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Abstract
Object and aim of research. By eliminating coarse tailings, preconcentration may increase the content
of valuable components in ore at the input of the processing plant with or without throughput reduction.
The output of preconcentration tailings therefore determines the reduction level of operating costs.
Technological and economic benefit may be significant with high prime cost of deep processing, it is
connected with the costs of power-consuming processes of crushing, grinding, dewatering, as well as for
reagents and material.
Research aims to study main technological factors which influence the effectiveness of ore
preconcentration with X-ray fluorescence separation.
Methodology. The present research uses technological calculation of preconcentration with X-ray
fuorescence separation (XRFS) at various granulometric characteristics of Run-of-Mine Ore and
crushed ore, inhomogeneity analysis of components content in a lump with material size variation,
experimental research on the study of sorted classes number influence on the indicators of separation
with the use of XRFS in preconcentration technologies.
Results and the scope of results. Technological indicators of preconcentration with X-ray fluorescence
separation are calculated for various granulometric characteristics of ore which comes to concentration.
The obtained data allow to recommend XRF'S in maximum size. The influence is revealed of the number
of the sorted sorted classes on the total yield of preconcentration tailings. Maximum size of the
concentrated material should be taken into account when choosing the number of sorted classes.
Research results may be applied when developing the technologies of mineral raw material
preconcentration with X-ray fluorescence separation.
Summary. The effectiveness of ore separating system operation is largely determined by the quality of
ore preparation by granulometric composition both at actual mining (drilling and blasting operations)
and crushing-screening at ore separating systems. The proposed approach allows to quantitatively
estimate the influence of the number of sorted classes on the effectiveness of preconcentration with
X-ray fluorescence separation and explain the choice of the number and the boundaries of sorted classes
sizes.

Key words: preconcentration; X-ray fluorescence separation; ore sorting system; technology;
inhomogeneity in a lump,; granulometric characteristics; the number of the sorted classes.

Introduction. Ore preliminary processing is a dynamically developing field of
mineral processing. It is largely due to steady depletion of ore stock, mining
intensification, involving ore from remote deposits into treating at the currently
operating factories, transference of initial processing to pits and underground mines,
increased need for feedstock of metallurgical, chemical and construction industry.
In Russia [1, 2] and abroad [3—7] much attention has been recently paid to the problems
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of preliminary processing of a wide variety of mineral and technogenic raw material
basically aimed at creating advantageous technological, economic and ecological
conditions for the mined rock treating in further deep processing [2].

Depending on the character of ore, the level of phases disclosure, the content of the
principal valuable component, washability indicators, and requirements to the final
product, the following technological tasks may be solved at the stage of preliminary
processing: coarse final tailings (preconcentration) disposal with further grinding and
deep processing of preliminary processing concentrates; ore separation into
technological types which are processed according to different flowcharts after grinding;
coarse sellable concentrates dressing with further grinding and deep processing of
tailings (middlings) of preliminary processing [2].

Preliminary concentration is an important part of technologies at base ore processing.
Current tendency towards the reduction of valuable components content in ore may be
partly balanced out by the increased capacity of processing plants. Another way to
improve the economy of processing technology is to use preconcentration to increase
components content in ore which comes to deep processing. Preconcentration is
effective when new remote deposits are involved in treating. It is relevant for the mills
which exhausted deposits near the processing plant. In this case, ore sorting systems
(RSS) are situated in the vicinity of new mines, thus reaching cost reduction for ore
transportation to the factory. Preliminary concentration with the same effect can also be
used in underground mining.

Technological and economic benefit may be significant with high prime cost of deep
processing. By eliminating coarse tailings, preconcentration may increase the content
of valuable components in ore at the input of the processing plant with or without
throughput reduction. Preconcentration tailings output therefore determines the
reduction level of operating costs. Additionally, by means of increasing the content of
components, for instance, in flotation feed, technological indicators of flotation
processing may improve [2].

Gravity (jigging and dense medium separation), data or sensor (X-ray fluorescence
(XRF), X-ray absorption, radiometric, radio-frequency resonance, and optical) methods
and washing are used for preliminary concentration [2, 8, 9].

Currently, the most promising and universal method of preliminary processing is
X-ray fluorescence separation (XRFS) which allows sorting by the content of chemical
elements [8]. Modern X-ray fluorescence separators fulfill the one-lump-at-a-time
mode of stock feed in several parallel passes.

X-ray radiometric (X-ray fluorescence) separation is successively used in uranium
[10, 11], gold-containing [8, 12], copper-zinc [2, 8] ore processing; the prospectiveness
of its use for many types of mineral feedstock [8], including diamonds [13], copper-
nickel [8], lead-zinc [ 14], polymetallic [8], manganese [8], chrome [8] ore, quartz [15]
and quartzites [8].

The analysis of technological features of X-ray radiometric mineral processing
provides a much more complete insight of the given process, which allows applying
this method effectively.

Research aims to study main technological factors which influence the effectiveness
of ore preconcentration with X-ray fluorescence separation.

Methodology and results. The present research uses technological calculation of
preconcentration with X-ray fluorescence separation (XRFS) at various granulometric
characteristics of Run-of-Mine Ore and crushed ore, the analysis of inhomogeneity
of components content in a lump with material size variation, experimental research on
the study of sorted classes number influence on the indicators of separation with the use
of XRFS in preconcentration technologies.
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Let us consider basic technological factors which determine the possibility for the
successful application of preliminary X-ray radiometric processing of raw material
with the use of X-ray fluorescence separation.

A characteristic property of preliminary concentration with the use of XRFS is Run-
of-Mine Ore preparation by size. Preparation includes ore crushing up to the required
maximum size, screening with division into the sorted classes and unsortable class
separation. X-ray characteristics (analytical parameters), measured at sorting, serve to
estimate components content in individual lumps. In various sorted classes the values
of analytical parameters depend on the size of the lumps [16]. This fact should be taken
into account when choosing the number and the boundaries of the sorted classes.

Preconcentration products are characterized by incomplete disclosure of mineral
phases [1]. In coarse material, there are the lumps of rock minerals that are usually in
the shape of the monomineral lumps, as soon as the rock phase in ore is more often
represented by larger aggregates, and being the prevailing phase, it discloses at larger
sizes [17].

In most instances, additional disclosure of mineral complexes does not happen at
size reduction within the range of the sorted class (—350+20 mm). The advantage of
additional disclosure of ore mineral phases by crushing stages and at size reduction is
not evident. The indicators of lump inhomogeneity of copper-bearing ore of a number
of deposits may serve as an example (table 1).

Table 1. Contrast indicators in copper-bearing ore in different classes of size
Ta6auuna 1. Iloka3aTen KOHTPACTHOCTH MelbCOAEPKAIMX Py B Pa3IMYHBIX KJaccaX KPYNHOCTH

Number of sample
Size class, mm
1 2 3 4 5 6 7 8
+50 0.98 0.54 1.36 1.31 1.01 1.06 079 0.83
-50+25 1.03 0.64 1.09 1.06 1.04 1.11 0.67 0.59
-25+13 1.03 0.57 1.21 0.85 1.15 0.98 0.62 0.65

The measure of components content variation in lumps may be V. A. Mokrousov
contrast indicator [18], the value of which may theoretically vary from 0 (complete
absence of contrast corresponding to the equality of components content in all lumps of
the sorted material) to 2 (the share of lumps with zero content tends to 1, and complete
disclosure of mineral phases can be observed). Data presented in table 1 do not show
significant growth of the contrast indicator with size reduction, thus proving the absence
of additional disclosure of mineral phases at size reduction.

During the course of a special experiment, the sample of —200+100 mm class was
divided into two parts. 100 lumps of one part were analysed for valuable components
comtent, while the lumps of the other part were crushed to —50 mm size, —50+25 mm
class was selected from this part, and 100 lumps of this class were analysed for valuable
components content. Then, the mean values of components content and RMS deviations
were calculated (table 2). RMS deviations of components content in the lumps of
—50+25 mm class and in the lumps of —200+100 mm class are almost the same.

For that reason, if there is no significant disclosure of mineral phases with size
reduction of the sorted material, it is necessary to meet the principle of “no extra
crushing” when preparing for X-ray radiometric processing and minimize the need to
overcrush the material, then it is advisable to process the material in the size, which is
most acceptable for X-ray radiometric separators (300-350 mm). Therefore, material
coming to preconcentration may be of this particular size.

With proper scheme and modes of ore preparation to further separation, there is
reduction in the output of the unsortable class and redistribution of the sorted materials
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into coarse sorted classes. In this case, extracted ore should be crushed to 300-350 mm
before X-ray radiometric separation with further screening for sorted classes and
unsortable class disposal. In some instances, preliminary screening with oversize
product crushing should be provided in the open cycle up to the maximum size according
to technological characteristics of separators (300-350 mm). If there is the disclosure
of phases in the smaller size, then maximum size may be reduced.

In the instances where there are primarily valuable components transferring into
finer classes, coarse classes sorting becomes more effective, i. e. makes it possible to
increase the output of coarse tailings and reduce the content of valuable components
within them. This is a favourable occasion. In case the prevailing transfer is the transfer
of the rock phase into the unsortable class, then only the sorting concentrate without the
unsortable class may become the concentrate of the ore sorting system. In this case
the conditions of sorting become complicated, as soon as the content of valuable
components in its feed increases.

Table 2. Comparison of component content inhomogeneity in the lumps of
—200+100 mm class of copper-zinc ore and —50+25 mm class lumps obtained from it when crushing
in a jaw crusher
Ta6auna 2. ConocraBjieHne HEOJHOPOJAHOCTH CO/lePKAHMI KOMIIOHEHTOB B KyCKaX KJiacca
—200+100 MM MeTHO-UHHKOBOH PYABI U MOJY4YEHHBIX U3 HUX KYCKOB Kjaacca —50+25 mm
NpH APOOJIeHUM B LIEKOBOM Ipoduiike

Average content in a sample, % RMS deviation, %
Size class, mm
Copper Zinc Sulfur Copper Zinc Sulfur
-200+100 0.90 1.84 14.00 1.44 4.81 10.69
—50+25 0.91 1.33 14.98 1.56 4.04 11.13

Granulometric characteristic of raw material coming into the ore sorting system is
important for technological and economic evaluation of effective technology. Both the
maximum size of a lump and the prevalence of coarse or fine size classes are
the important factors. The type of characteristics is determined by physical-mechanical
properties of ore and the parameters of drilling and blasting operations at rock mass
breaking [19].

As soon as the granulometric composition of the separated material is influenced by
the granulometric composition of the blasted rock mass, proper organization of mining
(especially drilling and blasting) operations together with the optimization of the
scheme and the modes of ore preparation for separation, is an important factor of ore
distribution into size classes.

Granulometric characteristic of the incoming ore determines the potential output of
the sorted classes and potential capital costs, the level of which largely depends on
the number of the applied X-ray fluorescent separators.

In order to study the influence of the granulometric characteristic on the technological
indicators of preconcentration separation, hypothetic aggregate granulometric
characteristics “with the plus sign” were built and calculated with apparently different
strength characteristics (fig. 1) with the following values of maximum size d__ :
300, 200 and 100 mm and different output of the unsortable class. For more accuracy,
relative size d/d___is accepted from O to 1 with spacing 0.01.

The output of the unsortable class of —25+0 mm for the calculated characteristics
differs and depends both on the type of the characteristic, i. e. physical-mechanical
properties of rock, and on the maximum size. For granulometric characteristic I, which
corresponds to hard ore, the output of the unsortable class varies from 2.4 to 19.65%
depending on the maximum size; for characteristic II, which corresponds to medium-
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hard ore, it varies from 22.12 to 52.76%, and for characteristic III, which corresponds
to soft ore, it varies from 40.95 to 67.92%. Fig. 1 shows the boundaries of the unsortable
class for the three values of the maximum size. Depending on the maximum size, sorted
classes were chosen and their output was calculated for the obtained hypothetic
characteristics.

To estimate the technological indicators of preconcentration separation, the circuit
inventory was calculated of the typical layout of ore sorting system (fig. 2) for various
granulometric characteristics of ore coming to processing.
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Fig. 1. Aggregate cumulative granulometric characteristics “with the plus sign”
Puc. 1. CymMapHBbIe TpaHyJIOMETPUUECKHE XapPAKTEPHCTUKH IO TUIFOCY»

When calculating the circuit inventory the following notation has been accepted:
Y, — the output of the unsortable class, unit fractions, given by the type of granulometric
characteristic; y, — the output of the sorted class, unit fractions, y, = 1 — v,
Y. — the output of the separation concentrate, unit fractions; y, = A(1 — vy,.), where
A — the share of concentrate output to the output of the sorted class, unit fractions;
Y, — the output of separation tailings, unit fractions; y, = (I — A)(1 - v,);
Yoss — the output of the concentrate of the ore sorting system, unit fractions,
Yoss = Yue T Ves O 0, — mass fraction of the component in the initial product and the
unsortable class, given equal; B, — mass fraction of the component in separation
concentrate, %, directly proportional to concentration level k: B_= ka; 8 — mass fraction
of the component in separation tailings, %, 9 = (la. — vy, .0, — V.B.) / Vi Bosg — mass
fraction of the component in the concentrate of the ore sorting system, %,
Poss = (10 =7,9) / voss:

Mass fractions of the component in separation concentrate, unsortable class and the
Run-of-Mine Ore are thus similar for all variants of the circuit inventory.

In table 3, the results of the circuit inventory are presented for three values of
unsortable class output (one for each type of granulometric characteristic).

As soon as the unsortable class is combined with separation concentrate, the quantity
of this class in y, Run-of-Mine Ore for sorting will influence the quality of the final
concentrate and the output of ore sorting system tailings y,. So, with excessive secondary
crushing of the initial (Il / 100 mm), the quality of OSS concentrate is 1.11%, and the
output of tailings is not more than 13%, which indicates low effectiveness of
preconcentration application in this case. In case the output of the unsortable class
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(I / 300 mm) is minimal, the quality of the concentrate reaches 1.48% with tailing
output more than 39%, which can point to the advisability of preconcentration
application.

The choice of the analytical parameters also influences the effectiveness of
separation, as soon as data obtained from a lump can be handled differently. By way
of the analytical parameter, which reduces the errors of separation and to a lesser extent
depends on the changing measurement geometry of lumps and positional relationship
of the measuring system and the lump and lump shape, the intensity spectral ratio in
two spectral domains has been chosen: the domain of the secondary characteristic
X-radiation and the domain of the scattered primary X-radiation.

Run-of-Mine Ore

!

Crushing
Screening
-300+25 mm
(~200+25 mm) l ~23+0mm
Screening
-300+120 mm —120+50 mm —50+25 mm
(-200+100 mm) (~100+50 mm)
v v
XRFS XRFS XRFS

t c t c t c
™\ Yy /N Y .
y

Y A

OSS tailings OSS concentrate J'

Fig. 2. Typical circuit of the ore sorting system when processing with
three sorted classes
Puc. 2. TunoBas cxema py0COPTHPOBOYHOTO KOMILIEKCA IpH 0Oora-
IIEHUH B TPEX MALIMHHBIX Kiaccax

As far as multicomponent ore processing with the X-ray radiometric method is
concerned, particularly when solving preconcentration problem, various algorithms of
decision-making are possible concerning lump disposal into this or that product: the
disposal algorithm in all components at once with the account of weighting factors or
the algorithm with a lump disposal in any component individually. The letter algorithm
is more preferable, especially when separating ore with three or more components with
a big difference in valuable components mass fractions ratio.

On the other hand, the size of the sorted classes determines the required boundary
value of separation parameter and, consequently, influences the effectiveness of
separation. The interdependence between ore particles size and the technological
indicators of separation is shown by the example of real polymetallic ore. For that
purpose, three sorted classes have been singled out from the Run-of-Mine Ore
polymetallic ore: —250+120; —75+50; —50+30 mm. Each sorted class has been divided
into five fractions with the use of X-ray fluorescence separator SRF-100L. Fractioning
has been fulfilled with subsequent variation of the boundary value of the separation
parameter; in all tests the boundaries were established as similar.
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By way of separation feature, analytical parameter H has been chosen, representing
the spectral ratio of intensities in spectral domains: the united domain of the secondary
characteristic X-radiation of copper and zinc N, lead N, and the domain of the
scattered primary radiation Ns, unit fractions. According to the data from X-ray
radiometric fractioning, separation lines have been built; technological indicators with
various boundaries of separation were determined with their help, fig. 3.

With the reduction of an average size of the sorted class lump at one and the same
boundary value, mass fraction of the components in separation tailings increases for all
size classes. It indicates the need to divide a wide size class into narrower classes and
select individual separation thresholds for each class, the class with smaller average
size of lump requiring lower boundary value of analytical parameter.

Table 3. Circuit inventory calculation results
Tabuauna 3. Pe3yJbTaThl pacyera TEXHOJI0THYECKOro fajaanca

Type of characteristic, dpax Product Olflrtfggz)ﬁlslit Mass share, %
II1, 100 mm Separation concentrate 0.1925 1.50
Unsortable 0.6792 1.00
OSS concentrate 0.8717 1.11
OSS tailings 0.1283 0.25
Run-of-Mine Ore 1.0000 1.00
1L, 200 mm Separation concentrate 0.4124 1.50
Unsortable 0.3127 1.00
OSS concentrate 0.7251 1.28
OSS tailings 0.2749 0.25
Run-of-Mine Ore 1.0000 1.00
1, 300 mm Separation concentrate 0.5856 1.50
Unsortable 0.0240 1.00
OSS concentrate 0.6096 1.48
OSS tailings 0.3904 0.25
Run-of-Mine Ore 1.0000 1.00

The study of the influence of X-ray radiometric separation sorted classes number on
the technological effectiveness of preconcentration allows to make a conclusion, that
preconcentration is the more effective, the greater output of tailings is obtained at
separation upholding the restrictions on the content of valuable components in tailings.
This indicator is used as a criterion of effectiveness for the technology of preconcentration
with X-ray radiometric separation.

Experimental research has been carried out at polymetallic ore with copper content
of 0.28%, lead 1.37%, and zinc 5.37%. The sample has been divided into three parts.
The first part represented a single sorted class of —120+30 mm, three classes have been
obtained from the second part: —120+60 and —60+30 mm, and three classes from the
third one: —120+75,—75+50 and —50+25 mm sorted classes. Each sorted class undergone
fractioning at the X-ray fluorescence separator SRF-100L. Fractioning was carried out
with the subsequent variation of the boundary value of separation parameter. Analytical
expression for separation parameter takes the following form:

H =(Ngyzy + Ny, )/ Ns.
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Fig. 3. The variation of the valuable component mass fraction in tailings with
the growth of the separation threshold:

a — class —250+120 mm (d,, = 185 mm); b — class —75+50 mm (d,, = 62,5 mm);
¢ — class —50+30 mm (d,, = 40 mm)
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Output and mass fractions of copper, lead and zinc have been determined for each
fraction. For the samples, separated in two or three sorted classes with the account of
each class share, the outputs of fractions, weighted average contents of components in
elementary and cumulated fractions in tailings have been determined.

At fig. 4, for various number of sorted classes, separation indicators have been
represented both for each component separately at various restrictions on the contents
of different components in tailings, and when meeting the restrictions on the content
of all three components in tailings simultaneously.

80 r Cu 4
70 F Pb
N
260 F
2 Zn
§° 50 (Cu, Pb, Zn)
& 40
30
20 1 J
1 2 3

Sorted classes number

Fig. 4. Tailings output at various number of the sorted classes and
equal restrictions by components content in XRFS’ tailings
Puc. 4. BbIX0/1 XBOCTOB IIPU PA3JIMYHOM YHCJIC MALIMHHBIX KJIACCOB
U PaBHBIX OTPAHUYCHUAX 110 COACPKAHUIO KOMIIOHEHTOB B XBOCTax
POC

The values of components contents in flotation tailings at an operating factory,
processing the studied ore, were accepted as reference by the level of restrictions in
tailings of XRS.

The conformity of sorting indicators has been detected when separating by three
components and separating by zinc; it is explained by the significant content of zinc
compared to other components and mild content restrictions (0.5% GGS).

Run-of-Mine Ore division into two sorted classes promotes to rapid increment in the
output of separation tailings; increase in the number of sorted classes from two to three
also promotes to the output of tailings by to a lesser degree.

Summary. The effectiveness of ore separating system operation is largely determined
by the quality of ore preparation by granulometric composition both at actual mining
(drilling and blasting operations) and crushing-screening at ore separating complexes.
If there is no significant increase in lump content inhomogeneity with the reduction of
ore size, the size of the sorted material should be increased up to the maximum, which
corresponds to the technical characteristics of separators.

The proposed approach allows to quantitatively estimate the influence of the number
of sorted classes on the effectiveness of preconcentration with X-ray fluorescence
separation, including multicomponent ore, and explain the choice of their sizes number
and boundaries. The approach is especially effective at a wide range of size of the
sorted material.
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Pecgpepam
Ipeomem u uenv pabomot. Ilpeosapumenvras KOHYSHMPAYUs MOICEM NO3EONUMb 34 CUem YOaieHUs.
KDYRHOKYCKOBbIX X80CIOB NOBBICUMb COOEPAUCAHUE YEHHbIX KOMIOHEHNO8 6 pyoe Ha 6X00e 0002amumenb-
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HOU pabpuru npu chudiceHuu 1ubo b6e3 cHudicenus obvema nepepabomku. Takum o6pazom, vixo00 X60cmMos
npeodsapumenbHoll KOHYEeHMpayuu onpeoeisiem ypo8eHs CHUNCCHUS IKCRILYAMAYUOHHBIX pacxo0os. Texno-
JL02UHeCKULL U IKOHOMUYECKUTLL dhhexm modicem Obinb 6eCbMa 3HAUUMEIbHBIM NPU 8bICOKOU CeOeCmouUMo-
cmu 21y60K020 0002aujeHusl, Ymo CA3AHO C 3aMpPAamamu Ha SHEP2OEMKUE NPOYeccsl OPOOIeHUsl, UMEeNb-
yenusi, 00e3601CUBAHUL, HA PEA2eHmMbl U MAMePUAbl.

Lenvto oannoii pabomel s81s1emcs U3yHeHUe OCHOGHLIX MEXHONO2UHECKUX PAKMOpPO8, GIUAIOWUX HA d¢H-
hexmusHocms npe0sapumenvHoll KOHYeHmpayuu pyo ¢ UCHOAb30BAHUEM DPEHM2eHOGIYOPeCcyeHmHOU
cenapayuu.

Memooonozusn. B pabome ucnonvzosanvt pacuemol mexHOIOSUYECKUX NOKA3amenel npedsapumeibHoll
KOHYeHmpayuu ¢ npuMeHeHuem penmeenoguyopecyenmuoii cenapayuu (P@C) npu pazniuunvix epanyno-
MEMPUUeCcKUx XapaKxmepucmurax ucxoo0Hou u OpooieHol pyobl, AHANU3 HEOOHOPOOHOCHIU NOKYCKOBbIX CO-
0epIACaHuti KOMNOHEHMOG C USMEHEHUEM KPYRHOCU MAMepuad, 3KCnepUMeHmaibHble UcCie008anust no
UBVYEHUIO GIUSIHUSL YUCTIA MAWUHHBIX KIACCO8 COPMUPOBKU HA NOKA3AMeNu paszoeieHus npu UCnoib308a-
Huu POC ¢ mexnonozusx npedsapumenbHoll KOHYeHMpayuu.

Pesynomamut u oénacms npumenenus pesyibmamos. Paccuumanvr mexnonocuueckue noxaszamenu
npedsapumenvHoil Konyenmpayuu ¢ npumenenuem POC 0ns pasnuuHuix epanyiomempuyeckux xapak-
mepucmuk pyosl, nocmynarnoueti Ha obocawenue. Ilonyuennvle noxazamenu no3gonsIOM PeKOMEHOO0-
samwb npogedenue POC ¢ makcumanvrou kpynnocmu. Takoice GbisigIeHO GAUAHUE YUCIA COPMUPYEMbIX
MAUUHHBIX KAACCO8 HA CYMMAPHbLL 6bIX00 XB0CMO8 NPed8apumenvHol KoHyenmpayuu. B npunsmuu
pewenusi no 8bl60PY YUCIA MAUWUHHBIX KIACCO8 Clle0yen Y4umuléams MAKCUMALbHYIO KPYRHOCHb 060-
eawaemoeo mamepuana. Pezynemamol ucciedosanuii moeym 6blmb UCHONb306aHbL NPU paszpabomre
MmexHONo2Ul NPed8apuUmMenbHOl KOHYEeHMPAayul MUHEePAIbHO20 CbIPbs ¢ NPUMEHEHUEeM DeHm2eHOpLyo-
Pecyenmuoll cenapayuu.

Bui6oowt. Dpgpexmusrnocmos pabomul pyoocopmuposouH020 KOMNIEKCA 6 3HAYUMENbHOU CIeneHu onpeoe-
JISIemCst Kauecmeom No020mOGKU PyObl NO 2PAHYIOMEeMPUHeCKOMYy COCmagy Kak npu 006uluHblX (6ypo-
63PbIEHBLX) pabomax, maxK U npu OP2aHu3ayuu OpoOIeHUs-2POXOUEHUsL 8 PYOOCOPMUPOBOUHBIX KOM-
niexcax. H3znooicennvlii nOOX00 NO360Js1em KOIUYECMEEHHO OYEHUMb GNIUSHUE YUCLA MAUWUHHBIX KI1ACCO8
Ha 3¢pghekmusnocmsb npedeapumenbHol KOHYEHMPAyuu ¢ UCNONb308AHUEM PEHM2EHOPAOUOMEMPUYECKOU
cenapayuu u 060CHOBANb 8bIOOP YUCAA U SPAHUY KPYRHOCHIU MAUWUHHBIX KIIACCO8.

Kniouesvle cnosa: npeosapumensvhas Konyenmpayus, penmeeHoghuyopecyenmnas cenapayus, pyoocop-
MUPOBOUHBILL KOMIIEKC; MEXHONO02US, NOKYCKOBASL HEOOHOPOOHOCHb, 2PANYIOMEMPUYECKAs XapaKmepu-
CMUKA; YUCTIO COPMUPYEMBIX KIACCOB.
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