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ABSTRACT

The article presents the results of laboratory studies on ore flotation of copper-molybdenum deposits in the
East Kazakhstan region of Kazakhstan using a combined reagent. It is required to use new beneficiation
methods and flotation reagents to increase the efficiency of flotation of ore minerals to improve the
processing of finely disseminated ores. The problem can be solved by using a combination of different
collectors. The objective of the research is to increase the recovery of copper and molybdenum during
flotation of copper-molybdenum ore using a combined reagent. The studied ore sample contains 0.42%
copper; 0.009% molybdenum. A combination of sodium butyl xanthate, TS-100 thionocarbamate, and
reaflot in a ratio, in %: 15: 3: 1, was used as a combined flotation reagent. The combined flotation reagent
was preliminarily passed through an ultrasonic homogenizer JY96-1IN to obtain a reagent microemulsion
before flotation. The optimum dispersion time for the combined flotation reagent is 60 seconds. At the
same time, 99.4% are microemulsion particles with a particle size of fewer than 3.7 microns. The use of a
combined reagent microemulsion increases the extraction of copper into the copper-molybdenum
concentrate by 3.69%, and the extraction of molybdenum by 6.05%. The copper content in the copper-
molybdenum concentrate increases by 1.26%. The copper content in the flotation tailings decreases from
0.07 to 0.056%. The consumption of the combined reagent is reduced by 15% in comparison with the basic
butyl xanthate.
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Introduction

It becomes required to improve the reagent
modes of beneficiation of copper-bearing ores, the
use of additives and reagent compositions, and the
use of modernized equipment, as the deposits are
depleted, and the need arises to involve poor,
finely disseminated ores in the processing. It is
required to use new beneficiation methods and
flotation reagents to increase the efficiency of

flotation of ore minerals to improve the processing
of finely disseminated ores. Particular difficulties
are associated with the processing of the slurry part
of the crushed ore, which is usually enriched with
non-ferrous, rare, and noble metals [1-5].
Improving the efficiency of flotation can be
achieved by using a combination of different
collectors [6-10]. The modern practice of using
collectors in the flotation of sulfide ores in most
cases involves the combined use of xanthate and
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aerofloats. The use of aerofloats in addition to
xanthogenates enables not only to improve the
quality of the obtained sulfide concentrates due to
the more selective action of aerofloats, but also to
increase the recovery of metals due to the ability of
aerofloats to efficiently float fine particles.

Scientists conduct researches to create new
dialkyldithiophosphates. The flotation properties of
dialkyldithiophosphates and reagents containing
them can be significantly influenced by the strong
surface-active properties of dialkyl-
dithiophosphates. This was established in the study
of surface-active properties in the series of
dialkyldithiophosphates with a hydrocarbon chain
length Cs-Cra. Dialkyldithiophosphate Cio
corresponds to the maximum recovery of sulfides
(11, 12].

Thus, the problem of finding more effective
reagents for the flotation of non-ferrous metals
from mineral raw materials is still urgent.

Experimental part

Modern research and analytical equipment
were used in the study. Chemical analysis of ore
samples and concentration products was
performed on an Optima 2000 DV optical emission
spectrometer with inductively coupled plasma. X-
ray fluorescence analysis was performed on a
Venus 200 PANalyical B.V spectrometer. We used
X-ray phase analysis on a D8 ADVANCE X-ray
diffractometer to study the material composition of
the ore; spectral analysis on a ThermoNicoletAvatar
370 FTIR Spectrometer; electron-probe
microanalysis on a JEOL JXA-8230 electron scanning
microscope.

The following technological equipment was
used: jaw crusher DMD160/100; ball mill 40ML-
000PS; flotation machines FML; photometric
sedimentometer FSKh-6K; ultrasonic homogenizer
JY96-IIN; laser particle analyzer Winner 2000E;
mechanical eraser MM-1.

Copper-molybdenum ore of Kazakhstani
deposit and combined flotation reagent were used
as objects of research. The combined flotation
reagent is a mixture of sodium butyl xanthate,
thionocarbamate, and reaflot.

The original ore was crushed for research in a
laboratory jaw crusher to a size of =2.5 + 0 mm and
ground in a laboratory ball mill to 94% of a class of -
0.074 mm. A sieve analysis on a set of wire sieves
with square holes corresponding to a standard
scale was performed to determine the particle size
distribution of crushed and milled ore. The weighed

amount of ore was 0.5 kg. Copper and molybdenum
content and distribution were determined in each
size class. Dispersion analysis was performed on the
crushed ore using an FSKh-6K photometric
sedimentometer.

Flotation studies were performed on laboratory
flotation machines with a volume of 3 chambers;
1.0; 0.5 dm?. The weight of the ore sample was 1
kg. The experiments were performed in open and
closed cycles. The flotation scheme included
grinding, main flotation, control, and three cleaning
operations of the collective copper-molybdenum
concentrate. We used 7 weighed portions of ore, 1
kg each in the experiment to achieve a stable
distribution of the returned products.

Lime was fed into the grinding process to
create a pH of the medium equal to 8.0-9.0; sodium
sulfide for the sulfidization of minerals.

The main collective copper-molybdenum
flotation was performed for 1020 seconds, the
control one for 480 seconds, and the following
reagents were used in the basic mode as a collector
- sodium butyl xanthogenate; foaming agent - T-92.
The liquid glass was added to all of the rewashing
treatments to depress the minerals in the waste
rock. The total consumption of the basic reagents
used is: lime (medium regulator) - up to pH 8.0-9.0;
sodium sulfide (sulfidizer) - 200 g/t; sodium butyl
xanthate (collector) - 180 g/t; liquid glass
(depressor) - 150 g/t; T-92 (foaming agent) - 120
g/t. Lime and sodium sulphide were fed into the
process of grinding ore into a ball mill. Sodium butyl
xanthate and T-92 were fed to the main and control
copper-molybdenum flotation. The liquid glass was
fed for cleaning collective copper-molybdenum
concentrate.

It was fed into the main and control flotation
instead of the basic collector of sodium butyl
xanthate during flotation processing of ore using a
combined flotation reagent. The combined
flotation reagent was a mixture of sodium butyl
xanthate, TS-100 thionocarbamate, and reaflot in a
ratio of 15: 3: 1. The combined flotation reagent
before flotation was passed through a JY96-IIN
ultrasonic homogenizer to obtain a microemulsion.
The optimum particle size of the microemulsion for
the best ore flotation was determined on a
Winner2000E laser particle analyzer.

The mineral slurry was placed in a flotation
chamber after grinding in a ball mill in the presence
of sodium sulfide and adjusting the pH (by adding
lime) to 8.0-9.0. Sodium butyl xanthate (or
combined flotation agent) and foaming agent T-92
were added to it. The mineral slurry was stirred for
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60 seconds without air supply at a rotor speed of
1500 rpm. Flotation treatment of the pulp was
performed after atmospheric air supply (3.3
dm3/min) according to the applied beneficiation
scheme. Liquid glass was added to the first refining
of the collective copper-molybdenum concentrate
to depress the waste rock.

Results and discussion

The authors of the article have experience in
the development and testing of beneficiation
schemes using various modified reagents (foaming
agents, collectors, depressants) and additional
equipment for intensifying flotation processes. A
modified foaming agent (MFA) has been developed,
used in the form of a microemulsion obtained in a
water-air microemulsion generator. The optimum
composition of MFA particles was selected on the
PhotocorCompact particle size analyzer: the
average particle size of microbubbles is 38 microns,
the content (fraction) of these particles is 65.8%. In
this case, MFA molecules become compact due to
intramolecular interactions, due to which they are
more efficiently fixed on the surface of small
particles of useful components and improve
combined microflotation.

The results of experimental studies of collectors
from the «class of dialkyldithiophosphates
(aerofloat) show that their combined use with
xanthogenates in many cases provides an increase
in metal recovery by 2-3% [13, 14]. The most
effective flotation of minerals that do not have
natural hydrophobicity is observed in the optimal
ratio.

Mineralogical analysis shows that copper
minerals in the ore under study are represented
mainly by chalcopyrite, chalcocyte and covellite are
present in smaller amounts. The main molybdenum
mineral is molybdenite. The ore contains pyrite,
magnetite, and, to a lesser extent, hematite and
ilmenite. In addition, the ore contains a small
amount of rutile, galena, sphalerite. The results of
the mineralogical analysis are presented in Table 1.

Chalcopyrite exists independently mainly in the
form of xenomorphic grains or is associated with
pyrite and is unevenly disseminated in vein
minerals, sometimes located in the form of veins.
Dispersed chalcopyrite grain size varies from 0.001
to 1 mm. Chalcopyrite grain size in veins and nests
is generally more than 0.01 mm. Molybdenite is
mainly disseminated in quartz in the form of
lamellar single crystals or their aggregates. It is

found in calcite, quartz-calcite, and quartz veins.
This mineral also forms nests and placers in zones
of alteration with potash feldspar.

Table 1 - Results of mineralogical analysis of the initial
sample of copper-molybdenum ore

Mineral name Content, %
Chalcopyrite 1.05
Covellin 0.01
Kholkozin 0.01
Pyrite 0.4
Molybdenite 0.014
Sphalerite 0.04
Galena 0.016
Magnetite 2.1
Hematite 0.1
lImenite 0.2
Rutile 0.2
Ti-Fe rutile 0.1
Quartz 20.6
Sodium feldspar 26.0
Calcium Sodium Feldspar 16.0
Potassium feldspar 7.0
Potassium microplagioclase 3.0
Chromite 13.0
Sericite 4.0
Biotite 2.0
Epidote 2.0
Calcite 1.4
Titanite 0.6
Apatite,  wollastonite, and 0.16
others

Rock-forming minerals are represented by
sodium feldspar, quartz, calcium-sodium feldspar,
chlorite, and, to a lesser extent, potassium feldspar,
sericite, potassium microplagioclase are present. In
addition, there is a small amount of biotite,
epidote, calcite, wollastonite, titanite, and apatite.

The studied sample of copper-molybdenum ore
contains 0.42% Cu; 0.009% Mo; 0.55% S; 5.1% Fe;
0.012% Pb; 0.025% Zn; 0.001% As; 0.02 g/t Au; 2.1
g/t Ag; 2,92 % K,0; 2,93 % Na20; 4,8 % Ca0; 14,8 %
Al,Os3; 61,5 % SiOz; 2,8 % MgO according to the
results of chemical analysis.

Phase analysis of initial ore for copper and
molybdenum is performed. The results of the
analysis showed that the content of primary copper
sulfides (chalcopyrite CuFeS;) in the ore is 95.5%;
secondary copper sulfides (chalcocite CusS,
covellite CuS) - 2.1%; in the form of copper oxides -
2.4%. The content of molybdenum in the original
ore in the sulfide form (molybdenite MoS,) is 96%;
in oxidized form - 4.0%.
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An X-ray phase analysis of an ore sample was
performed. The diaphragms of the samples were
made on a D8 Advance apparatus (Bruker), a-Cu,
tube voltage 40/40. The processing of the obtained
data of diffraction patterns and the calculation of
interplanar distances were performed using the
EVA software. The results of the X-ray phase
analysis are presented in Table 2.

Table 2 - Results of X-ray phase analysis of the initial
sample of copper-molybdenum ore

Compound Name, Formula S-Q
Quartz, syn SiO2 35.1
Albite, calcian, ordered,
(Na,Ca)Al(Si,Al)s0s 19.7
Clinochlore-2Mlib,

MgsAl(SizAl)O10(OH)s 14.0
Anorthite, sodian, intermediate,

(Ca, Na)(Si, Al)aOs 13.9
Glagolevite,

NaMge(SizAl)O10(OH,0)s-H20 4.4
Graphite, syn, C 3.0
Ferrierite,

(Na,K,Mg)2(Si,Al)18036-9H.0 2.9
Nepheline, potassian, syn, (K,
Na)AISiO4 2.4
Illite-2M1 (NR),

(K,H30)AIl,SizAlO10(OH)2 23
Muscovite-1M, syn,

KAI2SisAlO10(OH)2 2.0

X-ray phase analysis showed that the main
rock-forming minerals in the ore are quartz, albite,
clinochlore, etc. X-ray fluorescence analysis of the
original ore was performed on a Venus 200
PANalyical B.V. (PANalytycal B.V., Holland). The
analysis showed that the main valuable component
in the original ore sample is copper, the content of
which is 0.462%. The bulk is oxygen - 49.958%,
silicon - 23.856%, aluminum - 7.27%, iron - 3.975%,
calcium - 2.683%.

A sample of the original ore was analyzed on a
JXA-8230 electron probe microanalyzer from JEOL.
Polished sections were scanned with fixation of ore
and rock-forming minerals with the determination
of their composition (Figure 1).

Microscopic examination showed that copper
minerals account for about one percent and are
represented by chalcopyrite. The sizes of ore
minerals range from thousandths to 0.04-0.07 mm
in cross-section. They are found in the form of free
grains, but more often in the form of inclusions in
nonmetallic minerals.

001

wuninle | Bedg

Figure 1 - Dispersions of chalcopyrite in quartz

The granulometric composition of the crushed
ore has been determined. The ore was crushed on a
laboratory jaw crusher to a size of -2.5 + 0 mm.
Further, the ore was ground in a ball mill to a size of
95% of the class -0.071 mm. A set of wire sieves
with square holes corresponding to the standard
scale was used for sieving. The content and
distribution of copper and molybdenum were
determined in each size class. The data are
presented in Table 3. It was shown that most of the
copper and molybdenum in this grinding (75-77%)
is distributed in the +50 um and -20 um classes. The
size class of +50 pm contains 29.08 % copper and
37.93 % molybdenum; the -20 um size class
contains 44.9 % copper and 37.7 % molybdenum.

Table 3 - Granulometric composition and distribution of
copper and molybdenum by size classes in crushed ore

Size Outp Content, % Distribution,

class, ut% %
microns Cu Mo Cu Mo
+71 19.0 0.39 0.015 | 19.5 28.3
-71+450 12.1 0.3 0.008 | 9.58 9.63
-50+40 11.9 0.37 0.01 11.6 11.8
-40+30 2.93 0.44 0.01 3.40 2.92
-30+20 10.7 0.39 0.009 | 11.0 9.58
-20+10 23.6 0.41 0.011 | 25.6 25.9
-10+0 19.7 0.37 0.006 | 19.3 11.8
Initial ore | 100 0.38 0.010 | 100 100
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Dispersion analysis of crushed ore was
performed on an  FSKh-6K  photometric
sedimentometer, which is designed to measure the
particle size distribution of powders and
suspensions with a particle size of fewer than 300
microns.

The results of the dispersion analysis of crushed
copper-molybdenum ore are shown in Figure 2.

Ore was crushed to a flotation size of 92% of
class -0.074 mm for analysis of variance. The results
of the dispersion analysis show that the largest part
of the initial sample of crushed ore is the size
classes of 15-20 microns and 60-70 microns.

The following parameters of flotation of
copper-molybdenum ore were worked out: degree
of grinding of ore, consumption of sodium butyl
xanthate, consumption of foaming agent T-92.

Integr./%  Particle mass distribution by size Diff. / %/pm
100 5
90 4
80 4
70 |

60 4
50+
40 2
30
20
10 4
0

T
20

Particle size / pm

1.0

Figure 2 - Dispersion analysis of a sample of crushed
copper-molybdenum ore at FSKh-6K

Optimal conditions for flotation are: grinding of
94% ore of class -0.074 mm, Na,S - 200 g/t; pH 8-9;
consumption of butyl xanthate in bulk flotation 160
g/t; T-92 90 g/t; liquid glass in the cleaning of
collective copper-molybdenum concentrate 150
g/t. A collective copper-molybdenum concentrate
was obtained, in the optimal basic mode, in an
open cycle, with a copper content of 16.87% at
76.35% recovery and with a molybdenum content
of 0.42% at 78.82% recovery.

The reagent mode of flotation of copper-
molybdenum ore with the use of a combined
reagent, which is a mixture of sodium butyl
xanthate, thionocarbamate, and reaflot in the ratio,
in %: 15: 3: 1, has been worked out. Microemulsion
of combined flotation agent obtained in JY96-IIN
ultrasonic  homogenizer allows to improve
hydrophobization of slurry particles of copper and

molybdenum minerals. The bubbles of the foaming
agent in this case are better fixed on the surface of
the floating minerals, which leads to an increase in
the technological parameters of flotation.

The optimal dispersion time and particle size of
the combined reagent microemulsion were
selected using a Winner 2000E laser particle
analyzer. Figure 3 shows the results of measuring
the emulsion particles of the combined reagent.
The optimal dispersion time for the combined
reagent solution with a concentration
corresponding to the flow rate in flotation is 1 min.
At the same time, 99.4% are particles with a
particle size of fewer than 3.7 microns.

W
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Figure 3 - Particle distribution of the combined
reagent obtained on Winner 2000E
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Laboratory studies on flotation concentration
of ore from a copper-molybdenum deposit in the
East Kazakhstan region of Kazakhstan in a closed
cycle with the use of a combined flotation reagent
in comparison with the basic regime were
performed. The results of the flotation of the
collective copper-molybdenum cycle are shown in
Figure 4.

90

85

80

75

Extraction of Mo

Extraction of Cu

B The basic mode

B Combined reagent

Figure 4 - Results of collective flotation of copper-
molybdenum ore in a closed cycle
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The presented data show that the use of
dispersed microemulsion of combined reagent
increases, compared with the basic mode,
extraction of copper in the collective copper-
molybdenum concentrate by 3.69%, extraction of
molybdenum by 6.05%. The copper content in the
copper-molybdenum concentrate increases by
1.26%, from 16.8 to 18.06%. The copper content in
the flotation tailings decreases from 0.07 to
0.056%. At the same time, the consumption of the
combined reagent is 15% less than sodium butyl
xanthate.

Thus, the research results show that the use of
the combined reagent is promising for the
processing of copper-molybdenum ores.

Conclusions

The effect of the combined flotation reagent on
the ore flotation of the copper-molybdenum
deposit in the East Kazakhstan region of Kazakhstan
has been studied. The combined reagent is a
mixture of sodium butyl xanthate,
thionocarbamate, and reaflot in a ratio, in %: 15: 3:
1. The combined reagent was supplied to the
flotation in the form of a microemulsion obtained
on an ultrasonic homogenizer JY96-IIN.

The optimal dispersion time of the combined
flotation reagent is 60 sec. At the same time, 99.4%
are microemulsion particles with a particle size of
fewer than 3.7 microns.

Copper-molybdenum  concentrate with a
copper content of 16.8%, molybdenum 0.40%, and
recovery of 80.98% and 82.69%, respectively, was
obtained in the optimum basic closed-cycle mode.
The use of a microemulsion of a combined reagent
increases the extraction of copper into the copper-
molybdenum concentrate by 3.69%, the extraction
of molybdenum by 6.05%. The copper content in
the copper-molybdenum concentrate increases by
1.26%. The copper content in flotation tailings
decreases from 0.07 to 0.056%. The consumption
of the combined reagent, in comparison with the
basic butyl xanthate, is reduced by 15%.
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KypamaactbipbinFaH ¢pnaotopeareHTTi KOnAaHa oTbipbin MbiC-MOAU6AEH KeHiH
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TYRIHAEME

Makanaga KypamaacTblpblifaH peareHTTi KongaHa oTbipbin, LUbifbic KasaKcTaH KeHOPHbIHbIH, MbiC-
MOAnBAEH KeHiH dnoTaumanay 6oibiHWA 3epTXaHanblK 3epTTeynepain, HaTuKenepi baaHaanfaH. ¥cak
cenneni KeHaepai eHAey YWiH KeH MuHepangapblH GaoTauuanayablb, TUIMAININH  apTTbipyFa
MYMKIHAIK 6epeTiH 6anbITyAblH *KaHa TICINAEPiH KaHe KaHa GNoTaumMANbIK peareHTTepAi KoaaaHy
KaxeT. byn npobnemaHbl apTyp/i KUHaFbIWTAPAbIH, YWNECIMAI KOCNAcbiH KONAAHY apKblibl Lellyre
6onaapl. 3epTTeyaiH, MakcaTbl - KypamAacTblpblifaH peareHTTi KoNZaHa oTbipbin MblC-MOAnbaeH
KeHiH dnoTaumanaysa mbic neH monnbaeHai 6enin any AepekeciH apTTbipy. 3epTTeNreH KeH yaricinae
MbICTbIH, yneci 0,42%; monnbaeHHiH yneci 0,009% Kypanabl. KypamaacTbipbiifaH daotopeareHT
peTiHae HaTpuit 6yTUA KcaHToreHatbiHbiH, TC-100 TMOHOKapbamaTTbiH, KaHe peadnottbi 15: 3: 1
KaTblHaCbIHAAFbl KOCMAchbl KONAAHbINAbI. DnoTaumuanayablH, anabliHAQ peareHTTiH MUKPO3MYIbCUACHIH
any ywiH KypamaactbipbinfaH peareHT JY96-1IN mapKanbl yabTpaablbbICTbIK rOMOreH1M3aTop apKblibl
oTKi3ingi. KypamaacTbipbiifaH GA0TaUMUANbIK peareHTTi OHTalbl biAblpaTy (AMcnepraumanay) yakbiTbl
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60 cekyHA. byn »Kafmaga MUKpoamynbceua GenwwekTtepiHii 99,4%-HblH, ipiniri 3,7 MKM acnawnabl.
KypamaacTbipblifaH peareHTTiH, MWKPO3MY/AbCUACBIH KOAZAHY MbIC-MOMBAEH KOHLLEHTpaTbiHa
MmbIcTbl 6enin any pgspexeciH 3,69%-fa, monubaeHai - 6,05%-fa apTTbipadbl. Mbic-monnbaeH
KOHLLeHTPaTbIHAAFbl MbICTbIH, yneci 1,26% -fa apTagbl. ®noTauuanblk KangplKTaFbl MbICTbiH, yaeci 0,07-
neH 0,056%-fa peiiiH TemeHgelhai. KypampaacTblpblifaH peareHTTiH LWbIFbIHbl 6asanbik  6yTun
KCaHTOreHaTbIMeH CanblCTbipFaHaa 15%-Fa TomeHaenaj.

TyiiH ce3paep: dnotauma, mbic-MoAnbaeH KeHi, GNoTauMANbIK peareHT, biablpaTy (avcneprauusnay),
KOHLLeHTpaT, 6enin any.
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AHHOTALMUA

B crtatbe npeacTaBieHbl pe3ynbTaTbl NabOPATOPHLIX MCCNefoBaHM no daoTtaumuM pyasl MeaHo-
MONNBAEHOBOrO MecTopoXaeHus BocTouyHo-KasaxctaHcko obnact KasaxctaHa € npuMeHeHuem
KOMBUHMPOBAHHOIO peareHTa. [na nosbiweHna 3GPeKTUBHOCTU NepepaboTKM TOHKOBKPaNAEHHbIX pya,
HEeobXxoaMMO NpUMeHeHMe HOBbIX cnocoboB oboraweHnn, GNOTALMOHHBIX PeareHToB, NO3BONAIOLLMUX
noBbICUTb 3GDEKTUBHOCTL GIOTALMM PYAHbIX MUHEPANoB. PeweHne Npobaembl MOXKeT 6biTb AOCTUTHYTO
NPUMEHEHNEM COYETAHUA Pa3/UYHbIX cobupaTeneit. Llenblo uccneposaHWin ABAAETCA NOBbIWEHWE
M3BNEeYEeHUA mMeau M monubaeHa npu dnaoTauumm MefHO-MOAMBAEHOBOM pyapl C NPUMEHEHUEM
KOMBUHWpPOBAHHOrO peareHTa. B uccneayemoit npobe pyapl copepxkutcs 0,42 % meam; 0,009 %
monubaeHa. B KauyectBe KOMBUHMpOBaHHOro ¢oTopeareHTa nNpuMeHeHa KombuHauusa 6yTunosoro
KCaHTOreHaTa HaTpusa, TMOHOKapbamata TC-100 u peadpnota B cooTHoweHUn: 15:3:1. KombUHUPOBaHHbIN
dnoTopeareHT npeaBapuTenbHO nepes  dnoTaumen ANA  NONYYEHMA MUKPOIMYNbCUM  peareHTa
NPoONycKanu yepes ynbTpasByKoBon romoreHmsaTop JY96-IIN. OnTMmanbHoe Bpemsa AMCeprupoBaHuUs
KOMBUHMpPOBAHHOro GAOTAaLUMOHHOrO peareHTa cocTasasnet 60 cek. Mpu 3Tom 99,4 % COCTaBAAOT YaCTULbI
MWKPO3IMY/IbCUN  KPYMHOCTbIO MeHee 3,7 MKM. [pMMeHeHue MWUKPO3IMY/IbCUM KOMBUHMPOBAHHOIO
peareHTa NoBblWaeT U3BNeYeHne mean B MeAHO-MONMBAEHOBbIM KOHLEHTpAT Ha 3,69 %, ussneyeHue
monunbaeHa Ha 6,05 %. CogepkaHne meam B MegHO-MOANB64EHOBOM KOHLEHTpaTe noBblwaeTca Ha 1,26
%. CopepaHue meam B xBocTax gpaotaummn ymeHolaetcs ¢ 0,07 go 0,056 %. Pacxog KOMBUHMPOBAHHOIO
peareHTa, No cpaBHeHMIo ¢ 6a30BbIM BYTUNOBLIM KCAHTOrEHAaTOM yMeHbLaeTca Ha 15 %.

Kniouesble cnosa: ¢pnoTaums, megHo-monmbaeHosas pyaa, daotopeareHt, gucnepraums, KOHLEHTparT,
n3BneyeHue.
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