s_ehqgu_� ieZ]b-
h]g_cku� ]jZgh^bhjblh\h]h� khklZ\Z�� oZjZdl_jbamxsb_ky� aZf_lgu-
fb� \ZjbZpbyfb� \� kl_i_gb�s_ehqghklb��H[eZ^Zxl�gbadhc�`_e_ab-
klhklvx�b�klZ[bevghc�mf_j_gghc�gZljh\hklvx�

IeZ]bh]g_cku� [bhlbl�fmkdh\blh\u_� � hlghkylky� d�ba\_kldh-
\h�s_ehqghfm�jy^m��ih^]jmiiZ�O,,,��b�ih�khklZ\m�hl\_qZxl�]jZgb-
lZf� gbadhc� b� mf_j_gghc� s_ehqghklb�� kms_kl\_ggh� gZljb_\uf�

bf_xsbf�gbadmx�b�mf_j_ggmx�`_e_abklhklv�

Kj_^b� ]jZgblbabjh\Zgguo� ]g_ckh\� hlf_qZxlky� jZagh\b^�

ghklb�� hlghkysb_ky� d� s_ehqghfm� �ih^]jmiiZ� O9��� ba\_kldh\h�

s_ehqghfm� �ih^]jmiiZ� ;9,�� b� km[s_ehqghfm� �ih^]jmiiZ� ;9,,�

jy^Zf�

S_ehqgu_� ]jZgblh]g_cku� ijbgZ^e_`Zl� d� \ukhdhs_ehqguf

ihjh^Zf�� h[eZ^Zxsbf� mf_j_gghc� `_e_abklhklvx� b� gbadhc

gZljh\hklvx�

Ba\_kldh\h�s_ehqgu_� b� km[s_ehqgu_� ]jZgblh]g_cku� ih� kh-
klZ\m� hl\_qZxl� e_cdh]jZgblZf��>ey� ba\_kldh\h�s_ehqguo� ]jZgb-
lh]g_ckh\� oZjZdl_jgZ� gbadZy� `_e_abklhklv� b� dZeb_\h�gZljb_\uc

lbi�s_ehqghklb��Z�^ey�km[s_ehqguo�jZagh\b^ghkl_c�±�mf_j_ggZy

`_e_abklhklv�b�gZljb_\h�dZeb_\uc�lbi�s_ehqghklb��l��_��ih�kjZ\-
g_gbx�k�\ur_�hoZjZdl_jbah\Zggufb�ieZ]bh]g_ckZfb��e_cdhdjZlh-
\u_�]jZgblh]g_cku�h[eZ^Zxl�ih\ur_gghc�dZeb_\hklvx�
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G_kfhljy� gZ� bf_xsb_ky�nZdlu� h[jZah\Zgby� ieZ]bh]g_ckh\

aZ�kq_l�[he__�hkgh\guo�ihjh^� �kf�� ]eZ\u� ��b� ���b�gZebqb_�g_ij_-
ju\gh�^bnn_j_gpbjh\Zgghc�i_ljhobfbq_kdhc� k_jbb�f_lZfhjnb-
q_kdbo� ihjh^� hl� hkgh\guo� ^h� dbkeuo� jZagh\b^ghkl_c�� \_kvfZ

ljm^gh� ij_^iheh`blv�� qlh� fhsgu_� iZqdb� ieZ]bh]g_ckh\�� aZe_-
]Zxsbo�\�bevf_gh]hjkdhc��_eZgqbdh\kdhc�b�durlufkdhc�lhesZo

b� i_j_keZb\Zxsboky� k� Zfnb[heblZfb�� fh]eb� [ulv� h[jZah\Zgu

lhevdh�ijb�]jZgblbaZpbb�ihke_^gbo�

:\lhj��k�ba\_klghc�^he_c�mkeh\ghklb��iheZ]Z_l��qlh�hkgh\ghc

h[t_f� ieZ]bh]g_ckh\� [ue� h[jZah\Zg� ijb� f_lZfhjnbaf_

wnnmab\h\� ih\ur_gghc� dj_fg_dbkehlghklb� b� bo� lmnh\�� ihlhdb

eZ\� kj_^g_�dbkeh]h� khklZ\Z� jblfbqgh� i_j_f_`Zebkv� k� ihlhdZfb

hkgh\guo� eZ\�� qlh� \� jZaj_a_� f_lZfhjnbq_kdbo� lhes� hljZ`Z_lky

i_j_keZb\Zgb_f� ieZ]bh]g_ckh\� b� Zfnb[heblh\�� Ih�\b^bfhfm�

qZklv�ieZ]bh]g_ckh\�[ueZ�h[jZah\ZgZ�aZ�kq_l�bkoh^guo�hkZ^hqguo

ihjh^� � �lmnnblh\� b� ]jZm\Zddh\�� � >��� ���� ���� ��@��G_aZ\bkbfh� hl

ijbjh^u�bkoh^gh]h�km[kljZlZ��dhg_qguf�ijh^mdlhf�f_lZfhjnba-
fZ�b�]jZgblbaZpbb�dZd�hkZ^hqguo� �"��lhes��lZd�b�fZ]fZlblh\�fh-
`_l�[ulv�h^gZ�b�lZ�`_�ihjh^Z�±�]g_ck�beb�]jZgblh]g_ck��ijbq_f�b

iZjZ��b�hjlhihjh^Z�ih�\_s_kl\_gghfm�khklZ\m�[m^ml�b^_glbqgu�

DZd�ihdZau\Zxl�ihe_\u_�gZ[ex^_gby��i_j_oh^�hl�Zfnb[heb-
lh\�d�ieZ]bh]g_ckZf�b� ]jZgblh]g_ckZf�g_�\k_]^Z�fh`_l�[ulv�ih-
kl_i_gguf��G_j_^dh�baf_g_gby�\�khklZ\_�ihjh^�ijhbkoh^yl�kdZq-
dhh[jZagh��qlh�k\b^_l_evkl\m_l��ij_`^_�\k_]h��h�fgh]hklZ^bcghklb

nhjfbjh\Zgby�ieZ]bh]g_ckh\�\�ijhp_kk_�]jZgblbaZpbb�Zfnb[heb-
lh\�

K�p_evx�mklZgh\e_gby�hl^_evguo� klZ^bc�baf_g_gby�\_s_kl-
\_ggh]h�khklZ\Z�f_lZfhjnbq_kdbo�ihjh^�ijb�bo�f_lZkhfZlbq_kdhf

ij_h[jZah\Zgbb�� [ue� bkihevah\Zg� dbkehjh^guc� f_lh^� i_j_kq_lZ

L��;ZjlZ�>��@��<�lZ[e�����ijb\_^_gu�nhjfmeu�;ZjlZ�^ey�jZagh\b^-
ghkl_c�f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\�jZaguo�i_ljhobfb-
q_kdbo� ih^]jmii� ba\_kldh\h�s_ehqghc� k_jbb�� KjZ\g_gb_� wlbo

nhjfme� ^Z_l� ke_^mxs__� ij_^klZ\e_gb_� h� [ZeZgk_� i_j_ghkbfh]h

\_s_kl\Z� \� ijhp_kk_�f_lZkhfZlhaZ� b� ]jZgblbaZpbb�f_lZfhjnbq_-
kdbo�ihjh^�
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Kj_^gbc�obfbq_kdbc�khklZ\�ba\_kldh\h�s_ehqguo�i_ljhobfbq_kdbo�ih^]jmii�\f_sZxsbo

f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

I_ljhobfbq_kdb_�ih^]jmiiu�b�ihjh^gu_�ZkkhpbZpbbHdkb^u�
i_ljhobfbq_-
kdb_�fh^meb I-a* IV-a VII-a X-a XIII-a XIII- [ XIII −\ XIII −^ XIII −` XVI −a XVI−[ XVI −\ XVI −^ XVI −`

SiO2 50.90 54.69 61.73 66.40 71.58 7133 71.85 72.77 70.96 73.85 74.13 75.29 74.21 77.15
TiO2 1.58 0.96 0.78 0.67 0.38 0.30 0.28 0.18 0.32 0.68 0.16 0.12 0.11 0.04
Al2O3 15.41 15.46 16.11 15.31 14.42 14.81 15.46 14.23 16.03 11.42 13.82 13.52 14.12 12.73
Fe2O3 3.68 2.41 3.27 0.96 0.65 0.35 0.20 0.86 0.07 0.48 0.65 0.48 0.22 0.28
FeO 8.74 6.58 3.07 4.06 2.05 1.81 1.26 1.20 1.60 3.90 1.20 0.89 0.93 0.63
MnO 0.18 0.15 0.11 0.10 8.04 0.05 0.02 0.03 0.02 0.08 0.04 0.03 0.03 0.02
MgO 5.37 5.71 3.35 2.22 1.30 0.75 0.52 0.19 0.42 1.56 0.76 0.31 0.34 0.27
CaO 9.43 7.72 4.85 3.22 2.23 1.92 2.10 1.46 2.20 1.70 1.94 1.38 1.55 1.22
Na2O 3.03 3.22 3.70 3.69 3.65 4.11 3.68 2.82 4.00 2.12 4.90 3.60 3.76 3.19
K2O 0.48 1.18 1.84 2.10 2.11 3.04 3.80 4.16 2.43 2.90 1.56 3.66 3.82 3.72

q 0.30 0.42 0.59 0.69 0.75 0.75 0.76 0.79 0.77 0.78 0.76 0.80 0.79 0.81
c 0.61 0.51 0.35 0.26 0.18 0.16 0.16 0.13 0.18 0.19 0.17 0.11 0.12 0.10
α 0.37 0.55 0.69 0.73 0.69 0.68 0.65 0.64 0.58 0.58 0.71 0.73 0.73 0.73
f 0.56 0.47 0.52 0.57 0.55 0.62 0.60 0.87 0.70 0.61 0.61 0.70 0.70 0.71
n 0.90 0.80 0.74 0.72 0.74 0.67 0.59 0.50 0.71 0.52 0.84 0.60 0.60 0.56

dhe�\h�ijh[ 12 2 3 7 11 3 3 1 1 1 9 9 4 2
NhjfmeZ�L��;ZjlZ

I−a K3Na57Ca98Mg78Fe101Al176Ti11Si496 XVI −a K33Na36Ca16Mg7Fe32Al120Ti5Si658

IV−a K15Na60Ca79Mg81Fe69Al174Ti7Si525 XVI −[ K17Na83Ca18Mg10Fe13Al141Ti1Si647

VII −a K21Na60Ca47Mg46Fe47Al174Ti6Si566 XVI −\ K40Na61Ca13Mg4Fe9Al138Ti1Si656

X−a K24Na65Ca31Mg30Fe37Al163Ti5Si599 XVI −^ K42Na64Ca15Mg4Fe8Al145Ti1Si651

XIII− a K23Na69Ca21Mg17Fe19Al150Ti3Si633 XVI −` K40Na54Ca11Mg3Fe7Al130Ti0Si668

XIII− [ K34Na70Ca18Mg9Fe19Al154Ti2Si632

XIII− \ K42Na62Ca20Mg6Fe9Al160Ti2Si630

XIII− ^ K48Na48Ca14Mg3Fe15Al149Ti2Si646

XIII− ` K28Na69Ca21Mg5Fe15Al167Ti2Si629

* A^_kv� b� \� lZ[e�� ��:� Z� −� f_lZfhjnbq_kdb_� ihjh^u;� [� −� ]jZgblhb^u

��]h�wlZiZ;�\�−�[bhlblh\u_�]jZgblu 2-]h�wlZiZ��]�−�^\mkex^ygu_�]jZgblu

��]h�wlZiZ;�^�−�fmkdh\blh\u_�]jZgblu���]h�wlZiZ;�_�−�`bevgu_�]jZgblu;
`�−�i_]fZlblu�
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Ba\_kldh\h�s_ehqgZy�k_jby�f_lZfhjnblh\

1) :fnb[heblu�khklZ\Z�]Z[[jh��,�Z��→
f_ahdjZlh\uc�]jZgZl�[bhlbl�

Zfnb[heh\uc�ieZ]bh]g_ck�^bhjblh\h]h

khklZ\Z��,9�Z�

Ijb\ghk�

K = 12, Na = 3
Mg = 3,
Si = 29

<ughk�

KZ� ����

)H� ����:O� ���

LL� ��

2) F_ahdjZlh\uc�]jZgZl�[bhlbl�

Zfnb[heh\uc�ieZ]bh]g_ck�^bhjblh\h]h

khklZ\Z��I9�Z��→�Zfnb[he�[bhlblh\uc

ieZ]bh]g_ck�khklZ\Z�d\Zjp_\h]h�^bhjblZ

�9,,�Z�

Ijb\ghk�

K = 6, Si = 41
<ughk�

KZ� ����

FJ� ����

Fe = 22, Ti = 1

3) :fnb[he�[bhlblh\uc�ieZ]bh]g_ck
khklZ\Z�d\Zjp_\h]h�^bhjblZ��9,,�Z��→
[bhlblh\uc�b�Zfnb[he�[bhlblh\uc

ieZ]bh]g_ck�]jZgh^bhjblh\h]h�khklZ\Z

�O�Z�

Ijb\ghk�

K = 3, Na = 5,
Si = 33

<ughk�

Ca = 16,
FJ� �����)H� 

10,�:O� ����
LL� ��

4) ;bhlblh\uc�b�Zfnb[he�[bhlblh\uc
ieZ]bh]g_ck�]jZgh^bhjblh\h]h�khklZ\Z

�O�Z��→�[bhlbl�fmkdh\blh\uc�ieZ]bh-
]g_ck�]jZgblgh]h�khklZ\Z��;,,,�Z�

Ijb\ghk�

Na = 4,
Si = 34

<ughk�

K = 1, Ca = 10,
FJ� �����)H� 

����:O� ����

LL� ��

5) ;bhlbl�fmkdh\blh\uc�ieZ]bh]g_ck

]jZgblgh]h�khklZ\Z��O,,,�Z��→�e_cdhdjZ�

lh\uc�]jZgblh]g_ck��;9,�Z�

Ijb\ghk�

K = 10,
Fe = 13, Ti = 2,

Si = 25

<ughk�

Na = 33, Ca = 5,
FJ� ����

:O� ���

Ijhp_kk� ]jZgblbaZpbb�b� e_cdhdjZlbaZpbb� Zfnb[heblh\� hkm-
s_kl\eyeky�ijb�ihklhygghf�ijb\ghk_�s_ehq_c�b�dj_fgby�b�\ugh-
k_�dZevpbc�`_e_ah�fZ]g_abZevguo�dhfihg_glh\��OZjZdl_jgZ�i_j_-
f_ggZy�jhev�dZeby�b�gZljby�\�f_lZkhfZlbq_kdhf�baf_g_gbb�f_lZ-
fhjnbq_kdbo� ihjh^�� \� k\yab� k� q_f� gZf_qZ_lky� g_kdhevdh� klZ^bc

f_lZkhfZlhaZ�ijb�]jZgblbaZpbb�Zfnb[heblh\�b�ihke_^h\Zl_evghf

bo�ij_h[jZah\Zgbb�\�ieZ]bh]g_cku��\iehlv�^h�]jZgblh]g_ckh\��

��y�klZ^by�±��gZljbc�dZeb_\h�dj_fgb_\Zy�k�ijb\ghkhf�fZ]gby�

��y�klZ^by�±��dZeb_\h�dj_fgb_\Zy�

��y�klZ^by��±��dZebc�gZljb_\h�dj_fgb_\Zy�

��y�klZ^by��±��gZljb_\h�dj_fgb_\Zy�

��y�klZ^by��±��dZeb_\h�dj_fgb_\Zy�k�ijb\ghkhf�`_e_aZ�
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?keb� kjZ\gblv� khklZ\� bkoh^gh]h� km[kljZlZ� �Zfnb[heblZ�� i_l-
jhobfbq_kdZy� ih^]jmiiZ� ,�Z�� k� khklZ\hf� dhg_qgh]h� ijh^mdlZ� _]h

]jZgblbaZpbb��e_cdhdjZlh\h]h�]jZgblh]g_ckZ��ih^]jmiiZ�;9,�D���lh

[m^_f�bf_lv�ke_^mxsbc�[ZeZgk�i_j_g_k_ggh]h�\_s_kl\Z��kf��lZ[e�����:
ijb\ghk�K� �����6L� ������\ughk��1D� ��1��KZ� �����FJ� �����)H� ����

:O� �����LL� ����Ke_^h\Zl_evgh��h[sZy�gZijZ\e_gghklv�ijhp_kkZ�]jZ-
gblbaZpbb�ba\_kldh\h�s_ehqgh]h� Zfnb[heblZ� \ujZ`Z_lky� \� ^hfb-
gbjmxs_c�jheb�dZeb_\h�dj_fgb_\h]h�f_lZkhfZlhaZ�

Km[s_ehqgZy�k_jby�f_lZfhjnblh\

Km[s_ehqgZy�k_jby�f_lZfhjnbq_kdbo�ihjh^��\�hlebqb_�hl�ba-
\_kldh\h�s_ehqghc��y\ey_lky�ij_ju\bklh�^bnn_j_gpbjh\Zgghc��lZd

dZd�ba�g__�\uiZ^Zxl�f_lZfhjnblu��ih�khklZ\m�hl\_qZ\rb_�d\Zjp_-
\hfm�kb_gblm��]jZghkb_gblm��b�km[s_ehqghfm�]jZgblm��Wlh�fh]eh

[ulv� ij_^hij_^_e_gh� lZd`_� g_iheghc� ij_^klZ\bl_evghklvx� \u-
[hjdb�obfbq_kdbo�ZgZebah\�f_lZfhjnbq_kdbo�ihjh^�

H[sZy� gZijZ\e_gghklv� f_lZkhfZlbq_kdh]h� ij_h[jZah\Zgby

km[s_ehqguo�f_lZfhjnblh\� �hl� hkgh\guo� d� dbkeuf�� hljZ`_gZ� \

nhjfmeZo� L�� ;ZjlZ� �lZ[e�� ����� khihklZ\e_gb_� dhlhjuo� iha\hey_l

\uy\blv� ke_^mxsbc� [ZeZgk� i_j_g_k_ggh]h� \_s_kl\Z� \� ijhp_kk_

]jZgblbaZpbb�f_eZghdjZlh\uo�f_lZfhjnbq_kdbo�ihjh^�

1) F_eZghdjZlh\uc�[bhlbl�

Zfnb[heh\uc�ieZ]bh]g_ck�khklZ\Z

fhgph]Z[[jh��,,�Z��→�f_ahdjZlh\uc

Zfnb[he�[bhlblh\uc�]g_ck�fhgph-
^bhjblh\h]h�khklZ\Z��9�Z�

Ijb\ghk�

K = 20, Na = 5,
Al = 5, Si = 59

<ughk�

KZ� ����

Mg = 26,
Fe = 45, Ti = 4

2) F_ahdjZlh\uc�Zfnb[he�

[bhlblh\uc�]g_ck�fhgph^bhjblh\h]h

khklZ\Z��9�Z��→�f_ahdjZlh\uc�Zfnb-
[he�[bhlblh\uc�b�[bhlblh\uc�]g_ck

Ijb\ghk�

Si = 41
<ughk�

K = 4, Na = 1,
KZ� ����

Mg = 36, Al = 5,
khklZ\Z�d\Zjp_\h]h�fhgph^bhjblZ

�9,,,�Z�

Fe = 14, Ti = 3

3) F_ahdjZlh\uc�Zfnb[he�

[bhlblh\uc�b�[bhlblh\uc�]g_ck

khklZ\Z�d\Zjp_\h]h�fhgph^bhjblZ

�9,,,�Z��→�e_cdhdjZlh\uc

]jZgblh]g_ck��;9,,�Z�

Ijb\ghk�

K = 27, Si = 68
<ughk�

1D� ����KZ� ����

Mg = 37,
Fe = 39,

Al = 25, Ti = 4
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Kj_^gbc�obfbq_kdbc�khklZ\�km[s_ehqguo�i_ljhobfbq_kdbo�ih^]jmii�\f_sZxsbo

I_ljhobfbq_kdb_�ih^]jmiiu�bHdkb^u�
i_ljhob-
fbq_kdb_
fh^meb

II−a V−Z VIII− a VIII−[ XI−[ XIV−a XIV−[ XIV−\ XIV−]

SiO2 48.76 56.41 62.73 60.16 66.48 69.12 71.69 71.39 72.35
TiO2 1.61 1.07 0.73 0.97 0.72 0.61 0.35 0.39 0.31
Al2O3 14.84 15.7 15.81 17.00 16.56 15.48 14.31 14.42 14.05
Fe2O3 7.92 2.16 2.17 1.95 0.88 0.54 0.62 0.75 0.56
FeO 5.39 5.82 4.07 3.46 2.23 1.43 1.40 1.26 1.15
MnO 0.22 0.19 0.12 0.10 0.05 0.05 0.03 0.04 0.05
MgO 6.97 5.33 2.96 2.31 1.63 0.65 0.64 0.48 0.33
CaO 7.61 4.14 2.74 3.46 2.45 1.47 1.27 1.38 1.00
Na2O 3.15 3.54 3.62 4.82 5.28 5.20 3.98 4.00 3.87
K2O 1.46 3.15 2.87 3.68 3.03 4.30 4.93 4.73 4.76

q 0.24 0.48 0.63 0.58 0.67 0.71 0.74 0.76 0.77
c 0.49 0.29 0.22 0.21 0.15 0.09 0.08 0.09 0.07
α 0.60 0.92 0.68 0.70 0.73 0.88 0.85 0.82 0.81
f 0.51 0.45 0.54 0.55 0.51 0.65 0.64 0.70 0.74
n 0.79 0.63 0.65 0.66 0.72 0.63 0.54 0.56 0.55

dhe�\h
ijh[ 2 1 2 2 2 6 5 22 10

Ijbf_qZgb_�kf��lZ[e�����

LZdbf� h[jZahf�� gZf_qZ_lky� ljb� klZ^bb� f_lZkhfZlbq_kdh]h

ij_h[jZah\Zgby�km[s_ehqguo�f_lZfhjnbq_kdbo�ihjh^�

��y�klZ^by��±�Zexfh�s_ehqgh�dj_fgb_\Zy�

��y�klZ^by��±��dj_fgb_\Zy�

��y�klZ^by��±��dZeb_\h�dj_fgb_\Zy�

OZjZdl_jghc� hkh[_gghklvx� \u^_e_gguo� klZ^bc�f_lZkhfZlhaZ

f_lZfhjnblh\� y\ey_lky� agZqbl_evguc� ijb\ghk� dZeby� b� dj_fgby� \

bkoh^gu_�ihjh^u�b�kms_kl\_gguc�\ughk�ba�gbo�dZevpby��fZ]gby�b

`_e_aZ�� ijb� wlhf� f_lZkhfZlbq_kdb_� klZ^bb� aZf_lgh� jZaebqZxlky

f_`^m�kh[hc�ih�kh\hdmighklb�ih^\b`guo�dhfihg_glh\��LZd��i_j_-
oh^�f_eZghdjZlh\h]h�ieZ]bh]g_ckZ�fhgph]Z[[jh\h]h� khklZ\Z�\�f_-
ahdjZlh\uc� ]g_ck�fhgph^bhjblh\h]h�khklZ\Z�khijh\h`^Zeky�ijb\-
ghkhf�q_luj_o�we_f_glh\��:���1D��.��6L�;�^ey�ij_h[jZah\Zgby�fhg-
ph^bhjblh]g_ckZ� \� d\Zjp_\uc� fhgph^bhjblh]g_ck� ihlj_[h\Zeky

ijb\ghk�lhevdh�dj_fgby�b�\ughk�\k_o�hklZevguo�i_ljh]_gguo�we_-
f_glh\��e_cdhdjZlh\uc�km[s_ehqghc�]jZgblh]g_ck�[ue�h[jZah\Zg�\

j_amevlZl_�dZebc�dj_fgb_\h]h�f_lZkhfZlhaZ�d\Zjp_\h]h�fhgph^bh-
jblh]g_ckZ� kh� agZqbl_evguf� \ughkhf� dZevpby�� fZ]gby�� `_e_aZ�

Zexfbgby��Z�lZd`_�gZljby�b�lblZgZ�
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L Z [ e b p Z � � �

f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\ QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

ihjh^gu_�ZkkhpbZpbb

XIV−̂ XIV− _ XIV−` XVII −a XVII−[ XVII −\ XVII −] XVII −^ XVII −_ XVII −`

72.47 71.98 73.04 73.90 74.70 75.42 73.40 74.15 74.67 74.88
0.22 0.21 0.06 0.16 0.18 0.13 0.37 0.17 0.10 0.01
14.26 14.82 15.18 14.28 13.17 12.87 13.36 13.58 13.56 14.07
0.48 0.68 0.17 0.40 0.59 0.57 0.77 0.38 0.51 0.34
1.22 1.18 0.83 0.72 1.46 1.03 1.43 0.98 0.77 0.67
0.04 0.03 0.05 0.05 0.05 0.05 0.05 0.03 0.07 0.04
0.38 0.47 0.07 0.25 0.31 0.34 0.28 0.40 0.31 0.35
1.03 1.21 1.17 0.92 0.87 0.71 0.89 0.99 0.92 1.01
3.80 4.21 4.40 3.35 4.29 3.79 3.70 3.46 4.58 4.16
4.74 4.26 4.60 5.45 3.76 4.19 4.80 4.88 4.42 3.92
0.77 0.75 0.77 0.78 0.78 0.79 0.77 0.78 0.78 0.79
0.07 0.09 0.08 0.06 0.06 0.05 0.07 0.07 0.06 0.07
0.80 0.78 0.80 0.80 0.85 0.83 0.85 0.81 0.91 0.88
0.74 0.65 0.87 0.73 0.79 0.77 0.80 0.70 0.70 0.60
0.55 0.60 0.59 0.48 0.63 0.58 0.54 0.52 0.61 0.62

20 7 1 2 5 17 2 8 5 2

NhjfmeZ�L��;ZjlZ

II-a K18Na60Ca80Mg102Fe106Al 172Ti12Si480 XIV� ^ K54Na65Ca10Mg5Fe12Al148Ti2Si642

V-a K38Na65Ca42Mg76Fe61Al177Ti8Si539 XIV� _ K48Na72Ca11Mg6Fe12Al150Ti2Si639

VIII-a K 34Na64Ca27Mg40Fe47Al172Ti5Si580 XIV �` K50Na72Ca11Mg1Fe7Al152Ti0.5Si62

0

VIII� [ K43Na86Ca34Mg32Fe40Al186Ti7Si565 XIV� Z K61Na57Ca8Mg3Fe8Al147Ti1Si648

XI �[ K35Na91Ca24Mg22Fe23Al175Ti5Si595 XVII �[ K41Na72Ca8Mg4Fe13Al135Ti2Si651

XIV-a K53Na90Ca14Mg8Fe15Al163Ti4Si615 XVII �\ K47Na64Ca7Mg4Fe10Al132Ti1Si660

XIV �[ K56Na69Ca12Mg8Fe14Al149Ti2Si636 XVII �] K54Na64Ca8Mg3Fe16Al139Ti3Si651

XIV �\ K54Na69Ca13Mg6Fe15Al150Ti3Si635 XVII �^ K55Na58Ca9Mg5Fe10Al140Ti2Si650

XIV� ] K54Na67Ca10Mg4Fe12Al147Ti2Si643 XVII �_ K49Na77Ca9Mg4Fe9Al139Ti1Si651

XVII �` K43Na70Ca9Mg4Fe8Al144Ti0Si652

<�f_lZfhjnbq_kdbo�ihjh^Zo�ih^Z\eyxs__�[hevrbgkl\h�ijh-
ZgZebabjh\Zgguo�fbdjhwe_f_glh\�kh^_j`blky�gZ�deZjdh\hf�b�gb-
`_deZjdh\hf�mjh\gyo��<vr_deZjdh\u_�b�ki_pbZebabjh\Zggu_�kh-
^_j`Zgby� g_dhlhjuo� we_f_glh\�ijbf_k_c� hlf_q_gu�� \� kj_^g_f�

ebrv� \� ��� �� ijh[� f_lZfhjnblh\�� <� Zfnb[heblZo� ih\ur_ggu_

dhgp_gljZpbb�hlf_qZxlky�^ey�$V��=U��3E��&X��1E��\�ieZ]bh]g_ckZo

±�^ey�$V��3E��&U��&X��1E��9��\�]jZgblh]g_ckZo�±�^ey�$V��3E��&X��&U�

=Q��lZ[e������



L Z [ e b p Z � � �

Kh^_j`Zgb_�we_f_glh\�ijbf_k_c��]�l��\h�\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^Zo

We_f_gl�

i��i�

�

ijh[u Cr V Ti Cu Zn Pb As Sr Ba Ga Y Zr Rb Nb Rb/Sr Sr/Ba

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 486/1 − − 130 − 20 6 − 366 − 6 60 272 − 14 − −
2 487 − − 120 10 16 8 7 500 − 7 60 267 15 14 0.03 −
3 524 − − 2270 − 95 − 7 190 − − 27 120 14 10 0.07 −
4 525 − − 280 40 24 − 7 310 − 10 92 660 5 50 0.016 −
5 525/5 − − 130 8 40 5 − 250 − 17 60 260 − 14 − −
6 538 − − 2050 66 25 − 6 28 − − 10 33 43 10 1.53 −
7 543 − − 340 − 39 12 − 106 − − 200 1290 − 72 − −
8 544 − − 1480 − − 13 7 − − − − − 10 9 − −
9 563 155 − 2510 − 95 − − − − − − − 10 10 − −
10 602 − − 5960 19 110 − 6 360 8 − 14 144 142 − 0.39 45
11 606 92 − 1610 60 − 12 − − − − − − − − − −
12 619 − − 1960 − 47 53 7 242 − 12 − 54 174 6 0.72 −
13 624 − − 140 13 27 31 17 580 − 15 37 260 12 12 0.02 −
14 645/1 − − 110 − 33 − − 340 − 14 36 168 − 2 − −
15 687/2 53 150 8610 117 130 29 − 1716 2100 25 16 313 172 37 0.1 0.82
16 688/2 224 360 12520 228 120 − 5 143 660 − 30 116 14 13 0.1 0.22
17 700 110 444 19890 126 120 22 − 420 455 24 33 198 18 22 0.04 0.92
18 701 105 295 10560 220 145 − 10 190 660 − 26 90 12 12 0.06 0.29
19 746/2 118 76 4730 123 37 18 − 162 1290 − 16 197 122 15 0.75 0.12
20 763 136 400 13610 184 128 − − 203 − − 25 128 15 16 0.07 −



I j h ^ h e ` _ g b _ � l Z [ e � � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

21 767 140 410 15060 276 104 − − 243 − − 23 128 17 17 0.07 −
22 771 170 390 12790 352 120 − − 180 − − 25 106 8 13 0.04 −
23 780 210 410 11380 232 122 − − 150 − − 23 90 14 10 0.09 −
24 661 − − 2970 − 183 17 10 142 − − 3 83 190 13 1.3 −
25 661/1 14 − 2260 55 84 46 − 720 − 36 − 140 100 8 0.14 −
26 693/1 − − 650 120 50 34 − 25 − − 18 100 300 24 12 −
27 697 62 14 670 138 105 58 5 15 334 − 21 100 250 20 16.7 0.04
28 732 63 19 710 155 124 20 9 190 560 − 8 130 140 10 0.7 0.34
29 812 67 20 710 94 64 20 − 37 440 15 20 173 162 18 4.4 0.08
30 820 73 − 540 100 30 − − 20 − − 17 120 176 20 8.8 −
31 835 47 34 1200 92 59 24 − 80 670 16 13 270 160 17 2 0.12
32 484 − 5 2740 20 10 22 5 90 − 32 − 77 276 19 3.1 −
33 515 − − 5140 − 100 19 − 280 − 23 − 300 185 21 0.21 −
34 549/1 − − 4000 − 82 17 8 610 − 26 − 185 157 13 0.25 −
35 567 − − 2640 42 48 63 10 24 − 29 − 95 298 54 12.4 −
36 599 − − 1640 18 23 − 17 − − − − − − − − −
37 641 − − 2630 − 72 67 6 232 − 37 8 200 136 8 0.59 −
38 642 − − 3320 22 21 51 6 200 − 33 − 144 137 10 0.68 −
39 644 − − 1400 16 27 − 10 93 − 16 − 82 268 20 2.9 −
40 652 − − 4200 − 26 37 − 695 − 29 − 114 126 − 0.18 −
41 653 − − 3610 − 66 − − 150 − 15 10 150 65 12 0.43 −
42 654 − − 4590 − 100 − − 246 − − 7 100 97 17 0.39 −
43 655 − − 4700 − 80 − 7 296 − 32 9 135 47 7 0.16 −



H d h g q Z g b _ � l Z [ e � � � �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

44 688/1 65 20 640 113 155 66 − 156 580 − 3 63 197 15 1.3 0.27
45 690 49 19 590 73 88 110 − 23 − − 12 110 263 24 11.4 −
46 694/1 43 50 1380 106 177 98 7 500 1090− − 170 100 − 0.2 0.46
47 698 43 10 440 100 38 69 − 8 − 16 13 78 320 34 40 −
48 724/2 56 22 1194 104 28 − − − 435 − 8 232 19 7 − −
49 729 57 16 645 130 106 25 6 75 330 14 − 48 172 12 2.3 0.23
50 745 − 28 530 105 35 42 − 140 430 37 − 66 164 13 1.17 0.32
51 750/1 60 25 770 120 30 − − 80 430 − − 94 220 15 2.7 0.19
52 753/1 53 25 670 100 38 17 6 235 430 − − 79 184 10 0.78 0.53
53 754 53 18 1470 128 − 13 − − 380 − 8 270 16 8 − −
54 765/2 70 20 650 120 30 − 13 80 − 42 − 57 230 14 2.9 −
55 769 76 122 5100 123 60 − 13 75 1360 − 12 146 210 15 2.8 0.05
56 772/1 − 22 950 140 46 20 − 115 − − − 97 240 17 2.1 −
57 785/1 43 − 600 150 30 14 − 110 370 − − 93 50 14 0.45 0.3
58 789 61 17 500 123 − − 5 114 473 − − 90 39 10 0.34 0.24
59 799 − 16 580 118 − 68 6 140 400 − − 190 160 18 1.14 0.35
60 806 49 26 1210 112 50 35 6 114 630 − − 303 152 18 1.3 0.18
61 859/1 51 34 1910 130 27 − − 53 453 18 31 280 35 19 0.66 0.12
62 815 81 13 550 110 − 34 − 22 − − 16 170 190 15 8.6 −
63 841/1 − 17 440 67 40 − − 110 370 − 14 77 57 12 0.52 0.3

I j b f _ q Z g b _ . 1−23 − Zfnb[heblu;  24−31 −�]jZgblh]g_cku� 32−63 −�ieZ]bh]g_cku�   
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�����KjZ\gbl_evguc�ZgZeba�obfbq_kdh]h�khklZ\Z

f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�b�klZ^bcghklv

nhjfbjh\Zgby�]jZgblhb^h\

KhihklZ\e_gb_� kj_^g_]h� obfbq_kdh]h� khklZ\Z� f_lZfhjnbq_-
kdbo� ihjh^� b� ]jZgblhb^h\� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z

\uy\beh� \_kvfZ� [ebadb_� i_ljhobfbq_kdb_� hkh[_gghklb� wlbo

ihjh^� \� dhgdj_lguo� ih^]jmiiZo� jZaguo� s_ehqguo� k_jbc

�kf��lZ[e�����������jbk����������

Ba\_kldh\h�s_ehqgZy�k_jby�f_lZfhjnblh\�b�]jZgblhb^h\

D�wlhc�k_jbb�hlghkylky�lhevdh�\ukhdh��b�\_kvfZ�\ukhdhdj_f-
g_dbkeu_��6L22�!�������lbiu�]jZgblh\�QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z�� k� mq_lhf� q_]h� b� ijb\h^blky� kjZ\gbl_evguc� ZgZeba� ob-
fbafZ�ba\_kldh\h�s_ehqguo� ]jZgblh\�b�f_lZfhjnbq_kdbo�ihjh^�

dhlhju_� h[t_^bg_gu� \� ^\_� i_ljhobfbq_kdb_� ih^]jmiiu� ±�O,,,� b

XVI.
I h ^ ] j m i i Z � ; , , , � �k� �����±������\dexqZ_l�\ukhdhdj_f-

g_dbkeu_� �6L22� ���±������[bhlblh\u_�ieZ]bh]g_cku�b�]jZgblh]-
g_cku�� fb]fZlblu� b� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu���� [bhlb-
lh\u_�b�fmkdh\blh\u_�]jZgblu����Z�lZd`_�i_]fZlblu�b�i_]fZlhb^-
gu_�]jZgblu�`bevgh]h�dhfie_dkZ�

F_lZfhjnbq_kdb_�ihjh^u�^Zgghc�ih^]jmiiu�oZjZdl_jbamxlky

ih\ur_gghc�ba\_kldh\bklhklvx��k� ��������mf_j_gghc�s_ehqghklvx

(α� ��������gbadhc�`_e_abklhklvx��I� �������b�mf_j_gghc�b�\ukhdhc
gZljh\hklvx��Q� ��������Kj_^g__�kh^_j`Zgb_�6L22 = 71.5 %.

Ebgah\b^gh�ihehkqZlu_�fb]fZlblu��Z�lZd`_�ihjnbjh[eZklh-
\u_�[bhlblh\u_�]g_ckh]jZgblu���QZrdh\kdh�?eZgqbdh\kdh]h�fZk-
kb\Z�� bf_xsb_� h^bgZdh\mx� kl_i_gv� dj_fg_dbkehlghklb� k� f_lZ-
fhjnbq_kdbfb� ihjh^Zfb�� hq_gv� [ebadb� d� ihke_^gbf� ih� kl_i_gb

s_ehqghklb��α� ��������`_e_abklhklb��I� �������� �lbim�s_ehqghklb
�Q� ��������l��_��ijZdlbq_kdb�ih�\k_f�i_ljhobfbq_kdbf�ihdZaZl_eyf

]jZgblhb^u���]h�wlZiZ�ih^]jmiiu�;,,,�koh^gu�k�f_lZnhjbq_kdbfb

ihjh^Zfb��\oh^ysbfb�\�wlm�`_�ih^]jmiim�

;bhlblh\u_�]jZgblu���bf_xl�lZdmx�`_�\_ebqbgm�ba\_kldh\b-
klhklb�� kl_i_gb�s_ehqghklb� b� `_e_abklhklb�� qlh� b� ihjnbjh[eZ-
klh\u_� ]g_ckh]jZgblu���� gh� hlebqZxlky� hl� gbo� g_kdhevdh� ihgb-
`_ggufb�agZq_gbyfb�gZljh\hklb��Q� �������



Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ��k�±�SiO2 – α�kj_^gbo�khklZ\h\�f_lZfhjnbq_kdbo�ihjh^�b�]jZgblhb^h\�QZrdh\kdh�

?eZgqbdh\kdh]h�fZkkb\Z�
��±�f_lZfhjnbq_kdb_�ihjh^u����±�]jZgblhb^u���]h�wlZiZ���±��±�]jZgblhb^u���]h�wlZiZ����±�[bhlblh\u_�]g_ckh]jZgblu����±�^\mkex^ygu_

]jZgblu����±�fmkdh\blh\u_�]jZgblu����±��±�`bevgu_�ihjh^u����±�]jZgblu����±�i_]fZlblu�b�i_]fZlhb^gu_�]jZgblu�����±�Zj_Ze�i_ljhobfbq_kdhc

ih^]jmiiu�b�__�ghf_j�

Pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�kf��jbk�����
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Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ� � f – SiO2 – n�kj_^gbo�khklZ\h\
f_lZfhjnbq_kdbo� ihjh^� b� ]jZgblhb^h\� QZrdh\kdh�?eZgqbdh\kdh]h

fZkkb\Z�
Mkeh\gu_� h[hagZq_gby� kf�� jbk�� ���� pbnjh\u_� b� [md\_ggu_� h[hagZq_gby� ±

jbk�����b����

Fmkdh\blh\u_� ]jZgblu�� \oh^ysb_� \� ih^]jmiim�O,,,�� ih� hl-
ghr_gbx�d�\ur_i_j_qbke_gguf�ihjh^Zf�oZjZdl_jbamxlky�ke_]dZ

ih\ur_gguf�kh^_j`Zgb_f�6L22� ���������\ukhdhc�`_e_abklhklvx

�I� �������b�dZeb_\h�gZljb_\uf�lbihf�s_ehqghklb��Q� ��������l��_��\

bo�khklZ\_�ijbkmlkl\mxl�h^bgZdh\h_�Zlhfgh_�dhebq_kl\h�dZeby�b

gZljby�

I_]fZlblu�b�i_]fZlhb^gu_�]jZgblu�ih�\_ebqbg_�ba\_kldh\b-
klhklb� koh^gu� k�f_lZfhjnbq_kdbfb� ihjh^Zfb� ih^]jmiiu�O,,,� b

bf_xl�kj_^b�]jZgblhb^h\�wlhc�ih^]jmiiu�kZfmx�gbadmx�kl_i_gv

s_ehqghklb� �α�  � ������� h[eZ^Zxl� mf_j_gghc�`_e_abklhklvx� �I�  
������b�mf_j_gghc�gZljh\hklvx��Q� ��������Ih�ihke_^g_fm�ihdZaZ-
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l_ex�i_]fZlblu�aZgbfZxl�ijhf_`mlhqgh_�iheh`_gb_�f_`^m�]jZ-
gblh]g_ckZfb�b�ihjnbjh[eZklh\ufb�]g_ckh]jZgblZfb���

I h ^ ] j m i i Z � ; 9 , � �k� �����±������h[t_^bgy_l�f_lZfhjnb-
q_kdb_� ihjh^u� b� ]jZgblu� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z�

bf_xsb_�\_kvfZ�\ukhdmx�kl_i_gv�dj_fg_dbkehlghklb��6L22 > 73 %).
DZd�b�\�ih^]jmii_�;,,,��e_cdhdjZlh\u_�]jZgblh]g_cku�oZjZdl_jb-
amxlky� gZb[he__� \ukhdbfb� agZq_gbyfb� ba\_kldh\bklhklb

�k�  � ������� ihgb`_gghc�`_e_abklhklvx� �I�  � ������� gh� hlebqZxlky

ih\ur_gghc� dZeb_\hklvx� �Q�  � ������ b� [he__� gbadhc� kl_i_gvx

s_ehqghklb��α = 0.60).
Ihjnbjh[eZklh\u_� e_cdhdjZlh\u_� ]g_ckh]jZgblu��� bf_xl

[ebadb_�\_ebqbgu�ba\_kldh\bklhklb�b�`_e_abklhklb�k�f_lZfhjnb-
q_kdbfb� e_cdh]jZgblh]g_ckZfb�� gh� h[eZ^Zxl� j_adh� ih\ur_gghc

gZljh\hklvx��Q� �������b�[he__�\ukhdhc�kl_i_gvx�s_ehqghklb��α =
0.72).

E_cdhdjZlh\u_�b�fmkdh\blh\u_�]jZgblu����Z�lZd`_�i_]fZlb-
lu�hlebqZxlky�hl�e_cdhdjZlh\uo�ieZ]bh]g_ckh\��]jZgblh]g_ckh\�b

ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\� ihgb`_gghc� ba\_kldh\bklh-
klvx� �k�  � ����±������� [he__� \ukhdhc� kl_i_gvx� s_ehqghklb

(α� �����±������b�kl_i_gvx�`_e_abklhklb��I� �����±�������Z�ih�lbim
s_ehqghklb�aZgbfZxl�ijhf_`mlhqgh_�iheh`_gb_�f_`^m�]jZgblh�

]g_ckZfb�b�ihjnbjh[eZklh\ufb�]g_ckh]jZgblZfb��Q� �����±������

Gb`_�jZkkfhljbf�hkgh\gu_�hkh[_gghklb�]jZgblhh[jZamxsbo

ijhp_kkh\�ba\_kldh\h�s_ehqghc�k_jbb�ihjh^�

��c�wlZi�]jZgblhh[jZah\Zgby

<� ij_^u^ms_f� jZa^_e_� ]eZ\u� ������ [ueb� hoZjZdl_jbah\Zgu

ihke_^h\Zl_evgh� ijhy\e_ggu_� klZ^bb� ]jZgblbaZpbb� f_lZnhjbq_-
kdbo� ihjh^� hkgh\gh]h� khklZ\Z� �Zfnb[heblh\��� ijb\_^rb_�� \� dh-
g_qghf� kq_l_�� d� h[jZah\Zgbx� ]jZgblh\b^guo� ]g_ckh\��<� k\yab� k

wlbf�fh`gh�iheZ]Zlv��qlh�km[kljZlhf�^ey�]jZgblhb^h\�QZrdh\kdh�

?eZgqbdh\kdh]h�fZkkb\Z� [ueb� \� jZaghc� kl_i_gb� ]jZgblbabjh\Zg-
gu_�f_lZfhjnblu��Z�wlh��\�k\hx�hq_j_^v��hljZabehkv�g_ihkj_^kl-
\_ggh�gZ�obfbaf_�]jZgblhb^h\�

Ih�\b^bfhfm�� klZ^bx� f_lZkhfZlbq_kdh]h� ij_h[jZah\Zgby

]jZgZl�[bhlbl�Zfnb[heh\uo�ieZ]bh]g_ckh\�^bhjblh\h]h�khklZ\Z�\

Zfnb[he�[bhlblh\u_� ieZ]bh]g_cku� d\Zjp�^bhjblh\h]h� b�� ^Ze__�

]jZgh^bhjblh\h]h�khklZ\Z�fh`gh�jZkkfZljb\Zlv�dZd�jZggxx� klZ-
^bx�nhjfbjh\Zgby�[bhlblh\uo� �Zfnb[he�[bhlblh\uo��ebgah\b^-
gh�ihehkqZluo� fb]fZlblh\� b� ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\�

<�lZdhf�kemqZ_�km[kljZlhf�^ey�]jZgblhb^h\���fh]eb�[ulv�beb�]jZ-
gh^bhjblh]g_cku�i_ljhobfbq_kdhc�ih^]jmiiu�;��beb�`_�ieZ]bh]-
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g_cku�]jZgblgh]h�khklZ\Z�ih^]jmiiu�;,,,��ih�hlghr_gbx�d�dhlh-
juf� ijhZgZebabjm_f� [ZeZgk� i_j_g_k_ggh]h� \_s_kl\Z� \� ijhp_kk_

bo� ^Zevg_cr_c� ]jZgblbaZpbb� b� ij_h[jZah\Zgby� \� ]jZgblu� �kf�

lZ[e������

1) :fnb[he�[bhlblh\u_�b�[bhlblh�
\u_�ieZ]bh]g_cku��;�Z��→�[bhlblh�

\u_�fb]fZlblu�b�ihjnbjh[eZklh�

\u_�]g_ckh]jZgblu��;,,,�[�

Ijb\ghk

K = 10,
Na = 5,
Si = 33

<ughk

Ca = 13, Mg
= 21, Fe = 18,
Al = 9, Ti = 4

2) ;bhlblh\u_�b�[bhlbl�fmkdh\b�

lh\u_�ieZ]bh]g_cku��;,,,�Z��→�[bh�

lblh\u_�fb]fZlblu�b�ihjnbjh�

[eZklh\u_�]g_ckh]jZgblu��;,,,�[�

Ijb\ghk

K = 11, Na =
1, Al = 4

<ughk

Ca = 3,
Mg = 8,

Ti = 1, Si = 1

<� i_j\hf� kemqZ_� nhjfbjh\Zgb_� ]jZgblhb^h\��� hkms_kl\ey-
ehkv�\�j_amevlZl_�s_ehqgh�dj_fgb_\h]h�f_lZkhfZlhaZ�f_lZfhjnb-
q_kdh]h� km[kljZlZ� ]jZgh^bhjblh\h]h� khklZ\Z� �Zfnb[he�

[bhlblh\uo�b�[bhlblh\uo�ieZ]bh]g_ckh\��ih^]jmiiZ�;��kh�agZqb-
l_evguf� \ughkhf�n_fZnbevguo� dhfihg_glh\��<h� \lhjhf� kemqZ_

h[jZah\Zgb_� ]jZgblhb^h\��� ijhbkoh^beh� ih^� \ebygb_f� Zexfh�

dZeb_\h]h� f_lZkhfZlhaZ� �k� g_[hevrbf� ijb\ghkhf� gZljby�� f_lZ-
fhjnbq_kdh]h�km[kljZlZ�]jZgblgh]h�khklZ\Z��[bhlblh\uo�ieZ]bh]-
g_ckh\�� ih^]jmiiZ� ;,,,�� k� g_agZqbl_evguf� \ughkhf� dZevpby� b

fZ]gby�ijb�ihklhygghf�[ZeZgk_�dj_fgby��Ih�\b^bfhfm��\�^Zgghf

ijhp_kk_�Zexfbgbc�\uklmiZe�\�jheb�©dbkehlgh]hª�we_f_glZ��qZk-
lbqgh� aZf_sZy�dj_fgbc��b�_]h�khq_lZgb_�k�ijb\g_k_gguf�dZeb_f

\iheg_�aZdhghf_jgh�

Ihke_^mxsZy� e_cdhdjZlbaZpby� ]jZgblhb^h\��� hkms_kl\ey�

eZkv�\�j_amevlZl_�gZljbc�dj_fgb_\h]h�f_lZkhfZlhaZ��h�q_f�k\b^_-
l_evkl\m_l� mklZgh\e_gguc� [ZeZgk� i_j_g_k_ggh]h� \_s_kl\Z� ijb

i_j_oh^_� fb]fZlbabjh\Zgguo� [bhlblh\uo� ]g_ckh]jZgblh\� �ih^-
]jmiiZ�O,,,�[��\�bo�e_cdhdjZlh\u_�jZagh\b^ghklb��ih^]jmiiZ�O9,�

[���<�wlhf�ijhp_kk_�aZnbdkbjh\Zg�ijb\ghk��1D� �����6L� �����Fg =
��b�\ughk�.� ������)H� ����$O� �����7L� �����Ke_^h\Zl_evgh��\�dhg_q-
gmx� klZ^bx�nhjfbjh\Zgby� ]jZgblhb^h\��� [ueZ� q_ldh� ijhy\e_gZ

^hfbgbjmxsZy�jhev�gZljbc�dj_fgb_\h]h�f_lZkhfZlhaZ�

��c�wlZi�]jZgblhh[jZah\Zgby

Dh�\j_f_gb�ijhy\e_gby�ijhp_kkh\���]h�wlZiZ�]jZgblhh[jZah-
\Zgby�f_lZfhjnbq_kdbc� km[kljZl�[ue� \�^hklZlhqghc�f_j_� ]jZgb-
lbabjh\Zg�� Z� ]jZgblhb^u��� qZklbqgh� jZkdbke_gu� ^h� e_cdh]jZgb-
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lh\��<�k\yab�k�wlbf��eh]bqgh�[ueh�ij_^iheh`blv��qlh�nhjfbjh\Z-
gb_�ba\_kldh\h�s_ehqguo�]jZgblh\���ijhbkoh^beh�[_a�kms_kl\_g-
gh]h� i_j_ghkZ� \_s_kl\Z��H^gZdh� ih^kq_l� [ZeZgkZ� i_j_f_s_gguo

we_f_glh\� \� gb`_i_j_qbke_gguo� kbkl_fZo� ihdZaZe� ke_^mxsbc

j_amevlZl��kf��lZ[e������

1) ;bhlblh\uc�b�[bhlbl�fmk�

dh\blh\uc�ieZ]bh]g_ck��;,,,�Z�

→�[bhlblh\uc�]jZgbl��O,,,�\�

Ijb\ghk�

K = 19,
Al = 10

<ughk�

Na= 7, Ca = 1,
Mg = 11, Fe =

10, Ti = 1, Si = 3
2) ;bhlblh\uc�fb]fZlbabjh-
\Zgguc�ihjnbjh[eZklh\uc�]g_c-
kh]jZgbl��;,,,�[��→�[bhlblh-
\uc�]jZgbl��O,,,�\�

Ijb\ghk�

K = 8,
Ca = 2,
Al = 6

<ughk�

Na = 8, Mg = 3,
Fe = 10, Si = 2

3) E_cdhdjZlh\uc�]jZgblh]g_ck
�O9,�Z��→�e_cdhdjZlh\uc�]jZ-
gbl��O9,�\�

Ijb\ghk�

K = 7,
Na = 25,
Al = 18

<ughk�

Ca = 3, Mg = 3,
Fe = 23, Ti = 4,

Si = 2
4) E_cdhdjZlh\uc�ihjnbjh[eZ-
klh\uc�]g_ckh]jZgbl��O9,�[��→
e_cdhdjZlh\uc�]jZgbl��;9,�\�

Ijb\ghk�

K = 23,
Si = 9

<ughk�

Na = 22, Ca = 5,
Fe = 4, Mg = 6,

Al = 3

LZdbf� h[jZahf�� ijb� nhjfbjh\Zgbb� ba\_kldh\h�s_ehqguo

]jZgblh\���kms_kl\_ggh_�agZq_gb_�bf__l�ijb\ghk�dZeby�b�Zexfb-
gby�\�bkoh^guc�km[kljZl��ijbq_f�qZklv�\ukhdhdj_fg_dbkeuo�e_c-
dhdjZlh\uo� ]jZgblh\� [ueZ� h[jZah\ZgZ� \� j_amevlZl_� dj_fgbc�

dZeb_\h]h�f_lZkhfZlhaZ��I_j_oh^�[bhlblh\uo�]jZgblh\�ih^]jmiiu

;,,,�\�d�e_cdh]jZgblZf�ih^]jmiiu�;9,�\�khijh\h`^Zeky�ke_^mx-
sbf�[ZeZgkhf�i_j_ghkbfh]h�\_s_kl\Z��kf��lZ[e�������ijb\ghk�6L� 

���� \ughk� .�  � ��� 1D�  � ��� KZ�  � ��� FJ�  � ��� :O�  � ���� LL�  � ��

l��_��j_rZxs__�agZq_gb_�\�h[jZah\Zgbb�e_cdh]jZgblh\�aZ�kq_l�[bh-
lblh\uo� ]jZgblh\� bf_e� dj_fgb_\uc� �d\Zjp_\uc�� f_lZkhfZlha� k

\ughkhf�Zexfbgby��s_ehq_c�b�n_fbq_kdbo�dhfihg_glh\�

Km[s_ehqgZy�k_jby�f_lZfhjnblh\�b�]jZgblhb^h\

<� hlebqb_� hl� ba\_kldh\h�s_ehqghc� k_jbb�� nhjfbjh\Zgb_

km[s_ehqguo� ]jZgblhb^h\� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z

gZqZehkv� ijb� [he__� gbadbo� agZq_gbyo� dj_fg_dbkehlghklb

(SiO2� ���±�������\�k\yab�k�q_f�kjZ\gbl_evguc�ZgZeba�i_ljhobfb-
q_kdbo�hkh[_gghkl_c�]jZgblhb^h\�b�\f_sZxsbo�f_lZfhjnbq_kdbo
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ihjh^�p_e_khh[jZagh�ijhba\_klb�bf_ggh� k� wlh]h�bgl_j\ZeZ�dj_f-
g_dbkehlghklb��kf��jbk����������

I h ^ ] j m i i Z � 9 , , , � �k�  � ����±������ ij_^klZ\e_gZ� gbadh-
dj_fg_dbkeufb� f_lZfhjnbq_kdbfb� ihjh^Zfb� b� ]jZgblhb^Zfb���

ih� kj_^g_fm� khklZ\m� hl\_qZxsbfb� d\Zjp_\hfm� fhgph^bhjblm

b�h[eZ^Zxsbfb�mf_j_gghc�s_ehqghklvx��gbadhc�`_e_abklhklvx�b

gbadhc�gZljh\hklvx��>ey� wlbo�ihjh^� oZjZdl_jgu� \_kvfZ� [ebadb_

Z[khexlgu_�\_ebqbgu�\k_o�i_ljhobfbq_kdbo�fh^me_c�

I h ^ ] j m i i Z � ; , � �k� �����±������\dexqZ_l�mf_j_ggh�dj_f-
g_dbkeu_�ebgah\b^gh�ihehkqZlu_�fb]fZlblu�b�ihjnbjh[eZklh\u_

]jZghkb_gblh]g_cku��ih�kl_i_gb�s_ehqghklb��`_e_abklhklb�b�lbim

s_ehqghklb� koh^gu_� k� ihjh^Zfb� i_ljhobfbq_kdhc� ih^]jmiiu

VIII.
I h ^ ] j m i i Z � ; , 9 � �F�  � ����±������ h[t_^bgy_l� � \ukhdh-

dj_fg_dbkeu_� �6L22�  � ����±��� ��� [bhlblh\u_� ]g_ckh]jZgblu� b

fb]fZlblu���]h�wlZiZ��[bhlblh\u_��^\mkex^ygu_�b�fmkdh\blh\u_

]jZgblu����Z�lZd`_�`bevgu_�]jZgblu��i_]fZlblu�b�i_]fZlhb^gu_

]jZgblu�� i_ljhobfbq_kdZy� � oZjZdl_jbklbdZ� dhlhjuo� ijb\_^_gZ

\�]eZ\Zo��±��

I h ^ ] j m i i Z � O9 , , � �k� �����±������\dexqZ_l�\_kvfZ�\ukh-
dhdj_fg_dbkeu_� �6L22� !� ��� ��� e_cdhdjZlh\u_� ]jZgblh]g_cku�

ihjnbjh[eZklh\u_�]g_ckh]jZgblu����e_cdhdjZlh\u_��^\mkex^ygu_

b� fmkdh\blh\u_� ]jZgblu���� Z� lZd`_� `bevgu_� ]jZgblu

b�i_]fZlblu�

=jZgblh]g_cku�� jZkijhkljZg_ggu_� \� khklZ\_� f_lZfhjnbq_-
kdbo�lhes��h[eZ^Zxl�mf_j_gghc�s_ehqghklvx��α� ��������mf_j_g-
ghc�`_e_abklhklvx� �I� �������b�gZljb_\h�dZeb_\uf�lbihf�s_ehq-
ghklb��Q� �������

Ihjnbjh[eZklh\u_� e_cdhdjZlh\u_� ]g_ckh]jZgblu�bf_xl� lZ-
dmx� `_� \_ebqbgm� ba\_kldh\bklhklb� �k�  � ������� qlh� b� ]jZgblh�

]g_cku�� gh� hlebqZxlky� hl� ihke_^gbo� ih\ur_gghc�s_ehqghklvx

(α� ��������`_e_abklhklvx��I� �������b�gbadhc�gZljh\hklvx��Q� �������
Kj_^b�ihjh^�^Zgghc�ih^]jmiiu�e_cdh]jZgblu���bf_xl�gZb-

f_gvrmx� \_ebqbgm� ba\_kldh\bklhklb� �F�  � ������� mf_j_ggmx� kl_-
i_gv�s_ehqghklb� �α�  � ������� mf_j_ggmx�`_e_abklhklv� �I�  � �����
b�gbadmx�gZljh\hklv��Q� �������

>\mkex^ygu_�� fmkdh\blh\u_� b� `bevgu_� ]jZgblu�� Z� lZd`_

i_]fZlblu�oZjZdl_jbamxlky�koh^ghc�\_ebqbghc�ba\_kldh\bklhklb

�k� ��������ijb�wlhf�ih�kl_i_gb�s_ehqghklb�^\mkex^ygu_�]jZgblu

[ebadb� d� ihjnbjh[eZklh\uf� e_cdhdjZlh\uf� ]g_ckh]jZgblZf���� Z

fmkdh\blh\u_�]jZgblu�±�d�f_lZfhjnbq_kdbf�e_cdhdjZlh\uf�]jZ-
gblh]g_ckZf��@bevgu_�]jZgblu�bf_xl�\ukhdmx�kl_i_gv�s_ehqgh-
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klb� �α�  � ������� Z� i_]fZlblu� ±� gZb[he__� ihgb`_ggmx

(α�  � �������>ey�`bevguo� ]jZgblh\�oZjZdl_jgZ�mf_j_ggZy�`_e_ab-
klhklv� �I� �������b�gbadZy�gZljh\hklv� �Q� ��������I_]fZlblu�h[eZ-
^Zxl�gbadhc�`_e_abklhklvx��I� �������b�koh^ghc�k�`bevgufb�]jZ-
gblZfb�gZljh\hklvx�

Fmkdh\blh\u_� ]jZgblu� [ebadb� ih�`_e_abklhklb� d�`bevguf

]jZgblZf��gh�hlebqZxlky�hl�gbo�dZeb_\h�gZljb_\uf�lbihf�s_ehq-
ghklb�� >\mkex^ygu_� ]jZgblu� bf_xl� gZb[he__� \ukhdmx� `_e_ab-
klhklv��I� �������b�lZd`_��dZd�b�fmkdh\blh\u_�]jZgblu��oZjZdl_jb-
amxlky�dZeb_\h�gZljb_\uf�mdehghf�

Gb`_�jZkkfhljbf�hkgh\gu_�hkh[_gghklb� w\hexpbb�obfbafZ

ijhp_kkh\�nhjfbjh\Zgby�km[s_ehqguo�]jZgblhb^guo�ZkkhpbZpbc

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�

��c�wlZi�]jZgblhh[jZah\Zgby

Km[kljZlhf� ^ey� ]jZgblhb^h\��� ih^]jmiiu� 9,,,�[� y\eyebkv�

\_jhylgh��f_ahdjZlh\u_� Zfnb[he�[bhlblh\u_� ieZ]bh]g_cku� fhg-
ph^bhjblh\h]h� khklZ\Z� �i_ljhobfbq_kdZy� ih^]jmiiZ 9�Z��� \� ijh-
p_kk_�]jZgblbaZpbb�dhlhjuo�ijhbahreZ�ke_^mxsZy�fb]jZpby�i_l-
jh]_gguo�we_f_glh\��Ff��lZ[e������

1) IeZ]bh]g_cku�fhgph^bhjblh\h]h

khklZ\Z��9�Z��→�ebgah\b^gh�

ihehkqZlu_�fb]fZlblu�b�Zfnb[he�

[bhlblh\u_�ihjnbjh[eZklh\u_

]g_ckh\b^gu_�d\Zjp_\u_�fhgph^bh-
jblu��9,,,�[�

Ijb\ghk�

K = 5,
Na = 21,
Al = 9,
Si = 26

<ughk�

Ca = 8,
Mg = 44,
Fe = 21,
Ti = 1

DZd� \b^bf�� h[jZah\Zgb_� ]jZgblhb^h\� d\Zjp�fhgph^bhjblh�

\h]h� khklZ\Z� k\yaZgh� k� ijhy\e_gb_f� Zexfh�s_ehqgh�dj_fgb_\hc

klZ^bb� ]jZgblbaZpbb� f_eZghdjZlh\uo� ieZ]bh]g_ckh\�� khijh\h`-
^Z_fhc� bgl_gkb\guf� \ughkhf� dZevpbc�`_e_ah�fZ]g_abZevguo

dhfihg_glh\�� >Zevg_crZy� w\hexpby� obfbafZ� km[s_ehqguo� ]jZ-
gblhb^h\���hkms_kl\eyeZkv�ijb�ihklhygghf� \hajZklZgbb� dj_fg_-
dbkehlghklb� ihjh^� b� ke_^mxs_f� baf_g_gbb� [ZeZgkZ� ih^\b`guo

we_f_glh\�

2) Fb]fZlblu�khklZ\Z�d\Zjp_\uo

fhgph^bhjblh\��9,,,�[��→�]g_ckh]jZ-
ghkb_gblu��O,�[�

Ijb\ghk�

Na = 5,
Si = 30

<ughk�

K = 8, Ca = 10,
Mg = 10, Fe = 17,

Al = 11, Ti = 5
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Ih^h[gh_� ij_h[jZah\Zgb_� ihjh^� ijhbahreh�� \� hlebqb_� hl

ij_^u^ms_c� f_lZkhfZlbq_kdhc� klZ^bb�� ih^� \ebygb_f� gZljb_\h�

dj_fgb_\h]h�f_lZkhfZlhaZ��ijb�wlhf�kj_^b�\ug_k_gguo�we_f_glh\

nbdkbjmxlky�dZebc�b�Zexfbgbc�b�agZqbl_evgh�f_gvr__�dhebq_kl-
\h�bhgh\�fZ]gby�b�`_e_aZ�

3) =g_ckh]jZghkb_gblu��;,�[��→
ihjnbjh[eZklh\u_�[bhlblh\u_

]g_ckh]jZgblu��;,9���

Ijb\ghk�

K = 21,
Si = 41

<ughk�

Na = 22, Ca = 12,
Mg = 14, Fe = 9,
Al = 26, Ti = 3

Ijb\_^_gguc�[ZeZgk�i_j_g_k_ggh]h�\_s_kl\Z�ihdZau\Z_l��qlh

ij_h[jZah\Zgb_�]g_ckh]jZghkb_gblh\�\�ihjnbjh[eZklh\u_�]g_ckh-
]jZgblu� hkms_kl\eyehkv� ih^� \ebygb_f� dZebc�dj_fgb_\h]h� f_lZ-
khfZlhaZ�kh�agZqbl_evguf�\ughkhf�hklZevguo�ih^\b`guo�dhfih-
g_glh\��Ih�\b^bfhfm��qZklv�dZeby�mreZ�gZ�nhjfbjh\Zgb_�ihjnb-
jh[eZklh\��ihe_\h]h�riZlZ�

4) Ihjnbjh[eZklh\u_�[bhlblh\u_
]g_ckh]jZgblu��;,9�[��→�ihjnbjh�

[eZklh\u_�e_cdhdjZlh\u_�]g_ckh�

]jZgblu��;9,,�[�

Ijb\ghk�

Na = 3,
Si = 15

<ughk�

K = 15, Ca = 4,
Mg = 4, Fe = 1,

Al = 14

E_cdhdjZlbaZpby� [bhlblh\uo� ihjnbjh[eZklh\uo� ]g_ckh]jZ-
gblh\� [ueZ� h[mkeh\e_gZ� ij_bfms_kl\_ggh� ijb\ghkhf� dj_fgby

�k� g_[hevrbf� dhebq_kl\hf� gZljby��� gZjy^m� k� q_f� hlf_qZ_lky� km-
s_kl\_gguc� \ughk�dZeby�b� Zexfbgby�b�g_agZqbl_evguc� ±�n_fZ-
nbevguo�we_f_glh\�

<� kemqZ_� nhjfbjh\Zgby� e_cdhdjZlh\uo� ihjnbjh[eZklh\uo

]g_ckh]jZgblh\� ih^]jmiiu� ;9,,�[� aZ� kq_l� e_cdhdjZlh\uo� ]jZgb-
lh]g_ckh\�ih^]jmiiu�;9,,�Z��kf��lZ[e�������nbdkbjm_lky�aZf_lguc

ijb\ghk� 1D�  � ���� Z� lZd`_� g_[hevrh]h� dhebq_kl\Z� bhgh\

6L� � ��� )H� � ���0J� ���b�LL�  � ���OZjZdl_j_g� agZqbl_evguc�\ughk

bhgh\�.� ����b�:�� ����

LZdbf�h[jZahf��\�dhg_qgmx�klZ^bx�nhjfbjh\Zgby�km[s_ehq-
guo�]jZgblh\����dZd�b�\�kemqZ_�aZ\_jrZxs_c�klZ^bb�h[jZah\Zgby

ba\_kldh\h�s_ehqguo� ]jZgblh\�� kms_kl\_ggZy� jhev� ijbgZ^e_`bl

gZljb_\hfm�f_lZkhfZlham�

��c�wlZi�]jZgblhh[jZah\Zgby

>ey�km[s_ehqguo�[bhlblh\uo�]g_ckh\b^guo�]jZgblh\���ih^-
]jmiiu� ;,9�\� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� km[kljZlhf

fh]eb� kem`blv�� ��� ba\_kldh\h�s_ehqgu_� [bhlblh\u_� b� [bhlbl�
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fmkdh\blh\u_� ieZ]bh]g_cku� ih^]jmiiu� O,,,�Z� �kf�� lZ[e�� ����� ��

km[s_ehqgu_� ihjnbjh[eZklh\u_� [bhlblh\u_� ]g_ckh]jZgblu��

ih^]jmiiu�O,9�[��kf��lZ[e�������<�wlbo�kemqZyo�[ZeZgk�i_j_g_k_g-
gh]h�\_s_kl\Z�[m^_l�ij_^klZ\e_g�

���Ijb\ghk� <ughk� ���Ijb\ghk� <ughk�

K = 31, Si = 2 KZ� ����0J� ����

Fe = 4
Ca = 1, Fe = 1,
Al = 1, Ti = 1

K = 2, Mg = 2,
Si = 1

Hlkx^Z�ke_^m_l��qlh�ijb�nhjfbjh\Zgbb�km[s_ehqguo�[bhlb-
lh\uo� ]jZgblh\� aZ� kq_l�ba\_kldh\h�s_ehqguo�ieZ]bh]g_ckh\� lj_-
[m_lky�agZqbl_evguc�ijb\ghk�dZeby��gh�ijb�wlhf�khojZgy_lky�[Z-
eZgk�gZljby��Zexfbgby�b�lblZgZ��<ughk�n_fZnbevguo�we_f_glh\

hlghkbl_evgh�aZf_lguc��<�ijhp_kk_�ij_h[jZah\Zgby�km[s_ehqguo

ihjnbjh[eZklh\uo� ]g_ckh]jZgblh\� i_j_jZkij_^_e_gb_� \� [ZeZgk_

ih^\b`guo�we_f_glh\�fbgbfZevgh_���±��bhgZ���l��_��i_j_oh^�]g_c-
kh]jZgblh\�\�]jZgblu�fh]�[ulv�hkms_kl\e_g�\�j_amevlZl_�ZgZl_d-
kbkZ�ijZdlbq_kdb�[_a�i_j_ghkZ�\_s_kl\Z�

E_cdhdjZlbaZpby� km[s_ehqguo� [bhlblh\uo� ]jZgblh\� ih^-
]jmiiu� ;,9�\� b� ij_h[jZah\Zgb_� bo� \� e_cdh]jZgblu� �ih^]jmiiZ

;9,,�\�� ijhbkoh^beZ� ijb� ke_^mxs_f� baf_g_gbb� [ZeZgkZ� i_j_g_-
k_ggh]h�\_s_kl\Z��kf��lZ[e�������ijb\ghk�±�6L� �����\ughk�±�.� ���

1D� ����KZ�  � ���0J� ���� )H� � ����$O� � ����LL�  � ���Ke_^h\Zl_evgh�

ijhp_kk�e_cdhdjZlbaZpbb�km[s_ehqguo�]jZgblh\���hkms_kl\eyeky�

dZd� b� \� kemqZ_� e_cdhdjZlbaZpbb� ba\_kldh\h�r_ehqguo� ]jZgblh\�

lhevdh�ih^� \ebygb_f� ijb\ghkZ� dj_fgby� �d\Zjp_\h]h�f_lZkhfZlh-
aZ��

L_f� g_� f_g__�� g_� bkdexq_gu� \ZjbZglu� h[jZah\Zgby� km[s_-
ehqguo�e_cdh]jZgblh\�aZ�kq_l�e_cdhdjZlh\uo�]jZgblh]g_ckh\�ih^-
]jmiiu� ;9,,�Z�b� e_cdhdjZlh\uo�ihjnbjh[eZklh\uo� ]g_ckh]jZgb-
lh\�ih^]jmiiu�;9,,�[��kf��lZ[e������

E_cdhdjZlh\uc�]jZgblh]g_ck

�;9,,�Z��→�e_cdhdjZlh\uc�]jZ-
gbl��;9,,�\�

Ijb\ghk�

Na = 7, Mg = 1,
Fe = 2, Si = 12

<ughk�

K = 14, Ca = 1,
Al = 15

E_cdhdjZlh\uc�ihjnbjh[eZ�

klh\uc�]g_ckh]jZgbl��;9,,�[�

→��e_cdhdjZlh\uc�]jZgbl

�O9,,�\�

Ijb\ghk�

K = 6, Si = 9
<ughk�

Na = 8, Ca = 1,
Fe = 3, Al = 3,

Ti = 1
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<� i_j\hf� kemqZ_� h[jZah\Zgb_� e_cdh]jZgblh\� aZ� kq_l� ]jZgb-
lh]g_ckh\�ijhbkoh^beh�ih^�\ebygb_f�gZljb_\h�dj_fgb_\h]h�f_lZ-
khfZlhaZ�k�g_[hevrbf�ijb\ghkhf�fZ]gby�b�`_e_aZ��qlh�kh\iZ^Z_l�k

ijhp_kkhf� e_cdhdjZlbaZpbb� km[s_ehqguo� ihjnbjh[eZklh\uo

]g_ckh]jZgblh\���� <h� \lhjhf� kemqZ_� e_cdh]jZgblu� fh]eb� [ulv

h[jZah\Zgu� ijb� dZeb_\h�dj_fgb_\hf� f_lZkhfZlha_� ihjnbjh[eZ-
klh\uo�]g_ckh]jZgblh\��l��_��\�j_amevlZl_�l_o�`_�ijhp_kkh\��qlh�b

ijb�nhjfbjh\Zgbb�ba\_kldh\h�s_ehqguo��e_cdh]jZgblh\���

NZdl�nhjfbjh\Zgby�qZrdh\kdbo�]jZgblhb^h\�aZ�kq_l�f_lZkh-
fZlbq_kdh]h� ij_h[jZah\Zgby� b� ]jZgblbaZpbb� f_lZfhjnbq_kdbo

ihjh^��]eZ\guf�h[jZahf��ieZ]bh]g_ckh\��k�ihke_^mxsbf�ijhy\e_-
gb_f�ZgZl_dlbq_kdbo�\uieZ\hd��ijb\_^rbf�d�]jZgblguf�bgt_dpb-
yf�`bevgh]h� lbiZ�� g_� \uau\Z_l� khfg_gby��HklZ_lky� g_� ^h� dhgpZ

j_r_gguf�\hijhk�h� ]_g_abk_�fmkdh\blh\uo� ]jZgblh\��keZ]Zxsbo

X`gh�?eZgqbdh\kdmx� Zihnbam� QZrdh\kdh�?eZgqbdh\kdh]h� fZk-
kb\Z��<��G��Xj_pdbc�b�^j���������kqblZxl��qlh�_eZgqbdh\kdb_�fmk-
dh\blh\u_�]jZgblu�\hagbdeb�\�j_amevlZl_�f_lZkhfZlbq_kdhc�fmk-
dh\blbaZpbb� [bhlblh\uo� ]jZgblh\�� G��K��;hjh^bgZ� b

=��;��N_jrlZl_j�>��������@�ihemqbeb�^Zggu_��k\b^_l_evkl\mxsb_�h

fZ]fZlbq_kdhc�ijbjh^_�fmkdh\blZ�\�_eZgqbdh\kdbo�]jZgblZo��km[-
kljZlhf�^ey�dhlhjuo�kem`beb�f_lZi_eblh\u_�ihjh^u�

:\lhj�ijb^_j`b\Z_lky�lhqdb�aj_gby��qlh�b�e_cdhdjZlh\u_��b

[bhlblh\u_�� b� fmkdh\blh\u_� ]jZgblu� QZrdh\kdh�?eZgqbdh\-
kdh]h�fZkkb\Z�[ueb�h[jZah\Zgu� aZ�kq_l� ]jZgblbaZpbb�b�ZgZl_d-
kbkZ�h^gh]h�b�lh]h�`_�bkoh^gh]h�km[kljZlZ.

<�dZq_kl\_�ijbf_jZ�kjZ\gbf�[ZeZgk�i_j_g_k_ggh]h�\_s_kl\Z�\

ijhp_kk_� ij_h[jZah\Zgby� ieZ]bh]g_ckh\� b� ]jZgblh]g_ckh\

\�\ur_hlf_q_ggu_�jZagh\b^ghklb�]jZgblh\��kf��lZ[e����������

1) Ba\_kldh\h�s_ehqgu_�fmkdh-
\bl�[bhlblh\u_�ieZ]bh]g_cku

�;,,,�Z��→�ba\_kldh\h�s_ehqgu_

[bhlblh\u_�]jZgblu��;,,,�\�

Ijb\ghk�

K = 19,
Al = 10

<ughk�

Na = 7, Ca = 1,
Mg = 11, Fe = 10,

Ti = 1, Si = 3

2) Ba\_kldh\h�s_ehqgu_�fmkdh-
\bl�[bhlblh\u_�ieZ]bh]g_cku

�;,,,�Z��→��ba\_kldh\h�

s_ehqgu_�e_cdh]jZgblu��;9,�\�

Ijb\ghk�

K = 17,
Si = 18

<ughk�

Na = 8, Ca = 8,
Mg = 13, Fe = 10,

Ti = 4, Al = 12

3) Ba\_kldh\h�s_ehqgu_�e_cdh-
djZlh\u_�]jZgblh]g_cku��;9,�Z�

→�ba\_kldh\h�s_ehqgu_�e_cdh-
]jZgblu��;9,�\�

Ijb\ghk�

K = 7, Na =
25,  Al = 18

<ughk�

Ca = 3, Mg = 3,
Fe = 23, Ti = 4,

Si = 2
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4) Ba\_kldh\h�s_ehqgu_�fmkdh-
\bl�[bhlblh\u_�ieZ]bh]g_cku
�O,,,�Z��→ ba\_kldh\h�s_ehqgu_
fmkdh\blh\u_�]jZgblu��O,,�^�

Ijb\ghk�
K = 25,
Si = 13

<ughk�
Na = 21, Ca = 7,
Mg = 14, Fe = 4,

Al = 1, Ti = 1

5) Ba\_kldh\h�s_ehqgu_�fmkdh-
\bl�[bhlblh\u_�ieZ]bh]g_cku
�;,,,�Z��→�ba\_kldh\h�s_ehqgu_
fmkdh\blh\u_�]jZgblu��;9,�^�

Ijb\ghk�
K = 19,
Si = 18

<ughk�
Na = 5, Ca = 6,

Mg = 13, Fe = 11,
Ti = 2, Al = 5

6) Ba\_kldh\h�s_ehqgu_�e_cdh-
djZlh\u_�]jZgblh]g_cku��;9,�Z�
→�ba\_kldh\h�s_ehqgu_�fmkdh-
\blh\u_�]jZgblu��;9,�^�

Ijb\ghk�
K = 9,

Na = 28,
Al = 25

<ughk�
Ca = 1, Mg = 3,
Fe = 24, Ti = 4,

Si = 7

7) Km[s_ehqgu_�]jZgblh]g_cku
(XIV-a) →�km[s_ehqgu_�[bhlb-
lh\u_�]jZgblu��;,9�\�

Ijb\ghk�
K = 1, Si = 20

<ughk�
Na = 21, Ca = 1,
Mg = 2, Al = 13,

Ti = 1
8) Km[s_ehqgu_�]jZgblh]g_cku
�;,9�Z��→�km[s_ehqgu_�e_cdh-
djZlh\u_�]jZgblu��;9,,�\�

Ijb\ghk�
Si = 45

<ughk�
K = 6, Na = 26,
Ca = 7, Mg = 4,

Fe = 5, Al = 31, Ti = 3
9) Km[s_ehqgu_�]jZgblh]g_cku
�;,9�Z��→�km[s_ehqgu_�fmkdh-
\blh\u_�]jZgblu��;,9�^�

Ijb\ghk�
K = 1; Si = 27

<ughk�
Na = 25, Ca = 4,
Mg = 3, Fe = 3,
Al = 15, Ti = 2

10) Km[s_ehqgu_�]jZgblh]g_c-
ku��;,9�Z��→�km[s_ehqgu_�fmk-
dh\blh\u_�]jZgblu��;9,,�^�

Ijb\ghk�
K = 2, Si = 35

<ughk�
Na = 25, Ca = 5,
Mg = 3, Fe = 5,
Al = 23, Ti = 2

:gZeba� ijb\_^_gguo� \ur_� ^Zgguo� ih� [ZeZgkm� ih^\b`guo

we_f_glh\�\�ijhp_kk_�f_lZkhfZlbq_kdh]h�ij_h[jZah\Zgby�ieZ]bh]-
g_ckh\�b�]jZgblh]g_ckh\�iha\hey_l�k^_eZlv�ke_^mxsb_�\u\h^u�

���Nhjfbjh\Zgb_�ba\_kldh\h�s_ehqguo�[bhlblh\uo�]jZgblh\

ijhbkoh^beh� \� j_amevlZl_� Zexfh�dZeb_\h]h� f_lZkhfZlhaZ� fmkdh-
\bl�[bhlblh\uo�ieZ]bh]g_ckh\��K�^jm]hc�klhjhgu��ij_h[jZah\Zgb_

wlh]h�km[kljZlZ�\�e_cdhdjZlh\u_�b�fmkdh\blh\u_�]jZgblu�ba\_kl-
dh\h�s_ehqgh]h�jy^Z�hkms_kl\eyehkv�ih^�\ha^_ckl\b_f�ijb\ghkZ

dZeby� b� dj_fgby� k� \ughkhf� bhgh\� \k_o� hklZevguo� i_ljh]_gguo

we_f_glh\�� H[jZah\Zgb_� e_cdh]jZgblh\� b� \_kvfZ� \ukhdhdj_fg_-
dbkeuo�fmkdh\blh\uo�]jZgblh\�aZ�kq_l�e_cdh�djZlh\uo�]jZgblh]-
g_ckh\�ijhbkoh^beh�ih^�\ebygb_f�Zexfh�s_ehqgh]h�f_lZkhfZlh-
aZ��ijbq_f�\�ijb\ghkbfuo�jZkl\hjZo�gZljbc�^hfbgbjh\Ze�gZ^�dZ-
eb_f�
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���Km[s_ehqgu_�e_cdhdjZlh\u_��[bhlblh\u_�b�fmkdh\blh\u_

]jZgblu�� km[kljZlhf� ^ey� dhlhjuo� kem`beb� km[s_ehqgu_� ]jZgb-
lh]g_cku��[ueb�h[jZah\Zgu�ijb�dj_fgb_\hf� �d\Zjp_\hf��f_lZkh-
fZlha_� k� djZcg_� gbadbf� ��±�� bhgZ�� ijb\ghkhf� dZeby� b� \ughkhf

hklZevguo�ih^\b`guo�we_f_glh\�

��� Km[kljZlhf� ^ey� [bhlblh\uo� b� fmkdh\blh\uo� ]jZgblh\

kem`beb� f_lZfhjnbq_kdb_� ihjh^u� ]jZgblgh]h� khklZ\Z�� kh^_j`Z-
sb_� 6L22 ≥� ��� ��� Ijb� wlhf�� hlf_qZ_lky� agZqbl_evgZy� jZagbpZ
\�dhebq_kl\_�ijb\g_k_gguo�\�km[kljZl�bhgh\�dZeby�b�dj_fgby�ijb

nhjfbjh\Zgbb�km[s_ehqguo�b�ba\_kldh\h�s_ehqguo� ]jZgblh\��B

[bhlblh\u_��b�fmkdh\blh\u_�km[s_ehqgu_� ]jZgblu�[ueb�h[jZah-
\Zgu� ijb� ijb\ghk_� dZeby� b� dj_fgby� \� khhlghr_gbb

�\� kj_^g_f�� � :�����Ba\_kldh\h�s_ehqgu_� ]jZgblu�nhjfbjh\Zebkv
ijb�fb]jZpbb�\�km[kljZl�dZeby�b�dj_fgby�\�khhlghr_gbb��� : 15,
l��_��\�ijhp_kk_�h[jZah\Zgby�km[s_ehqguo�[bhlblh\uo�b�fmkdh\b-
lh\uo� ]jZgblh\� [ueh� ijb\g_k_gh� \� ��� jZaZ� f_gvr_� dZeby� b� \

��jZaZ�[hevr_�dj_fgby��q_f�ijb�nhjfbjh\Zgbb�ih^h[guo�]jZgblh\

ba\_kldh\h�s_ehqgh]h�jy^Z�

���H^gh\j_f_ggh�k�wlbf��\�ijhp_kk_�nhjfbjh\Zgby�ba\_kldh-
\h�s_ehqguo� [bhlblh\uo� b�fmkdh\blh\uo� ]jZgblh\� ba� km[kljZlZ

[ueh� \ug_k_gh� \� kj_^g_f� \� �� jZaZ� [hevr_�`_e_aZ�b�fZ]gby�� q_f

ijb�h[jZah\Zgbb�km[s_ehqguo�]jZgblh\��ijb�wlhf�dhebq_kl\h�\u-
g_k_ggh]h�dZevpby�[ueh�ijbf_jgh�jZ\guf�

���<hagbdgh\_gb_�[bhlblh\uo�b�fmkdh\blh\uo�]jZgblh\�h[m-
keh\e_gh�ijhy\e_gb_f�h^gbo�b� l_o�`_�ijhp_kkh\�f_lZkhfZlhaZ�b

]jZgblbaZpbb� f_lZfhjnbq_kdh]h� km[kljZlZ�� Wlb� ]jZgblu� ]_g_lb-
q_kdb� k\yaZgu� f_`^m� kh[hc�� [ebadb� ih� obfbq_kdhfm� khklZ\m� b

bf_xl�\aZbfhi_j_oh^u�q_j_a�^\mkex^ygu_�]jZgblu��qlh�ih^l\_j-
`^Z_lky�lZd`_�nhjfmeZfb�L��;ZjlZ�

[bhlblh\u_�]jZgblu

�ih^]jmiiZ�;,9�\�� K54Na69Ca13Mg6Fe15Al150Ti13Si635

^\mkex^ygu_�]jZgblu

�ih^]jmiiZ�;,9�]� K54Na67Ca10Mg4Fe12Al147Ti2Si643

fmkdh\blh\u_�]jZgblu

�ih^]jmiiZ�;,9�^� K54Na65Ca10Mg5Fe12Al148Ti2Si642

<u^_e_gu�ke_^mxsb_�klZ^bb�b�lbiu�f_lZkhfZlhaZ�b�]jZgblb-
aZpbb�ihjh^� km[kljZlZ��ijhy\e_ggu_� \� jZagu_� wlZiu�nhjfbjh\Z-
gby� ]jZgblhb^h\� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z

�lZ[e������
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WlZiu�b�klZ^bb�nhjfbjh\Zgby�]jZgblhb^h\

QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

;ZeZgk�\_s_kl\ZWlZi

]jZgblh-
h[jZah-
\Zgby

Bkoh^gZy�ihjh^Z

�i_ljhobf��ih^]jmiiZ�

KlZ^by

f_lZkh-
fZlbq_-
kdh]h

ijhp_kkZ

Lbi

f_lZkhfZ-
lbq_kdh]h

ijhp_kkZ
ijb\-
ghk

\ughk

Gh\hh[jZah\ZggZy

ihjh^Z��i_ljhob-
fbq_kdZy�ih^]jmi-

iZ�

1 2 3 4 5 6 7

:��B�a�\�_�k�l�d�h�\�h���s�_�e�h�q��g�Z�y���k�_�j�b�y

:fnb[he�[bhlblh\uc

b�[bhlblh\uc�ieZ]b-
h]g_ck�]jZgh^bhjblh-
\h]h�khklZ\Z��X)

Dj_fg_-
s_ehqghc

K, Na,
Si

Ca, Mg,
Fe, Al,

Ti

;bhlblh\uc�ebg�

ah\b^gh�ihehkqZ�

luc�fb]fZlbl�

ihjnbjh[eZklh\uc

[bhlblh\uc�]g_c�

kh]jZgbl��XIII)

;bhlblh\uc�b�[bhlbl�

fmkdh\blh\uc�ieZ]b-
h]g_ck�]jZgblgh]h

khklZ\Z��XIII)

:exfh-
s_ehqghc

K,
(Na),
Al

Ca, Mg,
Ti, Si

Lh�`_

Ebgah\b^gh�

ihehkqZluc�fb]fZlbl

b�ihjnbjh[eZklh\uc

]g_ckh]jZgbl��XIII)

D
Ze
b
_\
h
�g
Zl
j
h
\
Zy

Dj_fg_-
gZljb_\uc

Na, Si,
(Mg)

K, Fe,
Al, Ti

E_cdhdjZlh\uc

ihjnbjh[eZklh-
\uc�]g_ckh]jZgbl

(XVI)

;��K�m�[�s�_�e�h�q�g�Z�y��k�_�j�b�y

:fnb[he�[bhlblh\uc

ieZ]bh]g_ck�fhgph-
^bhjblh\h]h�khklZ\Z

(V)

:exfh�

dj_fg_-
s_ehqghc

K, Na,
Al, Si

Ca, Mg,
Fe, Ti

Ebgah\b^gh�iheh�

kqZluc�fb]fZlbl�

Zfnb[he�[bhlblh�

\uc�ihjnbjh[eZ�

klh\uc�fhgph^bh�

jbl��VIII)

Ebgah\b^gh�

ihehkqZluc�fb]fZlbl

khklZ\Z�d\Zjp_\h]h

fhgph^bhjblZ��VIII)

Dj_fg_-
gZljb_\uc

Na, Si K, Ca,
Mg, Fe,
Al, Ti

=g_ckh]jZghkb_-
gbl�(XI)

=g_ckh]jZghkb_gbl

(XI)
Dj_fg_dZ-
eb_\uc

K, Si Na, Ca,
Mg, Fe,
Al, Ti

Ihjnbjh[eZklh-
\uc�[bhlblh\uc

]g_ckh]jZgbl

(XIV)

�
��
J
Zg
g
b
c
�f
_l
Zk
h
f
Zl
b
q
_k
d
b
c

Ihjnbjh[eZklh\uc

[bhlblh\uc�]g_ckh-
]jZgbl��XIV)

D
Ze
b
_\
h
�g
Zl
j
h
\
Zy

Dj_fg_-
gZljb_\uc

Na, Si K, Ca,
Mg, Fe,

Al

Ihjnbjh[eZklh-
\uc�e_cdhdjZlh-
\uc�]g_ckh]jZgbl

(XVII)
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1 2 3 4 5 6 7
:��B�a�\�_�k�l�d�h�\�h���s�_�e�h�q�g�Z�y��k�_�j�b�y

;bhlblh\uc�b�[bhlbl�

fmkdh\blh\uc�ieZ]b-
h]g_ck�]jZgblgh]h

khklZ\Z��XIII)

:exfhdZ-
eb_\uc

K, Al Na, Ca,
Mg, Fe,
Ti, Si

;bhlblh\uc

]g_ckh]jZgbl

(XIII)

;bhlblh\uc�ebgah\b^-
gh�ihehkqZluc�fb]fZ-
lbl��ihjnbjh[eZklh-
\uc�]g_ckh]jZgbl

(XIII)

Lh�`_ K,
(Ca),
Al

Na, Mg,
Fe, Si

Lh�`_

E_cdhdjZlh\uc�]jZgb-
lh]g_ck��XVI)

:exfh-
s_ehqghc

K, Na,
Al

Na, Mg,
Fe, Ti, Si

E_cdhdjZlh\uc

]jZgbl�(XVI)
Ihjnbjh[eZklh\uc

e_cdhdjZlh\uc�]g_c-
kh]jZgbl��XVI)

Dj_fg_dZ-
eb_\uc

K, Si Na, Ca,
Mg, Fe,

Al

Lh�`_

;bhlblh\uc�b�[bhlbl�

fmkdh\blh\uc�ieZ]b-
h]g_ck�]jZgblgh]h

khklZ\Z��XIII)

Lh�`_ K, Si Na, Ca,
Mg, Fe,
Al, Ti

Fmkdh\blh\uc

]jZgbl��XIII)

Lh�`_ Lh�`_ K, Si Na, Ca,
Mg, Fe,
Al, Ti

Fmkdh\blh\uc

]jZgbl��XVI)

E_cdhdjZlh\uc�]jZgb-
lh]g_ck��XVI)

D
Ze
b
_\
Zy

:exfh-
s_ehqghc

K, Na,
Al

Ca, Mg,
Fe, Ti, Si

Lh�`_

;��K�m�[�s�_�e�h�q�g�Z�y��k�_�j�b�y

;bhlblh\uc�b�[bhlbl�

fmkdh\blh\uc�ieZ]b-
h]g_ck�]jZgblgh]h

khklZ\Z��XIII)

Dj_fg_dZ-
eb_\uc

K, Si Ca, Mg,
Fe

;bhlblh\uc

]jZgbl��XIV)

=jZgblh]g_ck��XIV) Lh�`_ K, Si Na, Ca,
Mg, Al,

Ti

Lh�`_

Lh�`_ Dj_fgb_-
\uc

Si K, Na,
Ca, Mg,
Fe, Al

E_cdhdjZlh\uc

]jZgbl��XVII)

;bhlblh\uc�]jZgbl

(XIV)
Lh�`_ Si K, Na,

Ca, Mg,
Fe, Al,

Ti

Lh�`_

Ihjnbjh[eZklh\uc

e_cdhdjZlh\uc�]g_c-
kh]jZgbl��XVII)

Dj_fg_dZ-
eb_\uc

K, Si,
(Fe)

Na, Ca,
Al, Ti

Lh�`_

;bhlblh\uc�]jZgblh�

]g_ck��XIV)
Lh�`_ K, Si Na, Ca,

Mg, Fe,
Al, Ti

Fmkdh\blh\uc

]jZgbl���XIV)

�
��
I
h
a^
g
b
c
�i
Ze
b
g
]_
g
g
h
�f
_l
Zk
h
f
Zl
b
q
_k
d
b
c

Lh�`_

D
Ze
b
_\
Zy

Lh�`_ K, Si Na, Ca,
Mg, Fe,
Al, Ti

Fmkdh\blh\uc

]jZgbl��XVII)
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Kj_^g__�agZq_gb_�]ebgha_fbklhklb�]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�fZkkb\Z

b�\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^

I_ljhobfbq_kdZy�ih^]jmiiZ=hjgZy�ihjh^Z

I II III IV V VII VIII X XI XII XIII XIV XV XVI XVII XVIII

:fnb[hebl 0.92 0.63 0.72
IeZ]bh]g_ck 0.75 0.79 1.05 1.18 1.66 1.72 2.11 - - 3.60
=jZgblh]g_ck 6.26 - 1.92 9.08
Fb]fZlbl 2.20 - 3.5 2.46 5.1 5.38 15.8 5.29 2.58

Ihjnbjh[eZklh-
\uc�]g_ckh]jZgbl

3.28 4.2 - 1.48 4.83 2.0 5.60 5.58

;bhlblh\uc

]g_ckh]jZgbl
7.81 5.79 6.68 8.04 6.63

>\mkex^yghc

]jZgbl
6.89 - - 6.87

Fmkdh\blh\uc

]jZgbl
6.32 6.85 9.42 9.48 7.71 12.7

@bevguc�]jZgbl 6.36 - - 8.37
=jZgblguc

i_]fZlbl
14.8 7.67 14.18 - 10.8 10.5
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KjZ\gbl_evguc� ZgZeba� kj_^gbo� \_ebqbg� dhwnnbpb_glZ� ]eb-
gha_fbklhklb� �Z�′�� ]jZgblhb^h\� QZrdh\kdh�?eZgqbdh\kdh]h� fZk-
kb\Z�b�\f_sZxsbo�f_lZfhjnbq_kdbo�ihjh^��lZ[e������ihdZau\Z_l�

qlh� Zfnb[heblu� ijbgZ^e_`Zl� ij_bfms_kl\_ggh� d� gbadh]ebgha_-
fbkluf�ZkkhpbZpbyf� �Z�′����������F_eZgh��b�f_ahdjZlh\u_�ieZ]b-
h]g_cku� �y\eyxlky�mf_j_ggh�b�\ukhdh]ebgha_fbklufb�ihjh^Zfb

�Z�′� �����±������;bhlblh\u_�ieZ]bh]g_cku�b�fb]fZlblu�]jZgblgh-
]h� khklZ\Z�� Z� lZd`_� ]jZgblh]g_cku� b� ]jZgblu� QZrdh\kdh�

?eZgqbdh\kdh]h�fZkkb\Z� �\dexqZy�`bevgu_� ]jZgblu�� hlghkylky�d

\_kvfZ� \ukhdh]ebgha_fbkluf� h[jZah\Zgbyf� �Z�′ = 2–10),
Z�]jZgblgu_�i_]fZlblu�±�d�djZcg_�\ukhdh]ebgha_fbkluf�ihjh^Zf

�Z�′ > 10).
LZdbf�h[jZahf��\_ebqbgZ�]ebgha_fbklhklb�]jZgblhb^h\�QZr-

dh\kdh�?eZgqbdh\kdh]h�fZkkb\Z�\iheg_�khihklZ\bfZ�k�]ebgha_fb-
klhklvx� f_lZfhjnbq_kdbo� ihjh^� ]jZgblgh]h� khklZ\Z�� ijb� wlhf

fmkdh\blh\u_� ]jZgblu�ih� ]ebgha_fbklhklb�ihqlb�g_� hlebqZxlky

hl� hklZevguo� jZagh\b^ghkl_c� ]jZgblh\� qZrdh\kdh]h� dhfie_dkZ

�kjZ\gb�k�>�����@��
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=eZ\Z����KJ:<GBL?EVG:Y�I?LJHEH=BQ?KD:Y

O:J:DL?JBKLBD:�B�NHJF:PBHGG:Y

IJBG:>E?@GHKLV�Q:RDH<KDH�?E:GQBDH<KDH=H

B�DBK?=:QKDH=H�F:KKB<H<

<��G��Xj_pdbf�b�^j���������Dbk_]Zqkdbc�fZkkb\��kh\f_klgh�k

M\bev^bgkdbf� b�:j]Zabgkdbf� fZkkb\Zfb�� [ue� hlg_k_g� d� m\bev-
^bgkdhfm�fhgph^bhjbl�]jZgblghfm� dhfie_dkm��GZrbfb� bkke_^h-
\Zgbyfb [52] �mklZgh\e_gh��qlh�Dbk_]Zqkdbc�fZkkb\�ih�p_ehfm�jy^m

ijbagZdh\��nhjf_��kljh_gbx��i_ljh]jZnbq_kdhfm�khklZ\m��`bev-
guf� b� ^Zcdh\uf� h[jZah\Zgbyf�� hkh[_gghklyf� obfbafZ� b� j_^dh-
we_f_glgh]h� khklZ\Z�� dhglZdlh\uf� baf_g_gbyf� b� ^j��� kms_kl-
\_ggh�hlebqZ_lky�hl�^jm]bo�fZkkb\h\�m\bev^bgkdh]h�dhfie_dkZ�b

ijbgZ^e_`bl� d� bghfm� nhjfZpbhgghfm� lbim�� DZd� ihdZaZeh� ^Zev-
g_cr__�bamq_gb_�]jZgblhb^gh]h�fZ]fZlbafZ�x`ghc�qZklb�Bevf_g-
kdbo� ]hj�� ]jZgblu� Dbk_]Zqkdh]h� fZkkb\Z� nhjfZpbhggh� gZb[he__

[ebadb�d�]jZgblZf�QZrdh\kdh]h�ZglbdebgZevgh]h�\uklmiZ��\�k\yab�k

q_f�gb`_�ijb\h^blky�bo�kjZ\gbl_evgZy�oZjZdl_jbklbdZ�

NhjfZ��kljh_gb_�b�i_ljh]jZnbq_kdbc�khklZ\�fZkkb\h\

Dbk_]Zqkdbc�fZkkb\��lZd`_�dZd�b�QZrdh\kdbc��\�kljmdlmjghf

hlghr_gbb�ij_^klZ\ey_l�kh[hc�\ulygmluc�\�f_jb^bhgZevghf�gZ-
ijZ\e_gbb�b� aZijhdbgmluc�gZ� aZiZ^� ZglbdebgZevguc� \uklmi��hk-
eh`g_gguc�^\mfy�djmigufb�dmiheh\b^ufb�h[jZah\Zgbyfb�k�p_g-
ljZfb�\�jZchg_�ha_j�;he��Dbk_]Zq�b�L_j_gdmev��G_�bkdexq_gh��qlh

x`g__�ha��?eh\h_��]^_�ih�^Zgguf�<��G��Xj_pdh]h�b�^j� (l982)�nbd-
kbjm_lky�ZghfZeby�\� ����gle� �gZ�nhg_� ���±����gle��k� wibp_gljhf

gZ^� ha�� Q_[Zjdmev�� fh`_l� [ulv� jZa\blZ� _s_� h^gZ� dmiheh\b^gZy

kljmdlmjZ��hl�dhlhjh]h�\�x`ghf�gZijZ\e_gbb�hloh^bl�km`ZxsZy-
ky�]jZgblgZy�ZihnbaZ�

<�khklZ\_�Dbk_]Zqkdh]h�b�kh[kl\_ggh�QZrdh\kdh]h�fZkkb\h\

jZkijhkljZg_gu� ihjh^u�� y\eyxsb_ky� ijhba\h^gufb� ^\mo� hkgh\-
guo� wlZih\� ]jZgblhh[jZah\Zgby�� ��� ebgah\b^gh�ihehkqZlu_� fb]-
fZlblu�� Zfnb[he�[bhlblh\u_� b� [bhlblh\u_� ihjnbjh[eZklh\u_

]g_ckh]jZghkb_gblu�� ]g_ckh]jZgh^bhjblu�� [bhlblh\u_� b� e_cdh-
djZlh\u_� ihjnbjh[eZklh\u_� ]g_ckh]jZgblu;� ��� f_edh�kj_^g_a_j�
gbklu_� b� kj_^g_a_jgbklu_� [bhlblh\u_� b� e_cdhdjZlh\u_� ]g_ckh-
]jZgblu�b�]jZgblu�

KhklZ\�`bevgh]h�b�^Zcdh\h]h�dhfie_dkZ

<� kjZ\gb\Z_fuo� fZkkb\Zo� ijhp_kk� ]jZgblhh[jZah\Zgby

aZ\_jrbeky� nhjfbjh\Zgb_f� `bevgh]h� dhfie_dkZ� h^bgZdh\h]h
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khklZ\Z�� ij_^klZ\e_ggh]h� f_edha_jgbklufb�� f_edh�kj_^g_a_jgb�

klufb�b� kj_^g_a_jgbklufb�[bhlblh\ufb�b�e_cdhdjZlh\ufb�ij_-
bfms_kl\_ggh� fZkkb\gufb� ]jZgblZfb�� ZieblZfb�� i_]fZlblZfb� b

i_]fZlhb^gufb�]jZgblZfb��GZebqb_�`be�b�^Z_d�kj_^g_]h�beb�hk-
gh\gh]h�khklZ\Z�g_�aZnbdkbjh\Zgh�

OZjZdl_j�\aZbfhhlghr_gbc�k�\f_sZxsbfb�ihjh^Zfb

H^ghc�ba�hkgh\guo�hkh[_gghkl_c�Dbk_]Zqkdh]h�b�QZrdh\kdh�

?eZgqbdh\kdh]h�fZkkb\h\�y\ey_lky�jZa\blb_�dhglZdlh\uo�ahg�ebg-
ah\b^gh�ihehkqZluo�fb]fZlblh\��d�p_gljm�fZkkb\h\�kf_gyxsboky

ihjnbjh[eZklh\ufb�]g_ckh]jZgblZfb��=jZgblu���]h�wlZiZ�g_j_^dh

h[jZamxl� \h� \f_sZxsbo� lhesZo�ihkehcgu_�bgt_dpbb��ijbq_f� \

wg^hdhglZdl_� kljmdlmjZ� ]jZgblh\� baf_gy_lky� ^h�f_edha_jgbklhc�

m\_ebqb\Z_lky�dhebq_kl\h�[bhlblZ��ihy\ey_lky� ]g_ckh\b^ghklv��<

wdahdhglZdl_�\f_sZxsb_�ieZ]bh]g_cku�qZklh�n_ev^riZlbabjh\Z-
gu�k�h[jZah\Zgb_f�©hqdh\ª�b�[he__�djmiguo�ihjnbjh[eZkl�ieZ]b-
hdeZaZ�b�dZeb_\h]h�ihe_\h]h�riZlZ��:fnb[heblu�b�f_ahdjZlh\u_

[bhlbl�Zfnb[heh\u_�]g_cku�\[ebab�dhglZdlZ�k�]jZgblZfb�g_j_^dh

fb]fZlbabjh\Zgu�b�jZkdbke_gu�

Hkh[_gghklb�obfbafZ�b�fbdjhwe_f_glgh]h�khklZ\Z

>Zggu_�� ijb\_^_ggu_� \� lZ[e�� ��±���� k\b^_l_evkl\mxl� h[

b^_glbqghklb� obfbq_kdh]h� khklZ\Z� ]jZgblhb^h\� QZrdh\kdh�

?eZgqbdh\kdh]h� b�Dbk_]Zqkdh]h�fZkkb\h\�� ijbq_f� [ebadb� ih� kh-
klZ\m�g_�lhevdh�]jZgblhb^u�hkgh\guo�wlZih\�nhjfbjh\Zgby�fZk-
kb\h\��gh�b�`bevgu_�h[jZah\Zgby��qlh�hljZ`_gh�gZ�i_ljhobfbq_-
kdbo�^bZ]jZffZo��jbk����������

<� jZkkfZljb\Z_fuo� fZkkb\Zo� jZkijhkljZg_gu� ]jZgblhb^u�

hlghkysb_ky� d� lj_f� jy^Zf� �k_jbyf�� s_ehqghklb�� ba\_kldh\h�

s_ehqghfm�� km[s_ehqghfm� b� s_ehqghfm�� GZ� i_ljhobfbq_kdbo

^bZ]jZffZo� nb]mjZlb\gu_� lhqdb� khklZ\h\� ]jZgblhb^h\� QZrdh\-
kdh�?eZgqbdh\kdh]h�b�Dbk_]Zqkdh]h�fZkkb\h\� h[jZamxl� dhfiZdl-
gu_�Zj_Zeu�\�ij_^_eZo�dhgdj_lguo�i_ljhobfbq_kdbo�ih^]jmii��hl

d\Zjp_\uo�fhgph^bhjblh\� ^h� e_cdhdjZlh\uo� ]jZgblh\� b� bo� km[-
s_ehqguo� ZgZeh]h\��� gh� kj_^b� ihjh^� ih\ur_gghc� s_ehqghklb

^hfbgbjmxl�jZagh\b^ghklb�dbk_]Zqkdbo�]jZgblh\�

G_agZqbl_evgu_�jZaebqby�\�kl_i_gb�`_e_abklhklb�b�lbi_�s_-
ehqghklb� hlf_qZxlky� lhevdh� ^ey� \_kvfZ� \ukhdhdj_fg_dbkeuo

(SiO2 > 73 ���]jZgblh\��dbk_]Zqkdb_�e_cdh]jZgblu�h[eZ^Zxl�[he__
\ukhdhc��`_e_abklhklvx�b�dZeb_\h�gZljb_\uf��lbihf�s_ehq�
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L Z [ e b p Z � � �

Kj_^gbc�obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii

]jZgblhb^h\���]h�wlZiZ�Dbk_]Zqkdh]h��qbkebl_ev�

b�QZrdh\kdh�?eZgqbdh\kdh]h��agZf_gZl_ev��fZkkb\h\

I_ljhobfbq_kdZy�ih^]jmiiZHdkb^u�
i_ljh-
obf�

fh^meb

VIII* IX XI XII XIII XIV XV XVI XVII

SiO2 −
60.86

63.20
−

67.02
66.48

68.31
−

−
71.33

71.80
71.69

71.20
71.71

−
74.13

74.43
74.70

TiO2 −
0.97

0.34
−

0.57
0.72

0.39
−

−
0.30

0.27
0.35

0.28
0.12

−
0.10

0.22
0.18

Al2O3 −
17.00

19.18
−

14.56
16.56

15.06
−

−
14.81

14.21
14.31

14.20
16.10

−
13.82

13.24
3.17

Fe2O3 −
1.95

1.01
−

2.26
0.88

1.80
−

−
0.35

1.14
0.62

1.57
0.52

−
0.65

0.94
0.59

FeO −
3.46

1.24
−

1.80
2.23

1.68
−

−
1.81

1.31
1.40

1.33
0.45

−
1.20

1.18
1.46

MgO −
2.31

0.85
−

1.40
1.63

1.03
−

−
0.75

0.40
0.64

0.38
0.05

_
0.76

0.19
0.31

CaO −
3.46

1.41
−

1.81
2.45

1.21
−

−
1.92

1.14
1.27

0.83
0.25

−
1.94

0.88
0.87

Na2O −
4.82

6.54
−

3.94
5.28

3.92
−

−
4.11

3.72
3.98

3.53
6.12

−
4.90

3.77
4.29

K2O −
3.68

5.10
−

4.75
3.03

5.34
−

−
3.04

4.82
4.93

5.20
3.87

−
1.56

4.24
3.76

q −
0.58

0.62
−

0.69
0.67

0.70
−

−
0.75

0.75
0.74

0.76
0.74

−
0.76

0.78
0.78

c −
0.21

0.05
−

0.13
0.15

0.08
−

−
0.16

0.08
0.08

0.06
0.01

−
0.17

0.08
0.06

α −
0.70

0.86
−

0.80
0.73

0.80
−

−
0.68

0.80
0.85

0.82
0.87

−
0.71

0.80
0.85

f −
0.55

0.60
−

0.58
0.51

0.67
−

−
0.62

0.77
0.64

0.80
0.93

−
0.61

0.85
0.79

n −
0.66

0.67
−

0.53
0.72

0.56
−

−
0.67

0.53
0.54

0.50
0.71

−
0.84

0.57
0.63

I j b f _ q Z g b _ . *VIII − ihjnbjh[eZklh\u_� d\Zjp_\u_� ]g_ckhfhgph�

^bhjblu�� IX − ihjnbjh[eZklh\u_� ]g_ckh]jZgblu�� XII −� ihjnbjh[eZklh\u_
s_ehqgu_� ]g_ckh]jZghkb_gblu�� XIII −� g_jZ\ghf_jgha_jgbklu_�� kj_^g_�

djmigha_jgbklu_� ]g_ckh]jZgblu�� XIV −� km[s_ehqgu_� ]g_ckh]jZgblu�� XV −
s_ehqgu_�]g_ckh]jZgblu��XVI −�e_cdhdjZlh\u_�ihjnbjh[eZklh\u_�]g_ckh]jZgblu�
XVII −�e_cdhdjZlh\u_�ihjnbjh[eZklh\u_�km[s_ehqgu_�]g_ckh]jZgblu�
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L Z [ e b p Z � � �

Kj_^gbc�obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii

]jZgblh\���]h�wlZiZ�Dbk_]Zqkdh]h��qbkebl_ev�

b�QZrdh\kdh�?eZgqbdh\kdh]h��agZf_gZl_ev��fZkkb\h\

I_ljhobfbq_kdZy�ih^]jmiiZHdkb^u�

i_ljhobf�

fh^meb
XIII* XIV XV XVI XVII XVIII

SiO2 −
71.85

71.43
71.39

71.83
−

−
75.29

73.78
75.42

73.69
−

TiO2 −
0.28

0.30
0.39

0.24
−

−
0.12

0.15
0.13

0.12
−

Al2O3 −
15.46

14.15
14.42

13.96
−

−
13.52

13.63
12.87

13.75
−

Fe2O3 −
0.20

1.37
0.75

1.25
−

−
0.48

1.22
0.57

0.96
−

FeO −
1.26

1.55
1.26

1.24
−

−
0.89

0.85
1.03

0.96
−

MgO −
0.52

0.54
0.48

0.44
−

_
0.31

0.26
0.34

0.20
−

CaO −
1.10

1.18
1.38

0.84
−

−
1.38

0.90
0.71

0.60
−

Na2O −
3.68

3.44
4.00

3.72
−

−
3.60

3.48
3.79

3.71
−

K2O −
3.80

4.87
4.73

5.36
−

−
3.66

4.84
4.19

5.05
−

q −
0.76

0.75
0.76

0.76
−

−
0.80

0.78
0.79

0.78
−

c −
0.16

0.09
0.09

0.05
−

−
0.11

0.07
0.05

0.04
−

α −
0.65

0.78
0.82

0.86
−

−
0.73

0.81
0.83

0.85
−

f −
0.60

0.78
0.70

0.75
−

−
0.70

0.82
0.77

0.84
−

n −
0.59

0.52
0.56

0.51
−

−
0.60

0.52
0.58

0.52
−

I j b f _ q Z g b _ . * XIII − ba\_kldh\h�s_ehqgu_� ]g_ckh]jZgblu�
XIV − km[s_ehqgu_�]g_ckh]jZgblu��XV −�s_ehqgu_�]g_ckh]jZgblu��XVI
− ba\_kldh\h�s_ehqgu_�e_cdh]jZgblu��XVII −�km[s_ehqgu_�e_cdh]jZgb-
lu��XVIII −�s_ehqgu_�e_cdh]jZgblu�



172

L Z [ e b p Z � � �

Kj_^gbc�obfbq_kdbc�khklZ\�i_ljhobfbq_kdbo�ih^]jmii�`bevguo

ihjh^�Dbk_]Zqkdh]h��qbkebl_ev��b�QZrdh\kdh�?eZgqbdh\kdh]h

�agZf_gZl_ev��fZkkb\h\

I_ljhobfbq_kdZy�ih^]jmiiZ

�i_]fZlblu�

I_ljhobfbq_kdZy�ih^]jmiiZ

�]jZgblu�

Hdkb^u�

i_ljh-
obf�

fh^meb XIII* XIV XV XVI XVI
I

XIV XV XVI XVI
I

XVIII

SiO2 −
70.96

−
73.04

71.53

−
76.35

77.15

74.95

74.88

71.42

71.98

71.99

−
75.54

−
74.01

74.67

74.04

−
TiO2 −

0.32

−
0.06

0.09

−
0.11

0.04

0.11

0.01

0.26

0.21

0.17

−
0.15

−
0.10

0.10

0.11

−
Al2O3 −

16.03

−
15.18

14.72

−
13.52

12.73

13.41

14.07

14.50

14.82

14.33

−
13.02

−
13.75

13.56

13.68

−
Fe2O3 −

0.07

−
0.17

0.42

−
0.44

0.28

1.08

0.34

1.70

0.68

1.23

−
0.89

−
1.15

0.51

0.79

−
FeO −

1.60

−
0.83

1.24

−
0.97

0.63

0.84

0.67

1.15

1.18

0.88

−
0.96

−
0.81

0.77

0.75

−
MgO −

0.42

−
0.07

0.25

−
0.29

0.27

0.12

0.35

0.36

0.47

0.31

−
0.10

−
0.25

0.31

0.23

−
CaO −

2.20

−
1.17

0.10

−
1.62

1.22

0.86

1.01

1.05

1.21

0.70

−
1.13

−
0.86

0.92

0.51

−
Na2O −

4.00

−
4.40

2.22

−
5.29

3.19

5.24

4.16

3.66

4.21

3.27

−
3.34

−
3.64

4.58

3.87

−
K2O −

2.43

−
4.60

8.5

−
0.85

3.72

2.48

3.92

4.56

4.26

5.55

−
4.10

−
4.51

4.42

5.06

−
q −

0.77

−
0.77

0.71

−
0.80

0.81

0.78

0.79

0.76

0.75

0.76

−
0.80

−
0.78

0.78

0.78

−
c −

0.18

−
0.08

0.01

−
0.13

0.10

0.07

0.07

0.08

0.09

0.05

−
0.10

−
0.07

0.06

0.04

−
α −

0.58

−
0.80

0.91

−
0.72

0.73

0.85

0.78

0.76

0.78

0.79

−
0.76

−
0.79

0.91

0.87

−
f −

0.70

−
0.87

0.72

−
0.70

0.71

0.87

0.60

0.80

0.65

0.78

−
0.87

−
0.82

0.70

0.84

−
n −

0.71

−
0.59

0.25

−
0.90

0.56

0.67

0.62

0.55

0.60

0.47

−
0.55

−
0.55

0.61

0.54

−

I j b f _ q Z g b _ . * XIII, XVI − ba\_kldh\h�s_ehqghc�jy^; XIV, XVII
− km[s_ehqghc�jy^; XV, XVIII − s_ehqghc�jy^
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Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ�k�±�SiO2  – α�kj_^gbo�khklZ\h\
]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�b�Dbk_]Zqkdh]h�fZkkb\h\�

�±��±�QZrdh\kdh�?eZgqbdh\kdbc�fZkkb\����±�]jZgblhb^u���]h�wlZiZ����±�]jZ-
gblu���]h�wlZiZ����±�`bevgu_�]jZgblu����±�i_]fZlblu�b�i_]fZlhb^gu_�]jZgblu����±�

±�Dbk_]Zqkdbc�fZkkb\����±�]jZgblhb^u���]h�wlZiZ����±�]jZgblu���]h�wlZiZ����±�`bev-
gu_� ]jZgblu�� �� ±� i_]fZlblu� b� i_]fZlhb^gu_� ]jZgblu�

��±�Zj_Ze�i_ljhobfbq_kdhc�ih^]jmiiu�b�__�ghf_j�

Pbnjh\u_�b�[md\_ggu_�h[hagZq_gby�kf��jbk�����

ghklb��Z�qZrdh\kdbf�e_cdh]jZgblZf�k\hckl\_ggZ�mf_j_ggZy�`_e_-
abklhklv�b�gbadZy�gZljh\hklv��LZdh_�hldehg_gb_�\�khklZ\_�e_cdh-
]jZgblh\� kjZ\gb\Z_fuo� fZkkb\h\� fh`_l� [ulv� h[tykg_gh� [he__

\ukhdhc�kl_i_gvx� ©aj_ehklbª�dbk_]Zqkdhc�]jZgblghc�kbkl_fu�ih

kjZ\g_gbx�k�qZrdh\kdhc��dh]^Z�]jZgblbabjh\Zggu_�\_s_kl\_ggu_

dhfie_dku�[ueb�ih^\_j]gmlu�\h�\lhjhc�wlZi�]jZgblhh[jZah\Zgby

[he__�bgl_gkb\ghfm�ieZ\e_gbx� k� khhl\_lkl\mxsbf�ih\ur_gb_f

h[s_c�s_ehqghklb��`_e_abklhklb�b�dZeb_\hklb�nhjfbjh\Z\r_]hky

]jZgblgh]h�jZkieZ\Z�



174

Jbk������I_ljhobfbq_kdZy�^bZ]jZffZ��f – SiO2 – n��kj_^gbo�khklZ\h\
]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�b�Dbk_]Zqkdh]h�fZkkb\h\�

Mkeh\gu_� h[hagZq_gby� kf�� jbk�� ���� pbnjh\u_� b� [md\_ggu_� h[hagZq_gby� ±

jbk�����b����

>ey�]jZgblhb^h\�QZrdh\kdh�?eZgqbdh\kdh]h�b�Dbk_]Zqkdh]h

fZkkb\h\� oZjZdl_jgu� lZd`_� [ebadb_� ]_hobfbq_kdb_� hkh[_gghklb�

\ujZ`_ggu_�\�h[h]Zs_gbb�wlbo�ihjh^�eblhnbevgufb�we_f_glZfb

b�koh^ghc�l_g^_gpbb�\�jZkij_^_e_gbb�k\bgpZ��fheb[^_gZ��f_^b�b

gbh[by�

LZdbf� h[jZahf�� h[sbfb� b� gZb[he__� lbibqgufb� q_jlZfb

QZrdh\kdh�?eZgqbdh\kdh]h� b� Dbk_]Zqkdh]h� fZkkb\h\� y\eyxlky�

dhgnhjfgh_� aZe_]Zgb_� \� kljmdlmjZo� \f_sZxsbo� ihjh^�� hlkmlkl-
\b_�bgljmab\guo�dhglZdlh\�b��\�qZklghklb��hjh]h\bdh\Zgby�[hdh-
\uo�ihjh^��jZa\blb_�fb]fZlblh\uo� ahg�\�dhglZdlh\hc�qZklb�fZk-
kb\h\�� gZebqb_� ihehkqZlhklb� b� ]g_ckh\b^ghklb� \� ]jZgblhb^Zo

b�fgh]hqbke_gguo�j_ebdlh\�f_lZfhjnbq_kdbo�ihjh^�k� khojZgb\-
rbfbky� kljmdlmjZfb� bo� i_j\hgZqZevgh]h� aZe_]Zgby�� jZa\blb_

\�ij_^_eZo�fZkkb\h\�]g_ckh]jZgblguo�dmiheh\��ihebnZpbZevghklv

]jZgblhb^h\� ih� i_ljh]jZnbq_kdhfm� b� obfbq_kdhfm� khklZ\m� b

kljmdlmjgh�l_dklmjguf� hkh[_gghklyf�� koh^kl\h� wlZighklb

b�klZ^bcghklb�f_lZkhfZlbq_kdh]h�]jZgblhh[jZah\Zgby�
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Hlf_q_ggu_�\ur_�hkgh\gu_�i_ljheh]bq_kdb_�ijbagZdb�QZr-
dh\kdh�?eZgqbdh\kdh]h�b�Dbk_]Zqkdh]h�fZkkb\h\�iha\heyxl�k�m\_-
j_gghklvx� hlg_klb� keZ]Zxsb_� bo� ihjh^u� d� fb]fZlbl�

]g_ckh]jZgblghc� nhjfZpbb� �nhjfZpbb� fb]fZlblh\� Zfnb[heblh-
\hc�nZpbb�b� k\yaZgguo� k�gbfb� ZgZl_dlblh\��ih�X��:��Dmag_ph\m

[32]�� ]_hobfbq_kdhfm� lbim�mevljZf_lZfhjnh]_gguo� ]jZgblhb^h\�
ih�E��<��LZmkhgm� [65] ; S-lbim�]jZgblh\��ih�Q_ii_em�b�MZclm� [81,
��@���Ih�wlbf�`_�ijbagZdZf�jZkkfZljb\Z_fu_�fZkkb\u�kms_kl\_g-
gh�hlebqZxlky�hl�M\bev^bgkdh]h�b�:j]Zabgkdh]h�fZkkb\h\�m\bev-
^bgkdh]h�dhfie_dkZ��qlh�hljZ`_gh�\�lZ[e�����

Bkoh^y�ba�\ur_baeh`_ggh]h�\�^Zgghc�]eZ\_�b�jZ[hl_�\�p_ehf�

p_e_khh[jZagh�i_j_kfhlj_lv�ko_fm�^hfbZkdblh\h]h�]jZgblhb^gh]h

fZ]fZlbafZ�X`guo�Bevf_g��\g_ky�\�g__�ke_^mxsb_�baf_g_gby�

���QZrdh\kdbc� b�� \u^_ey\rbcky� jZg__��?eZgqbdh\kdbc�fZk-
kb\u�ih�kms_kl\m�h[jZamxl�_^bgh_�]jZgblgh_�l_eh� ±�QZrdh\kdh�

?eZgqbdh\kdbc� fZkkb\�� dhlhjuc� ih� i_ljheh]bq_kdbf� ijbagZdZf

koh^_g�k�Dbk_]Zqkdbf�fZkkb\hf��<�k\yab�k�wlbf��g_h[oh^bfh�ih-
ke_^gbc� bkdexqblv� ba� khklZ\Z� m\bev^bgkdh]h� fhgph^bhjbl�

]jZgblgh]h� dhfie_dkZ� b� hlg_klb� _]h� d� qZrdh\kdhfm� fb]fZlbl�

]g_ckh]jZgblghfm�dhfie_dkm�

���M\bev^bgkdbc�dhfie_dk�jZkkfZljb\Zlv�\�khklZ\_�:j]Zabg-
kdh]h�b�M\bev^bgkdh]h�fZkkb\h\�

LZdbf� h[jZahf�� ij_^eZ]Z_lky� ke_^mxsZy� ko_fZ� ^hfbZkdblh-
\h]h�]jZgblhb^gh]h�fZ]fZlbafZ�x`ghc�qZklb�Bevf_gkdbo�]hj�

��� qZrdh\kdbc� fb]fZlbl�]g_ckh]jZgblguc� dhfie_dk� �QZr-
dh\kdh�?eZgqbdh\kdbc��Dbk_]Zqkdbc��Durlufkdbc�fZkkb\u��]g_c-
kh]jZgblu�jZchgZ�FbZkkh\kdbo�ha_j��

��c� wlZi�� Zfnb[he�[bhlblh\u_� b� [bhlblh\u_� ebgah\b^gh�

ihehkqZlu_� fb]fZlblu�� ihjnbjh[eZklh\u_� ]g_ckh]jZghkb_gblu�

]g_ckh]jZgh^bhjblu��]g_ckh]jZgblu�

��c� wlZi��[bhlblh\u_�b� e_cdhdjZlh\u_��^\mkex^ygu_�b�fmk-
dh\blh\u_�]jZgblu�

@bevguc�dhfie_dk��]jZgblu��Zieblu��i_]fZlblu��i_]fZlhb^-
gu_�]jZgblu�

��� M\bev^bgkdbc� fhgph^bhjbl�]jZgblguc� dhfie_dk� �:j]Z-
abgkdbc�b�M\bev^bgkdbc�fZkkb\u��

��y�nZaZ��fhgph]Z[[jh��fhgph^bhjblu��d\Zjp_\u_�fhgph^bh-
jblu�

��y�nZaZ��]jZghkb_gblu��]jZgh^bhjblu��Z^Zf_eeblu�

��y�nZaZ��[bhlblh\u_�]jZgblu�b�e_cdh]jZgblu�

@bevguc� dhfie_dk�� ]jZgblu�� i_]fZlblu�� ihjnbjblu�� eZf-
ijhnbju��fhgph^bhjblu�
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KjZ\gbl_evgZy�oZjZdl_jbklbdZ�fZkkb\h\�m\bev^bgkdh]h�b�qZrdh\kdh]h�dhfie_dkh\

FZkkb\IjbagZd

Dbk_]Zqkdbc QZrdh\kdh�?eZgqbdh\kdbc :j]Zabgkdbc M\bev^bgkdbc

NhjfZ�fZkkb\Z <ulygmlZy�Zglbdeb�
gZevgZy�k�dmiheh\b^gufb

\uklmiZfb

<ulygmlZy�ZglbdebgZevgZy�k
dmiheh\b^gufb�kljmdlmjZfb

Dhevp_h[jZagZy Bahf_ljbqgZy

I_ljh]jZnbq_�
kdbc�khklZ\

I�wlZi:�ebgah\b^gh�
ihehkqZlu_�fb]fZlblu�
ihjnbjh[eZklh\u_�]jZgh-

kb_gblu��]jZgblu
II �wlZi:�]jZgblu�b�e_cdh-

]jZgblu

I�wlZi:�ebgah\b^gh�
ihehkqZlu_�fb]fZlblu�

ihjnbjh[eZklh\u_�]jZghkb_-
gblu��]jZgh^bhjblu

II �wlZi:�]jZgblu�b�e_cdh]jZ-
gblu

I�nZaZ:�fhgph]Z[[jh�
fhgph^bhjblu

II �nZaZ:�]jZghkb_gb-
lu��kb_gh]jZgh^bh-

jblu

I�nZaZ:�fhgph]Z[[jh�
fhgph^bhjblu

II �nZaZ:�]jZghkb_gblu�
kb_gh]jZgh^bhjblu

@bevgu_�ihjh^u III �wlZi:�]jZgblu��Zieblu�
i_]fZlblu��i_]fZlhb^gu_

]jZgblu

III �wlZi:�]jZgblu��Zieblu�
i_]fZlblu��i_]fZlhb^gu_

]jZgblu

III �nZaZ:�]jZgblu�
Zieblu��i_]fZlblu�
i_]fZlhb^gu_

]jZgblu��ihjnbjb-
lu��fhgph^bhjblu

III �nZaZ:�]jZgblu��Zieblu�
i_]fZlblu��i_]fZlhb^gu_
]jZgblu��ihjnbjblu�

fhgph^bhjblu

DhglZdlh\u_
baf_g_gby

=jZgblbaZpby�
n_ev^riZlbaZpby�
fb]fZlbaZpby�

Hlkmlkl\b_�bgljmab\guo
dhglZdlh\

=jZgblbaZpby�
n_ev^riZlbaZpby�

fb]fZlbaZpby��Hlkmlkl\b_
bgljmab\guo�dhglZdlh\

DZebriZlbaZpby�
Zev[blbaZpby�
hjh]h\bdh\Zgb_�
GZebqb_�bgljm�
ab\guo�dhglZdlh\

DZebriZlbaZpby�
hjh]h\bdh\Zgb_��GZebqb_
bgljmab\guo�dhglZdlh\

=_hobfbq_kdb_
hkh[_gghklb

H[h]Zs_gb_�3E��0R��&X�

Nb, Sn.
Ih\ur_ggu_�kh^_j`Zgby

Cu, As, Pb, Zn
H[h]Zs_gb_�eZglZ-
ghb^Zfb��Nb, Zr, Sr,

Rb

H[h]Zs_gb_�eZglZghb^Z-
fb��Nb, Zr, Sr, Rb.

NhjfZpbhgguc
lbi

Fb]fZlbl�]g_ckh�
]jZgblguc

Fb]fZlbl�]g_ckh]jZgblguc Fhgph^bhjbl�
]jZgblguc

Fhgph^bhjbl�]jZgblguc

<hajZkl PZ1? PZ2? PZ2? PZ1
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A:DEXQ?GB?

I_ljheh]bq_kdb_�bkke_^h\Zgby��ijh\_^_ggu_�\�x`ghc�qZklb

Bevf_gh]hjkdh]h� Zglbdebghjby�� iha\heyxl� k^_eZlv� ke_^mxsb_

hkgh\gu_�\u\h^u�

���<�kljmdlmjgh�l_dlhgbq_kdhf�hlghr_gbb�]jZgblgu_�fZkkb-
\u�ijbmjhq_gu�d�i_jbn_jbq_kdbf�qZklyf�Bevf_gh]hjkdh]h�Zglb-
debghjby�b�ij_^klZ\eyxl� kh[hc� ZglbdebgZevgu_�beb� dmiheh\b^-
gu_�\uklmiu��\�nhjfbjh\Zgbb�dhlhjuo� �ihfbfh�ZglbdebgZevguo

beb�dmiheh\b^guo�\a^mlbc�ijb�]jZgblbaZpbb�km[kljZlZ��aZf_lgmx

jhev�b]jZeb�jZaehfu�lbiZ�k[jhkh\�beb�gZ^\b]h\��h]jZgbqb\Zxsb_

wlb� \uklmiu�� =jZgblgu_� fZkkb\u�� ehdZebah\Zggu_� gZ� i_jbdeb-
gZevghf� aZfudZgbb� kljmdlmj� Zglbdebghjby��bf_xl��dZd�ijZ\beh�

^m]hh[jZagmx� nhjfm�� \� h[sbo� q_jlZo� kh]eZkgmx

k�i_jbdebgZeyfb�

���H^ghc�ba�oZjZdl_jguo�kljmdlmjguo�hkh[_gghkl_c�j_]bhgZ

y\ey_lky� aZijhdb^u\Zgb_� ]jZgblguo� l_e� \� klhjhgm� Bevf_gh]hj-
kdh]h�ZglbdebgZevgh]h�\uklmiZ�

���QZrdh\kdbc� b�� \u^_ey\rbcky� jZg__��?eZgqbdh\kdbc�fZk-
kb\u��g_�jZa^_e_gu�f_`^m�kh[hc�\f_sZxsbfb�f_lZfhjnbq_kdbfb

ihjh^Zfb�b�ij_^klZ\eyxl�_^bgh_�]jZgblgh_�l_eh���gZa\Zggh_�gZfb

QZrdh\kdh�?eZgqbdh\kdbf�� khklhys__� ba� QZrdh\kdh]h� Zglbdeb-
gZevgh]h�\uklmiZ�b�hloh^ys_c�hl�g_]h�\�\hklhqghf�gZijZ\e_gbb

^m]hh[jZaghc�X`gh�?eZgqbdh\kdhc�Zihnbau��hkeh`g_gghc�[he__

f_edbfb� dmiheh\b^gufb� h[jZah\Zgbyfb� b� � kh]eZkgh� \ibku\Zx-
s_cky�\�kljmdlmjm�?eZgqbdh\kdh]h�]g_ckh\h]h�dmiheZ�

��� Nhjfbjh\Zgb_� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� ijh-
bahreh�\�^\Z�hkgh\guo�wlZiZ�����]jZgblbaZpby�f_eZgh��b�f_ahdjZ-
lh\uo� f_lZfhjnbq_kdbo� ihjh^� k� h[jZah\Zgb_f� ebgah\b^gh�

ihehkqZluo� fb]fZlblh\� b� ihjnbjh[eZklh\uo� ]jZgblhb^h\�

���f_lZkhfZlbq_kdh_� ij_h[jZah\Zgb_� b� ehdZevguc� ZgZl_dkbk� ]jZ-
gblhb^h\� ��]h� wlZiZ� b� jZg__� ieZ]bh]jZgblbabjh\Zgguo� \f_sZx-
sbo� ihjh^� k� \hagbdgh\_gb_f� [bhlblh\uo� b� e_cdhdjZlh\uo�� ^\m-
kex^yguo� b� fmkdh\blh\uo� ]g_ckh]jZgblh\� b� ]jZgblh\�� Z� lZd`_

dhglZdlh\uo�bgt_dpbhgguo�fb]fZlblh\��<�dZ`^hf�ba�wlbo�wlZih\

]jZgblhh[jZah\Zgby�\u^_ey_lky�jy^�ihke_^h\Zl_evgh�ijhy\e_gguo

klZ^bc�f_lZkhfZlhaZ��baf_gyxsbo�khklZ\�ihjh^guo�ZkkhpbZpbc�\

klhjhgm� bo� jZkdbke_gby�� ih\ur_gby� e_cdhdjZlh\hklb

b�dZeb_\hklb�

���>ey� ]jZgblh\�� keZ]Zxsbo�QZrdh\kdh�?eZgqbdh\kdbc�fZk-
kb\�� oZjZdl_jgZ� ihebnZpbZevghklv�� \ujZ`_ggZy� \� fgh]hh[jZabb
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fbg_jZevgh]h� b� i_ljhobfbq_kdh]h� khklZ\Z�� kljmdlmjguo� b� l_d-
klmjguo�hkh[_gghkl_c��qlh� k\yaZgh� dZd� k�g_h^ghjh^ghklvx� aZf_-
s_ggh]h� km[kljZlZ�� lZd� b� kljmdlmjgh�l_dlhgbq_kdbfb� mkeh\byfb

nhjfbjh\Zgby�]jZgblgh]h�l_eZ�

��� QZrdh\kdb_� [bhlblh\u_� b� _eZgqbdh\kdb_� fmkdh\blh\u_

]jZgblu�b�]g_ckh]jZgblu��keZ]Zxsb_��ih�gZrbf�ij_^klZ\e_gbyf�

y^jh� ZglbdebgZevgh]h� \uklmiZ�� bf_xl�f_`^m� kh[hc� \aZbfhi_j_-
oh^u� q_j_a�nZpbx� ^\mkex^yguo� ]jZgblh\��Ih�\b^bfhfm�� \� ijb-
y^_jghc� qZklb� QZrdh\kdh]h� ZglbdebgZevgh]h� \uklmiZ� gZb[he__

ihegh� [ueb� ijhy\e_gu� ijhp_kku� iZebg]_g_aZ� k� ihke_^mxsbf

\g_^j_gb_f� fZ]fZlbq_kdh]h� jZkieZ\Z� \� \b^_� X`gh�?eZgqb�

dh\kdhc�Zihnbau�\�khk_^gbc�?eZgqbdh\kdbc�]g_ckh\uc�dmihe�

���OZjZdl_jgh�fgh]hh[jZab_�b�\�ijhy\e_gbb�dhglZdlh\uo�ba-
f_g_gbc�\f_sZxsbo�ihjh^�b�]jZgblhb^h\��Ihfbfh�fb]fZlbaZpbb

f_lZfhjnbq_kdbo� lhes�� \� h[eZklb� dhglZdlZ� ihke_^gbo� k� ]jZgbl-
guf� fZkkb\hf� \hagbdZxl� i_j_oh^gu_� i_ljh]jZnbq_kdb_� ahgu�

k\yaZggu_� k� \ebygb_f� ]jZgblbabjmxsbo� jZkl\hjh\��IjZdlbq_kdb

ih\k_f_klgh�\�dhglZdlh\uo�qZklyo�hlf_qZ_lky�bgl_gkb\gh_�i_]fZ-
lblhh[jZah\Zgb_�

��� =jZgblhb^u� QZrdh\kdh�?eZgqbdh\kdh]h� fZkkb\Z� ijbgZ^-
e_`Zl�ij_bfms_kl\_ggh� d� ^\mf� jy^Zf�s_ehqghklb� ±�ba\_kldh\h�

s_ehqghfm�b�km[s_ehqghfm��<� khklZ\_�fZkkb\Z�ij_h[eZ^Zxl�ih-
jh^u�km[s_ehqgh]h�jy^Z��g_agZqbl_evgZy�qZklv�ba�dhlhjuo�ly]hl_-
_l�d�s_ehqguf�jZagh\b^ghklyf��=jZgblhb^u���]h�wlZiZ�h[jZamxl

ihke_^h\Zl_evgh�^bnn_j_gpbjh\Zggmx�k_jbx�hl�gbadh��^h�\ukh-
dhdj_fg_dbkeuo�ihjh^��\�hlebqb_�hl�dhlhjuo�]jZgblu� ��]h�wlZiZ

hlghkylky� bkdexqbl_evgh� d� \ukhdh�� b� \_kvfZ� \ukhdhdj_fg_dbk-
euf�]jmiiZf�fZ]fZlblh\�

��� KhihklZ\e_gb_� i_ljhobfbq_kdbo� hkh[_gghkl_c� f_lZfhj-
nbq_kdbo� ihjh^� b� qZrdh\kdbo� ]jZgblhb^h\� \uy\ey_l� ijyfmx

mgZke_^h\Zgghklv�obfbq_kdh]h�khklZ\Z�]jZgblhb^h\�hl�km[kljZlZ�

���� <� ]_hobfbq_kdhf� hlghr_gbb� ]jZgblhb^u� QZrdh\kdh�

?eZgqbdh\kdh]h� fZkkb\Z� oZjZdl_jbamxlky� ij_h[eZ^Zxsbf� deZj-
dh\uf� b� gb`_deZjdh\uf� mjh\g_f� gZdhie_gby� [hevrbgkl\Z�fbd-
jhwe_f_glh\�

����QZrdh\kdb_�b�_eZgqbdh\kdb_�]jZgblu��lZd`_�dZd�b�]jZgb-
lu� jZg__� bamq_ggh]h� gZfb� Dbk_]Zqkdh]h� fZkkb\Z�� ih� i_ljh�

b�]_hobfbq_kdbf�djbl_jbyf�g_�i_jki_dlb\gu�\�hlghr_gbb�k\yab�k

gbfb�ijhfure_gguo� dhgp_gljZpbc� jm^guo� b� j_^dbo� we_f_glh\�

qlh� ih^l\_j`^Z_lky� hlkmlkl\b_f� jm^hijhy\e_gbc��Wlh� ij_^hij_-
^_e_gh��ij_`^_�\k_]h��hljbpZl_evguf�nZdlhjhf�djZcg_�keZ[h�ijh-
y\e_gghc�fZ]fZlbq_kdhc�b�wfZgZpbhgghc�^bnn_j_gpbZpbb�
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���� Ih� p_ehfm� jy^m� ijbagZdh\� �kljmdlmjghfm� iheh`_gbx�

nhjf_� fZkkb\h\�� \aZbfhhlghr_gbx� k� \f_sZxsbfb� ihjh^Zfb�

dhglZdlh\uf� baf_g_gbyf�� khklZ\m� b� ihke_^h\Zl_evghklb� nhjfb-
jh\Zgby�� i_ljh�� b� ]_hobfbq_kdbf� hkh[_gghklyf�� `bevghfm� dhf-
ie_dkm�b�nhjfZpbhgghc�ijbgZ^e_`ghklb��]jZgblhb^u�QZrdh\kdh�

?eZgqbdh\kdh]h� fZkkb\Z� koh^gu� k� ]jZgblhb^Zfb� Dbk_]Zqkdh]h

fZkkb\Z��K�^jm]hc�klhjhgu��wlb�]jZgblhb^u�bf_xl�ih�\ur_i_j_-
qbke_gguf� ijbagZdZf� kms_kl\_ggu_� hlebqby� hl� ihjh^�:j]Zabg-
kdh]h� b� M\bev^bgkdh]h� fZkkb\h\��GZ� hkgh\Zgbb� wlh]h�� Dbk_]Zq-
kdbc�fZkkb\�bkdexq_g�ba�khklZ\Z�fhgph^bhjbl�]jZgblgh]h�m\bev-
^bgkdh]h�dhfie_dkZ�b�\f_kl_�k�QZrdh\kdh�?eZgqbdh\kdbf�b�Dur-
lufkdbf� fZkkb\Zfb� hlg_k_g� d� qZrdh\kdhfm� fb]fZlbl�

]g_ckh]jZgblghfm� dhfie_dkm��Mqblu\Zy� \ur_baeh`_ggh_�� \g_k_-
gu� khhl\_lkl\mxsb_� baf_g_gby� \� kms_kl\mxsmx� ko_fm� ^hfbZ-
kdblh\h]h�]jZgblgh]h�fZ]fZlbafZ�X`guo�Bevf_g�
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47. IZ\eh\Z� L��=�� H� \hajZkl_� ]g_ckh\h�fb]fZlblh\uo� dhfie_dkh\

X`gh]h�MjZeZ����;xee��FHBI��Hl^��=_he��������L�����������K����±����
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lbdebghjby�gZ�X`ghf�MjZe_� ���F_lZfhjnbaf� ]hjguo�ihjh^�MjZeZ��Lj�

K\_j^e��]hjg��bg�lZ��������K����±���
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gh\guo�b�s_ehqguo�ihjh^�MjZeZ��K\_j^eh\kd��MGP�:G�KKKJ�� ������K�
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GZmdZ������������k�

63. Kh[he_\�B��>��H�]jZgblguo�nhjfZpbyo�MjZeZ� ���FZ]fZlbaf��f_-
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