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Purpose. Establishing the criteria for the selectivity of flotation enrichment of copper- copper-bearing ores with a
mixture of sulfhydryl collectors.

Methodology. Atomic absorption, X-ray fluorescence analysis.

Findings. Investigations of flotation ability of collector mixtures of potassium butyl xanthate and sodium isobuth-
yldithiophosphate in relation to the copper-bearing ore samples are carried out. Mathematical models describing the
enrichment process of copper ore are obtained. Optimal conditions of froth flotation in particular air flow rate of
40 1/h™!, frequency of impeller rotation of 35 Hz, consumption of lime of 3000 g/t™!, consumption of a collector mix-
ture of 100 g/t™! are determined.

Originality. For the first time, the regression equations simulating the effect of oxygen amount in the pulp, pH of
medium, contact time of solid phase with a solution of a collector mixture, of collector mixture concentration, are
obtained. The flotation analysis of a “copper ore — solution of collector mixture” system is carried out. It is estab-
lished that the effect of air flow rate on the fractional composition of the pulp by floatability, which is to change the
redox potential, leads to a change in the strength of securing of collectors on the ore surface.

Practical value. Obtained mathematical relationships will enable to carry out the forecast of the change in chemi-
cal-technological parameters of enrichment under the influence of air flow rate, consumptions of medium regulator
(lime) and mixture of collectors, frequency of impeller rotation. Results of the flotation analysis can be used in devel-
oping and improving flowsheets.

Keywords: copper ore, X-ray fluorescence analysis, potassium butyl xanthate, sodium diisobuthyldithiophosphate, froth

fotation, mathematical models, flotation analysis

Introduction. In the mining industry one of the key
tasks is increasing the yields and quality of the concen-
trate at the expense of creating reagents with pronounced
selective properties in relation to a certain type of ore,
developing technological regimes with adjusting the
flow of collectors, environmental regulators and other
flotation agents, as well as using various combinations of
both traditional and alternative reagents.

On the other hand, the flotation capacity of re-
agents in relation to different types of ores depends not
only on the chemical composition of the ore, but also
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on the form of minerals in the ore, which is determined
by the genesis of the deposit. For example, the Zhez-
kazgan deposits ores are localized in gray-colored
rocks exclusively, regardless of their lithologic compo-
sition. The content of copper, lead and zinc in the
gray-colored rocks is on average 4—5 times higher than
that in the red-colored rocks. The industrial mineral-
ization in the field is extended to a depth of about
600 m, hypsometrically below; only the poor sulphide
mineralization is noted [1].

The basic bulk of copper is concentrated in three
widely distributed minerals — chalcopyrite, bornite and
chalcocite. There is a clear vertical zoning in the distri-
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bution of these minerals at the deposit. In the upper ho-
rizons of the deposit the main role is played by chalco-
pyrite, in the deeper horizons, bornite prevails, and at
last, in the lowest horizons there is chalcocite.

Moreover, increased lead and zinc amounts are char-
acteristic of the lower horizons. A similar sequence of cop-
per minerals changing is observed in the individual ore
bodies; in the central parts of them chalcocite prevails.
Chalcocite is replaced by bornite, and the latter, in turn, by
chalcopyrite as it moves to the periphery. The edge parts of
ore bodies are characterized by an increase in the content
of lead and zinc. These are deposits such as copper sand-
stones (chalcocite, bornite, and chalcopyrite).

The Zhezkazgan deposit is epigenetic, with high-
temperature, that was formed in two stages: 1) densely
clayed and massive ores arose in sandstones from fluids
(melt solutions) of 5 % H,0, 20 % H,S, 19 % CO,, 5 %
(CO, NH;, H,, N,, Ar), 51 % of the salts (Na,SO,) at
500—400 °C; 2) mineralization in sandstones was formed
at 650—400 °C in sulphide veins.

The process was completed by the carbonate-sulfide
veins at progressive decrease of the temperature in the
range of 500—700 °C and with the participation of re-
sidual water-salt solutions [2].

Therefore, these ores are characterized by a high dis-
persion degree of mineral particles, the intergrowth of
minerals among themselves, and, consequently, they are
difficult for enrichment. In connection with this, the
work purpose is establishment of the selectivity criteria
of flotation enrichment of copper-containing ores with
the mixture of sulfhydryl collectors.

Unsolved aspects of the problem. Currently, estab-
lishment of an optimal reagent regime and selectivity
criteria for the copper ore enrichment, which ensures
the greatest possible degree of mineral separation and
the production of conditioning concentrates remains an
unsolved problem.

Experimental part. Froth flotation was carried out on
a laboratory flotation machine FML-1 with a chamber
volume of 0.5 / by the following procedure: a sample of
the ore (75 % of a fraction of 0.074 mm) with a mass of
10 g was loaded into the flotation chamber and it was
mixed with water. Lime was added to maintain the de-
sired pH. Then, a solution of collector mixture with the
given concentration and a foaming agent were added
into the chamber, and stirring was continued for 9 min-
utes. The collector mixture consisting of potassium bu-
tyl xanthate (active substance content of 57.6 %) and
AFI-4 (basic substance sodium diisobutyl dithiophos-
phate of 65 %) was used as the flotation agent in a ra-
tio of 9:1. Froth generator T-92 had consumption of
15 g/t"!. Flotation experiments were carried out on the
basis of a 4-factor 3-level matrix (Table 1).

Decomposition of the initial ore samples and the re-
sulting concentrates (0.1 g) was carried out with a mix-
ture of concentrated hydrochloric and nitric acids (3:1)
[3]. Determination of metal ions Cu®*, Zn**, Pb>" con-
centration was carried out on the Varian AA140 atomic
absorption spectrometer. Elemental analysis was per-
formed on the Olimpus Delta XRF X-ray fluorescence
analyzer (Table 2).
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Table 1
Conditions for froth flotation
Experi- | Air flow | Impeller | Lime Collector
ment rate rotation | consum-| mixture
number frequency| ption |consumption
(AFI-4 and
potassium
butyl
xanthate)
Vair.s Vrot.» Miimes C ot.reagenty
N Mo | gt | et
1 20 30 1000 50
2 20 35 2000 100
3 20 40 3000 150
4 40 30 2000 150
5 40 35 3000 50
6 40 40 1000 100
7 60 30 3000 100
8 60 35 1000 150
9 60 40 2000 50
Table 2
Results of elemental analysis of copper ore
Mass Mass
Compound fraction, % Element fraction, %
CaO 6.62 Ca 8.89
Sio, 62.46 Si 54.78
SO, 0.76 S 0.57
Fe,0; 5.40 Fe 7.05
Al,O; 14.28 Al 14.12
MgO 1.96 Mg 2.19
K,0O 2.98 K 4.62
TiO, 0.63 Ti 0.71
Na,O 2.63 Na 3.63
MnO 0.20 Mn 0.29
SrO 0.04 Sr 0.06
CuO 1.23 Cu 1.83
ZnO 0.28 Zn 0.42
BaO 0.09 Ba 0.15
PbO 0.29 Pb 0.50
P,0; 0.15 P 0.12
Rb,0 0.02 Rb 0.02
Zr0, 0.03 Zr 0.04

The technological parameters of enrichment were
calculated by the formulas

Y. =100(a-06)/(-0); (1
E = Yopra; (2
K=p/a. (3)

Where Y, is concentrate yield, %, E, is metal recov-
ery into the concentrate, %, B is metal content in the
concentrate, %, K is degree of concentration [4].
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Explanation of scientific results. On the basis of
the probabilistic-deterministic approach, the optimi-
zation of the copper ore enrichment process was car-
ried out; some partial dependencies of the chemical-
technological parameters on the variable factors of
the air flow rate, the impeller rotation frequency, col-
lector mixture consumption (AFI-4 and potassium
butyl xanthate), and the lime consumption were ob-
tained (Table 3).

In Table 3, y is the response function (copper recov-
ering in concentrate (¢, ), concentration degree (X)), x
is the designation of the parameter presented, the im-
peller rotation frequency is denoted as v,,,, the air flow
rate is denoted as v,;., the lime consumption is m,;,,,, flo-
toreagent mixture consumption is Cyy yuaeens» the correla-
tion coefficient for the partial dependence between re-
sponse function and the values of the set parameter (fac-

tor) is R.

Table 3

Partial dependencies between the copper recovering degree and the concentration ratio on each factor for the
copper ore enrichment process

Factor concegt(; 553 e{rr;;%\fsrénfi [11ré tion) Correla.tion Concentration r.atio Correlqtion
% ’|  coefficient (response function) coefficient
x Econc. (V) R K@) R
Vi 1/ y=-0.01x*+ 1.44x - 1.83 0.99 y=0.08x + 2.86 0.99
Vo HZ y =-0.50x? + 35.67x - 593.53 0.99 y=-0.01x*>+ 0.76x - 8.69 0.99
Mo, 8/ y=2-10"x* + 16.06 0.99 y=0.01x+0.63 0.99
C ot reagenss &/ |y =-0.01x% + 2.15x - 52.45 0.99 y=-2-10°x* + 0.01x + 3 0.98

Optimum parameters of copper ore flotation enrich-
ment, the air flow rate of 40 1/h!, the impeller rotation
frequency of 35 Hz, the lime consumption of 3000 g/t™!,
and the collector mixture consumption of 100 g/t were
determined. On the other hand, the air flow rate deter-
mines the value of the oxidation-reduction potential of
the pulp, through the amount of oxygen moles held by

tion i Cy pugeens» the correlation coefficient for the par-
tial dependence between response function and the pa-
rameter presented values (factor) is R.

Table 4

Results of conversions of variable factors into
the medium physicochemical parameters

the pulp, the lime consumption determines the pH of The number | Contact Hydrogen | Collector
the medium (Table 4). of moles of |time of pulp [index volume| mixture
In Table 4 the number of moles of oxygen held by the oxygen held phases of the pulp [concentration|
pulp is (O,) and the contact time of pulp phases is 7, by the pulp
hydrogen index volume of the pulp is pH, the collector n(0,)-10°, T, H C,
mixture concentration is C. mole min P mg/1"!
It is seen from Table 5 that partial dependencies of 5.74 10 10.96 1
the chemical-technological enrichment parameters on 5.74 8.57 11.11 2
the variable factors can be used for modeling the copper 5.74 75 11.20 3
ore enrichment process. _ . 11.49 10 10.96 3
In Table 5, y is the response function (concentration
. . 11.49 8.57 11.11 1
yield (y..n.), copper content in the concentrate (Cu)), x
; ‘ . 11.49 7.5 11.20 2
is the designation of the parameter presented, the num- 1723 10 10.96 5
ber of moles of oxygen held by the pulp is (O,), the con- : :
tact time of pulp phases is (), the hydrogen index vol- 17.23 8.57 1111 3
ume of the pulp (pH), the collector mixture concentra- 17.23 7.5 11.20 1
Table 5
Mathematical models of the copper ore enrichment process
Concentration yield, % Correlation|Copper content in the concentrate, %|Correlation
Factor . . . .
(response function) coefficient (response function) coefficient
x Veone. (V) R Cu (y) R
n(0,)-10°, mole y = 661.88x% - 9.14x + 0.25 0.99 y=-904.11x* + 15.09x + 0.14 0.99
T, min y=2.02 x x 0986 0.80 y=-0.01x*>+0.21x - 0.77 0.99
pH y=0.38x? - 8.47x + 47.31 0.99 y=-1.66x* + 37.06x - 206.36 0.99
C 1ot reagens> M/ y=10.04x?-0.18x + 0.41 0.99 y=0.01x+0.16 0.98
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6 49
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The optimum parameters of the enrichment process
were also determined: for the concentrate yield the
number of moles of oxygen held by the pulp is 17.23 mole
(40 1/hY), the contact time of pulp phases is 7.5 min
(40 Hz), the pH of the medium is 10.96 (1000 g/t"), the
collector mixture concentration is 1 mg/I"' (50 g/t™!).

For copper content in the concentrate — the number
of moles of oxygen held by the pulp is 5.74 mole
(20 1/h"), the contact time of pulp phases is 8.57
(40 Hz), the pH of the medium is 11.11 (2000 g/t™"), the
collector mixture concentration is 3 mg/I"! (150 g/t™).

During the formation of enrichment process model,
simultaneous consideration of the number of moles of
oxygen held by the pulp, the pH of the medium, the col-
lector mixture concentration are taken into account,
this allows the oxidation-reduction potential of the pulp
to be calculated.

While constructing the surfaces in the coordinates
the pulp oxidation-reduction potential — pH makes it
possible to predict the bubble-particle complex stability
in a wide range of pH of the medium, and adding of the
time parameter into the generalized equation makes it
possible to carry out a kinetic monitoring of the system,
which is directly related to the ore enrichment [5].

Consequently, the ratios given in Table 5 are more
informatory than those given in Table 3 for the following
analysis of copper ore flotation ability.

Further the copper ore flotation was carried out at
the optimal conditions. The analysis of the obtained
copper concentrate was carried out by X-ray fluorescent
method (Fig. 1).

Analysis of the spectrum showed that a high content
of copper and iron is observed in the concentrate, this is
due to the presence of chalcopyrite (K, peaks of the cop-
per line and K} of the iron line which have intensity of 55
and 40 kpm-s™!, respectively), the presence of the K, iron
line at 1850 mA suggests the presence of oxidized iron
compounds on the surface of chalcopyrite.

The results of a multifactor experiment demonstrat-
ed that the efficiency of flotation enrichment depends
on the pH of the medium and the number of moles of
oxygen held by the pulp (the air flow rate is 10, 20, 40,
60, 701/h™") at the optimum concentration of the collec-
tor (mixture of AFI-4 — potassium butyl xanthate (1:1))
(100 g/t™).

Therefore, realization of flotation analysis of the copper
ore enrichment process under the conditions indicated
above is necessary [6]. The results are shown in Figs. 2—6.
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Fig. 1. XRF spectrum of copper concentrate
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Fig. 2. Fractional composition of the copper ore sample by
Sfoatability with flotation agents mixture of AFI-4 —
potassium butyl xanthate at a lime consumption of
1000g/t", the air flow rate of 10 1/h™’
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Fig. 3. Fractional composition of the copper ore sample by
foatability with flotation agents mixture of AFI-4 —
potassium butyl xanthate at a lime consumption of
1000g/t", the air flow rate of 20 I/h™!
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Fig. 4. Fractional composition of the copper ore sample by
foatability with flotation agents mixture of AFI-4 —
potassium butyl xanthate at a lime consumption of
1000g/t™", the air flow rate of 40 I/h™’
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Fig. 5. Fractional composition of the copper ore sample by
foatability with flotation agents’ mixture of AFI-4—
potassium butyl xanthate at a lime consumption of
1000g/t™!, the air flow rate of 60 I/h™!

y(k), min-m
400

350
300
250
200
150 H
100 |

5014

r Lo T T T 2k, 10 m:mint
-2 0 2 4 6 10

3

Fig. 6. Fractional composition of the copper ore sample by
foatability with flotation agents mixture of AFI-4 —
potassium butyl xanthate at a lime consumption of
1000g/t™", the air flow rate of 70 I/h!

Analysis of the data presented in Fig. 2 showed that
these conditions characterized by availability of only two
fractions with medium and light flotation, the harness-
ing of AFI-4 — potassium butyl xanthate mixture per-
mitting the difficult-to-float and moderately floatable
fractions to be extracted. The fractions given above can
contain chalcocite-copper oxides splices, whereas light-
ly floatable fraction is chalcopyrite.

However, a difference of 88 min/m! for the distribu-
tion function between medium and lightly floatable frac-
tions indicates a low selectivity of the reagent under the
given conditions. It is caused by the insufficient oxidation
degree of minerals and the surface proportion occupied
by the collector hydrophobic molecules, correspondingly.
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From the data in Figs. 3 and 4 it is seen that increas-
ing the air feed rate from 20 to 40 1/h™' does not lead to
significant changes in the fractional composition of the
pulp.

Consequently, at the indicated conditions (Figs. 3,
4) the gradient of the distribution function between dif-
ficult-to-float and moderately floatable fractions in-
creases, that results from the chalcopyrite oxidation to
copper and iron oxides, followed by lime depressions
and the formation of strong metal hydroxides. Whereas
for chalcocite, as less stable mineral, is characterized by
the oxidation to sulfate and thiosulphate ions, which are
replaced by anions of collectors.

According to the results shown in Fig. 5, the difficult-
to-float fraction decreases in share, the share of the mod-
erately floatable fraction remains practically constant,
while the lightly floatable fraction increases in share.

It has been revealed that at the indicated conditions,
the maximum yield of difficult-to-float fraction is caused
by redox processes at the metal sulphide surface and for-
mation of sufficiently strong hydrophobic layer on the
particles of mixed composition (rich intergrowths cu-
prite-chalcocite, chalcopyrite-cuprite).

At the same time, a share of low fraction of the light-
ly floatable fraction was associated with the formation of
sparingly soluble iron hydroxides on the chalcopyrite
surface [8] which sharply reduce the collector sorption
amount.

This also was associated with the shift of equilibrium
to sideways formation of more stable compound which
has high value of the average atomic Gibbs energy [7]
and energy density [9].

With reference to Fig. 6, it can be seen that increas-
ing the air feed rate leads to the increase in the share of
the lightly floatable fraction, and does not have impact
on the distribution of the moderately floatable fraction,
and reduces the share of the difficult-to-float fraction.

In the presence of strong and weak collectors the
number of poor splices containing both copper oxides
and sulphides has been passed into concentrate increas-
es, due to sulphides oxidation and the formation of hy-
droxides on the copper oxides surface, whereas the num-
ber of ordinary splices in the concentrate remains prac-
tically constant.

Conclusions and recommendations for further re-
search. Thus, the mathematical models adequately de-
scribing the flotation process for all the chemical-tech-
nological parameters (concentrate yield, metal content
in the concentrate, recover degree) were obtained as a
result of performing research studies on the collector
mixture (AFI-4 and potassium butyl xanthate) flotation
ability in relation to copper ore samples. Optimal condi-
tions for conducting flotation and obtaining a collective
concentrate were determined. Flotometric analysis of
the enrichment process was carried out. It made it pos-
sible to establish the presence of three fractions, namely,
difficult-to-float, moderately floatable, and lightly float-
able in the ore sample.

It was shown that the difference in enrichment is de-
termined by the composition of the fraction, the oxida-
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tion-reduction processes in alkaline and strongly alka-
line pH regions.

Therefore, the criteria for the selectivity of the collec-
tors will be the pulp flotation ability; the controlling fac-
tors are the air flow rate, the pH of the medium, the im-
peller rotation frequency, and the collector consumption.
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Merta. BcraHOBIIEHHST KpUTEPIiiB CENEKTUBHOCTI (hJ10-
TaliiTHOro 30aradeHHsT MiIbBMiCHHX PYII CyMIIIIIITIO CYJTb-
(rinpunbHUX 30MpayviB.

MeToauka. ATOMHO-a0COPOLifiHIIA, peHTreHODITy-
OpEeCLIEHTHUIA aHali3.

PesyabraTn. [IpoBeneHo nocaimkeHHs (hI0TaliitHOT
3[JaTHOCTI cyMillleit 30upauiB OyTUIIOBOrO KCAaHTOIeHa-
Ty KaJlito Ta i300yTiaitipocdarta HATPitO MO BiTHOIIEH-
HIO J10 3pa3KiB MiabBMicHOI pynu. OTpuMaHi MaTeMaThy-
Hi MoJeJii, 110 OMUCYIOTh Mpolec 30aradyeHHsI MiIHO1
pyau. BusHaueHi onTMMaibHi YMOBHU 3ilICHEHHSI MiHHOT
(broTarii: mMBUAKiCTH Moaadvi mositpst 40 Ji/rof, yacToTa
obepraHHs immieuiepa 35 ', Butpara BammHa 3000 1/T.,
BUTpaTta cyminti 3oupauisB 100 r/T.

HaykoBa HoBU3HA. YTiepille OTpUMaHi piBHSIHHS pe-
rpecii, 10 MOJAEIOIOTh BIUIMB KiJIbKOCTI YTPUMYBAaHO-
ro MyJIBIOI0 KUCHIO, pH cepenoBuiia, 4acy KOHTAaKTy
TBepaoi ha3u 3 PO3UMHOM CyMillleil 30MpayiB, KOHILICH-
Tpauii cyMili 30upayiB. [IpoBeneHo gortaliiinuii aHa-
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JIi3 CUCTEMU ,,MiTHa pyJIa — PO3YMH CyMillli 30MpadiB®.
BcTranoBieHO BIUIMB IIBUIIKOCTI ITO/IAYi IMTOBITPS Ha (ppak-
LWIAHUI CKJTa TyJIbIU 32 (GJIOTUPYEMICTIO, TTOJISITAE Y
3MiHi OKMCHO-BiTHOBHOT'O MOTEHIIiay, 1110 TPUBOAUTH
IO 3MiHU MilTHOCTi 3aKpiIlJIeHHs 30MpayiB Ha TOBEPXHi
pyau.

IIpakTiyna 3HaYMMicTh. OTpUMaHi MaTeMaTUYHI CITiB-
BiIHOLLIEHHS JO3BOJISITh IIPOBOIUTHU TIPOTHO3 3MiHM Xi-
MiKO-TE€XHOJIOTIUYHMX ITapaMeTpiB 30araueHHs ITif] BILJIK-
BOM IIBUAKOCTI TToAayi MOBIiTpsl, BUTPATU peTyJsiTopa
cepenoBulla W cyMillli 30upadiB, 4acTOTU 0OepTaHHS
iMnestepa. Pesynbratu (hjioTaliitHOro aHamizy MOXYyTh
OyTH BUKOPHMCTaHi B po3po0Li Ta BIOCKOHAJEHHI TeX-
HOJIOTIYHUX CXEM.

Kumouosi ciioBa: midna pyoa, penmeenogayopecyernm-
HUll aHaniz, OyMuUA08aHull KcanmozeHam Kanir, 0iizo00y-
mindimiogpocpam nampiro, ninna promauis, mamema-
muuri modeni, promauyitinuil ananiz

Hean. YcraHOBIEHUE KPUTEPUEB CEJIEKTUBHOCTU
(GI0TaMUMOHHOTO OOOTaIlEHUsSI MEIbCOAEPKALLIUX DY/,
CMECBIO CYTbMTUAPUIBLHBIX COOMpaTeIeii.

MeTtoauka. ATOMHO-a0COPOLMOHHBIN, PEHTITEHO-
(ayopeclieHTHBINM aHaTN3.

Pesynbratel. [IpoBeneHsI nccienoBaHus (GhaoTaIm-
OHHOI CTOCOOHOCTHU cMecell cobuparesneil OyTUI0BO-
ro KCaHTOreHaTa Kajius U uzooyrtuaautudocdara Ha-
TPUSI TIO OTHOIIEHUIO K 00pasiiamM MeabcoaepKaliei
pyasl. [ToayyeHbI MaTeMaTHYECKIE MOJIEIN OTTUChIBA-
IollIMe Tpolecc oborameHust MeaHoi pyabl. Onpene-
JICHBI ONITUMAaJIbHbIE YCIIOBUST OCYIIIECTBACHMS MTIEHHOMN
dotanuu: ckopocTh momayu Bosmyxa 40 /4, dac-
ToTa BpamieHus mmmnemiepa 35 I'm, pacxon u3BecTu
3000 r/T., pacxom cmecu coobupareneit 100 r/T.

Hayunas HoBU3HA. BriepBEIc ITONTydeHBI ypaBHEHUS
perpeccun, MOIEMPYIONTUE BIUSTHIE KOJTMYECTBA yIep-
>KMBaeMOTo MyJiblol Kuciaopona, pH cpensl, BpemMeHu
KOHTaKTa TBepAoii (ha3bl C PaCTBOPOM cMeceit codupa-
TeJieii, KOHLEHTpalus cMecu cobupareneit. [Iposenen
(1oTalMOHHBIN aHAJIU3 CUCTEMBI ,,MEeIHasI pyaa — pac-
TBOP CMECH coOmMpareieii. Y CTaHOBIICHO BIUSTHUE CKO-
POCTH TIOJAYM BO3Myxa Ha (DpaKIIMOHHEIN COCTaB ITyJIb-
ITBI TT0 (DJTOTHPYEMOCTH, KOTOPOE 3aKITIOYAcTCs B M3MeE-
HEHWU OKUCJIUTEIbHO-BOCCTAHOBUTEIBHOTO TTOTEHIIN-
ajia, IPUBOJIAIIEe K MU3MEHEHUIO TTPOYHOCTH 3aKperrie-
HUs cobMpaTesieil Ha TOBEPXHOCTU PYIbI.

IIpakTiyeckas 3HaYMMOCTb. [lonyuyeHHBIE MaTeMa-
TUYECKHUE COOTHOIIICHUS IMTO3BOJISIT IIPOBOIUTD ITPOTHO3
M3MEHEHUST XMMUKO-TEXHOJIOTMIECKIX ITapaMeTpOB 000-
TaIIeHUSI TTOM BIIMSTHIEM CKOPOCTH IOAaY BO3AyXa, pac-
XOJIa PeryJIITopa CPeIbl U CMECH COOMPATEIICii, YaCTOTHI
BpaleHusi uMmriejuiepa. Pe3ynbrarel (hI0TallMOHHOTO
aHaJIM3a MOTYT OBbITh MCTIOIB30BaHbI B pa3pabOTKe U yCO-
BEPIIEHCTBOBAHUY TEXHOJOTUYECKMX CXEM.

KioueBble cioBa: mednas pyoa, penmeenogayopec-
UEeHMHbLIL aHanu3, OYMmui08amblil KCaHmozeHam Kanus, Ou-
uzobymundumuogocgpam Hampus, neHHas gaomauust, Ma-
memamuueckue mooeau, PAOMAUUOHHBLI AHANU3

Pexomendosarno 0o nybaikauii dokm. Xim. Hayk
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