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EXPERIMENTAL RESEARCH OF A MULTISTAGE
GRAVITATIONAL CLASSIFIER

Abstract. The classification of polydisperse materials is widely used in many industries. Of the wide range of
classification equipment, the most promising are multistage gravitational classifiers. The classification process in
multistage gravitational classifiers is quite complicated and requires the necessary experimental research to ensure
the given efficiency. To receive reliable information allowing to obtain the most effective recommendations for their
structure and use, a set of experimental research was carried out. The research results showed that multistage
classifiers of small sizes provide a consistently high quality of separation, however their performance, for an
apparatus with a cross section of 80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot
be used for most production processes. Classifiers with higher performance must have significant sizes. It is
advisable to use multistage shelf classifiers with boundary separation sizes of 0.5-2 mm. With a boundary size of less
than 0.5 mm, a steady decrease in the separation efficiency is observed, and with a boundary size of the order of
0.05-0.1 mm, the classification efficiency decreases sharply. With an increase in the boundary separation grain of
more than 2 mm, a decrease in the classification efficiency is also observed (figure 1). The experiments to determine
the separation efficiency in the modernized and conventional structures of classifiers in the separation of quartz sand
with particle sizes of 0-2 mm relative to the boundary separation size of 8mp = 1 mm showed the following. The
mutual arrangement of the efficiency curves shows that an increase in the separation efficiency for the modernized
classifier is up to 10% when the optimum, providing the highest quality separation, air velocity per section of the
apparatus is achieved. Similar results were obtained for other materials (sylvinite, meal, gypsum) for various
boundary separation sizes (from 0.5 to 2 mm). In general, the separation efficiency in the modernized structure of the
shelf classifier for various materials was 5-10% higher than in a conventional one. The experimental research of the
modernized classifier structure showed that the proposed structural additions, ceteris paribus, contribute to a more
uniform distribution of material over the working volume of the apparatus, which, of course, leads to an increase in
the quality of separation.

Key words: experimental research, gravitational classifier, multistage, separation efficiency, boundary sizes,
section, holes.

Introduction. The grinding and fractionation processes are widely used in many industries.
Currently, there are major trends in the development of milling equipment combining grinding and
fractionation [1-11]. It should be noted in advance that many researchers [12-18] were involved in the
development and research of multistage gravitational classifiers, monographs were written on this subject,
and several dissertations were performed. The available data describe in detail the effect of technological
and structural factors on the separation process. Thus, it was established that multistage classifiers work
quite efficiently with boundary separation sizes from 0.2 to 2-3 mm, while the concentration of the solid
phase should not exceed 2-2.5 kg/m3 of the carrier medium (air). There are empirical dependencies for
calculating the air consumption for classification depending on the size of the apparatus and the boundary
separation grain. The number of overflow shelves is usually taken 6-10, while the shelves are located at an
angle of 45° to the horizon, overlap the classifier section to its middle and the height step between the
shelves is taken equal to the width of the apparatus section. Compliance with these recommendations
allows achieving separation efficiency in laboratory models up to 90% [12-17]. At the same time, as
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already noted above, in industrial tests, the separation efficiency of multistage classifiers is significantly
decreased, which shows a significant influence on the separation process of the scale factor during the
transition from laboratory to industrial plants. In well-known and previously noted works, this factor is
practically not paid attention to, only some of them [12, 13] indicate that with an increase in the size of the
classifier, its efficiency decreases, however there is no quantitative assessment of this phenomenon.

Research methods. When determining the hydrodynamic parameters and the distribution of
dispersed particles of classification substances, standard methods of physicochemical research were used.

The experimental research of a gas-centrifugal classifier was carried out with the aim of:

a) testing the obtained mathematical model of the motion of a single particle in a swirling gas
medium;

b) determination of excess pressure on the inner wall of the perforated element;

c) determining the boundary size of the particles passing through the perforation holes.

To study the scale factor influence on the separation of polydisperse materials in a gravitational
multistage classifier, several geometrically similar apparatuses with cross-section sizes of 80x80 mm,
140x140 mm, 200x200 mm, 300x300 mm were designed and manufactured. The results of these
experimental research on quartz sand with a particle size of 0-5 mm are presented in figure 1.

Research results. The obtained experimental data are presented in figure 1, 3.

Figure 1 - Separation efficiency depending on the cross-sectional size ofthe classifier

Visual observations of the separation process carried out during the experiments showed the
following. When a coarse fraction was unloaded from the classifier, the material from the last inclined
shelf did not flow uniformly over the entire width of the shelf, however it was largely concentrated at its
edges, i.e. at the side walls of the apparatus. And the larger the cross-sectional sizes of the classifier, the
more this phenomenon manifested itself. This indicates that the material in the classifier's working
volume is distributed unevenly, and as it moves down it may be pushed aside by the air flow to the
apparatus walls. In addition, the pulsating nature of the descent of the material flow from the last shelf was
observed. The material was unloaded into the tank not by a uniform flow, but by pulsating, with sharp
discharge fluctuations. Naturally, with these phenomena, part of the starting material does not have time to
contact with the air, but simply falls down, as a result of which the large product is contaminated with
fines and the separation efficiency decreases.

Thus, it can be seen from the series of experiments that multistage classifiers of small sizes provide a
consistently high separation quality, however their performance, for an apparatus with a cross section of
80x80 mm no more than 100 kg/h, is insignificant, as a result of which they cannot be used for most
production processes. Classifiers with higher performance must have significant sizes, and, therefore, as
the above research has shown, the separation efficiency will be low, which again complicates their
implementation in production.
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To solve this problem, in order to more evenly distribute the material over the cross section of the
apparatus, which should increase the quality of separation, some structural additions were made to the
existing classifier structure (figure 2).

The essence of these structural additions is as follows. After the rotary feeder, the perforated sheet
(item 2, figure 2) with the hole of do size 2 times larger than the maximum particle size in the material to
be separated was installed in the feeding tube of the classifier, which follows from the condition to prevent
clogging of the holes. Such a structural feature will allow to smooth out the pulsating nature of the
movement of the starting material supplied from the feeder. In addition, in order to more evenly distribute
the material already in the classifier's working volume and prevent the material accumulation at the
apparatus walls, the inclined shelves located below the feeder were made with longitudinal slides (item 3,
figure 2). These slides prevent the material from moving in the cross direction of the inclined shelves.

To study the efficiency of structural changes introduced into the classifier apparatus, a series of
experiments was carried out to determine the separation efficiency of the polydisperse material into
fractions in the modernized structure, the results of which were compared with the separation efficiency in
the conventional classifier structure. Classifiers with cross-sectional sizes of 200x200 mm were used as
model classifiers, providing a feed capacity of 300 kg/h.

Figure 3 shows the results of experiments to determine the separation efficiency in the modernized
and conventional structures of classifiers in the separation of quartz sand with particle sizes of 0-2 mm
relative to the boundary separation size of 3rp=1 mm.

The mutual arrangement of the efficiency curves (figure 3) shows that an increase in the separation
efficiency for the modernized classifier is up to 10% when the optimum, providing the highest quality
separation, air velocity per section of the apparatus is achieved. Similar results were obtained for other
materials (sylvinite, meal, gypsum) for various boundary separation sizes (from 0.5 to 2 mm). In general,
the separation efficiency in the modernized structure of the shelf classifier for various materials was
5-10% higher than in the conventional one.

1 - feeder; 2 - perforated sheet; 3 - slides ofthe inclined shelves
Figure 2 - Structural additions made to the classifier apparatus

Thus, these facts confirm the opinion of many researchers that the separation quality in gravitational
classifiers largely depends on the uniform distribution of the starting material over the entire working
volume ofthe apparatus. Naturally, the larger the classifier, the more difficult it is to ensure uniform flow
ofthe medium and material, which, as shown by the above experimental data (figure 3), to a decrease in
the separation efficiency. Therefore, at high performance it is more expedient not to increase the size of
the classifier, but to partition several relatively small apparatuses into spacer blocks. This will allow to
achieve the required performance by setting the required number of sections, and the separation efficiency
will be as high as for single classifiers of small sizes.
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Figure 3 - Separation efficiency of classifiers

At the same time, visual observations of the separation process in the modernized classifier structure
showed that although it was possible to achieve a more uniform distribution of the material across the
width of the apparatus, however, there was still a pulsating character of the large fraction descent from the
last shelf, as in the case with the conventional classifier structure. The material from the feeder was
supplied in a uniform flow, due to the installation of the perforated sheet behind the feeder (item 2,
figure 2), and already at the exit from the classifier the material consumption was uneven, pulsating.

To study the causes of this phenomenon, windows were made in the side walls of the apparatus.
During the experimental installation operation, these windows were hermetically sealed with organic glass
plates, which allowed to visually observe the material movement during the classification process.

The observation of the classification process allowed to establish the following mechanism for the
distribution of the material to be separated in the working volume of the classifier, shown in figure 4.
Quartz sand with a particle size of 0-2 mm was used as a model material, the separation was carried out
relative to the boundary size of Srp=1 mm.

When the classifier is working, the starting material, falling down from the inclined shelf, experiences
the effect of an ascending air flow. Small particles, with a size smaller than the boundary, are picked up by
the air flow and carried upward (items 1, 2, figure 4). Large particles, with a size larger than the boundary,
overcome the resistance ofthe air flow and fall down (items 3-5, figure 4). Boundary-sized particles with
the same probability can be carried up into a small product, and fall down into a large one, depending on
the influence of many unaccounted or random factors (items 2, 3, figure 4).

Therefore, as can be seen from figure 4, there is a kind of “bombing” by large particles of the shelf
attachment area to the classifier wall. Moreover, the velocity vector of large particles is often directed
almost perpendicular to the surface ofthe next shelf (item 4). As a result ofthis, as the visual observations
have shown, a large fraction accumulates here, which was further confirmed by analysis of samples from
the material residues in the corners between the shelves and the classifier case taken when the
experimental setup was stopped. Upon reaching a certain amount of the material, this accumulation
abruptly breaks down, which explains the pulsating nature of the movement of a large fraction at the
classifier exit.

(1 - 5) - various size particle movement trajectories
Figure 4 - Various size particle movement in the working volume of the classifier
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It would seem that the inclination angle ofthe shelves is large enough (45°) so that the material slides
down, in fact the friction coefficient of various materials on steel is lower than unity for most materials
(from the condition that the body is at rest on an inclined surface, it follows that the friction coefficient
should be equal to the tangent of the inclination angle of the surface). However, it should be appreciated
that the fact that particles falling into the angle between the shelf and the classifier wall are pressed to
some extent by the ascending air flow and, in addition, are pressed to the shelf by the following layers of
material. All this complicates the movement of the material down, therefore, its accumulation occurs
despite the structural conditions ofunhindered sliding down the inclined shelf.

The processing of the experimental data for the group of materials studied allowed to obtain a
dependence for determining the air velocity over the classifier cross section, which provides the most high
quality separation

W=0531v, . A 1)

T

where veum — particle staying velocity, m/s; py — density ofthe material to be separated, kg/m3.
The dependence (1) is in good agreement with the methods for calculating the air velocity proposed
by other researchers [2, 6], which are based on the choice of gas velocity W in the apparatus within

Wt < W < W2 (2)

where Wip! — velocity of the required fraction pneumatic transport start, m/s; Wxp2 — velocity, the

excess of which leads to a sharp increase in the intensity of the removal of a large fraction into a small
product, m/s.

Conclusions. The obtained experimental data (figure 1) allow to draw some conclusions:

1. It is advisable to use the multistage shelf classifiers with the boundary separation sizes of
0.5-2 mm. With the boundary size of less than 0.5 mm, a steady decrease in the separation efficiency is
observed, and with the boundary size ofthe order of 0.05-0.1 mm, the classification efficiency decreases
sharply. With the increase in the boundary separation grain of more than 2 mm, the decrease in the
classification efficiency is also observed. The reason for this is that in order to rise sufficiently large
particles into a small product, significant air velocities in the classifier are required (in order to rise into a
small product particles of quartz sand with a size of 2 mm and a density of 2000 kg/m3, the air velocity per
section ofthe apparatus is 7.8 m/s). At high air velocities, the hydrodynamics of the flow of medium and
material are disturbed, random turbulent pulsations and turbulences occur, which negatively affect the
separation performance. In addition, large particles moving down into a large product can entrain smaller
particles, which also reduces the separation efficiency.

2. With the increase in the size of the classifier's cross section, ceteris paribus, the separation
efficiency decreases. If a laboratory classifier with the cross section size of 80x80 mm provides
the separation efficiency of up to 90-92%, then for an industrial sample with the cross section size of
300x300 mm, it does not exceed 65%. The reasons for this, according to many researchers [12, 13, 20, 21,
22], is that in multistage classifiers (as, indeed, in any other gravitational apparatuses) with significant
geometric sizes it is very difficult to uniformly distribute the material over the entire volume of the
apparatus and also organize a stable air flow velocity field, avoiding various random pulsations, vortices,
circulations, and other similar phenomena that occur during the movement of gases or liquids.

Thus, the experimental research of the modernized classifier structure showed that the proposed
structural additions (figure 2), ceteris paribus, contribute to a more uniform distribution of the material
over the working volume of the apparatus, which, of course, leads to the increase in the quality of
separation.

The material accumulations falling down from the inclined shelves violate the classifier's
hydrodynamics, limit the contact of particles with the air flow, as a result of which the quality of
separation in industrial installations is reduced in comparison with laboratory models, where the above
phenomenon manifests itselfto a lesser extent.

In order to improve the quality of separation, theoretical research of particle movement in the working
volume of the classifier were carried out, aimed at studying the mechanism of accumulation of material
particles on the inclined shelfand eliminating the causes ofthis phenomenon.
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A. NeBpaHckuiAl, [. UnpkyHl, B. Mony6es?, . CapceH6ekynbi2, 4. XXymanynnaes?

1 benapycb MeM/IEKETTIK TEXHONOTUANBIK; YHUBEPCUTETY MUHCK, Benapyce;
2 M. Qye30B aTbiHAaTbl OUTYCTiK Ka3akcTan MemieKeTTiK YHUBepcuTeTy LLbIMKeHT, Aa3aycTaH

KET KACKAATbI FTIPABUTALNANBLLL
KNTACCNPUNKATOP/AbI SKCIMNMEPVMEHTAJIAbLL, 3EPTTEY

AHHOTaunA. TMonugucnepcTi  maTepuanfapapbly,  >KiKTenyi  eHepK3CinTil, —KenTereH cananapbiHia KewiHeH
yongaHbinagbl. Knaccuumkaunsanbly xabablyTbil, YKeH LielbepiHeH Ken KacKaATbl rpaBUTauLmsnbly KnaccuukaTopnap
HeTYp/bIM MepcrnekTBanbl 60nbin Tabblnagbl. Ken KackafgTbl rpaBuTaumsanbly KnaccudukaTopnapgarbl XXikTey npoueci
eTe Kypzeni 60/bin Tabbliadbl X3He 6GepinreH TWIMAIMIKTI yamTamacbi3 €Ty YLWiH yaXeTTi T3xipnbenik 3eptreynep
Xyprisygi Tanan etegi. Onapabl yypacTbIpy >X3He MaifanaHy 60libIHLWA HEryp/biM TUIMAI YCbIHbICTap anyra MyMKiHAIK
6epeTiH LWbIHaWbl aynapaTt ajly MaycaTbiHAa 3KCMEPMMEHTTIK 3epTTey/iep KelUeHi eTKi3ingi. 3epTTey H3Tukenepi wwarbiH
enwemai KenkackaaTbl XKIKTeriwTep 6eniHygil, TypayTbl >XOrapbl canacbiH yamMTamachl3 eTeTiHiH KepceTTi, anaiga
onapfply eHimginiri 80x80 mm ymmack! annapaT yiiH 100 Kr/car apTbly emec, 60/IMallby OCbIHbIL, CanfapbiHaH KernTereH
eHAIpICTIK yaepicTep yLWiH onapapl nainganaHyra 6onmaigbl. ©HiMAINIMT aHarypabiM Korapbl XIiKTeriwrepaiy, easyip
Menwepnepi 6onybl Tuic. KenkackafTbl cepenik ikTeriwTepai 6enygiy wekapansly enwemi 0,5-2 mm 6onraH kesge
naliganaHy opbiHAbL. Lekapa Menwepi 0,5 MM-geH kem 6onraH kesge 6eny TWIMAINITIHIL OymMKbITHain TeMeHAgyi
Galtyanafpbl, an wekTi menwepi 0,05-0,1 MM 60nraH Ke3ge XikTey TUIMAINIri KypT TemeHaeliai. beniHygiy, wekapanbly
acTbIrbl 2 MM-AEH apTbly yarairaH Kesfe ikTey TWUiMAINiriHiy TemeHgeyi 6ayanagpl (1-cypeT). 8mp = 1 MM Genygil,
LeKapanbly ofilleMiHe yaTbicTbl 0-2 MM 6onwekTepi 6ap KsapL, YyMblH 6eny KesiHAe KnaccuukaTopnapabiy
XKaUrbIPTbIIraH X3He K34iMri KOHCTPYKUMsinapbiHaarbl 6eny TWUiMAINIriH aHblyTay 6GOMbIHLIA 3KCMEPUMEHTTEP MbIHaHbI
KepceTTi. TUiMAINIK yUCbIrbIHbIL, 03apa OpHaaCybl XKaLrbIPTbIIraH XiKTeyilTep yLwiH 601y TUIMAINIriHiL, ocimi ouTainbl,
Herypsnbim cananbl 601y yamTamachl3 eTeTiH annapaTtTbil, yMMacbiHa aya XbligamabirbiHa )eTkeH kesge 10 %-ra geiiH
YypaiTbIHbIH KOpCeTei. ¥ycac HaTvKenep 6acya matepuangap YLWiH anbiHAbl (CUbBUHWT, ipi TapTbiraH yH, runc) ap
Typni wekTik 601y menwepi kesiHge (0,5-TeH 2 Mm-re feiiiH). TyTacTai anraHza, ap Typai MaTepuangap yLiH cepenik
XKIKTErilwTiL, »aurbIpTbiiraH KOHCTPYKUMACbIHA 601y TUIMAINIri 34eTTeri matepuangapra yaparaHga 5-10 % - ra »orapbl
6onabl. JKiKTeyilTil, XaurbIpTbiiraH KOHCTPYKUWACHIHbIL, 3KCMEPUMEHTTIK 3epTTey/epi YCbIHbINTaH KOHCTPYKTUBTIK
TOMblyThIpyNap esre fe Tew, arfanapfa annaparTbil, XXYMbIC Konemi 60ibiHLLIA MaTepuanibl Gipkenki 6enyre blynan
eTeTiHIH KepceTTi, 6y/, 3puHe, 60MiHY canacbliHbIL, apTyblHA /bl Kenesi.

TyWiH co3fep: aKCNepuMeHTaNbl 3epTTey/ep, rpaBUTaUus/bly Knaccutmnkatop, KemkackaaTbl, 601y TWiMainiri,
LeKapa/bly OnLleMaep, Yima, TecikTep.

A. NeBpaHckuiAl, [. YUnpkyHl, B. Mony6es?, . CapceH6ekynbi2, [. XXymanynnaes?

6eM10pyCCKNiA FoCyAapCTBEHHBIV TEXHONOTMYECKNI YHMBEPCUTET, MUHCK, Benapych;
2HO>KHO-KazaxcTaHCKuiA rocyAapCTBEHHBIN yHMBepcuTeT uM. M. Ay330Ba, LLIbiMKeHT, KasaxcTaH

SKCIMNMEPUMEHTAJIbHBIE NCCJIEAOBAHUA
MHOIOKACKAAOHOIO NTPABUTALIMOHHOI O K/TACCUNPVKATOPA

AHHOTaunA. Knaccudukaums noavamMcnepcHbiX MaTepyanoB  LUMPOKO WCMOMb3yeTcsi BO  MHOMMX  OTPacnsx
NMPOMbILLNEHHOCTU. M3 60/bLIOr0 Kpyra KiaccuukaumMoHHOro o6opyfoBaHua K Hambonee nepcnekTVBHbIM OTHOCATCA
MHOrOKacKafiHble rpaBUTaLMOHHbIE KnacCupUKaTopbl. pouecc KnaccupuKkaumy B MHOTMOKacKafHbIX rpaBuUTaLOHHbLIX
KnaccmgukaTopax ABMASETCA [OCTATOYHO CMOXHLIM 1 TpebyeT MpOBeAeHNs HeobXOAUMbIX 3KCMePUMEHTabHbIX
nccnefoBaHnn, 4TOObl 06ecneunTb 3afaHHyr0 3(deKTVBHOCTb. C Lenblo MNOMyyYeHWs [LOCTOBEPHOW WHGopmaumm,
MO3BONAOLLEA NOMYyYnTb Hambonee 3M(HEKTUBHbIE PEKOMEHAALUM MO WX KOHCTPYMPOBAHWIO W WCMO/Mb30BaHUIO Obin
npoBefeH KOMMJIEKC 3KCMEepUMEHTa/IbHbIX UCCefoBaHUA. Pe3ynbTaTbl MCCNeA0BaHWA NMOKasaan, YTO MHOFOKAacKagHble
Knaccuukatopbl HebOMbLIMX pa3mMepoB 06ecrneymBaloT CTabW/IbHO BbICOKOE KAvecTBO pas3fenieHns, OfHaKo WX
NpPOV3BOAMTENBHOCTL A/1 annaparta cedeHnem 80x80 MM He 6onee 100 Kr/4 He3HaumTeslbHa, BCMEACTBME Yero A
60/bLUMHCTBA NPOM3BOACTBEHHbIX MPOLECCOB OHM He MOTYT 6biTb MCMONb30BaHbl. KnaccudmkaTopbl ¢ 601ee BbICOKOM
NMPOV3BOANTENBHOCTLIO  [JO/MDKHbI  MMETb  3HauuTeNbHble pasMepbl. MHOrokackagHble rO/I0YHble  KnaccugurKaTopsbl
LienecoobpasHo MCMoMb30BaTh MPU rpaHUYHbIX pasmepax pasgenenus 0,5 - 2 mm. Mpu rpaHuyHOM pasmepe meHee 0,5 MM
HabMoaaeTCcA HEYK/IOHHOE CHUXeHWe 3(h(EeKTUBHOCTY pasfeneHns, a npyu rpaHnyHom pasmepe nopsgka 0,05 - 0,1 Mm
3(h(heKTUBHOCTbL KraccupmKkaumy pe3ko nagaet. Mpu yBenMyeHUM rpaHUYHOro 3epHa pasfgeneHus 6onee 2 MM Takxe
HabntogaeTca (PUCYHOK 1) CHUKEHME 3PGeKTUBHOCTM Knaccuukaumm. SKCNepuMeHTbI M0 onpeseneHnto 3heKTUBHOCTH
pasjeneHns B MOAEPHU3NPOBAHHOW 1 06bIYHOW KOHCTPYKLUAX KNACCU(MKATOPOB MpW pa3fdenieHnn KBapLeBoro necka ¢
pasmepamu yacTuL, 0 - 2 MM OTHOCUTE/NIbHO FPaHMYHOro pasmepa pasgeneHuns 8ip = 1 MM Mokasanum cnegytollee. B3avmHoe
pacnonoXxeHne  KpuBbIX  3(MMEKTUBHOCTM  MOKa3blBaeT, UTO  MNPUPOCT  3deKTUBHOCTM  pasfeneHus  And
MOAEPHU3MPOBAHHOIO  Knaccugukartopa coctasnseT 0 10 % npyu [AOCTMXKEHWMM ONTMMa/IbHOW, 06ecrnevmBatoLLEei
Hanbonee KayeCTBEHHOe pas3fe/ieHne, CKOPOCTM BO3fyXa Ha CeyeHMe annapata. AHaNOrM4YHble pes3ynbTaTbl Obln
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nosyyeHbl 4s APYrux MaTepuaioB (CUIbBMHWT, MyKa rpy6oro nomosna, rurc) npv pasiMyuHbIX rPaHUYHbIX pasMepax
pasgeneHust (0T 0,5 fo 2 MM). B LienioM, 3(eKTVBHOCTb pasfeneHus B MOLEPHU3MPOBAHHOM KOHCTPYKLMU MOIOYHOTO
KnaccudukaTopa [ pas3/MyHbIX MaTepuanoB Gbina Ha 5- 10 % Bbille, YeM B O6bIYHOW. SKCMEPUMEHTAIbHbIE
1CCNeoBaHUs MOAEPHMU3NPOBAHHOW KOHCTPYKUMM KiaccUgrKaTopa MOKasain, UYTO MNPeAsoXKeHHbIE KOHCTPYKTUBHbIE
[OMOMHEHUS MPU MPOYMX PaBHbLIX YCOBUSIX CMOCOGCTBYHOT 60/lee PaBHOMEPHOMY pacripefie/ieHno Matepuana no
paboyemy 06bEMY annapata, YTo, eCTECTBEHHO, NPUBOAUT K MOBbLILLEHUIO KaUeCcTBa pasaesieHus..

KntoueBble CoBa: 3KCMepUMEHTa/bHble WUCCME0BaHUsl, TPaBUTALMOHHBIA  KNacCU(MKaTop, MHOTrOKacKagHbIl,
3(PhEKTUBHOCTb PasfeNieHns], FpaHNYHble pasMepbl, CeYeHUE, OTBEPCTUS.
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