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<\_^_gb_ 
F_klhjh`^_gb_ ©DjZkgh_ª \�gZklhys__�\j_fy� ]h�

lh\blky�d�ihklZgh\d_ gZ�[ZeZgk kbeZfb�h^ghc�ba�]hj�

gh^h[u\Zxsbo dhfiZgbc��dhlhjZy�ijh\h^bl�dhfie_dk�

]_heh]hjZa\_^hqguo�jZ[hl�k�ih^kq_lhf�aZiZkh\�^ey�dZ�

iblZebaZpbb b ^Zevg_cr_c�jZajZ[hldb��<�wlhc k\yab, 

hgh ij_^klZ\ey_l�[hevrhc�bgl_j_k��lZd�dZd�gZoh^blky�

gZ�neZg]_ ba\_klgh]h f_klhjh`^_gby ©=he_p�<ukhqZc�

rbcª�� hk\h_gb_� dhlhjh]h� hldjuluf� kihkh[hf ihdZ�

aZeh�\ukhdmx�j_glZ[_evghklv. 

DZiblZebaZpby, \�i_j\mx�hq_j_^v��aZ\bkbl�hl�h[t_�

fh\� ihklZ\e_gguo� gZ� [ZeZgk� aZiZkh\� p_ggh]h� dhfih�

g_glZ��Ijb�ih^kq_l_�aZiZkh\�gZ f_klhjh`^_gbb \Z`guf�

iZjZf_ljhf�y\ey_lky�[hjlh\h_�kh^_j`Zgb_��dhlhjh_�aZ�

\bkbl�hl�fgh]bo�nZdlhjh\��\�lhf�qbke_�hl�lbiZ�jm^u��

kj_^g_]h�kh^_j`Zgby��ba\e_dZ_fhklb�b�̂ jm]bo�ihdZaZl_�

e_c��;hjlh\h_�kh^_j`Zgb_�oZjZdl_jbam_l�mjh\_gv�fbgb�

fZevguo�dhgp_gljZpbc�ihe_agh]h�dhfihg_glZ��gb`_ dh�

lhjh]h�g_�p_e_khh[jZagh�\_klb�ijhfure_ggmx�jZajZ�

[hldm��<_ebqbgZ�[hjlh\h]h kh^_j`Zgby�± ihdZaZl_ev \Z�

jbZlb\guc��Z�_]h�\_ebqbgZ�\�kemqZ_�ih\ur_gby ba\e_�

dZ_fhklb� ijb� kh\_jr_gkl\h\Zgbb� l_ogheh]bq_kdh]h�

ijhp_kkZ� fh`_l� f_gylvky� \� ijhp_kk_� wdkiemZlZpbb� \�

f_gvrmx� klhjhgm�� Kgb`_gb_� [hjlh\h]h� kh^_j`Zgby�

^ey�jm^�q_jghkeZgp_\h]h�lbiZ�\k_]h�gZ��.��]�l��k��.��^h�

0.��]�l��fh`_l�m\_ebqblv�aZiZku�h[t_dlZ�\�jZau� 

<�k\yab�k wlbf�[ueZ�ihklZ\e_gZ aZ^ZqZ: ihemqblv ba�

ijh^mdlh\� i_j_^_eZ� aZ� kq_l� fh^_jgbaZpbb� ijbgylhc�

ko_fu� h[h]Zs_gby� [he__� \ukhdbc� \uoh^� f_lZeeZ� b, 

ke_^h\Zl_evgh�� kgbablv� [hjlh\h_� kh^_j`Zgb_��Ih\u�

r_gb_� \uoh^Z�f_lZeeZ� ^hklb]Z_lky� aZ� kq_l� _]h� ^hba�

f_evq_gby�ba�ijh^mdlh\�i_j_^_eZ��dhlhjufb�y\eyxlky�

o\hklu� khj[pbb� b� nehlZpbb�� L_hj_lbq_kdb� wlh� \ha�

fh`gh�gZ�hkgh\_�^hbaf_evq_gby�b�\h\e_q_gby�\ ijh�

p_kk�gZghjZaf_jgh]h�ahehlZ�b�ieZlbghb^h\�� 

I_jki_dlb\guf� gZijZ\e_gb_f� baf_evq_gby� y\ey�

_lky�ijbf_g_gb_�\�ko_fZo�h[h]Zs_gby�y\e_gby�dZ\blZ�

pbb�>1]. DZ\blZpbhggu_�wnn_dlu�\hagbdZxl�ijb�j_adhf�

k[jhk_�^Z\e_gby��a�����Zlf.��\�`b^dhklyo��dh]^Z�ijhbk�

oh^bl� ^_dhfij_kkby� b�`b^dhklv� \kdbiZ_l� k� h[jZah\Z�

gb_f� fbdjhimaujvdh\� \ZdmmfZ�� dhlhju_� koehiu\Zykv�

kha^Zxl� fbdjhm^Zjgu_� \hegu�� jZajmrZy� qZklbpu, gZ�

ih\_joghklb�dhlhjuo�hgb�h[jZamxlky��Kl_i_gv�^bki_j�

]Zpbb�ijb�wlhf�g_h]jZgbq_ggZ��\�k\yab�k�q_f�\kdju\Z�

xlky�gZghjZaf_jgu_�qZklbpu� Ijbf_g_gb_�dZ\blZpbhg�

guo�mklZgh\hd�\�l_ogheh]bq_kdbo�ijhp_kkZo�ba\e_q_gby�

[eZ]hjh^guo�f_lZeeh\�\k_�qZs_�bkihevam_lky�gZ�h[h]Z�

lbl_evguo�ij_^ijbylbyo��gh�lj_[m_l�gZjZ[hldb�g_h[oh�

^bfhc�gZmqghc�[Zau�^ey�mki_rgh]h�\g_^j_gby. 

Wnn_dlb\ghklv� j_r_gby� ihklZ\e_gghc� aZ^Zqb�

hij_^_ey_lky�]em[bggufb�agZgbyfb�h�\_s_kl\_�jm^u��

qlh�\�k\hx�hq_j_^v�� \ul_dZ_l� ba� ]_heh]bq_kdbo�mkeh-

\bc�nhjfbjh\Zgby�jm^gh]h�h[t_dlZ�� 

 

F_lh^bdZ 

Kh^_j`Zgb_�[eZ]hjh^guo�f_lZeeh\�\�`b^dhc�nZa_�

hij_^_eyehkv�gZ�ijb[hj_�Zlhfgh-Z[khj[pbhgghc�ki_d�

ljhf_ljbb�D\Zgl-=�WL:-L�k�we_dljhl_jfbq_kdhc�Zlh�

fbaZpb_c� �::K WL:�� \� ]jZnblh\hf� dx\_l_ �HHH�

©Dhjlwdª��Jhkkby���k�dhjj_dpb_c�ki_dljZevguo�ihf_o�

kihkh[hf�h[jZlgh]h wnn_dlZ�A__fZgZ��G_k_e_dlb\gh_�

ih]ehs_gb_�± hkgh\gZy�ki_dljZevgZy�ihf_oZ�\�Zlhfgh-

Z[khj[pbhgghf�ZgZeba_��<�^Zgghf�kemqZ_�ih^�g_k_e_d�

lb\guf�ih]ehs_gb_f�ihgbfZ_lky�g_Zlhfgh_��nhgh\h_�

ih]ehs_gb_��dhlhjh_, \�g_dhlhjuo�kemqZyo, kbevgh�aZ�

\bkbl�hl�^ebggu�\hegu��qlh�aZljm^gy_l�_]h�dhjj_dpbx�

ljZ^bpbhggufb�kihkh[Zfb��Wlh�ih]ehs_gb_�bf__l�f_�

klh�\�lhf�kemqZ_��dh]^Z�\�ZlhfbaZlhj_�\�ijhp_kk_�bkiZ�

j_gby� ijh[u�� gZjy^m� k� ZlhfZfb� hij_^_ey_fh]h� we_�

f_glZ�� \� ]Zah\hc� nZa_� ihy\eyxlky� fhe_dmeu�� ki_d�

ljZevgZy�ihehkZ�ih]ehs_gby� dhlhjuo�gZdeZ^u\Z_lky�

gZ�ebgbx�ih]ehs_gby�hij_^_ey_fh]h�we_f_glZ�� 

>ey�hij_^_e_gby�[eZ]hjh^guo�f_lZeeh\�bkihevah�

\Zebkv�ki_dljZevgu_�eZfiu�k�iheuf�dZlh^hf�k�^ebghc�

\hegu�^ey�ahehlZ�± 242.��gf��ieZlbgu�± 265.��gf��AZ�

sblguc�]Za�± Zj]hg��;ukljuc�gZ]j_\�]jZnblh\hc�i_qb�

h[_ki_qb\Z_l�jZa^_e_gb_�\h�\j_f_gb�ijhp_kkh\�Zlhfb�

aZpbb�b�^bkkbiZpbb�Zlhfgh]h�iZjZ�ba�ZgZeblbq_kdh]h�

h[t_fZ�� <� j_amevlZl_� Zfieblm^Z� kb]gZeZ� aZ\bkbl�

lhevdh�hl�dhebq_kl\Z�we_f_glZ�\�ijh[_��gh�g_�aZ\bkbl�

hl�dhfihg_glh\�fZljbpu�b�iZjZf_ljh\�i_j_ghkZ� >ey�

ZgZebaZ�hl[bjZeZkv� Zebd\hlZ� ��ff3�� dhlhjZy�jZaeZ]Z�

eZkv� \� i_qb� ZgZebaZlhjZ�� Ijh]jZffZ� gZ]j_\Z� i_qb��

gZjZklZgb_�gZ�\k_o�j_`bfZo���k��©bkiZj_gb_ª�± ��k�ijb�

110�K��©ibjheba��ª�± ��k�ijb�����C��IZjZf_lju�©ibjh�

eba��ª��©ZlhfbaZpbyª�b�©hqbkldZª�ijb\_^_gu�\�lZ[e���� 

>ey�hij_^_e_gby�kh^_j`Zgby�[eZ]hjh^guo�f_lZe�

eh\� \� l\_j^hc� nZa_� ijhba\h^behkv� __� jZkl\hj_gb_� \�

©pZjkdhc�\h^d_ª��k�ihke_^mxsbf�aZf_jhf�mjh\gy�dhg�

p_gljZpbb�f_lZeeZ�\�`b^dhc�nZa_�gZ�\ur_mdZaZgghf�

ijb[hj_�b�i_j_kq_lhf�gZ�bkoh^gh_�\_s_kl\h��GZ\_kdZ�

ijh[u� k�fZkkhc, baf_j_gghc� ^h� q_l\_jlhc� agZqZs_c�

pbnju��ijbf_jgh��.000 ± 5.����]���ihf_sZeZkv�\�nZj�

nhjh\mx� qZrdm� ^bZf_ljhf� ��� ff�� kfZqb\ZeZkv� ^b�

klbeebjh\Zgghc�\h^hc��^h[Z\eyehkv����kf3 k\_`_ijb�

]hlh\e_gghc� kf_kb� kheyghc� b� Zahlghc� dbkehl� �������

qZrdZ�ihdju\ZeZkv� kl_dehf b� klZ\beZkv�gZ� \h^ygmx�

[Zgx��Q_j_a���±���fbgml�kgbfZehkv�kl_deh��b�kh^_j�

`bfh_�qZrdb�\uiZjb\Zehkv�^h�\eZ`guo�khe_c��>Ze__�

^h[Z\eyehkv� _s_� ��� kf3 k\_`_ijb]hlh\e_gghc� kf_kb�

kheyghc�b�Zahlghc�dbkehl� �������kgh\Z�gZ]j_\Zehkv��b�

kgh\Z�\uiZjb\Zehkv��AZl_f�ijb[Z\eyehkv����kf3 �F�]h�

jyq_]h�jZkl\hjZ�GKl��kh^_j`bfh_�qZrdb�i_j_f_rb\Z�

ehkv�kl_deygghc�iZehqdhc��hl^_eyy�hkZ^hd�hl�̂ gZ�b�kl_�

ghd� qZrdb��b�nbevljh\Zehkv� q_j_a� \hjhgdm�;xog_jZ�

beb�q_j_a�\hjhgdm�k�^\hcguf�nbevljhf�©[_eZy�e_glZª�

^bZf_ljhf����kf��kh[bjZy�nbevljZl�\�klZdZg�beb�dhgb�

q_kdmx�dhe[m�gZ�����kf3��QZrdm�b�hkZ^hd�gZ�nbevlj_�

lsZl_evgh�ijhfu\Zehkv��F�]hjyqbf�jZkl\hjhf�GKl ̂ h�

ihegh]h� bkq_agh\_gby� `_elhc� hdjZkdb� gZ� nbevlj_��

Ijhfu\gu_�\h^u�kh[bjZebkv�\�klZdZg�k�nbevljZlhf�� 
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[Table 1. Parameters of the graphite furnace heating program at the stages "pyrolysis 2", "atomisation", and "cleaning"] 
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Ijbf_qZgby� 1 H�± hldjul��A�± aZdjul��2 [O - open; C - closed] 

 

hoeZ`^Zebkv�b�i_j_ghkbebkv�\�f_jgmx�dhe[m�gZ�����

kf3�� Ijh[hih^]hlh\dZ� ijh\h^beZkv� kh]eZkgh� f_lh�

^bd_�>�@� 

H[jZ[hldZ�fZl_jbZeZ�ijhba\h^behkv�gZ�dZ\blZpb�

hgghc mklZgh\d_� jhlhjgh]h� lbiZ�� >ey� wlh]h� ijh[m�

fZkkhc� ��d]� _kl_kl\_gghc�\eZ`ghklb� kf_rb\Zeb� k� ��

ebljZfb�\h^u�ba�kbkl_fu�p_gljZevgh]h�\h^hkgZ[`_�

gby��jG�§ 6±���h[sZy�fbg_jZebaZpby�g_�[he__���]�e���

Ih^]hlh\e_ggmx�imevim�ba�j_a_j\mZjZ�ih^Z\Zeb�\�dZ�

\blZpbhggmx�mklZgh\dm�ijb�ihklhygghf�aZf_j_�l_f�

i_jZlmju��mjh\gy�jG��\j_f_gb��H[jZ[hldZ�ij_djZsZ�

eZkv�ijb�^hklb`_gbb�l_fi_jZlmju�jZkl\hjZ����K� 

Ijb�bkke_^h\Zgbb�]jZgmehf_ljbq_kdhc�oZjZdl_jb�

klbdb�[ueb�bkihevah\Zgu�]hkm^Zjkl\_gguc�klZg^Zjlu�

b�l_ogbq_kdZy�ebl_jZlmjZ��=HKL�����6-�����©F_lh^u�

eZ[hjZlhjgh]h� hij_^_e_gby� ]jZgmehf_ljbq_kdh]h�

�a_jgh\h]h�� b� fbdjhZ]j_]Zlgh]h� khklZ\Zª� b� =HKL�

5180-�����F_lh^u�eZ[hjZlhjgh]h�hij_^_e_gby�nbab�

q_kdbo�oZjZdl_jbklbd [3].  

Ijb� hij_^_e_gbb� ]jZgmehf_ljbq_kdh]h� khklZ\Z�

ijh[u� ijbf_gyeb� Zj_hf_ljbq_kdbc� f_lh^�� kmsghklv�

dhlhjh]h�aZdexqZ_lky�\�baf_j_gbb�iehlghklb�kmki_g�

abb�Zj_hf_ljhf�\�ijhp_kk_�__�hlklZb\Zgby��<h�ba[_`Z�

gb_�dhZ]meypbb�\�]jmglh\mx�kmki_gabx�\�dZq_kl\_�klZ�

[bebaZlhjZ�̂ h[Z\eyxl��.7 %-guc�\h^guc�ibjhnhknhj�

ghdbkeuc�gZljbc� 

H^gZdh� gZ� ijZdlbd_�� f_lh^bdZ� bkke_^h\Zgby� g_�

kdhevdh� hlebqZ_lky� hl� ijb\_^_gguo� \ =HKL� �����-

����� ©F_lh^u� eZ[hjZlhjgh]h� hij_^_e_gby� ]jZgmeh�

f_ljbq_kdh]h� �a_jgh\h]h�� b� fbdjhZ]j_]Zlgh]h� kh�

klZ\Zª��IhdZaZgby� ih� Zj_hf_ljm� kgbfZeb� k� bgl_j\Z�

eZfb���b����fbgml�ihke_�\afmqb\Zgby��GZ�ke_^mxsbc�

^_gv�q_j_a����q��\afmqb\Zeb�_s_�jZa�b�kgbfZeb�ihdZaZ�

gby�q_j_a���q�� 

Ko_fZ�wdki_jbf_glZ�����hij_^_e_gb_�kh^_j`Zgby�

ahehlZ�\�i_j\bqghf�ijh^mdl_�i_j_^_eZ�����ijh\_^_gb_�

dZ\blZpbhgghc� _]h� h[jZ[hldb� \� jZaebqguo� kj_^Zo�

�g_cljZevgZy�� kheyghdbkeZy��� ���ijh\_^_gb_�ih\lhj�

ghc�dZ\blZpbhgghc�h[jZ[hldb��^ey�hilbfbaZpbb \j_�

f_gb�dZ\blZpbb������hij_^_e_gb_�ahehlZ�\�ijh[Zo�ih�

ke_�DH� 

=_heh]by f_klhjh`^_gby�©DjZkgh_ª 

L_jjblhjby� f_klhjh`^_gby� ©DjZkgh_ª� jZkiheh�

`_gZ�gZ�ijZ\h[_j_`v_�j_db�;h^Zc[h��\�__�\_jog_f�l_�

q_gbb��JZchg�^hklZlhqgh�ohjhrh�hk\h_g�\�wdhghfbq_�

kdhf�hlghr_gbb b jZkiheZ]Z_lky \�40±50 df�hl�jZa\_�

^Zgguo� jm^guo�f_klhjh`^_gbc Kmohc�Eh]��<_jgbg�

kdh_��jbk� 1). <�hdj_klghklyo�\_^_lky�^h[uqZ�ahehlZ�ba�

jhkkui_c�jZaebqguo�lbih\�� 
 

 
Jbk�����H[ahjgZy�ko_fZ�jZchgZ�jZkiheh`_gby�ebp_gabhgghc�

iehsZ^b�f_klhjh`^_gb_�©DjZkgh_ª� 

 [Fig. 1. An overview scheme of the location of the licensed area 

of the Krasnoe field.] 
 

P_gljZevgZy�qZklv�E_gkdhc�ahehlhghkghc�ijh\bg�

pbb�� \� ij_^_eZo� dhlhjh]h� gZoh^blky� mqZklhd� ©DjZk�

gucª�� jZkiheZ]Z_lky� \� ihyk_� [ZcdZeb^� \� k_\_jghf�
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djue_�;h^Zc[bgkdhc�keh`ghc�kbgdebgZeb�± h^ghc�ba�

]eZ\guo� kljmdlmj� p_gljZevghc� qZklb� h^ghbf_ggh]h�

kbgdebghjby�� 

KbgdebgZev� keh`_gZ� hkZ^hqgh-f_lZfhjnbq_�

kdbfb�ihjh^Zfb�\_jog_]h�jbn_y�hlghkbfuo�d�[h^Zc�

[bgkdhc� k_jbb \_jog_ijhl_jhahckdh]h� dhfie_dkZ� b�

i_j_dju\Z_lky�juoeufb�hleh`_gbyfb�q_l\_jlbqghc�

kbkl_fu��jbk������Ih�eblheh]h-nZpbZevguf�hkh[_ggh�

klyf�k_jby�jZa^_ey_lky�gZ�^\_�qZklb��Gb`gyy��ij_^-

klZ\e_ggZy�ZmgZdblkdhc�b�\Zqkdhc�k\blZfb��keh`_gZ�

m]e_jh^bklufb� fhghfbdlh\ufb� d\Zjp_\ufb� i_k�

qZgh-keZgp_\ufb� hleh`_gbyfb�� <_jogyy�� \dexqZx�

sZy� ZgZg]Zjkdmx�� ^h]Ze^ugkdmx� b� beb]bjkdmx�

k\blu��oZjZdl_jbam_lky�jZa\blb_f�kms_kl\_ggh�i_k�

qZguo�b l_jjb]_ggh-dZj[hgZlguo�hleh`_gbc >Dhj_\Z�

:� B��Ihykgbl_evgZy� aZibkdZ� ©KljZlb]jZnbyª� d� Z\�

lhjkdhc�dZjl_�ebp_gabhgghc�iehsZ^b�MqZklhd�DjZk�

guc��;h^Zc[h������@. 

 

 

Jbk�����=_heh]bq_kdZy�ko_fZ�jZchgZ�jZ[hl��Mkeh\gu_�h[hagZq_gby� HkZ^hqgu_�h[jZah\Zgby��1 ± Q_l\_jlbqgu_�h[jZah\Zgby�g_jZk�

qe_g_ggu_��Gb`gbc�\_g^��2 ± Beb]bjkdZy�k\blZ��Ze_\jheblu�i_kqZgbdb��ba\_klgydb���3 ± >h]Ze^ugkoZy�k\blZ��i_kqZgbdb��d\Zjp-

kex^bklu_�keZgpu���<_jogbc�jbn_c��4 ± :gZg]ZjkdZy�k\blZ��]jZm\Zddb��i_kqZgbdb��nbeeblh\b^gu_�keZgpu���5 ± <ZqkdZy�k\blZ��m]�

ebklu_�Ze_\jheblu��i_kqZgbdb��nbeeblu���6 ± :mgZdblkdZy�k\blZ��d\Zjp_\u_�i_kqZgbdb��nbeeblu���7 ± BfgyokdZy�k\blZ��fjZfhjb�

ah\Zggu_�ba\_klgydb��kex^bklh-dZj[hgZlgu_�keZgpu���FZ]fZlbq_kdb_�h[jZah\Zgby��8 ± Dhbdm^_jh-fZfZdhbkdbc�dhfie_dk��� Jz km) 

(^bhjblu��]jZgh^bhjblu���9 ± FZfkdh-hjhgkdbc�dhfie_dk��� R3m) (]jZgblu��]g_ckh-]jZgblu���L_dlhgbq_kdb_�gZjmr_gby��10 ± ijh�

ke_`_ggu_��11 ± ij_^iheZ]Z_fu_��12 ± kdjulu_�ih^�q_l\_jlbqgufb�hleh`_gbyfb��13 ± d\Zjp_\u_�`beu��14 ± Ahgu�`bevgh-ijh`be�

dh\h]h�hd\Zjp_\Zgby��15 ± =_hobfbq_kdb_�ZghfZebb�ahehlZ��16 ± =jZgbpu�mqZkldZ�jZ[hl. 

[Fig. 2. Geological map of the area of work. Legend: sedimentary formations. (1) Quaternary formations, poorly defined. Lower Vendian. 

(2) Iligirskaya suite (siltstones, sandstones, limestones), (3) Dogaldynskhaya suite, (sandstones, quartz-mica schists). Upper Riphean. (4) 

Anangara suite (greywackes, sandstones, phyllitic schists), (5) Vachskaya suite (carbonaceous siltstones, sandstones, phyllites), (6) Aunakit 

suite (quartz sandstones, phyllites), (7) Imnyakhskaya suite (marbled limestones, micaceous-carbonate schists). Mafmetic rocks. (8) 

Koikudero-Mamakoi complex (� Pz km) (diorites, granodiorites), (9) Mamsko-Oron complex (� R3m) (granites, gneissogranites). Tectonic 

disturbances. (10) tracked, (11) supposed, (12) hidden under Quaternary deposits. (13) Quartz veins. (14) Zones of veined and veinlet-dissem-

inated silicification. (15) Geochemical anomalies of gold. (16) Borders of the site.] 

 

<�ij_^_eZo�ebp_gabhggh]h�mqZkldZ� ©DjZkgucª�gZ�

^g_\gmx� ih\_joghklv� \uoh^yl� ihjh^u� ZmgZdblkdhc��

\Zqkdhc�b�ZgZg]jkdhc�k\bl� 

:mgZdblkdZy� k\blZ �5�DX�� y\ey_lky� gZb[he__�

^j_\gbf� ih^jZa^_e_gb_f� gZ� jZkkfZljb\Z_fhc� ieh�

sZ^b��Hleh`_gby� k\blu� jZa\blu� gZ� k_\_jh-aZiZ^_� b�

keZ]Zxl� y^_jgu_� qZklb�<_jog_-;h^Zc[bgkdhc� b� jm^�

ghc�ZglbdebgZe_c��hkeh`gyxsbo�[he__�djmigmx�;h�

^Zc[bgkdmx� kbgdebgZev�� Ih� k\hbf� eblheh]bq_kdbf�

hkh[_gghklyf�k\blZ�jZa^_e_gZ�gZ�ljb�ih^k\blu��Gb`�

gyy� ih^k\blZ� keh`_gZ� ij_bfms_kl\_ggh� �gZ� �����

d\Zjp_\ufb�i_kqZgbdZfb�k�j_^dbfb ijhkehyfb�m]e_�

jh^bkluo� nbeeblh\� b� ba\_kldh\bkluo� i_kqZgbdh\��

Fhsghklv� ih^k\blu� ���±���� f�� Kj_^gyy� ih^k\blZ 

ij_^klZ\e_gZ� l_fgh-k_jufb�� k_jufb� m]e_jh^bklufb�

nbeeblZfb� k� fZehfhsgufb� ijhkehyfb� d\Zjp_\uo�

i_kqZgbdh\�b�Ze_\jheblh\��Fhsghklv�ih^k\blu�����f� 

<ZqkdZy�k\blZ�jZkqe_g_gZ�gZ�^\_�ih^k\blu���\_jo-  
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gxx�b�gb`gxx��Gb`gyy�ih^k\blZ� keh`_gZ�ba�^\mo�

]hjbahglh\� i_j\uc oZjZdl_jbam_lky�\ukhdhm]e_jh^b�

klufb�dj_fgbklufb�keZgpZfb�k�ijhkehyfb�l_fgh-k_�

juo�d\Zjpblh\b^guo i_kqZgbdh\��Z \lhjhc keh`_g�q_j�

gufb� \ukhdhm]e_jh^bklufb� nbeeblZfb� b� k_jbpbl-

d\Zjp_\ufb�keZgpZfb�k�j_^dbfb�ijhkehyfb�d\Zjp-k_�

jbpblh\uo�i_kqZgbdh\��<�ij_^_eZo�<_jog_c�ih^k\blu 

lZd`_�\u^_ey_lky�^\Z�]hjbahglZ��i_j\uc ij_^klZ\e_g�

i_j_keZb\Zgb_f�l_fgh-k_juo�d\Zjpblh\�b�\ukhdhm]e_�

jh^bkluo�nbeeblh\��\lhjhc keh`_g�q_jgufb�\ukhdh�

m]e_jh^bklufb� nbeeblZfb� b� k_jbpbl-d\Zjp_\ufb�

keZgpZfb� 

:gZg]jkdZy�k\blZ (R3 an). Hleh`_gby�k\blu�hlf_�

qZxlky� gZ�x]_� l_jjblhjbb�� ]^_� keZ]Zxl, i_j_dju\Zy 

x`gh_�djueh�Jm^ghc�ZglbdebgZeb�b�gZ�k_\_jh-\hklhd_�

kh]eZkgh�ihjh^u \Zqkdhc�k\blu��Ih�hkh[_gghklyf�eb�

lheh]bq_kdh]h� khklZ\Z� ihjh^� \u^_eyxlky� ^\_� ih^�

k\blu��gb`gyy� - q_jghkeZgp_\Zy�b� \_jogyy� - k\_leZy�

i_kqZgbdh\Zy� Gb`gyy� ih^k\blZ ij_^klZ\e_gZ� ^\mo�

dhfihg_glguf�jblfbqguf�i_j_keZb\Zgb_f�l_fgh-k_�

juo�m]e_jh^bkluo�Ze_\jblh\uo�keZgp_\�b�k_juo�f_e�

dha_jgbkluo� f_lZ-i_kqZgbdh\�� Fhsghklv� ih^k\blu�

����f��<_jogyy�ih^k\blZ h[t_^bgy_l�\�k\h_f�khklZ\_�

dhfie_dk�]jm[h i_j_keZb\Zxsboky�k\_leuo�jZagha_j�

gbkluo�f_lZi_kqZgbdh\��m]e_jh^bkluo�keZgp_\�b�f_lZ�

Ze_\jheblh\��<klj_qZxlky j_^db_� ebgau� ihebfbdlh�

\uo�f_lZ]jZ\_eblh\��Fhsghklv�ih^k\blu����±300 f�� 

Bgljmab\gu_�fZ]fZlbq_kdb_�ihjh^u�gZ�mqZkld_�jZ�

[hl�g_�\kdjulu, gh rbjhdh�jZkijhkljZg_gu�ih�i_jb�

n_jbb� ;h^Zc[bgkdhc� ahgu�� LZd� ]jZgblgu_� fZkkb\u�

dhgdm^_jh-fZfZdZgkdh]h� dhfie_dkZ� h]jZgbqb\Zxl�

[Zkk_cg� j�� ;h^Zc[h� k� x]Z� �Wg]Z`bfbgh-<blbfkdbc�

fZkkb\��� k_\_jh-\hklhdZ� �>`_d^hdZjkdbc��� k_\_jh-aZ�

iZ^Z��QmfZjdhckdbc���Hl�iehsZ^b�jZ[hl�]jZgblu�m^Z�

e_gu�gZ�jZkklhygb_���±���df�� 

K�]jZgblZfb�b�i_]fZlhb^gufb�]jZgblZfb�Zkkhpbb�

jmxl� ^Zcdb� i_]fZlblh\� b� d\Zjp_\h-ihe_\hriZlh\u_�

`beu� =_heh]bq_kdh_�iheh`_gb_�b�\_s_kl\_ggu_�hkh�

[_gghklb� ]jZgblhc^h\� dhfie_dkZ� iha\heyxl� ij_^ih�

eh`blv�bo�dhjh\h_�ijhbkoh`^_gb_� 

:[khexlguc� \hajZkl� ]jZgblh\� b� i_]fZlblh\� jZk�

kfZljb\Z_fh]h�dhfie_dkZ�ba�FZfkdh]h�jZchgZ��hij_�

^_e_gguc� Zj]hgh\uf�f_lh^hf��gZoh^blky� \�ij_^_eZo�

hl�����^h�����feg��e_l� 

1. Dhgdm^_jh-fZfZdZgkdbc� dhfie_dk. Ihjh^u�

wlh]h�dhfie_dkZ�rbjhdh�jZkijhkljZg_gu�gZ�l_jjblh�

jbb�;mjylbb��\�[Zkk_cgZo�j_d�<blbfdZgZ��<_jog_c�:g�

]Zju��;Zj]mabgZ�b�̂ j����Bfb�keh`_gu�bgljmab\gu_�l_eZ 

djmigh]h�jZaf_jZ��<�ij_^_eZo�`_�Bjdmlkdhc�h[eZklb�

hgb�jZa\blu�ebrv�\�[Zkk_cg_�j_d�FZfu�b�FZfZdZgZ��

]^_�h[jZamxl�g_[hevrhc�b�kj_^g_c�\_ebqbgu��^h������

df2�� iemlhgu�� Dhgdm^_jkdbc� M]eb�� >Z^udlbgkdbc��

?db[ayokdbc��FZfZdZgkdbc��>he]^Zbkbgkdbc�b�jy^�[h�

e__�f_edbo�l_e�\�[Zkk_cg_�j��Kj_^g_]h�FZfZdZgZ��<k_�

wlb�iemlhgu�y\eyxlky�g_kh]eZkgufb�ih�hlghr_gbx�d�

kdeZ^qZluf� kljmdlmjZf� \f_sZxsbo� ihjh^��>ey� gbo�

oZjZdl_jgu� g_ijZ\bevgZy� bahf_ljbqgZy� beb� ke_]dZ�

\ulygmlZy�nhjfZ�b�djmlu_�dhglZdlu >Dhj_\Z�:�B��Ih�

ykgbl_evgZy� aZibkdZ� ©KljZlb]jZnby��MqZklhd� ©DjZk�

gucª�d�Z\lhjkdhc�dZjl_�ebp_gabhgghc�iehsZ^b�MqZ�

klhd�DjZkguc��;h^Zc[h������@.  

=_hobfby��>ey�q_jghkeZgp_\uo� dhfie_dkh\� kmoh�

eh`kdh]h�lbiZ oZjZdl_jgu�ke_^mxsb_�]_hobfbq_kdb_�

hkh[_gghklb� kj_^g__�kh^_j`Zgb_�furvydZ�khklZ\ey_l�

����]�l��k\bgpZ�± ����]�l��pbgdZ�± ����]�l��f_^b�± ����]�l� 

F_`^m� ahehlhf� b� furvydhf� mklZgh\e_gZ� keZ[Zy�

iheh`bl_evgZy�dhjj_eypbhggZy�k\yav�gZ�mjh\g_��.156. 

>ey�p_gljZevghc�qZklb�f_klhjh`^_gby�[ueb�ijh�

\_^_gu� ki_dljhahehlhf_ljbq_kdbc� b� ki_dljZevguc�

ZgZebau�ih�jm^guf�qZklyf�jZaj_aZ�� 

Jm^gu_�bgl_j\Zeu�bf_xl�keZ[u_��gh�ohjhrh�ijh�

ke_`b\Z_fu_� iheh`bl_evgu_� dhjj_eypbhggu_� k\yab�

we_f_glh\�oZevdhnbevghc�]jmiiu�(Ag, As, Pb, Zn, Cu). 

<�jm^guo�bgl_j\ZeZo�aZf_lgh�\hajZklZ_l��ihqlb�\��-2 

jZaZ��mjh\_gv�dhjj_eypbb�f_`^m�Au b�Ag, Au b�we_f_g�

lh\-oZevdhnbeh\��Z�lZd�`_, Au k�Mo, Ni, Vo. KZfZy�aZ�

f_lgZy iheh`bl_evgZy�k\yav�hlf_qZ_lky�f_`^m�Ni b�Cu 

(0.653). <k_�wlh�k\b^_l_evkl\m_l�h�g_khfg_gghf�i_j_�

jZkij_^_e_gbb� we_f_glh\-ijbf_k_c� \�ijhp_kk_�jm^h�

ehdZebaZpbb�Au gZ�ihklk_^bf_glZpbhgghf�__�wlZi_� 

 

Lbiu�jm^ghc�fbg_jZebaZpbb 

<�jm^ghf�ihe_�©DjZkgh_ª \u^_eyxlky�^\Z�lbiZ�ah�

ehlhjm^ghc� fbg_jZebaZpbb�� ijh`bedh\h-\djZie_g�

guc�d\Zjp-kmevnb^guc�b�d\Zjp_\h-`bevguc� I_j\uc�

ihevam_lky�rbjhdbf�jZkijhkljZg_gbb��\lhjhc�jZa\bl�

h]jZgbq_gh� 

D\Zjp-kmevnb^gZy� fbg_jZebaZpby h[jZam_l� ijh�
`bedh\h-\djZie_ggu_� ahgu� kj_^b� f_lZfhjnh]_gguo 

jZkk_ygguo�ahg�kmevnb^ghc�fbg_jZebaZpbb�gZ�mqZkl�

dZo� kljmdlmjguo� hkeh`g_gbc�� <gmlj_gg__� kljh_gb_�

ahg�ij_^klZ\ey_l�kh[hc�]mklmx�k_lv�jZaghhjb_glbjh�

\Zgguo�ijh`bedh\��ebga�b�]g_a^��\klj_qZxsboky�kh\�

f_klgh�k�bgl_gkb\ghc��[he__��±����jZkk_ygghc�\djZi�

e_gghklvx��ibjblZ��\�jZkkeZgph\Zgguo�b�deb\Z`bjh�

\Zgguo�\f_sZxsbo�ihjh^Zo� 

GZb[he__�fbg_jZebah\Zgu�hk_\Zy�qZklv�Jm^ghc�Zg�

lbdebgZeb��]^_�jZkiheh`_gh�kh[kl\_ggh�jm^hijhy\e_�

gb_�©DjZkgh_ª���b�hk_\Zy�qZklv�<_jog_-;h^Zc[bgkdhc�

ZglbdebgZeb� �<_jog_-;h^Zc[bgkdZy� fbg_jZebah\Zg�

gZy�ahgZ�� 

D\Zjp_\Zy�fbg_jZebaZpby `be�b�ijh`bedh\��dhlh�
ju_� h[uqgh�bf_xl� ebgah\b^gmx�fhjnheh]bx��fhs�

ghklv�hl� �.�� kf�^h� �.5 f�b�ijhly`_gghklv�hl�i_j\uo�

kZglbf_ljh\�^h�^_kyldh\�f_ljh\.  

D\Zjp_\h-`bevgu_�ihey�b�ahgu�ijbmjhq_gu�d�y^jm�

b�x`ghfm�djuem�<_jog_-;h^Zc[bgkdhc�ZglbdebgZeb�b�

x`ghfm�djuem�Jm^ghc�ZglbdebgZeb��jZkiheZ]Zxlky�\�

ij_^_eZo�km[rbjhlguo�ahg��ihehk��jZkk_ygghc�d\Zjp_�

\hc�b�d\Zjp-kmevnb^ghc�fbg_jZebaZpbb� 

Jm^u�ij_^klZ\e_gu�keZ[h�\u\_lj_eufb�b�\�jZaghc�

kl_i_gb� h`_e_ag_ggufb� d\Zjp_\ufb� i_kqZgbdZfb��

Ze_\jheblZfb�b�]ebgbklufb�keZgpZfb� 

Hkgh\gZy�fZkkZ�i_j\bqguo�ihjh^�khklhbl�ba�d\Zj�

p_\uo� i_kqZgbdh\�� Ze_\jheblh\� b� keZgp_\� l_fgh-k_�

jh]h�^h�ihqlb�q_jgh]h�p\_lZ�ba-aZ�ijbf_kb�m]e_jh^bk- 
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[Fig. 3. Aleuropelite with a vein of quartz-carbonate composition. The range of vision is 5.0 mm. On the left is nicols +, on the right ||.] 

 

lh]h� \_s_kl\Z��Jm^gZy�fbg_jZebaZpby� ibjblZ� \� \b^_�

jZagha_jgbklhc�g_jZ\ghf_jghc�\djZie_gghklb��]g_a^��

ijh`bedh\b^guo kdhie_gbc��@bevguc�d\Zjp�gZ[ex�

^Z_lky� \�\b^_�k_dmsbo�ijh`bedh\��ijhk_q_d�� ]g_a^�\�

hkgh\ghc�fZkk_� ihjh^u�� eb[h� h[jZam_l� hlhjhqdb� \h�

djm]�djmiguo�f_lZdjbklZeeh\�ibjblZ� 

<�eblheh]bq_kdb�jZaguo�ihjh^Zo�jm^gZy�fbg_jZebaZ�

pby�bf__l�k\hb�gxZgku��LZd��\�i_kqZgbdZo hgZ�ij_^klZ\�

e_gZ�\�hkgh\ghf�\�\b^_�g_jZ\ghf_jghc, jZagha_jgbklhc�

�hl�̂ he_c�ff�̂ h��.5±��kf��\djZie_gghklb�ibjblZ��\�hkgh\�

ghc�fZkk_�ihjh^u��Z�lZd`_�\ \b^_ ]g_a^��ebga b�ijh`be�

dh\ d\Zjp_\h]h b dZj[hgZl-d\Zjp_\h]h�khklZ\Z �jbk����.  

>ey�Ze_\jheblh\�jm^gZy�fbg_jZebaZpby�ij_^klZ\�

e_gZ�\�hkgh\ghf�ibjblhf�\�\b^_�hl^_evghc�\djZie_g�

ghklb�dm[h\b^guo�djbklZeeh\��bo�kdhie_gbc�\�hkgh\�

ghc�fZkk_��eb[h�ijbmjhq_gguo�d�d\Zjp_\uf��b�d\Zjp�

dZj[hgZlguf�]g_a^Zf��ebgaZf�b�ijh`bedZf�� 

>ey� m]e_jh^bkluo� ]ebgbkluo� keZgp_\� oZjZdl_jgZ�

keZgp_\ZlZy�fbdjhl_dklmjZ� k�hkgh\ghc fZkkhc��ij_^�

klZ\e_gghc lhgdhq_rmclqZluf�Z]j_]Zlhf�]b^jhkex^u�

b�m]e_jh^bkluf�\_s_kl\hf�k�jZkiue_gguo�ibjblhf�k�

ijbf_kvx�d\ZjpZ��dZj[hgZlh\��j_^dhc�\djZie_gghklvx�

lmjfZebgZ b jmlbeZ� 

<k_�bamq_ggu_�ihjh^u kh^_j`Zl�m]e_jh^�\�hj]Zgb�

q_kdhc�nhjf_��.42±2.8 ���GZb[he__�\ukhdb_�kh^_j`Z�

gby� hj]Zgbq_kdh]h� m]e_jh^Z� oZjZdl_jgu� ^ey� i_j\bq�

guo�jm^�f_klhjh`^_gby��.21±2.8 %. 

Jm^gu_�ijh[u�khklhyl��ij_bfms_kl\_ggh��ba�ihjh�

^hh[jZamxsbo� fbg_jZeh\� ba� dhlhjuo� kms_kl\_ggh_�

agZq_gb_�bf_xl�d\Zjp�b�]b^jhkex^u��>hey�]ebgbklhc�

njZdpbb�\�ijh[Zo�jm^u�g_�ij_\urZ_l��.����b�ih�̂ Zgguf�

j_gl]_ghkljmdlmjgh]h� ZgZebaZ� ij_^klZ\e_gZ� \� hkgh\�

ghf�beeblhf�k�g_agZqbl_evghc�ijbf_kvx�iZjZ]hgblZ�� 

DZd�m`_�hlf_qZehkv��ba�kmevnb^h\ ij_h[eZ^Z_l�ib�

jbl��:jk_ghibjbl��ibjjhlbg��kmevnb^u�f_^b��knZe_jbl��

]Ze_gbl��[e_deZy�jm^Z��Zglbfhgbl��]_jk^hjnbl��dh[Zev�

lbg�hlf_qZxlky�lhevdh�\�j_^dbo�b�_^bgbqguo�a_jgZo��Ba�

]bi_j]_gguo� h[jZah\Zgbc� ijbkmlkl\mxl� \� hkgh\ghf�

]b^jhdkb^u�`_e_aZ��ebfhgbl��]_lbl�b�]b^jh]_lbl�� 

M]e_jh^bklh_� \_s_kl\h� ij_^klZ\e_gh� j_gl]_gh�

Zfhjnghc�nZahc. We_dljhggu_� kgbfdb� m]ebklh]h� \_�

s_kl\Z��m\_ebq_gb_�hl������̂ h��������ihdZaZeb�bo�lhg�

dmx�^bki_jkghklv��qlh�ij_^iheZ]Z_l�\ukhdmx�khj[pb-

hggmx�_fdhklv��Ijb�[hevrbo�m\_ebq_gbyo�\b^gh��qlh�

dZ`^Zy� qZklbpZ� h[eZ^Z_l� ^hihegbl_evghc� ihjbklh�

klvx�� h[mkeh\e_gghc� kljmdlmjguf� khklhygb_f� m]e_�

jh^Z��Hq_\b^gh��qlh�hj]Zgbq_kdbc�m]e_jh^�bf__l�\Z`�

g_crmx�jhev�\�gZdhie_gbb�i_j\bqgh]h�j_kmjkgh]h�ih�

l_gpbZeZ�ahehlZ�b�^jm]bo�^jZ]f_lZeeh\ �jbk����. 

LZdbf�h[jZahf� gZ�hkgh\Zgbb�\k_]h�fgh]hh[jZaby�

]_heh]bq_kdbo�nZdlhjh\��\ebyxsbo�gZ�nhjfbjh\Zgb_�

jm^u, fh`gh�k^_eZlv�ke_^mxsb_�\u\h^u��Hleh`_gby��

h[jZamxsb_�kljmdlmjm�f_klhjh`^_gby�DjZkgh_��nhj�

fbjh\Zehkv�\�mkeh\byo�Zi\_eebg]h\uo nZpbc�gZ�iZk�

kb\ghc� dhglbg_glZevghc� hdjZbg_�� \� j_amevlZl_� q_]h�

knhjfbjh\Zeky�dhfie_dk�k�ih\ur_ggufb�kh^_j`Zgb�

yfb�hj]Zgbq_kdh]h�m]e_jh^Z��bf_xs_]h�dZd�l_jjb]_g�

gh_��lZd�b�Zd\Z]_ggh_�ijhbkoh`^_gb_��Jm^guo�ihl_g�

pbZe�nhjfbjh\Zeky�\�g_kdhevdh�wlZih\�����\�ijhp_kk_�

k_^bf_glh]bg_aZ�����gZ�klZ^bb�^bZ]_g_aZ�����\�ijhp_kk_�

f_lZ]_g_aZ�� 

GZ� i_j\hc� klZ^bb� m]e_jh^�� h[eZ^Zy� ih\ur_gghc�

khj[pbhgghc� kihkh[ghklvx�� ba\e_dZe� jZkl\hj_ggu_� \�

fhjkdhc� \h^_� f_lZeeu�� \� i_j\mx� hq_j_^v� ahehlh� GZ�

\lhjhc�klZ^bb��ijb�^bZ]_g_a_�\�mkeh\byo�ih\ur_ggh]h�

kh^_j`Zgby�m]e_jh^Z�\�\hkklZgh\bl_evghc�kj_^_�h[jZ�

ah\u\Zeky�i_j\bqguc�k_^bf_glh]_gguc�ibjbl�b�^jm]b_�

kmevnb^u�� dhlhju_� oZjZdl_jbah\Zebkv� ih\ur_ggufb�

dhgp_gljZpbyfb� ^jZ]f_lZeeh\�� ]eZ\guf� h[jZahf, \�

gZghjZaf_jghf� b� lhgdh^bki_jkghf� khklhygbb�� <� j_�

amevlZl_�f_lZ]_g_aZ�ijhbahreh�kms_kl\_ggh_�i_j_jZk�

ij_^_e_gb_� ^jZ]f_lZevghc� ]jmiiu�� WlZ� klZ^by�� \_jh�

ylgh��[ueZ�keh`ghc�fgh]hwlZighc�dZd�fbgbfmf�\dex�

qZxsZy�nZdlhj�j_]bhgZevgh]h�b�dhglZdlgh]h�f_lZfhj�

nbafZ�ih^�\ebygb_f�l_jfZevgh]h�ihey�\�[he__�iha^g__�

\j_fy��Hl�kx^Z��fgh]hklZ^bcguc�jm^guc�ijhp_kk�k\y�

aZgguc�k�jZaebqgufb�gZeh`_ggufb�^jm]�gZ�^jm]Z�nZd�

lhjZfb�i_j_jZkij_^_e_gby�jm^gh]h�ihl_gpbZeZ� 

 

H[sZy�oZjZdl_jbklbdZ 

bkoh^ghc�jm^u b�ko_fZ�__�h[h]Zs_gby 
Bkoh^gZy� jm^Z� k� dZjv_jZ� ihklmiZ_l� \� ijb_fguc�

[mgd_j� ba� dhlhjh]h gZijZ\ey_lky� gZ� baf_evq_gb_��

Mkj_^g_ggZy� jm^Z�ihke_�baf_evq_gby�bf__l� obfbq_�

kdbc�khklZ\, ijb\_^_gguc�\�lZ[e�����Kj_^gbc�mjh\_gv�

kh^_j`Zgby�Au \�g_c�khklZ\ey_l��.��]�l��Ahehlh��\�khhl-  



X��X��Yggbdh\Z��:��B��Nmjkh\��E��X��Audh\Z 

58                                                               Proceedings of Voronezh State University. Series: Geology. 2021, no. 2, 52±63 

  
 

  
Jbk���� Hj]Zgbq_kdbc�m]e_jh^�ih^�we_dljhgguf�fbdjhkdhihf��m\_ebq_gb_�hl���^h����lukyq� 

[Fig. 4. Organic carbon under an electron microscope (magnification from 8 to 30 thousand).] 

 
LZ[ebpZ��� Obfbq_kdbc�khklZ\�bkoh^ghc�jm^u�b�ijh^mdlh\�__�i_j_^_eZ 

[Table 2. Chemical composition of the original ore and products of its conversion] 

GZbf_gh\Zgb_ 

[Name] 
Na2O MgO Al2O3 SiO2 P2O5 SO3 K2O CaO TiO2 Fe2O3 III 

KmffZ 

[Amount] 

Bkoh^gZy�ijh[Z� 

[Initial sample] 
0.65 1.78 17.61 56.11 0.23 1.05 1.11 0.32 0.88 11.75 8.39 99.87 

O\hkl�nehlZpbb 

[Flotation tail] 
0.61 1.73 16.60 56.15 0.24 1.35 1.15 0.26 0.76 13.17 7.88 99.90 

O\hkl�khj[pbb 

[Sorption tail] 
0.74 1.13 8.25 41.30 0.35 3.82 0.50 0.30 0.52 30.65 12.19 99.74 

 

Ijh^he`_gb_�LZ[e���� Kh^_j`Zgb_�ijbf_k_c��ppm. 

[Table 2 continued. Content of impurities, ppm] 

GZbf_gh\Zgb_ 

[Name] 
Sc V Cr Co Ni Cu Zn Ga As Rb 

Bkoh^gZy ijh[Z  

[Initial sample] 
23 143 106 14 58 46 99 21 178 109 

O\hkl nehlZpbb 

[Flotation tail] 
7 134 91 12 52 31 85 18 127 96 

O\hkl�khj[pbb 

[Sorption tail] 
16 68 63 57 150 812 129 11 340 74 

           

GZbf_gh\Zgb_ 

[Name] 
Sr Y Zr Nb Sb Cs Ba Pb 

Au1��]�l 

[g/t] 

Pt2. ]�l 

[g/t] 

Bkoh^gZy ijh[Z  

[Initial sample] 
173 31 201 14 16 7 1184 23   

O\hkl nehlZpbb 

[Flotation tail] 
150 27 177 13 14 37 1127 17 

0.16 

(0.161) 
4.77 

O\hkl�khj[pbb 

[Sorption tail] 
144 56 490 10 3 5 765 37 

1.56 

(1.564) 
4.18 

Ijbf_qZgby� 1 ± >Zggu_�ijh[bjgh]h�ZgZebaZ��\�kdh[dZo�± ::K�WL:�>The data of an assay test; in brackets ± ETA AAS]; 

       2 ± >Zgguc ZgZebaZ ::K WL: [The data of the ETA AAS analysis] 
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\_lkl\bb� k�nZah\uf� ZgZebahf��jZkij_^_e_gh� ke_^mx�

sbf�h[jZahf��k\h[h^guc�f_lZee���±�����\�kjhkldZo�k�

ihjh^hh[jZamxsbfb� ��±����� k\yaZgguc� k� kmevnb�

^Zfb���±����b�k\yaZgguc�k�m]e_jh^bkluf�\_s_kl\hf 

5±�����Ba\e_dZ_fhklv�khklZ\ey_l���±�����qlh�^ey�jm^�

k�^\hcghc�mihjghklvx�y\ey_lky�\_kvfZ�\ukhdbf�ihdZ�

aZl_e_f� 

LjZ^bpbhggZy�ko_fZ�ba\e_q_gby ahehlZ�ba�jm^�lZ�

dh]h� lbiZ� \dexqZ_l� \� k_[y� ke_^mxsb_� ijhp_kku�� 1) 

lhgdh_�baf_evq_gb_�jm^u �f_g__����fdf���aZl_f�2) ]jZ�

\blZpbhggh_�b����nehlZpbhggh_ h[h]Zs_gby���� nehlh�

dhgp_gljZl� k� ^h[Z\e_gb_f�ijhfijh^mdlZ�hl� ]jZ\blZ�

pbb ihiZ^Zxl�gZ�khj[pbx��Khj[pby�h[uqgh�ijhbkoh�

^bl�\�pbZgbkluo�jZkl\hjZo k�hkZ`^_gb_f�f_lZeeZ gZ�

kfhem�beb�m]hev��P_gguc�dhfihg_gl�k�khj[_glZ�kgbfZ�

_lky�\�ijhp_kk_�^_khj[pbb��Z�khj[_gl�\ha\jZsZ_lky�\�

pbde��GZkus_ggu_� jZkl\hju� k� ^_khj[pbb� gZijZ\ey�

xlky�gZ�we_dljheba�k�ihke_^mxs_c�ieZ\dhc�b�ihemq_�

gb_f�kieZ\Z�>hj_�� 

 

HibkZgb_�wdki_jbf_glZ� 

j_amevlZlu�b�bo�h[km`^_gb_ 

<� dZq_kl\_� h[t_dlZ� bkke_^h\Zgby� [ueb� hlh[jZgu�

^\_� ijh[u l_ogheh]bq_kdh]h� i_j_^_eZ� h[h]Zlbl_ev�

gh]h�ijhba\h^kl\Z��Z�bf_ggh��o\hkl�dhgljhevghc�neh�

lZpbb� �ON��b� o\hkl� khj[pbb� �OK���H[_� ijh[u�ij_^�

klZ\e_gu� lhgdhbaf_evqzgguf� ijh^mdlhf� k� kh^_j`Z�

gb_f�ahehlZ�ih�ijh[bjghfm�ZgZebam��ijh[Z�����(ON) 

± 0.���]�l��ijh[Z�����(OK) ± 1.���]�l� 

Ba�kh^_j`Zgbc�\b^gh��qlh�o\hkl�dhgljhevghc�neh�

lZpbb��ijh[Z������g_�ijb]h^gZ�^ey�^Zevg_cr_]h�h[h�

]Zs_gby�ih� kms_kl\mxs_c� l_ogheh]bb� \� k\yab� k�fZ�

euf� kh^_j`Zgb_f� ahehlZ��LZdhc�ijh^mdl�b^_l�\�o\h�

klhojZgbebs_�� O\hkl� khj[pbb� �ijh[Z��� ��� g_h[oh�

^bfh�^h�h[h]ZsZlv�� 

Ijb�ijh\_^_gbb djZldh\j_f_gghc� �a���fbg� dZ\b�

lZpbhgghc� h[jZ[hldb (DH) hlf_qZ_lky� ^hihegbl_ev�

gh_� baf_evq_gb_� jm^ghc� khklZ\eyxs_c� imeviu�� LZd�

ijb�ihiuldZo�nbevljh\Zlv�kjZam�ihke_�DH�q_j_a�nbev�

ljh\Zevgmx�[mfZ]m�fZjdb�©Kbgyy�e_glZª��l\_j^u_�qZ�

klbpu� ijhoh^yl q_j_a ihju�nbevljZ�� JZaf_j� ihj� ih�

kijZ\hqguf�^Zgguf� >4@� khklZ\ey_l� �.8±1.��fdf��Ijb�

hlklZb\Zgbb� ijh^mdlZ� dZ\blZpbb� gZ� ijhly`_gbb� �±3 

kmlhd�hk_^Zgb_�f_edhc�njZdpbb g_�gZ[ex^Z_lky. 

<�k\yab�k�wlbf�\hagbdZ_l�aZ^ZqZ�bkke_^h\Zlv�]jZgm�

ehf_ljbq_kdmx� oZjZdl_jbklbdm� ijh^mdlh\� dZ\blZpb�

hgghc�h[jZ[hldb� 

Ihemq_ggu_� Zj_hf_ljbq_kdbf� f_lh^hf� ^Zggu_�

]jZgmehf_ljbq_kdhc� oZjZdl_jbklbdb� ijb\_^_gu� \�

lZ[e� 3 b�ij_^klZ\e_gu�]jZnbq_kdb�gZ�jbk���� 

 

LZ[e���� JZkij_^_e_gb_�]jZgmehf_ljbq_kdh]h�khklZ\Z�ih�njZdpbyf�\�jm^ghc�fZkk_ 

[Table 3. Distribution of granulometric composition by fractions in the ore mass] 

NjZdpby��ff 

[Fraction. mm] 
0.1±0.05 0.05±0.01 0.01±0.005 0.005±0.001 

F_g__������ 

[Less 0.001] 

KmffZ 

[Amount] 

Ihke_�DH 

[After CT] 
32.48 46.45 7.56 2.16 11.34 100.00 

>h�DH 

[Before CT] 
38.20 47.29 7.88 0.41 6.22 100.00 

 

 

Jbk���� KmffZjgZy�djb\Zy�]jZgmehf_ljbq_kdh]h�khklZ\Z�\�ih�

emeh]Zjbnfbq_kdhf�fZkrlZ[_� 

[Fig. 5. Summary curve of the granulometric composition on a 

logarithmic scale.] 

 

>Z`_�ijb� djZldh\j_f_gghc� dZ\blZpbb� kmffZjgh_�

dhebq_kl\h�njZdpbb�f_g__����fdf�\hajZklZ_l�gZ�����k�

����� ^h� ��� ��� gZ� lZdh_� `_� dhebq_kl\h� mf_gvrZ_lky�

kmffZ�njZdpbb�^h����fdf� 

Ih�^Zgguf�bkke_^h\Zgby�]jZgmehf_ljbq_kdh]h�kh-

klZ\Z�ijh[�^h�b�ihke_�DH�m^Zehkv�jZkkqblZlv�wnn_d�

lb\guc�^bZf_lj�d����mf_gvrbeky�k��.����ff�^h��.001 

ff���©>bZf_lj�r_klb^_kylbª�d����mf_gvrbeky�k��.05 

^h� �.��� ff��� dhwnnbpb_gl� g_h^ghjh^ghklb �m\_eb�

qbeky�k��.���^h����ff���Ih�dhwnnbpb_glm�g_h^ghjh^�

ghklb�ijh[Z�ihke_�DH�y\ey_lky�[he__�g_h^ghjh^ghc�ih�

]jZgmehf_ljbq_kdhfm�khklZ\m�� 

LZdbf� h[jZahf�� dZ\blZpby� kihkh[gZ� baf_evqZlv�

jm^guc� fZl_jbZe� ^h� gZghjZaf_jgh]h� khklhygby�� qlh�

y\ey_lky�h^gbf�ba�]eZ\guo�mkeh\bc�ba\e_q_gby�^jZ]�

f_lZeeh\� 

Hij_^_e_gb_�kh^_j`Zgby�ahehlZ�\�ijh^mdlZo�i_j_�

^_eZ�[ueh�\uiheg_gh�^\mfy�f_lh^Zfb�± ijh[bjguf�b�

Zlhfgh-Z[khj[pbhgguf�� >Zggu_� ih� kh^_j`Zgbx� ah�

ehlZ�ijb\_^_gu�\�lZ[e� 2��ba�dhlhjhc ke_^m_l�\ukhdZy�

koh^bfhklv�ihemq_gguo�j_amevlZlh\� 

 DZ\blZpbhggZy� h[jZ[hldZ� ijh\h^beZkv� g_kdhev�

dbfb�aZoh^Zfb��qlh�h[sbf�\j_f_g_f�wdkihabpbb���±

��� fbgml�� Wlh� h[mkeh\e_gh� l_f�� qlh� ijb� dZ\blZpbb�

ijhbkoh^bl�bgl_gkb\guc�gZ]j_\�imeviu�� 

Ihke_�ijh\_^_gby�DH�fbg_jZevgh]h�kujvy, \�g_c-

ljZevghc� kj_^_� [ueb� ihemq_gu� ke_^mxsb_� ^Zggu_��

DH ijh[u���� ijhba\h^beZkv \�^\Z�wlZiZ k�wdkihab�
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pb_c��±��fbg�gZ�dZ`^hc�ba�gbo��Ihke_�i_j\hc�DH�kh�

^_j`Zgb_�Au \� l\_j^hc�nZa_� �d_d�h[jZ[hldb�� khklZ\�

eyeh�0.���]�l��\�`b^dhc� ± 0.���]�l1��Ihke_�\lhjhc�DH�

kh^_j`Zgb_�\�l\_j^hc�nZa_�kgbabehkv�ih�kjZ\g_gbx�k�

i_j\hc�^h 0����]�l��\�`b^dhc�± 0.���]�l��WlZ�ijh[Z�ihke_�

DH�\�kheyghdbkehc�kj_^_�ihdZaZeZ�kh^_j`Zgb_�ahehlZ�

\�l\_j^hc�nZa_��.���]�l��\�`b^dhc�± 0.���]�l�� 

LZdbf�h[jZahf��ih\ur_gb_� kh^_j`Zgby�ba\e_dZ_�

fh]h�ahehlZ�ihke_�DH�ih�kjZ\g_gbx�k�bkoh^ghc�jm^hc�

m\_ebqbehkv�\���jZa��<�`b^dhc�nZa_�kh^_j`Zgb_�ahehlZ�

khklZ\ey_l� ijb� i_j_jZkq_l_� gZ� l\_j^mx� nZam, \k_]h 

0.���]�l��l�_�f_lZee�\g_�aZ\bkbfhklb�hl�\j_f_gb�dZ\b�

lZpbb�\�g_cljZevghc�kj_^_�ijZdlbq_kdb�g_�i_j_oh^bl�

\�jZkl\hj��Ijb�^Zevg_cr_f�\ha^_ckl\bb�dZ\blZpbb�kh�

^_j`Zgb_�kgbabehkv�̂ h��.���]�l�\�l\_j^hc�nZa_�b�̂ h��.03 

]�l�\�`b^dhc��lh�_klv�ihke_^mxsZy DH�ijb\h^bl�d�kgb�

`_gbx� hij_^_ey_fh]h� ahehlZ��Wlh� k\yaZgh� k� Zdlb\Z�

pb_c�m]ebklh]h�\_s_kl\Z��dhlhjh_�khj[bjm_l�\kdjulh_�

ahehlh��Wlhl�wnn_dl�[ue�hibkZg�jZg__�\�[1,7].  

Ijb�DH� k� kheyghc�dbkehlhc� kh^_j`Zgb_� ahehlZ� \�

`b^dhc�nZa_��ijb�i_j_jZkq_l_�gZ�l\_j^mx�nZam��m\_eb�

qb\Z_lky�^h��.���]�l��ijb�wlhf�\�l\_j^hc�nZa_�kh^_j`Z�

gb_�hklZ_lky� ijZdlbq_kdb�gZ�i_j\hgZqZevghf� mjh\g_�

(0.���]�l���GZebqb_�oehjb^-bhgZ�b�gbadb_�agZq_gby�jG�

i_j_\h^yl�ahehlh�\�jZkl\hjbfu_�oehjb^gu_�kh_^bg_�

gby��<�g_cljZevghc� kj_^_� lZdhc� wnn_dl�g_�gZ[ex^Z�

_lky�� 

H^gZdh��fh`gh�aZf_lblv��qlh�kmffu kh^_j`Zgbc

�@N�LN��ijb�DH�\�g_cljZevghc�kj_^_ (0.03+0.99=1.02 

]�l��[hevr_�q_f�\�dbkehc���.55+0.17=0.���]�l���Ijb�wlhf�

wdkihabpby� ijbf_jgh� h^bgZdh\Z�� Kgb`_gb_� kmffZj�

gh]h�hij_^_ey_fh]h� ahehlZ�fh`gh�h[tykgblv� Zdlb\Z�

pb_c�\�dbkeuo�jZkl\hjZo�ijb�DH�m]e_jh^Z��dZd�hkgh\�

gh]h�khj[_glZ�� 

Ihke_�ijh\_^_gby�DH�o\hklh\�khj[pbb��ijh[Z���2) 

\�kheyghdbkehc�kj_^_�[ueb�ihemq_gu�ke_^mxsb_�^Zg�

gu_� Ihke_�DH�kh^_j`Zgb_�ahehlZ�\�l\_j^hc�nZa_�kh�

klZ\beh��.���]�l��\�`b^dhc�± 1.���]�l �lZ[e������KmffZj�

gh_�kh^_j`Zgb_�©kdjulh]hª ahehlZ�khklZ\ey_l��.���]�l��

qlh�\���jZa�ij_\urZ_l�kh^_j`Zgb_�ahehlZ�\�bkoh^ghc�

ijh[_�^h�dZ\blZpbhgghc�h[jZ[hldb��I_j_oh^�hkgh\ghc�

qZklb�ahehlZ�\�l\_j^mx�nZam fh`gh�h[tykgblv�Zdlb\Z�

pb_c�m]ebklh]h�\_s_kl\Z�\�ijhp_kk�DH��dhlhjh_�khj[b�

jm_l�gZ�k_[y�\u^_e_gguc�\�jZkl\hj�f_lZee��Kmi_jba�

f_evq_gb_� ijb� DH Zdlb\bjm_l� m]ebklh_� \_s_kl\h��

khj[pbhggu_�k\hckl\Z�dhlhjh]h�ih\urZxlky� 

:gZeba�gZ�ieZlbgm�ijh\h^beky�lhevdh�ijb�DH�\ kh�

eyghdbkehc�kj_^_�gZ�ijh[_������H^gZdh wlb�̂ Zggu_�ih�

dZau\Zxl��qlh�ih\_^_gb_�jZkl\hjbfhklb�ieZlbgu�ZgZ�

eh]bqgh�jZkl\hjbfhklb�ahehlZ� >h�DH�\�ijh[_�kh^_j�

`Zgb_�ieZlbgu��.���]�l��ihke_�± \�`b^dhc�nZa_��.���]�l��

\�l\_j^hc�± 15.���]�l�� 

Ijb�ieZgbjh\Zgbb�[m^msbo bkke_^h\Zgbc�g_h[oh�

^bfh�ijh\_klb�DH�\�jZkl\hjZo�^jm]bo�jZkl\hjbl_e_c�

ahehlZ� �lbhfhq_\bgZ�� pbZgbklu_� jZkl\hju� ]bihoeh�

jbl-bhg�b�^�j��� 

 
LZ[e���� J_amevlZlu�dZ\blZpbhgghc�h[jZ[hldb��LN�± l\_j^Zy�nZaZ��@N�± `b^dZy�nZaZ� 

[Table 4. The results of cavitation treatment (SP ± solid phase, LP ± liquid phase)] 

HibkZgb_ 

[Name] 

<j_fy, fbg/wlZi 

[Time, min / stage] 
Kj_^Z [PH level]  

KPt
 * jm^��]�l 

[KPt
 ore. g/t] 

KAu jm^. ]/l  

[KAu ore. g/t] 

Ijh[Z�����LN 

[Sample ��� SP] 
8/1 § 7  0.99 

Ijh[Z�����@N 

[Sample ��� LP] 
8/1 § 7  0.01 

Ijh[Z�����LN 

[Sample ��� SP] 
8/2 § 7  0.26 

Ijh[Z�����@N 

[Sample ��� LP] 
8/2 § 7  0.03 

Ijh[Z�����LN 

[Sample ��� SP] 
16 <2  0.17 

Ijh[Z�����@N 

[Sample ��� LP] 
16 <2  0.55 

Ijh[Z�����LN 

[Sample ��� SP] 
17 <2 15.70 6.60 

Ijh[Z�����@N 

[Sample ��� LP] 
17 <2 2.00 1.15 

Ijbf_qZgb_� * ± \ i_j_kq_l_�gZ�jm^m�>In terms of ore] 

 

AZdexq_gb_ 

Hleh`_gby, h[jZamxsb_ kljmdlmjm�f_klhjh`^_gby 

DjZkgh_, nhjfbjh\Zehkv ij_^iheh`bl_evgh \� mkeh�

\byo� Zi\_eebg]h\uo nZpbc� gZ� iZkkb\ghc� dhglbg_g�

lZevghc� hdjZbg_, \� j_amevlZl_� q_]h� knhjfbjh\Zeky�

                                           

1 a^_kv�b�^Ze__�\�i_j_kq_l_�gZ�jm^m 

dhfie_dk� k� ih\ur_ggufb kh^_j`Zgbyfb� hj]Zgbq_�

kdh]h�m]e_jh^Z��bf_xs_]h�dZd�l_jjb]_ggh_��lZd�b�Zd\Z�

]_ggh_�ijhbkoh`^_gb_�� 

Jm^guo�ihl_gpbZe�nhjfbjh\Zeky�\�g_kdhevdh�wlZ�

ih\�����\�ijhp_kk_�k_^bf_glh]_g_aZ�����gZ�klZ^bb�̂ bZ]_-



=_heh]by�b�l_ogheh]bq_kdb_�hkh[_gghklb ahehlhjm^gh]h�f_klhjh`^_gby�©DjZkgh_ª��BjdmlkdZy�h[eZklv� 
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g_aZ�����\�ijhp_kk_�f_lZ]_g_aZ�� 

GZ� i_j\hc� klZ^bb� m]e_jh^�� h[eZ^Zy� ih\ur_gghc�

khj[pbhgghc�kihkh[ghklvx��ba\e_dZe�jZkl\hj_ggu_�\�

fhjkdhc�\h^_�f_lZeeu�� \�i_j\mx�hq_j_^v� ahehlh� GZ�

\lhjhc�klZ^bb��ijb�^bZ]_g_a_�\�mkeh\byo�ih\ur_ggh]h 

kh^_j`Zgby m]e_jh^Z�\�\hkklZgh\bl_evghc kj_^_ h[jZ�

ah\u\Zeky�i_j\bqguc�k_^bf_glh]_gguc�ibjbl�b�^jm�

]b_� kmevnb^u, dhlhju_� oZjZdl_jbah\Zebkv� ih\ur_g�

gufb dhgp_gljZpbyfb ^jZ]f_lZeeh\�� ]eZ\guf� h[jZ�

ahf, \�gZghjZaf_jghf�b�lhgdh^bki_jkghf�khklhygbb. <�

j_amevlZl_�f_lZ]_g_aZ�ijhbahreh�kms_kl\_ggh_�i_j_�

jZkij_^_e_gb_�^jZ]f_lZevghc�]jmiiu��WlZ�klZ^by��\_�

jhylgh�� [ueZ� keh`ghc� b�fgh]hwlZighc, \dexqZxsZy�

nZdlhj� j_]bhgZevgh]h� b� dhglZdlgh]h� f_lZfhjnbafZ�

ih^�\ebygb_f�l_jfZevgh]h�ihey�\�[he__�iha^g__�\j_fy��

Hl� kx^Z� ke_^m_l� fgh]hklZ^bcguc� jm^guc� ijhp_kk, 

k\yaZgguc�k�jZaebqgufb�gZeh`_ggufb�^jm]�gZ�^jm]Z�

nZdlhjZfb�i_j_jZkij_^_e_gby�jm^gh]h�ihl_gpbZeZ� 

<�j_amevlZl_�knhjfbjh\Zebkv�jm^u�k�lZd�gZau\Z_�

fhc�^\hcghc�mihjghklvx��I_j\uc�jh^�mihjghklb�k\y�

aZg�k�gZghjZaf_jguf�khklhygb_f�^jZ]f_lZeeh\ �]eZ\�

guf�h[jZahf�\�ibjbl_), \�ke_^kl\bb�q_]h bo�agZqbl_ev�

gZy� qZklv� moh^bl \� o\hklu h[h]Zs_gby. <lhjhc� jh^�

mihjghklb�k\yaZg k�m]e_jh^hf.  

K� h^ghc� klhjhgu, ijb� baf_evq_gbb� jm^u agZqb�

l_evgZy�qZklv�gZghjZaf_jgh]h�ahehlZ�\kdju\Z_lky, Z k�

^jm]hc�± Zdlb\babjm_lky m]e_jh^, dhlhjuc Zdlb\gh�Z[�

khj[bjm_l ahehlh��<� wlhc� k\yab� [m^msb_ l_ogheh]bb 

^he`gu� ij_^mkfZljb\Zlv� kmi_jbaf_evq_gb_�� \ZjbZg�

lhf� dhlhjh]h� y\ey_lky� kihkh[� dZ\blZpbb� k� h^gh\j_�

f_gguf�ih^Z\e_gb_f�Zdlb\ghklb m]e_jh^Z� 

Dhgnebdl�bgl_j_kh\� :\lhju�^_deZjbjmxl�hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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