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Abstract
Introduction. Gold ore pre-concentration is an urgent issue that can efficiently be solved by
the technology of X-ray radiometric separation (XRS). Quarts and quarts-sulfide gold ore XRS is based on
the methods of indirect sorting by gold accompanying chemical elements or genetic associate minerals
laying the foundation for the creation of separation characteristics for these ores. Additional separation
characteristics are required for efficient gold-quartz and gold-quartz-sulfide ore sorting; Irgiredmet
Research Institute works on these characteristics search and development.
Research methodology. Optimal ore separation characteristics for each specific deposit are chosen
after studying and analyzing the spectral information acquired at XRF separators when detecting
secondary characteristic radiation from each specific deposit ore samples. The recent modernization of
XRF' separators significantly enhanced the technological capabilities of XRS concerning intensive
search and study of new separation characteristics for gold ore. It has been established that most ores
can be efficiently sorted by three characteristics.
Research results. A new method of gold ore XRS has been developed which consists of simultaneously
applying three, two, or one decision criterion of a lump separation depending on the type, geological-
mineralogical properties, and material composition of the processed ore.

Keywords: pre-concentration; gold ore; X-ray radiometric separation; separation characteristic;
X-ray spectrum; decision criterion of lump separation.

Introduction. Both in Russia [1] and abroad [2—5], ore pre-concentration technology
is becoming an increasingly urgent issue for mining enterprises. The implementation of
this technology makes it possible to significantly improve the effectiveness of field
development since the first task of the pre-concentration technology is to improve the
quality of the ore that undergoes processing [6]. It fully applies to gold mining
enterprises that develop an increasing number of gold ore deposits with low gold
content in base ore, and there is no doubt that the need for pre-concentration grows [7].

Almost 40 years ago, in Irgiredmet an efficient technology of gold ore and rare
metal ore pre-concentration was developed. The technology was based on lump sorting
using the X-ray fluorescence method (XFM) and called the X-ray radiometric separation
(XRS). Multiple studies, testing, and introduction carried out by the institute together
with partners have shown that compared to other radiometric methods, the X-ray
fluorescence method is more efficient for a diverse range of minerals when solving
various process tasks [8—10]. The main equipment for XRS is an X-ray fluorescence
separator of XRF type.

The applied quarts and quarts-sulfide gold ore XRS technology is based on indirect
sorting methods by gold accompanying chemical elements or genetic associate



ISSN 0536-1028 «Hz6ecmus 8y308. 'opnuiiil srcypuany, Ne 3, 2021 89

minerals. Most commonly, they are the elements within the included in sulfide minerals:
Fe (pyrite), Cu (chalcopyrite), Zn (sphalerite), As (arsenopyrite), Pb (galenite),
Bi (bismuthine), and Sb (antimonite) [11]. The use of XRS for such ore sorting is based
on gold correlation with these elements, the content of which is identical to the
separation characteristics. XRS is used to develop the analytical parameters of
separation as well.

Commonly, gold is loosely correlated with informative elements of sulfide minerals
(preventing from effective sorting), but at the same time, as a rule, it is bound to quartz.
XRS method, based on “sulfide” separation characteristics only, associated with the
content of sulfide minerals, doesn’t make it possible to efficiently extract quartz from
ore, especially if it is presented in the form of impregnation with thin veins, strings, and
grains having a layered structure, or manifesting in other clots [12].

Improving the efficiency of gold-quarts and gold-quarts-sulfide ore XRS by
searching and developing additional separation characteristics and efficiently
implementing them in the X-ray fluorescence XRF separators metering system is a
topical issue. It will enable a wider use of this method for such ore pre-concentration
and allow involving poor and off-balance ore into processing in a lot of deposits.

Research methodology. Recently, due to modernization, technological capabilities
of XRF separators were enhanced significantly [13]. First off all, the sensitivity and
selectivity of chemical elements determination were improved because the separators
were equipped with high-resolution semiconductor detectors making it possible to
detect different elements in lumps under their content in ore making up to the thousands
of one percent. Improved metering and control system of modern XRF separators
allows applying up to three separation characteristics simultaneously when carrying
out separation. All of the above mentioned significantly enhances the technological
capabilities of XRS concerning intensive search and study of new separation
characteristics for gold ore.

Having analyzed the results of the research and testing carried out in the past 7 years
in the XRS technological center of Irgiredment on numerous gold ores (in more than
70 deposits), it has been established that the majority of them may effectively be sorted
according the three separation characteristics.

Sulfide and quartz-sulfide gold ore with any content of genetic associate minerals in
the ore (informative elements of the sulfide minerals) are sorted using the approach
developed earlier in Irgiredmet [14] according to a well-known criterion of processing,
which is the ratio of the characteristic radiation (CR) (of K- or L-series) of the
accompanying element (N, ) to the scattered radiation (V).

Gold-quartz and gold-quartz-sulfide ore can be sorted according to the separation
characteristic of Fe, the minimum content of which corresponds to quartz lumps, which
are gold enclosing medium, for the most part. There is a lot more Fe in rock, and quartz
can separate from rock in relation to the fixed value of a decision-criterion of lump
separation — the ratio of CR Fe (/Vg,,) to the scattered radiation (V).

To extract gold-bearing quartz presented in the oxidized form (under a high
concentration of Fe same and higher than in rock lumps), a new method was developed.
The method applies the ratio between the CR intensity of Sr (V) included in the
composition of goldless lumps and the intensity of the scattered radiation (). There
is a tiny content of strontium in ore quartz material as compared to its content in
strontium-bearing goldless ore lumps (rock lumps).

If there are no explicit lumps of quartz material in ore, gold focuses in lumps with
silification (impregnation, grains, veins, strings, and bands), which is often unobservable
in case of using other ways of sorting gold ore. It has been determined that the presence
of'silification in lumps can also be detected through the content of Sr that is a lot higher
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in rock lumps. In both instances, one and the same criterion of separation by strontium
content is used.

Based on the research results and aimed at improving the efficiency of pre-
concentration through the XRS method, Irgiredmet research institute developed a new
method of XRS separation of gold ore with the use of three, two, and one criterion of
concentration depending on the type, geological-mineralogical properties, and the
material composition of the concentrated ore [15].

[ Han 1 H1 H2 H3 Fe cu sr  Ns [P
1782 Aksu2opd-23 20122 0258 000497 00604 2619 50 612 10132
1781 Aksu-2-0pd-2-3 21239 026 000544 00508 2818 58 550 10839
1780 Aksu2-0pd-2-3 16789 ©.199 000529 00733 1707 45 628 8574

M1779 Aksu2opd-23 20792 0115 000417 00578 1334 48 667 11554

2

1777 Aksu-2-0p4-2-3 20061 0.14 000465 0.0648 1513 50 701 10835
W 1776 Aksu-2-0p4-23 16936 0.5 000323 0.0194 1454 31 188 9721
W1775 Ak 14478 0141 000396 0025 1156 32 204 8181
W7 3 17324 0176 000404 00536 1621 37 493 9209
1773 17257 ©.142 000403 0.0505 1331 37 472 9368

1772 g 20733 0208 0.00464 0.0521 2255 50 563 10823
W 1771 Aksu-2-opd-2-3 14755 0219 000368 00572 1650 27 431 7544
M 1770 Aksu2-0pd-23 20874 0132 0.00393 0.0372 1555 46 439 11804
W 1769 Aksu-2.0p4-23 16174 0177 000398 00543 1532 34 460 8643

1768 Aksu-2:0p4-2-3 16327 0259 000443 00487 2153 36 405 8316

1767 Aksu-2.0pd-2-3 19754 0208 00113 00651 2118 115 662 10168
1766 Aksu2-opd-2-3 19925 0284 000397 00288 2905 40 294 10226
1765 Aksu2-opd-2-3 19328 0316 000501 00306 3052 48 296 9666
1764 Aksu-2-opd-2-3 20764 0221 00041 0.0559 2373 44 600 10732

W 1763 Aksu-2-opd-2-3 18822 0212 000443 00606 2051 42 586 9670

W76 Akuudend23 1813 0263 DN0IAA N0AGA 3000 D0 IFR_JAAT

MpwBocTH X 0ANOR GOKYHAS
MacuTaHpoBaTE CeKTPM

Fig. 1. Spectrum of rock sample by three separation characteristics
Puc. 1. CriekTp mopoHOro 00pasiia Mo TpeM pasaeuTelIbHBIM IPU3HAKaM

If the study established a higher efficiency of simultaneous application of three
criteria, gold-bearing lumps sorting is carried out according to the three-valued logic
(<< OR >>);

C\(A0) =22 > M (Ae)

N
<< OR >
C,(Fe) = k= < M, (Fe);
NS
<< OR >>

N.
Cy(Sr) = = < My (Sr),

N

where C,(Ae), C,(Fe), C,(Sr) are the decision-criteria of lump separation by
accompanying element, iron, and strontium correspondingly; N, , Ng,, Ny, is the CR
intensity of the accompanying element, iron, and strontium correspondingly; N, is
the intensity of the scattered radiation; M, (Ae), M,(Fe), M,(Sr) is the margin of the decision
criterion of lump separation (sorting threshold).

The (<< OR >>) logic for each decision-criterion of lump separation means the
condition of selecting a lump rich in gold (concentrated):

<< OR >> higher than M, (contains sulfides);
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<< OR >> lower than M, (quartz lump);

<< OR >> lower than M, (presence of silification in a lump).

The remaining lumps, where the numerical values of the decision-criterion do not
comply with this logic, refer to rock lumps.

The three-valued logic << OR >> is general for the majority of the gold ores.
However, depending on the particular ore, the simplified two-value or one-value logic
can be used.

e Hmn [ HL nz H3 fe  cu s ns B0
2029 azurit 14149 | 0144 127 | 0.0106 | 128 11.. 9 889
2028 azurit 26310 | 0.157 137 0.0167 237 20. 25 1511

W 2027 zn 25352 | 0595 158 000922 658 17.. 10 1105
M 2026 Spectrum 23656 31 00630 0.0120 12600 261 52 4002
2025 Spectrum 13184 | 0.015 0.00385 0.0201 | 112 28 150 7482
2024 Spectrum 22087 | 0.0943 0.00463 0.00702 1230 60 91 1304
2023 Spectrum 2334 |0.00531 0.0055 0.018 5 5 19 105
2022 Spectrum 3851 | 0.0034 0.00714 0.0222 L] 12 3% 1765
2021 Spectrum 3844 |0.00404 00052 | 0.0235 | 7 9 40 1731
W2020  aksu-big 16283 000571 0755 0007 | 38 5020 46 6653
2019 aksu-big 23885 | 0.0328 000302 000918 483 44 135 14752
&
W2017  aksu-big 25044 | 0.607 0.00608 0.0207 | 6327 63
W 2016 21638 | 0093  0.00497 0.0329 a5 38
W 2015 23839 | 0229 0.00358 0.0123 46
2014 23650 1.06 0.0119  0.0158 as
2013 24890 | 0.167  0.00453 | 0.0152 63
W 2012 23730 0402 0.00478 0.00956 4 53
W 2011 aksi le 24689 0.0834 000342 00144 1242 51
2010 aksublg 23990 | 0.158 0.00468 0.0280 | 2100 62
2008 aksuhin 21812 | 0155 | nnn3s | nmas 1R a1
MpusscTs k 0AHDRA CoxyHAS
MacurtaGuponars cnexTpu
TepecunTa T CrEK TN s 6 o 1b 52 a%a 2% a%8 330 %2 384 4l

Fig. 2. Spectrum of ore sample by two separation characteristics
Puc. 2. Cnexrp pyaHoro odpasua o JByM pa3aeiuTelbHbIM IIPH3HAKaM

The two-value logic is applied if two decision-criteria of lump separation are enough
for efficient sorting:

C,>M, <<OR>>C, <M, (no Sr);

C,>M, << OR >> C, <M, (no quartz);

C, <M, << OR >> C; <M, (no sulfides).

Ne 1 H1 HZ CuZn As Sr Ns 3¢ 159 (7.92 x
9 16550 0.0108 | 0.0391 176 305 133 12341
18281 0.00846 00482 281 379 116 13716
L] 17821 0.00787 00373 181 319 105 13417

18719 0.00598 00212 143 173 90 15014
5 18990 0.00608 0.0241 131 236 92 15255
16941 0,00972 0.0276 194 152 122 12588
10032 0.00677 00315 168 311 103 15246

20306 0.00616 0.0466 166 542 93 15205
8 0.0648 138 727 85 13362
148 287 160 13950
171 476 127 12808
123 433 99 13805
201 744 | 148 13544

150 605 84 14799
00235 150 166 210
00437 224 421 145 14
713 0.0407 137 497 111
00334 137 338 186
00282 124 320 215
2.2.90 nn nnar3 | 217 41 213

MprescTH X 0AMOR CoxYHAS
MacuITaGHpORA TS CRBKTDM

DECUHTATL CrEKTDY

32 64 96 416

Fig. 3. Spectrum of ore sample by one sulfide separation characteristic of As
Puc. 3. Criektp pyaHOro o6pasiia 1o oHOMY CYJIb(OHIHOMY pPa3IeIUuTEILHOMY IPU3HAKY — AS

One decision-criterion of lump separation is enough for efficient sorting when using
the one-value logic: C , > M | is sorting by the sulfide characteristic; C , <M, is sorting
by the quartz characteristic of Fe; C ; <M ; is sorting by the quartz characteristic of Sr.

The optimal variant for the ore of a particular deposit is chosen after studying and
analyzing the spectral information obtained at XRF separators when detecting secondary
(characteristic) radiation from ore and rock samples collected in the deposit.
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Examples of secondary radiation characteristic spectra of ore and rock samples
of typical quartz-sulfide gold ore deposits are presented in fig. 1-4.

Fig. 1 shows the spectrum of a rock sample detected using the three-valued logic by
three separation characteristics. A high Fe peak proves that the sample lacks quarts,
a high Sr peak proves that there is no silification. Lack of peaks As, Cu, and other
indication elements in sulfide minerals indicates that the sample lacks genetic associate
minerals of gold.

Ny Huan 1 H1 HZ2 H3 Fe Cu

1624 Aksu-2-Q+#Cu-56 15604 0.163 000425 (.07 3e

W 1623 Aksu-2-Q#CuS6 17552 0156 0.00347 0.024

B 1622 Aksu-2-Q+Cu-55 19599 0193 000436
1621 Aksu2-QeCuS5 17835 0183 000379

1620 Aksu-2-Q#Cu-54 0.1EB  0.00833

4 0.00558 O

W 1615 AKsu-2-0- 18996 1 0.0156 3333 144

1614 Aksu-2-Q+Cu-51 18593 0245 000518 0.0366 2391 50
1613 Aksu-2-Q+Cu-51 19487 0336 0.0046F 0.0248 3744 44 X
W 1612 Aksu-2.Q#Cu-50 21677 0259 00084 00442 2890 93
W61 Aksu-2-Q+Gu-50 21795 0350 000657 0.028 3841 70
W 1610 Aksu2-Q+Cu-dD 27555 0275 000478 0.0382 3167 55

1609 aks-2-Q+CU-49 19801 0246 0.00565 0.0362 2527 S8
B 1608 Aksu-2-Q+Cu-4B 15062 0179 000541 0.0501 1498 45
M 1607 Aksu-2-Q+Cu-4B 11001 0208 000378 0.0438 1200 23
M 1606 Aksu-2-Q4Cu-47 20246 0152 000407 0.0339 1737 46

1605 Aksu-2-Q#Cu-47 23146 0133 00042 0031 1756 55 4

L WIAAS dbend.feridf 1AI7A 0143 AORATA (AIAA 17RAIT

MpkmecTs K 0HOA GaxyHRR

MacuTatupoRaTs crexTps

Fig. 4. Spectrum of ore sample by one quartz separation characteristic of Sr
Puc. 4. Criextp pyaHoro o0pasiia o o JHOMY KBapleBOMY pa3AeIUTeIbHOMY MPU3HAKY — St

Fig. 2 shows an example of spectrum for an ore sample, detected using the two-
value logic with two quartz separation characteristics. Low peaks of Fe and Sr confirm
that the sample contains quartz, which is an enclosing medium for gold in this
deposit.

Table 1. XRS results of gold-bearing ore of —150+50 size class by the well-known
and new method with the use of three criteria
Ta6auuna 1. PesyabtaTrsl PPC 3010TOCOnEpKALIEl PYABI KiIacca KPYMHOCTH
—150+50 MM 110 M3BECTHOMY U HOBOMY €IIOCO0Y € MCIIOJIb30BAHUEM
Tpex KpuTepuen

Product

Yield, %

Gold content, g/t

Gold recovery, %

Separation only by an accompanying element As with one criterion

XRS concentrate 11.2 4.60 29.1
XRS middlings 51.0 1.71 49.2
XRS tailings 37.8 1.02 21.7
Primary 100.0 1.77 100.0

Separation by three c

riteria and factors: an accompanying element As and
quartz separation characteristics of Fe and Sr

XRS concentrate 11.3 8.57 64.7
XRS middlings 14.8 1.30 13.0
XRS tailings 73.9 0.45 223
Primary 100.0 1.49 100.0

Fig. 3 presents a spectrum for an ore sample, detected by one sulfide separation
characteristic (by the accompanying element As in the arsenopyrite); Cu and Zn in this
case are secondary.
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Fig. 4 contains an example of spectrum for an ore sample by one quartz separation
characteristic. High silification of the sample confirms the absence of Sr. In this instance,
Fe cannot be used as a separation characteristic due to its high content.

In all spectra presented in the figures, the work of each separation characteristic is
clearly observed individually and in total. Same X-ray spectra from ore and rock
samples are typical for many gold fields of quartz-sulfide type.

Table 2. XRS results of gold-bearing ore of —150+20 size class by the well-known
and new method with the use of two criteria
Ta0auna 2. Pesyabtatsl PPC 3010TOCOACP KAl PYABI KiIacca KPYNHOCTH
—150+20 MM 0 U3BECTHOMY U HOBOMY CIOCO0Y C HCIOJIL30BAHHEM JIBYX
KpUTepHeB

Product Yield, % Gold content, g/t Gold recovery, %

Separation only by an accompanying element Cu with one criterion

XRS concentrate 14.2 2.80 68.6
XRS tailings 85.8 0.21 314
Primary 100.0 0.58 100.0

Separation by two criteria and factors: an accompanying element Cu and quartz

separation characteristics of Sr

XRS concentrate 30.2 1.47 77.0
XRS tailings 69.8 0.19 23.0
Primary 100.0 0.58 100.0

Research results. The developed method of XRS was verified at gold-bearing ore

in different deposits, including quartz-sulfide ore of Aksu field and Srednii Golgotai
deposit.

Table 3. XRS results of gold-bearing ore of —150+20 size class by the well-known
and new method with the use of three criteria
Ta6auuna 3. Pesyabtatsl PPC 30510TOCOAEpKALLEH PYABI KiIacca KPYNHOCTH
—150+20 MM o U3BECTHOMY U HOBOMY CIIOCO0Y C HCIOJIL30BAHUEM OIHOTO
KpHTepHust

Product

Yield, %

Gold content, g/t

Gold recovery, %

Separation only by an accompanying element Fe with one known criterion

XRS concentrate 19.2 1.10 31.1
XRS tailings 80.8 0.58 68.9
Primary 100.0 0.68 100.0

Separation only by an accompanying element Cu with one

known criterion

XRS concentrate 27.0 0.47 22.8
XRS tailings 73.0 0.59 77.2
Primary 100.0 0.56 100.0

Separation only by quar

tz separation characteristic of Sr with one new criterion

XRS concentrate 24.5 1.12 54.7
XRS tailings 75.5 0.30 453
Primary 100.0 0.62 100.0

Table 1 presents the comparison of XRS of Srednii Golgotai ore according to the

well-known method (by the accompanying element As with one criterion of
concentration) and the new method using three decision-criteria of lump separation and
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three separation characteristics (by the accompanying element As and quartz separation
characteristics Fe and Sr). Results obtained with the three-value logic are significantly
higher.

Table 2 presents the comparative characteristics of poor ore XRS in Aksu field using
the well-known method (by the accompanying element Cu with one criterion of
concentration) and the new method using two decision-criteria of lump separation and
two separation characteristics (by the accompanying element Cu and quartz separation
characteristics of Sr). When sorting using the two-value logic, higher extraction of gold
into the XRS concentrate is acquired, therefore, XRS tail losses are lower.

A comparative example of XRS of Aksu gold ore using one decision-criterion of
lump separation according to the well-known method (by the accompanying element
Cu or Fe) or the new method (by the quartz separation characteristic of Sr) is presented
in table 3. Sorting by one separation characteristic Sr is significantly more efficient,
making it possible to obtain XRS tailings with the waste gold grade.

The obtained results show that the current level of XRS technology and equipment
development as so high that efficient separation characteristics can be found almost for
any ore, using its natural technological properties to the maximum.

Conclusions. The study and testing confirmed the possibility of the wide acceptance
and universal character of the developed gold-quartz-sulfide ore XRS technology and
method.

Technological indicators of gold ore XRS depend crucially on the selected separation
characteristics; search for the characteristics, their development, and testing of new
methods of separation are actively carried out both in the XRS technological center of
Irgiredmet Research Institute and industrially using large-scale process samples.
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CoBepIIeHCTBOBAHNE TEXHOJOTHH PEHTITeHOPaANOMeTPHYeCKOoi
cenapaunuu 30J10TOCOAEPKALIUX Py

Kyaukos B. I.1, ®exopos 0. O.!, Yukun A. }0.2

! MpKyTCKUif HAyYHO-MCCIEI0BATENbCKHI HHCTHTYT OJArOPOIHBIX M PEOKHX METAauIOB M ajiMa3oB
(HUU «Uprupenmer»), Upkytck, Poccus.

2 MlpKyTCKHil TOCYIapCTBeHHBIN yHIBEepcHTET, MpKyTCK, Poccust.

Pegpepam

Beeoenue. [Ipedsapumenvroe obozcaujerue 3010MoCo0epicaumyux pyo sA6Is8emcs AKmyaibHou npobiemot,
apghexmusroe peuierue KOMOPOU BO3MONCHO C NPUMEHEHUEM MEXHOLO2UU PEHM2EHOPAOUOMEMPULECKOLL
cenapayuu (PPC). B ocHnogy PPC cynbuonvix u Keapy-cyTb@uoHblX 3010MOCO0ePHCAUUX  PYO
3A100iCeHbl KOCBEHHbIE MenoObl COPMUPOBKU NO CONYMCMBYIOWUM 30101y XUMUHECKUM IeMeHmam
WU 2eHEMUYECKUM CHRYMHUKAM, HA OCHO8E KOMOPLIX OJsi 9MUX pyo QopmMupylomcsi pazoeiumensbHoie
npusnaku. [na apgexmusnoll copmuposku 3010Mo-KEapyesbix U 3010MO-K8apY-CYIb@UOHBIX PYO
HeoOX00UMbl OONOTHUMENbHBIE PA30ETUMENbHble NPUSHAKU, UCCLE008aHUS NO UX NOUCKY U pazpabomke
akmueno eedem HUU «Upaupeomemy.

Memooonozusa uccnedosanuii. BvlOop OnMUMAnbHLIX  pPA30ETUMENbHBIX  NPUSHAKOS Ofd  pyo
Kadc0020 KOHKPEMHO20 MeCHOPONCOeHUs. NPOU3BOOUMCS. HA OCHOBAHUU U3YYEHUs U AHATU3A
cnekmpanvHou ungopmayuu, nonyyennou na cenapamopax CP® npu demexmuposanuu 6mopuuHo2o
XApakmepucmuyecko2o peHmaeHo8CKo20 UsyueHus on oopasyoe npob pyobl OAHHO20 MECMOPONHCOCHU.
Ilposedennas 6 nocnednee epemsi mooepHuzayus cenapamoposé CP® 3nauumenvHo pacuupund
mexnonocuueckue 6ozmodchocmu PPC Ons uHmencueno2o noucka u uzyyeHusi HoGblx paz0eiumenbHulx
NPUBHAKOB 0I5 30JI0MOCO0ePHCAUUX pyo. YCmaHnoeieHo, 4mo OOTbUUHCINGO U3 HUX MO2Ym d(PPeKmUsHO
COPMUPOBAMBCSL NO MPEM NPUSHAKAM.

Pesynomamut  uccnedosanuii. Paspaboman nosevii cnoco6 PPC  30n0mocodepocawmux pyo ¢
UCNONB308AHUEM OOHOBPEMEHHO MpeX, 08YX UIU OOHO20 KpUmepus NPUHAMUA PeUeHUs O Bbl0eleHUU
KYCKA 6 3A8UCUMOCIU ONM MUNd, 2€01020-MUHEPAIOSUYECKUX CBOUCME U BeUjeCmBEeHHO20 COCMABA
obozawaemvix pyo.

Knrouesvie cnosa: npedsapumenvHoe oboeaweHue; 30710mocodepaicauyas pyoa;
PEeHmeeHopaouoOMempuieckds cenapayusl; pa30eiumenbHulll NPU3HAK, PeHMeeHOBCKULL CNeKmp, Kpumepuil
NPUHAINUS PeUuleHUs O 8blOeNleHUl KYCKd.
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