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Abstract. This paper is reporting the data of a preliminary study on heavy metals distribution in the
fluid and solid phases involved in dry and classified aluminium hydroxide production through Bayer
process. For heavy metals released in the fluid phases, the main source of contamination is the bauxite
through its mineralogical phases soluble or insoluble in alkaline solution. It was shown that predominant
way to transfer contaminating elements in aluminium hydroxide particles is the occlusion of very fine
particles coming from mineralogical phases of bauxite residue. New born mineralogical phases from
bauxite residue, like poor crystallized sodalite and cancrinite, are the most active occlusion contaminants.
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AHHOTauMs. B 3T0ii cTaTbe NPUBOASITCS TaHHBIE TPEIBAPUTEIIEHOTO HCCIIEIOBAHNUS PACTIPEICIICHHS
TSIKEJIBIX METAJJIOB B KMJKOW M TBEpAoH (azax, ydacTBYIOIINX B MIPOU3BOJICTBE CYyXOTO
1 KJIacCU(PHUIIMPOBAHHOTO THAPOKCHAA ATIOMUHUS B Iponecce baiiepa. st TSDKENBIX METAIIOB,
BBIJICJISTFOIIUXCS B AKUAKUX (pa3ax, OCHOBHBIM HCTOYHHKOM 3arpsI3HEHNUS SBISACTCS OOKCHUT Yepe3 ero
MUHepasnorndeckue Gasbl, PACTBOPUMBIE HJIM HEPACTBOPUMBIE B IIIETIOYHOM pacTBope. buio nmokasaso,
YTO MPeodIIalafouM CIIOCOO0M MEPEHOCA 3arPSI3HAIOMUX 3JIEMEHTOB B YaCTHIAX THAPOKCHAA
ATIOMHUHHUS SIBISIETCS OKKIIIO3US OYEHb MEJIKMX YAaCTHUII, IIPOUCXOSIINX U3 MHHEPAIOTHYeCKUX (a3
6oxcuTOBOTO OcTaTKa. HOBOpOXKIeHHBIE MUHEpaornyeckue (paspl u3 OOKCUTOBBIX OCTATKOB, TAKUE KAK
IIJI0X0 KPUCTAJIITM30BAaHHBINA CONATUT ¥ KAHKPUHUT, ABJISIFOTCS HAaOOIee aKTHBHBIMH 3ar PA3HSAIOMNMHI
TIPUMECSIMH.

KnrwueBble cJI0Ba: THAPOKCU] ATFOMUHUS, TSHKEIBIC METAJIIbl, OKKIIFO3HU s, OOKCUTHI, OOKCUTOBBIN
ocTaTok, Oaliepckuii mporecc.

Iuruposanue: lodpa, I'eopre. Tsokernble MeTauIb! Kak IPEMECH B OaliepHOM ITPOU3BOJICTBEHHOM IIMKJIE THAPOKCH A AJTFOMHHUS
u3 cheppa-ieonOykcuTa. [Ipensapurensraoe uccienosanue / [eopre lobpa, Jlyunan Koren, Copun Wnuu, Anuna bonanrny,
Jxo3ed Xynka, Jlugus Kum, [xuna Anuna Llatpuna, Jlaypenuuto @ununecky / Kypu. Cub. dpenep. yu-ra. TexHuka
u texnoyorun, 2021, 14(2). C. 151-165. DOI: 10.17516/1999-494X-0296

1. Introduction

In the alumina industry, the main sources of heavy metals are bauxite, as a raw material, auxiliary
products with heavy metal content (lime, additives used to control process parameters and other materials
used for proper operation and maintenance of the equipment). The transition of heavy metals from bauxite
into the Bayer production cycle (and hence, contamination of the alumina, by-products and residual
products) is part of a specific way of distribution and contamination with heavy metals, characteristic for
each type of processed bauxite or each application variant of the alumina Bayer process. Ultimately, the
entire process is dependent on the technological efficiency of the equipment used and on the particular

parameters adopted as optimal in each production unit.
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Alum SA Tulcea, Romania, uses only one type of bauxite — lateritic bauxite from Sierra Leone.
From this point of view, there is a significant advantage in controlling the entire technological process,
mainly in terms of products contamination factors and mindful environmental management. In addition,
compared to other types of bauxite available for processing in the aluminium industry, lateritic bauxites
are purer and easier to process than karst bauxites. Thus, the following significant mineralogical and
chemical particularities were identified in defining the technological value of bauxite in Sierra Leone (i. e.
the advantages and disadvantages of using this type of bauxite in the manufacture of alumina): a) The
major mineralogical components identified in the bauxite samples were gibbsite (30—-40 % available
Al,03), alumino-goethite (20—30 %) and alumino-hematite (less than 5 %); b) The entire mass of Fe,0;
consists only of solid solutions: alumino-goethite and alumino-hematite, compounds that incorporate
large amounts of non-extractable Al,O; and intensify the process of boehmitic reversal in the settling and
washing vessels of bauxite residue, increasing the residue factor from 1.5 to 2.3 and producing relatively
higher losses of Na,O; ¢) The minor mineralogical components of bauxite are: kaolin, quartz, zircon,
ilmenite, rutile and anatase, but their concentration is relatively low compared to the major constituents;
d) Approximately 30—40 % of the mineralogical phases from Sierra Leone bauxite are in an amorphous
state, but most of these amorphous phases come from the crystalline components listed above due to
excessive wear during the formation of bauxite deposit and its subsequent metamorphic transformations;
e) Experimental data collected after the digestion stage of this type of bauxite have shown that a compact
mass of approximately 50—55 % of bauxite passes completely untransformed through all the previous
technological stages of the Bayer process; f). The major mineralogical components identified in the
bauxite residue are: alumino — goethite (30-35 %), alumino-hematite (approximately 12—15 %) and
sodalite — cancrinite — katoite mixtures 20-25 %); g) The minor mineralogical components of the bauxite
residue are: gibbsite, calcite and other alkaline earth carbonates and sulfates, quartz, rutile, anatase and
others at very low concentrations; h) The soluble components of alumino-gibbsitic bauxite from Sierra
Leone are concentrated up to the solubility limit in the Bayer concentrated liquors and are unevenly
distributed between the spent liquor and the bauxite residue. Bayer liquors transport and contaminate
fluids throughout the entire technological cycle, but only a tiny portion reaches the finished products.
The rest accumulates in the bauxite residue [1, 2].

The purpose of this paper is to conduct a preliminary study on the distribution of impurities in
the Bayer cycle of manufacturing aluminium hydroxide and calcined alumina in a short period, before
and during experiments on the manufacture of dry and classified hydrate sorts. The paper does not aim
to highlight the purity of the fluids and solid phases from the production line, but only to identify the

sources of contamination and the ways to eliminate or alleviate contamination of the final products.

2. Experimental part

2.1. Sample collection and chemical analysis

Determination of the heavy metal content in fluid and solid phases from the aluminium hydroxide
production cycle was performed after starting of all research facilities for development of a technology
for obtaining wet, dry, ground and classified aluminium hydroxide. These equipment were acquired
under the project co-funded by the European Regional Development Fund through the Competitiveness
Operational Program 2014-2020 «Endow the research and Development of SC ALUM SA with

independent and efficient research facilities to support the economic competitiveness and business
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developmenty: «Independent equipment / Installation for research and development of the technology
of wet aluminium hydroxide classificationy», «Independent equipment / Installation for research and
development of technology to obtain the dried aluminium hydroxide» and «Independent equipment /
Installation for research and development of the technology of grinding and screening the dried
aluminium hydroxide».

Firstly, during the experiments, representative samples of bauxite, concentrated and spent Bayer
liquors were collected in a few rounds. Then, some hours before all the equipment were shut down,
representative samples of bauxite residue and aluminium hydroxide were also collected from previously
scheduled points of measurements for the present preliminary test study. The multiple samples collected
at each sampling point for heavy metals determination were cumulated and mediated and then, sent
to laboratory for analyses. Sampling and analysis of each element of interest were done in accordance
with European standards. The actual determinations of heavy metals concentration in the liquid and
solid phases were performed using the ICP-OES and the ICP-MS method, both recommended by the

above-mentioned standards.

2.2. Mineralogical analysis

Acquisition of data was achieved on the BRUKER D8 ADVANCE diffraction instrument by means
of the DIFFRAC plus XRD Commander (Bruker AXS) software through the Bragg-Brentano diffraction
method, coupling ®—0 on vertical configuration. The data processing was performed by means of the
DIFFRAC plus BASIC Evaluation Package software, version EVA12, 2006 of the software package
containing DIFFRAC plus BASIC (Bruker AXS) and the data base ICDD PDF-2 Release 2006. Other

details were given in [2].

2.3. Microscopical analysis

The morphology and elemental composition of the particulate material samples (bauxite, bauxite
residue and aluminium hydroxide) was characterized by scanning electron microscopy (SEM: Quanta
FEG 250, FEI, The Netherlands) using back scattered electron detector (BSD) coupled with energy
dispersive X-ray spectroscopy (EDS: using Apollo SSD detector, EDAX Inc. US). The microstructure
and EDS analysis were performed at about 10 mm working distance (WD) in low vacuum mode in order

to avoid surface charging and damage of the analysed material.

3. Experimental data

3.1. Heavy metals

The analysed heavy metals were divided into two groups: the heavy metal group with medium
toxicity potential and the heavy metal group with high toxicity potential. The group of heavy metals
with medium toxicity potential included total chromium summing trivalent chromium (insoluble in
Bayer liquors) and hexavalent chromium, and the group of heavy metals with high toxicity potential
included hexavalent chromium (soluble in water and Bayer liquors). This partitioning is justified by the
fact that in Bayer liquors, the reducing character is predominating, and the chance of trivalent chromium
to oxidize in the manufacturing cycle of aluminium hydroxide is zero.

In the case of bauxite residue stored in monitored dumps, the chance of trivalent chromium to

oxidize is minimal, and as a result, only small amounts of hexavalent chromium were found in the
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bauxite residue. Also, the results of our previous research corroborated with other data from the
literature [3—6] show that changing the pH of Bayer liquors does not affect the status of chromium
in these liquors.

In the Tables 1 and 2 and in the Fig. 1 and 2 there are presented the experimental data, with the
mention that in Table 1 and Fig. 1, the concentrations are expressed in ppm, and in the Table 2 and
Fig. 2, the concentrations are expressed in ppb. These data show that bauxite has a moderate content
of impurities, similar to that of other types of lateritic bauxite. Only the mineralogical peculiarities,
specific to the alumino-goethite bauxites, make the difference in terms of the contamination capacity
of aluminium hydroxide through the mechanisms of surface absorption and occlusion, respectively.

The total chromium concentration can be considered quite normal, because this element is one of
the minor components of bauxite, and chromium compounds (chromites) are insoluble in Bayer liquors.
As a source of pollution, only hexavalent chromium should be thoroughly considered, as was shown
above. Cadmium, arsenic and mercury are found in common concentrations throughout the Bayer
circuit when Sierra Leone bauxite is processed. Their concentration in aluminum hydroxide are laying
close to the detection limit and could not raise suspicions. The real sources of pollution of aluminum
hydroxide are copper and zinc with concentrations of tens of ppm in bauxite. Diminishing of the
copper and zinc content in Bayer liquors is possible by concentrating the spent liquors up to 250-300
g/L Na,O and precipitating these elements together with the organic compounds and respectively, by
discharging them in the crusts, and eventually, eliminating them together as production waste. As for
copper, zinc, lead and total chromium, these elements might be taken up by the freshly precipitated

aluminum hydroxide, as particulate occlusions. In this case, reduction of the content of copper, zinc,

Table 1. Elements from class of heavy metals with medium toxic potential in the manufacturing cycle of alu-
minium hydroxide

Source/Elements Zinc, Zn Copper, Cu Lead, Pb Chromium, Cr
Bauxite, ppm 15,38 36,29 18,60 233.5
Bauxite residue, ppm 46.60 68,70 12,39 541.0
Bayer concentrated liquor, ppm 23.2 5.23 0.77 5.32
Bayer spent liquor, ppm 0,15 0,04 <0,007 0,118
Aluminium hydroxide, ppm 0,404 2,771 0,995 0,282

Table 2. Elements from the class of heavy metals with high toxic potential in the manufacturing cycle of alu-

minium hydroxide

Source/Elements Chromium, Cr®" | Cadmium, Cd Arsenic, As Mercury, Hg
Bauxite, ppb 50 190 1668 230
Bauxite residue, ppb 50 384 857 110
Bayer concentrated liquor, ppb 60 18 1000 200
Bayer spent liquor, ppb 40 40 40 39
Aluminium hydroxide, ppb 50 80 40 50
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Fig. 1. Elements from the class of heavy metals with moderate toxic potential in the manufacturing cycle of alu-
minium hydroxide
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Fig. 2. Elements from the class of heavy metals with high toxic potential in the manufacturing cycle of aluminium
hydroxide

lead and chromium will be done in fine filtration stage of the Bayer concentrated liquors, i. e. in red
filtration, where new filters and new filter membranes with better performance than those currently
used are needed.

The measured concentrations from the Tables 1 and 2, and the Fig. 1 and 2 are in good agreement
with the data provided by other alumina production units. An edifying example about the level of
contamination is the content of heavy metals in bauxite residue given bellow: cadmium (Cd, 1.3 ppm
and Rfc — 2), total chromium (Cr, 1350 ppm and Rfc — 80), copper (Cu, 52 ppm and Rfc — 50), lead
(Pb, 50 ppm and Rfc — 100), nickel (Ni, 80 ppm and Rfc — 75), mercury (Hg, 0.3 ppm and Rfg — 1),
arsenic (As, 1.0 ppm and Rfc — 50), zinc (Zn, 80 ppm and Rfc — 300), cobalt (Co 16.0 ppm and Rfc —
40), manganese (Mn, 406 ppm and Rfc — 850), antimony (Sb, 0.1 ppm and Rfc — 6), and selenium (Se,
4.0 and Rfc — 5). The Rfc specification is the reference concentration (in milligrams per kilogram) of
toxic metals in soils, set by the Spanish authorities for the protection of human health (RD60/2009, 26

February 2009), taking into account the risks of water contamination and / or the risks of increasing
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phytotoxicity in agriculture, land use, animal husbandry and forest protection [7-9]. In addition, due to
the low concentrations of heavy metals there is practically not a concentration process of these elements
in Bayer liquors, but only an accumulation in the bauxite residue. At most, tiny amounts appear as a
surface contamination of the aluminum hydroxide [10].

An analysis model of the heavy metals distribution in Bayer cycle is offered by the Greek company
Mytilineos SA, Agios Nikolaos, Viotia, Greece [11], This company processes two types of bauxite: a
local karstic bauxite (diasporic bauxite) and a lateritic bauxite purchased on the lateritic bauxite market,
preferably a very reactive gibbsitic bauxite. The processed karstic bauxite comes from the Parnassus-
Giona area and has the following mineralogical composition: 10-30 % boehmite, 20—50 % diaspore,
20-25 % hematite, 1-5 % calcite, 1-2 % quartz, 1-5 % kaolinite and 0.5-2 % anatase [12]. Lateritic
bauxite processed along with karstic one is a known gibbsitic bauxite, not quite similar to Sierra Leone
bauxite, because the iron is found in this type of bauxite only as hematite.

In the Table 3 there is shown the distribution of arsenic, chromium and vanadium in the main
material flows of Bayer suitable variant technology for the raw materials described above. For other
heavy metals the table refers only to the composition of concentrated and spent liquors. Comparing the
data from Table 3 with those from Tables 1 and 2, and with Fig. 1 and 2, we can observe similarities

and differences due exclusively to the mineralogical peculiarities of both bauxites.

Table 3. Heavy metals distribution in Bayer cycle at Mytilineos S.A., Agios Nikolaos, Greece

Elements As Cr Mo Ni Si A% W Y
Concentrated Bayer liquor, ppm 110.8 1.4 318 4.8 544 295.2 2.27 | <0.04
Bauxite residue, ppm 189 1265 903
Bayer spent liquor, ppm 99.6 1.3 273 <4 520 3614 7.21 <0.04
Aluminium hydroxide, ppm <5 <5 <10

The excess of chromium and vanadium in fresh and recycled Bayer liquors is justified not only
by the high concentrations of these elements in karstic bauxite, but also by the fact that these elements
usually accumulate in the liquors till the saturation, as is the case of all bauxites rich in these elements.
Nevertheless, the chromium, although found in higher concentrations in karstic bauxites, accumulates
only in the bauxite residue. In both cases, the concentrations of these three elements remain at very low

values in the aluminum hydroxide.

3.2. Radioactive metals

In the last years there were made two integral reports on radioactivity level on the production line
of the aluminium hydroxide. First report confirmed some older measurement data on rare occurrence of
radio-nuclides in the Sierra Leone bauxite and in the bauxite residue disposal site at Alum SA Tulcea. In
the second report, it turned out that concentrations of gamma radiation of radio-nuclides in the bauxite
residue are mostly below the minimum detectable activity-AMD, according the ISO 11920/2010. Also,

the total radioactivity level, measured on bauxite residue samples, is below the soil natural radioactivity,
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which is about 40/Bg/kg. Both tests corroborate the conclusion that Sierra Leone bauxite used as raw

materials in the production of alumina at Alum SA Tulcea does not contain radio-nuclides. The data

are systematically presented in the Table 4.

Table 4. Radioactivity on Bayer aluminum hydroxide production line

Radloact{ve Estimated
. concentration/ .
Samples Experimental results . . uncertainty
radionuclide, (k=1
units, Bg/kg
! 2 3 4
A. Sample 2 — Sierra Leone bauxite Natural radionuclide “’K: AMD * 2,4 Bg/kg
A. The measurement in a plastic Sarpagan | Natural radioactive series of |15, 7 Bq/kg + 8 Bq/kg
type (diameter 78 mm, height 42 mm), thorium (332Th): 38 Bg/kg
total mass sample (0,2099 + 0,0010) kg, | ??°Ra, from Natural (on the reference data
measurement duration 25200 s, on a radioactive series of uranium: |07.11.2017, 12:00 UT)
plinth at a distance of 1,6 mm in the
central position over detector

*AMD: minimum detectable activity in this case estimated to 6,3 Bg/kg for 4°K. Radionuclides from the
natural radioactive series of thorium detected in samples are: 28 Ac (emissions gamma radiations with 338
keV), 212Pb, 2!2Bi and 2°®*T1. Radionuclides from the natural radioactive series of uranium detected in samples
are: 234Th, 2'4Pb si 21*Bi (the last two are descendents of *°Ra, from series 238U and ?*Ra

height 42 mm), total mass sample
(0,1966+0,0010) kg, The measurement
duration 24.000 s, on a plinth at a
distance of 1,6 mm in the central
position over detector

226Ra, from natural radioactive
series of uranium:

(on the reference data
07.11.2017, 12:00 UT)

B. Sample 4 — Sierra Leone bauxite Natural radionuclid ’K: 10 Bg/kg + 5 Bqg/kg
B. The measurement in a plastic Natural radioactive series of | 15,1 Bq/kg + 2.4 Bq/kg
Sarpagan type (diameter 78 mm, thorium (332Th): 22 Bg/kg +7 Bq/kg

Radionuclides from the natural radioactive series of thorium detected in samples are: ?®Ac (emissions gamma
radiations with 338 keV), 212Pb, 21?Bi and 2%*TI. Radionuclides from the natural radioactive series
detected in samples are: 2**Th, 2'Pb si 2'“Bi (the last two are descendents o

of uranium

f 226Ra, from series >**U and 2?°Ra

(1,0574 + 0,0010) Kg, measurement
duration 25.000 s, with the sample in the
central position, directly on detector

226Ra, from Natural

radioactive series of uranium

(on the reference data
07.11.2017, 12:00 UT)

C. Sample 1 — Bayer mother liquor. The | Natural radionuclide *°K: 5,3 Bq/kg < +1,0 Bq/kg
measurement in a plastic Marinelli type | Natural radioactive series of | AMD* +1,0 Bq/kg
with the volume 0,9 L, total mass sample | thorium (33*Th): 4,1 Bg/kg

Radionuclides from natural radioactive series of the torium detected in samples, were: 2*8Ac, 2'2Pb, 21?Bi si
208T], Radionuclides from natural radioactive series of uranium, detected in the samples, were: 234Th, 2'Pb si
214Bi (the last two are descending from ?2Ra, from the series of 28U and ?*°Ra

42 mm), total mass sample (0,1701+
+0,0005) Kg, measurement duration
15.000 s, on a plinth at a distance of
1,6 mm in the central position over
detector

226Ra, from Natural

radioactive series of Uranium:

(on the reference data
07.11.2017, 12:00 UT)

D. Sample 5 — Bauxite residue (raw, Natural radionuclide “’K: <AMD * +2,5 Bq/kg
dried). The measurement in a plastic Natural radioactive series of | 18,4 Bq/kg + 8 Bq/kg
Sarpagan type (diameter 78 mm, height | thorium (3*2Th): 36 Bg/kg

Radionuclides from the natural radioactive series of torium detected in samples are: 22!Ac (emissions gamma
radiations with 338 keV), 2!2Pb, 21?Bi and 2%*T1. Radionuclides from the natural radioactive series of uranium
detected in samples are: 234Th, 214Pb si 21Bi (the last two are descendents of 22°Ra, from series 23U and ?*Ra
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Continuation of Table 4

height 42 mm), total mass sample
(0,1606 + 0,0005) Kg., measurement
duration 24.000 s, on a plinth at a
distance of 1,6 mm in the central
position over detector

226Ra, from Natural
radioactive series of Uranium:

(on the reference data
07.11.2017, 12:00 UT)

1 2 3 4
E. Sample 6 — Bauxite residue washed | Natural radionuclide 4’K: 5,2 Bg/kg + 5,6 Bq/kg
and, dried). The measurement in a Natural radioactive series of | 26,9 Bq/kg + 3,1 Bq/kg
plastic Sarpagan type (diameter 78 mm, | thorium (**2Th): 42 Bq/kg +9 Bqg/kg

Radionuclides from the natural radioactive series of thorium detected in samples are: ?®Ac (emissions gamma
radiations with 338 keV), 212Pb, 212Bi and 2°%TI. Radionuclides from the natural radioactive series of uranium
detected in samples are: 23Th, 2/“Pb and 2'“Bi (the last two are descendents of 2°Ra, from series 23U and ?*°Ra

total mass sample (0,2125 + 0,0010) Kg,
measurement duration 26.500 s, on a
plinth at a distance of 1,6 mm in the
central position over detector

226Ra, from Natural
radioactive series of uranium:

(on the reference data
07.11.2017, 12:00 UT)

F. Sample 3 — Aluminum hydroxide. |Natural radionuclide: “K: |<AMD * + 6.0 Bg/kg
The measurement in a plastic Sarpagan | Natural radioactive series of | < AMD *
type (diameter 78 mm, height 42 mm), | thorium (***Th): 4.0 Bg/kg

Radionuclides from the natural radioactive series of thorium detected in samples are: 2*%Ac, 2'?Pb, ?'?Bi si
208T1. Radionuclides from the natural radioactive series of uranium detected in samples are: 234Th, 2'Pb si
214Bj (the last two are descendents of 2°Ra, from series 238U and *°Ra)

total mass sample 0,2032 + 0,0010) Kg,
measurement duration 23.100 s, on a

226Ra, from Natural
radioactive series of uranium:

(on the reference data
07.11.2017, 12:00 UT)

F. Sample 7 — Alumina gamma. The | Natural radionuclide: “K: |<AMD * + 6.0 Bg/kg
measurement in a plastic Sarpagan Natural radioactive series of | < AMD *
type (diameter 78 mm, height 42 mm), | thorium (***Th): 15.0 Bg/kg

plinth at a distance of 1,6 mm in the
central position over detector

*AMD: minimum detectable activity in this case estimated to 6,3 Bg/kg for “°K and respectively, 3,6 Bq/kg
for 228Ac, from series 2*2Th).

Radionuclides from the natural radioactive series of thorium detected in samples are: 228Ac, 2!2Pb, 2!2Bi si
20871, Radionuclides from the natural radioactive series of uranium detected in samples are: 23Th, 2Pb si
214Bi (the last two are descendents of 2>°Ra, from series 233U and ?*°Ra)

The measurements were made by Horia Hulubei National Institute for R&D in Physics and
Nuclear Engineering (IFIN-HH).

3.3. Aluminium hydroxide contamination by occlusion

There are some simple mechanisms, which can explain how the metallic impurities contaminate
the aluminium hydroxide. Sodium simply is found embedded in some stable forms by substitution of the
aluminium ions in hydroxide crystal lattice. But, this happened only under specific conditions concerning
supersaturation level and supersaturation variation rates. Actually, sodium can contaminate aluminium
hydroxide in any stage of the aluminate decomposition process. Some of the other impurities follow, almost
always, the same incorporation mechanism as sodium, but not at so lager scale as sodium, Moreover, the
contaminated fractions are mobile and can get into the final product modified or unmodified, also in any
stage of decomposition process. Identifying the source of these contaminated fractions is very important

for removing the cause and raising the quality of aluminium hydroxide.
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The occluded fraction of soluble impurities happen mainly in the agglomeration process of poly-
crystalline particles by closing inside the polycrystalline aggregates some small drops of spent liquor,
variable and non-uniformly dispersed as sizes and numbers. The incorporated droplets no longer
communicate through open channels with the outside liquor and consequently, the intensive washings
of aluminium hydroxide cannot remove (no matter how well the washing is done) the remaining spent
liquor isolated in mass of the aggregated particles.

The lixiviated fraction of impurities is that part of impurities remaining on the surface of aluminium
hydroxide particles as diluted spent liquor. Most of these impurities can be removed by washing and
their concentration in the final product depends on the washing efficiency. A part of soluble fraction
of impurities is generated by precipitation of organic acids as salts with metallic impurities, their
chemical adsorption onto the particles surface, or their inclusion in the aluminium hydroxide crystals
as sodium or of other metals compounds. Parts of these fractions may be dissolved in the washing
stage, and the rest are locked in the crystalline lattice of aluminium hydroxide, and finally decomposes
upon calcination releasing the impurities as oxides. It is possible that, at high concentrations of organic
acids in the spent liquor, some organic acid salts to precipitate in the form of distinct crystals together
with aluminium hydroxide. In this case, the advanced washing of the aluminium hydroxide particles
may lead to the partial or total elimination of this form in impurity of the aluminium hydroxide [10].

Insoluble compounds or chemically bound impurities are fractions more active in contamination
process than the soluble impurities. They can be occluded in the agglomerating particles in any stage
of the aluminate liquors decomposition process. Also, they can promote predominantly the hetero-
nucleation at smaller particle surface, shaping bridges that stabilize the polycrystalline aggregates
in the agglomeration process. To prevent or at least control the contamination process by occlusion
of insoluble compounds or chemically bound impurities it is necessary to identify the sources and
to remove or alleviate their effect. Most of these contaminants are coming in the Bayer concentrated
liquor and microscopic particles originate from bauxite mineralogical compounds or are born as
crystalline phases during bauxite Bayer digestion stage.

Sierra Leone bauxite contains the following mineralogical components: Gibbsite — Al(OH)s;
Goethite-alumina—(Fe(Aly) O (OH); Hematite-alumina—(Fe(Al),0s; Kaolinite -Al4(OH)s(Si;Oy0);
Quartz—Si0,; Zircon — ZrSiOy; [lmenite — FeTiOs; Anatase — TiO,; and calcium, potassium, magnesium,
phosphorus, vanadium and other minor components as mineral salts. Bauxite residue contains the same
mineralogical phases as bauxite, but in other ratios and the new born phases: sodalite — Nag(AlsSigO,4)
Cl,, katoite — Ca3AI2(Si04)(OH)8, and magnetite — Fe,O4. All these materials contain crystalline
phases and amorphous phases (20—40 %). Also, the new born phases can be well crystallized and
amorphous or at least, bearing poor crystalized structures.

The morphology and elemental composition of the particulate material samples (bauxite, bauxite
residue and aluminium hydroxide) were characterized by scanning electron microscopy (SEM: Quanta
FEG 250, FEI, The Netherlands) using back scattered electron detector (BSD) coupled with energy
dispersive X-ray spectroscopy (EDS): using Apollo SSD detector, EDAX Inc. US). The microstructure
and EDS analysis were performed at about 10 mm working distance (WD) in low vacuum mode in
order to avoid surface charging and damage of the analysed material.

SEM microscopy coupled with EDX spectroscopy is an effective tool for detecting impurities in

any natural material or manufactured by any technology. Furthermore, the method allows identifica-
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tion of the source and procedures to avoid impurification by controlling the technology in the original
stage where the source is contaminating the aluminium hydroxide particles. This ultimate advantage
has led to the application of SEM microscopy coupled with EDX spectroscopy to the analysis of un-
milled and milled aluminium hydroxide samples. The results and conclusions of the study are pre-
sented below.

Microscopic analysis concerns three samples from the fractions of dried, milled and classified
aluminium hydroxide. Its about the fractions: 0=10 microns, 0—20 microns and 0—45 microns. Ini-
tially, some suspicions were raised about possible segregation of the contaminated particles and their
accumulation in the smallest fractions. But this event did not have occurred very often under our ex-
perimental circumstances.

In the Fig. 3 and Fig. 4 there are given the micrographs of two particles of aluminium hydroxide
with high purity. These samples should be the reference material in good choice of the process operation
parameters. In the real Bayer process the aluminium hydroxide particles are carrying always smaller
quantities of Na,O, accounting for 0.3—-0,4 %, and only under very careful conditions the Na,O could
be dropped under 0.3 %. As was mentioned before some poor crystallized or amorphous mineral phase
from bauxite (non full reacted mass) and bauxite residue are always prone to deliver mobile reactive
molecular entities, which can be quickly occluded into the aluminium particles in any stage of their
growth.

There are a lot of mineralogical phases in Bayer cycle. Some of them are well crystallized, with

distinctive crystalline faces of various sizes. Other are dispersed as smaller crystals in the liquors of

0 Element Wt % At %
CK 32.83 41.67 g
0 K 52.54 50.06
AlK 14.63 8.27
Total 100.00 100.00

1.00 200 3.00 400 5.00 6.00 1.00 8

Element Wt % At % h
A

CK 26.87 34.83
0K 58.01 56.45
ALK 15.11 8.72
Total 100.00 100.00

1

Fig. 4. SEM image of a pure AI(OH); particle from class ATH < 20
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0 Element Wt % At %
i . . a
C K 10.68 15.74
0 K 58.43 64.69
NaK 9.42 1225
AlK 10.69 7.01
SiK 5.70 3.60
S K 0.20 0.11
Al CakK 025 0.11
TiK 0.17 0.06
Na si  FeK 4.46 1.41 fe
- Total 100.00 100.00 L
S G Ti ]
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.

Fig. 5. Morphology of a particle of sodalite from bauxite residue investigated by diffraction EDS on a surface of
10 um?, magnification 1.000x; SEM image of a well crystallized sodalite particle (new born phase) with Fe,O3
inclusions and contaminated with S (as sulphate), and occluded with calcium and titanium compounds

Element Wt % At & ¢

CK 18.91 26.03
OK 58.73 60.69

NaK 4.91 3.53
a AlK  10.70  6.56
SiK 2.68 1.58
P K 0.23  0.13
CaK 3.08 1,27
FeK 0.77  0.23
Total 100.00 100.00
Fe
A

1.00 200 3.00 4.00 5.00 6.00 17.00 s

Fig. 6. Morphology of a particle of mixed sodalite and katoite agglomerate from bauxite residue investigated
by diffraction EDS on a surface of 2 pm?, magnification 10.000x; SEM image of the incompletely crystallized
cancrinite and sodalite agglomerates

different origins. In the Fig. 5 is visualized a large (100 microns) well mechanical stabilized crystal
of sodalite (born in Bayer concentrated liquors during the bauxite digestion), surrounded by small
crystalline or non-crystalline agglomerated small particles. The larger crystal itself is not a contami-
nating phase, because it has little chance to travel through the clarification and Bayer liquor filtration
stages. But the particle hundreds of time smaller have the opportunity to overpass the control filter
and to be occluded in the aluminium hydroxide particles, during growth and agglomeration stages.
Actually, most of the smaller particles around the sodalite big crystal are, also, particles of sodalite
contaminated with Ca, TiO, and S (sulphate) as soluble or insoluble salts and occluded by Fe,O;.

In the Fig. 6 there is presented another kind of agglomerated particles containing sodalite and
katoite. Both of these phases are born in the digestion stage of bauxite, which was processed with some
CaO adding for increasing stability of the agglomerated particle. Similar associations with variable
calcium content were found often in the bauxite residue left after Sierra Leone bauxite digestion pro-
cess. But in this case (Fig. 6), the agglomerated particle structure seems to be more fragile. Probably,
the agglomeration of the smallest particles is an unfinished process, or katoite crystallization did not
reach its final stages. This is why particles like those in the Fig. 6 are active sources of material for
occlusion of the aluminium hydrate in Bayer production line. A strange association of particles can be

seen in the Fig. 7. Here a particle of alumino-goethite or alumino-hematite (from bauxite) is covered
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with a layer of sodalite (born during, bauxite digestion process). This kind of particles are not sources
of material for occlusion, because at the dimensions and mechanical stability, seen in the Fig. 7, its
particle is captured in Bayer concentrate liquor filter cake.

Figures 8 and 9 are good examples of aluminium hydroxide particle heavy contamination with

the silicon (as silicon dioxide) and iron (as alumino-goethite or alumino-hematite) (Fig. 8) and with

f Element Wt % At % (l
C K 9.13 13.61
0 K 60.28 67.46
NakK 7.96 6.19
AlK 11.07 7.35
SikK 5:12 3.26
CakK 0.38 0.17
A TiK 0.24 0.09
FeK 5.82 1.87 Fe
Total 100.00 100.00
Na Si
Fe
Ca T
1.00 200 3.00 4.00 5.00 6.00 7.00 8

Fig. 7. Morphology of a large agglomerate of sodalite from bauxite residue and other impurities investigated by
diffraction EDS on a surface of 20um?, magnification 2.000x; SEM image of incompletely crystallized cancrinite
and sodalite in a large agglomerates

Element Wt % At %

c.X 16.92  23.27
0K 62.92 64.95

AlK 16.86  10.32

& 8iK 1.63 0.96
FeK 1.67 0.49
Total 100.00 100.00

100 200 300 400 500 6.00 1.00 8

Fig. 8. Morphology of a small particle of aluminium hydroxide from fraction 0—45 um investigated by diffraction
EDS on a surface of 4 um?, magnification 8.000x; SEM image of an occluded AI(OH); particle with Fe,O; and
SiO,

Element Wt % At % ]
CK 12.79 17.95
0 K 68.44 7231
NakK 1.27 0.93
AlK 10.04 6.27
SiK 1.65 0.99
FeK 5.81 1.75
Total 100.00 100.00
fe
i, | —
200 300 40 500 600 700 [

Fig. 9. Morphology of a small particle of aluminium hydroxide from fraction 0—45 um investigated by diffraction
EDS on a surface of 2 um?, magnification 10.000x; SEM image of a contaminated AI(OH); particle occluded after
the breakage of sodalite particles in the presence of iron from alumino-goethite or alumino-hematite
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residuals from the breakage of sodalite particles (Fig. 9). According to the above figures, it should
be concluded that the new born phases in bauxite digestion process with perturbed lattices or as
disordered crystals are active precursors for the impurities occlusion in aluminium hydroxide particles

in any stage of sodium aluminate decomposition process in Bayer technology.

4. Conclusions

Some of the properties of processed bauxite have a major importance in the transfer of heavy
metals in liquors and in bauxite residue. Of these, the most important are: a) Crystallinity and the
degree of crystallinity of all mineralogical phases in bauxite (including minor phases with heavy metal
content); b) The weight percent of the amorphous phase, the distribution of the particle size in the
digestion phase; ¢) Temperature in the digestion stage, fluctuation intervals of the major components
concentration in the liquors during digestion; d) Operating parameters in the predesilication stage
and the crystallinity of the new born DSP in this stage, and the crystallinity of other new or old
natural phases; e) Efficiency of the concentrated liquors clarification additives; f) fineness and activity/

efficiency of TCA in the filtering stage of the concentrated liquors.
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Abstract. Laboratory studies have been carried out on the processing of gold-bearing concentrate
from the “Jamgyr” deposit using the JIN CHAN reagent. The influence of the concentration JIN
CHAN, the duration of leaching, the temperature of the solution were studied. As a result of research,
the extraction of gold and silver into solution using cyanide-free technology was 97,5% and 96%,
respectively. The processing of the obtained solutions by the method of sorption was carried out on the
MA940BG (gold) ion-exchange resin with the extraction of target components from the solution into
the ion-exchange resin: Au— 100,0%, Ag — 77,5%.
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HccaenoBanus mo ruipoMeTaLIIyPru4eckon nepepadorke
30J10TOCOAEPKALIEr0 KOHLEHTpaTa
MecTopoxIAeHus «IxaMruip»

JI.M. Kapumosa, /I.B. 3axapsbsn, SI.E. AranutoB

TOO «Kazl'uopoMeowvy
Pecnybonuxa Kazaxcman, Kapaeanoa

AnHoTaums. I[IpoBeneHbl 1a0OpaTOpHBIE MCCIIEAOBAHMUS MO TEPEPaAOOTKE 30JI0TOCOAEPIKAIIETO
KOHIICHTpaTa MecTOpokaeHu «J>kaMreip» ¢ momornisio peareHTa JIN CHAN (L3unp Yanp). 3ydeHo
Brnusgane KoHIeHTpanun JIN CHAN, TpomoKUTeTFHOCTE BRIIIEIaYNBAHN S, TEMIIEPATypa pacTBOpA.
B pesynbrare nccnegoBaHui H3BICYCHHE 30JI0Ta U cepedpa B pacTBOP MO OECIIUaHNIHON TEXHOIOTHI
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coctaBuio 97,5 u 96 % coorBeTcTBeHHO. [lepepaboTKy MOJIy4YeHHBIX PACTBOPOB METOJOM COPOIIHH
NPOBOIMIN Ha HOHOOOMeHHOH cmoie MA940BG (gold), u3BicucHHE IICJICBBIX KOMIIOHCHTOB M3
pacTBopa B HOHOOOMEHHYI0 cMouty cocTtaBuio: Au — 100,0 %, Ag — 77,5 %.

KuaoueBsle ciioBa: 30JI0TO, KOHLICHTPAT, BbILICIAYBAHUC, 9SKOJIOTHYSCKHI pCarcHr, COp6HI/I$L

Iutuposanme: Kapumosa, JL.M. HccnemoBaHus 1HO T'HIPOMETaJIIypTUYecKOil IepepabOTKe 30I0TOCOASPIKAIIETO
KOHI[EHTpaTa MecTopoxaeHus «/xamreip» / JLM. Kapumosa, JI.B. 3axapesn, S.E. Aranuros / XKypu. Cub. deznep. yH-Ta.
Texnuka u texsonorus, 2021, 14(2). C. 166-174. DOI: 10.17516/1999-494X-0297

BBenenue

OCHOBHBIM PEareHTOM B THIPOMETAJIIYPIHH MOJTyUESHHS 30JI0Ta U cepedpa U3 py/I SIBJISCTCS IIMaHU
HaTpHsl, KOTOPBIN puUMeHsieTcs yxe 6osee 100 net. LlnanucTelii mporecc odecnedrBaeT U3BJICUCHUE
niopsiika 80-90 % 301m0Ta 1 cepedpa. ITOT crocod 001a1aeT CyIeCTBEHHBIMU TEXHOIOTMYECKIMH 1 9KO-
HOMHYECKIMH MPEUMYIIECTBAMH 110 CPABHEHHIO C IPOUYUMH METaJLTy PrUueCKIUMHU TeXHoJIorusaMmu [ 1, 2].

OnHaKo UAaHUI OTHOCHTCS K KATETOPHHU CHIIBHOJICUCTBYIOIUX SIIOBUTHIX BELIECTB, M €TI0 ITPUMe-
HEHHE COMPOBOKIACTCS OOJIBIINM 00bEMOM KOMITJICKCHBIX MEPOIPHUSATHI: 0OecredeHne 0e30MacHOCTH
00CITyXKMBAIOIIEr0 IIepcoHaa, 00e3BpeKMBaHNE IMAHNIOB B XBOCTaX, IKOJIOTHYECKHE TPeOOBaHNU
MPHU CKJIATUPOBAHUHU OTXOJ0B IMAHUPOBAHHUS. DTO BCE JOMOITHUTENbHBIC 3aTPATHl, yXY/ALIAIONI1e
SKOHOMHUKY mpouecca [3—-8].

B cBsI31 ¢ 9TUM BeAyTCSl HHTEHCUBHBIE Pa0OTHI M0 U3YUYECHUIO BO3MOXKHOCTEH 3aMEHbI [UAHH]I0B
JpYTHMH aJbTepPHATHBHBIMH PACTBOPUTENSIMU. B HacTosiee BpeMsi N3BECTHBI albTEPHATHBHEIC BbI-
1IeJIauMBAIOIINE CUCTEMBI, CIIOCOOHBIE IEPEBOUTH 30JI0TO U CEPEOPO B pACTBOPUMOE COCTOSIHUE.
Haunbonee n3BecTHBI 13 HUX THOMOYEBHHA, THOCYIb(ATHl HATPUS U aMMOHHSL, TAJIOUABI (XJI0p, OpoMm,
fiom) [5—9]. Tem He MeHee HU OAWH U3 TEXHOJIOTMUECKUX BAPUAHTOB C UCTIOJIH30BAHMEM HEITUAHUCTHIX
pacTBOpHTEINEH 30J10Ta ¥ cepedpa IoKa He MOXKET TPETEHI0BATh Ha POJIb YHUBEPCAIBHOT'O THIPOME-
TaJLTyPrudecKoro mporecca, KaKOBbIM B HACTOsIIIEE BpeMsl siBisieTcs nuanuposanue [3, 10].

Ony6nukoBana nH(popmanus, 4To B Knrae 3armaTreHTOBaH HOBBIH 9KOJIOTHYECKH YHCTHIA peareHT
JUTSL BBILLEJIAYMBAHUS 30JI0Ta U cepedpa 0e3 nuanuaa. PeareHT npeacrasisieT coO0H XMMHUYECKY O
CMECh, COCTOSIIIYIO U3 HATPHUEBOH COJIH, TOJMMEPU30BAHHOTO IIMAHAMM/1a HATPU S, MIETOYHOTO TH-
okapbamua u cradbunuzaropa. OH U3rOTOBJICH U3 OOBIYHBIX XMMUUYCCKHX MAaTCPUAJIOB, TAKUX KaK
MOYEBHHA, KayCTHYECKas COa, KApOOHAT HATPHS U CYJIb(HUI HATPUSI, CMEIIAHHBIX C TOAXOISAIINM
karanuzaropom [10, 11].

MHOTro4YHCIeHHBIMHU UCCIIEA0BAHNAMHI YCTAHOBJIEHO, YTO PACTBOPEHHE 30JI0TA B IUAHNUCTBHIX pac-

TBOpPAX B MPUCYTCTBUHU KUCJIOPO/A MPOTEKAET MO CIAEAYIOIIEeH peaKlinu:

2Au + 4NaCN + 0, + 2H,0 = 2NaAu(CN), + 2NaOH + H,0,, 1)
BOHOTOHI/IaHI/ICT}Jﬁ HanI/Iﬁ AUCCONUHNPYCT HA NOHBI:

Na(AuCN), = Na* + [Au(CN),]" . Q)

Taxum 00pa3oM, 30JI0TO B PACTBOPE HAXOAUTCS B COCTaBE KOMIIJICKCHOI'O IIHAHUCTOrO HOHA
[Au(CN),]. CornacHo cOBpEMEHHBIM IIPEACTABICHHUM IIPOLIECC PACTBOPEHHUS 30J10Ta B INAHUCTBIX
pacTBOpax MEKTPOXUMUUYECKHUI U MTOJUUHSECTCS OOIMM 3aKOHOMEPHOCTSIM 3JIEKTPOXUMHUECKOM

Koppo3uu metasios [12, 13].
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BaxHBIM peMeTOM U HaIlpaBJICHUEM UCCIIEOBAHNN B TOPHOMOOBIBAIONICH 1 METAITY PTHUECKON
cdepe ABIIETCS TIOMCK HOBOT'O BBIMIEIAYHBAIOIIETO CPEACTBA IS 30I0Ta BMECTO BEICOKOTOKCHIHOTO
nuanuaa [2, 10, 11].

B memsax pa3paboTKH MPOMBIIIIICHHON 0€30MacHOM TEXHOIOTHH BBIIIEIAYNBAaHUS 30JI0Ta U cepedpa
C TIOMOIIIBIO PKOJIOTUYECKHU YHCTOrO BBIIIEIAUYMBAIONIETO IPenapaTra BMECTO TPAIUIIMOHHOTO ITUaHU-
poBaHUs OBUTH H3y4YeHBI (PaKTOPHI, BIUIONINE HA IIPOIECC BBIMIEIAYNBAHUS C IOMOIIBIO PeareHTa
JIN CHAN («I13unap Yanby).

Pearent mapku JIN CHAN — skosloru4ecky YUCThIA 3aMEHUTENb [UAHU A, IpeIHa3HaueH
JUISL YCKOPEHHS IPOIIecca BhIIIEIadYMBaHUS 30JI0Ta U cepedpa U3 Pyl U KOHIICHTPATOB C OOJIbIITUM
COJIEp’)KAHUEM CEPBI, MBIIIBbSIKOBUCTBIX, CEPHUCTBHIX U OKUCJIEHHBIX PYJ U CBSI3bIBAHMS MeTalljia

B IIyJIbIIE.

BKCHepl/IMeHTaJI])HaSI qJacThb

HJ’IH IIPpOBEACHUSA I/ICCHGZ[OBaHI/Iﬁ 110 BbIIICIaYMBAHUIO UCIIOJIb30BaJIM KOHICHTPAT U3 MECTOPOK-

nenns «/lxamreipy (KazaxcraH), ero XuMHuecKuii coctaB npuBeseH B Ta0u. 1.

Ta6nnua 1. COI[Cp)KaHI/Ie OCHOBHBIX KOMIIOHECHTOB B UCPHOBOM KOHIICHTPATC

Table 1. Content of main components in rough concentrate

KoMItoHEeHTEI Conepxanue, % KoMIoHeHTEI Conepxanue, %
Au, r/T 62,2 Pb 0,25
Ag, T/T 51,41 As, 1/T 93,86
Cu 0,11 Al 8,07
Fe 1,58 Si 26,4
Zn 0,039 S 1,43

HccnenoBanusi MpoOBOAMIIN B TEPMOCTATUPOBAHHOM peakTope Mapku « Minni-50—1» ¢ nepeme-
muBanueM (170 06/Mun), uzydanu BausiHue konuenTpamuu pearenta JIN CHAN B untepsase ot 3,3
10 46,66 T/1M°, TPOIOIKUTENBHOCTH BRIIIETaunBanus 1-5 4 u Temneparypsl pactBopa 30-50 °C npu

otHowmenuu JK:T-3:1, B pactBop BBoguIH Ca O.

Pe3yabTaThl U HX 00CyIKIeHHE

YcaoBus U OTyYEHHBIC PE3yNbTaThl O BIMSHUIO KoHIIeHTparuu peareata JIN CHAN, mpo-
JOJDKUTEIIBHOCTH U TEMIIEPaTyphl BEINIETaYMBAHNS HA U3BJICUEHHUE 30J10Ta, cepedpa U Me B pacTBOP
npezCcTaBiIeHbl B Ta0II. 2.

Kaxk neMOHCTpUpPYIOT JaHHBIE PUC. 1, KOHIIEHTpaLUs peareHTa OKa3blBaeT ONPEACICHHOE BIU-
HUE Ha U3BJICUCHHE KOMIIOHEHTOB B PacTBOD.

ITpu masoi KonteHTpauuu 3,3 r/qm® u3BiedeHne 3010Ta 1 cepedpa cocrasuio 93,5, 93,14 % co-
OTBETCTBEHHO. BeposiTHO, HEXBaTKa BBIIEIAYMBAIOLICT0 ar€HTA IIPUBOJUT K 00Pa30BaHHIO TIOBEPX-

HOCTHBIX IIJICHOK, 3aTPYAHAOMIUX JOCTYII K HEIIpOpearupoBaBuIinuM 4aCTULAM.
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Puc. 1. Bnusane xonuentpanuu peareata JIN CHAN Ha uzBnedeHue 30510Ta, cepedpa 1 MU B pacTBOP

Fig. 1. Effect of the concentration of the JIN CHAN reagent for the extraction of gold, silver and copper into
solution

Konnenrpanus pearenra Gonee 5 r/amM’ IPUBOIUT K MOBBIEHHWIO MOKA3ATENEN M3BICYECHHUS.
JanpHeiinee NOBBIIIEHNE KOHIEHTPALMN peareHTa HE OKa3bIBACT BJIMSHHUE HA W3BJICUCHUE 30J10Ta
u cepebpa. B pesynbrare SKCIIEpUMEHTOB OMpE/eIeHa ONTUMalbHas KOHIEeHTpauus peareata JIN
CHAN - 1012 r/am?, npu 9TOM H3BJICYEHUE KOMIIOHEHTOB B PACTBOP COCTaBUIO: Au — 96,0 %; Ag —
96,0 %; Cu—29,31 %.

W3yueno BnusiHuE TeMieparypsl pactBopa B nHTepBaje 30—-50 °C Ha u3BleYEHHE HEHHBIX KOM-
MIOHEHTOB B CIEAYIOIINX YCIOBHIX:

—  xonuentpauus pearenra JIN CHAN — 20 r/am?;

— ornHomenue XK:T=3:1;

—  NPOAOJDKUTEIBHOCTH BBINIENAYNBAHUS — 5 4.

I'paduku YacTHBIX 3aBHCUMOCTEH BIUSHUSI TEMIICPaTypbl pacTBopa (t, °C) Ha U3BJICUCHHUE 30J10-
Ta (a), cepebpa (0) 1 Menu (B) B pacTBOP IPEIACTABICHEI HA pUC. 2 U B Ta0II. 2.

W3 nuTepaTypHBIX HCTOYHHKOB U3BECTHO [5], UTO MpH ITHaHUPOBAHUH MOBBIIIEHUE TEMIIEPATyPhI
HMMEEeT JIBOSIKOE BO3JICHCTBHE: C OJHONH CTOPOHBI, HHTEHCUBHOCTH PACTBOPEHHS 30JI0Ta HECKOIBKO
BO3pAcTaeT 3a CUYET MOBBIMIEHUS CKOPOCTH XUMUYECKOIO B3aMMOJACHCTBUSA U B HEKOTOPOH CTENEHU
YBEJIWUYCHU S CKOPOCTH AU (D (DY3HH PEareHTOB, C APYTOH — TAK)KE yBEIIMUUBACTCS CKOPOCTH MPOTEKaAHH S
NOOOYHBIX peaklni, YTO BEJET K 3arpsI3HEHUIO PACTBOpA U Ilepepacxoy pearenra. B cBoro ouepesp,
CHIDKACTCSI PACTBOPEHHME KHUCIIOpPOAAa B PacTBOPE, YTO BBI3BIBACT pasjiokeHne LuaHuaos. Ilo-
BUJUMOMY, 3TH OCOOCHHOCTH MPOSIBISAIOTCA U B JAHHOM CITydae.

C poctom Temneparypsl ot 30 10 50 °C n3BneyeHue 30510Ta, cepedpa B pacTBOP yBEIHMUNBACTCS,
4T0 00YCIJIOBIIEHO yBenuueHueM ckopoctu Auddysun. [Tpu 3ToM n3BlieueHHE IEHHBIX KOMIIOHEHTOB

B HccienyeMoM nHTepBase nossimaercs: Au— 97,0 %; Ag—97,0 %; Cu—31,4 %.
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Puc. 2. 3aBucHMOCTH BIMSIHHSI TEMIIEpaTypbl pacTBOpa Ha M3BJe4YeHHE 30J0Ta (a), cepedpa (6) u menu (B)
B PacTBOP

Fig. 2. Dependences of the influence of the temperature of the solution for the extraction of gold (a), silver (6) and
copper (B) into solution

BiusiHue npoioKUTEIbHOCTH BhILIETaYMBaHIS H3YUCHO B MHTEpBaie oT | 10 5 4 Ha n3Bieye-
HUE 30J10Ta, cepedpa U MeAH B PACTBOP MPH CIAESTYIOUINX yCIOBUIX:

— otHomenue XK:T=3:1;

— TeMmmeparypa (t) 40 °C;

— konuentpanus pearenra JIN CHAN 20 r/nm?.

Pe3ynbraThl IPOBEJICHHBIX HCCIIEI0BAHUN TIPEICTABICHBI B Ta0l. 2 U Ha puc. 3.

Pe3ynbraThl SKCEpUMEHTOB (Tabi. 2) MOKa3bIBAIOT, YTO C YBEIMYCHHEM IPOJOJIKUTEINb-
HOCTH BBINIEIAYUBaHusA ¢ | 10 3 4 U3BJI€UYCHHUE IICHHBIX KOMIIOHEHTOB BO3PACTAET U Jlajiee Mpak-
THYECKHU He MeHseTcs. TakuMm 00pa3oM, HanOOIbIIAsl CKOPOCTH | IOJTHOTA PACTBOPEHHS 30J0Ta
u cepeOpa JocTUTraeTcs U MPOJOJIKUTEIBLHOCTH 3 4; 00JibllIasi CKOPOCTh PaCTBOpPEHUsI cepedpa
B HavaJbHBI MOMEHT (mepBble 2-3 u) oObscHseTca B3anmoxelicTBueM pearenra JIN CHAN
C MUHEpaJioM, B KOTOpoM cozaepxurtcs noutu 50 % Bcero cepebpa, HaXOASIETOCs B KOHIICH-
Tpare.

AHaJIOrMnYHO MPOBEJICHBI UCCIIEJOBAHUS 10 BBIIEIAYMBAHHUIO 30J10Ta M cepedpa U3 KOHLIEHTpaTa
«JIKaMreIp» ¢ HCMONB30BAHNEM IIMAHKUA HaTpHsl. VccnenoBannst TPOBOANIIHN MIPH CICAYIONIUX YC-
JIOBUSAX:

— otHomenue XK:T=3:1;

— TeMmepatypa (t) 40 °C;

—  NPOROIDKUTEIBHOCTH 4 4.

KoHIeHTpanuio nuanu1a HaTpus 3a1aBajiy B MHTEpBae 3,3 u 6,7 r/nm’.

VYcnoBus ¥ OTY4YEHHbIE PE3YJIBTAThI IPEACTABICHBI B TA0II. 3.

CornacHO TONYYEHHBIM JaHHBIM, BBIIMIEIaYMBaHUE C Hcnoib3oBaHueM peareHTa JIN CHAN

o0ecreurBaeT COIOCTaBUMBIE C IpouecCoM NUAaHUPOBAHUS 3HAYCHUA U3BJICYCHUS 30JI0TA U cepe6pa
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Puc. 3. 3aBUCHMOCTH 1O BJIUSHHIO ITPOJOJKUTEIBHOCTH BhIIIEIauMBaHUs Ha W3BJICUYCHHUE 3010Ta (a), cepedpa
(6) u Menu (B) B pacTBOp

Fig. 3. Dependences on the effect of leaching duration on the extraction of gold (a), silver (6) and copper (B) into
solution

Tabauua 3. 3aBUCHMOCTH U3BJICUCHH S 30J10Ta, cepedpa 1 MeJId B PACTBOP OT KOHICHTPALUHU [IHAHUCTOT0 HATPHUS

Table 3. Dependence of the extraction of gold, silver and copper into solution on the concentration of sodium
cyanide

Boixon Cozep:xanue B KeKe

KeKa, % | B,,, v/t Bag T/T | Beus %0 | Bre, % | Bzns % | Brvs %0 | Par, %
3,3 99,0 3,92 2,7 0,079 1,67 0,036 | 0,253 8,85 93,76 94,8 28,9
6,7 99,0 43 1,8 0,075 1,53 0,047 | 0,240 8,53 93,15 | 96,53 32,5

CNaCN EAus % 8Ag’ % Ecu, %

BpacTBop. [103070TY, C y4eTOM MaKCUMAaTBHOU ITOJIOKUTEIIEHON ITOT PEITHOCTH, I3BJICUYCHHIE COCTABIISCT
He MeHee 97,5 %. YkazaHHOE TO3BOJACT PEKOMEHIOBAaTh MAHHBIN peareHT ISl HCIIOJIb30BaHUS
B IIpoIleccax U3BIICUYCHUS 30JI0Ta B cepedpa 13 KOHIICHTpaTa MECTOPOKACHUS «[)KaMTbIpy.

CopOIIHOHHOE H3BJICUCHHE 30JI0Ta M cepedpa M3 PAacTBOpa BBIMICIAYMBAHUS IIPOBOIIIIH
Ha noHooOMeHHoi cmosie MA940BG (gold).

CopOuMoHHBIH Kackall MpeAcTaBiseT co0Oi JIBe TOCIENOBATEIbHO COCIWHEHHBIE KOJOHKH
(1-s1 — Ha HACHIICHHUE; 2-51 — HA TIPOCKOK) B CICTYIONINX YCIOBUSIX:

—  YZHENbHBIH 00BbeM COPOLHOHHOM KOMOHHBI — 0,18 nM?;

—  CKOpOCTb copbuuu — 7,5 ya. 06/u nan 1,35 am3/u;

—  HaIpaBJIEHHE NIPOAYKTUBHOI'O PACTBOPaA CHU3Y-BBEPX;

— TeMmmepaTypa KOMHaTHas.

J171s1 KOHTPOJISL CTEIICHH HACHIIIICHHS] HOHUTA B IIPOLIECCE COPOIIMHU KaX bl YaC MPOBOIUIICS OT-

60p poO pacTBOpa MOCIIe MPOXOKACHNS KaCKaaa.
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[Tocne okoHuaHUs mpolecca COpOIUU B KacKaj JTO3UPYIOIIMM HACOCOM IOAaBanach BoJa A
MIPOMBIBKH HOHOOOMEHHOM CMOJIBL.

BojHasi mpoMbIBKa IPOBOAMIIACH B CIEIYIOIUX YCIOBHSIX:

—  CKOpOCTb IIPOMBIBKHU — 7,5 y1. 00/4 uiu 1,35 qm’/u;

—  00beM MPOMBIBHOM BOBI — 4 yi. 00 uiu 0,72 nm’;

— TeMmmepaTypa KOMHAaTHas.

IToce BOAHO# MPOMBIBKH U3 1-i KOJOHHBI Kackaaa 06110 0ToOpano 10 cM? cMoIIbI U1 TpoBee-
HUSI XAMAYECKOTO aHaJIH3a.

HacpleHHbIH COPOEHT HANPaBIIsLIN Ha IECOPOLIMIO 30J10Ta U cepedpa CEPHOKHUCIIBIM PACTBOPOM
THOMOYEBUHBI [14, 15].

Ha ocHOBaHMM MOJTy4YEHHBIX JAHHBIX B IIPOLIECCE COPOIIMH U3BIICUCHHE IEJIEBBIX KOMIIOHEHTOB

13 pacTBOpa B HOHOOOMEHHY10 cMoiry coctaBmio: Au — 100,0 %, Ag— 77,5 %.

3akJ/roueHue

[TpoBeneHb! 1a00paTOpHbIE UCCICIOBAHUS 10 TIEpepabOTKe 30JI0TOCOEPIKAILET0 KOHLIEHTpaTa
MecTopoxkaeHus «/Jxamrsipy. U3yuanu BiusHue konueHTpauuu pearenra JIN CHAN B unTepae
ot 3,3 10 46,66 r/1M>; IPOXOKUTENFHOCTD BBILEIAYUBAHUSA — OT | 110 5 4; TeMmepaTypa pacTBo-
pa 3050 °C. B pe3ynbrare NpOBEJEHHBIX SKCIEPUMEHTOB JJOCTUTHYTHI I0KA3aTeIU 110 U3BICUYECHUIO
B PAacTBOP MO0 OECIIMAHUIHON TEXHOIOTHH:

* Au-975 %;

e Ag—-96,0 %.

[TepepaboTka MOIYUYEHHBIX PACTBOPOB METOJIOM COPOIIMH HAa AKTHBUPOBAHHBIN yTOJIb UIIH HOHO-
O0OMEHHYIO CMOJTY ITO3BOJIUT IOIYUYUTH CIUIaB Jlope ¢ U3BJICYCHHEM 30J10Ta U cepedpa He menee 95 %

JUTSL TIOCIIEAYFOIIEeTO adrrHaka.
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DU3MKO-XUMHYEeCKHEe TEXHOJIOTUHU IlOﬁLI‘ll/l METaJ1JIOB

U BOJIHbIE pecypchl

B.!. T'oux®®, M. IO. JInckoBa®,

S.I. Heobl0Ba", U. b. Konrap-Cropron”

4Cegepo-Kasraszckuil cocyoapcmeerHblil MeXHON02UYeCKUL YHUBEPCUMem
Poccuiickasa ®@eoepayus, Braoukasras

FOoicno-Poccutickutl 20Cy0apcmeenublil NOIUMeXHUYeCKUll YHUeepcumem
Poccuiickas ®@eoepayus, Hosouepkacck

*Hayuonanvuwlil ucciedo8amenbCKull NOTUmMexXHuuecKull yHugepcumen
Poccuiickasa ®@eoepayus, [lepmo

°Kybanckuii 20cyoapcmeennblil yHugepcumem

Poccuiickasa ®eoepayus, Kpacrnooap

SHayuonanoHwitl ucciedo8amenbCKuil

mexHnono2uueckuu ynusepcumem «MHUCuCy

Poccuiickasa ®eoepayus, Mocksa

AnHoTanus. CTaThs MOCBSIIEHAa MUHUMH3AIMHA HETATUBHOTO BO3/ICHCTBHS TOPHOTO IIPOU3BOJCTBA
Ha BOJHBIE PECYPCHI JOOBIBAIOIINX PETMOHOB. JlaHa OIIEHKA TEXHOJIOTHH BBIIIEIaYMBaAHHS C BOBJICUCHUEM
B OKCILTyaTaII0 HEKOHUIIHOHHBIX JIJIS TPAAUIMOHHBIX CIIOCOOOB JOOBIUN 3a11aCOB, YyMEHbBIICHUEM
3aTpaT U CHUKEHHEM YPOBHS BO3JEHCTBHS Ha OKPYIKAIOUIYIO CPEy, B TOM YHCJIE HAa BOJAHBIC
pecypchl. Jlana cripaBka 00 HCIIOIb30BAHNN TEXHOJIOTHI BEINETAYMBAHUS B Pa3pabOTKe MPUPOTHBIX
1 TEXHOT€HHBIX MecTOpoxIeHHH Poccun. Omican MexaHU3M 3arpsA3HEHHS BOAHBIX PECYPCOB peareHTaMu
1 IPOLyKTaMH J00bIYM U iepepadoTku pya. [Ipeanoxena Tunu3amnus IponeccoB BOAHON MUTPALIUT
BEIECTB M KOMIIOHEHTOB PacTBOPOB IMOA3EMHOI0 BhlNeaaunBanusl. AuddepeHnnpoBaHbl 30HbI
B3aMMOZAEHCTBHUS MECTOPOXKICHUH MTOJIE3HBIX NCKOMAEMbIX C BOAHBIMHU pecypcamu. CHopMynupoBaHb
MIPUHLINIHAIBHBIE PA3IUYHUS TEXHOJIOTUH 110 KPUTEPUIO BO3JACHCTBHSI HA BOAHbIE pecypchl. [IpuBeneH
MpUMED NPEAYTIPEKICHUS CMEIINBAHMUS YUCTHIX BOJ M IIPOMBIIIJICHHBIX CTOKOB ITyTEM CO3/IaHUS
Gapbepa Ha MPAaKTUKE 100BIBAOIIETO NMPeANpuATHs. CaenaH BBIBOA O NEPCIEKTUBHOCTH HCHOIB30BAHUS
TEXHOJIOTMH C BBINIENAYNBAHUEM METAIUIOB U3 Py HA MECTE UX JIOKATU3AIUH.

KiiroueBble €J10Ba: BOAHBIE PECYPCHI, TEXHOJIOTHS BhINIEIAuUBaHUsI, OKPYIKAIOIIAs Cpejia, pEeareHT,
MPOMBIIILICHHBIC CTOKH, YIIepO.

Lutuposanue: 'onuk, B. 1. ®u3nko-xUMHUECKHE TEXHOJIOTHH JOOBIYN METAJIJIOB H BOJAHEIE pecypcesl / B. 1. I'onuk,
M.1O. JIuckoga, f1.T. He6srn0Ba, Y. b. Konrap-Cropron // XKypn. Cub. dpenep. yn-ta. Texnuka u texnonoruu, 2021, 14(2).
C. 175-186. DOI: 10.17516/1999-494X-0298

BBenenne

O6nanast KpyMHEHIITMMY 3amiacamMu Py/Jl IBETHBIX METAJJIOB U 100BIBast 5 % MUPOBOI'O MUHE-
PaJIBHOTO CHIPBS B JICHE)KHOM BBIpaXKEHUH, Poccus He oOecrieunBaeT CBOIO ChIPbEBYIO OE30MaCHOCTh
1O Psily IIBETHBIX METAJUIOB. bombiiast 4acTh 01aropoJHbIX METAJJIOB 00BIBAETCS MOy THO, & JJ00bIYa
PEeIKHX METaJUIOB U PACCESTHHBIX 3JIEMEHTOB IPAKTUYECKU He ocylnecTBisercs. HenoctarouHOCTh
CBIPbEBOIA 0a3bl [IJIs1 yIOBJIETBOPEHHSI 3a1IPOCOB MPOMBIIUIEHHOCTH (hOPMHUPYET MPOOIIEMY MOJIEPHH-
3aI[M TEXHOJIOTH TOOBIYN LIBETHBIX METAJUIOB, CBSI3aHHYIO C ITI00AIbHBIMH 3aJ1a4aMH 00eCIICYCHH ST
JKU3HEIESITEIbHOCTH B YCIOBUSX JAeMOTrpaQUUeCKUX SIBJICHUH, CHH)KCHHS COACPKAHUS METAILIIOB

B pyJIax ¢ TIyOWHOU TOPHBIX padoT, yCIOKHEHHS YCIOBHIA pa3paboTku u np. [1—4].
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OIHUM U3 HalIpaBJICHHUH PEIICHU s TPOOJIEMBI SIBJISIETCSI OCBOCHUE HEKOHAMIIMOHHBIX TIPUPOJIHBIX
1 TEXHOTEHHBIX MECTOPOXKICHN I HHHOBAITMOHHBIMU (PU3UKO-XMMUYECKUMH TEXHOJIOTUSIMU C BOBJIEYE-
HUEM B DKCIUTYaTallMI0 HEMPUTOIHBIX IS TPAAMIIMOHHBIX CIIOCOOOB JI0OBIUHN PY/I, KOTOPBIE POTHUBO-
MIOCTABJIAIOTCS TEXHOJIOTHSIM C OOpPYIIIEHHEM, C TBEPACIONIEH 3aKIIaIKOH, C OTKPBITHIM BEIPA0OTaHHBIM
HPOCTPAHCTBOM. DTH TEXHOJIOTUU UMEIOT CBOIO UCTOPHIO, OCBOCHBI B IIPOMBIIIICHHBIX MacuITabax
U pacrojiararT XOpoulei nepcueKTuBoi pa3sutus [5—8].

Bmecre ¢ TeM ocBoeHHE (PU3MKO-XUMHYECKUX TEXHOJIOTUI POXKAAET KOMILIEKC TPY/IHO peliaeMbIX
BOIIPOCOB B3aMMOJICHCTBHS C IPUPOJHBIMH YCIOBHSAMH CYIIECTBOBAHMSI OMOTHI B 9KOCUCTEMAX OKPY-
JKaroIlel Cpejibl, B TIEPBYI0 o4epe/ib B ruapocdepe Kak TPaHCIOPTUPYIOIIEH XUMUYECKUE MTPOAYKThI
HOBOM TEXHOJIOTMH U CBS3YIOLIEH BCE 3KOCUCTEMBI OKpYKaroe cpensl [9—12].

DUBNKO-XUMHYECKHE TEXHOJIOI'MH pa3pabOTKU BCTYNAIOT B KOH(QIIMKT C )KHUBBIM BEIIECTBOM,
M3MEHSIS YCIIOBUSI CYIIECTBOBAHU S BOAHBIX PECYPCOB, IO3TOMY COTJIACOBAHNE HHTEPECOB TOPHOIPO-
MBIIIIJICHHBIX TPEANPUATUN U IPUHINUIIOB KOJIOTH3ALMK TPOMBIIIIJIEHHOT'O TPOU3BOCTBA SIBIACTCS

LIEJIBIO UCCIIeI0OBAHUM MTOCIIEIHEr0 BpEMEHHU U HacTosel cTtaTbu [13—17].

Pe3yabTaThl M 00CyKAEHUE

[Ipobrema coxpaHEHUs BOJHBIX PECYpPCOB OT TEXHOJIOTMUYECKOTO 3arpsi3HEHHUS HCCIeqyeTcs
Ha MpaKTHKE IIPOMBINUICHHO pa3BuToro FOra Poccum, pacmomararomiero OOJBITUMA BOIHBEIMHU pe-
cypcamu.

Kacnuiickoe mope nutatoT pexu Bounra, Tepek, Kyma, Cynak, Camyp, Kanayc u Heckonbko je-
CSITKOB MEJIKHX PEK.

A30BCKOE MOPE — YHUKAJIbHBIA BOA0OEM ILIOAALIO 38 THIC. KM2, )KU3Hb KOTOPOI'O CBs3aHa C pe-
kot Jlon, obecrnieunBaroiiei 2/3 matepukoBoro croka. B npenenax FOra Poccun okosio 36 Thic. pek
npoTspkeHHOCThIO TouTH 150 ThIc. kM. Tonpko B [larectane 6255 pex, OOIBIIHHCTBO U3 KOTOPBIX HME-
10T 1iauHy MeHee 10 kM. 21 peka Bmajgaet B Mope.

JloH — oniHa n3 KpynHeHmux pek eBporenckoil yactu Poccun. inuna ero 1870 kM, miomaab Bo-
noc6opa 442 Teic. kM2, K kpynHbIM pekaM oTHocuTcs Takxke Cesepekuii Jlonen. Cpenuue pexu Cau,
3anaxaeiit Mansry, KanuTea. Mainble u cpeiHIE PeKHU MpencTaBiIcHbl 21 6acceifHOM, BKITIOYAOIUM
165 pex cymmapHO# 1IuHON 9 565 kM.

Ky6anp pacmonaraercsi B HOHHKCHHON 9acTH MPEATOPHON paBHUHBL. Bois modepexbst A30B-
CKOT'O MOPSI PaCHOJI0KEHbI MEJIKOBOJHBIE COJICHBIE 3aJIUBHI.

Kacnuiickoe mope nutatoT pexu Boura, Tepek, Kyma, Cynak, Camyp, Kanayc u Heckonbko je-
CSTKOB MENKHX pek. [0 HacBIIEHHOCTH THUIPO-IHEpropecypcamMu BBIACISIOTCS peku JlarecraHa.
IMepeencTByeT peka Cyrnak, CpeiHEro0Boii cToK ee mpesbimaet 170 m/c.

O3epa OKpyra HaCYMTBIBAKOT OKOJO 5 TBIC. BOZOEMOB OOILEH IIIOIIAABI0 TOYTH 6 ThIC. KMZ.
HumnstHCKOE BOIOXpaHWIIHINE B Ipenenax PocToBckoit u Bonrorpaackoit obmacTeil nMeeT Iiomais
2700 kM2, Bonrorpaackoe BOZOXpaHUIMIIE pacronaraetcs B Boarorpaackoit u CapaTtosckoii o6ma-
CTAX ¥ uMeeT maomanb 3117 kM2, 06bem 31,5 km® u quiuny 540 kM. KpacHomapckoe BOIOXpaHUIIUILE
umeet mromans 400 km?, 00bem 2,3 kM°, minHy 40 KM, HAUOONBINYIO IHUPUHY 15 KM M CPEIHION0
rIyOuHy 6 M.

Jlenuuku B konuuecTBe 6omnee 1400 equuul oOIIEH MIIOMAABI0 OKOMIO 1 THIC. KM2

MATAIOT PEKH
Ky6ansb, Tepek, Cynak, Camyp u ap.
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IIpecurie Boanl B penenax [penkaskasps u PocTosckoit o6mactu onenuparores B 100-110 kv,
3anachl BOABI B JIEHUKAX 85 KM>.

MeTtamnnueckne Mmectopoxaenus FOra Poccun BkitrouaroT B cedst MIMPOKO U3BECTHOE THIpHBIA-
y3ckoe (Kabapnuno-bankapus) u Krurebepauuckoe (KapagaeBo-Uepkecus) MECTOPOKICHHS BOJIb-
dbpamomonudaenoBsix pyn, Camonckoe (Ceseprass Ocerust — AjaHus) CBHHIIOBO-IMHKOBBIX DY,
VYpynckoe mectopokaenne Menn (Kapagaeso-Uepkecust), menusie pynsl ([larecran). Baxxnedmmmu
MCKOIIAeMBbIMH PYAHOM MHHEPAreHHH SIBJISIIOTCS YePHBIE, [IBETHBIE, OJIarOpOHBIE, PEIKHE METaLIbI
1 pacCesTHHBIE 3JIEMEHTHI.

YpyIcKuii ropHO-MeTaJUTy prudeckiii KOMOMHAT IKCILTyaTupyeT Ypyrickoe u BiaceHunxuHckoe
MECTOPOXKJCHHS. ThIpHBIAY3CKHH BOJIB(PaMOBO-MOINOACHOBEIH KOMOMHAT oTpadareiBas ThIpHBIa-
Y3CKOE MECTOPOXKAeHNE KOMOMHUPOBAHHO: BEPXHIOI 4acTh KapbepamMu «BricoTHBII» 1 « MyKymaH-
CKHUI1», HUJKHIOIO — ITOJ3€MHBIM Py IHUKOM «Momunbaen». CaloHCKUI CBUHIIOBO-IIMHKOBBIN KOMOWHAT
pacnionaraet 6onee 150 moaumMeTaNIMUECKUMH MECTOPOXKACHUSIMHU.

DKCIUTyaTalliu MECTOPOXKICHUH IPUCY TN 3aKOHOMEPHOCTH Pa3BUTHS:

— yBenmdeHue oobeMa 100bI9M pyA MPH YMEHBIICHUH CONEP/KaHUs METAJIIOB B PY/IE;

—  CEeJIeKTHBHAs BBIEMKA C JICKOHLIEHTpAIMel paboT U OCTaBJICHHEM LIEITHKOB,;

—  pa3pylleHHe MacCHBa C yBeJIMYCHHEM 00beMa pa3y00KHUBAIOLIMX TTOPO/.

XBOCTHI TepepabOTKH METAINTNIECKUX Py XPAHITCS Ha TEPPUTOPHSIX T0OBIBAIOIINX PETHOHOB,
AKTHUBHO BO3/EHCTBYs Ha BOIHBIE pecypchl (puc. 1).

[Tpn pa3paboTke psiga MPUPOJHBIX U TEXHOT'CHHBIX MECTOPOXKJIeHHH Poccum momywaroT pas-
BUTHE (DU3UKO-XUMUYECKHE TEXHOJIOIMH C MCIOJIb30BaHUEM (DeHOMEHA BBILIECIAYMBAHUS METAJIIOB
W3 BCKPBIBAaEeMBIX pyn (Tadm. 1).

TopHBIe TpeanpHUATHS CBOCH eATEIBHOCTHIO HAPYIIAIOT MPUPOAHBIE Tporiecchl. [Ipennpusatus
Poccuu U3BIEKAIOT Ha TIOBEPXHOCTH Gosiee 1,3 Muipi M3 CTOUHBIX BOJ B rojl. B Bue B3BeCei BHIOpACHI-
BAIOTCS THICAYU TOHH KOMITJICKCHBIX PyJ. PyqHUYHBIE BOABI COEPKAT MEb, KeNe30, Cepy B KOHICH-
Tpanusx, CON3MEPUMBIX C UX COZIEP)KaHHUEM B Py/laX, a KOHLIEHTPAIMH [IUHKA U KaJMHsI IPEBBIIAIOT
9THU BEJIMYUHBIL.

l'opHbIe 00BEKTHI IPUHUMAIOT CIIA00MUHEPATH30BaHHBIC BOJBI M BBIJIAIOT Ha NOBEPXHOCTH BIIU-

AOIWE Ha NpUJICTArOMIUE PETrHOHbBI BHICOKOMUHEPAIN30BAHHBIE BOABI: TEXHOJIOT'MYCCKHUE XBOCTBI

Karachay-
Cherkessia Kabardino-
Balkaria

Morth Ossetia- Alania

Puc. 1. 3anacel TeXHOr€HHBIX MECTOPOXKICHU, MIIH TOHH

Fig. 1. Reserves of technogenic deposits, million tons
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Tabnuua 1. BelmenaunBanue MetauioB Ha Mectopoxaenusx Poccun (2017 r.)

Table 1. Leaching of metals at Russian deposits (2017)

Merann MecToposxieHHe, TEXHOJIOTUs Pernon

Menb TexHOreHHbIE MECTOPOKACHU S CaepuiioBckast 001,

Mypmanckas 00i1.

Kpacnosipckuii kpait

I'ymemieBckoe, o3eMHOE BbIILEIauBaHHE CaepaiioBckas 00I1.
Hukenb-kobanbt AnnapedeHckoe Mypmanckast 00:1.
XBoctoxpanunumie Ne 1 Kpacnosipckuii kpait

O3epo bapbeproe

Huak IlInakooTBan CaepuioBckas o0,

OnoBo TexHOreHHbIE MECTOPOXK IEHU -

Bonsdpam bapyn-Hapsinckoe byparusa
CrHokoHHHHCKOE 3abaiikanbckuil kpaii

VYpau CTpesbLOBCKOE, IOJ3eMHOE M KyUHOE BbIIEIaYHBaAHNE YuruHckas o01.

Turan KpyunnnHuckoe, ckBa)KMHHOE 3abalikaynbCKuil kpaii

o0OoralieH s, CJIUBbl U GUIBTPAT OT CTYIICHUS U 00E3BOKHBAHUS, IIAXTHBIE CTOKH aTMOC(HEPHOro
U IIPUPOIHOTO IPOUCXOKACHUS (pHC. 2).

CoCTaBHBIMH YaCTSIMU IPOMBIIUIEHHBIX CTOYHBIX BOJI TOPHOIOO0BIBAIOIINX MPEITPUSTHN SBIIS-
IOTCSl IIAXTHBIE BOJIBI, & TAK)KE CTOKH aTMOC(EPHBIX BOJI, 3arPsI3HEHHbIE BCIICICTBUE BOJAHON APO3UH
OTBAJIOB OPOJ] U HEKOHIUIIHOHHOTO ChIPBSI.

[Tpu reoTeXHOJOrMUECKUX METO/IAX Pa3pabOTKU BOJBI UCIIOJIB3YIOTCS JUJIsl PACTBOPEHUSI, BhILIE-
JaYMBaHUS ¥ TPAHCIIOPTHPOBKHU MOJIE3HBIX UCKOMAeMBIX. K 3arps3HUTENs M OTHOCATCSI XUMHYECKHE
UHIPEIMEHTBI, OCTAIOIIMECS B HEIpax, U BOJIHBIC OTXObI NepepabOTKH BbIJaBaeMbIX Ha IOBEPX-
HOCTb «PaccoJIoBy.

[TpoMbIIIIEHHBIE CTOKH, MOCTYIIAIOIINE B TEXHUYECKHE BOJAOEMbI — MPY/Ibl, PA3JIMYHOTO BUJA
OTCTOIHMKH, — OKa3bIBaIOT CYIIECTBEHHOE BIIMSHIE Ha CTATHYECKHE 3aMachl U THAPOJANHAMUYCCKUE

PEKUMBI TIOA3EMHBIX BOI.

— —

Puc. 2. Cxema aBUXKEHUS NOTOKOB: 1 — MECTOPOXKIEHHE; 2 — IPUEMHHUK PACTBOPOB; 3 — BbLAAIOIIAS
BBIPa0OTKa; 4 — MIaXTHAs TIOBEPXHOCTh; 5 — peKa

Fig. 2. Flow pattern: 1 — field; 2 — solution receiver; 3 — outstanding output; 4 — shaft surface; 5 — river
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XUMUKO-MHUHEPAJIIOTHYECKUI COCTaB MECTOPOXKACHUN HENOCTOsIHEH. [Ipy NOHMXKEHUH ypPOBHS
TOPHBIX paboT coziep)KaHNe METAJIOB YMEHbBIIAETCs, & OTJCJICHHAs OT MacCHBa pyZa, HE OTBedalo-
111asi KOHJUIMSIM B pacCMaTprBaeMblil IEpUO BPEMEHH, OCTAETCs B IIYCTOTaX, (POPMHUPYs TEXHOT€H-
HBIE MECTOPOXKJICHHSI TOTEPSIHHBIX PY/I.

Ot pPyAbl MOTYT 6BITI) HCIIOJI30BAaHBbI AJIA BBILICIIAYHUBAHU . BI)IHIeHa‘II/IBaHI/Ie Pya U3 BCKpbIBa-
€MBIX METAJJIOB IIPOMCXOUT BCIEACTBUE CIOKHBIX XUMUYECKUX peaknii HepeaKo ¢ o0pa3oBaHneM
HOBBIX COCIMHEHMUH, ONaCHBIX /ISl BOIHBIX PECYPCOB PErHOHa.

Crnioco0 Mo13eMHOT0 BBIIIETAYNMBAHMS pEaN3yeTCs MyTeM M01aul B BBIpaOOTaHHOE IPOCTPaH-
CTBO BBIIIENAUNBAIOIIETO PACTBOPA U BBIAYN MPOTYKTHBHOIO PAaCTBOPA Ha NMEPepaboTKy.

VYenoBusiMu 0TpabOTKN MECTOPOXKACHUS BBILIEIAYNBAHIEM CIIYXKAT NPEABAPUTEILHOE BOIOIIO-
HIDKEHHE U OCYIIIEHHE, a TAK)Ke MO epKaHHUe IaXTHOTO BOJOOTJIMBA B IEPUO/] IKCILTyaTaIlllH MECTO-
POXAEHUs, KOTOPOE SBJISIETCS JPEHOM.

Pabounii pacTBOp 00BIYHO ITPECTABIISIET COOOI0 BOJIHBIN PACTBOP CEPHOI KUCIOTHI, KAPOOHATOB
u OukapOoHartoB. [ToTok pabouero pacTBopa NpH ABM)KCHUH O TPOAYKTHBHOMY TOPH30HTY OXBaThI-
BaeT HE TOJIBKO PYAHOE TEeJNO, HO U BMEIIAIoNIne TopHbIe moposl. [Iporecc mpoTekaeT HempephIBHO
B 3aMKHYTOM IMKJIE JI0 TeX MOp, MOKa U3 Help He OyAeT M3BJICUEH IOJIe3HbIH KOMIIOHEHT. [1o okoH-
YaHHUH MpoIlecca B MPOAyKTHUBHOM F'OPU30HTE OCTACTCS CIOKHBIN MO COCTaBY OCTaTOYHBIN PacTBOD.
BcernencTBre MHOTOKpaTHOrO y4yacTHsi pabodero pacTBopa ero MUHEepajdu3alus K KOHIly OTpabOTKH
pyaHoro tena gpocturaet 60—80 r/n. YacTh CyibdaTr-uoHa B MPOIECCe B3aUMOICHCTBHS BBIBOIUTCS
U3 pacTBOpa BCIIEACTBUE 00pa30BaHUS HEPACTBOPUMBIX BEIIECTB, HAIIPUMED THIICA.

Posb pabovero oprana BbIIOJTHSET XkKuUIKast (asa, conepxaniasi pacTBOpeHHbIN peareHT. OHa ke
BBIHOCUT M3 OOJIACTH B3aUMOJEHCTBHS NMPOAYKTHI BhIIENadnBaHus. I peHTaOeIbHON T0OBIYH
MPOAYKIUK B 000pOTE HEOOXOAUMO AePiKaTh OOJIBIION 00beM padbounx pacTBopoB. KoHmeHTpalus
MIOJIE3HOT0 KOMITOHEHTA B IPOAYKTHBHBIX PACTBOpAX MPHUMEPHO B 25 pa3 MEHbIIE, YeM HadajIbHOE
conepkanue ero B pyze. [Ipy moa3zeMHOM BhIIIETaYMBAHUM B HEJIpa BBOAUTCS 00BEM 3arps3HUTENEH
B BUJIE cysb(daT-noHa. Bo3MoXXHBI 1 ipyrue 100aBKH, UCIIONb3yEMbIEe B KQUECTBE OKUCIUTENS: TPEeX-
BaJICHTHOE )KeJIe30, XJIOP-HOH, TOBEPXHOCTHO-aKTHBHBIE BEIECTBA U IPYTHUE XUMHUKATIUH.

B nenpax Habop 3arps3HHUTENEH paciInpsieTcsl BCISACTBHE 00pa30BaHMS HOBBIX BEIECTB NPH
BSaHMOHeﬁCTBHH pearcura ¢ pyaaMu, BMEIAIOIUMHA ITOPOJaMH U MO6I/IJ'[I/I3OB8.HHI>IM MCTAJIJIOM.

3arpsi3HeHHE MOBEPXHOCTHBIX BOJI MPH IMOA3EMHOM BBIIIECIAYMBAHUH IPOUCXOJUT KaK HETIO-
CPEACTBCHHO, TaK U BETPOIBIJIEBBIM Pa3HOCOM, ITOA3€MHBIM CTOKOM, TOXKIACBBIMU U TaJIbIMU BOJaAMMU.
B noBepxHOCTHBIE BOJIBI ONAAAIOT ITBLUIb, Py IHBIN IIIaM, CyJIb(aThl ¥ THAPOOKUCIEL, pacTBOpHI [1B
1 IPOAYKTBI UX B3aUMOIEHCTBHUS C IOPOAAMMU.

[Ipn moa3zeMHOM BBILIETAYMBAHUK 3arPSI3HEHHUIO MOABEPTalOTCS HAATPOAYKTHBHBIE BOJOHOC-
HBIC TOPHU30HTHI. B PEAKHUX Ci1ydadX — NpHU HATUYHUHU J'II/ITOJ'IOFO(I)I/IJ'[I)TpaHI/IOHHI)IX OKOH HJIM TUJApaB-
JMYECKN PACKPBITHIX TEKTOHMUYECKUX HapyIlIeHuil — pacTBopsl [1B monagaroT B moAnpoayKTHBHBIH
BO)IOHOCHBIﬁ TOPHU3OHT B MECTAaX U B MCPUOJbI IPECBLINICHUA HBC3OMeTpI/I‘IeCK0171 TMMOBEPXHOCTHU ITPO-
JIyKTUBHOTO BOJOHOCHOTO TOPHU30HTA HaJ IbE30METPHYECKHM YPOBHEM HOANPOAYKTHBHOTO. 3a-
I'pA3HEHUEC HAANIPOAYKTHBHBIX BOJOHOCHBIX TOPU30HTOB BO3MOXXHO U ITPU HAPYIMICHUAX TEXHOJIOI'MU
CTPOMTEIHCTBA CKBAKUH B KOHTYPE BBILICIaYNBAHUSI.

Kanamamu cBssu NPOAYKTHUBHOI'O M HAAMPOAYKTHUBHOI'O BOJOHOCHBIX T'OPHM30OHTOB MOTI'YT SB-

JIATBCA HEKAYCCTBECHHO JIUKBUIUPOBAHHBIC CKBAXKUHBI. HpI/I nonaaaHvuy paCTBOPOB BbINICITIaYUBAHU
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B BBILIEJICKALLYIO TOJIILY 3arpsI3HEHUE MOXKET paclpOCTPaHATHCS Ha 3HAUUTEIIBHOE PACCTOSIHUE WIIU
JIOKAJIU3yeTCsl TEXHOJOTUYECKUMU MEPaMHU.

IIponyKTUBHBIN BOJIOHOCHBIN TOPU30OHT B Ipeeax KOHTYpa OTpabOTKH 3arps3HseTcs BeChbMa
CYILIECTBEHHO, & paclpoCTpaHEeHUE 3arpsI3HEHUI 32 KOHTYpP OTpabOTKHM 3aBHCHUT OT CHCTEMBI OTpa-
OOTKHM ¥ T'MIPOJIOTMYECKUX YCIOBUH JIOKAIU3AIUHN OPY/ICHEHHSL.

B3aumozelicTBre NOA3EMHBIX BOJ ¢ BMEINAOMMMU UX FOPHBIMU MOPOJAMHU SIBJISIETCSI AHAJIOTOM
npoliecca BbllIeIaqMBaHusl a0l MHTEHCHBHOCTH. B 1I013eMHBIX BOJIaX COAEPIKATCS BCE KOMIIOHEH-
ThI PACTBOPOB MOJ3€MHOT0 BBIIIEIAYNBAHNUS.

IIpouecchl BOQHOM MUTPALIMU BELIECTB ACIATCS Ha TPU TPYIIIbL:

— XHUMHUYECKHE: PAaCTBOPCHHUE, BILIEIaYNBaHNE, COPOLIMSI, NOHHBIH 00MeH, 0Opa3oBaHMeE ocal-
Ka, OKHCIIEHUE, BOCCTAHOBIICHUE;

— OMOXMMHYECKHE: pe3yJIbTaT KU3HEASSITeIbHOCTH MUKPOOPIaHN3MOB C CHHTE30M M pa3Jio-
JKEHUEM BELIECTBA;

— (u3HUecKue: MOIBUKHOCTD, KOHIICHTPHPOBAHNE, UCTIAPEHHUE, PACCEIHNE, CMEIIeHUE, Q-
(by3ust, rpaBuTanronHas auddepeHuanus (taom. 2).

C yBenuueHHeM IyOHHBI padoT CTENEHb MUHEPAIN3AIMH YBEITUINBACTCS, & COCTAB YIIPOILACT-
Csl U IIPUOJIMIKAETCSI K MOHOMHHEPAJIBHOMY.

INonzemuas ruapocdepa npeacTaBiIsieT co00 COBOKYITHOCTh U YePEIOBAHNE CBSI3aHHBIX MEXKTY
c000# I'UAPOre0IOrnYeCKUX CTPYKTYP, OTKPBITHIX Ha BBICTYTAX (DyHIAMEHTA U 3aKPBITHIX B JIETpec-
cusiX. UeM MeHbIIe THIPOreoJIOTHYecKast CTPYKTYpa B IUTaHe, TeM OOJIbIIe OHa OJIM3Ka K TOBEPXHOCT-
HBIM BOJIaM. B 9TOM ke HanpaBJeHNH Yy qIIatoTcs YCI0BUs QUIIBTPALIMK U IPOMBIBAHHU S TIOPOJT, YTO
crocoOcTByeT (POPMHUPOBAHUIO B MIPUIIOBEPXHOCTHON YacTH JINTOCHEPHI CIIaOMIHEPaIN30BaHHBIX
IUJIPOKapOOHATHBIX MOA3EMHBIX BOJL.

B paiioHe MecTOpOKAEHHS MTOJIE3HBIX NCKONAEMBIX B BEPTHKAIBHOM Pa3pe3e BOZHUKAIOT 30HBIL:

—  IMIPUIOBEPXHOCTHAs 30Ha OOUTAHUS )KHBOT'O BEIIECTBA,;

— IPOMEXYTOYHAsl 30Ha, OTAENSIONIAs 30HY JIOKAIU3aUHU OT 3al1aCOB ChIPbS;

— FJ'IY6I/IHHa$I 30Ha JIOKAJIN3aluu IMOJIC3HbIX HCKOIIaCMBbIX.

Ta6JII/IIIa 2. CI/ICTeMaTI/BaHI/ISI KOMIIOHECHTOB PACTBOPOB IMOA3€MHOI'O BBILICIaYUBaAHUSA

Table 2. Systematization of the components of in situ leaching solutions

I'pynmnet KommnoneHTst [Ipoueccer IIponykTsl

CuinbHble Na“, CI- Pas0asienne, 0OMeH ¢ KOMILIEKCOM HoBoob6pa3oBauus

MHUTPAHTHI MOTJIONICHHBIX OCHOBAHU,
JCTIOHUPOBAHHE B TOPUCTOCTH

Vmepennsie | Ca?’,Mg?,NH,", | Xumuueckue peakuuu, copouusi, HepactBopumbie

MUTPAHTBI K*, SO,2 u 1p. necopOiusi, OMOXMMHUUYECKUE MTPOLECCHI, u c1abopacTBOPUMBIC BEIIECTBA,
aBTOMETaMOp(hU3M, OKUCIICHHE, cynb(haToeMKHe BEIECTBA, ra3bl,
BOCCTAHOBJICHHE, ICTTIOHUPOBAHUE Ouomacca

Cnabble Fe*', Fe?', AIP* XUMHUYECKHE PEaKI1U, COPOLHS, HepacTBopumble

MHUTPaHThI U 1p. necopOLus, OMOXMMUYECKUE POLECChl, | M c1ab0pacTBOPUMBIE BEIIECTBA,
aBTOMeTaMop(u3M, OKUCIICHHE, cynb(aToeMKHe BEIIeCTBa
BOCCTaHOBIICHHE, ICTIOHUPOBAHHUE,
THIAPOJIH3
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30Ha JIOKaJU3aUH PEICTABISIET COO0H 0OBOJHEHHBIN CTpaTUrpapUUECKUil U JINTOJIOrHYe-
CKHI TOPU30HT UITN KOMIUIEKC, PACIIOIOKEHHBIH MEK Ty Bomoynopamu. [lpomexxyTodHast 30Ha COCTO-
UT U3 CTPATUrpadUUECKUX HIIU JTUTOJOTHYECKUX TOPU3OHTOB, CPEIN KOTOPBIX MOTYT OBITh M BOJIO-
HOCHBIC. Eciti TpoMeKyTOUHAas 30Ha OKa3bIBASTCS MAJIOMOIIIHOM HIIH OTCYTCTBYET, MECTOPOXKICHHE
pacrosiaraeTcsi B 30He OOMTaHHUS.

30Ha 0OWTAaHUS BKIFOYACT MOYBBI, IIOPOBI 30HBI a3paIliil U TPYHTOBBIX BOJI, TPYHTOBBIC U II0-
BEPXHOCTHBIE BOJIbI, IPUIIOBEPXHOCTHBIE YaCTH aTMOC(Epbl, PACTUTEIbHBIH M >KMBOTHBIH MHP.
Konrnomeparsl, Opexunu, MeTaMOpPUIESCKIE W M3BEPIKEHHBIC MOPOABI 0OBOIHEHBI — OT MOITHBIX
MOTOKOB TPYHTOBBIX BOJ| B JIOJMHAX PeK 10 3a0osoyeHHocTeil. [IIupoko pa3BUThl OBEPXHOCTHBIC
BOJIBI — IIOCTOSIHHBIC ¥ BPEMEHHBIC BOJAOTOKH, BOJOEMEI, 00JI0Ta, B KOTOPBIX B 3HAYHTEIBHBIX KOJIH-
yecTBax (GopMUPYIOTCsI TOHHBIE ocaaKku. TBepaas u xuakas (a3l IPOHU3BIBAIOTCS Ta30BO (a3oii:
BO3IYIITHBIC Ta3bl PACTBOPEHEI B IIOBEPXHOCTHBIX U TPYHTOBBIX BOAAX, HACHIIIAIOT ITOPOJIBI 30HBI a3-
paluu U MoYBbl; cama arMocdepa, 0COOCHHO B IPU3EMHOM 4acTH, COIEPKHUT KOMIIOHEHTHI JInToche-
peL, THApOChEphl U Onocdepsl B BUAE adpO30IieH, mapoB U OaKTepuil.

TexHonoruu pa3paboTKU MECTOPOXKACHUH PAa3IMUAOTCSI MECTOM U3BJICYCHHU S METAIUIOB U3 PY/I.
[Ipu TpaAUIHOHHBIX TEXHOJOTHAX Pa3pabOTKU BCS JOOBITAs TOPHAS MacC U3BICKACTCS HA 3eMHYIO
MOBEPXHOCTh JIJIsI TepepaboTKu. XBOCTHI IEPepaboTKH pa3MEIAIOTCs B XpaHUIIMIIAX, KOTOPBIE CTa-
HOBSITCSI 30HAMU HH(DUIBTPALNH KUIKON (a3bl B MOJCTUIAIOIINE TIOPOIBI H TPYHTOBBIC BOMEIL.

[laxTHBIE BOJIbI, M3BJICUEHHBIE HA TOBEPXHOCTb, COJIEPIKAT BPEJAHOCTH B MOOMIILHOM COCTOSIHUN
B BH/JIC paCTBOPOB M B3Beceil. OHM MonaialoT rmocje O4NCTKY, a yaile 0e3 Hee, B THAPOrpapuIecKyro
ceTh. AKTHBHPOBAHHBIN HCTOUYHHK 3arPSI3HCHUI BIUSCT HAa 30HY obuTanus (puc. 3).

[Ipu oTpaboTKE MECTOPOKIICHUH BBIIICIAYNBAHIEM HU pyla, HU ITOJ3EMHBIC BOIBI M3 HEIP
Ha MOBEPXHOCTh HE M3BIEKAIOTCS, 32 MCKIIOYEHUEM YacTH Y]l IIPH CO3JaHUU KOMIICHCAIIHOHHOTO
MPOCTPAHCTBA ISl Pa3phIXJIIeMbIX pyad. Hao0oport, B Heqpa BBOASTCS XHMHUYECKH aKTUBHEBIC H OHO-
JIOTUYECKH OMACHBIE BEIIECTBA JIJIsI TEPEBO/IA MOJIE3HBIX KOMIIOHEHTOB B pacTBOp (puc. 4).

TpaHCOPTHUPOBKA TOOBIBAEMBIX MPOIYKTHBHBIX U paOOYHX PACTBOPOB OCYLICCTBIISCTCS C ITO-

MOII[BIO TPYOOIPOBOAHOIO TPAHCIIOPTA B 3aMKHYTOM IPOCTPAHCTBE. [ TaBHBIM OOBEKTOM BO3/CH-

i
3 e 2 | — D—)e
l

Puc. 3. JIBHKeHHE HOTOKOB IpH pa3paboTKe TPaJMILMOHHBIMH criocobamu: | — mecTopoxjaeHue; 2 — mex
nepepaboTKy pyx; 3 — KOHLEHTpAT; 4 — XpaHHUIJIUIIE XBOCTOB MepepaboTku; 5 — Boma B atMocdepy; 6 — Boaa
B ruapocdepy; 7 — Bona B IuTOChepy

Fig. 3. The movement of flows during development by traditional methods: 1 — field; 2 — ore processing shop;
3 — concentrate; 4 — repository tailings repository; 5 — water to the atmosphere; 6 — water in the hydrosphere;
7 — water to the lithosphere
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Puc. 4. JIBuwkeHHe BOAHBIX NOTOKOB IIPH pPa3pabOTKe BEINIETaYMBAHMEM: | — MECTOpOXAEHHE; 2 — Iex
nepepaboTKH pacTBOPOB; 3 — KOHIIEHTPAT; 4 — pacTBOP peareHTa; 5 — IpOAyKIIHOHHBII PacTBOP

Fig. 4. The movement of water flows during development by leaching: 1 — field; 2 — solution processing workshop;
3 — concentrate; 4 — reagent solution; 5 — production solution

CTBHS ITpoLiecca N00bIYH METAJIJIOB SIBJSCTCS HE 30HA OOMTAHMS, a 30HA JIOKAIM3AI[UHU TTOJIE3HBIX HC-
KOTIAeMBIX, TJI¢ PUCK 3aTPI3HCHHS MIOBEPXHOCTH, BO3IyXa, BOJ MOXKET OBITh MCKITIOUCH.

30Ha OOMTaHUS U 30HA U3OJISIIIMM 3arpsI3HSAIOTCS B CIIydyae HapyIIeHUs] TEXHOJIOTUH JOOBIYH, Tiepe-
paboTKH, XpaHSHHS U TPAHCTIOPTHPOBKU TOTOBOT'O IIPOAYKTA U UCIIOIB30BAHUS PEareHTOB U MaTEPHAIIOB.

B Henpax ocTaroTcs pacTBOPHI [OJI3EMHOTO BbILLEIAUUBAHUS C YACTBIO PEareHToB, MPOJYKTOB pe-
AKIWH W XBOCTaMU BHINIEIIAYNBAHUS, KOTOPbIE MOTYT BBIUTH 3a MPEeIbl KOHTYpa OTPAOOTKU U MPO-
JIBUHYTBHCS TI0 TIOTOKY Ha PAaCcCTOSTHHE, 00YCIIOBJIEHHOE TTapaMeTpaMu JIBHXKEHU S TIOA3EMHBIX BOJI.

OcrarouHble pacTBOPHI MOT'YT IPOHUKHYTh U B CMEXHBIE BOJJOHOCHBIE TOPU3OHTHI [IPU HAJTMYUHU
C HUMU €CTECTBEHHON WJIM UCKYCCTBEHHON IT'MAPAaBIMYECKON CBSA3H, TEKTOHUUECKUX HAPYLUEHUN MU
MpU 3€MJIETPACEHUSIX.

IIpennpusiTvie NOJ36MHOIO BBIIIECIAYUBAHUS SIBIISIETCS aHAJIOTOM MOJIUTOHOB MOA3EMHOI0 3aX0-
POHEHUS KUAKUX IMPOMBILUIEHHBIX CTOKOB, OTJIMYASICh TE€M, YTO PYJHHUK BBILIEIAYMBAHUS CTPOST
B JIOKAQJIM3YIOILEH MECTOPOKICHUE Me0JIOrMUECKON CTPYKTYPE, B TO BpEMsl KaK JJisl MOJIUTOHOB IO/1-
3eMHOT'0 3aXOPOHEHUS BEIOMPAIOT OTBEYAIOIIHE OMPEICIICHHBIM TPEOOBAHUIM CTPYKTYPHI.

CpaBHeHHe crioco00B pa3paboTKU MECTOPOKICHUM MOKA3BIBAET, YTO JJIs1 BOIHBIX PECYPCOB JI0-
OBIBAOIIETO PETHOHA HAMOOIIEe OMMACHEI TPAAUIIMOHHBIC TEXHOJIOTHH ¢ 00pa30BaHUEM B 36MHOM KOpe
BBIEMKOH PY/I IIOJIOCTEH, CIIy)KAIIUX IPCHOM 115l HOBEPXHOCTHBIX U MOA3EMHBIX BOJ. VX (ribTparius
CKBO3b NOPOJIbI MOBBIIAET MUHEPAIU3ALMIO U JEJaeT ONACHBIMU NP BbIJaye BOJ Ha 3€EMHYIO I10-
BEPXHOCTb.

TexHONOTHY Xe C BBINICTAYNBAHIEM MIPH HOPMAJIBFHOM PEKUME PadoT IJIsi BOTHBIX PECYpPCOB
HE OIACHBI, OCKOJIBKY MYCTOT HE 00pa3yeTcsi WJIH OHHU 3aIOJHSFOTCS XBOCTAMHU MOA3EMHOIO BBIIIIE-
JJAYMBaHMUS, @ BOJHbIE IOTOKU NEPEMELLAIOTCS B 3aMKHYTOM, JIETKO KOHTPOJIUPYEMOM IIPOCTPAHCTBE,
HaIpUMep, 1o TPyOOIPOBOIAM UITH 00CAKCHHBIM CKBa)KHHAM.

[onTBepkIeHUEM ITOTO SBISICTCS MPAKTUKA YPAaHOIOOBIBAIOIIETO MIPEATIPUITHS Ha 6a3e briko-
TOpPCKOro MecTopokaeHus. B reuenue nmoutu 30 neT ypaH J0ObIBAIN BBIIIETAYNBAHUEM CEPHOKHUCITBI-
MH PacTBOpPaMH Ha PACCTOSHHUH 7 KM OT OaTbHEOJIOTHUYECKOT0 KyPOpTa C MCIIOJIb30BAHUEM JIJIS JIeUe-
HUSI MUHEPaJbHBIX BoA. CMENMBaHNe MUTHEBBIX BOJ U MPOMBIIIICHHBIX CTOKOB MPEA0TBPAIIATIOCH
MyTEM CO3JaHMs TEXHOJIOTHIECKOTO Oaphepa ¢ MOMOIIBI0 BAKYYMHBIX HACOCOB.

DKOHOMHKO-MaTeMaTH4YecKasi MOJEIb JJIsl ONpeAeICHHs yiiepda, HAHOCMMOIO BEIOPOCOM HEO-

YUIICHHBIX ITPOU3BOACTBEHHBIX CTOKOB B OKPYIKAIOIIYIO Cpeay, UMECT
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V.-Sr.EKA,

rue V., — DKOHOMUYECKHH yiep0, HAHOCUMBIH ruapocdepe TeXHOIOrHUECKUMH KOMILIEKCaMu; V, —
00beM TpUpPOIHON BOIBL; K7 — KOI(D(UIMEHT TEXHOJOTHMYECKOTO 3arpsi3HEHUs] TPUPOTHON BOJIBI;
1], — 1eHa BObI; 71 — KOJIMUECTBO UCTOUHUKOB BOABL; 71 — KOJMUYECTBO TEXHOIOIMYECKUX KOMILIEKCOB.

PaccmaTprBaeMble B HACTOSIIEM HCCIEIOBAHUY BOIPOCHI MIPEACTABIAIOT HHTEPEC IIPU MOAEP-
HU3aIMH TEXHOJOTHH pa3paboTKH METAIINYECKUX MECTOPOXKJICHHUI B peruoHax ¢ MHHUMU3AIHEH
HEraTUBHOIO BIUSHMS HA BOAHBIE PECYPCHI U COITIACYIOTCS C PE3yJIbTaTaMH UCCIIEA0BAaHUN 10 pac-

CMaTpPHUBAaEMOMY HaIpaBJIEHUIO TOpHOTO fena [17, 18].

3akjouenune

BnnsHue ropHoro npou3BOACTBA HA BOAHBIE PECYPCHI COCTOUT B MOBBIIIEHUH MUHEPAIU3ALHH
MPUPOIHBIX BOJ MOCTIE KOHTAKTA UX ¢ 0OHAXEHHBIMU U MOIPOOICHHBIMHU PyIaMU U IOPOJaMHU B BbI-
pabOTaHHOM NPOCTPAHCTBE M CMEIIMBAHNH 3aTrPSIZHEHHBIX BOJ C YCIOBHO YUCTBHIMHU BOJIAMH.

KonBepcust ropHOro mpou3BOICTBA HA TEXHOJIOTHH C BBILIETAYMBAHUEM CTaBUT 3aJa4d MOHU-
TOPUHTA B3aUMOJEICTBUS PyAHUYHBIX U IPUPOJHBIX BOJHBIX IOTOKOB, KOTOPBIE JOJIKHBI PEIIAaThCS
Ha CTaJUU NOAIOTOBKU MECTOPOXKACHUS K IKCILIyaTaluu.

HeraruBHoe BiMsiHUE FOPHOrO MPOU3BOACTBA HA BOIHBIE PECYPCHl PETMOHA MUHUMH3HPYETCS
UCIIOIb30BAHUEM TEXHOJIOIHH pa3padOTKH C BhILIEIA4NBAaHHEM METAJUIOB U3 PyJ Ha MECTE UX JIOKa-

JIn3anuu.
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BBenenne

OcBoenne Cesepa Poccnu siBisieTCsl BRKHEHIIEH YaCThI0 SKOHOMHYECKOH cTpaTeruu cTpanbl. Oc-
HOBHBIE 3a11aChl IPHPOIHBIX OOraTCTB, BKIIIOUAs 3a11achl IPECHON BOJIBI, COCPEOTOYEHBI HA TEPPUTOPHH,
3aHUMaroulel noutu Tpu uyetseptu Poccuiickoii denepannu, U OTHECEHBI K CEBEPHOI CTPOUTEIIBHO-
KJIMMaTHUYECKON 30He. X03sIICTBEHHO-2KOHOMUYECKHUE U IPUPOAHO-KIUMaTHIecKHe ycinoBus CeBepa
Pa3IMYHBL, HO OOIIMMU JIJIS HUX SBISIOTCS: CYypPOBBIN KIMMAT, TOBCEMECTHOE CIIONIHOE, TPEPHIBUCTOE
WIIM OCTPOBHOE 3aJIETraHNE MHOTOJIETHEMEP3JIBIX TPYHTOB (KPHOJIUTO30HA), TIPOJIOJKUTEIIBHBIC 3UMbI
110 8—9 Mecs1eB, CHET03aHOCHI, Ty Pru, MaJIblil MeXKEHHBIN CTOK peK IPH UX MepeMep3anuu u ap. s
OCBOCHHSI CEBEPHBIX TEPPUTOPHI TpeOyeTcs HafexHoe OecriepedoliHoe KPYTITIOrOANYHOE BOAOCHA0-
JKEHHE HACEJICHHBIX MECT U 00BEKTOB MPOMBILIIEHHOCTH. BojocHaOkeHe B KPHOIMTO30HE — OJJUH
13 MIaBHEHIINX (PaKTOPOB PAa3BUTHSI SKOHOMHUKH, MTOBBIIICHUS yPOBHS M KaueCTBA )KU3HHU CEBEPSH,
CHIIKEHUSI ce0eCTOMMOCTH IPOAYKIUH JII00bIX npor3BoacTB [1-4]. [Ipu opranuzanun BogocHaOKeHHsI
00BEKTOB B JIFOOOM palioHe KPHOIUTO30HBI YUUTHIBACTCS peajibHasl yrpo3a nepeMep3aHus CUCTEM
BOJIOCHAOKEHHUSI, B TOM YHCIIE M CAMUX BOJJOUCTOYHUKOB [5—8].

[oBbIIeHNE HAZEKHOCTH CUCTEM BOJOCHAOKEHNUS B 30HE MEP3JIOTHI CBOIUTCS K MOAJICPKAHHIO
HE3aMep3aeMOCTH BOJOMCTOYHUKA U BCEX AJIEMEHTOB Boo3abopHoro y3na [9—16]. Haubonee Hamex-
Hbl Ha CeBepe B0/103a00pbl HHPHUIBTPAILIIOHHOTO THIIA ¢ (QUIBTPYIONIMMH BOAOIIPHEMHUKAMHU, MEHEE
JPYTHUX TIOJ[BEP)KEHHBIMH I1yT0JIEI0BOMY BO3/eiicTBUI0. OHU 00J1a/Ial0T XOPOIIUMH PhIO03aIIUTHBIMU
CBOHCTBaMHM M 00€CIIeUnBalOT TPedyeMoe KauecTBO BOAbI TpH ee otoope. [ToaTomy npu BeIOOpe T
BoJI03a00pa /uis ycioBuii CeBepa Beeria aHaJu3upy T BO3MOKHOCTH HCIIOJIb30BaHU ST MHOUIBTpALU-
OHHBIX WJIM QHIIBTPYIOIINX BOIONpHEeMHUKOB [11]. Masble u cpenHne pexku, nepeMep3aromiie Ha oT-
JCIBHBIX yUaCTKaX MJIM HA BCEM MPOTSHKCHUH, SIBIISIFOTCS HAnOO0JIee BEPOSITHBIM UCTOYHUKOM (110 85 %)
BojocHaOkeHust Ha Kpaitnem Cesepe [17-19].

3a nepuox oceoenust CeBepa BbIpaOOTaHbl Pa3JInYHbIE IPUEMbI U TEXHUYECKUE PEIISHHS BOJIO-
CHAOXEHUS U3 PeK, He UMEIOIINX 3UMOH JOCTaTOYHOTO 00beMa IOBEPXHOCTHOTO cToKa. OHUMH
U3 HUX SIBJISIIOTCS MHPUIBTPALIMOHHBIE BOJJ03a00pbI Ha MaJjibiX pekax Kpaiinero CeBepa, o3BOJISIOIINE
obecrieunBaTh HAZEKHBIN BOJI03a00p BO BCEX CIydasiX, KOIa T0JI0BOE BOAOIIOTPEOICHNE COCTABIISET
He MeHee 35 ThiC. MY/cyT. McTounrKaMu HHOHUIBTPALMOHHOM BOIBI B 3MMHUM MEPHOJ CIIY/KaT TATUKH
oz pyciamu 1 foiuHamu pek [10, 12, 19, 20].

J11s1 NOBBIIICHH S HA/ICKHOCTH pabOThl MHOUIBTPAIMOHHBIX BOJ03200POB B 3UMHUN MEPHOJ
Ha Maiblx pekax Kpaiinero CeBepa HCHONB3YIOT BPEMEHHBIE (CE30HHBIC) BOJOXPAHHMIINIIA Ty TEM
CO3/1aHUS JEAOBBIX U JIEIOBO-TPYHTOBBIX IIJIOTHH, MOSBISIONINXCS B IEPUOJ Hadaja JeaocTaBa
1 pa3pyLIalonIuXcs €eCTECTBEHHBIM 00pa3oM B BECEHHUH nepuo/ segoxoaa. Ilpu sTtom o6BoxHS-
I0TCSI TIOAPYCIIOBBIE OTIOKEHHS, MPEAOTBpPANIAeTCs 00pa30BaHHE HAJNEALH, yaydIIaeTcsl TeNI0BON
pexumM Bogo3abopoB. [Ipy HE0OXOAMMOCTH 3arac BOABI MOXKET yBEIUINBATHCS HAMOPaKMBAaHUEM
JibJIa B Ha4aJje 3UMBI TI0 BCEH MIIOMaau aKBaTOPUHU BOI03a00POB ciioeM 10 3—7 M. Tak Kak 4acTo
Ha MaJIBIX IIepeMeP3alollnX peKax JieJ TaeT Ha MecTe 0e3 J1e710X0/1a, BO3MOKHO €0 HCII0JIb30BAHNE
B KaueCcTBE Marepuasa JUis BpeMEHHbIX IJIOTHUH, O0JIErYeHHBIX NOAIIOPHBIX COOPYKEHUH ISl Ha-

KOTIJICHU I MEXEHHOro cToka [9, 18, 19].
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PexoHcTpykuumn Bog03a00pHbIX cOOpy:KkeHuil B I. Urapke

Ha cpennux u xpymabIx pekax Kpaitaero CeBepa mis obecriedeHUs BOJOCHAOKCHHS HACCIICH-
HBIX IIYHKTOB U TOPOJIOB YUCJICHHOCTBIO MOPsijiKa 4—5 ThIC. YEJIOBEK, BKIIIOYAs! IIPOMBIIIJICHHBIE ITPe/I-
MPUATHS, SKOHOMHUYIECKH IIeTIECO00Pa3HO MCIIOb30BaTh OTKPBITHIC BOJI03a00PHI PYCIOBOTO HITH Oepe-
roBOro TUIOB. [Ipx 3TOM HEOOXOUMO YUHTHIBATh CHECHH(DUKY YCIOBUM PabOTHI TAKUX BOZ03a00POB,
CBSI3aHHYIO C IIeperagaMu ypoBHEH Boabl B pekax CeBepa, JOCTUTAIOIINMH, K IpuMepy, Ha EHncee
B paiione 1. Mrapku 6osee 20 M, 4To TpeOyeT CrenHalbHbIX HHKCHEPHBIX PEIICHUI OeperoykpIuie-
HUs B paiioHe Bogo3abopoB. Ho B oTinudme oT HHQUIBTPAIMOHHBIX BOZ03a00pOB BOI03a00PHI U3 OT-
KPBITBIX UCTOYHHUKOB, KaK IPAaBUIIO, HYXKIAIOTCS B JIOMOJHUTEIBHON OYUCTKE U 00e33apaKMBaHUH
COIIaCHO TPeOOBaHUSM CAaHUTAPHBIX MPABIII U HOPM [21].

KOHKpETHBIM IPUMEPOM COBPEMEHHOI'O HHKEHEPHOT'O PELICHHU I BOJIOCHAOXKEHHU I CEBEPHOIO I'0-
poma Urapku (puc. 1) ciry>XKUT peKOHCTPYKIIHS BOIXOCHAOKeHUs u3 p. EHUCEH, mpoBeneHHas CIeIu-
amuctamu OAO «KpacHospcknit uHcTHTYT BOJJOKAHAJITIPOEKTY.

Jlo mpoBemeHUsT PEKOHCTPYKIIMU BOMO3a0OPHBIX COOpYXKeHHH B T. Mrapke Xo3siiCTBEHHO-
NUTHEBOE BOJOCHAOKEHHUE OCYIIECTBISIIIM M3 BPEMEHHOI'O OTKPBITOrO BOJ03abopa Ha p. ['paBuiika
npoussoauTensHOCcTh0 4000 MY/cyT. Bona uepe3 QUIBTPYHOIIHME OrOJOBKH 110 CAMOTEYHBIM BOJIO-
BOJIaM TIOCTYIaja B JiBa OEPeroBbIX HMIAXTHBIX KOJIOJLA U 3aT€M HACOCHOH cTaHIMed 1-ro mogbema
mociie 00e33apaKuBaHus THIIOXJIOPUTOM HATPHS IO IBYM HAIIOPHBIM BOJIOBOJIAM JUAMETPOM 250 MM,
JUIMHOM 3,5 KM MOoCTyTalia B MarucTpajbHbIe CETH TOPO/ia U HACOCHYIO CTaHIIMIO 2-T0 MOAbeMa, o/I-

KauyuBamIIyI0 BoAy B ceTu ropoma. C 1969 roma cuctema BOIOCHAOKEHUS IKCILTyaTHpOBaIach 0e3

Puc. 1. O6muii Bua r. Urapku

Fig. 1. General view of Igarka
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KalMUTaJIBHOTO peMoHTa. M3HOC cuctemsbl coctaBisit 80-95 %, coopykeHUs HACOCHON CTaHIMH 1-TO
MoJ/beMa M HaropHbIE CTaJbHBIE BOJIOBOJBI HAXOIWINCH B IIOJyaBapHHHOM cocTOosiHMH. KadecTBo
BOJIbl 13 BO/103200pa HE COOTBETCTBOBAJIO JICHCTBYIOIMM HOpMaMm. Kpome Toro, B OTJe/IbHBIE TOJIBI
p. I'paBuiika mepemep3asa MOJIHOCTHIO, YTO IPUBOAMIIO K OCTAHOBKE 3200pa BOIBI.

Bono3zabopubie coopysxenus Wrapckoro seconuibHo-mepeBanodnoro komounara (JITIK) BbI-
MIOJIHEHBI MO MPOEKTY «JleHrunponapes» u noctpoeHsl B 1968 rogy. CoopykeHuUs: OTKPBITOrO THIA
u3 p. Exuceii pacmonoxensl Ha npotoke Mrapckoii. Boga u3 peku 3adupasachk GUIbTPYOIIMMH Oro-
JIOBKAaMH | T10 JBYM CaMOTEYHBIM BOJIOBOJIAM JruamMeTpoM 426 MM IocTynajia B 0eperoBoil Kooze,
COBMEIICHHBIM C HACOCHOH cTaHIuell 1-ro moxbema, Ha momaaky Urapckoro JITIK u B cTapyto 3a-
CTpOiiKy oroposna. B Hactosiee BpeMst Bo03a00pHbBIE COOPYIKEHU ST 3aKOHCEPBIUPOBAHBI U HE 3KCILITY-
aTUPYIOTCA MO IPUYNHE UX aBAPUHHOTO COCTOSHHUSL.

Ba)XHBIM 3JIEMEHTOM TPAHCIIOPTHOTO cOOOmIeHUs T. Mrapku ¢ «OOJIBIION 3eMIel» SBISCTCS
aBUAIIMOHHOE CHa0XeHue. AIPOIOpPT pacroioxkeH Ha ocTpose Mrapckom. OcTpoB HAXOIUTCS HATIPO-
THB TOPOJA U pasieneH npoTokoil Ennces. Ha ocTpoBe moMuMo asporopra pachoiokeHa KoTelbHasl,
a TaK)Ke COOTBETCTBYIOIIIME ITPOU3BOJICTBEHHBIE U CIIyKeOHbIe coopyxkenust. st obecnieyeHns Bojio-
CHAOXKEHMSI Ha OCTPOBE CYIIECTBYET BOH03a00p. X035 HCTBEHHO-UTHEBBIE HYXIbl HACEICHHUS U KO-
TEJIbHOW 00eCeYrBaIOTCs U3 TIOJ3EMHOI0 BOJJ03a00pa ¢ MOMOIIBIO JIBYX CKBaXKMH ri1yonHoi 100 m
06umM nedurom 336 M3/cyT. ICTOUHMKOM BOJIBI CIYXKUT BOAOHOCHBIM ILIACT, PACIIOI0KEHHBIH HUKE
CJI0s1 BEYHOU MEP3JIOTHL.

Jltst cHaGXeHns ropsiueit BOJIOH OBITOBBIX M MPON3BOJICTBEHHBIX HY XK/ HACEIEHHS, @ TAKXKE OTO-
IJICHUS 3/1aHUM, COOPY>KEHUI U BOLOBOJLOB HAa3€MHOH NPOKJALKU B IOPOJAE CO3JaHbl BPEMEHHBIE
BOJI03200PHBIE COOPY’KEHMSI IEHTpasbHOl oTonuTensHOM kKotenbHol (LIOK). beperosast HacocHas
CTaHIUA I TTOIa4H BOJBI B IEHTPAJIBHYIO OTOMUTENIbHYIO KOTEIBHYIO 7151 OTOIJICHHS KHUJIOT0 Mac-
cuBa ObLTa MocTpoeHa Ha Oepery npotoku Wrapckoit B 1985 romy. Boma sToii cranmueil momaercs
norpebuTensiM 0e3 OUUCTKU U 00e33apayKMBaHUs, IOITOMY KaueCTBO BOJBI HE COOTBETCTBYET JICH-
CTBYIOLIMM HOpMaM.

AHanu3 IpeaCTaBICHHBIX BBIIIE BOA03a0OPHBIX COOpY KeHHH I. Mirapku, BBIIOIHEHHBIX B 60—
80-¢ TomBl MPOIIIOrO CTOJIETHS, CBUJICTEILCTBYET O KpaiiHe HEYJOBIETBOPHTEIBHOM KadecTBE
BO/IbI, [TOCTABJISIEMOW MOTPEOUTEISIM, & TAKKE O MPEJIeIbHOM U3HOCE TEXHUYECKHX CPEJCTB U 00b-
€KTOB KallUTaJIbHOT'O CTPOUTENbCTBA. JIJIsl perenns Ha3peBIuX npodiieM TpedoBaach PEKOHCTPYK-
1[{s BOJAOCHAOKEHHUsSI B IICJIOM U BOI03a0OPHBIX COOpykeHui B yactHOocTH. C 3T0i mensio B OAO
«Kpacnospcknit uactutytr BOJOKAHAJITIPOEKT» Oblnia pazpaboTaHa MpoeKTHas JJIOKYMEHTAIHS
Ha CTPOMTEIBCTBO coopyxeHui BogocHadxkenust K KECCOH».

Cxema BOIOCHAOXKEHN 110 IIPOEKTY PEKOHCTPYKIIMH ITPEICTaBIICHA ciaeayonum oopazom. C ro-
MOIIBIO (PUIIBTPYIOIUX PYCIOBBIX OTOJOBKOB T10 CAMOTEYHO-CU(OHHBIM JIMHUSM BOJIa U3 MPOTOKH
Wrapckoit mocTymnaer B HACOCHYIO CTaHIUIO 1-T0 MogbeMa U jajiee Ha BOJOOYUCTHBIE COOPYIKEHUSI.
[ocne ouncTku U 006e33apaKMBaHuUs BOJa HACOCAMHU 2-T'0O MOABEMA I10 JABYM BOJOBOJAM IPOTSIKECH-
HOCTBIO 3,1 KM U3 CTaNbHBIX TPYO AuaMeTpoM 273 X 6 MM IOaeTcs Ha TUIOMAIKY CYIIECTBYIOIIETO
BOJIOTIPOBOAHOTO y3u1a I. Urapku. Cxema BogocHaOXeHUs TPUBEACHA HA PUC. 2.

B cocTtaB peKoHCTPyHpPYEeMbIX BOI03a0OpPHBIX COOPYKEHHH XO3SHCTBEHHO-NUTHEBOTO BOJIO-
CHAOXXEeHMsI BOIILIH CJIeyIOlMe Hanboee 3HaYuMble 00BEKThI: PYCIIOBOIl BO032a00pHBIN Or0JIOBOK;

CaMOTEYHO-CHU(OHHBIN BOJOBOJ C HACOCHOW cTaHIMe# 1-ro mombeMma (puc. 3), TPOU3BOIUTEIHHO-
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Uewrpansiian
oTonTenswas.
¥orensias

Puc. 2. Cxema BogocHaOxeHus T. Urapku

Fig. 2. Water supply scheme in Igarka

cTbi0 4200 M3/cyT; BOIOBOI HAA3EMHOM MIPOKJIAJKU B JBE HUTKK OT HACOCHOM CTaHIuu 1-ro mogbema
JI0 CTAHIIMKM OYMCTKU BOABI IITNHOM 0,6 KM; COOPYKEHUSI OUUCTKHU BOJIBI ISl XO3STHCTBEHHO-TTUTHEBBIX
Hesel Mpou3BOAMTENBHOCTHIO 4200 M3/CyT; HACOCHAs CTAHIMS 2-T0 MOABEMA IIPOM3BOANTEIBHOCTHIO
6480 M*/cyT; pesepByaphl 4HCTON BOAbl (2 WT.) eMKocThi0 1000 M3 Kaskablil; BOAOBOI HaA3€MHOI
MPOKJIAJIKU OT HACOCHON CTaHIMU 2-T0 MOJbeMa JJO HACOCHOM CTaHLIMH NOJKAYKHU B FOPOAE AJIMHON
3,1 XM B JIB€ HUTKH.

[IpoekToM pPEeKOHCTPYKIIUU BOI03a00pa MPEeIyCMOTPEHO YCTPOWCTBO HOBOT'O BOIOIPHEMHOTO
oroyioBka pactpyOHoro tuma. KoHCTpyKnus OrojoBKa MPHUHATA MO TUIIOBOMY HpPOEKTY. OroJoBOK
CMOHTHPOBAH Ha KeJIe300€TOHHOH IIHTe pa3MepoM 2 X 2 M H COCTOUT M3 ABYX cekumid. Kaxxmas
ceKIusi 000py0BaHa CheMHOM (QUIIBTPYIOLIEH ppI003aIMTHON CaMOOYHINAIOIIEICs KacCeTo! pa3me-
pom 1 x 0,6 M, COBMEIICHHOM ¢ COpOYICpKUBAIOMICH peneTkoil. Prrdo3amura obecriedeHa MaIbIMH
BXOJIHBIMHU CKOPOCTSIMH BOJIbI, KOTOPBIE B 8—10 pa3 MeHbIIIe CKOPOCTEH T€UEHHUS B IPOTOKE B MEKEHb
(0,3 m/c). 1151 3aIIMATHI OTOJIOBKA OT ILIBIBYIIETO JIbJa BOKPYT HEro PEeIyCMOTPEHA CBaifHAs 3aIUTA.
HesnauuTenbHas MyTHOCTB PEIHOM BOABI (4—62 /M) M KOHCTPYKTHBHAS BO3MOYKHOCTH CAMOOYHIIIE-
HUS IPENsTCTBYIOT 3aMJIMBAHUIO BOJOIPUEMHHKA.

CamMoTreuHO-cu(OHHBIE BOJIOBO/IbI MTOJIAIOT BOAY OT PYCJIIOBOIO BOJOIPUEMHOIO Or'0JIOBKA K Ha-
COCHO CTaHIIUHU |-T0 MoaBeMa Mo JBYM CTAIIBHEIM TpyOaM aumametrpom 325 x 8 MM u niuuHOU 105 M.
I'nyOuHa 3amoxenust TpyoonpoBomoB coctasiser or 1 g0 20 m. [TogBoaHas 4acTh BOJAOBOJOB BbI-
MOJIHEHA C YCUJIEHHOHN HapyKHOM TUIPOU30JIsIUMEN U BHYTPEHHUM JaKOKPACOYHBIM OKPBITHEM dMa-
JIbI0. 3alUTa HAPYKHOM TUAPOU30IISIIIMY C/IeJIaHa CIUIOIIHON (yTEpOBKON JIepEBSIHHBIMU PEHKaMU.

CTBIKOBKA pr6 C Or0JIOBKOM OCYHIECTBJICHA € IMOMOLIBIO HOJ'IyMy(i)T C PE3UHOBLIM YIIJIOTHCHUCM.
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[loxBosHAs YacTh BOJOBOJIOB MIPOJIOKEHA B OTKPBITOM TpaHIIee METOJIOM CBOOOIHOTO MOI'PYIKEHUS,
MMOJ[3€MHasl YacTh BOJOBOJOB BBITIOJTHEHAa METOJOM IPOAABIMBAHUS OT OSPEroBOil YepTHl JO HACO-
CHOM cTaHIuu 1-ro mogbema.

[Ipu MomepHH3aIIMU HACOCHOW CTAaHIMH WCIOIB30BAHO CYIIECTBOBaBIIee coopyskeHue. Haco-
CHAsl CTAHIMsI IPOM3BOAUTENBHOCTEIO0 4200 M3/CyT COMOKMPOBaHA C IBY XCEKITMOHHBIM BOIOTIPUEMHH-
koM. [Tom3eMHas 4acTh HACOCHOU CTaHIIUU AraMeTpoM 10 M mpeacTaBiseT coOoi kene300e TOHHBIN
KOJIOZICI] — KeCCOH TyOuHoi 27,7 M. Komozelr pa3aencH BEepTUKAIbHOW CTCHKONW Ha BOJONPHEMHHK
W «CyXOil» MaIIWHHEIN 3a1. BOmONpHEeMHHK pa3lelieH Meperopoikoil Ha IABE CEKINH, B KaXKIYIO
U3 KOTOPBIX BBOJUTCSI CAMOTEYHO-CU(OHHBIN BOIOBO. B MalIMHHOM 3ajie yCTAaHOBJICHBI OCHOBHBIC
Hacocs! pupmbel « GRUNDFOS» mapku NB65-200/190 momHocTho 18,5 KBT Kax b1, ABa paboumnx,
OJIMH — pe3epBHBIN (pHC. 3).

s ocylreHus BOJOIIPHEMHON KaMephl IPH PEMOHTHBIX paboTax MPEeNyCMOTPEH MEPEHOCHOM

norpysxHoi HacocHbI arperat «['HOM» 40 X 25 momHocThI0 4 KBT. 3apsiika c)OHHBIX BOJOBOIOB

V) oc wacocg

B8H /

T
[ 3 38|
“«

Puc. 3. Hacocnas crannus 1-ro nogsema
Fig. 3. Pumping station of the first lift
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U TIOJJIep>)KaHUe HOPMaJIbHOTO PEKMMa UX PabOThI BBITIOJHEHBI BAKYYMHON YCTaHOBKOI € IByMsI Ha-
cocamu BBHI-1,5, u3 KoTOpBIX OAMH pabodnid, Ipyroil pe3epBHBIN. {11 OTKAYKH JpPEeHaKHBIX BOJ
npenycMoTpenbl aBa Hacoca BK 4/28 momiHocThio 7 KBT kaxkapiil. B Ham3eMHO# YyacTH HaCOCHOU
CTaHIIMH PACIIOJI0KEHO NIEKTPOTEXHUYECKOE 000Py10BaHNE, MOHTAXKHAS IIJIOIIA/KA, yCTAHOBKA BEH-
THJIALNY, CIIy)XeOHbIe MoMelleHHs. Bce OCHOBHBIE TEXHOJIOTHYECKHE MPOLEecChl paboThl HACOCHOH
CTaHIIMM aBTOMAaTH3MPOBAHBL. YIPABICHHE M KOHTPOIb 32 pabOTOH y3lla OCYLIECTBISIOTCS C JIUC-
METYEPCKOro MyHKTa HA CTAHIIUM OYUCTKH BOJIBL.

HanopHble BOIOBOIBI OT HAaCOCHOH CTaHIMM 1-ro momgbema A0 IJIOMAAKH BOJOMPOBOAHBIX
OUYHCTHBIX COOPYIKCHHUH BBITIOITHEHBI IBYMSI CTAJIbHBIMHU TPyOaMu quamMeTpoM 219 X 6 MM ¢ TeIIOBOI
TICHOIIOJINY PETAHOBOW M30JISIIMEH C 3aIIUTHOM 000JIOYKON M3 OIMHKOBAHHON CTaJIM C CaMOPETYJIH-
pYyIOILIUMCS TPEIOLIMM IEKTpHYecKUM KabeneM. IIpoknanka TpyO BBIIOJHEHA HA3eMHOW Ha JIeXHe-
BBIX OIIOpax, pa3MENICHHBIX Ha TPYHTOBBIX Ipu3Max. I OlopoKHEHN s HAITIOPHBIX BOIOBOJIOB IIPEI-
YCMOTpPEHA YCTaHOBKA MOXKAPHBIX THJIPAHTOB B HE3aMep3arolleM ucroaHeHnu. OTBeeHUE BObI IPU
OTIOPOYKHEHN U TTPOU3BOIUTCS MOKAPHBIMHU PyKaBaMHU B TOHMKEHHBIE MECTa.

B niepuos maBoaka u jief10xo/1a Boia B paiioHe Bog03abopa mogHumMacTcs 6osee ueM Ha 22 m. Jlis
MIPEJOTBPALICHNS Pa3MbIBa IUIOMIAIKH BOI03a00PHBIX COOPY)KEHHH B MEPHO/ MAaBOAKOBBIX BHICOKHX
BOJ U JIEJOX0/la BHIIIOJIHEHO OeperoyKpeIuieHue U3 COOPHBIX XKeNe300€TOHHBIX IUIUT pa3MepoM 3 X
1,5 m.

OuncTKa MCXOAHOU BOIBI MOCHE BOA03a0O0pa, MOAbEMa Ha HACOCHOH CTaHLUM 1-ro mopbema
MIPOU3BOJUTCS Ha KOMILIEKCE OJIOYHO-MOIYIBHOW CTAaHIIMM BOJOIOATOTOBKH, pa3zpadoraHHOi 3A0
«Kommnanust DKOC» (puc. 4).

CxeMa OYMCTKH Mayio3arpsi3HEHHBIX MPUPOAHBIX MOBEPXHOCTHBIX BOJ JO IOKa3aTeleH, COOT-

BETCTBYIOHIUX CAHUTAPHBIM HOPMaM, NPOMU3BOAUTCA Ha CTAHIIUMU OYMCTKHU BOABI U ITPEAYCMATPUBACT

Puc. 4. Kommutekc 6J104HO-MOAYJIBHOM CTAHIIMK BOJOIIOATOTOBKH

Fig. 4. Complex of block-modular water treatment plant
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Puc. 5. CTaHIMs OYUCTKHU BOBI

Fig. 5. Water treatment plant

CIIeIYIOLIME CTaJUH TEXHOJIOTHYECKOro nporecca: GuibTparus Ha ceT4aThIX (QUIBTpax; KOHTAKTHOE
ocBeTiieHHe; QUIBTpanus Ha QUIBTPAaX C 3arpy3Kol aKTHBHPOBAHHBIM yTieM; 00e33apa’knBaHUE;
HarpeB; HAIlOJIHEHUE B pe3epByapbl YUCTON BOJBI U II0Ja4a MOTPEOUTENIO (pucC. 5).

HcxonHast Boaa oaeTcst Mo/ HAaIllopoM Ha ceTdaThie (pUIIbTPBl, KOTOPHIE TPOMBIBAIOTCS B aBTO-
MaTuyeckoM pexkume. llocie npenBapuTelbHOM MEXaHMUYECKOM OYMCTKM BOJA MOCTYNAeT BO BXO-
HYIO KaMepy M Ha KOHTaKTHbIe ocBeTIHTeNH. [lepen 3TUM B BOJY BBOJUTCS PacTBOpP KOATyJISHTA.
IIpombIBKa KOHTAKTHOI'O OCBETIHMTENS BOJOBO3LYIIIHAs, 110/1aua IIPOMBIBHOI BOABI OCYILECTBIIACTCS
U3 HACOCOB MTPOU3BOAUTENLHOCTEIO 85 M3/ 1 Hanopom 20 M. Bo3ayXx mogaeT BO3AyX0MyBKa C IPOU3-
BOAUTENBHOCTHIO 510 M/4 1 Hamopom 10 M. OTBO IPOMBIBHOM BOJBI HIET B 1BA PE3EPBYAPa IPS3HBIX
MIPOMBIBHBIX BOJ C MOCIENYIOUIEH OTKAYKON aCCEHU3allMOHHON MAIlIMHOM.

O0e33apakMBaHie BOABI MPOU3BOJST HHU3KOKOHIEHTpHpoBaHHBIM (0,8 %-HBIM) pacTBOpOM
TUIOXJIOPUTA HATPHsl, MOITYUYSHHBIM JIEKTPOJIN3HBIM criocodoM Ha ycranoBke Clorogen CLGH-500
13 NUIIeBoH coiu. [Ipon3BONUTENBHOCTD ANEKTPOIU3HON IO aKTUBHOMY XJIOpy 12,6 KT B cyTKH. Pac-
XOJI COJIM IIPU 3TOM cocTaBisieT 44,1 kr/cyT. BpeMs KOHTakTa ak THBHOTO XJI0pa C BOJIOH oOecIieueHo
B pe3epByape YUCTOH BOABI M paBHO He MeHee 30 MUH COIVIAaCHO CAHUTApHBIM IIpaBHJIaM U HOpPMaM.
[Ipunsaras no3a mo akTuBHOMY XJyopy 2—3 mr/i. Jlo3a ocratounoro xsopa 0,3—0,5 mr/n. Korrponas
CBOOOJHOIO XJIOpa OCYILECTBISACTCS JATIHUKOM.

YcTpaHeHne B BOIE€ OCTaTKOB OPraHNYECKHX BEIIECTB, [BETHOCTH BOJIBI M 3aI1aX0B IPONU3BOIUT-
cst Ha (pUIIBTpax ¢ 3arpy3Koi akTHBHPOBaHHBIM yTiieM. TexHonorus GuibTpanuy npegycMaTpuBaeT

B3PBIXJICHUE U IPOMBIBKY COp6I_II/IOHHOI71 3arpy3KH. B3pBIXJ'I€HI/I€ OCYHICCTBIISAIOT OT HACOCOB ITOJaYN
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POMBIBHOHM BOJIBI, 110Jja4a BO3/lyXa — OT BO3JYXOAYBKH. B3pbIxiieHHE yTroJbHBIX (GHIBTPOB 0becre-
YUBAET WX IMPOMBIBKY M perenepannio. OTBOJ IPOMBIBHOI BOJBI IPEyCMaTPUBACTCS B PE3ePBYaphl
I'PSI3HBIX IPOMBIBHBIX BOJI C MOCJIEAYIOUIEH OTKauKOW acceHU3alMoOHHON MatinHol. HecoOnronenne
TEXHOJIOT'MH B3PBIXJICHHUS] MOKET IPUBOJUTH K BEIOPOCY a/icopOeHTa U 3arpsiI3HEHUIO BOABI.

J115 nckiroueHns 3aMep3aHusi BOJBI B BOJOBOAAX B YaChl MUHUMAJIBHOTO BOIOPa300pa 1 BBITION-
HeHMsI TpeOOBAaHNH SKCIUTYaTHPYIOLIeH opraHu3auy I. rapku B cxeme BOIOCHA0KEHU ST TPEAYCMO-
TpeH nogorpes Bomabl 10 20 °C. [Tocie copOIMOHHBIX (PHIBTPOB OYHUIIICHHAS U 00e33apaKeHHAsI BO/Ia
MOCTYIAET B YCTAaHOBKY Harpesa «Tutan», coctosuryto u3 aByx y3ioB «Tutan-500» u «Tutan-750».
Harpes ocymiecTBiseTcss HHAYKIIMOHHBIM 3JIeKTpOHArpenareneM « auccor-250». [l nupKyasauuu
TEIUIOHOCHUTEISI YCTAaHOBJICH LUPKYISIIMOHHBIN Hacoc. YCTaHOBKa HarpeBa padoOTaeT B aBTOMAaTH-
yeckoM pekume. Ilomorperas Boma mocTymaeT B pe3epByap YHCTOIN BOABI M Jajiee HACOCaMHU 2-TO
nogbeMa TojaeTcs norpedourensiM. KoHTpoas kadecTBa BOJBI IIEPE] €€ MOCTYIUIGHHEM B paclipe-
JICIUTEIFHYIO CETh Ha BOJOMPOBOIHON OYMCTUTEIBHON CTaHI[MU OCYIIECTBIISIETCS B JIAOOpaTOpUu

IO OPraHOJICOTUYCCKHUM MMOKA3aTCIISIM U XUMHUYECKOMY COCTAaBY.

BoiBoabI

B pesynbrare NpoBeNeHHOI PEKOHCTPYKIHMH COOPYXXEHHH M O0OpYHAOBAaHUS CHCTEMBI
X03HCTBEHHO-TIUTHEBOTO BOAgOoCHaOXeHus T. Mrapku o npoektHoi nokymentanun OAO «Kpac-
Hosipckuil mHCTHTYT BOJOKAHAJITIPOEKT» ¢ MOMEHTa cliayd B DKCIIyaTallHi0 B CEHTIOpe
2017 roma ropoJ MOJIyYMJI HAJEKHOE M Ka4eCTBEHHOE BOJOCHAOXEHHE. JTOMY CIIOCOOCTBOBAJIO
BHEJIPEHHE MEPEOBbIX TEXHOJIOIUH BOAOMOATOTOBKH U TOAa4K Boxbl norpeduTensm. CoBpeMeH-
HBI ypOBEHB BOJOCHAOXKECHM S HACEICHUSI U IPEAIPUSITHI ropoja obecrieueH aBToMaTH3annei oc-
HOBHBIX T€XHOJIOTHYECKHUX MPOIIECCOB, YTO MO3BOJIMJIO BECTH KOHTPOJIb U YIIPABJICHHUE BCEX y3JI0B
110Jja4n BOABI C IUCHETUYEPCKOI0 MYHKTA Ha OJIOYHOM CTaHIMU OYUCTKH. BOJBIIYIO POJIb B IOBBHI-
HICHUU HAJIe)KHOCTH PabOThl CHCTEM BOJOCHAOKEHUS UIPAET MPUMEHEHHE COBPEMEHHOI'0 THPO-
MEXaHHMUYECKOTo, MeKTpudeckoro odopynosanus, KUII n aBToMaTnku, CUCTEM JUCTIETUYEPHU3AITT

" CBA3H.
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Abstract. The paper presents a numerical simulation of the contact interaction of fibrous polymer
composite materials in a finite element ANSYS package and studies the friction coefficients for
cells with wear of 0%, 25%, 50% and 75%. To predict the coefficient of friction of composites it was
proposed to use the method of mechanics of composite materials — the method of local approximation.
With the help of numerical simulation, the fields of distribution of normal stresses and contact stresses
in the contact zone were obtained and the corresponding conclusions were drawn.
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k03 duIMeHTa TPEHHUs KOMIIO3MTOB OBUIO MPEIOKCHO HKCIIOJAb30BaTh METOA MEXaHHKHU
KOMIIO3UIIMOHHBIX MATEPUAJIOB — METOM JIOKAJIbHOro npudamxkeHus. C MOMOIIBI0 YHCICHHOTO
MOJICJIMPOBAHUSl TIOJNYUEHBI IIOJISI paclpesesieHUss HOPMAaJbHbIX HAINpsS)KEHUW U KOHTAKTHBIX
HanpsiKEHUH B 30HE KOHTAKTA U CJIeJIaHbl COOTBETCTBYIOLIUE BHIBOJIBI.
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Introduction

For the development of modern engineering to develop new materials with improved properties
of materials considering a number of factors and their purpose. In the case of tribological materials in
the friction units of structures, it is necessary to know their tribological characteristics of the materials,
for example, the coefficient of friction of the material.

For the development and creation of composite materials and the calculation of structures from
them, corresponding theoretical knowledge is required, based on the mechanics of homogeneous
bodies and considering their structural heterogeneity. For this, mathematical models and methods
for solving problems in the mechanics of structurally heterogeneous bodies have been developed.
Methods mechanics predict properties of composite materials of different structures. In various works,
the forecasting of elastic, elastic-plastic and viscoelastic properties, stiffness and strength properties,
fatigue life characteristics and other characteristics of composite materials is displayed [1-3]. Thus,
they are acceptable for predicting any properties of materials that are used in structures for various
purposes. Therefore, the method of mechanics of composite materials can be used to predict the
tribological characteristics of the material.

In the case of the application of tribotechnical constructions, the materials must have high tribological
characteristics. When using composite materials in friction nodes, their tribological characteristics are
not real material properties, but depend on the system in which these composite materials should work
[4-7]. Modern works are devoted to the experimental study of the tribological characteristics of materials.
In an experimental study, it is necessary to consider the geometry of the contact pair, the kinematics of
the movement of the tribocouple, the presence and type of lubricant, etc. The study of the tribological
characteristics of composite materials must consider many factors that affect them.

The article discusses a model of contact interaction of unidirectional fiber composites of fibers in
order to study the tribological characteristics of the coefficient of friction of the material. The subject of
study of this work is to study the coefficient of friction of a unidirectional fiber composite from a position
of the mechanics of composite materials. The object of the study are unidirectional fiberglass and carbon

composites, which constitute the polymeric material reinforced with continuous fibers in one direction.

Materials and Methods

One of the main characteristics of tribological material is a coefficient of friction which is defined

by the law Amontons-Coulomb [8]:
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Fop=kN Q)
where N —normal reaction force, k — coefficient of friction, F,,, — friction force.

The Amonton-Coulomb law (1) was originally formulated for homogeneous materials and did
not consider the influence of the structure of the material. But if we assume that the law of friction is
applicable at the level of the components of the composite structure, then the methods of mechanics
of composite materials make it possible to predict the effective tribological characteristics of the
composite.

The paper considers the contact problem for an inhomogeneous medium, the model of contact
interaction of a fibrous composite with a tetragonal arrangement of fibers (Fig. 1). The periodicity cell
is rectangular. At the interface fiber-matrix condition of strain compatibility and condition of perfect
contact at the interface between steel-composite.

For an inhomogeneous medium it is assumed that the periodicity cell averaged field structural
stress and strain correspond to the macroscopic.

The method of local approximation. The local approximation method uses the short-range effect
in the interaction of inhomogeneities and is based on the principle of locality. The essence of the
method is to replace the periodic problem with a boundary value problem for a domain containing a

finite number of inclusions [1]:

oy, (¥)=0,
0, (F) = A(F)&,, (F)O,; +2u(F)e; (F), (@)

&, (F) =T, (7) 10, ()

Elastic Lamé constants in the physical equations are piecewise-homogeneous periodic functions,

and macrostresses will correspond to structural stresses at the boundary of the periodicity cell:

o, (F)],, = 8- 3)

This follows from the equivalence volume and surface conditions and averaging uniform stress
distribution on the surface of the periodicity cell. Method uses a low-order effect, the periodicity of
the lateral boundaries of the cell in the plane of contact is not moved. Matrix and fiber material are

considered homogeneous and isotropic.

Mafrix

Fig. 1. Model of contact interaction of a unidirectional fibrous composite with an elastic deformable body
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Research Methodology. The following technique is used to determine the effective friction
coefficients of composites. For this, a periodicity cell (Fig. 2) is allocated in the composite material,
which is located at the interface between the steel support and the contact. At the upper boundary of
the selected cell, compressive stresses are applied (Fig. 2) so that the fibrous composite material is
pressed against the steel support and contact interaction occurs in the steel-composite friction pair.
In two-dimensional modeling of the stress state in the steel-composite contact zone, a finite element
mesh with four nodes (Plane 182) was used, as well as the ideal contact condition at the steel-composite
interface. The contact stresses during the FEM analysis are determined for each edge adjacent to
the steel-composite contact line of the final element on a rib belonging to the contact line. Using the
law of friction (1) for the components of the structure of a unidirectional composite allows one to
determine the friction force in individual sections of the contact line corresponding to the edges of the
finite element mesh. Within the edge of the final element, contact interaction is carried out either for
a steel-fiber pair or for a steel-matrix pair. The obtained contact stress elements, the frictional force is

determined by the total:

E,, =;F,Lp. @)

The law of friction (1) holds for a fibrous composite at a macroscopic level, then the friction force

in a steel-composite pair can be expressed as follows:
F,p = kFy = ko,d )

where o, — preassigned stress; 8 — contact size; k — coefficient of friction of the composite material.
The effective coefficient of friction of a unidirectional fibrous material with a tetragonal structure for

a steel-composite pair can be obtained from relations (4) and (5):

y

Oy Malrix
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Fig. 2. The principle of locality in the problem of contact interaction of a unidirectional fibrous composite with
a deformable body
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The resulting ratio is significantly different from the recommended for evaluating the tribotechnical

properties of composites mixtures:
k= Vlkl + V2k2 (7)

where V1, V, — volume fractions of fibers and matrix; &y, k» — friction coefficients steel-fiber and steel-

matrix.

Results

As the objects of modeling unidirectional fibrous polymer composite are used carbon fiber
and fiberglass based on an epoxy matrix (Table 1). The cell size of the periodicity is taken equal to

6.28 microns.

Table 1. Elastic properties and coefficients of friction of materials

Materials Young'ér;;dulus, Poisson's ratio fggg(f,icéin; t(e)zl
Epoxy resins [9, 10] 4 0,34 0.12
Carbon fiber VMN-4 [9, 11] 270 0,28 0.15
Fiberglass C-Glass [9, 11] 70 0,22 0.5
Steel [9, 11] 200 0,25 -

The fiberglass diameter is assumed to be 6 um in size, while the volume fraction of fiberglass in
the fiberglass periodicity cells will be considered equal to 71.5%. For carbon fiber, the fiber diameter
will be 5.26 microns with a volume fraction of 55%. The periodicity cell size is 6.28 pm.

At the upper boundary of the periodicity cell, stresses are set 6, = 100 H/m?.

To account for the effect of wear on the friction coefficient in a pair of steel-composite simulated
four tetragonal cell configurations in the contact zone. Figure 4 shows the breakdown of the contact
zones into finite elements and the distribution of normal stresses relative to the steel-composite contact
plane for a full-fledged periodicity cell (Fig. 3, a), as well as for cells with 25% wear (Fig. 3, b), 50%
(Fig. 3, ¢) and 75% (Fig. 3, d).

Figures 4 and 5 shows the distribution of contact pressure for unidirectional fibrous composites:
fiberglass reinforcement with a volume fraction of 71.5% (Fig. 4) and the carbon fiber reinforcement
with a volume fraction of 55% (Fig. 5).

The distribution of normal contact stresses has a significant heterogeneity even in the steel-matrix
interaction (Fig. 4, a and 5, a), the presence of a more rigid inclusion in the form of glass or carbon fiber
causes a change in structural stresses in the steel-matrix contact zone by 4..5 times . When half the
cell is worn (Fig. 4, c and 5, c), the contact stresses in the steel-fiber pair are distributed fairly evenly,

and in the steel-matrix contact zone the stress level is much lower. Perhaps the most interesting are the
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Fig. 3. The mesh of finite elements and the field of normal stresses (MPa) unidirectional fiberglass with various

wear: a) there is no wear, b) wear 25%, c) wear 50%, d) wear 75%

stress distributions with wear by a quarter (Fig. 4, b and 5, b) and three quarters (Fig. 4, d and 5, d) of
the tetragonal periodicity cell, since with an equal length of the steel-fiber or steel contact line -matrix,
a qualitative difference in forms is observed. When a quarter of the cell is worn (Fig. 4, b and 5, b),
the distribution of contact stresses is similar to the distribution at half wear (Fig. 4, ¢ and 5, c), when
almost uniform, the highest stresses arise in the fiber and insignificant stresses in the matrix. When the
cell wears by three quarters (Fig. 4, d and 5, d), with a fairly uniform distribution of structural contact
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Fig. 4. Contact stresses (MPa) in fiberglass with a fiber share of 71.5%: a) there is no wear, b) wear 25%, c) wear
50%, d) wear 75%
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Fig. 5. Contact stresses (MPa) in carbon fiber with a fiber fraction of 55%: a) there is no wear, b) wear 25%, c) wear
50%, d) wear 75%
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Table 2. Results of calculating the effective coefficient of friction of a steel-composite pair

Wear, % Fiberglass friction coefficient CFRP coefficient of friction
FEM analysis (6) Rule mixture (7) FEM analysis (6) Rule mixture (7)

0 0.192 0.12 0.116 0.12

25 0.246 0.427 0.165 0.14

50 0.234 0.481 0.145 0.145

75 0.207 0.427 0.103 0.14

stresses in the fiber and the matrix, a fairly local unloading is observed in the vicinity of the contact
point between the fiber and the matrix.

Table 2 presents the results of calculating the effective friction coefficient of unidirectional
glass and carbon fiber tetragonal structures during numerical simulation using FEM analysis (6) and
according to the rule of the mixture (7) for a steel-composite friction pair. The volume fraction of fiber
in the composite is an invariable parameter and, when calculated according to formula (7), the amount
of wear does not affect the result according to the rule of the mixture. So for fiberglass with a fiber
volume fraction of 71.5%, formula (7) gives an estimate of the friction coefficient of 0.392, for carbon
fiber with a fiber volume fraction of 55%, the friction coefficient according to the mixture rule (7) is
0.137. In [12], it is recommended, instead of the volume fraction of fiber or matrix, to use the relative
fraction of fiber or matrix in the steel-composite contact zone. The calculation results presented in
Table 2 for the mixture rule were also performed using the relative fraction of the fiber or matrix
content in the steel-composite contact zone.

As a result, the contact interaction problem for unidirectional fiber polymer composites of
a tetragonal structure with a uniform elastic body was solved, the change in the effective friction
coefficients for a steel-composite pair during wear, as well as the distribution field of normal and contact
stresses in the structure components of the composite material, were studied, the main conclusions on
work results:

1. The tribological properties of unidirectional fiber composites in the reinforcement plane
substantially depend on the proportion of material wear. The rule of the mixture does not always
allow us to evaluate the change in tribological characteristics with accuracy sufficient for practical
purposes.

2. Tribological properties are determined by the structure of the inhomogeneous material in the
contact zone and the corresponding distribution of structural stress fields. The rule of the mixture,
even modified taking into account the relative fraction of fiber and matrix in the contact zone, does not
allow this feature to be taken into account.

3. Using models of the mechanics of composites allows you to create a heterogeneous structure
with an effective coefficient of friction, the value of which cannot be achieved at the level of the

tribological properties of the individual components of the structure.
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AHHOTa[Il/IH. HGHLIO Z[aHHOﬁ pa6OTI>I SABJIACTCA U3YUCHHC ITPOLICCCOB OKHUCJIMTEIIbHOM JACCTPYKIIMU
YCTapeBUIUX BYJIKAaHU3aTOB a30THON KHCJIOTOM. OnpeaeneH COCTaB 4aCTUll OCHOBHOT'O MPOAYKTa
peakuumn (OKI/ICJ'IeHHHﬁ ByJ'IKaHPI?:aT). Taxxe MMpeaACTaBJICHbL I/IK-CHGKTpH T'C€KCAaHOBOI'O U aliCTOHOBOI'O
OKCTpAaKTa H3 OKHUCJICHHOI'O BYJIKaHU3aTa. briio 06Hapy>1<eH0, qTo Kay‘lyKOBLIﬁ KOMIIOHCHT
BYJIKAHU3AaTOB TCPIUT I‘Hy6OKI/Ie CTPYKTYPHBIC UBMCHCHU S, TPUBOAAIINC K MMOJTYUYCHHUIO IPOAYKTOB,
XapaKTCPUIYOLIUXCA XHUMHYCSCKOI HEOAHOPOAHOCTLIO.

KuaroueBble cj10Ba: miacTel PE3UHBI, YI0JIb, OKUCIUTEIBHOC NECTPYKIUA, a30THAA KHUCIOTa.
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Introduction

The ability of a macromolecule to take part in various reactions (chemical, electro- and
photochemical, mechanical, thermal) facilitated the development of a number of research directions
related to their application. One of these directions is the no-waste chemical technology with further
recovery, modification or utilization to different extents the polymers after their initial use. In this
respect, one method for utilization of the waste polymers is the preparation of new products from them
by their interaction with nitric acid [1-3].

It has been found that nitrating, oxidative and destructive processes occur by the interaction of
polymers with nitric acid which, depending on reaction conditions, produce polyfunctional products
(PFP) and low molecular weight compounds (LM WC) with different yields [4—6].

In all cases of interaction of vulcanizate with nitric acid, the main product obtained is oxidized
vulcanizate which is a mixture of polyfunctional organic products and technical charcoal (carbon
black). The low molecular weight organic acids remain in the nitric acid solution and can be extracted
from there at yields about 10% [7—11].

Experimental

The aim of the present work is to obtain information about the oxidation-reduction processes by
studying the dispersion composition of the oxidized vulcanizates (OV).

It can be assumed that the relative decrease of the particle size during the interaction results
from the destructive processes taking place while their agglomeration — to the structuring processes.

The studies of these two processes was carried out indirectly by varying the mass of the equal sized
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particles, the two fractions of OV obtained by interaction of nitric acid with three frations of flakes
from waste automobile tyres.

Fig. 1 shows the mass of the three summary OV fractions depending on the duration of the
interaction. It can be seen from the figure that the masses of all the three fractions continuously
decreased as a result of the destructive processes taking place which give low molecular weight
products.

Fig. 2 shows three fractions of oxidized vulcanizate obtained by oxidizing initial fraction of flakes
sized 0.80—0.63 mm depending on the duration of the oxidation. Curve 1 in the figure illustrates the
total reduction of the mass of OV fraction up to 0.80 mm, curve 2 — OV fraction with particle size
0.80—0.63 mm and curve 3 — OV fraction with particle size smaller than 0.63 mm. As can be seen from
Fig. 2, as early as the first 5 min the amount of fraction 0.80—0.63 mm decreased from 100% to 27%.
At the same time, the amount of the fraction with particle size smaller than 0.63 mm increased from

0% to 53%. During the next 30 min, the amount of fraction 0.80—0.63 mm (curve 2) sharply increased
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Fig. 1. Amount of oxidized vulcanizate (OV) depending on the oxidation duration of waste tyre flakes at ratio 1:40
mass parts and temperature 60 °C. Curve 1 — fraction 0.80—0.63 mm; Curve 2 — fraction 0.50—-0.40 mm; Curve
3 —fraction 0.40—0. 25 mm
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Fig. 2. Change of the dispersion composition of OV obtained after the interaction between OV flakes with nitric
acid depending on the interaction duration. Curve 1 — OV fraction with size 1.00 — 0.80 mm; Curve 2 — OV frac-
tion with size 0.80—0.63 mm; Curve 3 — OV fraction with size smaller than 0.63 mm
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while the fraction with particle size smaller than 0.63 mm decreased. Based on these results, it can be
assumed that during the first 5 min of interaction between the flakes and the nitric acid, the destructive
processes predominate over the others which results in strong breakdown of the particles. Later on
within 30 min the structuring processes begin to prevail and as a result the broken down particles
obtain higher reaction area and agglomerate. For this reason, the fraction with particle size smaller
than 0.63 mm decreased (curve 3) at the expense of fraction 0.80—0.63 mm (curve 2) which increased.

It should be noted that the initial decrease of fraction 0.80—0.63 mm during the first 5 min was
due not only to the predominant destructive processes but also to the structuring processes which
were weaker. They are manifested by the agglomeration of fraction 0.80—0.63 mm (curve 1). During
the consequent 30 in, this fraction decreased because of the breaking down of th aggregates and it
transforms into fraction 0.80—0.63 mm.

At higher periods of interaction between the flakes and the nitric acid, the shapes of curves 2 and
3 drastically changed. The mass of fraction 0.80—0.63 mm sharply decreased (curve 2) while the frac-
tion with particle size smaller than 0.63 mm sharply increased its mass. It can be assumed that internal
volume interaction takes place in the aggregates forming fraction 0.80—0.63 mm after 30 min, i.e. the
destructive processes occur not only on aggregates’ surface but also within them. As a result, new sec-
ondary breakdown takes place. Up to 120 min of the interaction between the flakes and the nitric acid,
the fraction 0.80—0.63 mm (curve 2) and the fraction with particle size smaller than 0.63 mm (curve 3)
did not change their mass.

Fig. 3 presents three fractions of oxidized vulvanizate obtained by interaction of fraction of flakes
with particle size 0.50—0.40 mm with nitric acid depending on the interaction duration. The fractions
had sizes up to 0.50 mm (curve 1), 0.50—0.40 mm (curve 2) and smaller than 0.40 mm (curve 3). It
can be seen from the figure that the curves illustrating the change of the masses of the corresponding
fractions have shapes similar to that shown in Fig. 2. Similarly, during the first 5 min of the interaction
the mass of OV with particle size 0.50-0.40 mm decreased from 100% to 14%. The masses of the
fractions with particle size up to 0.50 mm and smaller than 0.40 mm was 50% andu 30%, respectively.

Curve 3 (Fig. 3) describing the destructive processes indicates that until 15" minute of the interaction it
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Fig. 3. Change of the dispersion composition of OV obtained by interaction between flakes and nitric acid (frac-
tion 0.50—0.40 mm) depending on the duration of the interaction. Curve 1 — OV fraction with size 0.80 — 0.50 mm;
Curve 2 — OV fraction with size 0.50—-0.40 mm; Curve 3 — OV fraction with particle size smaller than 0.40 mm
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slowed down while the structuring processes (curves 1 and 2) became stronger. The particles with sizes
smaller than 0.40 mm agglomerate thus entering the fraction with size 0.50—0.40 mm which, in turn,
agglomerate into bigger aggregates (the mass of the fraction with size smaller than 0.50 mm increases).
It means that until that moment, the structuring process prevailing over the destructive ones. By the
further interaction until 30 minute, the mass of the fraction with particle size smaller than 0.50 mm
decreased at the expense of the increasing masses of the fractions with particle sizes 0.50—-0.40 mm and
smaller than 0.40 mm. These results indicate that the destructive process prevails over the structuring
one. After 30 min of interaction, the destructive process which results in breakdown of the aggregates
enhanced to significantly higher extent — the mass of the particles with sizes smaller than 0.40 mm
increased to reach 60%. Simultaneously, the masses of the particles sized smaller than 0.50 mm and
0.50—0.40 mm decreased to about 15% during the consequent 120 min of the interaction.

The results obtained by sieve analysis of the oxidized vulcanizate obtained by interaction of
fraction of flake with particle size 0.40—0.25 mm with nitric acid are presented in Fig. 4. As can be
seen from the figure, the structuring process is the dominant one during the first 30 min. Curve 1 in the
figure which illustrates the particles agglomeration is increasing. Simultaneously, curve 2 which shows
the mass of the fractions of OV with particle size 0.40—0.25 mm is constantly decreasing. In this period
of time and under these conditions, the destructive process is weaker (curve 3). At longer interaction
periods o 60 min, agglomerate breakdown became the dominant process. The mass of the fraction with
particle size higher than 0.40 mm decreased (curve 1) while that of fraction 0.40—0.25 mm increased
(curve 2). At the same time, a small increase of the mass of with particle size smaller than 0.25 mm
was observed (up to 20%, curve 3) which indicates that the destruction of the agglomerates results in
formation of even smaller particles. By the interaction of the flakes with nitric acid from 60 to 120 min,
no significant change of the curves® shape was observed.

Summarizing the results presented in Fig. 2—4, it can be seen that the intensity of the destructive
and structuring processes strongly depends on the fraction composition of the initial components. For
flakes of fraction 0.80—0.63 mm, the destructive process is the dominant one during the first period of

interaction with nitric acid but its intensity gradually decreased while the structuring process became
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Fig. 4. Change of the dispersion composition of OV obtained by interaction of flakes with nitric acid (fraction
0.40-0.25 mm) depending on the duration of the interaction. Curve 1 — OV fraction with size 0.63 — 0.40 mm;
Curve 2 — OV fraction with size 0.40—0.25 mm; Curve 3 — OV fraction with size smaller than 0.25 mm
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more intense. For flakes of fraction 0.40—0.25 mm which are characterized by significantly higher
surface area at the initial moments of its interaction with nitric acid, the structuring processes are
definitely the dominant ones which gradually decrease by intensity but anyway remain dominant until
the end of the reaction time (120 min). After 60 min of interaction, the percent part of the three OV
fractions (Fig. 2—4) remained the same.

The results obtained from the extraction of individual fractions of OV with acetone and hexane
indicated that the rubber component in the vulcanizate had undergone deep structural changes which
lead to the formation of polyfunctional products.

Fig. 5 sowsthe spectraofhexane and acetone extracts of OV with particle size up to 0.80 mm obtained

from initial flakes of fraction 0.80—0.63 mm. In both spectra, the functional groups characteristic for
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these products are present: carbonyl group 1750 cm’!, nitrate-ester group at 1630 cm™!, antisymmetric
and symmetric valent vibration of the nitro group at 1540 cm™ and 1380 cm™.

It is interesting to note that in the spectrum of the acetone extract (spectrum 2) the maximum of
the absorption corresponding to the nitro group had intensity higher than that corresponding to the
carbonyl group. In the spectrum of the hexane extract (spectrum 1), the ratio of the intensities of these
two bands was the opposite. It means that the hexane extract was obtained from a product which was

at earlier stage of the oxidative destruction of the rubber component.
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Conclusion

1. The following conclusions can be made on the basis of the results obtained.

2. The interaction between nitric acid and flakes of waste tyres characterized by relatively
monodispersed nature leads to the formation of oxidized vulcanizate (OV) with polydispersed
granulometric composition.

3. It was proved that the polydispersed composition of the oxidized vulcanizate is a result
of simultaneous processes of destruction and structuring. The dominance of one process over
the other strongly depends on the contact surface of the particles, temperature and the amount of
oxidizer.

4. The rubber component of the vulcanizates undergoes deep structural changes leading to the

formation of products characterized by chemical heterogeneity.
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Abstract. This work is devoted to identifying the patterns of influence of the vulcanization accelerator
N-cyclohexyl-benzothiazyl-sulfenamide (CBS) on the technological, physico-mechanical, and thermo-
physical properties of vulcanizates based on styrene-butadiene rubber. It was found that a decrease in
the content of the vulcanization accelerator decreases the maximum torque, and a noticeably longer
time is required for optimum vulcanization in the absence of CBS. The thermal conductivity in
vulcanizates increases with a decrease in the accelerator concentration due to changes in the structure
and molecular mobility of kinetic units. Physico-mechanical indicators increase with a decrease in the
concentration of CBS, this is due to a decrease in the apparent density of porous rubbers.
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AHHOTaIIHH. I[aHHaSI pa60Ta IIOCBANICHA BBIABJICHUIO 3aKOHOMepHOCTeI>i BJIHUSAHUSA YCKOPUTECIIA
BYyJIKaHHU3alluU CyJII)(l)eHaMI/Iﬂa H Ha TCXHOJIOTHYCCKUC, (I)I/IBI/IKO-MexaHI/I‘IeCKI/Ie n Tennotbmnqecxne
CBOIiCTBa BYJIKAHMU3aTOB Ha OCHOBEC 6yTaILI/IeH-CTI/Ip0J'II)HOFO Kay4dyka. yCTaHOBJ'IeHO, 4YTO CHUIKCHHUC
COACpIKaHUA YCKOPUTEIIA ByJIKAHU3alIU YMCHLIIACT MaKCUMAaJIbHBIN prTSlIIII/Iﬁ MOMCHT, a OIITUMAJIbHOC
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BpEeMsl ByJIKAHU3AI[H 3aMETHO yBEJIMYUBACTCS IIPH OTCYTCTBUU cyibderamua L. TertonpoBonHOCTD
B BYJIKAHM3aTax yBEJIMYMUBAECTCS C YMEHBIICHUEM KOHLIEHTPALlUY YCKOPUTENSI U3-3a U3MEHEHU S
CTPYKTYPbI U MOJIEKYJISIPHOM IIOIBUKHOCTU KMHETUYECKUX eAMHUL. PU3UKO-MEXaHUUECKUE [10KA3aTEIU
pacTyT ¢ yMEHbIICHHEM KOHLIEHTpaluu cyibpenamua LI, 3To cBI3aHO ¢ yMEHbILICHUEM KaxyIIencs
IJIOTHOCTH IIOPUCTBIX PE3UH.

KuroueBple cjioBa: ByJIKaHHU3AT, Kay4yK, MOpodop, YCKOPUTENb ByJIKaHU3alUH, cyabhenamun L,
1opooOpa3oBaHUeE.
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I.C. Pycckux, E.H. Epemun // XKypu. Cu6. denep. yu-ta. Texuuxa u texnonoruy, 2021, 14(2). C. 215-221. DOI: 10.17516/1999-
494X-0302

BBeaenne

PenentypocTpoeHne pe3HHOBBIX CMECEil SIBIISIETCS CIIOKHBIM BUIOM JIESITEIBHOCTH, HalPaBJICH-
HBIM Ha yJIy4IllEeHHe CBOWCTB BYJKaHM3aTOB. B 3aBUCHMMOCTH OT TpeOyeMbIX XapaKTEPUCTHK MOXKHO
MOy YU Th MaTepPUAIIbl PAa3IMYHOTO CIICKTpa Ha3HadeHus. Tak, AJis MOJIyYeHHUS HOPUCTHIX PE3HH OYCHb
Ba)KHO COIVIACOBaHME CKOPOCTH IOPOOOPA30BaHMS U ONITUMAJIBHOTO BPEMEHH BYJIKaHU3AIMH.

B xauecTBe MOMTMMEPHON MaTPHULIBI MOPUCTHIX PE3UH UCIOIB3YIOTCS Kay4yKH OOLIEro U CreIH-
aJIbHOTrO Ha3HadeHus. Kpome Toro, B cocTaB ByJKaHHM3aTa BXOAST HAIOJIHUTEIH, BYJIKaHU3Y OIS
CHCTEeMA, CTAOMIIM3UPYIOIIAs CHCTEMA H CIIeLIMATbHbIE KOMIOHEHTHI [1].

HamnonmHuTe M A5t MOPUCTHIX PE3UH JOJDKHBI ObITh HHEPTHBIMH HJIM MaJIOAKTHBHBIMH, C HEOOJIb-
IO yJEeNbHOM NOBEPXHOCTHIO. A BYJIKAHU3YIOIIAs CUCTeMa OOBIYHO COCTOHT U3 BYJIKAHU3YIOIIETO
areHTa, yCKOPHUTEIsl M akTUBaTopa ByJKaHu3auyu. Hanbosee nomynsipHbIM BYJIKAHU3Y IOIUM areHTOM
sBIIsIeTCA cepa. [Ipu onpeaeieHHOM JIaBJICHUH U TEMIIEPaType OHA CBA3BIBACTCS C MOJICKYJIaMH Kay-
4yyKa, B pe3yJIbTare MPOMCXOJUT «CIIMBAHKUE) ToJIMMepa U 00pa3yloTcsi CepHble «MOCTUKMY. [IpoayKT
HMEET CEeTYATYI0 CTPYKTYPY M UMEHYETCS 371aCTOMEPOM (BYJIKAHU3aTOM).

JUist mydiiero JucneprupoBaHus MHIPEAUEHTOB U MOBBILICHHS CTEIICHH CLIMBAHUS KaydyKa BBO-
JSIT pa3IndHbIe AKTUBATOPHI ByJIKaHW3anu. OHU MOTYT OBITh OPraHUYECKHMHU U HEOPTaHUIECKUMHU.
B kauecTBe OpraHM4eCKHUX aKTUBATOPOB MCHOJIB3YIOT XKUPHBIE KHCIIOTHI (CTEAPHHOBAS, OJICHHOBAS),
a B KQ4eCTBE HEOPraHNYECKIX aKTHBATOPOB IPUMEHSIOT OKCHIIbI METAIJIOB (LMHKA, MarHus) [2].

OTnesbHOE BHUMAaHHE CTOUT YJICNIUTh YCKOPUTENSIM ByJikaHu3auu. OHU 0oJ1ee CII0KHBIE 10 XHU-
MHYECKOMY COCTaBY, FOpa3lo pa3HoOOpasHee 10 KJIacCU(PUKALMH U UTPAIOT OHY U3 BAXKHBIX POJICH
B IIpoliecce ByJIKaHU3auy. JlaHHbIi HHIPEAUEHT CIIOCOOCTBYET yIyUlIeHUIO (PU3NKO-MEXaHHMUECKUX
CBOIICTB M YCKOPEHUIO IIpoLecca ByJKaHM3aUUU. B 3aBUCHMOCTH OT XMMUYECKOM MPUPOJIBI YCKOPHU-
TEJIN Pa3ASIIAIOTCS Ha CIEAYIOMNE IPYIIIbL:

— JHUTHOKapOOMAThI — IPOAYKTHI HA OCHOBE COJICH TUTHOKapOAMHHOBBIX KHUCIIOT;

— TUypaMmcynb(uIbl — MPOAYKTHI OKHCICHUS JUTHOKapOOHATa HATPHS OKCUAAMU a30Ta MU
MPOIYKTHI €ro B3aUMOJCHCTBHS ¢ HOCTeHOM;

— THA30JIbl — MPOJYKThI KOHJICHCAI[UU aHUJINHA C CEPOYTIIEPOIOM U CEPOid B MPUCYTCTBUH HHU-
TpoOeH3011a;

— CyJb(peHAMUIbI — OKUCIICHHE IIPOJYKTOB B3aUMOJACHCTBHSI MEPKAIITOOCH3THA30J1a C aMUHOM;

— TYaHUIHMHBI — IPOAYKTHI B3aUMOJICHCTBUSI aMMHUaKa ¥ IPOU3BOIHBIX THOMOYCBHHBI;

— aJbJIerHJJAMHHBI — MIPOAYKTHI KOHJICHCAI[MHU aJIbJICIHJIOB )KUPHOTO Psijia C apOMaTHUYECKUMHU

iR8%8 aHI/I(l)aTI/I‘IeCKI/IMI/I aMUHaMMH;
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— KCaHTOT€HATHI — MPOAYKTHI B3aMMOACHCTBHUS CEpOYIJIEPOAa CO CIIUPTAMHU B IPUCYTCTBUH IIIe-
Jouwm [3].

[Iponopuuu BBEACHUSI MOT'YT OBITh pa3lIWYHBIMH. B 3aBUCHMOCTH OT COAepKaHUSA YCKOPHUTEINS
U Cephl CYIIECTBYIOT TPU THUIIA BYJIKAaHU3YIONINX CHCTEM, IIPEICTaBICHHBIX B Ta0n. | [4]. B 3aBucu-
MOCTH OT c(pepbl IPUMEHEHHU ST TOTOBOI'O M3JIEJIUS JUUIsl TIOPUCTHIX PE3UH MOT'YT MCIIOJIb30BAThCS BCE
TUIIBI BYJIKAHU3ALMOHHBIX CUCTEM.

ConeprkaHus ByJTKAaHU3YIOIIET0 areHTa U yCKOPUTEN A BYIKaHU3AIUK BapbUPYIOT OTHOCUTEIBHO
Ipyr npyra [5—8]. B To ke BpeMs HCITOIb30BaHUIO B KAYECTBE YCKOPUTEIIS BYJIKAaHU3AIHUH CYIb(peHa-
Mmua I B HOpHUCTHIX pe3suHax yaensieTcs SBHO HeAOCTaTOYHOE BHUMAaHHE.

[ToaToMy uccnenoBaHust BIUSHUS KOHLIEHTpALUMi YCKOPUTENEeH By IKaHU3allMU Ha CBOMCTBA I10-
PHUCTBIX PE3UH aKTyabHBI.

Lenb paGoOTHI — BBISIBIICHHE 3aKOHOMEPHOCTEH BIUSHUS YCKOPUTEINS ByJTKaHH3AIUHU CyJIb(eHa-
muza 1] Ha TexHosjornyeckue, GPU3NKO-MEXaHUUECKUE U TEIUIO(HU3UUECKUE CBOMCTBA BYJIKAHU3ATOB
Ha ocHOBe OyTanueH-ctuposbHoro kayayka (CKMC-30APKITH).

OObeKTaMH HCCIIEIOBAHUS SIBJISUIMCH PE3UHOBBIE CMECH M BYJIKAHU3aThl HA OCHOBE OyTajHeH-
CTHUPOJBHOTO KaydyKa C Pa3iIUYHBIM COJICPKAHUEM YCKOPUTENS BYyIKaHHW3alUU cylb(eHaMuga
1. Perienitel pe3uHOBBIX CMECEH MpeacTaBieHb! B Tad. 2. B kadecTBe 3Taj0Ha ObLI B3ST PELCHT IS

OyTaJIueH-CTUPOIBHBIX TIOPUCTHIX pe3uH [9].

Tabnuua 1. Kinaccudukanus ByJIKaHU3YIOIUX CUCTEM

Table 1. Classification of vulcanization systems

THII CHETEMbI ConepikaHue cepsl, CopnepxaHue yCKOpUTEs, Vexoputens/eepa
Mac. 4. Mac. 4.
CepHas (cTaHIapTHas) 2,0-3,5 1,2-0,4 0,1-0,6
HonyaddexrnBHas 1,0-1,7 3,5-1,2 0,7-2,5
DddexTuBHAS 0,4-0,8 5,0-2,0 2,5-12,0
Ta6nuua 2. PenenTypa pe3nHOBOH cMecH
Table 2. Test compound formulation
OraoH 1 2 3
HaumenoBanue nHrpeareHTa Conepxanue, Mac. 4., Ha 100 mac. 4. kayuyka
Kayayx CKMC-30APKITH 100,0
Texuuueckuii yriaepon [1803 40,0
Okcup nuHKa, ZnO 3,0
Cynbsdpenamun L, CBS 1,5 0 0,5 1,0
[Mnactuduxarop XI1-470A 40,0
Huaden OI1 2,0
Cepa 2,5
Azopuxapbonamug, YX3-21 6,5
Bcero: 195,5 194,0 194,5 195,0
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W3roToBneHne pe3WHOBBIX CMecedl MpOBOAMIM Ha JabopaTopHBIX Bajblax Ttuma LRMR-
SC-150/0 ¢ ¢puxmueii Bankos 1:1,14, mpu temneparype 50 °C. ByiakaHU3aUIO IPOBOINIHN B J1BA
srama. Ha mepBom sTame mpoBoAWIu noamnpeccoBky npu nasinenun 0,25 Mlla Temneparype 165 °C
B TeUeHHE 5 MUH. BTOpOIii 3Tan — HenocpeacTBEHHO U3rOTOBJIEHNE 03 IPUIIOKCHUSI TaBJICHUS, TEM-
neparypa 165 °C B TeueHHE ONTUMAJIBHOTO BPEMEHH BYJIKaHU3ALNHU. J[J11 H3rOTOBJICHUS ByIKaHU3A-
TOB MCIIOJIB30BAJIM THPABINYECKH Tpecc Mapku Joos-Quality-Press.

TexHoNOrMUeCKne CBOMCTBA OMpPENENsIM C MOMOILIbI0 Oe3poTopHOro BuOpopeomeTpa D-RPA
3000 mpu Temnepatype 160 °C B Teuenue 120 muH B coorBeTcTBHH ¢ MeToaukoil ASTM D5289-17.
Terodusnyeckue cBoicTBa n3Mepsiiiu ¢ npuMeHennem npubdopa UTC-1 B COOTBETCTBUM C METO/IH-
kot 'OCT 7076. [nst BeIsiBiIeHUsT HU3UKO-MEXaHUUECKUX CBOMCTB HCIIOJIB30BAIHM PA3phIBHYIO Ma-
muHy Mapku zwick/roell, ckopocts pactsikenus 500 MM B MUHYTY, UCIIBITAHHE TPOBOAMIIN B COOT-
BercTBUH ¢ MeToaukoit [OCT 11721. Kpome Toro, ycTaHaBIMBaIH CONPOTHUBIICHHE CKATHIO 00pa31ioB
B cooTBeTcTBUHU ¢ MeTonukor 'OCT 20014 nmpu 50%-Ho# cTeneHn CKaTusi OT MAKCUMaIbHOU BBICOTHI
o0pasna, BpeMs BBIJICP)KKH 00pa3ia B ¢xkaToM cocTosiHu 60 +/- 6 c. Kaxymryrocs INIOTHOCTB OITpe-

nenstan B coorBeTcTBuH ¢ MeTonukoit 'OCT 409.

Pe3yabTaThl 3KCIEPUMEHTOB H HX 00CYK/AeHUE

Pe3ynbraThl BIUSHUS CONEPKAHNUS YCKOPUTENS BYJIKAaHU3AIMH HA CBOMCTBA PE3NHOBBIX CMEceH
Y BYJIKAHM3ATOB IIPUBEICHBI B Ta0II. 3.

Ilo pesynbraraM MCHBITAHUH BUIHO, YTO MJIOTHOCThH CUIMBKH MOJUMepa (Pa3HOCTh KPYyTSIIUX
MOMEHTOB) MaKCHMallbHas B 3TAJIOHHOM oOpasue. [lomydeHHble JaHHBIE KOPPETUPYIOT C COAepKa-
HUEM YCKOPHUTEIIS BYJIKAHU3AIMK U MOATBEPKAAIOT HAIMYUE JOTOJHUTEIBHBIX CBSI3EH MEXIy BYII-
KaHU3YIOIEH CHCTEMOi M KayuykoM. Bpemsi Hauana ByJlKaHH3allMM XapaKTepH3yeT CIHOCOOHOCTH
PE3MHOBOI CMECH K IPEKIEBPEeMEHHOI ByJkaHn3auuu. [lodydeHHbIe pe3ynbTaThl HE 3HAYUTEIBHO
Pas3IMYaIOTCs MEXy COOOH.

OnTuManbHOE BpeMs ByJIKAHH3AIHUK caMoe Oobloe y oOpasia 6e3 yCKOPUTEIs ByJIKaHU3AIUH,
MOKa3aTeIl OCTaIbHBIX BYJIKAHM3AaTOB OJU3KH K 3TAJIOHHOMY 00pa3ity. OTcroja MOXKHO IPUHTH K 3a-
KJIIOYEHHIO, YTO 111 3(PEKTUBHOTO CHIDKEHHS ONTHMAJIBHOIO BPEMEHHN BYJIKAHU3AIUH JIOCTATOYHO
BBeCTH HeOoubIoe KoaudecTBo (o1 0,5 Mac. 4.) cyashenamuaa L.

Hccnenys nomydeHHbIE Pe3yIbTaThl TEIUIONPOBOIHOCTH, CTOMT OTMETHTD, YTO JAHHOE CBOWCTBO
3aBUCHUT OT MapKH Kay4yyka, MapKH HAIOJTHHUTEJISI U €T0 COACPKaHUs, a TAK)Ke OT KOJTUYECTBA OKCHIa
nuHKa [10]. YanTeiBast, 4TO B JAHHBIX BYJIKAaHU3aTaX BapbHPOBAJIO TOJIBKO COJAEPKAaHNE YCKOPUTEIIS
BYJIKaHU3AI[MU, MO)KHO TIPUHTH K BBIBOIY, YTO CTPYKTYpPa M MOJICKYJISIpHAsI TIOIBUKHOCTh KMHETH-
YECKUX SIMHHUII ONPEICIISIIOT TeIUIopu3ndeckue cBorcTBa oopasnos [11]. [loaTomy ¢ yMeHbIICHHEM
cozepkanus cyibpenamua L] TeronpoBoHOCTh YBEIHUYNBACTCSL.

YMeHbIIEHNEe KOJIMYECTBA YCKOPHUTENS BYJIKAaHU3AIMU CHIDKACT YCIOBHOE HAIPSDKCHHE IPH
300%-HOM yUIMHEHUH, YBETUIUBACT IPOYHOCTD MPHU PACTSHKEHUN U OTHOCUTEIBHOE yITIMHEHHE IPU
paspsiBe. [lomyueHHbIe TaHHBIC KOPPEIUPYIOT C pe3yIbTaTaMy IIPH CKaTHH. B TO ke BpeMst BBeJJeHNE
YCKOPUTEJIS ByJIKAHM3AIMH B OOBIUHBIX BYJIKAHM3AaTaX YBEJINYUBACT (PU3UKO-MEXaHUUYECKHE TI0Ka3a-
Tenu. B ciryyae mopucThIx pe3suH HaOmrogaeTes MPOTHBOIIOJIOKHAS KAPTHHA.

CTouT y4yecTb, 4TO BO BpEMsi CEpHOIl ByJIKAHM3aLUU 0€3 YCKOPUTEIsi 00pa3yloTCs MOJIUCYIIb-

¢unnble nonepeunsie csizu. C nodasienneM cynbpenamuia L, kpome nonucyabpuIHBIX, 00pasy-
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Tabnuua 3. Pe3ynbraThl HCIIBITAHHH

Table 3. Results of testing

OranoH 1 2 3
TexHoJIOTHUECKHE CBONCTBA
MuHUMaTBHBIN Kpy AN MOMEHT, dH-M 0,13 0,08 0,12 0,18
MaxkcuMabHbBIH Kpy Tt MoMeHT, dH-m 10,79 6,74 8,12 9,08
Pa3znocTh kpyTsmmx MomMeHTOB, dH'M 10,66 6,66 8,00 8,90
Bpewmst Hayana Byi1kaHU3aLUKM, MUH 5,80 6,54 7,18 6,44
Bpewmst noctuxenust 50%-Hoii cTeneHu ByJKaHU3AUU, MUH 14,57 14,55 13,54 12,18
OnTtuManbHOe BpeMs ByJakaHuzanuu (t90), MUH 24,07 32,09 22,32 19,26
IMokasaTesb CKOPOCTH ByJIKAHU3ALUH, MUH"! 5,47 3,91 6,61 7,80
Tennogpusnyeckue CBOWCTBA
TennonpoBoaHOCTE, BT/M'K 0,0851 0,1222 0,1502 0,1333
Du3NKo-MeXaHUYECKUE CBOICTBa
Ycnosnoe Hanpsikenue mpu 100%-Hom yanunenuu, Mlla 0,23 0,28 0,22 0,21
Ycnosnoe Hanpsikenue npu 200%-1om yaiaunenuu, MIla 0,50 0,48 0,39 0,35
VYenosHoe Hanpsikenue mpu 300%-1oM yanuHennu, MIla 0,84 0,71 0,58 0,51
[IpounocTs npu pactsokeHuu, MIla 0,99 2,13 1,65 1,40
OTHOCUTENBHOE YATMHEHHE TIPU pa3peiBe,%o 351,1 743.5 7229 689,0
Cuna cxatusi, H 190,02 394,95 325,5 509,98
Conporusnenne cxatuto, MIla 0,216 0,445 0,387 0,575
Kasxymascst ioTHOCTb, KI/M> 381,87 506,52 521,69 593,37

Tabnuua 4. DHeprust CBsI3U IS PA3TUYHBIX THIIOB ITONEPEYHBIX CHIMBOK [12, 13]

Table 4. Bond energy for various types of cross-linking [12, 13]

Tun cBsizu CxeMaTnveckoe n300paxeHue DHeprust cBsi3H, K/x/Moib
[onmucynbdunnas -C-S,-C- <270
Jucynbdunnas -C-S-S-C- 270
MonocynbhunHas -C-S-C- 285
Yraepoa-yriaeponHas -C-C- 350

FOTCS CIIE U YTIIEPO-yTIICPOIHBIC, MOHO- U TUCYJIb()UIHBIC TONEPEYHBIC CBSI3H. TaKKe THIIBI CIIHBOK

XapPaAKTCPUBYIOTCA 0oJiee BLICOKUMHU OHEPrusdMHu CBA3U, YKa3aHHBIMU B TadII. 4.

HOJ’Iy‘IeHHHe PE3YIbTAThI MMOKA3bIBAIOT, YTO YEM BBILIC JHCPrusd CBA3U, TEM JIYUIIEC IMPOTEKaA-

€T n0p006pa30BaHHe a30HI/IKap6OHaMI/I,Z[a. HOpI/ICTOCTB 2JIaCTOMEpa YBCIIMYMBACTCA, U KaXXylIasACa

IJIOTHOCTh YMECHBIIACTCA.
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3akjaoueHune

YCTaHOBIIEHO, YTO CHUKEHHE COAEPKAHUS YCKOPUTENS ByJIKaHU3AIUU YMEHbIIAeT MaKCUMAalb-
HBIH KPyTSALIUA MOMEHT, & OITUMAJIBHOE BPEMSI BYJIKAHU3ALUU 3aMETHO YBEJIUYUBACTCS IIPU OTCYT-
cTBUM cyiabpenamunaa L1,

TeronpoBOAHOCTS B ByJIKAHU3aTaX yBEJIUUNBACTCS C YMEHBUIEHUEM KOHLEHTPALIUY YyCKOPUTE-
JIs1 U3-32 U3MEHEHHS] CTPYKTYPbI U MOJIEKYJISIPHOW MOABUKHOCTU KNHETUYECKUX €IUHULL.

du3MKO-MEXaHNYEeCKHEe NIOKa3aTell PacTyT C YMEHbUICHUEM KOHIIEHTpaluu cynbdenamua 11,

OTO CBA3aHO ¢ YMCHBIICHUCM Ka)KyH.IGﬁCSI IIJIOTHOCTH 06pa3u013.
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Abstract. In this article investigates the effect of the content of plasticizers on the properties of rubbers
based on rubber BNKS-18 AMN. The traditional, widely used dioctyl phthalate (DOP), as well as the
more modern, environmentally friendly dioctyl terephthalate (DOTP), were used as plasticizers. It
has been established that the introduction of plasticizers contributes to the production of rubbers with
an improved complex of operational properties, such as elasticity, frost resistance, resistance to the
corrosive media SZhR-3. At the same time, according to the research results, it was revealed that the
introduction of plasticizers in an amount of 20 phr leads to the most noticeable improvement in these
properties. In terms of physicomechanical and low temperature properties, the samples containing
DOTP significantly exceed those of the samples containing DOP. Thus, our data showed that the use
of DOTP is promising as an alternative to the widely used DOP.
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Bausinue CoaepKaHusA U IIPUPOABI HJIaCTI/I(l)I/IKaTOpa

Ha CBOICTBA OyTaAMeH-HUTPUJIbHOM Pe3HHBbI

B.B. I1aBaosa, M. /I. CoxosioBa, A. ®. ®eopoBa
Hucmumym npoonem negpmu u 2caza CO PAH
QUL «Axymckuu nayunoviti yenmp CO PAH»

Poccuiickas ®@eoepayus, Axymck

AHHOTanus. B 1anHOI cTaThe HCClIeIOBAaHO BIMSHUE CONCPKAHUS IIACTU(DUKATOPOB HA CBOM-
cTBa pe3uH Ha ocHOBe Kayuyka BHKC-18 AMH. B kadecTBe miacTugpuUKaTOPOB UCIIOIb30BAHEI
TPaAUIHOHHBIA, IIHPOKO MpuUMeHseMbIi nuokTuidTanat (JOD), a Takxke 6oee COBpEeMEHHBIN,
skonoru4dHbIi nuoktuntepedranar (JOTD). YcraHOBIEHO, 9TO BBEICHNE MIACTH(HUKATOPOB
CTIOCOOCTBYET MOIYUYECHHUIO PE3UH C YIIydIIEHHBIM KOMIIIEKCOM KCIITYaTaIl[IOHHBIX CBOWCTB, TAKMX KaK
AIIACTHYHOCTH, MOPO30CTOMKOCTH, CTOWKOCTH K cpexe CIKP-3. Ilpu aTom 1o pe3ynbrataM HCCISIOBAHUN
BBISIBJICHO, UTO BBENICHHE IIITACTU(PHKATOPOB B KommdecTBe 20 MaccH. MPUBOIUT K HANOOIIEe 3aMETHOMY
YIYUIIEHUIO 3TUX CBOMCTB. 10 pHU3nKO-MEXaHNYECKUM U HU3KOTEMIIEPAaTyPHBIM CBOMCTBAM 00pas3Iibl,
cozmepxamte JJOT®, 3aMeTHO IPEeBOCXOAAT TIOKa3aTeIl 00pa3ioB, comepxanux 0. Takum odpazom,
MOy Y€HHbIE HAMH JJAHHBIE TIOKa3aJIu nepcreKTuBHOCTS npuMeneHus JJOT® B kadecTBe aqbTepHATHBBI
mupoko npumensemomy J10O.

KurroueBble €JI0OBa: 3JIaCTOMEPHI, MOPO30CTOUKOCTb, Oy TaAMECH-HUTPUIIBHBIN Kay4dyK, IIaCTUPUKATOP,
(U3NKO-MEXaHMUECKUE CBOMCTBA.

Hutuposanue: [1apiosa, B. B. BiusiHue cojaepxanusi ¥ pUpoIbl MIacTU(GUKATOpa HA CBOWCTBA Oy Ta HeH-HUTPUIIBHOMN
pesunsl / B.B. ITaBnosa, M. JI. Cokoioa, A. ®. ®enoposa / Kypu. Cub. denep. yH-ta. Texnuka u rexnosoruu, 2021, 14(2).
C. 222-232. DOI: 10.17516/1999-494X-0303

Beenenue

[MnacTudukaius SBIASETCS OAHUM U3 BAXKHEHIIMX METOAOB MOAM(DUKAIIMK CBOMCTB MOJUMED-
HBIX KoMno3uiuii. C pa3BUTHEM IIPON3BOJICTBA MIACTOMEPHBIX MaTEpPHAJIOB POJIb IJIACTH(UKATOPOB,
NPUMEHSIEMbIX IIPU UX TepepaboTKe, 3HAaYUTENILHO Bo3pocia. Beenenue miactudukaropa yiydiaeT
TEXHOJIOTHYECKHE CBOWCTBA, CIIOCOOCTBYET PACIPECICHHUIO ChIITyUYNX HHTPEIUEHTOB B PE3MHOBBIX
cMecsix. [IpaBuiibHBIN BEIOODP THIIA M KOJMUYECTBA IIACTH(UKATOpPA MO3BOJISIET CYIECTBEHHO ITOBBICHTh
3JIACTUYHOCTH, MOPO30CTOHKOCTh, HErOPIOUECTh, CHU3UTH TEINIOOOPAa30BaHNE PH MHOTOKPATHBIX
Jnedopmalisx, COXpaHUB MIPH TOM BBICOKHI YPOBEHb IPOYHOCTHBIX CBOWCTB. Ha BBIOOD mitacTu-
(DUKATOPOB BIUSET Psii HECKOJIBKHUX TPeOOBAHNI: OHH JOJIKHBI COBMEIIATHCS € KaydyKoM, 00magarh
BBICOKOI XMMHYECKOH CTOMKOCTHIO M BHICOKON 3()()EKTHBHOCTHIO TIACTU(PHUIIUPYIOIIETO ACHCTBHS.
Kpome Toro, kak XMMHYECKHE BEIIECTBA, C KOTOPHIMHU padOTaET YeJIOBEK, OHU JAOJDKHBI OBITH O€3-
OIAaCHBIMHU: HETOKCUYHBIMH, JTMIICHHBIMU 3aliaxa 1 1BeTa 1, HAKOHEll, JIaCTU(PUKATOPHI TOJIKHBI
HUMETh HU3KYIO CTOUMOCTb.

AHaJH3 IMTEPaTyPHBIX JaHHBIX ITOKa3aJl, YTO B OTEYECTBEHHON PE3NHOBOW IIPOMBIIIICHHOCTH
BIUIOTH 710 1970 T. acCOPTUMEHT ILIACTU(PUKATOPOB M MATYUTENICH OBIT KpaifHe OrpaHHYCHHBIM,
HO B MIOCJIC/IHUE T'O/Ibl HAYaJIM BHEAPSITHCSI HOBbIE COBPEMEHHbIE MIaCTU(PHKATOPBL. [IOMUHHUPYIOLLY O
4acTh B MPOU3BOJICTBE TTACTH(PHUKATOPOB COCTABIISIIOT 3PHUPHI 0-PTaTICBOH KUCIOTH (PTanaTel), OHU
3aHuMaroT oosee 80 % prIHKA POCCHIICKOI MPOMBIIIICHHOCTH. [IepBoe MECTO 10 BBIMTYCKY H MOTpPE-

6nennto 3annmaeTt quokTuidranar (JJOD). On xopomio coBMeniaeTces ¢ KayduyKaMu 1 00ecriednBaeT
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HeoOXouMble (PU3NKO-MEXaHUYECKHE U JIUAIEKTPHUECKUE CBOMCTBA pe3uHaM. OJIHAKO UMEET IOBbI-
MICHHYIO JICTYYECTh U yXYAIIAeT OTHECTOHKOCTE Pe3uH. MOPO30CTONKOCTE pe3UH 00SCIIeUnBACTCS
nunrs 10 munyc 40 °C [1].

B Hacrosimee BpeMsi pIHOK TIACTH(PHUKATOPOB U 001aCTH UX IPUMEHEHH S HAXOISATCS TIOJT BITUSTHU-
€M CTPOTHX TUPEKTHB II0 OXpaHe OKPY KAIOIIel Cpe/Ibl U 3I0POBhS yenoBeka. PerynupoBanue ocymect-
Bisiercst EBponeiicknm CoBetom o miractudukatopam u narepmennaram (ECPI — European Councilfor
Plasticizers and Intermediates). B pe3yasrare npoBeaeHHbIX ucnbiTanui npumenerue 10® B Espore
CHIDKEHO B CBSI3H C HETaTHBHBIM BIUSHUECM Ha OpPraHU3M YelioBeKa (kiace onacHoctd — 2) [2]. [loatomy
OJIHOW M3 aKTyaJIbHBIX 3a/1a4 SIBJISETCS TIOMCK aJIbTEPHATHBBI IAHHOMY IIacTudukaTopy. B mocnennee
BpeMsl yaemsieTcss ocoboe BHUMaHue nuoktmiaTepedTanaty (JOTD) kak Hamboee MepCHeKTHBHOMY
3amenuTelto JJO®D Onaronapsi aHaIOrMUHBIM IIACTU(QHULIUPYIOIUM CBOHCTBAM IPH CPABHUMOW CTOH-
Moctu. Takxke JJOT® cunraercs 3KOIOTHYECKU O€30MacHBIM (Ki1acc omacHOCTH — 3) [3].

B cBsi3u ¢ 9THM MPEACTaBISIIO HHTEPEC PACCMOTPETh BOZMOXKHOCTH 3ameHbl JIOD B penenty-
pe cranmapTHOil pe3uHoBoil cmecn Ha JJOT®. Llens naHHO# cTarhy — MoxO0p OE30IaCHOTO M Iep-
CIEKTHUBHOTO ITacTH(HUKATOPA B3aMEH IIHPOKO IPUMEHIEMOMY, cepuiiHoMy tuactudukaropy 10D,
a TaK)Ke MMPOBEICHIE CPAaBHUTEIBHBIX UCCIICAOBAHUN BIHSHUS COEPKAHUS H IIPUPOJIBI INTACTHDUKA-

TOPOB Ha IKCILTyaTAIlHOHHBIC CBOWCTBA PE3MH HA OCHOBE OyTaIHCH-HUTPHUIIBHOTO KaydyKa.

MarepuaJjibl 4 METObI HCCJIEI0BAHUS

B kauecTBe 00BEKTa HCCIIENOBAHMS BBIOpaH OyTaJWCH-HUTPWIBHBIM KaydyyK MapKH
BHKC-18 AMH. N3nenust Ha OCHOBE TaHHOTO KayuyyKa COYETAIOT BHICOKYIO MacloOeH30CTOUKOCTh
U yJIOBJIETBOPUTEIBHYIO MOPO30CTOMKOCTS [4, 5].

B rabnure 1 npuBeneHbl BaxHEHIIME OKa3aTenu ucclienyeMbix riactudukaropos JOD (Ku-
tait) u JIOT® (Poccus, OOO «CUBYP»). JlanHble NpuBeAEHB B COOTBETCTBHH C ITACHOPTAMHU Kaye-
CTBA UCCIIEIYEMbIX TIACTH()HUKATOPOB.

Kak u3BectHoO [6], TutacTuduuupyiomee AeHCTBHE TIACTUPHUKATOPOB 3aBUCUT OT XHMUYECKOTO
CTPOEHHUSI, CIIOCOOHOCTH MOJIEKYJI K KOH(OPMAIIMOHHBIM U3MEHEHHSIM U TEPMOJIMHAMUYECKOTO CPOJI-
CTBA IUTACTU(PHUKATOPOB K NOIUMepy. Mrpaer poib Takxke NpupoJa aTOMOB, BXOISIINX B MOJICKYJTY,

HOJIIPHOCTH CBsA3€H, pazmep u popma Mosekys miactudukaropa. Eciu cpaBHUTH XUMHYECKOE CTPO-

Tabnuna 1. CpaBHHTENBHAS Tabnnna mokaszarenei miactudukaropos 10D u JOTD

Table 1. Comparative table of indicators of plasticizers DOP and DOTP

No IToka3zarens J0D J1O0TD
1 Mornekynsipaast Gopmyiia Cy4H3304 C,4H3304
2 | MonekymspHas macca, I/MOJib 390,56 390,56
3 [Tnotrocts mipu 20 °C, r/em? 0,9852 0,9813
4 | Bsaskocts npu 25 °C, MIla-c 54 63
5 | Taens °C 205 228
6 | Tuer, °C -50 -48
7 | Kumacc omacHocTn 2 3
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enue J10® u IOTD, To OHU OTIUYAFOTCS JIHUIIb [TOJOKCHHEM paanKaia B OCH30JIbHOM KOJIBIIE, T.C
SIBJISIFOTCS CTPYKTYPHBIMU H30MepaMu (OpTO- U Tapa-u3oMepsl) (puc. 1).

Jlitst onieHkH 3 GEKTUBHOCTH UCCIIEYEMBIX IIACTU(PHUKATOPOB pa3paboTaHbl PeLENTypbl Pe3u-
HOBBIX CMecel ¢ y4eTOM PEKOMEH/I0BAaHHON cTaHAapTHOH cMecH [7]. ConepkaHue Mm1acTuuKaTopoB
BapbrpoBaiock oT 0 10 20 macc.y. Ha 100 macc.u. kayuyka (TadJ. 2).

CMmemnBany KOMIIOHEHTHI Ha JabopatopHbIx Banbiax Cm 350 150/150 (KHP) B reuenne 40 muH.
BynkaHuzamnuio 00pa3ioB IpoBoauIu npu Temieparype 155 °C B reyenne 20 MUH Ha BYJIKaHHU3AIH-
onHoM rnipecce 100—400 2D (Poccus).

Komrmieke uccienoBaHuil M1acTU(HUIIMPOBAHHBIX PE3UH BKIIIOYAN CIENYIOIINE WCIIBITAaHHS:
omnpenenenne Gpusnko-mexanndeckux csoicts (ISO 37-2013), onpeneneane kod3pPunnreHTa Mopo3o-
croiikoctu nipu pactsikeHuu (Ky) (GOST 408-78), onpenenenue tBeprocty no A. lopy (ISO 48—
4:2018), onpenenenue creneHn HaOyxaHus B cpene cTanaapTHoi xxuakoctu COKP-3 (ISO 1817:2016).

CTpyKTypHBIE HCCIEOBAHUS MTPOBEICHBI C TIOMOIIBIO PACTPOBOTO IEKTPOHHOTO MUKPOCKOMA
JEOL JSM 7800F (SImonwmst) ¢ ycKopsioluM HampsbkeHneM B 2kB. MccnenoBanue MeTo0M pacTpo-
BOI AJIeKTPOHHOI MuKpockonuu (POM) ocyiecTBieHO Ha HU3KOTEMIIEPAaTyPHBIX CKOJIax 00pa3loB
PE3UH ITPH OMOIIN BTOPUYHBIX JJICKTPOHOB.

Jlunamuueckre HCOBITAaHUST pe3uH npoBeneHbl Ha npudope RPA 2000  dupmbr
«AlphaTechnologies». J[nHaMuueckoe Harpy>KeHHE BYJIKAHHU3aTOB IMpPH pa3HbIX yacTorax (ot 0,1

1o 20 I'p) mposeaeno mpu temmeparype 80 °C u ammuturyae nepopmanuu 10 %.

0

3 HiC U/\E\/\CH:;
0 CHs HaC\/\J\/U CHs
S Mg T

[ ] o]

Puc. 1. Xumuueckoe cTpoenue miactudukaropos: a — J0D; 6 — IOTD

Fig. 1. Chemical structure of plasticizers: a— DOP; 6 — DOTP

Tabnuma 2. PerienTypsl pe3MHOBBIX CMECCH

Table 2. Rubber compounding formulations

Maccosbie yactu Ha 100 Macc. 4. Kaydyka
Ne WHrpenvenTsl
1 2 3 4 5 6 7
1 |BHKC-18 AMH 100 100 100 100 100 100 100
2 | TY N550 50 50 50 50 50 50 50
3 |IInmacrudukarop JOD - 10 15 20 - - -
4 | Inactudukarop JOTD - - - - 10 15 20
5 Oxcuj uHKa 1,5 1,5 1,5 1,5 1,5 1,5 1,5
6 | CreaprHOBasi KUCIOTA 1,5 1,5 1,5 1,5 1,5 1,5 1,5
7 |Cepa 2,0 2,0 2,0 2,0 2,0 2,0 2,0
8 Kanraxkc 5,0 5,0 5,0 5,0 5,0 5,0 5,0
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Juddepenunanbupiii  ckanupyromuid - kamopumerp DSC204 HP/1/G  Phoenix  ¢upmsr

«NETZSCH» ucrnonb30Baiu JIIs OIPEIEICHIs TEMIIEpaTypbl CTEKJIOBAHUST 00pa3IOB.

Pe3yabTaThl H 00CyKAEHUE

Pe3ynbraTel UcciieIoBaHUN (PU3UKO-MEXaHHMYECKUX CBOWCTB pe3uH Ha ocHoBe BHKC-18 AMH
B 3aBHCHUMOCTH OT pa3iudHoro coaepkanus ruactuduraropos 10D n JJOTD mnpencrasieHbl
B Ta0I. 3.

Hannable Tabn. 3 mOKa3eBalOT, 4TO BBeAeHue mactudukaropoB JOD u JJOTD obecneunBaet
YPOBEHB JAOMYCTUMBIX 3HAUEHUN IKCITyaTallHOHHBIX CBONCTB A YIUIOTHUTEIBHBIX pe3uH. Kak Bu-
JIUM, TIpY BBEJCHMUHU ILTacTH(UKaTOpoB B KosndecTBe 10 Macc.y. MoKa3aTeiln yCIOBHOW IPOYHOCTH
COIOCTaBUMBI C IT0Ka3aTeNsiMU 00pasia, B KOTOpbIH He ObLT BBe/leH TuacTudukarop. C yBelndeHuem
COZIeprKaHUs IUIACTU(PHUKATOPOB B PE3MHAX HAOJIONAETCS HE3HAUUTEIBHOE CHUIKEHUE IPOYHOCTHBIX
noKasaresei, a Tak)Ke CHIKeHHe nokaszareseid Hanpsokenust npu 100%-HoM yasimHeHun Gojiee uem
B 2 pasa. [Ipenmonaraercs [8], 9To CyIIeCTBEHHOE BIHMSIHUEC HA MEXaHUYCCKUE CBOWCTBA ILACTU(DU-
UPOBAHHBIX MOJIMMEPOB OKa3bIBaeT MexaHU3M ractudukanuu. Tak, BBeneHHe miacTudukaropa,
MOJIEKYJISIPHO PACHPEAEICHHOIO MEXAY HENsIMHU TOJIMMepa, MPUBOANUT K YBEIHMYECHHIO CBOOOJHOTO
o0beMa, MPOIOPIHOHAIBHOIO KOJIMYecTBY TuiacThudukaropa. Takum o0pa3om, CHHUKEHHUE 3HAUCHHH
YCIIOBHOM IIPOYHOCTH OIBITHBIX 00PA3I0B PE3UH C YBEIMUCHUEM COEpKaHUs TulacTU(uKaropa sB-
aseTcsi 3akoHOMepHBIM 3 dexkTom. [TokazaHo, YTO MIACTUGHUITMPOBAHHBIC 00pa3I[bl HMEIOT CYIIC-
CTBEHHO 0oJiee BHICOKHE MIOKA3aTeIH OTHOCHTEIBHOTO YAJNHEHNS B OTJINYUE OT HeIlIacTU(HUIIIPO-
BaHHOTrO0. M3BecTHO [9], uTo BBeneHMe mIacTU(UKATOpa B PE3UHOBBIE CMECH B OOJIBIIMHCTBE CITy4YacB

IIOBBIIIACT ,I[aHHBIﬁ IOKa3aTeJjib, TaK KaK MPOUCXOAUT B3aHMO,I[CI>iCTBHC MCIKAY NOJISIPHBIMHA I'pyI-

Tabnuua 3. ®usnko-mMexanuueckue cBoiictBa pesud Ha ocHoBe BHKC-18 AMH c¢ pasnuuHbIM conepkaHHuEeM
miactuduraropos JJOD u JJOTD

Table 3. Physico-mechanical properties of rubbers based on BNKS-18 AMN with different content of DOP and
DOTP

ConeprkaHue miaacTH(GUKATOPOB, OO6osnaucnue cmeceit
Macc.. 1 2 3 4 5 6 7
J0D 0 10 15 20 - - -
JOT® - - - 10 15 20
CsoiicTa Bynkann3aToB (155 °Cx20 muH)

TS, MIla 20,0 19,4 17,1 16,9 19,8 17,6 15,7
Si00, MIla 4,5 1,9 1,7 1,7 2,2 2,1 1,5
Ep.% 402 516 609 690 633 652 703
H, lop A 69 59 58 55 62 61 56
Kympu =30 °C 0,22 0,37 0,42 0,44 0,42 0,44 0,51
Ky mpu —40 °C 0,06 0,21 0,23 0,26 0,22 0,23 0,27
Q.% (70 °Cx72 u) 12,57 6,69 6,24 4,77 8,73 8,37 4,53

TIpumeudanue: Sio, MIla — ycinoBHoe Hanpsbkenue rnpu 100%-nom yanunenun; TSy, MIla — ycnoBHast mpouHocts; Ey, % —
OTHOCHUTEIbHOE yuinHeHue; Ky — KoappuuueHT Mopo30CcTOMKOCTH Tpu pacTskeHuu; Q, % — creneHb HaOyXaHHs B Cpelie
CXP-3 nipu 70 °C B Teuenun 72 yacos; H, [llop A — tBepaocts mo A. lopy.
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namu Kak camoro OyTaaueH-HUTpuibHOro kayuyka BHKC-18, Tak u monsipHbIX rpynn miactudu-
katopoB JOD u JIOTD, uto BAUAET B LIEJIOM Ha DJIACTUYHOCTh PE3UH. B Takux cilydasx ¢ yBeaude-
HUEM cojiepKaHus riactudukaropa OyayT HOBBIIIATHCS MOKA3aTEIN OTHOCUTEIBHOI'O YIJIMHEHHUS.
B nanno# paboTe HanOobIINE TOKA3aTEIN OTHOCUTEIBHOTO y/UTMHEHUS HA0I01al0TCs y 00pas3IioB,
coaepxamux 20 maccuy. mwiactuduraropa u JOD, u JJOTD, uro B 1,7 pa3 6osbiie, yem y oOpasia
6e3 mactudukaropa. TBeprocTs 06pasios o A. lllopy npu BBeneHNH MIaCTH(OUKATOPOB C yBEIH-
YEHHEM COJIEp)KaHMs TUIACTU(PUKATOPOB CHIKaeTcss. HeoOXoquMoO OTMETHTh, YTO CYILIECTBEHHOTO
OTIMYNS ISl OONIBIIMHCTBA MCCIECAOBAaHHBIX (PM3MKO-MEXaHNYECKHX MOKa3aTelel pe3wH, IIacTH-
¢unuposanubix JJO® u JIOTD, npu ogHUX U TeX e COAEP)KAHHUIX BBEACHHOIO IiacTu(uKaTopa
He HaOmronaercs. [To-BuanMOMY, 3TO OOBSICHSIETCS] TEM, UTO OHH SIBIISIOTCS CTPYKTYPHBIMH H30Mepa-
mu (M=390,6 r/moib). OmHAKO 3aMETHOE IPEBOCXOCTBO MOKA3aTeIell OTHOCUTEIIBHOTO Y IJIHHCHUS
oOpasmos, cogepkamux JOT®, nax mokazarensmu 00pa3noB JJOD Bo3MOKHO OOBICHHTH C TOUYKU
3penuns xumudeckoro crpoerus JOTO (puc. 1).

HccnenoBanue croiikoctu pe3ut B cpene CXXP-3 mokasano, 4To mpu BBEJCHHHU IIACTH(HKA-
TOPOB C YBEJIHWYCHHEM COICpKaHHs IIacTH(GUKATOpPa B 00pas3iax CHHKACTCS CTEleHb HaOyXaHMUsL.
BeposiTHO, 3TO CBSI3aHO C TeM, YTO HAJIMYHE B COCTaBE 00Pa3IOB IIACTU(HHUKATOPOB ¢ O0Jee BBICO-
KO¥ MosiekysipHOi Maccoir (M=390 r/moib), 4eM MoJIeKyJisipHas macca padoueit xugakoctu CXKP
(M~266 t/M01B), IpenATCTBYeT HaOyXxaHuto pe3uH. Tax, mpu BBexeHuu 10 u 15 Maccy. mractuduka-
topa JIOD B 00pasiisl CTENCHh HAOyXaHUs CHUKAETCs B 1,8 pas3a, mpu BBEICHUH COOTBETCTBYIOIIETO
konuyecTBa miaactupukaropa JOTD crenens HaOyxanus — B 1,5 pasa, a npu BBegeHnu 20 mMacc.
maactuduratopoB JJOD u JIOTD nouru oquHakoBo — B 2,7 pasa.

OnHUM U3 OCHOBHBIX HA3HAUYEHHUH MIACTH(UKATOPOB SBISETCS ylydlIeHNe HU3KOTEMIIeparyp-
HBIX CBOWCTB, KOTOPbIC MOXKHO OILICHUTH C MOMOIIBI0 KOA(PPHUIIHEHTa MOPO30CcTOiiKOCTH. [10 TaHHBIM
TabJ. 3 BUJIHO, YTO BBEJCHHUE IIACTH()UKATOPOB MOBBIIIAET MOPO30CTOMKOCTh HCCIEAYEMBIX 00pas3-
0B pe3uH. Tak, ko3 duirent mopozoctoiikoctu npu munyc 30 °C u npu munyc 40 °C y o6pasios,
copepkamux mractuduraropsl JJOD u JJOTD, 3HaunTETHHO BBILIE 110 CPAaBHEHUIO ¢ 00pa3om 0e3
coneprxkanus maactudukaropa. Oopasiiel, mactuduuposanubie JJOTD, umeroT 60s1ee BRICOKHE 3HA-
4YeHns KO3 PHUIIMEHTa MOPO30CTOMKOCTH, 4eM o0pasisl, muactuduuupoBanusie JJOD. C ypennye-
HHUEM COZIepKaHUs TIacTH(GUKATOPOB B 00pa3uax KodQpPpUIHEHT MOPO30CTONKOCTH YBEIHUNBACTCS.
Y o6pa3smos, cogepxkamux 20 maccy. maactudukaropo 10D u [JOTD, HabmrogaroTcss HANOOIBIIHE
nokasareiu kodpduunenta Mmopo3octoiikoctu. Kak OblJI0 0TMEUEHO paHee, MOPO30CTOHKOCTh PE3UH,
wiactuduuuposanueix JJO® (coorsercTBenHo U JJIOT®), obecneunBaercs sunib 10 Munyc 40 °C,
0 YeM CBHJIETEIbCTBYIOT nojiyueHHble faHHble. [Ipu Mmunyc 40 °C ko3 GuireHT MOpO30CTONKOCTH
y BCeX IIaCTH(UIIMPOBAHHBIX 00Pa31l0B COXPAHSIETCS HAa ypOoBHE HOpMaTuBHOTO 3HaueHus (Ky>0,2).
OpmHako aHanmu3 TepMoTrpaMMbl, monydeHHoi metonom JICK (puc. 2), mokaszal, 4To MpoIecc CTEKIJIO-
BaHUs 00pasoBs, cogepkaniux 20 Macc.u. IIacTuUKaTopoBs, HaauuHaeTcs npu Munyc 39,7 °C (JJOD)
u ipu munHyc 40,8 °C (1OTP).

TaxuMm 00pa3oM, BBISIBICHO, 4TO BBeneHUe muactudukatopos u JOD, u JJOTD B koixmvecTse
20 maccd. ONTUMAJBHO JJISI TIOMYYEHUs PE3UH C YIYYIICHHBIM KOMIIEKCOM JKCILTyaTallHOHHBIX
CBOMCTB, TAKMX KaK 3J1aCTUYHOCTh, MOPO30CTOMKOCTb, CTOMKOCTB K cpeae CHKP-3.

BBezenue niactuukaTopoB B pE3UHOBBIE CMECH HE TOJIBKO YJIyYIIAET JIACTHUYECKUE U HU3KO-

TEMIICPATYPHBIC CBOMCTBA PE3UH, HO U o0Jleryaer ux Hepepa60TKy, IIOBBIIIACT IIJIAaCTHYHOCTD, CIIO-

— 227 —



Journal of Siberian Federal University. Engineering & Technologies 2021 14(2): 222-232

COOCTBYET PaBHOMEPHOMY PACHpPEAEICHUIO JUCIEPCHBIX MHIPEJUCHTOB, YMEHBIICHUIO Pa3orpeBa
IIPU CMEUIEHNUU W CHIDKACT OIMACHOCTH IOJABYJIKAaHU3AUU. I MOATBEP)KACHNS JTAHHOW TMIIOTE3bI
IPOBEJICHBI UCCIIE0BAHNS MUKPOCTPYKTYPBI C TOMOIIBI0 MeTona POM, a Takike TMHAMHUYECKUE UC-
neITaHns o0pas3noB pe3uH Ha npudope RPA 2000. Ha ocHOBaHMHN BBILICNIOIYUYEHHBIX PE3YJIBTaTOB
ObLTH OTOOpaHBI ciieayronue oopasibl: oopaser; Ne 1 (tabir. 2) — 6e3 comepkaHus IacTUPUKATOpA
(ncxonHbIN oOpaserr), oopaszer; Ne 4 — conepxamuii 20 maccu. miaactupukaropa 10D, u odpasen
Ne 7 — conepxamuii 20 maccu. miactudukaropa JJOT®. Ha puc. 3 npencrasieHsl MukpodoTorpa-
¢un uccnenyemsix 00pasnoB. CpaBHUTENBHBINA aHATIU3 MOJTYUYCHHBIX M300pakeHU HU3KOTEMIIepa-

TYPHOI'O CKOJIa 00pa3LIOB MO3BOJISIET CACNIATh CIIeyOIUE BbIBO/IbI. BHIHO, 4TO MOBEPXHOCTH (Ha cpe-

DSC / (mW/mg)
T exo
0.0 1
[16.1] Vitrification:
201 Onset: -442°C
. Middle: -36.5°C
End: -29.6 °C
[17.1] Vitrification: /
02 Onset: -53.8°C
Middle: -46.9 °C
End: -40.8 °C
-0.31 [18.1] Vitrification:
Onset: -52.8°C
Middle: -45.7°C
End: -39.7 °C
-0.4
-0.5
1
2
-0.6 14 - .
-100 -80 -60 -40 -20 0 20

Temperature /°C

Puc. 2. TemnepaTypsl cTeksioBaHust 06pa3oB pe3nH Ha ocHoBe BHKC-18 AMH: 1 — 6e3 mimactudukaropa; 2 —
¢ conepxkanuem 20 maccH. JJIOT®; 3 — ¢ conepxanunem 20 macc.u. 10D

Fig. 2. Glass transition temperatures of rubber samples based on BNKS-18 AMN: 1 — without plasticizer; 2 — with
a content of 20 phr DOTP; 3 — with a content of 20 phr DOP

Puc. 3. Mukpodororpaduu nosepxrocreii ckonos (x3000) pezun Ha ocuoe BHKC-18 AMH: a — o6pazery Ne 1 —
6e3 mactudukaropa; 6 — oopasen Ne 4 — ¢ conepkanuem 20 macc.u. 10D; B — o6paszen Ne 7 — ¢ cogeprkaHueM
20 maccu. 1IOTD

Fig. 3. Micrographs of the surfaces of chips (x3000) of rubbers based on BNKS-18 AMN: a — sample no. 1 — with-
out plasticizer; 6 — sample no. 4 — with a content of 20 phr DOP; B — sample no. 7 — with a content of 20 phr DOTP
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3€) HCXOJIHOTO 00pa31ia 3HaUNTEIbHO OTIINYACTCS OT IIOBEPXHOCTH IUTACTH(GUIIMPOBAHHBIX 00Pa3LIOB.
Penbed sBiIsieTcst HEOCTATOYHO T/ IKMM, HEOJHOPOJHBIM, Ha HEM HA0JIIOAAI0TCS OT/ICNIbHBIC YaCTH-
bl Pa3IMYHOI GopMbl U pa3MepoB (ipu yBenuuernuu x3000), 4TO CBUAETEIBCTBYET O TOM, YTO pac-
NIpeiesIeHHe HHTPEANEHTOB B PE3NHOBON CMECH IPOUCXOANT HepaBHOMEpHO. [1o cpaBHEHMIO C HCXOI-
HBIM 00pa3LoM IIOBEPXHOCTh IIACTH(UIMPOBAHHEIX 00pa3LoB 0osiee OJHOPOAHA, HE HAOIIOAAI0TCS
OTJEIIbHBIC YaCTHUIIBI U, COOTBETCTBEHHO, IPOMCXOIUT O0JIee paBHOMEPHOE pacIpe/ieieHUe HHT PE/IU-
€HTOB.

PaBHOMEPHOCTH pacnpe/ieIeHUsI HHI'PEAUEHTOB B CMECSIX SIBJISIETCS] HE TOJIBKO XapaKTEPUCTUKOM
TEXHOJIOTMYECKHUX CBOWCTB MOTYyYaeMbIX KOMIO3UIINH, HO U TEM MOKa3aTeleM, OT KOTOPOTO 3aBUCAT
9KCITyaTAI[HOHHBIE CBOWCTBA M3JENNH. YIIydIIeHHE KauecTBa CMELICHUS WHTPEIUCHTOB PE3NMHO-
BOI cMecH OKasbIBaeT OJIaronpusTHOE BIMSHUE Ha Bce cBoiicTBa. [Ipu nMHAMUYECKUX U3MEPEHHSIX
Ha ipubope RPA-2000 M0OKXHO OIpeeNsaiTh SHEPTrHIo, 3aIacacMyro B TIOJIMEpe U 00paTUMO OTHaBa-
eMYyI0 UM B KaKJIOM IHKJe. Mepoil 3TOi SHepruu CIy’>KUT MOLYNb HaKOIJIeHHUs (dnactuuHocTtH) G
OIHOBpPEMEHHO ONpEAEseTCs A0S SHEPTUH, PACCEIHHON B eIMHUIE 00beMa MaTepHuala 3a MK
nedopmupoBaHus. ITa 4acTh CONMPOTUBIICHUS MaTepuaia J1ehOPMHUPOBAHUIO XapaKTEPU3YETCS MO-
nynem rioreps G". [lo pesynbraTam AMHAMHUYECKOT'O MCIBITAHUS OBUIM TIOCTPOCHBI KPUBHIC 3aBUCH-
moctd G'u G" oT yacToTsl Harpyxenus (puc. 4). Ha puc. 4A BHIHO, 4TO BBEAICHHUE TIIACTU(PHUKATOPOB
B PE3MHY NPUBOANT K CHHIKCHHIO MOAYJISI HAKOIIJICHN S BCIICACTBUE YMEHBIICHUS! MEKMOJICKY IS PHO-
r'o B3aMMOJICHCTBHUSI MAKPOMOJIEKYJI KayuyKa 3a CUeT SKpPaHUPOBAHHS IIACTH(OUKATOPOM TOJISIPHBIX
rpynn noaumepHoit matpuusl [10—12]. [Ipuyem Bki1aa B NOBBILIEHUE MOJBUKHOCTH HAAMOJEKYISP-
HBIX CTPYKTYp 00oux ruactuduraropos (IO u JJOTD) npakrtuyecku oxaunako. [lokazano, uto
y BCEX BYJIKAHM3ATOB NMPOUCXOANUT pocT G' 10 Mepe yBEeIUUEHHS YaCTOThI HAIPyKeHHUS, T. €. IIPOHC-

XOJIMT MOBBILICHUE COMPOTUBICHHS K UKINICCKHUM BO3JICHCTBUSM 110 MEPE POCTa 4acTOTHI aedop-
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Puc. 4. Kpussie 3aBucuMocTy MOAyJsl HakoreHus (A) u moxyis noreps (b) pesun va ocaose BHKC-18 AMH
OT YacTOTHI HarpyxxeHus: 1 — 6e3 minacrudukaropa; 2 — ¢ conepxkanuem 20 maccu. 10D; 3 — ¢ comepxkaHuemM
20 maccu. JJOTD

Fig. 4. Curves of the accumulation modulus (A) and loss modulus (B) of rubbers based on BNKS-18 AMN on the
loading frequency: 1 — without plasticizer; 2 — with a content of 20 phr DOP; 3 — with a content of 20 phr DOTP
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[Ipu paccmoTrpenun 3aBucumocteit G" OT 4acTOTH HarpyxeHus BUAHO (puc. 4b), uto 3Haue-
HUS MOAYJIS IIOTEPh BCEX MCCIEAOBAHHBIX 00PA3I0B PE3MH C YBEIMUYEHHEM 4acTOTHI 1e()OPMHUPOBa-
HUS TOBBIIIAIOTCA 3@ CYET MOTEPH PHEPTUU IIPU pa3phiBe U MpeoOpa30BaHUU CBA3EH HATIOTHHUTENb-
HaronmHuTenb [13—15]. Tlpwdyem OTYETNIMBO BHICH BKJAJ IUTACTH()HUKATOPOB B YMEHBIICHHE
CONMpOoTHBJICHUs MaTepuaa nedpopmupoBanuio. Tak o0Opasiiel, cogepxaimue JJOD u JJOTD, xapak-
TEPU3YIOTCSI HU3KUM MOAYJIEM IOTEPh, YTO MOXKHO OOBSICHUTH YMEHBIICHHUEM MEXMOJIEKYJISIPHOTO
B3aMMOJICHCTBUSI MEX/Y TOJIAPHBIMU TpyIIaMu OyTaaHeH-HUTPHUIBHOTO KaydyKa IpH BBEICHHUH

HJIaCTI/Iq)I/IKaTOPOB, BCJICACTBUEC YCT0O MOBLIIACTCA NOABUKHOCTD MAaKPOMOJICKYJI.

BoiBoabl

1. Beenenue miactupuxaropos 10D u JJOTD B pesunosbiec cmecu Ha ocHoBe BHKC-18 AMH
CIIOCOOCTBYET MOJYUCHHIO PE3UH C YIYUIICHHBIM KOMIIJIEKCOM IKCILTyaTAlHOHHBIX CBOMCTB, TAKUX
KaK AJIaCTUIHOCTH, MOPO30CTOHKOCTh, CTOHKOCTD K cpeae COKP-3. Ilpu aToM o pesymnbraram uccie-
JIOBAaHUI1 BBISIBJICHO, YTO BBEJICHHE IIACTH(UKATOPOB B KomruecTBe 20 Macc.d. IPUBOIUT K Hanbosee
3aMETHOMY YJIYYIICHHIO TaKUX MOKa3aTenel pe3uH, Kak OTHOCHUTEIbHOE YAJIMHEHHUE NPU pa3phIBe,
CTOHKOCTB K yTJIIEBOJOPOIHBIM CPElaM U MOPO30CTOMKOCTS. 10 hU3MKO-MEXaHNIECKUM ¥ HU3KOTEM-
nepaTypHbIM cBoiicTBaM 00pasisl, cogepxkaiie JJOTD, 3ameTHO MPEBOCXOAST MOKa3areian oopas-
1oB, cogepxamux JOD.

2. CpaBHUTEIBHBIH aHAJIN3 MOIYYEHHBIX H300pakeHHH MmeTogoM POM mokxasbIBaeT, 4TO
110 CPAaBHEHHUIO C UCXOIHBIM 00pa3loM, HE COAEpKAIINM IUIACTH(GUKATOP, TTOBEPXHOCTD TIACTH(H-
UPOBAHHBIX 00pa3LOB SABJISIETCS OoJiee OAHOPOHOI, He HAOIIOAIOTCS OT/IENIbHbIC YaCTULIBI H, CO-
OTBETCTBEHHO, IPOMCXOIUT O0Jiee PABHOMEPHOE paclpe/iesieHe HHIPEIMeHTOB B Kay4yKOBOH Ma-
TpHILE.

3. Pe3ynbraThl HCCIIEIOBAHNS TMHAMHYECKUX CBOHCTB 00pa3IloB PE3HH ITOKA3aJIH, YTO BBEICHHE
IaCTU(HUKATOPOB B PE3UHY IIPUBOJUT K CHHIKEHUIO MOyJisl HakorieHust (G') u Mmoaysist moreps (G")
BCJIEZICTBHE YMCHBIICHUS MEXMOJEKYISIPHOIO B3aMMOJCHCTBUS MAKPOMOJICKYJ KaydyKa 3a CUeT
9KPaHUPOBAHUS TUIACTU(PHUKATOPOM MOJISIPHBIX I'PYIIT OJTMMEPHOM MaTpuilbl. Bkilag o0oux riactu-
¢ukaropoB (10D n JIOTD) npakTHIeCKH OAMHAKOB.

TakuMm 00pa3oM, MOJyYCHHBIC HAMHU JAaHHBIC MOKA3aJl MEePCIeKTUBHOCTD npuMeHeHus JJOTOD

B Ka4eCTBE aJIbTEPHATUBBI INHPOKO puMensemomy J10®.
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Abstract. The article proposes an approach to solving the task of operational calendar planning of
production based on the application of the principles of the optimization and simulation approach. The
production simulation model is implemented using the Tecnomatix Plant Simulation software. The
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AHHOTauus. B cratbe mpeiokeH MOAXO0A K PEIICHHIO 331a4H ONIepaTHBHO-KaJIEHIapHOTO IIIaHWPOBAHUS
MIPOU3BO/ICTBA HA OCHOBE IIPUMEHEHHUS IIPUHIIUIIOB ONTUMH3aIlHOHHO-UMHUTAIIMOHHOTO ITOIX0/Ia.
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Simulation. ITponenypa onTUMU3anMK IPEACTABICHA TCHETHUECKUM aJITOPUTMOM. B peanuszanun
TEeHETHYECKOTO AJTOPUTMA JUUIsl OLCHKH (DYHKIIMH IPUCIIOCOOICHHOCTH UCIIONB3YETCs] HUMUTAIMOHHAS
Mozienb. [IpuBesieH mpuMep UCroNb30BaHNs MTPEATIOKEHHOT0 MOAX0/a ISl THITUYHOH TPOU3BOACTBEHHON
CHCTEMBI U MOATBEPXKACH MOJI0KHUTENbHBIN 3P QEKT OT ero mpuMeHeH!s. BhIsIBIeHBI 0COOEHHOCTH
HCTIOIb30BaHMU A, OJIOXKHUTEJIBHBIE M OTPUIATEIBHBIE CBOICTBA, @ TAK)KE BO3MOKHOCTH THPAKUPOBAHUS
Ha JIpyTrHe BUAbl UNMUTAIIHOHHBIX MOJIEIIEH.

Ki1roueBbie cJ10Ba: 3a1aua IIaHUPOBAHUS TPOEKTA C OrpaHuueHHBIME pecypcamul (RCPSP), onepatusno-
KaJICHAApHOC IJIAaHUPOBAHUE, OHTI/IMI/I3aHI/IOHHO-PIMHTaHI/IOHHblﬁ noaxon, UMUTaluOHHAA MOJCIIb,
TEHETUYECKUH aJrOPUTM.

Iutuposaune: Counes, A. H. [TnannpoBanue npon3Bo/CTBa HA OCHOBE yIIPABIISEMOi FTEeHETHIECKHM aJITOPUTMOM HMHTAIIMOHHO#
mozenu / A.H. Counes / XKyph. Cub. denep. yn-ta. Texunxa u rexnonornu, 2021, 14(2). C. 233-243. DOI: 10.17516/1999-494X-0304

BBeaenne

OnHoit m3 Hambojee BaKHBIX M CIOXKHBIX 3ajad ONTUMHU3alMH sBiIgerca 3amada RCPSP
(Resource-Constrained Project Scheduling Problem) — mocTpoeHne onTHMalIbHOIO PaCUCAHUS BbI-
MOJIHEHUS! pabOT MPOEKTa C YYETOM OTHOIICHHH MPEAIIECTBOBAHHUS MEXAY padoTaMH U C Yy4ETOM
HEOOXOIMMBIX U (MJIM) AOCTYITHBIX PECYPCOB, IPH KOTOPOM Oy/eT ONTHMHU3NPOBaHA HEKOTOpAs Lie-
aeBast QyHKIHS (HAapuMep, MUHUMU3AMKS IJIMUTSIbHOCTH BBIMIOJHEHHS MpoekTa). 3agadya RCPSP
sBAseTCs SKCTpeMasbHo NP-tpynnoii [1, 2]. C Touku 3peHus co3gaHusl CUCTEMBI YIIPABICHUS MPO-
M3BOJICTBEHHOM CHCTEMOM OmMMCaHHAas 3ajjaya 3KBHBAJICHTHA KJIACCHYECKOH 3ajade ONepaTHBHO-
kaneHnapHoro muanuposanus (OKIT) mpousBonctsa [3].

s petenns 3agaun RCPSP (OKIT) pa3paboTasbl MHOKECTBO TOYHBIX U MTPHOIMIKEHHBIX METO-
JIOB, KOTOpBIE 00J1a1al0T Pa3HOil CKOPOCTHIO M TOYHOCTBIO pemieHus [1, 4, 5]. OcHoBHast mpakTHUYeCcKas
npobiiema, ¢ KOTOPOH CTAJIKUBAIOTCSA B paccMaTpUBaeMoil 3a1a4e, — 3TO TO, YTO HEOOXOAMMO OCyIIie-
CTBUTH HOMCK ONTHUMAJIGHOTO PEIICHUs B OOIBIIOM IPOCTPAHCTBE IMOMCKA HA MHOXECTBE JIOMYCTH-
MBIX pelIeHui 3a mpuemiemoe BpeMs. [Ipu 3ToM BEIOOP M aHAIHU3 JOMYCTUMBIX PELICHHH SBISETCS
CJIOKHOM KOMOMHATOPHOMW 3a/aueii. MeTonbl pereHus 3a1aqy IUIAaHHPOBAHUS MOXKHO YCIIOBHO Pas-
JICIUTh Ha TPH OCHOBHBIX KJIacca: aHAJUTHYECKUE, UMUTALMOHHBIC U aHAJIUTHKO-UMUTALMOHHBIE.
AHaJIUTHYECKHE METOABI OCHOBBIBAIOTCS HA alIapare MaTeMaTH4YecKOro NMporpaMMHUpPOBaHUS, Ha-
IpUMEP TMHAMHUYECKOT0 IPOrPAMMHPOBAHUS, TUCKPETHONW ONTHUMU3AIUH U T. 1. DTH METO/bI IPUH-
LUIHAIBHO TIO3BOJISIOT MOJYYNUTh ONTHMAJIBHBIHN IIJIaH, OJIHAKO HA IPAKTUKE pElIeHne 3ajad, yuu-
THIBAIOI[UX MHOXKECTBO PealibHbIX (PaKTOPOB, CTAHOBUTCSI OYEHb TPyAOeMKUM. [Ipyroii HegocTaTok
AHAINTUYECKUX METOMOB — <OKECTKOCTH» Mojenu. CTPYKTYPHO U3MEHHUTDH OIHAXK/IbI TOCTPOCHHYIO
AQHAJIMTUYECKYIO MOJIENIb MOXKET TOJBKO MAaTeMaTHK JOCTaTOYHO BBICOKOM KBasiudukauuu. B ycio-
BHSX YaCTBIX CTPYKTYPHBIX M3MEHEHHUH, XapaKTePHBIX JIJIs1 THOKOTO MPOU3BOJCTBA, IKCILITyaTaIlHs
TaKoi Mojenu 3aTpyaHuTeIbHA U ManodddexkTuBHa. OnHUM U3 HanboJIee U3BECTHBIX U dPPEKTUB-
HBIX METO/IOB PEIICHUS 33/1auy IIIAHWPOBAHUS ITPOLIEcCa SBIISETCS aJITOPUTM I'PaHMIl M BETBEH [2, 6].

NMuTanMoHHBIe METOABI INIAHUPOBAHMS IIPEyCMaTPUBAIOT IPOBEJCHUE HMUTAIIMOHHOT O 9KC-
NIEPUMEHTa Ha MOJIEIISIX, CTPYKTYPHO IOJOOHBIX MOZEIHpPYEeMOMY OOBEKTY WM mporeccy. CTpyk-
TypHOE mo00ne MOAeIH M 00BbEeKTa MOJICIMPOBAHUS CYIIECTBEHHO YIIPOLIaeT BHECEHHE TEKYIIHX
W3MEHEHUH B MOJIEIb.

VMHUTanIMOHHBIE METOJIBI CTPOSATCS IO CXEME ITOCIIEI0BATEIFHOI0 aHAIN3a BAPHAHTOB Ha OCHOBE

npaBuJI OPEANIOYTCHUA. JTa cxema CBs3aHa C IIOIIarOBBIM KOHCTPYHUPOBAHUCM BAPHUAHTOB C ITOMO-
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U[bI0 MOJIEJIUPOBAHUS, B MPOLECCE KOTOPOTrO UMUTUPYETCS MPOXOKJACHUE MAaTepUATbHbIX [TOTOKOB
yepes3 MPOU3BOACTBEHHbIN yuacToK. [Ipy MOCTpoOeHUMU MMUTAMOHHON MOJIENIM CPABHUTEIBHO IPOCTO
YUHUTBIBAIOTCS TaKHe TPYIHO()OpMAIN3yeMble B aHATMTUYECKHX MOJIENISIX OTPAHUYCHHU S, KaK CTPYK-
Typa TPaHCIIOPTHOH CEeTH, BPEMEHHBIH NEPHUITUT PECYPCOB, YACTHYHAS U BpeMEHHas IoTepst padboTo-
CHOCOOHOCTH 000PYIOBAHUS U PSII APYTHX.

AHaTUTUKO-UMUTALHOHHBIE METONBI CTPOSITCA IO CXEME, BKJIIOYAIOUIEH KaK aHaJuTHYECKUE,
TaK U MIMHUTAIMOHHBIC Tpoueaypsl. Lleas pa3paboTku TakKuX cXeM — 00beIMHEHUE JOCTOMHCTB 000X
METOIOB.

I/ISBSCTHLI JBa Imoaxoaga K HOCTpOGHI/IIO AHAJIUTUKO-UMHUTAINOHHBIX HpOHC,Z[yp KaneHaapHoro
mianupoBanusi. OJUH NOAXOA MpeAyCcMaTpUBAET JABYXATalHOE peleHue 3ajaud. Ha nepsom stamne
IJIAHUPYETCsS 00paboTKa YKPYIMHEHHBIX MapTUH W3ACIUNA HA IBYX HJIM TPEX TPYIIax TEXHOJIOTH-
4ecKoro obopymoBaHus. [Ipu 3TOM m3-3a HEOONBIION pa3MEPHOCTH IEIeCO00Pa3HO HCIOIB30BaTh
TOYHBbIC NN HpI/I6J'II/I)KCHHBIC AHAJIUTUYCCKUC METOAbI pCI_HeHI/ISI. Ha BTOpOM JTare CTpOﬂTCfI acTallb-
HBIC KaJIeHIapHBIC TUIAHBI BHYTPH Ka)KI0W M3 BBIJCIICHHBIX TPYIIT 000pYIOBAHHUS C HCIIOIb30BAHHEM
UMHUTAOUOHHBIX MCTOOOB.

Jpyroii moaxon mpeamnonaraeT OObCIUHCHHE AHATUTHYCCKUX W HMHUTAIIMOHHBIX TPOIEIYP
B paMKax oAHOH monenu. B nmaHHO# cTarhe mpezsaraercs Ajs peuleHus 3aJadyl MCIOoJIb30BaTh Ce-
PHUIO SKCHEPUMEHTOB C UMHTAUUOHHOW MOJEJbIO, HayajbHbIE NapaMeTPbl KOTOPOW ONpeAestoTcs
C MOMOIIIBI0 TEHETHYECKOT0 ajaroputMa [4, 7]. B ocHOBe maHHON MIen Jie)aT OCHOBHBIE TTOJIOKEHU ST
ONTUMH3ALUOHHO-UMUTALHOHHOTO MOAX0/1a K CHHTE3Y CTPYKTYP YIPABIECHUS CIOKHBIMU CUCTEMA-
MM, TIPEAIIOJIaratoiero COBMECTHOE HCIOJIb30BAHME B IIPOLIECCE CUHTE3a YIIPABJICHUS ONTUMHU3AlH-

OHHBIX U UMUTALIMOHHBIX MOJEJIEH, UX pallOHaIbHOE B3auMoaencTaue [8, 9].

1. ITocTaHoBKa 32/1a4M NJIAHMPOBAHUS

O6mmas noctaHoBka 3agaun RCPSP Beirnissaut cienyrouum odopasom [1]. Jlano MHOXeCTBO pa-
60T, BO30OHOBISIEMBIX ¥ HEBO30OHOBIISIEMBIX PECYpCOB. 3aJaHbl JUINTEIBHOCTH BBITIOJIHEHUS IS
Ka)x710i1 paboTbl. Bo Bpemsi BbIIIOJIHEHUsT pabOThl TPeOyeTCsl 3alaHHOE KOJIMYECTBO eIMHUI] pecypca
k. Tlocre 3aBepieHus: paboThl 0OCBOOOXKICHHBIE PECYPCHI B MOJTHOM 00bEME MOT'YT ObITh MITHOBEHHO
Ha3HA4YeHbI Ha Jpyrue paboTel. Mex 1y HEKOTOPHIMHU NapamMy padoT 3aJaHbl OrpaHUYEHUS IPeLIe-
cTBOBaHHMA. TpeOyercs onpeneinTh MOMEHTHI BpEMEHH Hadyalla BBITIOJIHEHUST PaboT TaK, YTOOBI MU-
HUMU3UPOBATH BPEMSA BBINIOJTHECHU A BCETO IMPOCKTA. HpI/I 3TOM HCOGXOI[I/IMO BBITIOJTHCHHUE Or'paHHU4C-
HUI1, CBSA3aHHBIX C UCIIOJIB30BAaHHEM PECYPCOB U CIICNOBAHHS PadoT.

dopManbHO 3a/Jada MIAHUPOBAHUSA IIpollecca CTaBUTCA ciexyromuM obpaszom [3]. Ilycts

Ha y4JacTke Tpedyercsi 00paboTars 1 netaneit (1iim ux napruii). O603HaunM L,-j = (ql-j 1 ,-j) oTIepaIuio

c Homepom i (i =1,m ;), xotopas Bimonusercs Haa j-it aeransio (j = 1,7); m; — uncno onepaunii,
KOTOPOE HEOOXOAUMO BBIIOIHHUTH HAJl j-i JETANBIO; ¢; — HOMEP IPYIIIbl 000pyI0BaHH s, HACTPOCH-
HOT'O Ha BBIIIONIHCHHE OLIEPALUy L; ¢;; — HOMUHAJIbHAS IPOAOJKHTEIBHOCTD BBIIIOJHEHHS OICPALIUA.
Pelienre 3a/1a4u OpraHu3yeTcst HA MHOKECTBE JOMYCTUMBIX IIJIAHOB
o er o7 .. k_,0 o _0 . T .
Q,= {P G= (L,A1 ,Li2 ’“"Limj ),t,-j =1 +lij>ti1j1 < ti2j2 Jd=1Lm;,j —l,n,},

o k
rae G — TEXHOJIOIHYECKUH MapLIpyT JIETalu; /;; — MOMEHT OKOHYaHHs onepauun L, tg- — MOMEHT

OKOHYaHUA OIlcpanuun L,-j; t?} — MOMCHT Ha4daJia onepanuu ll, tioj — MOMCHT HadaJia onepanuu i2.
1J1 2J2
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CoBokymHOCTB umcen P = {/2 }, YJIOBIIETBOPSIIOIIMX OrPAaHUYCHHSIM, Ha3bIBAETCS KaJICHIAPHBIM
IUTaHOM. PellieHne 3aaqu KajeHJapHOTo IUIAHMPOBAHMS 3aKII0YAeTCs B OTHICKAHHM HEH3BECTHBIX
BEJIMYUH {/8 } [Tpu hopmaiibHOM NOCTaHOBKE 3a/1a4K KaJeHIapHOr0 IIaHUPOBaHUs TpeOyeTcs 3a/1aTh
LeNeBy 0 (QYHKIUIO INIAHWPOBAHUS, KOTOPask KaXJIOMY IJIaHy P CTaBUT B COOTBETCTBUE HEKOTOPOE
yucio F(P), ouenusatoniee 3pPeKTUBHOCTD T1aHa (KpuTeprit agdexkrnBHOCTH). 3a1a49a ONTHMAIb-
HOTO IJIAHUPOBAHUS 3aKJTIOYAETCS B OTBICKAHMHU TAKOTO MUIaHa P’, KOTOPBI 9KCTPEMU3MPYET KPUTE-
puii a3pdexkTrBHOCTH F M yIOBICTBOPSET OTPAaHHUYUCHHSIM.

Kpurepun. Beibop kputepust 3pGpEeKTHBHOCTH OCYLICCTBIISCTCS HHIMBHIYAIBHO LIS KAXKJIOTO
KOHKPETHOT'O IIPOU3BOACTBEHHOI0 IOAPA3/eIeHN 10 pe3yIbTaTaM aHaIn3a ero SKOHOMUYECKUX, Op-
raHMU3alOHHBIX U TEXHUYECKUX ocoOeHHOCTeH. Hanbosee 4acTo HCIOMb3yIOT B KAYSCTBE KPUTECPHSI
3 PEeKTUBHOCTH MUHUMHU3ALIMIO BPEMEHH BBIITYCKa 33J[@aHHOr0 00beMa MPOIyKIUH, MUHUMH3AIIHIO
MaKCUMalIbHOI'O0 BPEMEHH IPOCTOS, MAKCHMH3ALUIO 3arPy3KH 000pyJOBaHUS, MUHUMHU3AIHIO CYM-
MapHBIX POU3BOJICTBEHHBIX 3aTpaT u Ap. [lajiee B KadecTBE KPUTEPHsI ONTHUMAJIBbHOCTH BHIOHPAESTCS
MUHHMH3a1¥s 00ILEero BpeMEHH IPOU3BOACTBECHHOTO MTPOLIECCa.

Orpanuyenusi. Kpome 04eBUHBIX OrpaHUYCHHH MIPU PELICHUH 3a/1a4 KaJICH/IAPHOTO IUIaHU-
poBaHHsI HEOOXOAMMO YYHUTHIBATH elie psia Apyrux. Hanboee 4acTo yUYUTHIBAIOT CIEIYOLINE Orpa-
HUYEHUS: CTPYKTYpa CETH TPAHCIIOPTHBIX MapIIpPyTOB, AUPEKTUBHBIE CPOKH OKOHYAHUS 00pabOTKH

OIMPEACICHHBIX z[eTaneﬁ, MHOT'OYUCJICHHBIC PECYPCHBIC OI'PpaHUYCHUA, B TOM YUCJIC TUHAMHWYCCKHUC.

2. OCHOBHBbIE MOJI0KEHUS npeajiaraeMoro nmoaxoaa

PaccmatpuBaercsa 3amaua RCPSP (OKII) B mocTaHoBKe, onucaHHOW Bhime. Mcxons u3 mpen-
CTaBJICHHOH CTPYKTYPHI IIPOLECCOB, CYIIECTBEHHON BO3MOKHOCTBIO ONITHMH3AIMN MOJKHO IIPU3HATh
nepepacnpeesieHue TeXHOJIOTHYECKUX MapuIpyToB H3zaeiuil B cucreme. CBoboxy BeIOOpa B AaH-
HOM CITydae MpelocTaBiIsieT Jyounpyomiee ApyT Ipyra TEXHOJIOIHUecKoe 000py/J0BaHUE (TOKAPHbIE
crankm). Takyke HEOOXOUMO YUHTHIBATh, YTO IIPHU ONPE/ICIICHNH BApUAHTOB pacipe/iesieH sl He00Xo-
JIUMO YUUTBIBATh OCOOCHHOCTH TEXHOJIOTHYECKHX IponeccoB. Hanmpumep, B paccMaTpuBaeMoii mpo-
H3BOI[CTBCHHOﬁ CUCTEMC YaCTh TCXHOJOIMYECKUX MPOLECCOB MOXKET BBINNOJHATHCA TOJBKO 11O (1)I/IK-
CHUPOBaHHOMY MapuIpyTy.

[Ipumem auist ONpPENENIEHHOCTH, YTO MapUIPyThl AeTajlell yKe BbIOPaHbl JPYTUM METOAOM.
B takom ciryyae octaercs BO3MOKHOCTB IIepepacipeesIeHUst TOpsi/IKa ClIe0BaHUS U3/IEIHI BHY-
TpU cOPMHUPOBAHHBIX MapIIPYTOB. 3a/jaua CBOJUTCS K IIOUCKY ONTHMAJIBHOTO CIIEI0BaHUS U3JIe-
Ui B rpynmnax. B obmem cirygae MapmpyT MOKeT ObITh (PUKCHPOBAH TOJIBKO ISl OJHOW MapTHH
W3JCINI, HO JJIs YIPOIICHUsS PEIIeHHsT OH OyaeT (pUKCHpOBaAH sl BCEX MApTHU OJHOTO THIIA
neTalen.

Takum oOpaszom, nporeaypa ONTUMHU3AIMH [IPEIONAraeT peain3alnuio MHOXKECTBA MIOBTOPSIIO-
IIMXCS UTEPALHi, TI0 UTOTaM peaJIn3alny KaXkIoH U3 KOTOPBIX OLlEHUBaeTCs pe3yibraT. Crienuduxa
HBOJIIOLIMOHHON MPOLEAYPHI ONTUMHU3ALUN B TOM, 4TO TpeOyeTcss KpUTepUil ee 0CTaHOBKH. B mpome-
Jype TUTaHNPOBAHUS IIPOM3BOACTBA OH MOXKET OBITH OIPEAEIECH AKCIIEPTHBIM METOAOM, 10 YCIOBHIO
OCTaHOBKH JIM0OO 110 KOJIMYECTBY LIaroB MOUCKA.

OcHOBHasl 0COOCHHOCTD IIpeIaraeMoil peajn3aniy TeHeTHIECKOro aJirOpUTMa COCTOUT B HC-
II0JIB30BAHUU JJIA OLICHUBAHUA HpI/ICHOCO6HeHHOCTI/I MOMYJIAIUHU SKCIIEPUMEHTA Ha I/IMI/IT3LII/IOHHOI71

mozenu (puc. 1). 3To 00CTOATENBCTBO NMPEABSBISET 0COObIE TPEOOBaHMS K BHIOPAHHOMY CIIOCOOY
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Puc. 1. OnTumu3sanms Ha OCHOBE I'€HETHYECKOT0 aJITOPUTMA

Fig. 1. Genetic Algorithm Optimization

HMUTAIMUOHHOTO MOJCIIMPOBAHUA: OH JOJIKCH AaBaThb OLICHKY (I)yHKI_II/II/I HpI/ICHOCO6HCHHOCTI/I Mak-
CHMaJIBHO OBICTPO. [103TOMY B HEKOTOPBIX CIIy4asX UMHTALHOHHYIO MOJEINb, OYEBUIHO, TPUACTCS
yrupou@ars 1 00001mate. B paccMoTpeHHOM HUXKe TpuMepe 3TO He MOTPeOoBaIOCh.

[IpencraBieHHas cXeMa CBs3aHAa C MOIIATOBBIM KOHCTPYHMPOBAHHEM BapHaHTOB C MOMOILBIO
MOJCIINPOBaHUSA, B IPOLECCE KOTOPOI'0O UMUTUPYECTCA IMMPOXOKIACHNUE MATCPUAJIBHBIX ITOTOKOB 4Y€PE3
MIPOHM3BOJCTBEHHBIH Yy4aCTOK.

[eHeTnvecknii aJIrOPUTM BBIOPAH IO CJIEIYIOIINM OCHOBHBIM ITPHYHUHAM.

1. bBosbmias pa3MepHOCTh 3aja4yd. [IpOCTPaHCTBO IOHMCKa OYCHB BEIUKO, W 3aJCHCTBOBAHO
00JIbIIOE KOJIMYECTBO TAPaMETPOB.

2. CpaBHHTEIBHO BBICOKAsI CKOPOCTH U 3((PEKTUBHOCTH [0 CPABHEHHUIO C TPAJUIIMOHHBIMH Me-
TOJIAMH.

3. Hanuuue noTeHIMaIbHOU BO3MOKHOCTH pealin3alliy apajlielIbHbIX BBIYUCICHUI.

4. TeHeTHUeCKHl aJITOPUTM MPETOCTABIISIET CIIUCOK «XOPOIIMX) PEIICHHUH, a HE IIPOCTO OJHO
peutenue. J{s paccMaTpUBaeMOi 3aJa41 3TO SBJISIETCSl BAXKHBIM CBOWCTBOM.

5. Bcerjaa monmydaet pemieHue 3a1aun, KOTOPOEe CO BPEMEHEM CTAHOBUTCSI JIyIIIe.

3. Onucanue 00beKTa MCCJIEN0BAHNS

PaccMaTpuBaeTcsl IpeAnpHsiTHE, OTHOCAIICECS K CPEIHECEPUUHOMY MPOU3BOJICTBY, BBITYCKa-
IOIIEe MOIBEMHO-TPAHCIIOPTHOE 000pyI0oBaHKe. OpraHu3aoHHas CTPYKTYpa IPEAIPUITHS IPE]-
cTaByieHa 00pabaThIBAIOIIUMU U COOPOYHBIMH YYaCTKAMHU, @ TAKIKE BCIIOMOTATEIIbHBIM XO35HCTBOM.
PaccmaTpuBaeTCs y4acTOK JINCTOBOM METaII000pab0oTKH B 00pabaThiBaroIeM IIPOU3BOACTBE. B 1iexe
JUCTOBOI METANI0O00Pa0OTKH UCIIOIB3YeTCsl 000PyI0BaHHUE, TEPeYUCIeHHOe B Ta0. 1.

[Ipu cocTaBiieHUH MapUIpyTa U3TOTOBJICHHUS AETalH IPOU3BOJUTCS COKPAIICHHOE ONMUca-

HHEC BCCX TCXHOJIOTHMYECKHUX onepaunﬁ B MapHIpyTHOI\/‘I KapTe B IOCJICAOBATCIbHOCTU UX BbI-
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Tabauua 1. TexHomoruueckoe 000pyI0BaHUE yuacTKa

Table 1. Technological equipment of the site

Ne HaumenoBanue 000py1oBaHus
1 T'unsotuna ZDM

2 I'mnsoruna VIMERCATI

3 Bepruxansno-ru6ounsnii rugpasamaeckuii mpecc VIMERCATI
4 BepTuxanbsHo-rnO0UHEIN ruapaBIndeckuii mpecc ZDM

5 KoopauratHO-11po6uBHOIt nmpecc Euromac

6 KoopaunatHo-npo6usHoii npecc YANGLI

Tabnuma 2. TeXHOTOTHYECKHUE MAPIIPY ThI

Table 2. Technological routes

Ne mapurpyra 1L (2 (3[4 |5|6]|7]38

9
Hab6op crankos 1 {21 11221 122 (2|2]1 1|2 12|22
B MapuipyTe 314134 51556 |6 |5 |5[5]|5]6]6
314 (343|411 |2]2]|2]2
3141343 |4

NoJIHeHMs1 0€3 yKa3aHusl ePeX0/10B U TEXHOJOTHUYECKUX PEKUMOB, HO C yKa3aHHUEM THa 000-
pynoBaHus. MapimipyTHOE ONHCaHUE MPOLECCOB OOBIYHO SIBJISETCS OCHOBHBIM B €IMHHUYHOM
U MEJIKOCEPUITHOM IPOU3BOACTBAX U CONPOBOAUTEIbHBIM (JOMOJTHUTEIbHBIM) B IPYIUX THIIAX
MIPOU3BOJICTB.

B uccnenyemom MeTasioo0pabaThIBaIOIIEM 1IEXe MOTYT ObITh peain30BaHbl CICAYIOLINE TEXHO-
JIOTUYECKIE MapIIpyTHI (Ta0I. 2).

B kauecTBe mporpaMMHO#i cpeibl MojiesinpoBaHusi BbiOpan Tecnomatix Plant Simulation. Bei6op
MIpOrpaMMBbl 00yCIIOBJIEH MHTETpanneil CpeaCcTB MMUTALMOHHOIO MOACIHPOBAHNS M TE€HETHUECKOTO
aJTOPUTMa B OJTHOM cpejie ¥ OONIBLIMM KOJHMYECTBOM CPEICTB aHain3a npoueccos [10, 11]. dopmaib-
HO MMHUTAIMOHHAsI MOJIENIb B ITpOrpaMMHO cpezne Tecnomatix peann3oBaHa Ha OCHOBE OMOIHOTEKH
CTaHIaPTHBIX MOAEIBHBIX JIEMEHTOB MMPOrPaMMEI (puC. 2).

IMapameTpu3anus UMUTANMOHHOI Moaeau. [lapamerpuzanus MOJEIN OCYIIECTBIIEHA CO3/la-
HUEeM Habopa Talull, colepKaluX JaHHbIC O 3aKa3ax, ONepalusiIX U MaplpyTax.

Tabnuna «3aka3 Hapsia» nperHa3HaueHa i TOCTAHOBKM CMEHHOIO 3aJaHus. B Tabmnuie nc-
NOJIB3YIOTCS Pa3IMuHbIC THIBI JaHHBIX. B nepBoM cTounbie «object» — rpaguueckuii o0bexT (B 1aH-
HOM ciydae aeTaib). Bo BTopoM cTosnbue «integer» — IeI04nCICHHOE 3HAUCHHE, IIPEACTABISIIONIEe
KOJIMYECTBO JIeTaJICH Ha 3ammycK. B TpeTheM cTonOIe «string» — CTPOKOBBIN THII JaHHBIX, OMPEICIIs-
roruit mMs netainu. B yeTBepToMm cronbie «table» — Tabnuma aTpudyTOB.

Tabnuna «CrnpaBOYHUK OMEpanuin» — mpeaHa3HadeHa AJIsl IepeonpeesieHus aTpuOyToB B 1aH-
HOM cITy4ae Ha CTaHKaX P IPOXOKICHIH rpadudeckoro oorsekra (neranu) (tadu. 3). Bocemoii cTo-
Oen uaeHTUGUIUPYET MApIIPYT JAeTalu B MOojieinpyeMoii cucteme. CTpyKTypa MapiipyTa B HpHUBS3-

K€ K KOHKPETHOMY 000py/I0BaHHUIO ompezaeseHa B Tabnune « MapupyTh».
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Fig. 2. The structure of the simulation model of the production process
Ta6nuua 3. CipaBOYHUK OIEpanuii
Table 3. Operations reference
|? string time time: time time time time integer
I 1 2 3 4 5 6 7 8
string [Name Time_operation_1 |Time_operation_2 |Time_operation_3 |Time_operation_4 |Time_operation_5 |Time_operation_o (M
1 |RRR 20,0000 32,0000 15.0000 35.0000 18,0000 24,0000 17
2 |RRR1 40.0000 23.0000 16.0000 1:04.0000 ‘15.0000 32.0000 14
3 |RRR2 35.0000 36.0000 45,0000 17.0000 13.0000 20.0000 16
4 |RRR3 23,0000 13,0000 |34.0000 23,0000 ;3,0000 45,0000 15
5 |RRR4 43.0000 23.0000 32.0000 33.0000 47.0000 42.0000 10

4. OnTuMaJIbHOE NVIAHUPOBaHMe NIPOU3BOACTBA

PaccmoTpuM HauajbHBIA BapuaHT padoThl cucTeMbl. CHOPMHPOBAHO HEKOTOPOE CIIydYaliHOE
pacmpenelieHue YepeioBaHus MapTUil JeTaneld B Mapmipytax. Ha puc. 3 mpuBeneHa MMUTAITMOHHAS
MOJICJIb TIPOU3BOICTBEHHOW CHCTEMBbI, B KOTOPOH MOICIHPYETCS MPOIecC 00paboTKK mapTHil Aecs-
TH HAaUMEHOBaHUH Aetaneil Ha yeThipex crankax (ZDM, VIMERCATI Ne 1, Euromac, VIMERCATI
Ne 2). B pesynbrate MOACIUPOBAHUS IUKJI 00OpAaOOTKHU BCEX JIeTalieit cocTaBui S5 4 16 MuH. AHanu3
Pe3YIBTaTOB MTOKA3EIBACT, YTO 000PYIOBAHHE 3arPY>KEHO HEPABHOMEPHO M UMEETCs OOJIBIION 00heM
HE3aBEPIICHHOIO TPOU3BOICTBA B CUCTEME.

Jlns onmTHMU3ay MPOU3BOACTBEHHBIX IMporeccoB Tecnomatix Plant Simulation nmeet B cBo-
€M COCTaBE MOIYJIb ONTHMHU3AIMK Ha OCHOBE ICHETHYCCKOro ajroputMma. [I[puMeHeHHe reHeTHYe-

CKOI'o aJiropuT™Ma npearnojgaract HpG,I[BapI/ITGJ'IBHHﬁ BLI60p €Tro nmapaMeTpoB. I[J'I?[ peuieHus 3a1a€TCAa
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Fig. 3. Simulation experiment with a model

KOJIMYECTBO MOKOJICHUH, KOTOPOE MOKa3bIBAET KOJIMYECTBO PELICHUH 3a/1aui M pa3Mep MOKOJICHHS,
KOTOPbIil COOTBETCTBYET YHCIY BAPUAHTOB [1EJIEBOU (DYHKIMU B KXKIOM perneHunn. Vicxomus u3 Tpe-
OOBaHMII K CKOPOCTH M KaueCTBY PELICHUs, DKCIIEPTHBIM IyTEM ONPEACTHIIA KOJINYECTBO 0CO0ei
B HONYJISIUY B Kax10M nokosieHuu (100 mT.).

J1u1st BBOJIa OPsIJIKA ClIeIOBAaHUs JIeTasleil B MOJIeJIb CO3/IaHa ellle O/lHa TabJIuIa AJIs TapaMeTpu-
3anuu. B kauecTBe mapaMeTpoB ONTHUMH3AIMK BHIOPAHBI MMOCIEIOBATEILHOCTH 3aIIyCKa 3arOTOBOK
Ka)XJIOT0 TUIIA B POU3BOACTBO (puc. 4). MoenbHbIM 0TOOpaKEHHEM BEIOPAHHON 1IEJeBON (BYHKIIUN
SIBJISICTCS 001IIee BpeMst 00pabOTKH BceX AeTalel (mepeMeHHas simtime).

[Ipouecc momcka peLICHUs CONMPOBOXKAAETCS HM3MEHEHHEM (YHKUUH MPUCTIOCOOIEHHOCTH.
Ha puc. 5, 6 moka3aHbl 3Ha4eHUs QYHKIUH TPUCTIOCOOICHHOCTH ISl IEPBOTO M MOCIICTHETO ITOKO-
neHui. BUIHO, 94TO CpenHee 3HaYCHUE 1eJCBON (DYHKIIMH, MPEACTABIISIONICH 001Iee BpeMs mporiecca
B CEKYHJax, yMeHblaercs. [ paduk Ha puc. 7, MOKa3bIBAET, YTO MUHUMAJIbHOE 3HAYCHUE MTPAKTHYE-
CKM YCTaHABJIMBAETCA ykKe K 13-My NOKOJICHHUIO U HE3HAYUTEIBHO yiyuiaeTcs K 20-My MOKOJIEHUIO.

B pesysbrare onTHMH3AIMK TOJyYeHa HOBas MOCIEI0BATEIILHOCTD 3aIlyCKa 3aroTOBOK Ha 00-

paboTky. Bennunna nieneBoit hyHKIIUH TIOCIIE ONTUMU3ALMY JJI HAUTYUIIEH XPOMOCOMBI COCTaBHJIA

string |Parameter: root.3aka3_Hapag Parameter: root.3akaz_Hapagl
1 oCnenoBaTeneHOC., . Jroot,. 3aKkas_Hapaa MocnegoBaTeneHoC. .. [root.3aKkas_Hapanl

2 |3 3NeMeHTOB 7 3neMeHTOB

Puc. 4. Hactpoiika napamMeTpoB onTUMHU3aLUU
Fig. 4. Setting optimization parameters
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Fig. 5. Fitness functions of the 1% generation
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Fig. 6. Fitness functions of the 20" generation
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Fig. 7. Evolutionary change in objective function by generation
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4 v 37 mun. Takum oOpa3om, BpeMsi 00pabOTKU BCeX MAapTHil 3arOTOBOK Ha CTAHKAX YMEHBIIMIIOCh
Ha 29 MuH. COKpaleHne Mpon30IUIo 3a CUET IepepacpeelIeHNs 3arpy3Ku 000pyI0BaHNS U COKpa-

IIeHHs1 00IIeTO BpEMEHU MepeHaaok.

3akjrouenne

[lo wuroram pabGOTHI MO TEMaTHKE CTAaTbU IIOJYUYCHBI CJIEAYIOUIME HAaydHble M HAy4HO-
MPaKTUYECKUE Pe3ynbTaThl. B paMkax onTUMH3alIMOHHO-MMHUTAIMOHHOTO MTOX0/1a TIPEI0KEH O/~
XOJl pEeIICHNU S 3a/1a41 ITPEIBAPUTEIBHOTO INIAHMPOBAHUSI IIPOU3BOICTBA HA OCHOBE MTPEBAPUTEIIEHOM
napaMeTpU3alii UMHUTAMOHHON MOJEIN TeHeTHYECKUM anropuT™MoM. OnmUCaHHBIA MOJIXOJ ampo-
OMpOBaH NP PEIICHUH 3a/1aul YTPaBJICHUS THUIIMYHON JAMCKPETHOM MPOU3BOJCTBEHHON CHCTEMOM
Ha OCHOBE CIIEIMAJIN3UPOBAHHOIO U aKTYaJIbHOT'O IPOrPAMMHOI0 00eCeYeHNU .

OcHOBHBIE TPEUMYIIECTBA U HEOCTATKH JAHHOTO MOX0/a COOTBETCTBYIOT OCOOCHHOCTSIM I'eHe-
THYECKOTO aJITOPUTMA. SIBHBIM ITPEUMYIIIECTBOM BBICTYIA€T BO3MOKHOCTH HCIOIB30BAHHUS PA3THUHBIX
1eneBbIX (DYHKIHH Pa3HOTO YPOBHS CIOKHOCTH, BO3MOXKHOCTB PaOOTHI ¢ OOJIBIIUM KOJIWYECTBOM I1a-
paMeTpoB, BO3MOKHOCTh HACTPOWKH ajaropuTMma. Vcnonb3yemble porpaMMHBIE CPEICTBA CKPBIBAIOT
OT IIOJIH30BATENsI HEKOTOPBIE ITAPAMETPHI ITPOLIEAY Pbl ONTUMHU3AIMH. B TO e BpeMs 0CTaeTcst BO3MOX-
HOCTBH OCTAHOBKH aJITOPUTMA Ha JIF000M IIare pereHus Ipu JOCTHKECHUH Pe3yIbTaTOB, YCTPAanBaIOIINX
HCCIIE0BATENS C TOYKHU 3PEHUS JOIYCTHMBIX CPOKOB BBIITYCKa POAYKIUU U IPYTUX TapaMeTpoB. J{is
MPaKTUYECKUX 3a/1a4 ATO MO3BOJISIET TOJYUUTh €CJIU HE ONTHUMAJIbHOE, TO OJIM3KOE K HEMY pellieHHE.

[TpensioxeHHBIH MOAX0 MOXKET OBITH MIPUMEHEH M JUIS IPYTHX BUIOB U (pOpM IpencTaBICHUS
MMUTALMOHHBIX MOJIETCH MPH HAJIMYNUK BO3MOKHOCTH YIPABJICHUSI UMHUTAINEH, HAaIpuUMep, s J0-

CTaTOYHO TOIYJISIPHOTO MHCTPYMEHTA MOJICJINPOBAHUS — (popmanu3MoB ceteit [leTpu.
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Introduction

Scientists all over the world are involved in the design of energy-efficient civil buildings
and their structures: M. Mikheev [1], B.F. Vasiliev [2], Yu.A. Matrosov [3], V.M. Ilyinsky [4],
Yu. A. Tabunshchikov [5, 6], V.N. Bogoslovsky [7], V.L.Kurbatov [8], A.S.Semchenkov [9],
V.G. Gagarin [10], W. Feist [11] and others [12—14]. An analysis of the results of their research showed
that the currently used methods of designing external building envelopes for buildings of this type
do not have sufficient scientific justification, and the structural solutions of the walls themselves are
rather complicated in technical design, do not take into account the specific climatic, economic and
raw materials of the construction areas. In this regard, the development of a methodology for designing
the exterior walls of energy-efficient civil buildings seemed quite relevant, which, in turn, required a

series of special scientific studies.

Methodology development

From an analysis of literary sources and experience in the construction of civil buildings on the
territory of the Republic of Uzbekistan, it was found that one of the most effective in their properties
and manufacturing techniques for the construction of the exterior walls of buildings is a single-layer
fencing made of cellular concrete. However, it is obvious that in order to solve the problem of creating
wall fencing for energy-efficient buildings, a comprehensive approach is needed, which includes the
formation of requirements for external walls that differ in static function and heat-shielding properties,
determining the optimal structure of the material and developing appropriate technological methods
that allow the construction to achieve the required qualities, design parts and assemblies that exclude
heat transfer [15-16].

Having set out to obtain wall structures made of cellular concrete with the required strength and
heat insulation properties in the least expensive way, it was decided to initially optimize the thickness
of the outer wall of civil buildings based on existing experience in construction in the Republic of
Uzbekistan. This saves money for manufacturers of building envelopes, as it significantly reduces the
required number of sizes of formwork elements for the manufacture of panels or blocks.

An analysis of the structural solutions of the external walls in Uzbekistan made it possible to
establish that the most appropriate size for the thickness of cellular concrete products may be 400 mm.

The required values of the coefficients of thermal conductivity of aerated concrete for external
walls were established taking into account the climatic characteristics of the construction area, number
of storeys and a given level of thermal protection of buildings, and the necessary strength properties
were established based on the static functions of the designed walls (load-bearing or self-supporting).
Calculations showed that the outer walls 400 mm thick of cellular concrete D700-D900, which can be
used as material for load-bearing walls in seismic construction conditions, do not have the required

heat-shielding properties (the thermal conductivity was found to be (52—69)% higher than required),
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which indicates the need for a directed effect on the structure of this material in order to reduce its heat
conductivity coefficient, or a directed effect on the structure of cellular concrete D400 and D500 in
order to increase their strength.

Providing both the required heat-shielding and strength properties of cellular concrete is a rather
difficult task, since these properties represent an alternative with respect to average density, that is,
a decrease in average density increases the thermotechnical and hygroscopic properties of cellular
concrete, but reduces the strength properties and vice versa. To solve this problem, we used an approach
based on mathematical modeling of the macrostructure of cellular concrete that meets the required

thermal conductivity [17—18].

Mathematical modeling of the structure of cellular concrete

with given values of thermal conductivity

The correctness of the task, in addition to experimental studies, follows from the thermodynamic
analysis of heat and moisture transfer in porous materials. For a theoretical description of the process
of heat and moisture transfer in porous media, one can use the system of differential equations obtained
by A.V. Lykov:

Cs %f el V(AVT)+(C:DVW: + CDiVT VT, (1)
(1- g)aW’ =V(DiIVW )+ (DrVT). )

In (1), (2): Cy = Cy+ W,Cy; T, A — respectively the temperature and thermal conductivity of a wet
body; C, — is the specific heat of a unit volume of the dry porous material W,, C, r, D;, D, — is the
concentration, specific heat, specific heat of evaporation, heat transfer coefficient of liquid moisture,
coefficient of thermal diffusion of the liquid, respectively; € — phase transformation criterion, which
is defined as the ratio of the change in moisture content through evaporation and condensation to the

change in moisture content due to liquid transfer; V =—+ 9 + 9 operator Nabla.
Z

%%

The system of differential equations of heat and moisture transfer in porous materials presented
in form (1), (2) is undoubtedly simpler than its classical representation [19-21], but this simplicity,
firstly, creates certain difficulties in their practical application, since the criterion phase transition is a
«fictitious» physical parameter for which there is no fundamental possibility of measuring it. Secondly,
from the point of view of the problem posed by us, it is extremely important that in equations (1), (2) in
the explicit form there is no predominance for porous materials, in particular, for cellular concrete, the
porosity parameter. Therefore, we transform equations (1), (2) to the form, eliminating the parameter

g, from them, introducing the porosity parameter P:

Cs (Z_{_ra;V; = AVT + (VWi + mVIWNT =rV(DIV Wi + DV T), ©
Raa_];JrQaaW,l = V[(Drs + Dr VT |+ V[(Dy + Dy VW1, @
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This system of differential equations (3) and (4) describes the heat transfer process for a given
coefficient of thermal conductivity, depending on the macrostructure of acrated concrete, characterized
by the porosity parameter P.

In accordance with the conceptual approach to the problem of mathematical modeling of the
macrostructure of porous materials, the software package «Modeling the macrostructure of cellular
concrete with predetermined thermotechnical properties» was developed [22-23].

Based on the developed physical and mathematical model, which has been algorithmized and
implemented in the form of the specified software product, by numerical calculations, it was possible to
determine the optimal parameters of the pore structure of cellular concrete (pore size at their adopted
three-modal laying, the thickness of the inter-pore walls), which allow achieving both the required

strength and thermal conductivity coefficient (Table 1).

Table 1. The results of modeling the macrostructure of aerated concrete corresponding to a given coefficient of
thermal conductivity for a «random» type of packaging with a uniform probability density of a three-modal dis-
tribution and a matrix density of 2000 kg/m?

Cocfficient The size Thickness
thermal Since Partitions Average density, Strength, Porosity,
conductivity, mm ’ mm ’ kg/m? MPa %
W/m °C
1 2 3 4 5 6
1=2,426
0,085 r=1,618 2,208 300 1 85
1;=3,466
n=2,473
0,095 r=1,649 2,251 400 2 81
r;=3,534
I'1:2,403
0,123 r,=1,602 2,187 500 3 74
1;=3,434
11=2,220
0,143 r=1,480 2,020 600 4 71
r;=3,171
r=1,808
0,174 r,=1,205 2,020 700 5 66
1'3:2,582
r=1,429
0,199 1,=0,952 1,300 800 6 60
1r;=2,041
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Continuation of Table 1
1 2 3 4 5 6
r1:0,931

0,233 1=0,621 0,847 900 8 55
1=1,330

r=0,575
0,262 r,=0,384 0,524 1000 10 52
1;=0,822

1,=0,161
0,314 1,=0,107 0,147 1100 12 45
1=0,230
1=0,073
0,334 1,=0,049 0,067 1200 16 40
1=0,105

The above simulation results determine the direction of development of appropriate technological
methods based on existing standard techniques to achieve the required structure parameters of aerated
concrete, providing the desired heat engineering and/or strength properties.

Another important point is the ability to diagnose structural parameters and physical properties of
cellular concrete. For these purposes, using the theory of fractal dimension, a «Program for determining
the properties of cellular concrete based on image analysis» was developed.

Based on the results of the research, a methodology for the design of external walling was

developed, which is presented in the form of a diagram in Fig.

efficient buildings based on cellular

r

Methods of calculation and design of
external walls from small blocks of cellular
concrete for civil buildings

L Methodology for designing the exterior walls of energy- ’

Methods of calculation and design of external
walls from factory-made cellular concrete panels
for civil buildings

quality of aerated concrete

T

Methodology for the development of technological
methods for influencing the pore structure of
aerated concrete

T

‘ The methodology for assessing the

Methodology for determining The methodology for The method of
the required heat-shielding determining the pore structure of selecting the
and strength properties of aerated concrete, providing the composition of
cellular concrete for the required heat-shielding and aerated concrete of a
exterior walls of buildings strength properties given average density

Fig. Design methodology for exterior walls of energy-efficient buildings based on aerated concrete
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Conclusion

The developed methodological foundations for designing exterior walls for energy-efficient
civil buildings, including a number of standard and newly proposed methods based on the results of
theoretical and experimental studies, allow us to design exterior walling with improved heat-shielding
properties and at the same time technological, economically feasible and environmentally friendly, in

addition, indicate a further prospect of research in this direction.
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Hrposoii rpad u ¢popMaTHBIN OAX0X
JJIS1 CMEIIAHHO-S13bIKOBOM OHTOJIOTUH JAHHBIX

B 3ajla4ax reoJJoru 1 MapKeTuHra

E.C. CxopHsikoBa?,

. B. Tuuaprun®9, I1. B. Moaxysu®°
“Cubupckuii pedepanvHulil yHUepcumem
Poccuiickas @edepayus, Kpacuosapck
*Uncmumym oyenku ungpopmayuu
Poccuiickas @edepayus, Kpacuosapck

AnHoTanmus. B pabore BBoauTCS HOBOE MOHSITHE — «TpaHciec» (trans-forest). Jlec siBusiercs
COBOKYIIHOCTBIO JIEPEBBHEB, CBSI3aHHBIX JOMNOJHUTENbHO. OcTOB rpada cocraBiseT 6a3zoBas
MynbTHHEpapXus. CyObeKThI U «CHIIBI» SIBJISIIOTCS Ha UT'POBOM I10JI€ TPaHC/ieca HCTOUHUKAMU XOJI0B
Ha OCHOBE IPaBUJI MOpOXKAAtoIuX rpaMMaTik MoHTerto. Kaxaplil xoa Bcex HOpoXKAAI0MKUX IPaMMaTHK
CUHXPOHM3UPOBAH C METANOPOXKJAIOLIEH I'PaMMaTUKON — «1eMOHOM BpeMeHM». Kax b1l xon Haj
TPAHCJIECOM MOKHO CJIeJIaTh C MEePEABHKKON MapKepa HACTOAIIEro Ha IEpeBe BPEMEHH Ha MO3UIINI0
«Crnenyromuniiy. OcoOeHHO BHUMaHUE Y/eNISIETCs IepPeBY (OPMATOB M TPAHCCBS3ZSIM MEXY I€PEBbIMHU
1 ero ypoBHSIMH, [TOCKOJIBKY KIMEHHO JepeBO ()OPMATOB OINpeesIsieT OBEICHUE YeJI0BEKa B TeX NN
MHBIX cUTyanusx. [IpeanaraeTcst airopuTM BOJIOLUOHHO ONPAaBJaHHBIX 3KCIAHCHH, IIeJIb KOTOPOro
obecrieueHne 0JIaronoyIyyus JIJIs CaMoro cyobeKTa u Apyrux cyobekToB. [IpennoxxenHas Mojelb
TpaHcllieca peaHa3HaueHa /il MOJICIIMPOBAHMS YUEOHBIX, 3bIKOBBIX | T-MapKe THHTOBBIX, I'€0JIOr HYECKHX
Y MHBIX CUTYallM# C TOYKH 3pEHUS TEOpUH rpadoB U TEOPUH UTP.

KaroueBble c10Ba: Teopust U, Teopus rpados, TpaHCIEPEBO, TPAHCIIEC, TTIOPOXKAAIOMIAs TPAMMATHKA.

Hurtuposanue: CxopHskona, E.C. Urposoii rpad u popmaTHbIl TOAXOA 115 CMELMIAHHO-S3bIKOBOI OHTOJIOT MU JaHHBIX
B 3ajauax reosoruu u mapketunra / E. C. Cxopuskosa, [[. B. JIuuaprus, I1. B. [Tonysn / XKypu. Cub. dpenep. yn-ta. Texuuka
u texnosorun, 2021, 14(2). C. 252-259. DOIL: 10.17516/1999-494X-0306

BBenenne

Bomnpoc o equHo# ¢prnocodcko-MaTreMaTHISCKON MOICTH MUPa CTaBUJICS JaBHO. M cucTeMHbIi
aHaJIN3 SBIISETCS JTAJIEKO HE CJMHCTBEHHBIM IO/IX0/IOM Ha IepeceueHnH (GHUIIocOpUH 1 MaTeMaTHKH,
B YaCTHOCTH JUCKPETHON MaTeMaTHKH.

[TepBeIMHU paboTamu, KOTOPbIE OBUIH CBSI3aHEI ¢ (PHIIOCO(GHEN MaTeMaTHKH, CTalId TPYAbI IPEB-
HUX ¢unocodos, 0cobeHHO rpedeckux. OHM HHTEPECOBAIUCH HAYAJIOM MHpa M IPUPOION YHUCEII,
BBOJIMMBIX YEJIOBEKOM, OHH IIEPBBIMU OCO3HAIHM OTHOCHTEIBHOCTB IIPOCTOTO U CIOKHOTO.

OIHUM U3 NIEPBBIX BOIIPOC O MOJICIIMPOBAHNHU UT'POBBIX MUPOB IOCTABUII, 0e3yciI0BHO, JIeHOHuII.
OnHako Hay4HbBIE NCCIIEOBAHUS CTAJIN BO3MOXXHBIMH JIMIIb BO BTOPOH mosnoBuHe XX Beka, Koraa
BO3HMKJIa HEOOXOIMMOCTh yIPAaBISTh OBICTPO BO3pACTAIOIICH CIIOMKHOCTBHIO CO3/1aBaeMbIX apTedak-
TOB, B 0COOCHHOCTH POTpaMMHBIM oOecrieueHrneM. CoBpeMeHHas TeOpu st BO3ZHUKJIIA U3 KHOCPHETHKHI
H. Bunepa, o0ueit Teopun cuctem JI. bepranandu u Teopun TuHaAMHYECKUX CHCTEM, BOCXOISIIEH
k 1. Hetorony u A. Ilyankape. C nHauana 1950-x ronoB B pazpaboTKe 3TOH TEOpHUHU AEATEIBHOE yya-
CTHE MPUHUMAIOT CIIEIUaTNCTh Kopropanun RAND, co3naHHON 11 IEpCHEKTUBHBIX HCCIEI0BaA-

HUH B cepe KOMIBIOTHHTA.
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Nzyuenue stoii mpobiembl B Poccun ocymiecTBisieTcsl yaie BCEro IMOJ 3TUJ0H CHHEPTreTHKH,
B paMKaX KOTOPO# pab0Tar0T U3BECTHBIC OTeYeCTBEHHBIE (rtocodbl U rccnenoareny: B. 1. ApmmHOB,
B.T. Bynanos, U.C. Jlo6ponpasosa, K. X. Jlenokapos, M. 1. TpyOerkos, B.B. Bacunskosa, [I.C. Uep-
HaBckuli, B.B. Tapacenko, P.I. bapannes, B.A. lllynep, B.II. Busrun, B.I. Ilymkun, B.C. Eropos,
H.C. ABtonomoBa, A.W. Anemun, W.A. Akuypun, M.K. Ilerpos, U.C. AnekceeB, A.A. AXyHJIOB,
A.A.Bopounun, B.B. Hanumos, ®.1. T'upenok, B.A. Jlektopckuii, JL.A. Mukemuna, A.A. Auapo-
HoB, JI. JleBkoBuu-Macmiok, I1.I1. Taiinenko, B. C. Crenun, C.C. Xopyxuii, b.I. FOnuna, M. A. Po3os,
B.II. ®unaros, B.H. Ilopyc, B.1. Moucees, B.C. llIssipes, B.1. Apnonba, A.B.T'anonos-I'pexos,
I'K. Boponogrckuii, H.M. Amocos, T.C. AxpomeeBa, b.b. Kagomues, C.II. Kanuna, FO.A. Jlanumnos,
K.B. Maxotuno, A.IL Epmos, O.E.bakcanckuii, FO.JI. Knumontosuu, C.H.Ilerpames, I.I. Ma-
munenknii, A.Il. Pygenko, B.M. I'nymxkos, I E. leiitmun, C.A. Ceprees, E.JI. FOmenko, A.H. I'op-
6anp, A.C.Imurpues, [.M. Unmuc, I.P. I'pomos, JI.O. Marnensmram, B.T. Penpko, C.D. Xaiikus,
C.II. Kyparomos, C.E. Ipomamko, }O. 1. Manun, A.H. [lapkosckuii, I }O. Puzanuaenxko, P.I. Xne6o-
npoc, YO.JI. Pomanosckuii, C. B. Melien, H. H. Moucees, A.b. IToranos, A. M. Xa3zen, [. A. MeepoBuu.

B aroii chepe Hayku pabotatot mHOTHe 3apyOexHblie uccienonarenu: C. bup, I Xaken, /1. Poy3,
K. Maitnnep, 3. Jlacno, II. Ilpysunkesnu, B.I. Tum, C.Kaydman, U.Ilpuroxunn, I Bropxkens,
®. Byuetunu, B. bacuoc, 1. Autoney, I. [latrtu, C. Boasdpawm, I. [ledep, I1. bentiu, M. bupkxapn,
P. Bpyxkc, @. Bapena, P. Baiitekkep, H. I'eccnep, I. Hukonuc, K. I'nnman, . Outonu, K. Myp, . Mu-
kyiecku, J1. Hambepc, U. Crroapt, K. Huxeitnus, K. JIsurton, K. Duau, M. YepBuncku, T. Harens,
X.-O. Iaiitaren, P. Poysen, lO. Ksnana, K. Jlykac, I1. Kouseii, K. Ctusene, V. IlpoBoct, T. fur,
JIx. dou Heitman, I. lemepcu, D. IIpume, 5. Bap-Sm, I1. Tarepa, B. Typuun, . ®onk, P. Duibdwu,
O. Xeitnuren, A. Jlunnenmaiiep, K. Omuu, b. Cmur, I1. Bannasuk, M. bogen, I1. Knann, C. Ilaii-
nept, B. lumutpos, C. Cangepc, O. bproc, M. Hananep, M. P. Yu, M. Xauwm, X. Ipaiic, /I. Bomsnepr,
C. Vnam, JI. M. Pom, I Caitmon, I Yeittun, K. llemmm, P.X. Adpaxam, Y. Marypana, /I. YotcoH,
. Kactu, A. Onap, I. Ogym, @. JI. Abpaxawm, J[. KomnGen.

Hrposoe note

C Touku 3penus ¢punocopun rpadoBoe Moje Urpsl Pas3IesIeHO Ha JIOTHUECKUE CEKTOPHI:

1) nepeso (uepapxusi) popmaros, raroiee BO3SMOKHOCTh BBIOOPA M3 TOX0/1a K eI TeIbHOCTHO-
TI03HABATEJIEHON UI'Pe CyObEKTOB:

a) JIMYHOCTHBIN (TEeMIEpaMEHT (XOJIEPUK, CAHIBUHUK, MEJIAHXOJIHK, ()JIErMAaTHK), TPUBBIUKH,

BPEMCHHOI (hopMaT (HOUBIO — COH, YTPOM — 3apsIKa);

0) cuTyaTHBHBIH (IpaBHJia ITUKETA);

B) COLMAJBbHBIC POJIH;

2) nepeBo (nepapxusi) MOHATUI HA OCHOBAHUH TE€X WU HHBIX KPUTECPHUEB,;

3) wumepapxus BpeMeHH, CHHXPOHH3HPOBAHHAS 110 X0O/IaM C XOIOM UI'DBI;

4) nepeBo (nepapxusi) UTPOBOTO MO (HAIPUMED, KMUP-CTPaHA-PETHOHY);

5) OTAENBHO BBOJUTCS YPOBEHb HPPAIMOHATIBHOTO CYOBEKTA, AIIPOKCHMHPYEMOTO B MOJIEIH, KaK
rpad) MOZIEIIH BCEro MUPa, YCBOCHHOI'O HEKOW YMO3PUTEIILHOM, TPEAIOIaraeMoi HeHPOCEThIO CyOheKTa,;

6) TpOoCyOBEKTHBII ypOBEHb HEKOH MaTepHabHON MOIJIOKKH CyOBEKTOB, aJIFOPUTMUYECKHE
NPUHIUIBl TIOBEACHUS MOACTHUPYEMOr0 MHpa, JEHCTBYIOMIME KaK MOPOXKAAIONINE I'PaMMaTHKU

B POJIM HCKUX CUJI ITPUPOABI, UJIN ITPOCTO «KCHUID».
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JepeBbst (nepapxun) 1-2 HazoBeM MeTahU3NICCKUMU.

JlauHbli rpad npencTasiseT OO0 OCTOB HT'POBOTO OIS Pa3HBIX MOPOKIAIONINX IPAMMATHK.
[Tpuyem uvenoBek, Kak HAOIIOIATENb, MOXKET BMEIIMBATHCS B MOJIENb U OCYIIECTBIIATH CBOW HppallU-
OHAJIBHBIHI BBIOOP M3 BAPHAHTOB, JOYCKAEMbIX I'eHepaIuel BbIOOpa CITyYaiHbIX IPAaBUIT IIOPOXKAAT0-
IIUX TPAMMATHK «aCCHCTUPOBAaHHAs 4elToBeKOM renepanus» («HAG).

Psin nepeBbeB agpecyeTcst Ha rpad-10cKy Kak (GUIIKNA UTPBI, 3TO OyayT:

1) nu4HOCTB (CyOBEKT, KaKk urposas Quiika);

2) anropuTM IIIyOWHBI-IEHCTBUSA-TIO3HAHUS-PE(ICKCHH-. . .

3) mpeameT, HaJ KOTOPBIM OCYIIECTBISIOTCS MAHUTTYJISAIINH.

B pesyunbrare, rpad-urpa nmeeT Tpu 0000NMICHHBIX pa3/ena:

1) abcrpakTHbIe 00BEKTHI (KPUTEPUU U TIOHSITHIHBIC €IIMHUIBI);

2) UrpoBOE TOJE;

3) nesTenu (actors) MOPOXKIAIOIMIMX TPAMMATHK (CYOBEKTHI U «CHIIBD» TPeoOpa30BaHUl TOPOK-
JAIONINX I'PaMMAaTHK — IpaBUTAM, YPPEKT TPEHUs U Ip.).

CyOBEKTBl U «CHJIBD» SIBJISIIOTCS HAa UTPOBOM TOJIE TPaHC/eca UCTOYHUKAMU XOJIOB Ha OCHOBE
MIPaBHJI OPOXKJAIONUX IpaMMaTHK MonTerio [1]. Monenupyiot urps! pasusix Gpopm MaccoBoro co-
3HAHMS: HAYYHOU, 0OMXOIHOMN, 3CTETHYECKOI U 1p. B 9T0i paboTe qaHHast MOJCIb PEAIaracTcs s
reoJIOTHYeCcKON 00JIacTH.

Juist addexTuBHOI paboThl ¢ UTPOBBIM I'pad)oM TpeOyeTcs MOHSATHE — «TPAHCCBS3bY», TO €CTh
CBSI3b OJTHOTO JIepeBa WJIM YPOBHS JIepeBa, aapecyeMas Ha Ipyroi ypoBeHb WJIM Ha JPyTroe AEpeBo.

TpaHCCBﬂSH OIIPE€ACICHHBIX TUIIOB MOT'YT OBITH 3alpCUICHEBI ITPpaBUJIaAMH UI'Pp ONIPCACIICHHOI'O THUIIA.

IIpocThie npeaIoKeHNs H NPOrPAMMHBIH KO/

O0bekTHO-oprueHTHpOBaHHAs mapaaurMa (OOIT) mydmie Bcero MOIXOAMT ISl BBIPAXKCHHS 3a-
BUCHMOCTEH MPU3HAKOB KAaKUX-TNOO MPEIMETOB U JACUCTBUH, KOTOPHIE MOKHO COBEPIIATH HAJl TIPEI-
METaMH JUIH C ITOMOINBI0 HUX. [IpemroxkeHus Bpone «IX0I0KaTop PYHKITMOHUPYET» MOKET UMETh

CJIElYIOIIEE OTPAXKEHHE B IIPOIPAMMHOM KOJIE:
eholokator.funktsioniruet();

[TpuMeHsisi TEKCTOKOAOBYIO MOPOXKIAIOUIYI0 T'paMMAaTHKY, IporpamMma HOpOXAaeT M3 Ipo-
rPaMMHOI0 KOJIa MPEIOKeHNE MM IIpeasioxkenus. Harpumep, B BoileonucanHoM (parmMenTe Koja
eholokator — o0bekT, mpencTaBuTEns KaKOro-mubO Kiacca, COCOOHBIM COBEpHIATH KaKHE-THOO
JeUCTBUS (YIEH MPEIIOKEHUS — MOJIeKAIIee, C TOUKH 3PEHHSI CeMaCHOJIIOTMYECKON MparMaTHKu —
actor). Merox funktsioniruet — riaromn, geiicTere ik HAGOP JEHCTBUI, KOTOPBIE MOKET BHIIOIHUTE
MPEICTaBUTEIb Kilacca (WICH MPEIIOKEHHUS — CKazyemoe, action).

HaGop npaBui mopoxJaroliuX TpaMMaTiK KOHKPETH3HPYEMOT'O IIPOCTPAHCTBEHHO-BPEMEHHOT' O
(dbopmara 1151 MoagH(UKAIIMH 00bEKTA MIPEICTABICH HUXKE:

Actor > «Oborudovaniye.» | Subject > «obopynoBanne»

«Oborudovaniye.» > «Eholokator.» | «000opymoBaHue» > «3X0JI0KATOP»

«Oborudovaniye.» > «GeneratorVibratsii.» | «000pyroBanue» > «reHepaTop BUOpanuii»

«Oborudovaniye.» > «IzmeritelnyiPribor.» | «xo6opynoBanue» > «iM3MepUTEIbHbBIN TPHOOP»

Action > funktsioniruet() | Verb > «paboraer»
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funktsioniruet() > «rejimQOjidaniya()» | «paboTaeT» > «paboTaeT B PSIKUME OXKHUIAHHS

funktsioniruet() > «rejimSkanirovaniya()» | «paboTaeT» > «paboTaeT B peKUME CKAHUPOBAHMS)

Bo3MoskHBIE TpeIIoKEHUs: «DX0JI0KAaTOp paboTaeT B pexuMe OKUIaHus», «I'eHeparop Bu-
Opauuu paboTaeT B peIKUME OXKHIAHUS) U T. 1. DTU U IPYTHe MPEII0KEHUS [CHEPUPYIOTCS B DTOM
uaeosorun 100 B BHJE TEKCTa, MO0 B BUAC Koma (puc. 1, puc. 2), B pe3yjbTaTe 4ero KJacCH-

(1)I/IKaI_[I/I5I (bOpMaTOB BKJIIOUAET T€ UJIH HHBbIE O0BEKTHI TEKCTOKOAA, IMPEACTAaBJIICHHOTO B (1)0pMe

Interaction > TheActor.toManipulate(SomeIssue); // the 'Actor’ needs to 'Manipulate’ some 'Issue’
TheActor > TheCook
TheActor > Theuser
TheActor > Themaker
Themaker > TheCook
Themaker > TheBuilder
toManipulate > toCook
toManipulate > touse
toManipulate > tomake
SomeIssue > SomeFood
SomeFood > SomecCarrot
SomeFood > SomeCutlets
SomeBuilding > SomeLibrary
SomeBuildings > SomeCafe
‘Actor' > cook
'Actor’ > user
‘Actor’ > maker
‘Manipulate’ > cook
‘Manipulate’ > use
‘Manipulate’ > make
'Issue’ > 'thing’
‘Issue’ > "information’
‘thing’ > "food’
‘information' > 'book"’
‘food' > carrot

Puc. 1. Tlopoxparomast rpaMmaruka; TheActor — mestens Ha WrpoBoM moie, toManipulate — aaropuTMEI,
Somelssue — mpeaMeT, HaJ KOTOPBIM OyAeT COBEpIIaThCs MAHUITYISIIUS [2, 3]

Fig. 1. Generative grammar; TheActor — an actor on the field, toManipulate — algorithms, Somelssue — an object
to be manipulated [2, 3]

- Nowadays
- year 2020 month
& year 2019 month
year 2019 January - "Day"
| & year 2019 February - "DAY"
- year2019 February - 01
“wear 2MQ Fehrians - 02

The Oort Cloud Beetes

- Interaction

& TheActor.toManipulate(Somelssue); // the 'Actor’ needs to ‘Manipulate’ some ‘Issue’
TheCook.toManipulate(Somelssue); // the 'Actor’ needs to ‘Manipulate' some 'Tssue’
TheUser.toManipulate(Somelssue); // the "Actor’ needs to "Manipulate’ some lssue’ ar s
& TheMakertoManipulate(Somelssue); // the 'Actor’ needs to ‘Manipulate’ some ‘lssue’
- TheCook toManipulate(Somelssue); // the 'Actor’ needs to "Manipulate’ some Issue’
 TheBuildertoManipulate(Somelssue); // the 'Actor’ needs to ‘Manipulate' some 'Issue’

& TheMaker.toCook(Somelssue); // the ‘Actor’ needs to "Manipulate’ some Tssue'

| |- TheCook toCook(Somelssue); // the 'Actor needs to ‘Manipulate’ some 'Tssue’

TheBuilder.toCook(Somelssue); // the ‘Actor’ needs to "Manipulate' some ‘lssue’

@ TheMakertoCook(SomeFood); // the ‘Actor’ needs to ‘Manipulate' some ‘lssue'

- TheCook.toCook(SomeFood); // the *Actor’ needs to Manipulate’ some ssue’

- TheBuilder.toCook(SomeFood); // the 'Actor’ needs to 'Manipulate’ some ‘lssue’

- TheMaker.toCook(SomeCarrot); // the 'Actor’ needs to ‘Manipulate some Tssue’

°

| TheCook.toCook(SomeCutlets); // the 'Actor’ needs to 'Manipulate' some Tssue’

- TheBuilder.toCook(SomeCutlets); // the ‘Actor’ needs to Manipulate some Tssue’

< B

Puc. 2. Pesynbrar
Fig. 2. The result
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CEMaHTHUKO-TIParMaTUYeCcKOl OHTONOruu. Pa3zpabGoTaHHas cucTteMa COCTaBIAE€T CEMaHTHYECKHE
MOPTPETHI TEKCTOB HA OCHOBE MOAM(HUKAIMN TEKCTOKOJA MPaBHIIAMH HOPOXKAAIONINX I'PAMMAaTHK
Haja hopmaTamu JaHHBIX. [lo popmMaromM MbI MOHMMaeM paclIMpPEHHUE MOHATUSI 00bEeKTa B mapa-
nurme OOII, korpa Beipaxkenne Formatl..Object] skcnopTtupyer o0bvexT 1 B dopmar 1 nus ero
nocieayomeid MoauduKauy Ha OCHOBE MOPOXKIAIOIIMX I'PAMMATHK U JJIsl HCIIOJIb30BAHUS B TEJIE
KOJla Ha OCHOBE Pa3HBIX (hOpMATOB M 1MOA(OPMATOB — IPOCTPAHCTBEHHOM, BPEMEHHOM, OpraHH3a-
IIUOHHOM H JIp.

Hwxe nporpaMma reuepupyeT Bce BO3MOXKHbIE BapHaHTHI (puc. 2). Takke B mporpamme B rpade
«JIokamus MPUBOIUTCS BPEMS U MECTO.

[Tpennaraercst BBECTH JIONOJHEHNE B BEIPAXKEHUS IIOPOXKAAIONINX TpamMMatuk. Ilycts mopoxa-

I0IlIasi TPAaMMAaTHKa TeHePUPYET IapaljielIbHO TEKCT U KO JJIs PadOThI HA OCHOBE BBIPaXKCHHU:

TimeFormat..LocationFormat..Actor.Method(argl, arg2, ..., argN),

rae TimeFormat — Bpems; LocationFormat — nokanus uinu mecto; Actor — nesrens; Method() — neii-
CTBME WM HaOop aeicTBuii; argl, arg2, ..., argN — npeaMeTsl, HaJl KOTOPbIMHU BBINOIHACTCS Jei-
CTBHE.

PaccMOTpUM BO3MOXKHOCTH IPHMEHEHUS YCJIOBHSI KaK alrOPUTM WK ero 4acts. Hanpumep, Ha-
JaTbHUK I'€0JI0r0pa3BeOBATEIBHON SKCICTUINN KOMAHIyeT: «YCTaHOBUTh HHBCHTAPH3UPOBAHHOE
3aMepHOe 000PyJOBAHUE.

B kadecTBe mpOrpaMMHOT0 KOa 3TO OyJeT BEITIISACTH CIEAYIOMINM 00pa3oM:

if (Oborudovaniye.inventarizirovanno == false)

{

21Century..BolotistayaMestnost..Company.Ekspeditsiya.Enjiner.ustanovit(Oborudovaniye);

Oborudovaniye.inventarizirovanno = true;

21Century..BolotistayaMestnost..Company.Ekspeditsiya. Enjiner.dolojit(«Texyigee ~ obopyaosa-
HIE YCTAHOBACHOY);

}

else //mocae else maer Bapuant, Koraa 06OpyAOBaHME Y3KE MHBEHTAPU3UPOBAHO —
{
21Century..BolotistayaMestnost..Company.Ekspeditsiya.Enjiner.dolojit («Texymee  obopyposa-

HIE Y)K€ MHBEHTAPU3UPOBAHO);

}

return 0;

[Ipo6iiema mom00HOW CTPYKTYPhI B TOM, 4TO (JOPMATOB BPEMECHH U JIOKAIMi MHOXeCTBO. [lo-
ATOMY HEOOXOIMMO BBECTH MOHSITHE pa30MBOYHON KaTEropHalbHONW CETKU. DTO COBOKYITHOCTH 3Ha-
YCHHH, KOTOPBIC MOXKET IIPUHUMATD (hOpMaT.

Hampumep, ¢popmat 3uMBbl BKITIOYaeT B ce0s gekadpb, SHBaph, (eBpaib H HUKAK HE Mai, HIOHB,
utoib U T. 1. Dopmat XX Beka Biaodaet B cedst 1900—1999-¢ ronpl u Hukak He npyrue. OnHako ¢pop-
MaT JIeKaOpst MOXKET BKITFOUATh B ce0s1 IF000M TO.

UYro kacaeTcs JIOKallMu, TO, Hampumep, popmar EBpasuu BKIIFOUaeT B ceOs TAaKHE CTPAHBI, KaK

Poccus, Ucnanus, [lonpwa u T. 1., Ho HUKak He KaHany.
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KasxpIit Xxox Bcex MOPOKIAIOMMX I'PaMMAaTHK CHHXPOHH3UPOBAH co BpeMmeHeM. Kaxk bl xon
HaJ| TPAHCJIECOM MOKHO CIENaTh C NePEIBUIKKOI MapKepa HACTOALIETO HA JePEBE BPEMEHU Ha MO3U-
o «Crenyronuity. Mapkep MOXKHO epeABHHYTh HA MUHYTY, 9aC UM HECKOJIBKO YacoOB.

OOBbennHUB BCe JIEPEBbs C TIOMOILBIO TPAHCCBA3EH, MOXKHO CMOJICIIMPOBATH MTOBEACHUE JIIOJCH
U TIOJTYUYHBIIYIOCS MOJAETH UCIOJIB30BATh JJIS MPEACKa3aHus COOBITUN (HampuMep, pe3ysbTaT Mac-

mTabHOW paboTHI).

AJITOPUTM 3BOJIIOHMOHHO ONPABAAHHBIX IKCIAHCUI

KareropuanbHast ceTka CUCTEMBI — MPEACTABICHNUE O MUPE U O CHCTEMax C UX KOTHUTHUBHOU
U CEMAHTHYECKOW COCTABJIISIIOLICH.

C TOYKM 3peHust 3asBIIIEMOr0 IMOX0/a Y JIF000H CHCTEMbI €CTh METalelb — OJIAronoyyvdue; 3Ta
MeTaleiab MOXKEeT MOAU(UIINPOBATHCS, HEPEHOCUTHCS ¢ ce0s Ha IPyrHX W HA HEKOe COOMpaTebHOe
«MbD». Lenb 3J1eMEeHTOB KaTeropruaabHON CETKA CUCTEMbI ONPABIAHHON YKCIIAHCUU — HAUTH Te (op-
MaTbl, B KOTOPBIX OHM MOTYT IIOMOYb CYIIECTBOBAHHIO, BBKHBAHUIO, OJAarornojydnio CHCTEMbI
U aXe e¢ JaJIbHEHIIeH 3KCIaHCHH B HaacucTeme. [IpuHmumbl OanaHca B COOOPa3HOCTH BBIHYKIC-
Ha B OOJbIIEH MIM MEHBIIEH CTeTIeH! MPUHUMATH JII00asi CHCTEMA, YTO JI0 ONPEAEICHHON CTeIeH!
CMSITYaeT HEKOHCTPYKTUBHbIE KOHMIMKTBI M J]aeT CUCTEME 3aHSThCs CBOeH 0a30BOM wLenbto. Takoe
OIIMCaHME MPUMEHUMO K JIIOOBIM cHCTeMaM, 0COOEHHO K COLMAIbHBIM, IICHXOJIOTHYECKNM, HH(OP-
MAaI[MOHHBIM, CEMAHTHUYECKUM, |-, 2-I3BIKOBBIM (€CTECTBEHHBIC SI3BIKH U A3BIKH IPOTPaMMHUPOBAHUS
COOTBETCTBEHHO), MAPKETOJIOT MUYECKMM U SKOHOMUYECKHM CHCTEMaM.

[TycTh HEKTO X0ueT KynuTh okHa. [Tog0op Hy HBIX OKOH HaunHaeTcs B ceTd MuTepHer. [Touck
BE/IETCS KaK M Ha caiTax, Tak M MO PEKJIAMHBIM OOBSIBICHUSIM. B 3aBHCHMOCTH OT TOT0, KaKHe OKHA
HY>KHBI IOTEHIIMAJILHOMY TIOKYTIATEIO PEIaratoTcs peKJiaMHble OOBSIBICHUS U CAlThI.

3aaua peKIaMHBIX areHTCTB — CAENATh TaK, YTOOBI KaXKJbIH IOKYIIaTeNb HAIIeN TO, 4YTO eMy
HYHO.

Tor, KTO MOKyIIaeT OKHa, 3a00THUTCSI O OJIATOTOIY YUK CEMBH (TOKYTIKa TAKUX OKOH, YTOOBI HE OBLITO
npoayBoB). Te, KTO 3aHUMAIOTCS PEKJIaMOM, 3a00TITCS O OJIArONONYYHH TIOKyTnaTesiel (4ToObl TOKY-
raTeJIn Kak MOXKHO OBbICTpee HAIlUIM TO, YTO HY>KHO), OpraHU3alUi-UCIOIHUTENEH, Mara3nHoB (4TOOBI
OpraHM3alM1 HAIIUIA CBOMX MOKYTIaTeNIeil 1 He 00aHKPOTHIINCH) M CBOETO PEKJIAMHOT'O areHTCTBA.

Tpu CTOPOHBI: OpraHu3alMs 10 U3FOTOBICHHIO OKOH, PEKIAMHOE areHTCTBO U IOKYIAaTelb.
Kakoii Ob1 popMaT 3TUX CTOPOH HE ObLII aKTUBEH — CYOEKThI HalleJICHbI Ha Oiaronoiyuue ceds nin

JIPYTHX CyOBEKTOB.

3akJoyeHue

B pabote BBOIMTCS HOBOE MOHSITHE «TpaHciec» (trans-forest). DTO COBOKYIHOCTh JIePEBbEB,
CBSI3aHHBIX JIOTIOJHUTENBHO: IepeBO (OPMATOB, AEPEBO (Mepapxusi) HMOHATHI, HEepapXus BpeMEHH,
a Tak)Xe MPOCYyObEKTHBII yPOBEHb HEKOW MaTepUaIbHOW MOJIOKKH CYOBEKTOB ((CHIIBI IPHPOIIBI»)
Y MPPALMOHAIBHOIO CyObEKTa, alMpOKCUMHUPYEMOT0 B MOJIEIIN KaK rpad) MOAEIN BCEro MUpa, yCBO-
€HHOT'0 HEKOH yMO3PHUTEIBHOM, Ipe/InoaraeMoil HelpoceThlo cyObeKTa.

CyOBEKTBI U «CHJIBI» SIBIISIIOTCS HAa MTPOBOM IOJIE TPAHCIIeCa NCTOYHUKAMH XOJOB Ha OCHOBE
MPaBUJI IOPOXKJAIOIIMX rpaMMaTuK MoHTerto. Kaxk bl X0/ HaJ| TpaHCIeCOM MOXKHO CJIeNIaTh C Tepe-

HBH)KKOﬁ MapKepa HaCTOALICI 0 Ha ACPEBEC BPCMCHU HA MMO3UIUTIO «CJ'ICI[yIOH.[PIfI».
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JlepeBo GopMaToB ompeaeseT TO, KAaKoW CyOBEeKT CAeIacT CIACHYIOUIUN X0 HIH KaK CYOBEeKT
OylIeT MocTynarh B KaKMX-IMOO CUTyalusiX Ha MOCTOSHHON OCHOBE. J[Jis1 TOro 4ToObI NMPUOIU3UTH
MOJCJIb K p€aJIbHOCTHU, CYHICCTBYIOT TPAHCCBA3HU MEXKAY ACPEBbAMU U UX PA3SHBIMHU YPOBHSAMMU.

Takoke mpesIoKEeHHAsT MOJIENb MOJePKUBAET AJITOPUTM DBOJIFOIIMOHHO ONMPAaBJAaHHBIX IKCIIAH-
CHHi, LIeJTb KOTOPOT0 00ecreYeHrne O0aaronoaydnst Ijis caMoro CyoObeKTa u I1pyrux cyobekToB. Cy0n-
€KT OCYIIECTBISET ATy Lelb uepe3 Hanbosiee moaxo/siire GopMaThl.

MOI[CJ'H) npe€aHazHady€Ha  IJisd MOJCIINPOBAHUSA T'€OJIOTUYCCKHUX, y‘-Ie6HBIX, SI3BIKOBBIX
IT-MapKeTHHTOBBIX U UHBIX CUTYallMi C TOUKH 3peHHUs Teopuu rpadoB u Teopuu urp. B 0CHOBHOM
IpeIJIOKEHHAsT MOJICTh HAMPABIICHA Ha MPEACKa3aHUe TTOBEACHHUSI JTFO/IeH, 00BICHEHHE BRIOOpA JTFO-

z[eﬁ U MpeAcCKa3aHue CICAYIero BLI60pa B 00J1aCTH I€0JIOTHH U MapKETHUHTAa.
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