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<\_^_gb_ 

G_kfhljy�gZ�^ebl_evgmx�bklhjbx�bamq_gby�b�hl�

ghkbl_evgh�[hevrh_�dhebq_kl\h�im[ebdZpbc��ihk\y�

szgguo� ]jZgblhb^Zf� >Zoh\kdh]h� djbklZeebq_kdh]h�

fZkkb\Z��>DF) [1±4@��fgh]b_�ijh[e_fu�bo�deZkkbnb�

dZpbb��ijhbkoh`^_gby�b�\j_f_gb� klZgh\e_gby�hklZ�

xlky� ^bkdmkkbhggufb�� <� qZklghklb�� kms_kl\mxl�

ij_^klZ\e_gby� h� _]h� ihebojhgghklb�� ijb� wlhf� ^bh�

jblu� \u^_eyxlky� \� kZfhklhyl_evguc� kj_^g_iZe_h�

ahckdbc�dhfie_dk��Z�]jZgblu�b�]jZgh^bhjblu \�iha^�

g_iZe_hahckdbc�fZedbgkdbc� >�@��<� lh�`_ \j_fy��jy^�

Z\lhjh\� >�@� kqblZ_l� g_� ijZ\hfhqguf� hlghkblv� ]jZ�

gblu�fZkkb\Z�d�fZedbgkdhfm dhfie_dkm��lZd�dZd�hgb�

kms_kl\_ggh�hlebqZxlky�hl�i_ljhlbiZ�ih�jy^m�\_s_�

kl\_gguo�hkh[_gghkl_c��<�ex[hf�kemqZ_��g_h[oh^bfZ�

\k_klhjhggyy�oZjZdl_jbklbdZ�fZkkb\Z��hibjZxsZyky�

gZ�fZdkbfZevgh� h[t_dlb\gmx� bgnhjfZpbx� h� \_s_�

kl\_�b�k\hckl\Zo�wlh]h�wlZehggh]h�h[t_dlZ��Ij_^eZ]Z�

_fZy�jZ[hlZ�ijba\ZgZ��\�dZdhc-lh�f_j_��mkljZgblv�mdZ�

aZggu_�ijh[_eu� 

 

F_lh^bdZ�bkke_^h\Zgbc 

:gZeblbq_kdb_� bkke_^h\Zgby� \_s_kl\_ggh]h� kh�

klZ\Z� \dexqZeb ba]hlh\e_gb_�b hibkZgb_�rebnh\ (40 

rlmd���j_gl]_ghnemhj_kp_glguc �ih����ijh[Zf� b�j_gl�

]_ghkljmdlmjguc �ih����ijh[Zf� ZgZebau� >ey�wlh]h�ba�

dZ`^hc�ijh[u�hl[bjZeky�h[jZa_p� oZjZdl_jbamxsbc�_z�

\�gZb[hevr_c�kl_i_gb� FZl_jbZe�h[jZapZ��hklZ\rbcky�

ihke_� ba]hlh\e_gby�rebnZ�� ^jh[beky� b� bklbjZeky� ^h�

jZaf_jh\�qZklbp�f_g__��.���ff��Ba�ijb]hlh\e_ggh]h lZ�

dbf� h[jZahf� ihjhrdZ� ba]hlh\eyebkv� ij_iZjZlu� ^ey�

j_gl]_ghnemhj_kp_glgh]h�b�j_gl]_ghkljmdlmjgh]h�ZgZ�

ebah\��I_j\uc�ba�gbo�ijh\h^beky�gZ�ijb[hj_���7,*(5� 

\�p_glj_�dhee_dlb\gh]h�ihevah\Zgby�gZmqguf�h[hjm^h�

\Zgb_f� <=M� ZgZeblbd� ?� O� Dhjbr�� <lhjhc� ± \h�

<GB=GB�]��Fhkd\Z��gZ�̂ bnjZdlhf_lj_�$5/;�75$�k�bk�

ihevah\Zgb_f�[Zau�^Zgguo� ,&''�3')-���gZkqblu\Zx�

s_c [he__�����lukyq�\b^h\�djbklZeebq_kdbo�kh_^bg_�

gbc��:gZeblbd�:� :��>m[dh\� J_amevlZlu�j_gl]_ghnemh�

j_kkp_glgh]h�ZgZebaZ�i_j_kqblu\Zebkv�gZ�ghjfZlb\gu_�

khklZ\u�k�ihfhsvx�ijh]jZffu�3HWUR Explorer V.3.2.0.2 

(Eugeny Korinevsku). >ey�oZjZdl_jbklbdb�fbg_jZeh\�Zd�

p_kkhjb_\�[ueb�bamq_gu�ly`zeu_�dhgp_gljZlu�ba�ijh�

lhehq_d�]eZ\guo�lbih\�ihjh^��k�ijb\e_q_gb_f�j_amev�

lZlh\�jZg__�ijh\_^zgguo�bkke_^h\Zgbc� 

K�p_evx�bamq_gby�nbabq_kdbo�k\hckl\�]jZgblhb�

^h\, keZ]Zxsbo�>Zoh\kdbc djbklZeebq_kdbc�fZkkb\��

ba�h[gZ`_gbc�\^hev�j��;_eZy�b�\iZ^Zxsbo�\�g_z�ijb�

lhdh\�[ueh�hlh[jZgh�k\ur_�����fZdkbfZevgh�k\_`bo�

h[jZaph\, b� ijh\_^_gu� fZkkh\u_� dZiiZf_ljbq_kdb_�

baf_j_gby� �k\ur_������g_ihkj_^kl\_ggh�gZ�h[gZ`_�

gbyo�� Hij_^_e_gb_� nbabq_kdbo� oZjZdl_jbklbd� kh�

[jZgghc�dhee_dpbb�\uiheg_gh�\�i_ljhnbabq_kdhc�eZ�

[hjZlhjbb�dZn_^ju�]_hnbabdb�<hjhg_`kdh]h�]hkmgb�

\_jkbl_lZ��<� oh^_� jZ[hlu� [ueb� bamq_gu� iehlghklv��

fZ]gblgZy� \hkijbbfqb\hklv�� kdhjhklv� ijhoh`^_gby�

ijh^hevguo� \heg� b� m^_evgh_� we_dljbq_kdh_� khijh�

lb\e_gb_� ]jZgblhb^h\� >6, 7, 8@��Iehlghklv�h[jZaph\�

bamqZeZkv�f_lh^hf�]b^jhklZlbq_kdh]h�\a\_rb\Zgby�k�

bkihevah\Zgb_f� \ukhdhlhqguo� \_kh\� ©HIGHLANDª�

HCB ± 1502. FZ]gblgZy�\hkijbbfqb\hklv�hij_^_e_gZ�

dZiiZf_ljhf�DF-7 (Q_oby���Bf�`_�\uiheg_gu�ihe_�

\u_� dZiiZf_ljbq_kdb_� gZ[ex^_gby� gZ� h[gZ`_gbyo��

Baf_j_gb_� kdhjhklb� ijh^hevguo� \heg� ijh\h^behkv�

mevljZa\mdh\uf� ^_n_dlhkdhihf� MD ��IFK�� >ey�

hij_^_e_gby� m^_evgh]h� we_dljbq_kdh]h� khijhlb\e_�

gby�\�i_ljhnbabq_kdhc�eZ[hjZlhjbb�dZn_^ju�]_hnb�

abdb�bkihevam_lky�dhfie_dk�gZ�[Za_�baf_jbl_ey�bf�

fblZgkZ�?�-20. 

 

=_heh]bq_kdh_�kljh_gb_�>DF 

=jZgblhb^u�>Zoh\kdh]h�bgljmab\Z (jbk� 1) keZ]Zxl�

hkgh\gmx�qZklv�h^ghbfzggh]h�djbklZeebq_kdh]h�fZk�

kb\Z��>DF���GZ�g_]h�ijboh^blky�hdheh�����\k_c�ieh�

sZ^b�>DF��dhlhjuc�ij_^klZ\ey_l�kh[hc�]jm[uc�ijy�

fhm]hevgbd� fZdkbfZevgh� \ulygmluc� \� KA� ± X<�

gZijZ\e_gbb��hdheh���df��� 

<� ihi_j_qghf� gZijZ\e_gbb� �K<±XA�� _]h� jZaf_ju�

hdheh� �� df��H[sZy� iehsZ^v� khklZ\ey_l� ijbf_jgh 35 

df2. K_\_jh-aZiZ^gZy�qZklv�fZkkb\Z�ljZgk]j_kkb\gh�i_�

j_dju\Z_lky�l_jjb]_ggufb�hleh`_gbyfb�\_jog_c�xju��

x]h-aZiZ^gZy� b� njZ]f_gl� x]h-\hklhqghc� hkeh`g_gu�

bgl_gkb\gufb� jZaju\gufb� ^bkehdZpbyfb�� K� k_\_jh-

\hklhqghc�klhjhgu�[ehd�h]jZgbq_g�^he]h`b\msbf�]em�

[bgguf�jZaehfhf keh`ghc�dbg_fZlbdb��aZeh`_gb_�dh�

lhjh]h�ijhbahreh�\�^hf_ahahckdh_�\j_fy��<�wlhc�qZklb�

\� fZdkbfZevgh ij_^klZ\bl_evghf� \b^_� h[gZ`Zxlky�

\f_sZxsb_� f_lZfhjnbah\Zggu_� ihjh^u� jZfu�� dhlh�

ju_�\f_kl_�k�]jZgblhb^Zfb�h[jZamxl�>DF��>ey�qZklb�

ijhlheblZ� f_lZfhjnbq_kdh]h� dhfie_dkZ� mklZgh\e_g�

kj_^g_iZe_hahckdbc� \hajZkl� >9]. <gmlj_gg__� kljh_gb_�

]em[bggh]h�jZaehfZ�^_lZevgh�hibkZgh�\�jZ[hl_ [10]. 

FZkkb\�hlghkblky�d�]jmii_�©k_\_jguoª�bgljmabc��

h[jZamxsbo� jZajhag_ggu_� \uoh^u� kj_^b� f_ahahc�

kdbo�hleh`_gbc��Hgb�jZa^_eyxlky�gZ�ljb�]jmiiu�����

± ^Zoh\kdZy� �>Zoh\kdbc��KZZjZckdbc�fZkkb\u�b�]jZ�

gblhb^u��\kdjulu_�kd\Z`bgZfb�k_\_jh-aZiZ^g__������

± fZedbgkdZy� �Dm[Zgh-FZedbgkdbc� b� Dbkeh\h^kdh-

Njheh\kdbc bgljmab\u��b����± g_\bgghfukkdZy� �bg�

ljmab\gu_� l_eZ�� \kdjulu_� kd\Z`bgZfb� \� jZchg_� ]��

G_\bgghfukkd��[11@��GZ�=hkm^Zjkl\_gghc�]_heh]bq_�

kdhc�dZjl_�fZkrlZ[Z������ 000 ba^Zgghc�\������]h^m 

[12@�]jZgblhb^u�>Zoh\kdh]h�fZkkb\Z�jZkqe_g_gu�gZ�

^\_�nZau�b�hlg_k_gu�d�fZedbgkdhfm�iha^g_iZe_hahc�

kdhfm�dhfie_dkm� 

<�jZf_�]jZgblhb^h\�jZkijhkljZg_gu�f_lZfhjnb�

q_kdb_�ihjh^u�[ZedZgkdh]h�dhfie_dkZ��ij_^klZ\e_g�

gu_� Zfnb[heblZfb�� f_lZi_kqZgbdZfb�� fmkdh\bl-

[bhlblh\ufb�]g_ckZfb�  <^hev�k_\_jghc�]jZgbpu 
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Jbk�� �� Ko_fZlbq_kdZy� ]_heh]bq_�

kdZy�dZjlZ�>DF��Mkeh\gu_�h[hagZ�

q_gby��1 ± ]jZgblhb^u�i_j\hc�nZau��

2 ± ]jZgblhb^u�\lhjhc�nZau��3 ± ih�

jh^u�f_lZfhjnbq_kdh]h�dhfie_dkZ��4 

± k_ji_glbgblu��5 ± xjkdb_�hleh`_�

gby��6 ± jZaju\gu_�gZjmr_gby�gb`�

gbo�ihjy^dh\��7 ± j_]bhgZevgu_�jZa�

ju\gu_�gZjmr_gby. 

[Fig. 1. Schematic geological map of 

the Dakhovsky crystalline massif 

(DCM). Legend: (1) ± granitoids of the 

first phase; (2) ± granitoids of the second 

phase; (3) ± rocks of the metamorphic 

complex; (4) ± serpentinites; (5) ± Jurassic 

sediments; (6) ± disjunctive dislocations 

of the lower orders; (7) ± regional disjunc-

tive dislocations.] 

 

 

 

jZa\blu�k_ji_glbgblh\u_� l_eZ��\�jZaghc�kl_i_gb�f_�

eZg`bjh\Zggu_�� F_eZg`� jZaghwlZiguc�� ihebfbdlh�

\uc��gZ�hl^_evguo�mqZkldZo�g_kzl�ke_^u�l_jfZevgh]h�

\ha^_ckl\by�]jZgblhb^h\�>������@� 

Hlf_qZxlky� keh`gu_� \aZbfhhlghr_gby� ^Z_d� ]jZ�

gblhb^h\ dZd� i_j\hc�� lZd� b� \lhjhc�nZa� \g_^j_gby� b�

k_ji_glbgblh\�>��@��>Zcdb�ijhju\Zxl k_ji_glbgblu�k�

bgl_gkb\guf� hjh]h\bdh\Zgb_f� ihke_^gbo� b� \� lh�`_�

\j_fy�kZfb� ©jZklZkdb\Zxlkyª \iehlv�^h�h[jZah\Zgby�

l_dlhgbq_kdbo�[ehdh\� ± h[^Z\ur_c��LZdh_�\aZbfhhl�

ghr_gb_� ih^qzjdb\Z_l� ^ebl_evghklv� b� fgh]hwlZi�

ghklv� nhjfbjh\Zgby� l_dlhgbq_kdhc� ahgu� k_\_jgh]h�

h[jZfe_gby�>DF� 

=jZgblhb^u�i_j\hc�nZau� k_jh]h�beb�jhah\Zlh-k_�

jh]h�p\_lh\��hl�fZkkb\ghc�^h�^bj_dlb\ghc� l_dklmju��

keZ]Zxl� p_gljZevgmx� qZklv� bgljmabb�� h[jZamy� djmi�

gh_�� \ulygmlh_� \� k_\_jh-aZiZ^ghf�gZijZ\e_gbb� l_eh��

gZ�^hex�dhlhjh]h�ijboh^blky�hdheh�����iehsZ^b�\u�

oh^Z�bgljmabb� 

=jZgblhb^u�\lhjhc�nZau, \�hkgh\ghf�keZ]Zxl�x]h-

\hklhqgmx�b�aZiZ^gmx�qZklb�bgljmab\Z� Bo�[he__�f_e�

db_� l_eZ� hlf_qZxlky� \� k_\_jghc� b� k_\_jh-\hklhqghc�

_]h�qZklyo� ]^_ ijhju\Zxl�f_lZfhjnblu�[ZedZgkdh]h�

dhfie_dkZ� Z�lZd�`_�\gmljb�ihey�jZkijhkljZg_gby�]jZ�

gblhb^h\�i_j\hc�nZau��GZ�dhglZdl_�k�^bhjblZfb�b�]jZ�

gh^bhjblZfb� hlf_qZxlky�fgh]hqbke_ggu_�� ijhju\Z�

xsb_�bo�^Zcdb�b�`beu�]jZgblh\�b�e_cdh]jZgblh\��oZ�

jZdl_jbamxsboky� jhah\uf� ^h� djZkgh]h� p\_lhf�� GZ�

^hex�ihjh^�\lhjhc�nZau�ijboh^blky�hdheh�����ieh�

sZ^b�bgljmab\gh]h�fZkkb\Z� 

I_ljh]jZnby 
=jZgblhb^u�i_j\hc�nZau�ij_^klZ\e_gu�]jZgh^bh�

jblZfb�� fhgph^bhjblZfb�� d\Zjp_\ufb� ^bhjblZfb��

fhgphgblZfb�� h[jZamxsbfb� f_`^m� kh[hc� ihkl_i_g�

gu_�i_j_oh^u b�hlebqZxsbfb�ebrv�dhebq_kl\_ggufb�

khhlghr_gbyfb�ihjh^hh[jZamxsbo�fbg_jZeh\�  

=jZgh^bhjblu� k\_leh-k_jh]h� p\_lZ�� iheghdjbklZe�

ebq_kdb_�� kj_^g_a_jgbklu_�� fZkkb\gu_�� h^ghjh^gu_��

iehlgu_ (jbk� 2Z)��FbdjhkljmdlmjZ�]bib^bhfhjngha_j�

gbklZy��=eZ\gu_�fbg_jZeu� ± ieZ]bhdeZa� ������� d\Zjp�

(30%), [bhlbl��������fbdjhdebg�������\lhjhkl_i_ggu_�

± jh]h\Zy�h[fZgdZ ������\lhjbqgu_�± oehjbl������ 

IeZ]bhdeZa� b^bhfhjn_g�� \klj_qZ_lky� \� \b^_� oh�

jhrh� \ujZ`_gguo�ijbaf�b� lZ[ebq_d��qZklh�h[jZam_l�

ijhklu_� b� ihebkbgl_lbq_kdb_� ^\hcgbdb�� <� i_j\uo�

ijhy\e_gZ�ijyfZy�ahgZevghklv��y^jZ����±����i_jbn_�

jby����±�����<h�\lhjuo�^hfbgbjm_l�heb]hdeZa�����±

�����<�ijhoh^ys_f�k\_l_�bf_xl�]jyagh-k_jmx�hdjZkdm��

qlh�mdZau\Z_l�gZ�ijbkmlkl\b_�\lhjbqgh]h�khkkxjblZ��

J_`_�\klj_qZxlky�qbklu_�azjgZ�ieZ]bhdeZah\��Ij_h[�

eZ^Zxsbc�jZaf_j�azj_g��.5±5 ff��AzjgZ�d\ZjpZ�dk_gh�

fhjngu��k�g_ijZ\bevgufb�hq_jlZgbyfb�b�\hegbkluf�

ih]ZkZgb_f�� <� ijhoh^ys_f� k\_l_� ijhajZqgu�� gh�

gZ[ex^Zxlky�b�fmlgu_�ba-aZ�fgh]hqbke_gguo�]Zah\h-

`b^dbo� \dexq_gbc��Ij_h[eZ^Zxsbc� jZaf_j� �±��ff��

D\Zjp�qZklh�y\ey_lky�aZihegbl_e_f�ijhkljZgkl\Z�f_`-

^m�\u^_e_gbyfb�^jm]bo�fbg_jZeh\� 

;bhlbl� \klj_qZ_lky� \� \b^_� a_e_gh\Zluo� b� a_e_gh�

\Zlh-[mjuo�q_rm_d�b�ieZklbghd. Fbdjhdebg�bkdexqb- 
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Jbk���� Nhlh]jZnby�rebnZ�fhgph^bhjblZ����nZaZ�\g_^j_gby��Z��b�nhlh]jZnby�rebnZ�]jZgblZ����nZaZ�\g_^j_gby��b). 

[Fig. 2. A photograph of a monzodiorite microsection, first interstitial phase (a), a photograph of a granite microsection, 

second interstitial phase (b).] 

 

l_evgh dk_ghfhjn_g� k� \ujZ`_gghc� fbdjhdebgh\hc�

j_rzldhc��i_eblbabjh\Zg��ij_h[eZ^Zxsbc�jZaf_j��±

��ff� 

Jh]h\Zy�h[fZgdZ \�\b^_�ijbafZlbq_kdbo�azj_g��jZa�

f_jhf��±��ff), k�dhkuf�ih]ZkZgb_f��Ng 12±13�), \�hk�

gh\ghf�]bib^bhfhjngZ��KiZcghklv�kh\_jr_ggZy ih^�

m]ehf������<�ijhoh^ys_f�k\_l_�ie_hojhbjm_l�\ a_e_gh�

\Zluo lhgZo��Khhl\_lkl\m_l�h[udgh\_gghc�jh]h\hc�h[�

fZgd_� 

Dk_ghfhjngu_�\dexq_gby�oehjblZ�nhjfbjmxl�hl�

^_evgu_�]gza^Z��e_i_kldb��q_rmcdb�jZaf_jhf 1±��ff��

<�ijhoh^ys_f�k\_l_�ie_hojhbjm_l�\�a_e_gh\Zluo�lh�

gZo��\�kdj_s_gguo�gbdheyo�bf__l�ZghfZevgmx�lzfgh-

kbgxx�^h�nbhe_lh\hc�hdjZkdm� 

Fhgph^bhjblu�� d\Zjp_\u_� ^bhjblu�� fhgphgblu��

Ihjh^u k\_leh-k_ju_��iheghdjbklZeebq_kdb_��kj_^g_�

a_jgbklu_��fZkkb\gu_��k�we_f_glZfb�]g_ckh\b^ghklb��

iehlgu_�� k� ]bib^bhfhjngha_jgbklhc� fbdjhkljmdlm�

jhc. =eZ\gu_� fbg_jZeu� ij_^klZ\e_gu� ieZ]bhdeZahf�

(30±40���� d\Zjp_f� �^h� ������ fbdjhdebghf� �hl� �� ^h�

������jh]h\hc�h[fZgdhc��hl�7 ̂ h�������\lhjhkl_i_ggu_�

± fmkdh\blhf��^h������\lhjbqgu_�± oehjblhf�b�khkkx�

jblhf��\�kmff_�^h������ 

AzjgZ�ieZ]bhdeZah\�]bib^bhfhjngu�k�ohjhrh�\u�

jZ`_ggufb�hq_jlZgbyfb�ahgZevguo�lZ[ebq_d�b�ijbaf��

k� ijhkluf� b� ihebkbgl_lbq_kdbf� ^\hcgbdh\Zgb_f��<�

ijhoh^ys_f�k\_l_�bf_xl�]jyagh-k_jmx�hdjZkdm�aZ�kqzl�

khkkxjblbaZpbb��Ij_h[eZ^Zxsb_� jZaf_ju� �±4.��ff��

Hgb�\�hkgh\ghf�k_jbpblbabjh\Zgu�b�khkkxjblbabjh�

\Zgu��K_jbpbl�f_edhq_rmcqZluc�� ahehlbklh]h�p\_lZ��

Khkkxjbl�h[jZam_l�a_febklu_�fZkku��jZa\b\Zxsb_ky�

\�\b^_�iyl_g��K_jbpblbaZpby�ij_h[eZ^Z_l�gZ^�khkkx�

jblbaZpb_c�� AzjgZ� ieZ]bhdeZah\� khk_^kl\mxl� ^jm]� k�

^jm]hf��bgh]^Z�ijhkljZgkl\h�f_`^m�gbfb� aZiheg_gh�

f_edbfb�\u^_e_gbyfb�d\ZjpZ��fbdjhdebgZ�beb�jh]h�

\hc�h[fZgdhc��<klj_qZxlky�azjgZ�ieZ]bhdeZah\�k�hlh�

jhqdhc�� knhjfbjh\Zgghc� azjgZfb� wlh]h� fbg_jZeZ�

f_gvrbo�jZaf_jh\��k�qzldh�\ujZ`_ggufb�ihebkbgl_�

lbq_kdbfb�^\hcgbdZfb� 

D\Zjp h[jZam_l dk_ghfhjngu_�� g_ijZ\bevguo�

hq_jlZgbc azjgZ�� k� \hegbkluf�ih]ZkZgb_f��jZaf_jhf�

2±��ff��<�ijhoh^ys_f�k\_l_ ijhajZq_g��bgh]^Z� aZ�kqzl�

fbg_jZevguo�\dexq_gbc��fmlguc��QZklh�\uklmiZ_l�\�

dZq_kl\_� aZihegbl_ey� ijhkljZgkl\� f_`^m� \u^_e_gb�

yfb�^jm]bo�fbg_jZeh\� 

Fbdjhdebg�\klj_qZ_lky�\�\b^_�azj_g�dk_ghfhjnghc�

nhjfu��k�ykgh�\ujZ`_gghc�fbdjhdebgh\hc�j_rzldhc��

k� ij_h[eZ^Zxsbf� jZaf_jhf� �±�� ff�� <� ijhoh^ys_f�

k\_l_�bf_xl�fmlgmx��[mjh\Zlmx�hdjZkdm�aZ�kqzl�i_eb�

lbaZpbb� 

Jh]h\Zy�h[fZgdZ�]bib^bhfhjngZ�h[jZam_l�ijbafZ�

lbq_kdb_�� m^ebgzggu_�� ahgZevgu_� djbklZeeu k� jh\�

gufb��bgh]^Z�am[qZlufb�djZyfb� jZaf_jhf��±��ff��\�

ijhoh^ys_f�k\_l_�a_ezgu_��yjdh-a_ezgu_��[mjh\Zlh-a_�

ezgu_�� 

Fmkdh\bl�dk_ghfhjn_g��\klj_qZ_lky�\�\b^_�lZ[eb�

q_d�jZaf_jhf�hdheh���ff��<�ijhoh^ys_f�k\_l_�[_kp\_�

l_g�� kh� keZ[h� a_e_gh\Zluf� hll_gdhf�� JZa\b\Z_lky� ih�

ieZ]bhdeZaZf�dZd�\�\b^_�hl^_evguo�q_rm_d��lZd�b�f_e�

dhZ]j_]Zlghc�fZkku� 

Oehjbl�h[uqgh�aZf_sZ_l�jh]h\mx�h[fZgdm��h[jZ�

amy�hl^_evgu_�]gza^Z��k]mkldb��q_rmb�ij_h[eZ^Zxsbo�

jZaf_jh\��±��ff��<�ijhoh^ys_f�k\_l_�bf__l�a_ezgmx�

hdjZkdm��ijb�\\_^zgghf�ZgZebaZlhj_�lzfgh-kbgxx�^h�

nbhe_lh\hc�  

<�]jZgblhb^Zo�i_j\hc�nZau�\�ijhlhehqdZo�mklZgh\�

e_gu�pbjdhg��hl�����^h�����]�l���ZiZlbl��hl�����^h�����

]�l���fZ]g_lbl��hl�����^h�����]�l���kn_g��hl�����^h���0 

]�l���hjlbl��hl�����^h�����]�l���]jZgZl��hl�����^h�����]�l��

b�ibjbl��hl����^h�����]�l�. 

=jZgblu�\lhjhc�nZau�k\_leh-k_ju_�k�jhah\uf��jZa�

ghc� kl_i_gb� bgl_gkb\ghklb�� hll_gdhf�� iheghdjbklZe�

ebq_kdb_, f_edh-kj_^g_a_jgbklu_��fZkkb\gu_��iehlgu_ 

(jbk� 2b)�� GZ[ex^Z_fZy� \� rebn_� fbdjhkljmdlmjZ� ± 

]bib^bhfhjngha_jgbklZy�� ]jZgblh\Zy�� Fbg_jZevguc�

khklZ\�ij_^klZ\e_g�ieZ]bhdeZahf����±������fbdjhdeb�

ghf� ���±������ d\Zjp_f� ���±������ fmkdh\blhf� ������

[bhlblhf�������Ijbkmlkl\mxl�khkkxjbl�b�oehjbl�\�dZ�

q_kl\_�\lhjbqguo�fbg_jZeh\�\�dhebq_kl\_�^h���� 

Ij_h[eZ^Zxsbc�jZaf_j�]bib^bhfhjnguo��j_`_�dk_�

ghfhjnguo�azj_g�ieZ]bhdeZah\��±��ff��<�azjgZo�i_j�

\h]h�lbiZ�m]Z^u\Zxlky�hq_jlZgby�lZ[ebq_d�b�ijbaf� hgb�

khklZ\eyxl�hdheh������gZ�\lhjhc�ijboh^blky hdheh 

�����<�hkgh\ghc�fZkk_�hgb�khkkxjblbabjh\Zgu�b� k_-
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jbpblbabjh\Zgu��K_jbpbl�f_edhq_rmcqZluc��

h[jZam_l�qZklh�Z]j_]Zlu��Khkkxjbl�khkj_^hlh�

q_g��\�hkgh\ghf��\�p_gljZevghc�qZklb�azj_g� 

Fbdjhdebg �azjgZ��±��ff���\�ih^Z\eyxs_f�

[hevrbgkl\_� �hdheh� ������ dk_ghfhjnguc� k�

ohjhrh� \ujZ`_gghc� fbdjhdebgh\hc� j_rzl�

dhc��FmlgZy�� [mjh\ZlZy� hdjZkdZ� azj_g� wlh]h�

fbg_jZeZ�mdZau\Z_l�gZ�bo bgl_gkb\gmx�i_eb�

lbaZpbx. IjhkljZgkl\h� f_`^m� azjgZfb� ieZ�

]bhdeZaZ�b�fbdjhdebgZ aZiheg_gh�lhgdbf�Z]�

j_]Zlhf wlbo�fbg_jZeh\�b�d\Zjp_f�� 

D\Zjp�bf__l�g_ijZ\bevgu_�hq_jlZgby�b�oZ�

jZdl_jbam_lky�\hegbkluf�ih]ZkZgb_f��<�ijh�

oh^ys_f� k\_l_� _]h� azjgZ� ijhajZqgu��g_dhlh�

ju_� ba� gbo� aZfmlg_gu� ba-aZ� gZebqby� fbd�

jh\dexq_gbc��JZaf_j�dhe_[e_lky�hl�^he_c�ff�

^h���ff��ij_h[eZ^Zxl�azjgZ�hdheh���ff� 

Fmkdh\bl� h[jZam_l dk_ghfhjngu_ q_�

rmcdb� ih^Z\eyxs__� bo� dhebq_kl\h� �hdheh�

�����bf__l�jZaf_j�hdheh ��ff� JZa\b\Z_lky�ih�

ieZ]bhdeZaZf�± dZd�\�\b^_�djmiguo�ebklhqdh\��

lZd�b�\ \b^_�f_edhq_rmcqZluo�Z]j_]Zlh\.  

;bhlbl� nhjfbjm_l� q_rmcdb b� ieZklbgdb 

ij_bfms_kl\_ggh�jZaf_jhf��±��ff��\�ijhoh�

^ys_f� k\_l_� ie_hojhbjm_l \� a_e_gh\Zlh-dh�

jbqg_\uo�lhgZo��aZf_sZ_lky�oehjblhf� 

Oehjbl� jZa\b\Z_lky� ih� [bhlblm�� h[jZamy�

hl^_evgu_�]gza^Z��e_i_kldb��q_rmcdb�\�hkgh\�

ghf� f_`^m� azjgZfb� fbdjhdebgZ b� ieZ]bh�

deZaZ. <�ijhoh^ys_f�k\_l_�ie_hojhbjm_l \�a_�

ezguo�lhgZo��<�kdj_s_gguo�gbdheyo�hdjZkdZ 

j_adh�ZghfZevgZy�± lzfgh-kbgyy��nbhe_lh\Zy�  

Ki_dlj�Zdp_kkhjguo�fbg_jZeh\��hp_gzgguo�

ih�ij_^klZ\bl_evghc�ijhlhehqd_� ���� d]���hlh�

[jZgghc� ba� p_gljZevghc� qZklb� fZkkb\Z�� keh�

`_gghc� ]jZgblZfb� \lhjhc� nZau�� b^_glbq_g�

i_j\hc��hlebqZykv�ebrv�dhebq_kl\_ggh��Kj_^b�

gbo�hij_^_e_gu�pbjdhg� ����� ]�l��� ZiZlbl� �����

]�l��� fZ]g_lbl� ����� ]�l��� kn_g� ����� ]�l��� hjlbl�

�����]�l���]jZgZl�����]�l���ibjbl������]�l�� 

Ih�^Zgguf j_gl]_ghkljmdlmjgh]h�ZgZebaZ 

(JK:) \�]jZgblhb^Zo�h[_bo�nZa�ihfbfh�d\ZjpZ�

hlf_qZ_lky�ijbkmlkl\b_� ljb^bfblZ�� bgh]^Z� \�

kms_kl\_gguo�h[tzfZo��FZdkbfZevgh_�_]h�dh�

ebq_kl\h�oZjZdl_jgh�^ey�^bhjblh\ i_j\hc�nZ-

au��ijh[Z���������]^_ ^hklb]Z_l���.����ijb�kh�

^_j`Zgbb�d\ZjpZ���.����Ljb^bfbl�oZjZdl_j_g�

b�^ey�]jZgblh\�\lhjhc�nZau��^h��.���ijb�kh�

^_j`Zgbb�d\ZjpZ���.�����<�p_ehf��gZf_qZ_lky�

ijyfZy�dhjj_eypby�f_`^m�dhebq_kl\hf�ljb^b�

fblZ�b�jZkqzlghc�l_fi_jZlmjhc�ieZ\e_gby� 

F_lh^hf�JK:�\�ihjh^Zo, ij_l_ji_\rbo�km�

s_kl\_ggu_�\lhjbqgu_�ij_h[jZah\Zgby, mklZ�

gZ\eb\Zxlky� ^\_ jZagh\b^ghklb oehjblZ�

�ijh[Z����17��k�h[sbf�kh^_j`Zgb_f ^h��.4%. 

J_^dh�\klj_qZ_lky� kZgb^bg b� kh^Zebl��Djhf_�

ihjh^hh[jZamxsbo fbg_jZeh\�� hlf_qZ_lky�

rbjhdbc� ki_dlj� kh_^bg_gbc� f_lZeeh\ 

(lZ[e� 1).  

LZ[e 1. J_amevlZlu j_gl]_ghkljmdlmjgh]h ZgZebaZ ijh[u 97-17 

[Table 1 Results of the X-ray diffraction analysis of sample 97-17] 

NZaZ 

[Phase] 

Kh^_j`Zgby (%) 

[Weight (%)] 

Ih]j_rghklv 

[Accuracy] 

:ev[bl�[Albite] 39.1 1.06 

D\Zjp�[Quartz] 23.3 0.62 

Fbdjhdebg�[Microcline] 8 0.52 

Ljb^bfbl�[Tridymite] 7.2 1.96 

Oehjblhb^�[Chloritoid] 2.5 0.34 

=hjg[e_g^bl 

[Hornblendite] 
2.5 0.49 

KZgb^bg�[Sanidine] 2.4 0.47 

Hdkb^�lblZgZ 

[Titanium oxide] 
1.8 0.28 

Oehjbl�[Chlorite] 1.7 0.3 

Oehjbl��^bhdl� 

[Chlorite. dioct.] 
1.7 0.57 

Kb^_jbl�[Siderite] 1.4 0.14 

Re3O10 Hdkb^�j_gby�

[Rhenium oxide] 
0.9 0.11 

Kh^Zebl 

[Sodalite] 
0.6 0.16 

Ljb^bfbl 

[Tridimite] 
0.6 0.19 

;bhlbl�[Biotite] 0.5 0.34 

FZg]Zghojhfbl 

[Manganochromite] 
0.5 0.11 

Fbee_jbl 

[Millerite] 
0.4 0.12 

Kmevnb^�1L 

[Ni sulphide] 
0.4 0.08 

Ljbhdkb^�&U 

[Cr trioxide] 
0.4 0.12 

Re Si KbebdZl j_gby 

[Rhenium silicate] 
0.4 0.03 

Nlhj��FZ]gbc 

[Fluoride. magnesium] 
0.4 0.12 

Nlhj��Gbd_ev 

[Fluoride.nickel] 
0.3 0.09 

>_k_e_gb^�5K 

[Rh diselenide] 
0.3 0.07 

OZevdhibjbl 

[Chalcopyrite] 
0.3 0.06 

Re2PbO8  0.3 0.04 

Bh^bl f_^b 

[Copper iodide] 
0.3 0.05 

ReSi2 0.2 0.04 

Kmevnb^�&R 

[Co sulphide] 
0.2 0.1 

>bkmevnb^�5X 

[[Ru disulphide] 
0.2 0.07 

K_e_gb^�1L 

[Ni selenide] 
0.2 0.06 

K_e_gb^�&R 

[Co selenide] 
0.2 0.07 

>bZjk_gb^�3G 

[Pd diarsenide] 
0.2 0.07 

Bh^bl f_^b 

[Copper iodide] 
0.2 0.04 

IrSb3 [IrSb3] 0.2 0.04 

:exfbgZl�$X 

[Au aluminate] 
0.1 0.02 
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I_ljhobfby 

Ih�j_amevlZlZf�j_gl]_ghnemhj_kp_glgh]h�ZgZebaZ�

(JN:) ihjh^u� i_j\hc� nZau� gZ� deZkkbnbdZpbhgghc�

^bZ]jZff_� �6L22 ± Na2O+K2O) \Zjvbjmxl�\�rbjhdhf�

^bZiZahg_�hl�^bhjblh\�b�d\Zjp_\uo�fhgph^bhjblh\�^h�

]jZgh^bhjblh\�b� ]jZghkb_gblh\ (lZ[e�� ���jbk� 3)��Ih�

jh^u�\lhjhc�nZau�hl\_qZxl�ih�khklZ\m�]jZgblZf�b�e_c�

dh]jZgblZf�mf_j_gghc�szehqghklb��<�p_ehf�ihjh^u�

h[_bo�nZa�nhjfbjmxl�]hfh^jhfgmx�ZkkhpbZpbx��h[-

jZamxsmx� _^bguc� g_ij_ju\guc� jy^� k� jZ\ghf_jgh�

jZkij_^_ezggufb�gZ�^bZ]jZff_�nb]mjZlb\gufb� lhq�

dZfb�� ih^qzjdb\Zxsbfb� w\hexpbhgguc� oZjZdl_j� b�

]_g_lbq_kdh_�jh^kl\h�jZkieZ\h\� 

GZ� oZjd_jh\kdhc� ^bZ]jZff_� �6L22 ± Na2O+K2O - 

CaO) lhqdZ�i_j_k_q_gby�lj_g^h\�s_ehq_c�b�KZH (dh�

wnnbpb_gl� IbdhdZ)�� hl\_qZ_l� kh^_j`Zgbx�

SiO2=57.����qlh iha\hey_l�hlg_klb�ZkkhpbZpbx�d�ba�

\_kldh\h-s_ehqghc�k_jbb (jbk� 4). 

 

 

 

 

 

 

 

 
Jbk�����Nb]mjZlb\gu_�lhqdb�kh�

klZ\h\� ]jZgblhb^h\ >DF� gZ�

deZkkbnbdZpbhgghc� ^bZ]jZff_�

b� \ZjbZpbb� baf_g_gby� lj_g^h\�

kmffu�s_ehq_c�b�KZH��Mkeh\�

gu_�h[hagZq_gby��1 ± ��nZaZ�]_g_�

jZpbb��]jZgblhb^u���2 ± ��nZaZ�]_�

g_jZpbb� �e_cdhdjZlh\u_� ]jZ�

gblu�.  

[Fig. 3. Figurative points of the 

compositions of the DCM granit-

oids in the classification diagram 

and variations in the change in 

trends of the sum of alkalis and 

CaO. Legend: (1) ± first generation 

phase (granitoids); (2) ± second gen-

eration phase (leucocratic granites).]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jbk�� �� Nb]mjZlb\gu_� lhqdb� ghjfZlb\�

guo�khklZ\h\�gZ�^bZ]jZff_�:��Rlj_dZc�

a_gZ��Mkeh\gu_�h[hagZq_gby��1 ± ��nZaZ�]_�

g_jZpbb��]jZgblhb^u���2 ±��nZaZ�]_g_jZpbb�

�e_cdhdjZlh\u_�]jZgblu�� 
[Fig. 4. Figurative points of norms in the di-

agram by A. Streckeisen. Legend: (1) ± first 

generation phase (granitoids); (2) ± second 

generation phase (leucocratic granites).] 
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GZ� ^bZ]jZff_�Rlj_dZca_gZ nb]mjZlb\gu_� lhqdb�

ghjfZlb\guo�khklZ\h\�ihjh^�h[jZamxl�k]ms_gby��kh�

hl\_lkl\mxsb_��]eZ\guf�h[jZahf��iheyf�]jZgh^bhjb�

lh\ b�]jZgblh\�b�qZklbqgh�d\Zjp_\uo fhgph^bhjblh\ 

(jbk� 5). 

>ey�]jZgblhb^h\, dZd�^ey�i_j\hc��lZd�b�^ey�\lhjhc�

nZa, oZjZdl_jgZ�ij_h[eZ^ZxsZy��hdheh���� \k_o�ZgZ�

ebah\��^bhikb^� ± ghjfZlb\ghklv� �hl� ��^h� �����QZklv�

ihjh^�dhjmg^hghjfZlb\gu��hl��.��^h�����b�kh\k_f�g_-

agZqbl_evgZy�qZklv�ih�wlbf�ihdZaZl_eyf�©g_cljZevgZª� 

<k_�i_j_qbke_ggu_�^Zggu_�k\b^_l_evkl\mxl�h�ih^dh�

jh\hf�ijhbkoh`^_gbb�jh^hgZqZevguo jZkieZ\h\�k�qZ�

klbqguf� \ebygb_f� dhjh\h]h� km[kljZlZ (lZ[e�� 3). Ih�

^h[gu_� mf_j_ggh� ]ebghazfbklu_� ]jZgblhb^u� fh]ml�

\hagbdZlv�b�aZ�kqzl�k_e_dlb\gh]h�ieZ\e_gby�gb`g_dhjh�

\h]h�km[kljZlZ��h�qzf�k\b^_l_evkl\m_l�hlghkbl_evgh�\u�

khdh_�kh^_j`Zgb_�dZeby��hl��.��^h��.����\�]jZgblhb^Zo�

b�^h�����Z�\�hl^_evguo�kemqZyo�^h����, \�]jZgblZo�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jbk���� =_h^bgZfbq_kdZy�ihabpby�]jZgblhb^h\�ih�:��

Rlj_dZca_gm� 

[Fig. 5. Geodynamic position of granitoids according to 

A. Streckeisen.] 

 

LZ[e���� LZ[ebpZ�kj_^gbo�ghjfZlb\guo�kh^_j`Zgbc�fbg_jZeh\�\�]jZgblhb^Zo�>DF 

[Table 3. Table of average standard contents of minerals in the DCM granitoids] 

Fbg_jZe  

[Mineral] 

I_ljhlbi  

[Petrotype] 

=jZgblhb^u 

[Granitoids] 

=jZgblu 

[Granites] 

Kj_^g__ 

kh^_j`Zgb_�

(%) 

[Average 

content (%)] 

D\Zjp [Quartz] 19.5 26 

IeZ]bhdeZa�[Plagioclase] 41.5 32 

HjlhdeZa�[Orthoclase] 19.5 31 

Dhjmg^�[Corundum] 1 3 

>bhikb^�[Diopside] 3.5 2 

=bi_jkl_g�[Hypersthene] 6 2 

<heeZklhgbl�[Wollastonite] 0 3 

=_fZlbl�[Hematite] 7.5 3 

:iZlbl�[Apatite] 0.4 0.3 

Kn_g�[Sphen] 1.5 0 

Jmlbe�[Rutile] 1 0 

:dfbl�[Acmite] 0 4 

 

KjZ\g_gb_� kj_^gbo�ghjfZlb\guo� khklZ\h\�ihjh^�

i_j\hc� b� \lhjhc�nZa (lZ[e�� �� ihdZau\Z_l� aZf_lgh_�

m\_ebq_gb_�dhebq_kl\�d\ZjpZ�\�ihjh^Zo�\lhjhc�nZau�

�k���.��^h������b�hjlhdeZaZ��k���.��^h������b�kgb`_�

gb_�ieZ]bhdeZaZ��k���.��^h�������Ijb�wlhf�mf_gvrZ�

xlky�kh^_j`Zgby�kn_gZ��k��.5 ^h����b�jmlbeZ��k��.0 ^h�

0)��ihy\eyxlky�ghjfZlb\guc�\heeZklhgbl������b�Zd�

fbl (4.����� Kj_^g__� kh^_j`Zgb_� ghjfZlb\gh]h� dh�

jmg^Z� \� ihjh^Zo� i_j\hc�nZau� ���� Z� \h� \lhjhc� ����

Kj_^gb_�ghjfZlb\gu_�kh^_j`Zgby�^bhikb^Z��gZh[h�

jhl�mf_gvrZxlky�k��.��^h�����Ijbkmlkl\b_�\�kj_^gbo�

ghjfZlb\guo�khklZ\Zo�h^gh\j_f_ggh�dhjmg^Z�b�^bhi-

kb^Z� k\b^_l_evkl\mxl�h� ]b[jb^ghc� �dhjh\h-fZglbc�

ghc��ijbjh^_�bkoh^guo�jZkieZ\h\��knhjfbjh\Z\rbo�

fZkkb\� 

=_hobfbq_kdb_�hkh[_gghklb�]jZgblhb^h\�bamq_gu�

ih�\Zeh\uf�ijh[Zf��jZkijhkljZgzggu_�we_f_glu-ijb�

f_kb�b�5((��b�fhghnjZdpbyf�pbjdhgh\� 

Kh^_j`Zgb_�\ZgZ^by gZoh^blky�gZ�mjh\g_�deZjdh�

\h]h��Z�^jm]bo�©fZglbcguoª�we_f_glh\��ojhfZ��gbd_ey��

dh[ZevlZ�b�f_^b) gb`_�deZjdh\h]h��GZ^deZjdh\u_ dhg�

p_gljZpbb�oZjZdl_jgu�̂ ey�eblhnbeh\��jm[b^by��kljhg�

pby��[Zjby��p_aby���Z�lZd`_ ^ey�blljby��pbjdhgby�b gb�

h[by��lZ[e� 5). 
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Ih\_^_gb_�5((�\�]jZgblhb^Zo�>Zoh\kdh]h fZkkb\Z�

jZg__� [ueh� bamq_gh� Kg_`dh� <� :�� k� khZ\lhjZfb� >�]. 

Kj_^g__� kh^_j`Zgb_ 5((�bfb� mklZgh\e_gh�gZ� mjh\g_�

����SSP�\ ihjh^Zo i_j\hc�nZau��Z�\�]jZgblZo�\lhjhc�± 

153 ppm (lZ[e�� ����Ijb�wlhf�\ZjbZlb\ghklv�^ey�ihjh^�

i_j\hc�nZau�\_kvfZ�kms_kl\_ggZ��hl����^h�����ppm)��Z�

^ey�\lhjhc�agZqbl_evgh�gb`_� ����±202 SSP���qlh�ih^�

qzjdb\Z_l�[hevrmx�]_l_jh]_gghklv�jZkieZ\h\�i_j\hc�b�

hlghkbl_evgmx�]hfh]_gghklv�\lhjhc�nZa��>ey�]jZgblh�

b^h\� h[_bo�nZa� oZjZdl_jgu mf_j_ggh� ^bnn_j_gpbjh�

\Zggu_� lj_g^u� jZkij_^_e_gby� 5((� F� kms_kl\_gguf�

h[h]Zs_gb_f� /5((� �dhwnnbpb_glhf� njZdpbhgbjh\Z�

gby� /D�1E ��� �LREE/�HREE-10) b� keZ[h� ijhy\e_g�

guf�Eu fbgbfmfhf��Ihjh^u�koh`b�k�ohjhrh�bamq_g�

gufb I-]jZgblZfb�dhfie_dkZ�D_il_gk-;_c�>14]. Ihke_^-

g__�h[klhyl_evkl\h�ih^qzjdb\Z_l�g_agZqbl_evgmx�jhev�

Zfnb[heZ� ijb� djbklZeebaZpbhgghc� ^bnn_j_gpbZpbb�

bkoh^gh]h�jZkieZ\Z��qlh�h[uqgh�^ey�mkeh\bc�dhjh\hc�

fZ]fh]_g_jZpbb��Lj_g^u�m^b\bl_evgh�koh`b��qlh�ebr�

gbc�jZa�ih^qzjdb\Z_l ]_g_lbq_kdh_�jh^kl\h�jZkieZ\h\� 

=_hobfbq_kdb_�hkh[_gghklb�pbjdhgZ��ij_`^_�\k_]h�

hlghr_gb_� Zr/Hf�� bamq_ggh_� jZg__� >15@�� k\b^_l_ev�

kl\m_l� h� ]b[jb^ghc� ijbjh^_� bkoh^guo� jZkieZ\h\��<�

kj_^g_f� wlb� hlghr_gby� hl\_qZxl� bgl_j\Zem� ��±52 

�]jZgblguc�lbi�hlghr_gbc�ih� >16@���ohly�\�y^jZo�ah�

gZevguo�pbjdhgh\�hl^_evgu_�hij_^_e_gby�̂ Zxl�agZq_�

gby���±����qlh�oZjZdl_jgh�^ey�[he__�hkgh\guo�Zkkhpb�

Zpbc� Djhf_�+f��\�pbjdhgZo�aZnbdkbjh\Zgu�j_^dhf_�

lZevgu_�ijbf_kb Fe, Ca b�Y \�kh^_j`Zgbyo, g_�ij_\u�

rZxsbo�khluo�^he_c�ijhp_glh\� 

 

LZ[e���� Kj_^g__�kh^_j`Zgb_�5((�\�]jZgblhb^Zo�>DF 

[Table 6. Average REE content in the DCM granitoids] 

  Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

��nZaZ 

[Phase 1] 
15.23 30.9 55.6 5.95 18.1 5.27 0.93 3.78 0.54 3.15 0.51 1.63 0.26 1.73 0.25 

��nZaZ 

[Phase 2] 
20.64 34.5 65.5 7.49 23.7 5.88 1.22 4.67 0.71 3.95 0.69 1.89 0.29 2.1 0.3 

 

LZ[e���� Nbabq_kdb_�k\hckl\Z�]jZgblhb^h\�>Zoh\kdh]h�djbklZeebq_kdh]h�fZkkb\Z 

[Table 7. Physical properties of the granitoids in the DCM] 

GZbf_gh\Zgb_ 

ihjh^u 

[Name of the rock] 

Iehlghklv 

1��]�kf3 

>'HQVLW\�1��J���FP3] 

Kdhjhklv 

ijh^hevguo�\heg 

Vp��f�k 

[Longitudinal wave 

Velocity Vp. m/s] 

FZ]gblgZy 

\hkijbbfqb\hklv 

NÂ��-3 _^. KB 

[Magnetic susceptibility 

NÂ��-3 SI units] 

M^_evgh_ 

khijhlb\e_gb_ 

!��HfÂf 

>5HVLVWLYLW\�!��

2KPVÂP@ 

min 

[max] 

kj_^g__ 

[average] 

min 

[max] 

kj_^g__ 

[average] 

min 

[max] 

kj_^g__ 

[average] 

min 

[max] 

kj_^g__ 

[average] 

=jZgblhb^u���nZau 

[Granitoids, phase 1] 
2.67 

2.78 
2.72 

2212 

5208 
4300 

-0.507 

1.581 
0.271 

98.38 

591.25 
363.5 

=jZgblhb^u���nZau 

[Granitoids, phase 2] 

2.57 

2.67 
2.61 

2158 

5545 
4342 

-0.430 

1.743 
0.454 

71.14 

489.72 
248.2 

 
I_ljhnbabq_kdZy�oZjZdl_jbklbdZ 

]jZgblhb^h\�>DF 

J_amevlZlu� eZ[hjZlhjguo� baf_j_gbc� iehlghklb��

kdhjhklb�� fZ]gblghc� \hkijbbfqb\hklb� b� m^_evgh]h�

khijhlb\e_gby k\_^_gu�\�lZ[ebpm�7��>ey�[he__�ihe�

ghc� oZjZdl_jbklbdb� fZ]gblghc� \hkijbbfqb\hklb�

ijb\e_q_gZ bgnhjfZpby�ihe_\hc�dZiiZf_ljbb �[he__�

���� baf_j_gbc��� Ihemq_ggu_� ^Zggu_� ijhreb� klZg�

^Zjlgmx� h[jZ[hldm� k� ihkljh_gb_f� \ZjbZpbhgguo�

djb\uo� jZkij_^_e_gby� iZjZf_ljh\�� hij_^_e_gby� bo�

klZlbklbq_kdbo� oZjZdl_jbklbd� b� dhjj_eypbhgguo�

\aZbfhk\ya_c�� 

GZ�jbk� 6 ijb\_^_gu�\ZjbZpbhggu_�djb\u_�jZkij_�

^_e_gby�baf_j_gguo�iZjZf_ljh\�]jZgblhb^h\ dZ`^hc�

ba�^\mo�nZa�\g_^j_gby��OZjZdl_j�jZkij_^_e_gby�nbab�

q_kdbo� k\hckl\� ihjh^�� keZ]Zxsbo� fZedbgkdbc� dhf�

ie_dk��iha\hey_l�k�m\_j_gghklvx�\u^_eblv�i_ljhnbab�

q_kdb_�]jmiiu��ijbmjhq_ggu_�d�hij_^_e_gghfm�i_ljh�

eh]bq_kdhfm�lbim�]jZgblhb^h\� 

=jZgblhb^u�i_j\hc�nZau�oZjZdl_jbamxlky�kj_^g_c�

iehlghklvx��.72 ]�kf3��Ijb�wlhf�jZkij_^_e_gb_�iehl�

ghklb�ghkbl�yjdh�\ujZ`_gguc�[bfh^Zevguc�oZjZdl_j��

Wlh�iha\hey_l�ij_^iheh`blv�gZebqb_�\�\u[hjd_�^\mo�

i_ljhiehlghklguo� ih^]jmii� ihjh^� bf_xsbo� kj_^�

gxx�iehlghklv� �.���b� �.76 ]�kf3��Kj_^gyy�fZ]gblgZy�

\hkijbbfqb\hklv�]jZgblhb^h\�i_j\hc�nZau�khklZ\ey_l�

0.���Â��-3 _^�� KB�� FZdkbfZevgh_� ij_^klZ\bl_evkl\h�

^Zgguo�khkj_^hlhq_gh�\�ij_^_eZo�hl���^h��.�Â��-3 _^��

KB��<hafh`gh_�gZebqb_�\�jZfdZo�ihjh^�i_j\hc�nZau�

^\mo�i_ljh]jZnbq_kdbo�ih^]jmii�ih^q_jdb\Z_lky�oZ�

jZdl_jghc�Zkbff_ljb_c�\ZjbZpbhgghc�djb\hc�fZ]gbl�

ghc�\hkijbbfqb\hklb��<�ihevam�wlh]h�ij_^iheh`_gby�

]h\hjbl� lZd`_� [bfh^Zevguc� oZjZdl_j� jZkij_^_e_gby�

kdhjhklb�ijh^hevguo�\heg��jbk��6c���:gZeba�i_ljheh�

]bq_kdbo�hkh[_gghkl_c�h[jZaph\� ]hjguo�ihjh^�ihdZ�

au\Z_l��qlh�\u^_ey_fu_�\�jZfdZo�i_j\hc�nZau�i_ljh�

nbabq_kdb_�ih^]jmiiu� ij_^klZ\e_gu� khhl\_lkl\_ggh�

Zfnb[he-[bhlblh\ufb�]jZgh^bhjblZfb�b�^bhjblZfb-

fhgph^bhjblZfb� 
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Jbk���� <ZjbZpbhggu_�djb\u_�i_ljhnbabq_kdbo�iZjZf_l�

jh\�]jZgblhb^h\�>DF��Z ± iehlghklv��b ± fZ]gblgZy�\hkijb�

bfqb\hklv��c ± kdhjhklv�ijh^hevguo�\heg. 

[Fig. 6. Variation curves of the petrophysical parameters of 

DCM granitoids: (a) ± density, (b) ± magnetic susceptibility, (c) 

± longitudinal wave velocity.] 

 

Iehlghklv�ihjh^� hlghkbfuo�dh�\lhjhc�nZa_�\g_^�

j_gby� �e_cdhdjZlh\u_� ]jZgbl-Zieblu�� oZjZdl_jbam�

_lky�jZkij_^_e_gb_f�[ebadbf�d�ghjfZevghfm�kh�kj_^�

gbf�agZq_gb_f��.61 ]�kf3��qlh�kms_kl\_ggh�gb`_��q_f�

iehlghklv� h[jZah\Zgbc� i_j\hc� nZau�� Bo� fZ]gblgZy�

\hkijbbfqb\hklv�ghkbl�hlq_leb\h�\ujZ`_gguc�[bfh�

^Zevguc�oZjZdl_j��jbk��6b���Wlh�iha\hey_l�\u^_eblv�\�

jZfdZo�wlhc�]jmiiu�ihjh^�^\_�i_ljhnbabq_kdb_�ih^�

]jmiiu�� i_j\mx� kh� kj_^gbf� agZq_gb_f� iZjZf_ljZ 

0.���Â��-3 _^��KB�b�\lhjmx�± 1.���Â��-3 _^��KB��OZjZd�

l_jgh��qlh�\�i_j\hc�ih^]jmii_�\_khfh_�ij_^klZ\bl_ev�

kl\h� bf_xl� ^bZfZ]gblgu_� jZaghklb� ihjh^�� Kj_^gyy�

kdhjhklv� ijh^hevguo� \heg� ^ey� ]jZgblhb^h\� \lhjhc�

nZau�khklZ\ey_l������f�k��qlh�b^_glbqgh�]jZgblhb^Zf�

i_j\hc�nZau�\g_^j_gby��Hlf_lbf�g_agZqbl_evgmx�e_�

\mx�Zkbff_ljbx�\ZjbZpbhgghc�djb\hc�kdhjhklb��jbk��

6\���qlh�k\b^_l_evkl\m_l�h�\hafh`ghf�\ebygbb�gZ�wlhl�

iZjZf_lj�gZeh`_gguo�ijhp_kkh\� 

K\_^_gby�h[�m^_evghf�we_dljbq_kdhf�khijhlb\e_�

gbb�]jZgblhb^h\��lZ[e� 7��ij_^hklZ\e_gu�<� G��Dhjh�

[hf��\�h[h[s_gghf�\b^_�hgb�ijb\_^_gu�\�jZ[hl_� >6]. 

Wlhl�iZjZf_lj�hij_^_e_g�^ey�h]jZgbq_ggh]h�dhebq_�

kl\Z�h[jZaph\, m\eZ`g_gguo�\�eZ[hjZlhjguo�mkeh\byo��

Gbadb_� agZq_gby�khijhlb\e_gby�ihjh^�fh`gh�h[tyk�

gblv�ih\ur_gghc�ihjbklhklvx h[jZaph\, hlh[jZgguo�

ba�h[gZ`_gbc��DZd�ba\_klgh��ijh\h^bfhklv�]hjguo�ih�

jh^�\h�fgh]hf�hij_^_ey_lky�bo�\eZ]hgZkus_gghklvx��

Ih\ur_ggZy�ihjbklhklv��ih�\k_c�\b^bfhklb��kdZaZeZkv�

b�gZ�bamq_gghf�kdhjhklghf�iZjZf_lj_��<�p_ehf��hij_�

^_e_ggu_�gZfb�agZq_gby�kdhjhkl_c ijh^hevguo�\heg�

gb`_�� q_f� \� ZgZeh]bqguo� ihjh^Zo� ^jm]bo� j_]bhgh\�

[17@��L_f�g_�f_g__��bf_xsb_ky�^Zggu_�h[�we_dljhijh�

\h^ghklb�iha\heyxl�ij_^iheh`blv�^bnn_j_gpbZpbx�

ihjh^� i_j\hc� b� \lhjhc� nZa� \g_^j_gby� ± jZaebqb_� \�

kj_^gbo� agZq_gbyo� m^_evgh]h� khijhlb\e_gby� khklZ\�

ey_l�[he__����� 

GZ�hkgh\_�kh\hdmighklb�j_amevlZlh\�bamq_gby�nb�

abq_kdbo�k\hckl\�]jZgblhb^h\�>Zoh\kdh]h�djbklZeeb�

q_kdh]h�fZkkb\Z� khklZ\e_gZ� _]h�i_ljhnbabq_kdZy�fh�

^_ev�>�@��jbk��7���Ba�g__�ke_^m_l��qlh�jZaebqgu_�bo�lbiu�

^hklZlhqgh�q_ldh�^bnn_j_gpbjmxlky�ih�i_ljhnbabq_�

kdbf�iZjZf_ljZf��Ij_^eh`_ggZy�fh^_ev�\�kh\hdmigh�

klb�k�i_ljheh]bq_kdbfb�oZjZdl_jbklbdZfb�ihjh^�fh�

`_l�kem`blv�hkgh\hc�^ey�ijbf_g_gby�]_hnbabq_kdbo�

f_lh^h\� ijb� ]em[bgguo� bkke_^h\Zgbyo�� ]_heh]bq_�

kdhf�dZjlbjh\Zgbb�b�ihbkdZo�ihe_aguo�bkdhiZ_fuo� 

 

 

 
Jbk���� I_ljhnbabq_kdZy�fh^_ev�]jZgblhb^h\�>Zoh\kdh]h�djbklZeebq_kdh]h�fZkkb\Z� 

[Fig. 7. Petrophysical model of granitoids in the DCM.] 
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OZjZdl_j�\aZbfhk\ya_c�bamq_gguo�i_ljhnbabq_kdbo�

iZjZf_ljh\�beexkljbjm_lky�jbk�����Ba�g_]h�ke_^m_l��qlh�

dZ`^Zy�ba�nZa�]_g_jZpbb�]jZgblhb^h\�oZjZdl_jbam_lky�

q_ldh� \ujZ`_gguf� ©h[eZdhfª�� <� fZdkbfZevghc� kl_�

i_gb�wlh�oZjZdl_jgh�̂ ey�khhlghr_gbc�©iehlghklv�± fZ]�

gblgZy�\hkijbbfqb\hklvª�b�©iehlghklv�± kdhjhklvª��<�

[he__�aZ\mZebjh\Zgghc�nhjf_�h[gZjm`b\Z_lky�\aZbfh�

k\yav�f_`^m�kdhjhklvx�ijh^hevguo�\heg�b�fZ]gblghc�

\hkijbbfqb\hklvx�^ey�dZ`^h]h�ba�\u^_ey_fuo�lbih\�

ihjh^��jbk���b���<�^Zgghf�kemqZ_�©h[eZdZª�kms_kl\_ggh�

i_j_dju\Zxlky��<�ij_^_eZo�dZ`^hc�ba�]jmii�]jZgblhb�

^h\� \_khfuo� dhjj_eypbhgguo� k\ya_c� f_`^m� bamq_g�

gufb�iZjZf_ljZfb�g_�mklZgh\e_gh� 

GZb[he__�ihdZaZl_evguf�\� wlhf�hlghr_gbb�y\ey�

_lky�ihe_�\aZbfhk\yab�iehlghklb�b�fZ]gblghc�\hkijb�

bfqb\hklb��jbk���Z���iha\heyxs__�gZ]ey^gh�ijh^_fhg-

kljbjh\Zlv�^bnn_j_gpbZpbx�ihjh^�fZedbgkdh]h�iem�

lhgbq_kdh]h�dhfie_dkZ�ih�\u[jZgguf�iZjZf_ljZf� 

<aZbfhk\yav�nbabq_kdbo�k\hckl\�b�]_hobfbq_kdbo�

hkh[_gghkl_c� \k_o� lbih\� ]jZgblhb^h\� bkke_^h\Zgu�

^ey�\k_o�h[jZaph\��dhlhju_�bamq_gu�j_gl]_ghnemhj_k�

p_glguf b j_gl]_ghkljmdlmjguf�ZgZebaZfb \�jZfdZo�

gZklhys_]h� bkke_^h\Zgby�� <Z`gh� lh�� qlh� ijh[u� ^ey�

ZgZeblbq_kdbo�bkke_^h\Zgbc ]hlh\bebkv�ba�l_o�`_�h[�

jZaph\�� dhlhju_� ih^\_j]Zebkv� i_ljhnbabq_kdbf� bk�

ke_^h\Zgbyf��Wlh�kms_kl\_ggh�ih\urZ_l�kl_i_gv�^h�

klh\_jghklb�ihemq_gguo�j_amevlZlh\�� 

Ih�j_amevlZlZf�bkke_^h\Zgby�gZf_qZ_lky�qzldh�\u�

jZ`_gguc�lj_g^�k\yab�nbabq_kdbo�iZjZf_ljh\ k�\_s_�

kl\_ggufb�oZjZdl_jbklbdZfb�]jZgblhb^h\��GZ�jbk��9 

wlh�beexkljbjm_lky� aZ\bkbfhklyfb�iehlghklb�hl� kh�

^_j`Zgby�hdkb^h\� 

 

 
 

 

 
Jbk���� <aZbfhk\yav�i_ljhnbabq_kdbo�iZjZf_ljh\�]jZ�

gblhb^h\�>DF��Z ± fZ]gblgZy�\hkijbbfqb\hklv�b�iehl�

ghklv��b ± fZ]gblgZy�\hkijbbfqb\hklv�b�kdhjhklv�ijhoh`�

^_gby� ijh^hevguo� \heg�� c ± kdhjhklv� ijhoh`^_gby� ijh�

^hevguo�\heg�b�iehlghklv. 

[Fig. 8. Correlation between the petrophysical parameters of 

granitoids in the DCM: (a) magnetic susceptibility and den-

sity; (b) magnetic susceptibility and longitudinal wave velocity; 

(c) longitudinal wave velocity and density.] 

 

<�qZklghklb��\aZbfhk\yav�iehlghklb�b�kmffZjgh]h�

kh^_j`Zgby�hdkb^h\�`_e_aZ�b�fZ]gby�ghkbl�oZjZdl_j�

ijyfhc�ebg_cghc�aZ\bkbfhklb��jbk���Z���Koh^guc�oZ�

jZdl_j�hlghkblky d aZ\bkbfhklyf�hl�hdkb^h\ dZevpby�b�

Zexfbgby��jbk���b b��c���AZ\bkbfhklb��h[mkeh\e_ggu_�

kh^_j`Zgb_f� s_ehq_c� �jbk�� �d�� b� d\ZjpZ� �jbk�� �e), 

bf_xl�yjdh�\ujZ`_ggmx�h[jZlgmx�ebg_cgmx�aZ\bkb�

fhklv� 

 

=_h^bgZfbdZ 

=_h^bgZfbq_kdZy�lbibaZpby�]jZgblh\�gZ�hkgh\_�bo�

\_s_kl\_gguo�ijbagZdh\�rbjhdh�\hreZ�\�ijZdlbdm�j_�

]bhgZevguo�bkke_^h\Zgbc�b�\�gZklhys__�\j_fy�y\ey�

_lky� h[yaZl_evguf� dhfihg_glhf� nmg^Zf_glZevguo�

ihkljh_gbc�b�]_h^bgZfbq_kdh]h�fh^_ebjh\Zgby��<f_�

kl_�k�l_f� ih�f_j_�gZdhie_gby�nZdlbq_kdbo�^Zgguo�ih�

]jZgblhb^Zf�jZaebqguo�j_]bhgh\�b�\hajZklguo�mkeh�

\bc�bo�ijhy\e_gby��ihy\ey_lky�\k_�[hevr_�bgnhjfZ�

pbb�h� lhf��qlh�bkihevam_fu_�^bkdjbfbgZglgu_�^bZ�

]jZffu� >��@ g_� \k_]^Z� jZ[hlZxl� wnn_dlb\gh�� QZklh�

\hagbdZxl�kemqZb�g_hij_^_e_gghklb�]_h^bgZfbq_kdhc�

ijbjh^u� ]jZgblh\�� kh\f_sZxsb_� \� k_[_� ]_hobfbq_�

kdb_�ijbagZdb�ihjh^��bkdexqZxsbo \hafh`ghklb h^�

ghagZqgh]h� j_r_gby�� <� dZ`^hf� dhgdj_lghf� kemqZ_�

ijbqbgu�ih^h[gh]h�©k[hyª fh]ml�[ulv�jZagu_��aZ\bky 

hl�fgh]hh[jZaguo�nZdlhjh\��qZklh�ijhlb\hj_qb\uo�b�

jZagh\_dlhjguo��K\yaZgh�wlh, ij_`^_�\k_]h, k�mkeh\b�

yfb�h[jZah\Zgby�]jZgblguo�jZkieZ\h\��dhlhju_�fh]ml�

[ulv��dZd�j_amevlZlhf�k_e_dlb\gh]h�ieZ\e_gby�jZagh�

h[jZaguo�ijhlheblh\��lZd�b�dhg_qgufb�^bnn_j_gpbZ�

lZfb�jZaebqguo bkoh^guo� jZkieZ\h\��gZqbgZy�hl [Z�

aZevlhb^gh]h� b aZdZgqb\Zy� ]jZgblhb^guf�� Ihfbfh�

wlh]h��khklZ\�\uieZ\hd�aZ\bkbl�hl�kl_i_gb�k_e_dlb\gh�

klb�ieZ\e_gby��gZ�dhlhjmx��\�k\hx�hq_j_^v��\eby_l�j_�

`bf�l_ieh\h]h�ihlhdZ��dhebq_kl\h�b�khklZ\�nexb^h\��

khklZ\�ijhlheblZ��Z�lZd`_ oZjZdl_j�dhjh\h-fZglbcgh]h�

\aZbfh^_ckl\by [19]�� Ihke_^gbc� nZdlhj� y\ey_lky�

hij_^_eyxsbf�� lZd� dZd� dhgljhebjm_l�� ih-kms_kl\m, 

\k_�hklZevgu_�ij_^u^msb_��JZa[_j_f�dZ`^uc�ba�i_j_�

qbke_gguo�nZdlhjh\�ih^jh[g__�� 



<_s_kl\_ggu_�hkh[_gghklb��i_ljhnbabq_kdb_�k\hckl\Z b�]_h^bgZfbq_kdb_�mkeh\by « 
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Jbk���� AZ\bkbfhklv�iehlghklb�]jZgblhb^h\�>DF�hl�kh^_j�

`Zgby� hdkb^h\�� Z ± aZ\bkbfhklv� iehlghklb� hl� kh^_j`Zgby�

MgO + Fe2O3; b ± aZ\bkbfhklv�iehlghklb�hl�kh^_j`Zgby�&D2��c 

± aZ\bkbfhklv�iehlghklb�hl�kh^_j`Zgby�Al2O3; d ± aZ\bkbfhklv�

iehlghklb�hl�kh^_j`Zgby�1D2O+K2O; e ± aZ\bkbfhklv�iehlgh�

klb�hl�kh^_j`Zgby�6L22 

[Fig. 9. Dependence of the density of granitoids in the DCM on 

the content of oxides: (a) dependence of the density on the content 

of MgO + Fe2O3; (b) dependence of the density on the content of 

CaO; (c) dependence of the density on the content of Al2O3; (d) de-

pendence of the density on the content of Na2O+K2O; (e) depend-

ence of the density on the content of SiO2.] 

 

I-]jZgblu� wgkbZebq_kdbo� hkljh\guo� ^m]� b� Zdlb\�

guo�hdjZbg�Zg^kdh]h�lbiZ�± y\e_gb_ ^hklZlhqgh fZk�

rlZ[gh_��Hgb�ba\_klgu \h�\k_o�ihdjh\gh-kdeZ^qZluo 

ihykZo��hjh]_gZo��f_`dhglbg_glZevgh]h�b�i_jbdhglb�

g_glZevgh]h�lbih\��F_g__�oZjZdl_jgu�hgb�^ey�\gmljb�

ieblguo� hjh]_gh\�� ,-]jZgblu� ^hklZlhqgh� qzldh� ^_�

eylky�gZ�^\Z�ih^lbiZ��I_j\uc�hl\_qZ_l�km[^mdpbhgghc�

klZ^bb��\lhjhc�± ihklkm[^mdpbhgghc�dheebabb� Bo�hl�

ebqby�gZklhevdh�hq_\b^gu��qlh�ke_^h\Zeh�[u�\u^_eblv�

\� kZfhklhyl_evgu_� lbiu��Mihfygmlu_� hlebqby� dZkZ�

xlky�dZd�]_heh]bq_kdbo�mkeh\bc�ijhy\e_gby��km[^md�

pbhggu_�\k_]^Z�khijh\h`^Zxlky�dhfZ]gbq_gufb�wn�

nmab\Zfb��^ey�dheebabhgguo�± wlh�[hevrZy�j_^dhklv���

lZd� b� \_s_kl\_gguo� oZjZdl_jbklbd� fZdjh- b� fbdjh�

mjh\g_c �i_ljh]jZnby�� i_ljhobfby�� ]_hobfby), Z� lZd�

`_ ^ebl_evghklvx klZgh\e_gby��i_j\u_�jZa\b\Zxlky�\�

[he__�^ebl_evghf�\hajZklghf�^bZiZahg_��hl�^_kyldh\�

^h�khl_g�feg e_l��\lhju_�± \�madhf ^h����feg e_l���L_f�

g_� f_g__�� ]jZgblhb^u� h[_bo� ih^]jmii� h[t_^bgy_l�

h^gh� Z� bf_ggh, ih^dhjh\h_� ijhbkoh`^_gb_� jh^hgZ�

qZevguo�jZkieZ\h\��qlh�\ujZ`Z_lky�\�ZkkhpbZpbb�]jZ�

gblh\�k�©^ebggufbª�k_jbyfb��[he__�jZggb_�^_jb\Zlu 

dhlhjuo�hl\_qZxl�]Z[[jhb^Zf��aZl_f�kj_^gbf�b�mf_�

j_ggh�dbkeuf�ihjh^Zf��Z�aZdexqbl_evgu_�± dbkeuf�b�

mevljZdbkeuf jZagh\b^ghklyf� ]jZgblh\�� JZaebqby�

ih^lbih\� hij_^_eyxlky� kl_i_gvx� \ebygby� gZ�bkoh^�

gu_� jZkieZ\u� dhjh\h]h� km[kljZlZ�� jhev� dhlhjh]h� hl�

km[^mdpbhggh]h� d� dheebabhgghfm� kms_kl\_ggh� \ha�

jZklZ_l��<�wlhc�k\yab dheebabhggu_ I-]jZgblu�ij_^-

klZ\eyxl�kh[hc�i_j_oh^guc�lbi�hl�kh[kl\_ggh�km[^md�

pbhgguo� I-]jZgblh\ d�S-]jZgblZf��Z�bo�i_ljhobfbq_�

kdbc�h[ebd�\�agZqbl_evghc�kl_i_gb�hij_^_ey_lky�[yev�

r_c� ^he_c� dhjh\h]h� dhfihg_glZ� \� ijhp_kk_� dhjh\h-

fZglbcgh]h�\aZbfh^_ckl\by [20]. 

DjbklZeebaZpbhggZy� ^bnn_j_gpbZpby� \� S-

]jZgblZo� dhlhju_� y\eyxlky� ijhba\h^gufb� dhjh\uo�

jZkieZ\h\� ijhy\e_gZ�f_g__�yjdh��lZd�dZd�^bZiZahg�Zk�

khpbbjmxsbo�ihjh^�gZqbgZ_lky k�Z^Zf_eeblh\� �k�kh�

^_j`Zgb_f� SiO2=65±����� b� aZdZgqb\Z_lky e_cdh]jZ�

gblZfb-ZeykdblZfb� �SiO2=71±75����LZdb_� k_jbb� \k_�

]^Z�©dhjhldb_ª��Z�nZah\u_�\aZbfhhlghr_gby�\�gbo�qZ�

klh�aZlmrz\Zgu��AZdexqbl_evgu_�dhg_qgu_�ijh^mdlu�

^bnn_j_gpbZpbb�qZklh�ij_^klZ\e_gu�i_]fZlblh\ufb�

l_eZfb�k_]j_]Zpbhggh]h�beb�`bevgh]h�lbih\�� 

Qlh�dZkZ_lky�bamqZ_fuo�]jZgblhb^h\��lh�\ZjbZlb\�

ghklv� khklZ\h\� ihjh^� i_j\hc� nZau� ^hklZlhqgh� agZ�

qbfZ��?keb� aZ� wlZehg� \aylv ]jZgh^bhjblu�fZkkb\ghc�

l_dklmju�p_gljZevghc�qZklb�fZkkb\Z��h[j�������, ihiZ�

^Zxsb_� gZ� \k_o� ^bZ]jZffZo� \� h^ghbfzggh_� ihe_, b�

bf_xsb_� khhl\_lkl\mxsb_�i_ljh]jZnbq_kdb_ b�i_l�

jhobfbq_kdb_ oZjZdl_jbklbdb�� lh� ih� kjZ\g_gbx k�

gbfb \�jZaguo�qZklyo�fZkkb\Z�fu�klZedb\Z_fky k�jZa�

ghlbigufb� ^bhjblZfb ± hl� lbibqguo bo� jZaghkl_c�

(SiO2 = 56±57% b�kmffhc�s_ehq_c��±5.5), fhgph^bh�

jblZfb b�fhgphgblZfb (SiO2  �����b�kmffhc�s_ehq_c�

6.5±7.��� ^h� d\Zjp_\uo� ^bhjblh\� �SiO2 = 60±62.5 ijb�

kmff_�s_ehq_c��.2±6.����Ijb�wlhf�qZklv�ZgZebah\�ih�

iZ^Z_l b \�ihe_�]jZghkb_gblh\� 
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Hlf_qZ_lky�qzldZy�aZdhghf_jghklv�± gZ�i_jbn_jb�

q_kdhc�qZklb�fZkkb\Z�^hfbgbjmxl� ]jZgblhb^u k�^b�

j_dlb\ghklvx��\ujZ`_gghc�\�]g_ckh\b^ghklb�k�h^gh�

\j_f_gguf mf_gvr_gb_f� dj_fg_dbkehlghklb� b� sz�

ehqghklb��GZb[he__�hkgh\gu_�jZagh\b^ghklb�^bhjblZ�

h[uqgh� keZ]Zxl� hl^_evgu_� mqZkldb� k_]j_pbhggh]h�

lbiZ��j_klbl"�� 

Ih-\b^bfhfm��bf_ggh�wlb�jZagh\b^ghklb keZ]Zxl 

g_agZqbl_evgu_�ih�jZaf_jm�l_eZ�k�©jZafulufbª�]jZ�

gbpZfb�qZklh�g_ijZ\bevghc�nhjfu, b�jZg__�h[uqgh�

hlghkbebkv d� kZfhklhyl_evghfm� ^Zoh\kdhfm� dhf�

ie_dkm� GZ�gZr�\a]ey^��wlh�g_�kh\k_f�dhjj_dlgh�ba-aZ 

y\gh� ih^qbgzggh]h� ih� h[tzfm� bo� iheh`_gby� kj_^b�

^hfbgbjmxsbo�ihjh^�\lhjhc�nZau��hlkmlkl\by� ]jZ�

gbp� ijhju\Zgby� b� hlebqbl_evguo� ijbagZdh\� gZ�

mjh\g_�i_ljh]jZnbb��fbg_jZeh]bb�b�]_hobfbb��IjZ�

\bevg__ bo� ke_^m_l� jZkkfZljb\Zlv� \� khklZ\_�i_j\hc�

nZau� fZedbgkdh]h� dhfie_dkZ�� dZd� \hafh`gu_� j_�

ebdlu�dhjh\h]h�j_klblZ� 

JZkqzlgu_� l_fi_jZlmju� ieZ\e_gby� ihdZau\Zxl��

qlh ^bZiZahg�^ey�ihjh^�i_j\hc�nZau��^bhjblu-]jZgh�

^bhjblu��dhe_[exlky�\�ij_^_eZo�hl����h ^h��������;h�

e__� \ukhdb_� l_fi_jZlmju� �k\ur_� ������� oZjZdl_jgu�

^ey�ihjh^�^bhjblh\hc�]jmiiu��[he__�gbadb_�± ^ey�]jZ�

gh^bhjblh\�����±990�). JZa[jhk�l_fi_jZlmj��lZdbf�h[�

jZahf�� \� h^ghf� bgljmab\ghf� l_e_� khklZ\ey_l� hdheh�

170���JZkqzlgZy�l_fi_jZlmjZ�̂ ey�]jZgblh\�\lhjhc�nZau�

dhe_[e_lky�hl����� ^h�������Ijb�wlhf�jZa[jhk�l_fi_jZ�

lmj�[he__�madbc��khklZ\eyy�hdheh�����. 

GZ�[bgZjguo�^bkdjbfbgZglguo�^bZ]jZffZo�IbjkZ�

nb]mjZlb\gu_�lhqdb�h[jZamxl�ihey�k]ms_gby��hl\_qZ�

xsb_�hkljh\guf�^m]Zf�b�kbgdheebabhgguf�]jZgblZf�

(jbk� 5���LZdbf� h[jZahf�� ih� ]_hobfbq_kdbf� ^Zgguf��

]jZgblhb^u�>Zoh\kdh]h�fZkkb\Z� y\eyxlky� ijhba\h^�

gufb�dhjh\h-fZglbcgh]h�\aZbfh^_ckl\by�\�mkeh\byo�

km[^mdpbhggh]h�beb�ihklkm[^mdpbhggh]h�dheebabhg�

gh]h�]_h^bgZfbq_kdh]h�j_`bfZ� 

Ki_dlj�Zdp_kkhjb_\�ba�]jZgblhb^h\�h[_bo�nZa��lZ�

dbo� dZd� hjlbl� b� fZ]g_lbl�� k\b^_l_evkl\m_l� h� kms_�

kl\_gghf�\ebygbb�ih^dhjh\uo�jZkieZ\h\�ijb�]_g_jZ�

pbb�bkoh^ghc�fZ]fu��hl\_lkl\_gghc�aZ�nhjfbjh\Zgb_�

]jZgblhb^h\�>DF� 

 

AZdexq_gb_ 

GZ� hkgh\Zgbb� ijh\_^zgguo� bkke_^h\Zgbc� fh`gh�

k^_eZlv�ke_^mxsb_�\u\h^u� 

1. =jZgblhb^u�>Zoh\kdh]h�fZkkb\Z� ij_^klZ\eyxl�

kh[hc�njZ]f_gl�]_l_jh]_ggh]h�hkgh\Zgby�Zevibckdhc�

kljmdlmju�K_\_jgh]h�DZ\dZaZ��knhjfbjh\Zggh]h�\�j_�

amevlZl_� ]_jpbgkdh]h� hjh]_g_aZ� :kkhpbZpby� ihjh^�

i_j\hc�nZau�\g_^j_gby�ih�k\hbf�\_s_kl\_gguf�b�i_�

ljhnbabq_kdbf oZjZdl_jbklbdZf� hljZ`Z_l ijhp_kku�

fZ]fh]_g_jZpbb�\�mkeh\byo�dhjh\h]h�km[kljZlZ�k�km�

s_kl\_gguf�\ebygb_f�ih^dhjh\uo�jZkieZ\h\�ih�f_oZ�

gbafm� ]b[jb^bafZ� �kf_r_gby��� Ijb� nhjfbjh\Zgbb�

]jZgblhb^h\��]eZ\guf�h[jZahf, ]jZgblh\��\lhjhc�nZau�

kl_i_gv�\ebygby�dhjh\h]h�dhfihg_glZ�m\_ebqb\Z_lky��

Z� ih^dhjh\h]h �fZglbcgh]h�� ± kgb`Z_lky�� ijb� wlhf�

m\_ebqb\Z_lky�szehqghklv�k�h^gh\j_f_gguf�\hajZklZ�

gb_f ^heb�dZeby�\�bo� khklZ\_��=jZgblu�\lhjhc�nZau�

ij_^klZ\eyxl�kh[hc ]hfh]_gguc�ijh^mdl�djbklZeebaZ�

pbhgghc�^bnn_j_gpbZpbb ]_l_jh]_ggh]h�jZkieZ\Z��bk�

oh^gh]h�^ey�]jZgblh\� 

���?^bguc�lj_g^�w\hexpbb��\ujZ`_gguc�gZ�oZjd_�

jh\kdhc� ^bZ]jZff_�� ih^qzjdb\Z_l� ]_g_lbq_kdh_� jh^�

kl\h�ihjh^�i_j\hc�b�\lhjhc�nZa��h[�wlhf�`_�k\b^_l_ev�

kl\mxl�b�^jm]b_�bo�\_s_kl\_ggu_�oZjZdl_jbklbdb��i_�

ljhnbabq_kdb_�k\hckl\Z�b�]_heh]bq_kdb_�\aZbfhhlgh�

r_gby�� <Z`guf� ij_^klZ\ey_lky� nZdl�� dhlhjuc� _sz�

ij_^klhbl�hkfukeblv��ijhju\Zgby�f_eZg`bjh\Zgguo�

ihjh^�\�rh\ghc� ahg_�jZfu�^ZcdZfb�]jZgblh\�\lhjhc�

nZau�b�hlkmlkl\by�ih^h[guo�\aZbfhhlghr_gbc�k�ihjh�

^Zfb�i_j\hc�nZau�� 

���<ky�kh\hdmighklv�]_heh]bq_kdbo�^Zgguo��\_s_�

kl\_ggu_� b� i_ljhnbabq_kdb_� hkh[_gghklb� ]jZgblhb�

^h\�iha\heyxl� ]h\hjblv� h�p_e_khh[jZaghklb� \u^_e_�

gby�bo�\�kZfhklhyl_evguc ^Zoh\kdbc�^\monZaguc�dhf�

ie_dk�� Z g_� hlghkblv� d�fZedbgkdhfm� >ey� \u^_e_gby�

_]h�\�wlZehgguc�h[t_dl�g_h[oh^bfu�^hihegbl_evgu_�

^_lZevgu_�bahlhigh-\hajZklgu_�bkke_^h\Zgby� 

���Ihemq_ggu_�j_amevlZlu��^_lZevgh�hibku\Zxsb_�

]_heh]bq_kdmx� b� i_ljhnbabq_kdmx� fh^_eb� >Zoh\�

kdh]h� djbklZeebq_kdh]h� fZkkb\Z�� fh]ml� kem`blv�
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