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THERMOBAROGEOCHEMISTRY OF PYROPHYLLITE-CONTAINING
VEINS FORMATION OF BEREZOVSK ORE FIELD (URALS)

In result of thermobarogeochemical researches of the Kremlevsk
mine viens (Berezovsk ore field, Urals) is established, that pyrophyllite miner-
alisation is connected to an initial stage of vien formation. Formation of pyro-
phyllite-turmaline-quartz vien occured in CaCl2 solutions enriched in carbonic
acid, at temperature 300—330 °C and pressure 0.5—0.7 kbar. Pyrophyllite-
turmaline-quartz-carbonate viens were formed in multicomponent (Ca, Mg,
Na) chloride solutions and at lower temperatures (240—270 °C). Different
thermodynamic conditions of vien formation predetermine distinctions of
chemical composition, structure features and physical properties of different
types of pyrophyllite from Berezovsk. A correlation of these parameters with
thermodynamic conditions of gold viens formation allow to consider, that the
formation of pyrophyllite mineralisation occured in an initial stage of ore pro-
cess.

<\_^_gb_

;_j_ah\kdh_� ahehlhjm^gh_� f_klhjh`^_gb_� jZkiheh`_gh� \

���df�k_\_jh�\hklhqg__�]��?dZl_jbg[mj]Z��Hgh�gZoh^blky�gZ�\hk-
lhqghf� kdehg_�MjZeZ�� \� ahg_� <hklhqgh�MjZevkdh]h� ih^gylby�� \

ij_^_eZo�Kuk_jlkdh�Bevf_gh]hjkdh]h�Zglbdebghjby��K�f_klhjh-
`^_gb_f� ]_g_lbq_kdb� k\yaZgu� jm^gu_� mqZkldb�� Iurfbgkdbc�

KlZgh\eygkdbc�� Djmlbobgkdbc�� Rmev]bgkdbc� b� Dj_fe_\kdbc�

Hlebqbl_evghc� hkh[_gghklvx� ihke_^g_]h� y\ey_lky� gZebqb_� gZ

g_f�ibjhnbeeblh\hc�fbg_jZebaZpbb�\�[_ajm^guo�d\Zjp_\uo�`b-
eZo��D�gZklhys_fm�\j_f_gb�kms_kl\mxl�^\Z�jZaebqguo�\a]ey^Z�gZ

\j_fy�h[jZah\Zgby�ibjhnbeeblkh^_j`Zsbo�`be��i_j\Zy� [11, 12,
16]�ij_^iheZ]Z_l�bo�nhjfbjh\Zgb_�\�gZqZevgmx� klZ^bx� ahehlh-
jm^gh]h�ijhp_kkZ��ih�\lhjhc� [4]�²�ibjhnbeeblh\Zy�fbg_jZebaZ-
pby�k\yaZgZ�k�aZdexqbl_evghc�b��\�hkgh\ghf��ihkljm^ghc�klZ^by-
fb�h[jZah\Zgby�
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H]jZgbq_gghklv� jZkijhkljZg_gby� ibjhnbeeblZ�� iehoZy

h[gZ`_gghklv�jZchgZ�b�hlkmlkl\b_�ih^jh[ghc�]_heh]bq_kdhc�^h-
dmf_glZpbb� klZjuo� ]hjguo� \ujZ[hlhd� �jm^gbd� [ue� hljZ[hlZg

klZjZl_eyfb� _s_� \� dhgp_�ijhreh]h� \_dZ���g_�iha\heyxl� j_rblv

^Zgguc� \hijhk� k� ihfhsvx� ljZ^bpbhggh]h� ]_heh]h�fbg_jZ-
eh]bq_kdh]h�bamq_gby��Wlh�ijb\_eh�d�g_h[oh^bfhklb�ijbf_g_gby

jZaebqguo�dhk\_gguo�f_lh^h\��h^gbf�ba�dhlhjuo�b�y\ey_lky�l_j-
fh[Zjh]_hobfbq_kdb_� bkke_^h\Zgby� \dexq_gbc� fbg_jZehh[jZ-
amxsbo� kj_^� \� fbg_jZeZo�� Dhfie_dk� l_jfh[Zjh]_hobfbq_kdbo

f_lh^h\�� \dexqZxsbc� hij_^_e_gb_� l_fi_jZlmju� ]hfh]_gbaZpbb

nexb^guo�\dexq_gbc��khklZ\Z�b�dhgp_gljZpbb�]b^jhl_jfZevguo

jZkl\hjh\��Z�lZd`_�mklZgh\e_gb_�bgl_j\Zeh\�l_fi_jZlmju�b�^Z\-
e_gby� \� fhf_gl�nhjfbjh\Zgby�`be�� iha\hey_l� ihemqblv� h[t_d-
lb\gmx�bgnhjfZpbx�h[�hkgh\guo�nbabdh�obfbq_kdbo� mkeh\byo

djbklZeebaZpbb� fbg_jZeh\�� b� k� _]h� ihfhsvx� bf__lky� \hafh`-
ghklv� mlhqgblv� ijhkljZgkl\_ggh�\j_f_ggu_� aZdhghf_jghklb

nhjfbjh\Zgby�f_klhjh`^_gby�

Nexb^gu_� \dexq_gby� rbjhdh� bkihevamxlky� ^ey� hp_gdb

nbabdh�obfbq_kdbo� mkeh\bc� h[jZah\Zgby� fbg_jZeh\� [7, 8, 17].
I_j\u_� bkke_^h\Zgby� nexb^guo� \dexq_gbc� \� d\Zjp_� ;_j_ah\-
kdh]h�f_klhjh`^_gby�[ueb�ijh\_^_gu�E��B��Dhelmghf�\� ����� ]�

Bf� hij_^_e_gu� agZq_gby� l_fi_jZlmju� b� ^Z\e_gby� h[jZah\Zgby

ahehlZ�����²�����K�b�����Zlf��;hevrZy�jZ[hlZ�ih�bamq_gbx�kh-
klZ\Z�]Zah\h�`b^dbo�\dexq_gbc�\�fbg_jZeZo�;_j_ah\kdh]h�jm^gh-
]h�ihey�ijh\h^beZkv�=��G��<_jlmrdh\uf��X��:��Khdheh\uf�b�<�

:��Ihih\uf� ��������Bfb� [ueb� mklZgh\e_gu� jZaebqby� \� khhlgh-
r_gbb�h[t_fh\�\h^u�b�m]e_dbkehlu�\�jm^ghf�b�[_ajm^ghf�d\Zjp_

�kh^_j`Zgb_�KH2�\�jm^ghf�\�����jZaZ�[hevr_���L_fi_jZlmjZ�]hfh-
]_gbaZpbb�i_j\bqguo� ]Zah\h�`b^dbo� \dexq_gbc� \�fbg_jZeZo�ba

jm^guo�`be�ih�hij_^_e_gbx�<��:��Ihih\Z� khklZ\eyeZ� ���� �K�b

gb`_��D� kh`Ze_gbx��\�ih^Z\eyxs_f�[hevrbgkl\_�him[ebdh\Zg-
guo�jZ[hl�ih�bkke_^h\Zgbx�nexb^guo� \dexq_gbc� \�fbg_jZeZo

;_j_ah\kdh]h� ahehlhjm^gh]h� f_klhjh`^_gby� ijb\h^ylky� h[h[-
s_ggu_�^Zggu_��qlh�g_�iha\hey_l�hp_gblv�dhgdj_lgu_�h[klZgh\-
db�fbg_jZehh[jZah\Zgby��lZd�dZd�jZkkfZljb\Zxlky�\�p_ehf�\dex-
q_gby� \k_o� ]_g_lbq_kdbo� lbih\� b� ]_g_jZpbc�� jZaebqZxsb_ky� ih

mkeh\byf�aZo\ZlZ�b�khklZ\m�nexb^Z�

:\lhju� \ujZ`Zxl� ijbagZl_evghklv� :�� K�� ;ZlZebgm� b

<��:��Ihih\m�aZ�ij_^hklZ\e_ggu_�fZl_jbZeu�b�hdZaZggmx�ihfhsv

ijb�ih^]hlh\d_�b�h[km`^_gbb�klZlvb�
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=_heh]bq_kdh_�kljh_gb_�b�ibjhnbeeblh\Zy

fbg_jZebaZpby�Dj_fe_\kdh]h�jm^gbdZ

;_j_ah\kdh_�f_klhjh`^_gb_� jZaf_s_gh� \� ij_^_eZo� \medZ-
gh]_ggh�hkZ^hqguo�b�l_jjb]_gguo�ihjh^�kbemjbckdh]h�b�^_\hg-
kdh]h�\hajZklZ��kh^_j`Zsbo�fgh]hqbke_ggu_�l_eZ�k_ji_glbgbab-
jh\Zgguo�mevljZ[Zablh\��jbk������GZ�x`ghf�neZg]_�f_klhjh`^_-
gby� \uoh^yl� Z^Zf_eeblu� RZjlZrkdh]h� iemlhgZ�� Jm^gu_� l_eZ

ij_^klZ\e_gu� km[f_jb^bhgZevgufb� ^ZcdZfb� ]jZgbl�ihjnbjh\�

kh^_j`Zsbfb� ]mklmx� k_lv� ahehlhghkguo� d\Zjp_\uo�`be�� QZklv

`be� \uoh^bl�ba�^Z_d� \h� \f_sZxsb_� ebkl\_gblbabjh\Zggu_�ih-
jh^u��@beu�bf_xl�q_ldb_�Zkbff_ljbqgu_�dhglZdlu��m]eh\Zlmx

nhjfm� dk_gheblh\�� ahgu� ]_hf_ljbq_kdh]h� hl[hjZ� bg^b\b^h\

d\ZjpZ�\�ijbdhglZdlh\uo�qZklyo�b�hklZlhqgu_�^jmah\u_�ihehklb�

qlh�]h\hjbl�h[�h[jZah\Zgbb�bo�\�lj_sbgZo�hlju\Z��Jhkl�`be�ijh-
bkoh^be�hl�aZev[Zg^h\�d�p_gljm�

Dj_fe_\kdbc�jm^gbd�jZkiheh`_g�\�k_\_jh�\hklhqghc�qZklb

;_j_ah\kdh]h�jm^gh]h�ihey��y\ey_lky�_]h�khklZ\ghc�qZklvx�b�oZ-
jZdl_jbam_lky� [ebadbfb� q_jlZfb� ]_heh]bq_kdh]h� kljh_gby�� gh

bf__l� g_[hevrb_� hlebqby�� GZ� mqZkld_� jZa\bl� fZehkmevnb^guc

ahehlh�d\Zjp_\uc� lbi� hjm^_g_gby�� Ahehlh_� hjm^_g_gb_� dhgljh-
ebjm_lky�kbkl_fhc�km[f_jb^bhgZevguo�^Z_d�]jZgblhb^h\�b�d\Zj-
p_\ufb�`beZfb�km[rbjhlgh]h�ijhklbjZgby��khijh\h`^Zxsbfb-
ky� ebkl\_gblZfb�b� k]jmiibjh\Zggufb� \� k\blu� �jbk�� ����Ih� we_-
f_glZf�aZe_]Zgby�jZaebqZxl�^\_�kbkl_fu�d\Zjp_\uo�`be��djmlh-
iZ^Zxsb_�ahehlhghkgu_� �∠��²�����b�[_ajm^gu_�ibjhnbeeblkh-
^_j`Zsb_�� k� m]ehf� iZ^_gby� ��²����� Kj_^b� ahehlhghkguo� `be

ij_h[eZ^Zxl� fZehkmevnb^gu_� dZj[hgZl�d\Zjp_\u_� b� lmjfZebg�

dZj[hgZl�d\Zjp_\u_�`beu�

Ibjhnbeeblh\Zy� fbg_jZebaZpby�� ijbkmlkl\mxsZy� \� [_a-
jm^guo�`beZo��ijbmjhq_gZ�d�fZkkb\m�]Z[[jhb^h\�jZgg_^_\hgkdh-
]h� \hajZklZ��jZa^_eyxs_fm� l_dlhgbq_kdb_�ieZklbgu�� keh`_ggu_

k_ji_glbgblZfb�b�\medZgh]_ggh�hkZ^hqgufb�hleh`_gbyfb�

Kj_^b� ibjhnbeeblkh^_j`Zsbo�`be� ih�fbg_jZevghfm� kh-
klZ\m�� mkeh\byf� b� \j_f_gb� nhjfbjh\Zgby� \u^_e_gu� ljb� lbiZ�

ibjhnbeebl�lmjfZebg�d\Zjp_\u_�� ibjhnbeebl�lmjfZebg�dZj[h�

gZl�d\Zjp_\u_� b� dZj[hgZl�ibjhnbeeblh\u_� [21]�� Ibjhnbeebl
dZ`^h]h�lbiZ�hlebqZ_lky�ih�fhjnheh]bb��p\_lm��obfbq_kdhfm�khklZ-
\m��ijbkmlkl\bx�Zdp_kkhjguo�fbg_jZeh\�b�^jm]bf�ijbagZdZf�

Ibjhnbeebl�lmjfZebg�d\Zjp_\u_� `beu� bf_xl� hlghkb-
l_evgh� [hevrmx�fhsghklv� ��²��� kf�� ^h� ��f� \� jZa^m\Zo�� b� ah-
gZevgh_�kljh_gb_��\ujZ`_ggh_�\�q_j_^h\Zgbb�d\Zjp_\uo��lmjfZ-
ebgh\uo� b� ibjhnbeeblh\uo� ihehk�jZaebqghc�fhsghklb��D\Zjp
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Jbk�� ��� Ko_fZ� ]_heh]bq_kdh]h� kljh_gby� ;_j_ah\kdh]h� jm^gh]h

ihey��ih�<��G��KZahgh\m��=��F��E_\blZgm�b�^j��
��²�^hiZe_hahckdbc�Fmjabgkdbc�dhfie_dk��]g_cku��djbklZeebq_kdb_�b

]jZnblbklu_�keZgpu�k�ijhkehyfb�fjZfhjbah\Zgguo�ba\_klgydh\����²�dj_fgbklu_

b�]ebgbklh�dj_fgbklu_�ihjh^u����²�hd_Zgbq_kdb_�[ZaZevlu��kibeblu�b�bo�lmnu�

�� ²� Zg^_ablh�[ZaZevlu� k� ijhkehyfb� ^Zpblh\uo� d\Zjpblh\�

�� ²� ]Z[[jh�^bZ[Zau�� �� ²� hnbheblh\u_� ]Z[[jh�� �� ²� k_ji_glbgbabjh\Zggu_� b

hlZevdh\Zggu_�]Zjp[mj]blu����²�Z^Zf_eeblu����²�^Zcdb�]jZgblhb^h\�����²�ahgZ

jZa\blby� ahehlhghkguo� d\Zjp_\uo� `be� ;_j_ah\kdh]h� f_klhjh`^_gby;
���²�jZaehfu

k\_leh�k_jh]h�b�[_eh]h�p\_lZ��gZ�i_jbn_jbb�`be�f_edh��b�kj_^g_-
a_jgbkluc�� \� p_gljZevghc� ahg_� djmigh[ehqguc��Ojhfh\uc� lmj-
fZebg� �r_je�^jZ\blh\h]h� jy^Z�� ij_^klZ\e_g� \� \b^_� kjhkldh\

b]hevqZluo� a_e_guo� djbklZeeh\� beb� h[jZam_l� k_jh\Zlh�a_e_gu_

f_edha_jgbklu_� fZkku� \� ijbdhglZdh\uo� qZklyo� `beu�� Jha_l-
dh\b^gu_�beb�kn_jheblh\u_�Z]j_]Zlu�ibjhnbeeblZ�k]jmiibjh\Z-
gu�m�aZev[Zg^h\�`beu��j_`_�²�\�^jmah\uo�ihehklyo��JZaf_j�kn_-
jheblh\�dhe_[e_lky�hl�i_j\uo�ff�^h��²��kf��P\_l�²�a_e_guc� k
jZaebqgufb�hll_gdZfb��Kn_jheblu�keh`_gu�hl^_evgufb
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Jbk�����Ko_fZ�]_heh]bq_kdh]h�kljh_gby�jZchgZ�Dj_fe_\kdh]h�jm^-
gbdZ��ih�I_e_rdh�H��I���LmfZgh\m�<��:�b�^j��F�^hiheg_gbyfb��

�� ²� \medZghfbdlh\u_� hleh`_gby� kf_rZggh]h� khklZ\Z� �61);
��²� ^bZ[Zau�b�ibjhdk_g�ieZ]bhdeZah\u_� Zg^_ablh�[ZaZevlu� �'2-3?��� ��²� ]Z[[jh

�#'1��� �²��²�^Zcdb� �3=3?): 4�²�ieZ]bh]jZgbl�ihjnbjh\��5�²�^bhjblh\uo�ihj-
nbjblh\� 6 — ahgu�jZa\blby�ebkl\_gblh\�b�[_j_ablh\� 7 — ahehlhghkgu_� ahgu
�� ²� h[eZklv� jZkijhkljZg_gby� ibjhnbeeblh\hc� fbg_jZebaZpbb�� �� ²� f_klh-
iheh`_gb_�b�ghf_jZ�kd\Z`bg

ieZklbgqZlh�debgh\b^gufb�Z]j_]ZlZfb��\ulygmlufb�ih�jZ^bmkm�

b�� \� k\hx� hq_j_^v�� ^_eysbfbky� gZ� [he__� ^jh[gu_� ihehkqZlh�

debgh\b^gu_� ahgu��Bamq_gb_� fbg_jZeZ� k� ihfhsvx� fbdjhahg^Z

ihdZaZeh� ijbkmlkl\b_� \� g_f� hdbkb� ojhfZ� \� dhebq_kl\_� i_j\uo

^_kyluo� ijhp_glZ�� ;hevrbgkl\h� kn_jheblh\� gZjy^m� k� ibjhnbe-
eblhf�kh^_j`Zl�oehjbl��hij_^_e_gguc�dZd�^hg[Zkkbl�[13] b�h[jZ-
ah\Zgguc� gZ� ihke_^mxsbo� wlZiZo� ]b^jhl_jfZevgh]h� ijhp_kkZ� \

j_amevlZl_� bahfhjngh]h� aZf_s_gby� ibjhnbeeblZ� [6]��:dp_kkhj-
gZy� fbg_jZebaZpby� ijbmjhq_gZ� d� dhglZdlZf� jZaebqgh� hdjZr_g-
guo�ahg��r\Zf��fbdjhlj_sbgZf�b��\�hkgh\ghf��kdhgp_gljbjh\ZgZ

ih�i_jbn_jbb�kn_jheblZ��Kj_^b�Zdp_kkhjb_\�h[gZjm`_gu��Zj]_g-
lhibjbl��ibjbl��oZevdhibjbl��]_cd_ebl��bevf_gbl��\hevnjZfbl.



175

Ibjhnbeebl�lmjfZebg�d\Zjp�dZj[hgZlgu_� b� [ebadb_� d

gbf�oehjbl�dZj[hgZl�ibjhnbeeblh\u_�`beu�\klj_qZxlky�qZs_�

bo�fhsghklv�g_�ij_\urZ_l� ��kf��@beu�bf_xl�ahgZevgh_�kljh_-
gb_�� ih� i_jbn_jbb� hlf_qZxlky� ahgu� dZj[hgZlgh]h� \_s_kl\Z� �\

hkgh\ghf�� Zgd_jblZ� \� ibjhnbeebl�lmjfZebg�d\Zjp�dZj[hgZlguo

b� ^hehfblZ�� Zgd_jblZ� b� dZevpblZ� ²� \� oehjbl�dZj[hgZl�ibjh-
nbeeblh\uo��� aZl_f�ke_^mxl�ihehku�i_j_f_gghc�fhsghklb��\u-
iheg_ggu_�k\_leh�k_juf�ihemijhajZqguf�d\Zjp_f�b�a_e_gh\Zlh�

k_juf� lmjfZebghf� �\�ihke_^g_f� lbi_�`be�bo�dhebq_kl\h�fbgb-
fZevgh���Ibjhnbeebl� h[jZam_l� �²����ff� ^hkqZlu_� b� k_jih\b^-
gu_�Z]j_]Zlu�k_j_[jbklh�[_eh]h�p\_lZ��<�[hevrbgkl\_�j_gl]_gh-
]jZff�nbdkbjmxlky�ebgbb�iZjZ]hgblZ��Fbdjhahg^h\u_� ZgZebau

ih^l\_j`^Zxl� \� khklZ\_� q_rmcqZluo� Z]j_]Zlh\� ijbf_kv� gZljby�

Q_rmcdb� jZahjb_glbjh\Zgu� b� \uihegyxl� ijhf_`mldb� f_`^m

d\Zjp_\ufb� a_jgZfb��Ijbkmlkl\b_� ojhfZ� \� ibjhnbeebl_� dZj[h-
gZlkh^_j`Zsbo�`be�g_�h[gZjm`_gh��:dp_kkhjgZy�fbg_jZebaZpby

ijh`bedh\�g_�hlebqZ_lky�[hevrbf�jZaghh[jZab_f��A^_kv� aZnbd-
kbjh\Zgu�a_jgZ�fZ]g_lhiexf[blZ��Zj]_glhibjblZ�b�n_j[_jblZ�

F_lh^u�b�ZiiZjZlmjZ�wdki_jbf_glZevguo

bkke_^h\Zgbc

Bkke_^h\Zgby�nexb^guo�\dexq_gbc�ijh\h^bebkv�\�H[t_-
^bg_gghf�bgklblml_�]_heh]bb��]_hnbabdb�b�fbg_jZeh]bb�KH�J:G

�Gh\hkb[bjkd��� <� oh^_� djbhf_ljbq_kdbo� b� l_jfhf_ljbq_kdbo

wdki_jbf_glh\�bkihevah\Zebkv�fbdjhdjbhdZf_ju�b�l_jfhdZf_ju

dhgkljmdpbb�<��:��Kbfhgh\Z�[18].
Ijb� bamq_gbb� nexb^guo� \dexq_gbc� hij_^_eyebkv� ke_-

^mxsb_�iZjZf_lju��l_fi_jZlmjZ�w\l_dlbdb�jZkl\hjh\�\h�\dexq_-
gbyo�� l_fi_jZlmjZ�ieZ\e_gby�ihke_^g_c�nZau�b� l_fi_jZlmjZ� ]h-
fh]_gbaZpbb��Ijb�gZ[ex^_gbb�\dexq_gbc� k�\ukhdbfb� kh^_j`Z-
gbyfb�jZkl\hj_gguo�]Zah\��nbdkbjmxsboky�ih�gZebqbx�`b^dhc

nZau� \� ]Zah\hf�imaujvd_�ijb� dhfgZlghc� l_fi_jZlmj_��^hihegb-
l_evgh� hij_^_eyebkv� l_�`_� iZjZf_lju� b� ^ey�`b^dhklb�� gZoh^y-
s_cky�\�imaujvd_�

Kdhjhklv� aZfhjZ`b\Zgby�j_]mebjh\ZeZkv� lZd��qlh[u�ba[_-
`Zlv� [ukljh]h� aZklu\Zgby�� JZafhjZ`b\Zgb_� ijhbkoh^beh� f_^-
e_ggh��l_fi_jZlmjZ�w\l_dlbdb�nbdkbjh\ZeZkv�ih�ihy\e_gbx�i_j-
\uo�ihjpbc� jZkl\hjZ��>bZ]ghklbdZ� khklZ\Z� \dexq_gbc�ijhbkoh-
^beZ�ih�[ebahklb�wlhc�l_fi_jZlmju�d�l_fi_jZlmj_�w\l_dlbq_kdhc

djbklZeebaZpbb�hij_^_e_ggh]h�khe_\h]h�jZkl\hjZ�[bgZjghc� kbk-
l_fu� khev±\h^Z� [3]��Ih� l_fi_jZlmj_� ieZ\e_gby� ihke_^g_]h� djb-



176

klZeebdZ� \h� \dexq_gbyo� hij_^_eyeZkv� kmffZjgZy� dhgp_gljZpby

khe_c�gZ�^bZ]jZffZo�jZkl\hjbfhklb�khe_c�\�jZkl\hjZo�[3, 17].
L_fi_jZlmjZ� ]hfh]_gbaZpbb� \dexq_gbc� �fbgbfZevgZy

l_fi_jZlmjZ�fbg_jZehh[jZah\Zgby��hij_^_eyeZkv�ih�l_fi_jZlmj_

bkq_agh\_gby� ]Zah\h]h� imaujvdZ� ijb� gZ]j_\Zgbb� ij_iZjZlZ��>b-
Z]ghklbdZ�`b^dhc�m]e_dbkehlu�\� ]Zah\hf�imaujvd_�ijh\h^beZkv

f_lh^hf� ]em[hdh]h� aZfhjZ`b\Zgby� \dexq_gbc� b� ihke_^mxs_]h

hllZb\Zgby�� [ebadh]h� d� l_fi_jZlmj_� ljhcghc� lhqdb� CO2. Iehl-
ghklv�KH2�hp_gb\ZeZkv�ih�l_fi_jZlmj_�]hfh]_gbaZpbb�gZ�3±9±7

^bZ]jZff_��ihkljh_gghc�ih�kijZ\hqguf�^Zgguf�[20]��JZkq_lu�ih
hij_^_e_gbx� ^Z\e_gby� \_ebkv� ijb� ihfhsb� 3±9±7� ^bZ]jZffu

KH2 ^ey� \ukhdbo� l_fi_jZlmj�b�^Z\e_gbc� [19]�ih� m`_� \uqbke_g-
guf�l_fi_jZlmjZf�aZo\ZlZ�\dexq_gbc�b�iehlghklyf�m]e_dbkehlu

\�gbo�

<�kZfhf�[_j_ah\kdhf�ibjhnbeebl_�g_�m^Zehkv�h[gZjm`blv

djmiguo�nexb^guo� \dexq_gbc�� ih^oh^ysbo� ^ey� l_jfh[Zjh]_h-
obfbq_kdbo�bkke_^h\Zgbc��>ey� ZgZebah\� [ueb� \u[jZgu�nexb^-
gu_� \dexq_gby� \� d\Zjp_�� dhlhjuc� h[jZam_l� bg^mdpbhggu_� ih-
\_joghklb�k�ibjhnbeeblhf��qlh�]h\hjbl�h[�h^gh\j_f_gghf�h[jZ-
ah\Zgbb�wlbo�fbg_jZeh\�\�[ebadhc�l_jfh^bgZfbq_kdhc�h[klZgh\d_�

Ihke_� ij_^\Zjbl_evgh]h� ijhkfhljZ� ih^� fbdjhkdhihf� ih

\g_rg_fm�\b^m�^ey�ZgZebah\�\u[bjZebkv�i_j\bqgu_�b�fgbfh\lh-
jbqgu_� \dexq_gby�� dhlhju_� oZjZdl_jbamxlky� [he__� djmigufb

jZaf_jZfb� ���²��� fdf�� b� ijZ\bevgufb� h[t_fgufb� nhjfZfb�

qZklh�bf_xsbfb�we_f_glu�h]jZgdb��>ey�ihemq_gby�^hklh\_jguo

j_amevlZlh\�[ueb�gZ[jZgu�klZlbklbq_kdb_�^Zggu_��\dexqZxsb_

[he__� ��� aZf_jh\�ih�djbhf_ljbb�b�k\ur_� ����hij_^_e_gbc�l_f-
i_jZlmju�]hfh]_gbaZpbb�nexb^guo�\dexq_gbc�^ey�dZ`^h]h�lbiZ

`be�

Bkke_^h\Zggu_�h[jZapu

H[jZapu�ahehlh�d\Zjp_\uo�b�ibjhnbeeblkh^_j`Zsbo�`be

[ueb� \aylu� ba� d_jgZ� jZa\_^hqguo� kd\Z`bg� ����� b� ������ ijh[m-
j_gguo�\�x`ghc�qZklb�Dj_fe_\kdh]h�jm^gbdZ�

H[jZa_p� ���������� �ibjhnbeebl�lmjfZebg�d\Zjp_\Zy

`beZ���Fhsghklv�`beu� ��kf��dhglZdlu�q_ldb_��g_jh\gu_��k�qZk-
lufb� aZieu\Zfb��Ibjhnbeebl� ij_^klZ\e_g� ^\mfy� ]_g_jZpbyfb�

ibjhnbeebl�,� kh\f_klgh�k�oehjblhf�ehdZebah\Zg�\�\b^_�hl^_ev-
guo� ���²����kf� kbg_�a_e_guo� kn_jheblh\�� [he__� iha^gbc� ibjh-
nbeebl�,,� h[jZam_l�h^bghqgu_�ihemijhajZqgu_� q_rmcdb��jZkih-
eh`_ggu_� \� hldjuluo� lj_sbgZo�� <� ibjhnbeebl_� nexb^gu_

\dexq_gby� j_^db��Hgb� bf_xl� m^ebgg_ggh�\ulygmlmx�nhjfm� kh
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k]eZ`_ggufb� djZyfb�� dZd� ijZ\beh�� hjb_glbjh\Zggufb� ^ebgghc

hkvx�\^hev�Z]j_]Zlh\��<_ebqbgZ�\dexq_gbc�g_�ij_\urZ_l���fdf�

LmjfZebg�ij_^klZ\e_g�j_^dbfb�h^bghqgufb�b]hevqZlufb� ���²

����ff�djbklZeeZfb��D\Zjp�k\_leh�k_jh]h�b�[_eh]h�p\_lZ�keb\gh]h

h[ebdZ��gZ�i_jbn_jbb�`be�—�f_edh��b�kj_^g_a_jgbkluc�kh�ke_-
^Zfb�bg^mdpbhgguo�ih\_joghkl_c� k�ibjhnbeeblhf�� \�p_gljZev-
ghc�ahg_�²�djmigh[ehqguc��Dhebq_kl\h�\dexq_gbc�\�d\Zjp_�g_-
ihklhyggh_��b�[hevrbgkl\h�ba�gbo�khkj_^hlhq_gu�gZ�i_jbn_jbc-
guo�mqZkldZo�`beu��Ih�jZkiheh`_gbx�]Zah\h�`b^dbo�\dexq_gbc

q_ldh�\u^_eyxlky�ljb�]jmiiu�

1. JZkiheh`_ggu_� oZhlbqgh�� [_a� \b^bfhc� ijbmjhq_g�

ghklb�d�aZe_q_gguf�lj_sbgZf��i_j\bqgu_��

2. GZoh^ysb_ky� \� ^\mo� i_j_k_dZxsboky� km[iZjZe�

e_evguo�iehkdhklyo��\�h^ghf�d\Zjp_\hf� a_jg_� �i_j\bqgu_�beb

fgbfh\lhjbqgu_��

3. Ijbmjhq_ggu_� d� aZe_q_gguf� lj_sbgZf�� jZkk_dZx-
sbf�g_kdhevdh� a_j_g� i_j_djbklZeebah\Zggh]h� d\ZjpZ� �\lhjbq-
gu_��

I_j\bqgu_�b�fgbfh\lhjbqgu_� \dexq_gby� k]jmiibjh\Zgu

k_jbyfb�ih� ahgZf�jhklZ��Hgb�bf_xl�\u^_j`Zggu_�dZie_\b^gu_

beb�bahf_ljbqgu_�nhjfu��k�we_f_glZfb�h]jZgdb��<� ]Zah\hf�im-
aujvd_�g_dhlhjuo�\dexq_gbc�hlf_q_gh�ijbkmlkl\b_�`b^dhc�nZ-
au� m]e_dbkehlu�� Baf_j_ggZy� l_fi_jZlmjZ� hllZb\Zgby� \ufhjh-
`_gghc�l\_j^hc�m]e_dbkehlu� �±����—������K��g_agZqbl_evgh�hl-
ebqZ_lky�hl�wlZehgghc� �±������K���qlh�]h\hjbl�h�fZehf�kh^_j`Z-
gbb� ^jm]bo� ]Zah\�ijbf_k_c�� JZaf_j� \dexq_gbc� ±� ��² ��� fdf�
\�_^bgbqguo�kemqZyo�^hklb]Z_l����fdf�

<�khe_\hc�kbkl_f_�ij_h[eZ^Zxl�jZkl\hju�oehjb^Z�dZevpby

�baf_j_ggu_�l_fi_jZlmju�w\l_dlbd�±����²������K���agZqbl_evghc

khe_ghklb� �dhgp_gljZpby� khe_c� ����²�����fZk�� ��� k� \ukhdbfb

dhgp_gljZpbyfb�m]e_dbkehlu��L_fi_jZlmjZ�]hfh]_gbaZpbb����²

330��K��^Z\e_gb_����²����d[Zj�

�GZb[hevr__� dhebq_kl\h� \lhjbqguo� \dexq_gbc� nbdkbjm-
_lky� \�fbg_jZeZo� p_gljZevghc� qZklb�`beu��>ey� gbo� oZjZdl_jgZ

g_ijZ\bevgZy�nhjfZ��hkeh`g_ggZy�\uklmiZfb��<lhjbqgu_�\dex-
q_gby�h[uqgh�^\monZah\u_� �]Za���khe_\hc�jZkl\hj��k�g_[hevrbf

]Zah\uf� imaujvdhf�� Ij_h[eZ^Zxsb_� jZaf_ju� �²��� fdf�

<�jZkl\hjZo�qZklb�\lhjbqguo�\dexq_gbyo�ijbkmlkl\mxl�oehjb^u

fZ]gby� b�� \hafh`gh�� `_e_aZ�� nbdkbjmxsb_ky� ih� ih\ur_gbx

l_fi_jZlmju�w\l_dlbdb�\iehlv�^h�–41.4—�������K�
H[jZa_p� ���������� �ibjhnbeebl�lmjfZebg�d\Zjp�

dZj[hgZlgZy� `beZ��� Fhsghklv� `beu� ���²���� kf�� =jZgbpu� k
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\f_sZxsbfb�ihjh^Zfb�g_jh\gu_��qZklh�ijbkmlkl\mxl�aZeb\u�b

f_edb_� Zihnbau� dZj[hgZlgh]h� \_s_kl\Z��@beZ� bf__l� ahgZevgh_

kljh_gb_�� I_jbn_jbcgu_� ahgu� \uiheg_gu� `_elh\Zlh�dhjbq-
g_\ufb� jZagha_jgbklufb� Z]j_]ZlZfb� Zgd_jblZ�� h[jZamxsbfb� \

^jmah\uo� ihehklyo� ����²���� ff� djbklZeeu� k� hq_gv� iehohc� h]-
jZgdhc��P_gljZevgZy� qZklv�`beu� keh`_gZ�fhehqgh�[_euf�b�ih-
emijhajZqguf�d\Zjp_f��Ijb�ijb[eb`_gbb�d�y^jm�hlf_qZ_lky�m\_-
ebq_gb_�djmighklb�a_j_g�d\ZjpZ��<�d\Zjp_\hc�fZkk_�ijbkmlkl\m-
xl� �²��ff�iylgZ� a_e_gh\Zlh�k_jh]h�p\_lZ�� keh`_ggu_� lhgdbfb

kjhkldZfb� jZaghjb_glbjh\Zgguo� d\Zjp_\uo�b� lmjfZebgh\uo� Z]-
j_]Zlh\��<�ihehklyo�f_`^m� d\Zjp_\ufb� a_jgZfb�� Z� lZd`_� \� lj_-
sbgZo�gZoh^ylky�q_rmcqZlu_��j_`_�debgh\b^gu_�Z]j_]Zlu�ihem-
ijhajZqgh]h�ibjhnbeeblZ��[ebadb_�ih�fhjnheh]bq_kdbf�b�obfb-
q_kdbf�hkh[_gghklyf�d�ibjhnbeeblm�,,�ba�ibjhnbeebl�lmjfZebg�

d\Zjp_\uo�`be�

Nexb^gu_�\dexq_gby�\�d\Zjp_�jZkiheh`_gu�g_jZ\ghf_j-
gh��gZ�i_jbn_jbb�`beu�\�f_edha_jgbklhf�d\Zjp_��Z�lZd`_�\�f_k-
lZo�dhglZdlZ�d\ZjpZ�k�lmjfZebghf�ij_h[eZ^Zxl��dZd�ijZ\beh���²

��� fdf� iehkdb_� nhjfu� k� hdjm]eufb� b� \ujh\g_ggufb� djZyfb�

<�djmigha_jgbklhf�d\Zjp_�\dexq_gby�bf_xl�\�[hevr_c�kl_i_gb

m^ebg_ggu_� nhjfu�� ^ebggZy� hkv� dhlhjuo� hjb_glbjh\ZgZ� \� gZ-
ijZ\e_gbb�aZiheg_gby�`beu��<�p_gljZevghc�qZklb�`beu�dhebq_-
kl\h� nexb^guo� \dexq_gbc� \hajZklZ_l� ijbf_jgh� \� �²�� jZa� ih

kjZ\g_gbx� k� i_jbn_jb_c� ba�aZ� m\_ebq_gby� qbkeZ� \lhjbqguo

\dexq_gbc��<[ebab�k�ibjhnbeeblhf�\�d\Zjp_�hlf_qZ_lky�ijbkml-
kl\b_�djmiguo���²���fdf�\dexq_gbc�k�hq_gv�[hevrbf�]Zah\uf

imaujvdhf��aZgbfZxsbf���²�����hl�h[t_fZ�\dexq_gby�

<h� \j_fy� bkke_^h\Zgbc� \� djbhdZf_j_� mklZgh\e_gh�� qlh

i_j\bqgu_�\dexq_gby�aZf_jaZxl�ijb�l_fi_jZlmj_�hdheh�±����K�

I_j\u_�ihjpbb�`b^dhklb� �w\l_dlbdZ��ihy\eyxlky� \� l_fi_jZlmj-
ghf�bgl_j\Ze_�±����²������K��qlh�khhl\_lkl\m_l�khe_\hc�kbkl_f_

CaCl2–NaCl–H22� b� &D&O2–MgCl2–H2O [3]��Hq_\b^gh�� dhgp_gljZ-
pby�m]e_dbkehlu�\�^Zgghf�nexb^_�[ueZ�f_gvr_c�ih�kjZ\g_gbx�k

`behh[jZamxsbfb�jZkl\hjZfb�ibjhnbeebl�lmjfZebg�d\Zjp_\uo

`be��h�q_f�]h\hjbl�agZqbl_evgh_�khdjZs_gb_�dhebq_kl\Z�\dexq_-
gbc��bf_xsbo�`b^dmx�KH2� \� ]Zah\hf�imaujvd_��IeZ\e_gb_�ih-
ke_^gbo� djbklZeebq_kdbo� nZa� gZ[ex^Z_lky� ijb� l_fi_jZlmj_� ²

26.3—20.8 �K��qlh�khhl\_lkl\m_l�dhgp_gljZpbb�khe_c�\�jZkl\hj_
����²�����fZk. ���Wdki_jbf_glu�\�fbdjhl_jfhdZf_j_�hij_^_eb-
eb�bgl_j\Ze�l_fi_jZlmju�]hfh]_gbaZpbb�\� ���²�����K��JZkkqb-
lZggh_�^Z\e_gb_�khklZ\ey_l����²����d[Zj�
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<lhjbqgu_� \dexq_gby��jZkiheh`_ggu_� \� aZe_q_gguo� lj_-
sbgZo��bf_xl�g_[hevrb_�jZaf_ju�b�kh^_j`Zl�fZe_gvdbc�]Zah\uc

imauj_d��gZoh^ysbcky�\�k\_lehc�ijhajZqghc�`b^dhklb��Nbabdh�

obfbq_kdb_�iZjZf_lju�jZkl\hjh\�\lhjbqguo�\dexq_gbc�ijZdlb-
q_kdb� kh\iZ^Zxl� k� ^Zggufb� ih� i_j\bqguf� \dexq_gbyf� �Lw\l –
52.7—58.7��K��khe_ghklv�����—25.2 fZk�����

H[jZa_p� ���������� �ahehlhkh^_j`ZsZy�`beZ���Fhsghklv

`beu�[he__� ��kf��D\Zjp�\�hkgh\ghf�fZkkb\guc��hlf_qZxlky�g_-
[hevrb_�mqZkldb�kl_deh\Zlhc�l_dklmju��f_klZfb�ihemijhajZq_g�

kj_^gbc� jZaf_j�bg^b\b^h\� ���²����ff��p\_l� k_jh\Zlh�k_juc� ^h

[_eh]h��GZ�i_jbn_jbb�`beu�ijbkmlkl\mxl����²����ff�ebgah\b^-
gu_�h[hkh[e_gby�`_elh\Zlh�dhjbqg_\h]h� Zgd_jblZ��<�hl^_evguo

lhgdbo�lj_sbgZo�hlf_q_gh�ijbkmlkl\b_�l_fgh�a_e_gh]h�oehjblZ�

@beZ�kh^_j`bl�dm[bq_kdb_�djbklZeeu�ibjblZ�jZaf_jhf��²��ff�

Nexb^gu_�\dexq_gby�\�d\Zjp_�jZkiheh`_gu�g_jZ\ghf_j-
gh��Kj_^b�gbo�\u^_e_gu�ljb�\b^Z�

1. Djmigu_� ���²���fdf���m]eh\Zlu_�km[d\Z^jZlgu_�lZ[-
eblqZlu_� \dexq_gby�� hkeh`g_ggu_� \uklmiZfb� b� Zf_[h\b^gufb

hljhkldZfb��Hgb�hlf_qZxlky�ih�\k_c�iehsZ^b�`beu�b�khkj_^hlh-
q_gu�hl^_evgufb�]jmiiZfb��<dexq_gby�^\monZah\u_��]Za + khe_-
\hc�jZkl\hj��

2. JZaf_jhf� �²���fdf��madb_��\ulygmlu_�ih�h^ghc�hkb�

qZklh� hjb_glbjh\Zggu_� \dexq_gby�� k]jmiibjh\Zggu_� \� k\h_h[-
jZagu_�ihehku�b�h[jZah\Zggu_��\_jhylg__�\k_]h��ih� aZe_q_gguf

lj_sbgdZf�� Ih� khklZ\m� ²� ^\monZah\u_� k� g_[hevrbf� ]Zah\uf

imaujvdhf�\�k\_lehc�ijhajZqghc�`b^dhklb�

3. Hdjm]eu_�� qZs_� h\Zevgu_� beb� \_j_l_ghh[jZagu_

\dexq_gby�� \_ebqbghc� �²��fdf�� dZd� ijZ\beh�� ijbmjhq_ggu_� d

lj_sbgdZf��\�qZklb�ba�gbo�hlkmlkl\m_l�]Zah\uc�imauj_d�

<�j_amevlZl_�ijh\_^_gguo�wdki_jbf_glh\�iZjZf_lju�nhj-
fbjh\Zgby�d\ZjpZ�ba� ahehlhkh^_j`Zsbo�`be�Dj_fe_\kdh]h�jm^-
gbdZ�� ih� ^Zgguf� bamq_gby� i_j\bqguo� nexb^guo� \dexq_gbc�

ke_^mxsb_��\�jZkl\hj_�ij_h[eZ^Z_l�oehjb^�dZevpby��Lw\l –42.2—
������K���dhgp_gljZpby�khe_c�����—�����fZk�����L�ieZ\e_gby�ihke_^g_]h

djbklZeebdZ� ±����²����� �K��� l_fi_jZlmjZ� ]hfh]_gbaZpbb� ���²

�����K��<lhjbqgu_�\dexq_gby�kh^_j`Zl�l_�`_�khe_\u_�jZkl\hju�

gh� g_kdhevdh� f_gvr_c� dhgp_gljZpbb� ²� ����—����� fZk� �

�L�ieZ\e_gby�ihke_^g_]h�djbklZeebdZ�±����²������K��

<� ]Zah\hf� imaujvd_� nexb^guo� \dexq_gbc� ahehlhkh^_j-
`Zsbo�`be�`b^dZy�nZaZ�m]e_dbkehlu�g_�h[gZjm`_gZ�
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H[km`^_gb_�j_amevlZlh\

J_amevlZlu� l_jfhf_ljbq_kdbo� b� djbhf_ljbq_kdbo� bkke_-
^h\Zgbc� i_j\bqguo� b� fgbfh\lhjbqguo� nexb^guo� \dexq_gbc

^ey� jZaebqguo� lbih\� `be� Dj_fe_\kdh]h� jm^gbdZ� k\_^_gu� \

lZ[ebpm�� LZf� `_� ij_^klZ\e_gu� wdki_jbf_glZevgu_� ^Zggu_� ih

nexb^guf� \dexq_gbyf� \� `bevghf� d\Zjp_� ;_j_ah\kdh]h� aheh-
lhjm^gh]h� f_klhjh`^_gby�� \aylu_� ba� jZ[hl� ^jm]bo� Z\lhjh\

�lZ[e����.
DZd�\b^gh�ba�wdki_jbf_glZevguo�^Zgguo��mkeh\by�jm^hhl-

eh`_gby� \�ij_^_eZo�;_j_ah\kdh]h�jm^gh]h�ihey� agZqbl_evgh�hl-
ebqZxlky�\�_]h�jZaguo�qZklyo��GZ�kgb`_gb_�l_fi_jZlmju�h[jZah-
\Zgby� jm^gh]h� d\ZjpZ� ;_j_ah\kdh]h� f_klhjh`^_gby� \� gZijZ\e_-
gbb�k�x]Z�gZ�k_\_j�mdZau\Zehkv�X��:��;Zdmebguf� [1]��Nhjfbjh-
\Zgb_� ahehlhjm^guo� d\Zjp_\uo� `be� \� p_glj_� ;_j_ah\kdh]h� f_-
klhjh`^_gby� ijhbkoh^beh� ih^� \ha^_ckl\b_f� fZ]fZlh]_gguo

b�beb� f_lZfhjnh]_gguo� 1D&O–MgCl2 jZkl\hjh\�� h[h]Zs_gguo

m]e_dbkehlhc�b�kh^_j`Zsbo�f_lZg��ijb�l_fi_jZlmj_����²�����K

b�^Z\e_gbb�hdheh�����d[Zj�[2]��lh]^Z�dZd�ahehlhghkgu_�`beu��jZa-
\blu_� gZ� k_\_jghf�neZg]_� jm^gh]h� ihey�� [ueb� h[jZah\Zgu� ijb

agZqbl_evgh� f_gvrbo� l_fi_jZlmjZo� b� ^Z\e_gbb� �L]hf = 190—
�����K��J = 0.5—����d[Zj��ba�jZkl\hjh\�k�ij_h[eZ^Zgb_f�oehjb^-
gh�dZevpb_\uo�khe_c��Ihemq_ggu_�j_amevlZlu�[ebadb�d�l_jfh^b-
gZfbq_kdhf� iZjZf_ljZf� hleh`_gby� ahehlZ� ^ey� k_\_jghc� qZklb

;_j_ah\kdh]h�f_klhjh`^_gby��L� ����—�����K��J  ����²����d[Zj�

[14]��H^gZdh�ijbgpbibZevgu_�jZaebqby�\�khe_\hf�khklZ\_�`beh-
h[jZamxsbo� nexb^h\� ;_j_ah\kdh]h� f_klhjh`^_gby� b� Dj_fe_\-
kdh]h� jm^gbdZ�� iha\heyxl� ij_^iheh`blv�� qlh� bklhqgbdb� ]b^jh-
l_jfZevguo� jZkl\hjh\� ^Zgguo� h[t_dlh\� [ueb� jZagufb��Wlb� gZ-
[ex^_gby�fh]ml�k\b^_l_evkl\h\Zlv�h�jZaebqghf�]_g_abk_�ahehlh-
]h�hjm^_g_gby��Kdhj__� \k_]h��ijhbkoh`^_gb_�nexb^h\�gZ�neZg-
]Zo�jm^gh]h�ihey�\�hkgh\ghf�k\yaZgh�g_�k�fZ]fZlbq_kdbfb�ijh-
p_kkZfb��dZd�\�p_gljZevghc�qZklb�jm^gh]h�ihey��Z��\�[hevr_c�f_-
j_�� aZ\bkbl� hl� f_lZfhjnbq_kdbo� ij_h[jZah\Zgbc� \f_sZxsbo

ihjh^�

Hlghkbl_evgh� h^ghjh^guc� khe_\hc� khklZ\� nexb^h\� \

`bevghf� d\Zjp_� Dj_fe_\kdh]h� jm^gbdZ� b� ijZdlbq_kdb� [ebadb_

agZq_gby�bo�khe_ghklb�fh]ml�[ulv�h[mkeh\e_gu�h[sbf�bklhqgb-
dhf� ijhbkoh`^_gby�� Gh� ^bkdj_lgh_� jZkij_^_e_gb_� l_fi_jZlmj

nZah\uo� ij_\jZs_gbc� b� g_agZqbl_evgh_� baf_g_gb_� dhgp_gljZ-
pbb� khe_c�jZkl\hjh\��ij_^iheZ]Z_l�^ebl_evguc�b�fgh]hwlZiguc

ijhp_kk�nhjfbjh\Zgby�`be�
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LZ[ebpZ��

L_jfh[Zjh]_hobfbq_kdb_�iZjZf_lju�h[jZah\Zgby�`be� ;_j_ah\kdh]h�jm^gh]h�ihey

L_fi_jZlmja, °�K Obfbq_-
kdbc�khklZ\

Lbi

`be

=hfh]_-
gbaZpbb

W\l_dlbdb IeZ\e_gby

ihke_^g_]h

djbklZeebdZ

IeZ\e_gby

KH2

=hfh]_gbaZ-
pbb �KH2

>Z\e_-
gb_�

d[Zj �hkgh\gu_

�dhfihg_g-
lu�

Dhgp_gljZ-
pby

khe_c

�fZk����

D�j�_�f�e�_�\�k�d�b�c����j�m�^�g�b�d

Pf-tu-q 330—300 –45.5 — –44.7 -21.6 — –17.2 –56.3 — –57.6 22.8—30.2 1.3—1.5CaCl2–H2O 18.9—21.6

 Pf-tu-q-
carb

270—240 –55.6 — –52.3 –26.3 — –20.8 –56.2 16.4—27.8 1.2—1.5 CaCl2–
MgCl2–H2O;

CaCl2–
NaCl –H2O

22.4—25.1

Au-kh^_j�
`Zsb_

240—190 –42.2 — –49.7 –19.0 —–22.8 CaCl2–H2O 20.0—22.2

;�_�j�_�a�h�\�k�d�h�_����f�_�k�l�h�j�h�`�^�_�g�b�_��ih�B��:��;Zdr__\m�b�^j���

�R__-
ebl�q

360—290 –37 — –28 2.5 NaCl–MgCl2 9.2—15.3

$X�jm^-
gu_

300—270 1.5 NaCl–MgCl2 8.4—17.0

Ijbf_qZgb_��[md\Zfb�\�lZ[ebp_�h[hagZq_gu�`beu��3I�WX�T�²�ibjhnbeebl�lmjfZebg�d\Zjp_\u_��3I�WX�T� arb —
ibjhnbeebl�lmjfZebg�d\Zjp�dZj[hgZlgu_�
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:gZeba� ]jZnbdZ� aZ\bkbfhklb� l_fi_jZlmju� ]hfh]_gbaZpbb

hl� khe_ghklb� nexb^Z� �jbk�� 3�� iha\hey_l� \u^_eblv� g_kdhevdh
]jmii� `bevgh]h� d\ZjpZ�� D\Zjp� ba� ibjhnbeebl�lmjfZebg�d\Zj-
p_\uo� `be� bf__l� [he__� \ukhdb_� l_fi_jZlmju� ]hfh]_gbaZpbb

nexb^guo�\dexq_gbc��q_f�d\Zjp�ba�ahehlhkh^_j`Zsbo�`be��ijb

wlhf�khe_ghklv�nexb^h\�g_�f_gy_lky��G_kdhevdh�[hevrbfb�dhg-
p_gljZpbyfb� khe_c� hlebqZxlky� jZkl\hju�� ]_g_jbjmxsb_� ibjh-
nbeebl�lmjfZebg�d\Zjp�dZj[hgZlgu_�`beu��Wlh�]h\hjbl�h�kms_-
kl\h\Zgbb�lj_o�jZaguo�nexb^h\��hl\_lkl\_gguo�aZ�nhjfbjh\Zgb_

`be�Dj_fe_\kdh]h�jm^gbdZ�

=bklh]jZffu�l_fi_jZlmj�]hfh]_gbaZpbb�nexb^guo�\dex-
q_gbc�\�`bevghf�d\Zjp_�Dj_fe_\kdh]h�jm^gbdZ�ihdZau\Zxl��qlh

`beu�fgh]hdjZlgh�bkiulu\Zeb�i_j_djbklZeebaZpbx��\ua\Zggmx

\g_^j_gb_f� ihke_^mxsbo� [he__� oheh^guo� ]b^jhl_jf�� qlh� ih^-
l\_j`^Z_lky�[ebadbfb� agZq_gbyfb�bgl_gkb\ghklb�ibdh\�\�hij_-
^_e_gguo�l_fi_jZlmjguo�bgl_j\ZeZo��jbk��4).

Ih�bgl_gkb\ghklb�ibdh\�fh`gh�\u^_eblv� ��klZ^bc�`beh-
h[jZah\Zgby�

 300—330��K  ²� h[jZah\Zgb_� ibjhnbeebl�lmjfZebg�

d\Zjp_\uo�`be�b�ibjhnbeeblh\uo�kn_jheblh\�

 270—290��K  ²� aZf_s_gb_� ibjhnbeeblZ� ^hg[Zkkblhf� b

h[jZah\Zgb_�q_rmcqZlh]h�ibjhnbeeblZ�

 220—270 �K  ²� h[jZah\Zgb_� ibjhnbeebl�lmjfZebg�d\Zjp�

dZj[hgZlguo� `be� b� q_rmcqZluo� Z]j_]Zlh\� ib-
jhnbeeblZ

 200—240 �K  ²�h[jZah\Zgb_�ahehlh�d\Zjp_\uo�`be

 
  ²�\ha^_ckl\b_�\lhjbqguo�gbadhl_fi_jZlmjguo

jZkl\hjh\

 150—210 �K
 110—160 �K
    70—120��K

 }
L_jfhf_ljbq_kdb_�^Zggu_�ih�nexb^guf�\dexq_gbyf�mdZ-

au\Zxl�gZ�h[jZah\Zgb_�ibjhnbeeblkh^_j`Zsbo�`be�Dj_fe_\kdh-
]h�mqZkldZ�\�^hjm^gmx�klZ^bx��ijbq_f�\gZqZe_�[ue�knhjfbjh\Zg

a_e_guc� ojhfkh^_j`Zsbc�ibjhnbeebl��Q_rmcqZlu_� [_kp\_lgu_

Z]j_]Zlu�ibjhnbeeblZ��bf_xsb_�g_agZqbl_evgmx�ijbf_kv�iZjZ-
]hgblZ��h[jZah\u\Zebkv�ijb�[he__�gbadbo�l_fi_jZlmjZo��gZ�nhg_

m\_ebq_gby�jG�jZkl\hjh\�\ke_^kl\b_�^_]ZaZpbb�m]e_dbkehlu��Wlh

kh]eZkm_lky� k� wdki_jbf_glZevgufb� ^Zggufb� ih� kbgl_am� ibjh-
nbeeblZ�\�jZaebqguo�l_jfh^bgZfbq_kdbo�mkeh\byo��dhlhju_�hi-
j_^_ebeb�_]h�mklhcqb\hklv�\�l_fi_jZlmjghf�bgl_j\Z-
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Jbk�����=jZnbd�aZ\bkbfhklb�l_fi_jZlmju�]hfh]_gbaZpbb�nexb^-
guo�\dexq_gbc�\�`bevghf�d\Zjp_�;_j_ah\kdh]h�f_klhjh`^_gby�hl�khe_-
ghklb�jZkl\hjh\�

e_� ���²���� �K [9, 22]. Mf_gvr_gb_� l_fi_jZlmju� kbgl_aZ� gb`_
wlh]h� mjh\gy� ijb� m\_ebq_gbb� s_ehqghklb� kj_^u� �^h� ���� jG�

ijb\h^bl�d�h[jZah\Zgbx�k_jbpblZ�b�iZjZ]hgblZ�[15, 23].
Ibjhnbeeblh\Zy� fbg_jZebaZpby�� ih^h[gZy� hibkZgghc� \

`beZo�;_j_ah\kdh]h�f_klhjh`^_gby��ba\_klgZ�gZ�jm^guo�iheyo�\

^jm]bo�j_]bhgZo�fbjZ��Fhghfbg_jZevgu_�ijh`bedb�\klj_qZxlky

gZ� dheq_^Zgguo� �DZ[Zgkdh_�� DjZkghmjZevkdh_�� b� ahehlhjm^guo

f_klhjh`^_gbyo� �<bl\Zl_jkjZg^��� Ibjhnbeebl� \� ZkkhpbZpbb� k

^jm]bfb�fbg_jZeZfb�hlf_q_g�\�ibjhnbeebl�d\Zjp_\uo� �D\Zjpb-
lh�Rhj��B[blbZjZ���ibjhnbeebl�dbZgbl�d\Zjp_\uo� �=jm[_i_g^b-
lu�� Dmfmk�Lx[_�� <ZklZgZ�� <ZjfeZg^�� =j_\k��� ^bZkihj�ibjh-
nbeeblh\uo� �MllZj�IjZ^_r��FZ^ovy�IjZ^_r��� Zg^Zemabl�lhiZa�

d\Zjp�ibjhnbeeblh\uo� �:eiuk�� HjZg`�� Djh\^_jk��� nexhjbl�

ibjhnbeeblh\uo� �FugZjZevkdbc� jm^guc� ma_e�� b� ^jm]bo� lbiZo

`be��:]j_]Zlu�ibjhnbeeblZ�ba�jZaguo�lhq_d�`bevghc�fbg_jZeb-
aZpbb�[ebadb�ih�fhjnheh]bb��gh�hlebqZxlky�ih�p\_lm��jZaf_jm�b

khklZ\m�f_oZgbq_kdbo�b�kljmdlmjguo�ijbf_k_c��qlh�k\yau\Z_lky�k

jZaebqgufb� �b�� \� i_j\mx� hq_j_^v�� l_jfh^bgZfbq_kdbfb�� mkeh-
\byfb�h[jZah\Zgby�ibjhnbeeblZ�

Hkgh\gu_�\u\h^u
<� j_amevlZl_� bamq_gby� khhlghr_gbc� l_jfh^bgZfbq_kdbo

iZjZf_ljh\� h[jZah\Zgby� ahehlhjm^guo � b � ibjhnbeeblkh^_j`Z-
sbo�`be� mklZgh\e_gh�� qlh� ibjhnbeeblh\Zy�fbg_jZebaZpby� ijh-
bkoh^beZ�\�gZqZevgmx�klZ^bx�jm^gh]h�ijhp_kkZ�
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Jbk�� ��� =bklh]jZffu� l_fi_jZlmj� ]hfh]_gbaZpbb� nexb^guo

\dexq_gbc�\�`bevghf�d\Zjp_�Dj_fe_\kdh]h�jm^gbdZ�

Z —�ahehlhkh^_j`Zsb_�`beu

[�— ibjhnbeebl�lmjfZebg�d\Zjp�dZj[hgZlgu_�`beu
\ —�ibjhnbeebl�lmjfZebg�d\Zjp_\u_�`beu

Ibjhnbeebl�lmjfZebg�d\Zjp_\u_� `beu� ;_j_ah\kdh]h� f_-
klhjh`^_gby� nhjfbjh\Zebkv� \� oehjb^gh�dZevpb_\uo� jZkl\hjZo�

h[h]Zs_gguo�m]e_dbkehlhc��ijb�l_fi_jZlmj_�300—330 �K�b�^Z\-
e_gbb����—1���d[Zj�

H[jZah\Zgb_� ibjhnbeebl�lmjfZebg�d\Zjp�dZj[hgZlguo

`be� ijhbkoh^beh� \� l_fi_jZlmjghf� bgl_j\Ze_� ���—270� �K� ijb
^Z\e_gbb� ���—1���d[Zj ba�fgh]hdhfihg_glguo�oehjb^guo�jZkl�
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\hjh\�� Wlh� ]h\hjbl� h� lhf�� qlh� [_kojhfh\uc� q_rmcqZluc� ibjh-
nbeebl�ih�hlghr_gbx�d�ojhfkh^_j`Zs_fm�ibjhnbeeblm�ba�kn_-
jheblh\�y\ey_lky�\lhjbqguf�

<_jhylgh��kms_kl\h\Zeh��dZd�fbgbfmf��^\Z�bklhqgbdZ�]b^-
jhl_jfZevguo� jZkl\hjh\�� hl\_lkl\_gguo� aZ� ahehlh_� hjm^_g_gb_

;_j_ah\kdh]h�jm^gh]h�ihey�
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