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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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ANALYSIS OF INDUSTRIAL DRUM MILLS’ OPERATION
AND WAYS OF THEIR IMPROVEMENT

Abstract. There has been done the analysis of existing industrial drum mills, which has permitted to reveal their
design imperfection. In order to increase the intensity of heterogeneous processes, it is proposed to aim at increasing
the surface of contacting phases, involved in the process. For this purpose, it is necessary to combine such processes
as grinding, activation, classification, mixing and chemical synthesis in the grinding device, which enables to
intensify the subsequent operations for processing of dispersed compositions.The efficiency of mill operation in a
closed cycle can be further improved, if to provide a highly efficient classification of ground products, removed from
the mill. It is proposed to divide the whole drum of the mill along its length by lattice partitions into a large number
of chambers, with a certain distance between the chambers of about 1,5+ 2 meters; to install two lattice partitions
between the chambers, with a distances of 0,25+ 0,4 meters between the partitions; to fix the blades to the drum
wall in the space between the partitions, similar to the drum dryer. It is recommended that in order to reduce energy
costs, there should be provided a rational organization of the grinding process with optimal process conditions for
industrial mills, applied in cement milling, with the air speed in the free drum space having to be within
0,7+1,4 m/sec.

Keywords: industrial drum mills, continuous classification of ground products, particles, process
intensification, material cooling energy, specific energy costs, designs.

Introduction. Improving production efficiency is an essential part of the economic strategy of the
country and, finally, is shown in increasing the output of high quality products at lowest costs. This is
achieved through technical re-equipment, wide introduction of advanced technologies and equipment.

To increase the intensity of heterogeneous processes, it is necessary to aim at increasing the surface of
contacting phases, involved in the process. Therefore, at present, many products for most industries are
obtained in a fine-disperse state, with the requirements for powder dispersity continuously growing.

The modern direction in the development of technological production equipment is a combination of
technological processes. The combination of such processes as grinding, activation, classification, mixing
and chemical synthesis in the grinding device enables to intensify the subsequent operations for processing
of dispersed compositions.

Grinding of various materials to the particles of less than a tenth of a millimeter is the most important
technological process in the production of cement, lime, ceramic products, ore dressing, etc. [1-4].

Methods of research. To carry out the research, there were used analytical and numerical methods
with the computers applied.

Results of research. As is known, the main drawback of the milling process is high energy intensity,
although directly on the material grinding there is spent a small part of the energy, consumed by the
machine.

In modern large-tonnage production there are mainly used drum mills for grinding. However, a very
low-efficiency coefficient of these mills forces the researchers to work on their improvement, as well as to
develop and apply mills of other designs. Such mills as medium-speed, impact, impact-centrifugal and
others are beginning to find more and more application in the processes of fine grinding [5,6].
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Drum mills are hollow rotating drums, in which there are grinding bodies (in most cases, steel balls),
and just here the material is fed for grinding. Grinding is carried out by impact, crushing and attrition.
These mills have been used in industry since the beginning of the twentieth century. The reason for such a
long life of this mill is in reliability and simplicity of its design, and due to these characteristics, being
very important for production, it is still out of competition in comparison with other designs. Therefore, it
is necessary to remember that the newly created designs of mills can move from the development phase to
the implementation phase only when they will be comparable by reliability to the drum ones. During the
long period of their application, the drum mills have undergone some design changes that have enabled
slightly to reduce energy losses, but they still remain very high.

In paper [7, p.17-18] there is given an approximate balance of power consumption items in the drum
ball mill:

1. Formation of new surfaces -0,6%
2. Losses in the transformation of electricity into the -12,3%
kinetic energy of ball lifting

3. Heating of the drum - 6,4%
4. Heating of the medium -31%
5. Heating of the material —47.6%
6. Other losses -2,1%

The balance shows that the main energy losses are related to heating of the material, the medium and
the drum itself. Heat in the mill is released as a result of friction between the particles, the friction of the
particles on the grinding bodies and the drum wall, as well as due to the volumetric and plastic
deformations. Often, high specific energy consumption in fine grinding is explained only by strength
change. The smaller the particles, the smaller the internal defects in the material, the stronger they are and,
therefore, their grinding requires more energy costs. This explanation is true, but far from being
exhaustive. In grinding, part of the particles, having reached the desired size, remaining in the whole mass
of the material, take over them the part of acting forces, dissipate them, are over-ground and slow down
sharply the process in the right direction. With increasing the dispersity of particles, the effect of
interaction of the particles between each other also increases. As a result, there is observed the formation
of very small particles’ coagulation structures, the destruction of which consumes a significant portion of
the energy, supplied to the particle.

The main ways of reducing the energy losses and improving the efficiency of grinding in a drum mill
are as follows. By grinding method, the drum mills can be dry and wet grinding. Wet grinding is used in
those cases, when the material to be ground is further processed in the form of suspensions, for example,
in mineral processing by flotation or extraction of certain components by chemical means.

The advantages of wet grinding, compared to dry grinding, are as follows:

1. less energy consumption per 1 ton of the material;

2. higher grinding capacity of the mill (approximately by 15%), absence of dust and, accordingly,
aspiration ventilation and air purification systems;

3. facilitation of transportation and distribution of the material: the hydraulic transport can be used;

4. wet classification is more effective than air classification

The energy consumption reduction in wet grinding and the growth of mill capacity are explained by
the fact that the liquid penetrates into cracks and causes tensile stresses that contribute to the destruction of
the material, in addition, the friction force between the particles of the ground material decreases.

However, if after grinding the material, the further technology requires its use in a dry form, the dry
grinding appears to be more feasible economically due to the large heat consumption for drying.

By operation principle, the drum mills are subdivided into batch and continuous. Batch mills are
working by wet method. These mills are not used for operation by dry method because of great
difficulties, arising in their discharge. A major drawback of batch mills is a large loss of energy to the mill
operation at the end of the grinding cycle, when a very small amount of underground material is left in it.
Batch mills are operated very much at the enterprises of the Republic and in order to reduce energy costs
they are to be replaced by continuous mills.

To improve the process and to reduce energy costs per unit of the ground material in long drum mills,
for example, tube ones, is possible by dividing them along the length into several chambers by installing
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lattice partitions.Since the size of the material to be crushed is decreasing while it is moving from the
charging spout to the discharge one, in accordance with this, each chamber should be charged with
grinding bodies, the size of which corresponds to the size of the material to be crushed. The largest bodies
will be in the first chamber and the smallest bodies - in the last one.

To increase the grinding capacity and to reduce the energy costs substantially when grinding in a
drum mill is possible by converting its operation from an open cycle to a closed one.

The open cycle operation circuit, when all the material to be crushed is passed through the drum once,
is simpler. In this operation circuit there are no devices, providing the finished product selection, and
therefore all the material is in the mill until it is completely crushed, as a result of which there will be
observed the finished product grinding heterogeneity, part of the material will be over-ground. Naturally,
in the open cycle operation there will be low grinding capacity and high specific energy consumption for
grinding. However, it should be noted that the mills, working by open method, are simple in design and
are not difficult to operate, which ensures their application up to the present time.

In a closed grinding cycle there is no aim to bring the whole material to the desired grinding fineness,
and at the exit of the mill it is sent for separation to the separator, when using a dry grinding method, and
to the screens or hydrocyclones, when using wet grinding. After separation, the fine fraction as a finished
product is removed from the circuit, and the coarse fraction is sent again to the mill for re-grinding. The
fresh and underground material is charged into the mill through the second hollow spout or the finished
product - through the hollow spout, while the underground material is charged through a special hole in
the middle part of the drum wall. Andreyev S. Ye. [8, p. 330-338] proved theoretically that grinding
capacity of the mill, working in a closed cycle with a classifier is proportional to the content of coarse size
grains in it. At the same time, it is easy to prove that the content of coarse size grains in the mill is directly
proportional to the frequency rate of the circulating load. However, the increasing frequency rate of
circulation results in the increased energy costs at the stage of classification and transportation of the
material under the scheme: mill — classifier — mill. The conditions are considered to be optimal, when
the material makes three to six passes through the mill [9, p. 94-95]. The mill’s grindin% capacitg here
increases, in comparison with the open cycle, by 20%, with a decrease in energy costs by 5+20% ; in
addition, the specific consumption of grinding bodies is reduced and the service life of the lining is
extended.

Taking into account the advantages of a closed grinding cycle, in most countries in cement production
and other large-tonnage industries the drum mills are converted to a closed cycle of operation, and only in
recent years, such reconstruction has begun to be carried out at some enterprises of our Republic.

The efficiency of closed cycle mills can be further improved, if to provide a highly efficient
classification of ground products, removed from the mill. Many researchers, on the basis of evaluation of
the existing industrial separators ([)10, $.130-135; 11, p.42-43], note that the applied designs have low
separation efficiency and about 40 +70% of the finished finely ground material, having not separated
in separators, return again to the mill. The use of screens and hydrocyclones in the wet grinding method
also does not provide a high-quality classification, since these devices can work well on low-concentrated
suspensions [10, p. 34-35].

Thus, the classification problems in grinding are very acute and need to be solved.

Practice [12, p. 3-6] and studies [13, p. 12-16; 14] show that the air blowing of a drum mill has a
positive effect on the grinding process by dry method. Moreover, it was found that with increasing
intensity of aspiration to a certain limit, the mill’s grinding capacity increases substantially. Thus,
monograph [7] gives the graphic dependence, obtained on the basis of the drum mill’s industrial testing,
which shows that due to active blowing it is possible to increase the mill’s grinding capacity by 25%.

The increase of the mill’s grinding capacity when blowing it with air can be explained by several
factors, the degree of influence of each of which on the process has not yet been determined. Some
researchers [13, p. 12- 16; 14; 15, p. 6-8] believe that the improvement of tube mills’ grinding capacity
with their intense aspiration occurs due to removal of the crushed material’s fine fraction from the
grinding area, which results in the increase of the coarse fraction portion and the increase of the relative
grinding velocity.
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It is also known that in fine grinding there are observed aggregation and sticking of small particles on
grinding bodies and lining, which has a negative influence on the process. Examination of industrial mills
in clinker grinding shgws that with increasing the intensity of aspiration, the temperature in the mill is
reducing by - , the aggregation and sticking of fines fractions of the material to the grinding
bodies and lining are reducing, and in milling a relatively cold clinker (60 +77 OC) there is no sticking
at all. The particle sticking occurs due to the action of electrostatic charges on the surface of particles.
Water vapors, contained in the air, washing the small particles of the material, form temporary "bridges",
which are a kind of conductors, through which the neutralization of electrostatic charges is carried
out.Thus, aggregation and sticking are eliminated and due to this the grinding process is intensified.

The grinding degree increase with increasing air speed in the mill is explained by some researchers
[16, p. 38-45] not only by the removal of fine fractions of the material from the grinding zone, but also by
the influence of the environment on the grinding process. Adsorption of water vapors, which in this case
are surface-active substances, from the air, passing through the mill, facilitates the deformation and
destruction of the solid body. The effect of adsorption strength reduction is determined primarily by the
fact that surface-active substances, reducing the material’s surface energy, contribute to the development
of various defects at lower stresses. To adsorption influence there are primarily exposed the surface
defects of structure — weak points that are always present in any solid body and even in the most well-
formed crystals. Into the defects of structure - the micro-cracks, being present in a solid body and
appearing in the process of its exposure to the grinding media, with air, there penetrate the water vapors,
covering the surface, available to them inside the deformed body, with a uniform adsorption layer. When
the liquid comes to the mouth of a micro-crack, its molecules are distributed on both surfaces of the
micro-crack up to the narrowest places, where their further penetration is prevented by the size of the
molecules themselves. The adsorption layer of water molecules prevents the closure of the micro-cracks
and thus reduces the hardness of the material to be ground.

Thus, the air purging of the drum mill chamber can have a positive effect on the grinding process for
the following reasons:

1. Due to continuous removal of a fine fraction from the grinding zone;

2. Due to removal of electrostatic charges from the surface of very fine particles and thus, reduction
of their aggregation and prevention of sticking to the grinding media and lining;

3. Due to adsorption effect of the air moisture on the particle defective structures and thus, reduction
of the material’s strength.

All these factors, undoubtedly, have a positive influence on the grinding process, and it is very
difficult to give preference to any of them. One thing is clear that the closer contact will be in the mill
between the air and the particles of the crushed material, the more effective will be the influence of these
factors on grinding.

If we consider the movement of flows in the drum mill in the cross section, we shall see that in the
operating state all the grinding bodies and the material occupy a little more than 50% of the section (the
bottom and side part along the way of the mill’s movement).

If we supply air to the mill, it will move in its free space without a sufficiently good contact with the
material. Of course, during the rise and fall of the grinding media and the material there will be their
intensive mixing and, naturally, a certain part of the fine-disperse material will be thrown into the free
space, where the fine particles will be picked up by the air flow and carried away to the separator.
However, there will be no good air purge of the whole mass of the material in the existing structural
design and therefore the bulk of the crushed material will be in the general flow.

When solving the problem of a close contact between the material and air in a drum mill, it is
necessary to take into account the recommendations of Andreyev S. Ye. and Sidenko P. M. [16, p.337; 16,
p.26-41], who repeatedly note that in a drum mill it is not advisable to conduct a process with a high
degree of grinding in one chamber. It is more economical to conduct it in several serially mounted
chambers with the necessary intermediate selection of fractions that do not need grinding in the next
chamber. It is also important that to the grinding chamber there came the material with a narrow size
range, and the frequency rate of destruction in it was minimal. So, Andreev S.Ye. notes that, from the
theoretical point of view, the perfect one there would be a method of grinding in a series of ball mills, each
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operating in a closed cycle with a classifier and so short that the material, passing through the mill, would
be subjected to a limited number of ball impacts and all the resulting finished product would be
immediately removed from the classification cycle.

On the basis of the above, we offer a more perfect version of the drum mill. The whole drum of the
mill along its length should be divided by lattice partitions into a large number of chambers, with a
distance between the chambers, being, for example, 1,5+ 2 meters; to set not one lattice partition

between the chambers, but two, with a distance of 0,25+ 0,4 meters between the partitions; to fix

blades to the drum wall in the space between the partitions, similar to the drum dryer, as shown in Fig. 1.

In this case, the material is crushed in the chamber, passes through the first lattice partition and,
falling on the blades, rises up and falls down from above. Since there are many blades, the falling particles
will fill almost the whole cross section of the mill. The air, moving in the longitudinal direction, will enter
the flow of falling particles, cool them and, depending on the speed, will pick up the particles of certain
sizes and carry them away with it. This separation process will be observed after each chamber. The air
velocity must be such that the near-mesh size particles, picked up by the air flow before they settle, could
fly over the whole length of the chamber.

UCXOOHBLI A—‘
Mamepuast

+8030)X

—

NHINS
T
T

UBMEITbYEHHBLI
Mamepuar
A +8030yX

Figure 1. The scheme of reconstruction of the drum mill
1 —the drum; 2 — the end covers; 3 — the spouts; 4 — the lattice partitions; 5 — the blades.

To calculate the air velocity in the chamber, it is necessary to calculate the settling velocity of near-
mesh size particles in the drum, using the Stokes formula. Knowing the particle settling velocity and the
mill diameter, we determine the particle settling time. During this time, the particle should manage to pass
the whole length of the chamber in the horizontal direction.Knowing the length of the chamber and the
settling time, we determine the air velocity in the chamber. According to our approximate calculations, for
industrial mills, used for cement milling, the air velocity in the free space of the drum should be within
0,7+1,4 m/sec. [16].

Conclusions. Thus, with the help of such reconstruction, there will be carried out continuously almost
complete removal of crushed particles from the mill, there will be intensified the processes of cooling the
material and the adsorption of moisture on its surface, which will significantly increase the grinding
capacity of the mill, with reducing its energy costs.

However, at the exit of the mill, the ground material must be subjected to a highly efficient
classification, so that the finished product could be almost completely removed from the system, and only
the underground particles returned back for re-grinding. It is known that there are used medium-speed
mills, having much lower energy consumption due to a highly organized grinding process, but having a
much more complicated design.
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OHEPKOCIIITIK BAPABAH/IbI JIMIPMEHIEP ) KYMbBICBIH CAPAIITAJIAY
7KOHE OJIAPJBI )KETIJIAIPY KOJIJAPBI

AnHotanusi. Onap/plH KOHCTPYKIHUSUIBIK XKETUAIPITMETeHIITH aHbIKTayFa MYMKIHIIK OepreH KOJIJaHbICTaFbl
OHEpKACINTIK OapabaHapl AMIPMEHICPIIH JKYMBICBIHA capanTama >KYpri3iuimi. ['eTeporeHmik MpoIeccTepaiy
KapKbIHBUIBIFBIH JKOFapbUIaTy MaKCaThIHAA IPOLECCKE KaThICAaThIH TYHICylli (aszanapablH OeTTepiH yiiFalTyra
YMTBUTY YCBIHBUIANbBL. bysl yIIiH [ucnepcTi KOMIO3W3WsUIApAbl OHJIEYy OOMbIHINA KeHiHri omneparusiapsl
KapKbIHIACTBIpyFa MYMKIHAIK O€peTiH ycakTay, akTHUBalMs, KIacCU(PUKalMs, >KbUDKBITY J>XOHE allaparTarbl
XUMUSUIBIK, CHHTE3 CHSIKTHI ITpoueccTepi OipikTipy KaxeT. Erep nuipMeHHEH IIbIFapbUIATBIH YCakTay OHIMJAEPiH
JKOFapbl THIMZI Ki1accM(UKaIMAAbl KaMTaMachl3 eTeTiH 0oJica TYHMBIK HUKJI OOWBIHIIA AMIPMEH >KYMBICHIHBIH
THIMALUTITIH TaFel KOOipeK JKoFapiaTyra 0omambl.

Huipmen OapabaHbIH y3bIHAa OOMBI TOPNBI KaJKalap MEH YJIKEH Kamepayapra Oenrim OipapaKamlbIKTHIKTA
KaMmepamap apacel maMmameH 1,5+2 merp Geny yceHBUIIBR. Kamepamap apacbiHa KajdKanap apachIHBIH KaIIbIKTHIFBI
0,25+0,4 M OonaThIH €Ki TOPJIBIK ajlKajgap OpPHATHUICHIH. Kajakanap apachlHIarkl KEHICTIKTe OapabaH KaOBIprachlHA
OapabaH/pl KenTiprimTerifeil Kypekiienepal OpHary. OHEeprusi IIbIFBIHIAPBIH TOMEHJAETY YUIIH [EeMEHTTI
YHTaKTay/la KOJJAHBUIATBIH OHEPKOCINTIK IUIPMEHJEp YIUiH IPOLeCC OTYiHIH OHTAMibl INapTTapbIMEH YCaKTay
NPOLECIH YTHIMIBI YHBIMIACTBIPYAbl KaMTaMachl3 €Ty YCBIHbUIa[bl, OapaOaHHBIH €pKiH KeHICTIriHzeri aya
KbUTIAMIBIFRI IiIaMameH 0,7+1,4 M/c 00Tybl KaKeT.
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Tyiiin ce3nep: OHepkocinTik OapabaHABI TUipMEHAEP, YCAKTAFBIII OHIMICPIIH Y3MIKCI3 KITaCCHUPHUKAIHIACH,
OeJeKTep, MPOLECTI KapKbIHAACTBIPY, MATEpPHAIABl CAIKBIHAATY DHEPTUsChl, MEHIUIKTI HEpPrus IUBIFBIHIAP,
KOHCTPYKUUSIIAp.
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AHAJIM3 PABOTbBI BAPABAHHBIX ITPOMBIIIIVIEHHBIX MEJIBHUIL
N IIYTHN UX YCOBEPHIEHCTBOBAHMUA

AHHoOTauus. BeimonHeH aHanm3 paboTHI CyHIECTBYIOIINX OapaOaHHBIX MPOMBINUICHHBIX MEIbHHI, KOTOPBIHA
MO3BOJIIJI OTIPEICUTh UX KOHCTPYKTUBHOE HecoBepmeHCTBO. C 1eNbi0 MOBBIMICHHS HHTEHCUBHOCTH TETEPOTCHHBIX
MPOIIECCOB TIPEAJIaraeTcs CTPEMHUTHCA K YBEIMYCHHIO MOBEPXHOCTH KOHTAKTHUPYIOIIMX (Da3, ydacTBYIOIIMX B
npouecce. J{i1s 3Toro Heo0OX0IMMO 00bEIMHEHUE TAKUX MIPOLIECCOB, KaK M3MENbYEHUE, aKTHBALMS, Kiaccudukarms,
CMEUIeHUEe M XMMHUYECKHH CHHTE3 B ammapare — W3MeJb4yHTelle, MO3BOJSIET MHTEHCU(HUIUPOBATH ITOCIEIYIONINE
orepany 1o oOpaboTKe IUCHEPCHBIX KOMITO3MLMH. D(P(eKTHBHOCTS pabOTHl MENBHUI] MO 3aMKHYTOMY IIMKILY
MOXHO e1ie 0oJiee MOBBICUTb, €CIH 00ecTIeunTh BHICOKOA(D(EKTHBHYIO KIacCH(PUKAIMIO MPOIYKTOB N3MENIbUCHHS,
BBIBOJJIMBIX U3 MEIIbHHIIEI.

IIpemnoxxeHo Bech OapabaH MENBPHUIBI 10 JUIMHE Pa3lelUTh PEIIeTYATHIMU IIEPErOpOIKaMU Ha OOJBIIOE
KOJIMYECTBO KaMmep, C OTpEeIeHHBIM PAacCTOSHHEM MEXKIy KaMmepamu, mopsnka 1,5+2 wmerpa. Mexmy kamepamu
YCTaHOBHUTDH [BE pEIIETYATHIC MEPErOPOAKH C PACCTOSHHAMHU MexOy meperopoakamu 0,25+0,4. B mpoctpaHCTBE
MEXAy I[eperopojkaMu K CTeHKe OapabaHa 3aKpenuTh JIONACTH, aHAJOTMYHO Kak B 0OapabaHHOW CYIIWIIKE.
PexomeH0BaHO, UTO 7SI CHIDKEHHS SHEPTo3aTpaT JOJDKHA 00ECIIeYMBAThCS palloHaIbHAs OpTaHU3aIMs Iporecca
M3MENBYCHHUS C ONTHMANBHBIMA YCIOBHAMHU MPOTEKAHUS IMpoIecca Ui MPOMBIIUICHHBIX MENBHUI], TPUMEHIEMBIX
JUTSL TOMOJIA IIEMEHTAa, CKOPOCTh BO3/lyXa B CBOOOTHOM MPOCTPAaHCTBe OapabaHa goynkHa ObITh B mipeaenax 0,7+1,4.

KaioueBble cioBa: OapabaHHBIE IMPOMBIIUICHHBIE MEJbHHUIIBI, HENpepbhIBHAS KIAcCU(PUKALMS IPOIYKTOB
U3MCJIbYCHUS, YaCTHIIbI, I/IHTCHCI/I(l)l/IKaLII/IH Impouecca, SHEPTUA OXJIAXKIACHUA MaT€puala, yACJIbHbIC SOHCPro3aTparhl,
KOHCTPYKIIHNH.
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