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STUDY OF THE EFFECT OF AIR CONSUMPTION,
LIQUID LAYER HEIGHT AND TEMPERATURE ON THE PROCESS
OF FLOTATION SEPARATION OF GROUND PLASTICS

Abstract. For separation of plastic wastes (polyamide (PA), acrylonitrile butadiene styrene (ABS) and
polystyrene (PS)), a flotation method is proposed. Using this method, the effect of air consumption, liquid layer
height and temperature were studied. As surface-active substances (surfactants), polidocanol, sulphanole and a
mixture of surfactants containing sodium laureth sulfate and diethanolamide were used.

To analyze the research results of flotation separation of a mixture of ground plastic wastes, the extraction of the
floating component € and the purity ofthe concentrate p were calculated.

The research results on the extraction of polystyrene from the air consumption at various concentrations of a
mixture of surfactants show that the extraction has a maximum at a certain air consumption. At low air consumption,
the process is inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of air consumption is exceeded, many gas bubbles are formed that are not involved in the flotation
process. Such bubbles, moving through a liquid, can create turbulent flows that impede flotation of particles. When
moving in a turbulent liquid flow, the bubble-particle complex is prone to destruction, as particles and bubbles have
different inertia (mass). In addition, it may be concluded that the air consumption value at which the maximum
extraction of the floating component is achieved depends on the type of polymer and surfactant. The air consumption
effect nature at different concentrations of surfactants is not changed - only the floating component extraction
changes.

The research results on the extraction of polystyrene from the aerated liquid layer height at various
concentrations of a mixture of surfactants indicate that at a low height of the aerated liquid layer the probability of
collision of a plastic particle with an air bubble is low and some potentially floating particles sink to the bottom of
the device, without having time to collide with an air bubble. The optimum height of the processed liquid layer
corresponds to a certain air consumption. When the liquid layer height is less than optimal, the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in air consumption.

When assessing the effect of liquid temperature on the flotation process, it was found that increasing the liquid
temperature above 20°C leads to a sharp decrease in the ABS and PS extraction. This is possibly due to the fact that
the dependence of the foaming capacity of surfactants on temperature is characterized by solubility curves and for
most surfactants they have an extremum. Probably, an increase in the solution temperature leads to the dehydration
of the dissolved surfactant molecules. Moreover, they separate as an independent macrophase, which leads to a
decrease in the number of surfactant molecules involved in the flotation process.

Key words: flotation, plastic wastes, surfactants, concentration, air consumption, liquid layer height,
temperature.

Introduction. In the world there is a constant increase in the consumption of polymer materials (PM)
[1, 2], which occupy a leading position in terms of production of raw materials.

The accelerated growth in the production of polymer materials and the expansion of their applications
in various industries is explained by their manufacturability, ease, convenience, cost-effectiveness, safety,
a set of valuable operational properties and high aesthetics. Plastics are serious competitors to glass,
ceramics and metal [3].

At the same time, the use of products from polymer materials certainly causes waste formation. The
increase in PM production and consumption inevitably entails an increase in the amount of their wastes.
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In recent years, the problem of processing plastic wastes has become to take an important place in the
world, since the bulk of wastes is destroyed by inefficient methods [4-8].

Promising processes for the PM separation are flotation based on different wettability, since they are
quite simple in hardware and reliable. The flotation process is close to the sedimentation process in
flotation baths, which is widely used in the world. The flotation process may allow to separate plastics
with fairly similar or equal densities. This requires the presence of surfactants and gas bubbles in the
working volume of the device [9, 11].

Research methods. The methodology for experimental research of the flotation process of separation
of plastics is as follows. It is necessary to prepare in advance a charge of the investigated ground plastics
with a mass mucx. Due to the complexity of further manual sorting of the concentrate in a multilateral
research of the flotation process, it is recommended to feed a charge of a mixture of ground plastics
weighing about 10 g. In a laboratory setup, it is possible to study the dependences of the extraction of
certain types of plastics on physical and operational factors, while the charge with a mass mH(X containing
one type of ground plastic is fed to the flotation. It is also possible to study the separation of a mixture of
several types of ground plastics. In the second case, the charge with a mass mH(X should contain particles of
ground hydrophobic plastic with a mass m~”x and particles of ground hydrophilic plastic with a mass

When studying the separation of plastics, it is recommended to feed a mixture of plastics to the
flotation in a 1:1 ratio.

Research results. In [12], the authors presented the research results ofthe effect of the concentration
of surface-active substances (surfactants) on the process of separation of plastic wastes. The tables with
experimental data presented in this work contain the results obtained by changing the air consumption, the
liquid layer height and its temperature. When conducting the research, the plastic wastes were polyamide,
acrylonitrile butadiene styrene and polystyrene. As surface-active substances, polidocanol, sulphanole and
a mixture of surfactants containing sodium laureth sulfate and diethanolamide were used [13-15].

To analyze the research results of the flotation separation of a mixture of ground plastic wastes, the
extraction ofthe floating component € and the purity ofthe concentrate P were calculated by the formulas
[16]:

£= -100%, 4.1)
"HHCX
-100%, (4.2)
NeKOHL
where - a mass of the floating component (the particles of the ground hydrophilic plastic in the

concentrate, kg; m”x - a mass ofthe floating component (the particles ofthe ground hydrophilic plastic in
the initial charge, kg; TkoHy - a mass ofthe concentrate, kg.

According to the calculation results ofthe extraction of the floating component € and the purity ofthe
concentrate P from the air consumption during the flotation separation of the mixture of the ground

polyamide and acrylonitrile butadiene styrene using various surfactants, the dependences were obtained
which are shown in figures 1-3.

Figure 1 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of sulphanole 11.56 + 10-3 kg/m3
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Figure 2 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of polidocanol 8.89 + 10-3 kg/m3

Figure 3 - Dependences of the purity of the concentrate and the ABS extraction
from the air consumption at the concentration of the mixture of surfactants 2.7 + 10-3 kg/m3

Further, according to the results given in [12], the dependences of the PS extraction on the air
consumption are presented, obtained at the concentration of the mixture of surfactants of 5.41 + 10-3 and
16.22 + 10-3 kg/m3 (figure 4.).

Figure 4 - Dependences ofthe PS extraction on the air consumption
at various concentrations ofthe mixture of surfactants
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As is seen from figures 1-4, the extraction has a maximum at a certain air consumption. The presence
of the maximum extraction of the floating component in these figures suggests a characteristic effect of
the air consumption on the flotation process of polymers. At low air consumptions, the process is
inefficient, since the working volume of the liquid is not saturated enough with gas bubbles. If the
optimum value of the air consumption is exceeded, many gas bubbles are formed that are not involved in
the flotation process. Such bubbles, moving through a liquid, can create turbulent flows that impede the
flotation of particles. When moving in the turbulent liquid flow, the bubble-particle complex is prone to
destruction, as particles and bubbles have different inertia (mass) [17].

Also, from the above dependences, it may be concluded that the air consumption value at which the
maximum extraction of the floating component is achieved depends on the type of polymer and surfactant.
The air consumption effect nature at different concentrations of surfactants is not changed - only the
floating component extraction changes.

When using polidocanol, the maximum extraction of ABS is 17% higher than when using sulphanole,
and reaches 70.5%. However, the purity of the concentrate in this case is reduced by 2.5%, namely, to
93.5% [18]. When using the mixture of surfactants containing sodium laureth sulfate and diethanolamide,
the ABS extraction reaches 95%, and the purity of the concentrate is 98.7%. And when using the same
mixture of surfactants during the PS flotation, its extraction reaches 99%.

To determine the optimal height of the aerated working liquid layer from the experimental data
presented in [12], the dependences of the PS extraction on the concentration of surfactants were
determined at different heights ofthe aerated liquid layer, which are shown in figure 5.

Figure 5 - Dependences of the PS extraction on the concentrations
of surfactants at various heights of the aerated liquid layer

As is seen from figure 5, the PS extraction has a maximum at a low concentration of surfactants,
namely 5.41 + 10-3 kg/m3, and reaches 99% with a sufficient height ofthe aerated liquid layer.

At a low height ofthe aerated liquid layer, the probability of collision of a plastic particle with an air
bubble is low and some potentially floating particles sink to the bottom ofthe device, without having time
to collide with an air bubble. The optimum height ofthe processed liquid layer Ho corresponds to a certain
air consumption. When the liquid layer height is less than optimal (Hx <Ho) the achievement of the
required extraction degree of the dispersed phase is possible, for example, with an increase in the air
consumption [19].

In order to more clearly display the effect of the aerated liquid layer height on the PS extraction, the
corresponding dependences were obtained at the concentration of surfactants of 2.16-10-3 and 5.41-10-3 kg/m3,
shown in figure 6.
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Figure 6 - Dependences ofthe PS extraction on the aerated liquid layer height
at various concentrations of surfactants

As is seen from figure 6, a sufficient height ofthe aerated liquid layer is 0.5-0.6 m, its further increase
does not have a strong effect on the PS extraction. Exceeding the optimum height of the aerated liquid
layer leads to an increase in the material consumption ofthe device and an increased consumption of the
working liquid and surfactant, as well as to an increase in the length of the movement of the bubble-
particle complexes, which can increase the probability oftheir destruction [19].

The graphical dependences given above, as well as in [12], were obtained without additional heating
of the working liquid (about 10-15°C). In assessing the effect of the liquid temperature on the flotation
process, the experimental research was conducted, the results of which are reflected in [12]. After
processing the results of this experimental research, the dependences ofthe ABS and PS flotation indices
on the liquid temperature t were plotted, shown in figure 7, 8.

Figure 7 - Dependences ofthe purity of the concentrate and the ABS extraction on the liquid temperature
at the concentration ofthe mixture of surfactants, containing sodium laureth sulfate and diethanolamide,
2.7-10-3 kg/m3 and at the air consumption 0f0.104 m3/min-m?

Figure 8 - Dependence ofthe PS extraction on the liquid temperature at the aerated liquid layer height of 0.17 m,
the concentration of the mixture of surfactants of 5.41 « 10-3 kg/m3 and the air consumption of 0.072 m3/h-m?
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As is seen from figures 7 and 8, an increase in the liquid temperature above 20°C leads to a sharp
decrease in the ABS and PS extraction. It should be noted that in Figures 7 and 8 there is a pattern of the
liquid temperature effect on the extraction of floating components. This is possibly due to the fact that the
dependence of the foaming capacity of surfactants on the temperature is characterized by the solubility
curves and for most surfactants they have an extremum [20, 21]. Probably, an increase in the solution
temperature leads to the dehydration of the dissolved surfactant molecules. Moreover, they separate as an
independent macrophase, which leads to a decrease in the number of surfactant molecules involved in the
flotation process.

Conclusions. For separation of plastic wastes (polyamide, acrylonitrile butadiene styrene and
polystyrene), the flotation method is proposed using surfactants (polidocanol, sulphanole and the mixture
of surfactants containing sodium laureth sulfate and diethanolamide). When conducting this method, the
effect ofthe air consumption, the liquid layer height and the temperature were studied.

The research results on the extraction of the floating component from the air consumption show that
its maximum extraction depends on the type of polymer and surfactant. The air consumption effect nature
at different concentrations of surfactants is not changed - only the floating component extraction changes.

The research results on the extraction ofthe floating component from the aerated liquid layer height
show that the optimum height of the processed liquid layer corresponds to a certain air consumption, and
when the liquid layer height is less than optimal, the achievement ofthe required extraction degree of the
dispersed phase is possible, for example, with an increase in the air consumption.

When assessing the effect of the liquid temperature on the flotation process, it was found that
increasing the liquid temperature above 20°C leads to the sharp decrease in the ABS and PS extraction.
This is due to the fact that the dependence of the foaming capacity of surfactants on the temperature is
characterized by the solubility curves and for most surfactants they have an extremum.

A. NespaHckuiil, E. Onumax!, A. BonHeHko?, 4. XXymagynnaes?

1 Benapycb MEM/EKETTIK TEXHOMOMAMbIK YHMUBEPCUTETY MUHCK, benapych;
2 M. Jye308B aTbiHarbl OuTycTik KasakctaH MeMNnekTTiK yHuBepcuTeTy LUbiMKeHT, KasakcTaH

¥cakTani'an nnactmaccanapgbl hnoTaumsanbiK 6eny yaepiciHiy,
aya LLbITbIHbI, CYMbIKTbIK KabaTbIHbIL, OUIKTIri
XX3He Temreparypa 3CepiH 3epTTey

AHHoOTauws. MNnacTmacca KangblKtapblH 6eny yuwiH (nonvamug (MA), akpunoHutpunbytagueHctupon (ABC)
aHe nonuctupon (MNC) hnoTaynsnbIk 34iC YCbiHbIAbI. ATanTaH 34iCTi KOngaHy apKblfbl aya WbITbIHbI, CYAbIKTbIK
KabaTbIHbIH OMIKTIri X3He TemnepaTypaHbil, 3cepi 3epTTengi. betTik-6enceHai 3anap (MB3) peTiHae CUHTaHON,
CYNbaHO/ X3He KypamblHAa HATPUIA nayypeTcynbhaTbl XaHe AuataHonamug 6ap MB3 kocnackl KONZaHbIAb!.

lMnacTMaccaHbIL, ycakTanraH Ka/iblKTapbl KOCMacbiHbIM (noTaunsnbiK 6eNiHyiH 3epTTey H3TUXeNepiH Tantay
YLWUIH (poTaumsnaHaTbiH KOMMOHEHT 6eny 3He 0 KOHLEHTPATbIHbIL, Ta3a/birbl €CENTeN.

MB3 KocnmacbiHbIM 3P TYp/i  KOHLEHTpauWAchl KesiHAe MOAMCTUMPO/Abl aya LbIrbIHbIHAH 6enin  any
3epTTeynepiHiL, H3TVXKeNepi ayaHbll, Keibip LbIrbIHbIHAA €L Ker LWbirapblny 6ap ekeHiH KepceTedi. AyaHbll a3
LWbIrbIHBIHAA MPOLECC TWIMCI3 eTefi, eTKeHi CYMbIKTBIKTbIH XYMbIC Kenemi ra3 KenipLuikTepiMeH XeTKInikci3
KaHblragpl. Aya LWbITbICbIHbIL, OLTaifbl M3HIHEH ackaH Ke3fe (noTauus MpoLeciHe KaTbiCMaWTbiH Kemn ras
KenipwikTepi naiiga 6onagpl. MyHZain KenipllikTep CYMbIKTbIK apKbiibl KO3rana OTbIpbin, 6enluexTepail,
(hnoTaumscbiHa Keaepri KenTipeTiH TypbyneHTri arbiHAapAbl Xacai anadbl. CyMbIKTbIKTbIL, TYPOYNEHTTIK arbiHbIHAA
KosranraHga "Kemipwik - GenwekTep” KelleHi Kupayra Oeiiim, ce6ebi Genektep MeH Kemipluiktep 3pTypAi
NHepUMoHabl (Macca) 6onagbl. COHbIMEH KaTap, (roTaunanaHaTblH KOMMOHEHT GapblHLWA ayra KON XeTKI3eTiH
aya LbIrbIHbIHbIL, M3HI nonumep MeH MB3 TypiHe 6aiinaHbICTbl eKeHAIN Typasibl KOpbITbIHALI Xacayra 6onadpl. Mb3
3PTYPAI LWOTbIpNaHybl Ke3iHAE aya LUbIrbIHbIHbIL, 3CEp €Ty CUnaThbl e3repMeigi-thnoTtaymsnaHatbiH KOMMNOHEHT any
raHa esrepeg.

MomcTtupongbl MB3  KocnackiHbIM 3P Typ/i  KOHLEHTPauMAchl Ke3iHA4e CYWbIKTbIKTbIL a3pUp/eHeTiH
KabaTblHbIL, GUIKTIriHeH Genin anyabl 3epTTeY H3TUXKeNepi CyMbIKTbIKTbIL, a3pUpeHeTiH KabaTbiHbIL, a3 OUIKTiri
Ke3iHfe nnacTmacca 6enLekTil, aya KenipliriMeH COKTBIMbICY bIKTUMaIAbIrbl TEMEH )X3He Kelbip 3/eyerri
(hnoTauusanaHaTbiH 6enLleKTep annaparrbiy, Ty6iHe Tycipinesi, COHbIMEH KaTap aya KenipLuiriMeH COKTbIrbiCnaii-aK.
©HJeneTiH CyMbIKTbIK KabaTbIHbIL, OLTaiNbl OUIKTIriHe ayaHbiy, 6enrini 6ip WhIrbiHbl C3liKeC Kenedi. AN Cyiiblk
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LabaTbIHbIL, GUIKTIF gUcncpenanbik (asaHbl anyabll, KaXCTTI AelreiiHe ouTainbl XeTyaeH asbipal, Mbicanbl, aya
LWbITbIHbI XKOrapbliaraH Ke3zae MyMKiH.

®roTaums NpoLecciHe CYbIKTbIK TeMnepaTypacblHbIL, 0CepiH 6aTanay KesiHfe CYMbIKTbIK TeMnepaTypachIHbiL,
20 ° C-taH xoTapbl Ketepinyi ABC xaHe KC LWbITybIHbIL KYPT TeMeHAeyiHe okenefi. byn MB3-Hbly KebikTey
KabINCTiHIH TemnepaTtyparta TOYCAAIMIM epiriTil, LMCbIrbIMEH cunatTanadbl »3He MB3-HbIl Kenwiniri yuwix
9KCTPEeMyMMeH TyCiHAipinesi. EpiTiHAIHIL TemnepaTypacbiHbIL XOTapbiiaybl 6a3 epiTifireH MoseKynanapbiHbIL,
JernapataumacbiHa ken COKTbIpybl MyMKiH. Byn peTTe onap eke Makpoda3 TypiHae 6oniHei, 6yn gnotaums
npoLeciHe KatbicaTbiH MB3 MoneKynanapbIHbIL, CaHbIHbIL, TEMEHAEYiIHe OKenesi.

TyWiH ce3fep: noTauums, nnactMacca KanablKtapbT GeTTiK GenceHfi 3aTTap, KOHLEHTpauus, aya LWbHbIHbI,
CYMbIKTbIK KabaTbIHbIL, GUIKTIri, TeMNepaTypa.

A. NepaHckuiil, E. Onumax!, A. BonHeHko?, 4. XXymagynnaes?

6enopyCcCcKuin rocyiapCTBEHHbI TEXHOMOMMYECKMIn yHIBEpCUTET, MUHCK, Benapych;
2HOXKHO-KasaxCTaHCKUiA rocyjapcTBeHHbI yHBepCuTeT uM. M. Aya3oBa, LLIbiMKeHT, KasaxcTaH

N3YYEHWE B/TMAHNA PACXOOA BO3Y XA,
BbICOTbI C/10A XUAKOCTU N TEMIEPATYPbI HA MPOLIECC
®JIOTALUNOHHOI O PASAENEHNA N3MEJIBYEHHbBLIX NTACTMACC

AHHOTaums. [ina pasfeneHus oTxogos nnactmacc (nonvamuga (MA), akpunonutpunbytaaneHctupona (ABC)
n nonuctupona (MC)) npegiioxeH (HNoTaumMoHHbIA cnocob. C 1Cnonb30BaHWEM YKa3aHHOro crnocoba u3y4eHo
B/IVSIHWE PAcX0/a BO3AyXa, BbICOTbI C/IOA XUAKOCTU 1 TeMMepaTypbl. B KauecTBe MoBEPXHOCTHO-aKTVBHbIX BELLECTB
(MAB) wucnonb3oBannCh CUHTAHON, cynbaHon ¥ cmecb [AB, cofepxalias naypeTcynb(at HaTpus W
AV3TaHONaMUA,

Ons aHann3a pesynbTatoB UCCNEAOBAHWA (DIOTALMOHHOIO pasfefieHns CMecu U3MeNbYeHHbIX OTXOLOB
nnacTMacc 6binn paccunTaHbl U3BeYeHne MIOTMPYEMOro KOMIMOHEHTA € 1 Y1CTOTa KOHLeHTparTa 0.

Pe3ynbTaTbl MUCCNEOBaHWIA W3BMEYEHWs MONMCTMPONA OT Pacxofa BO3yxa MpW pas/MYHON KOHLEHTpaLmu
cmecn MAB MOKasbiBalOT, YTO W3BMIEYEHME MMEET MakCUMyM MpW HEKOTOPOM pacxofe Bo3gyxa. IMpu manbix
pacxofjax BO3fyXa MPOLECC NPOTEKaeT He3P(EKTMBHO, TaK Kak paboumii 06bEM KMAKOCTY HEAOCTATOYHO
HacCbILLAeTCs Ny3blpbKamy rasa. [pu MpesbILLEHN ONTUMAIBHOTO 3HAYEHUS pacxofda Bo3dyxa 06pasyeTcs MHOro
rasoBbIX My3bIPbKOB, He Y4acTBYHOLLMX B NpoLiecce rotauuu. Takue ny3bipbKy, ABUrasch Yepes XUAKOCTb, MOryT
c034aBatb TYpOY/IeHTHbIE MOTOKM, MPENATCTBYIOWME (hnoTauum yactuy, Mpu gBUXeHWUN B TypOY/NIEeHTHOM MOTOKe
XULKOCTU KOMM/IEKC «My3bIPEK - YaCTWL@» CKOHEH K PaspyLLEHWIO, MOCKOMbKY YacTuLbl W My3blpbKU UMEKT
PasNYHY0 UHEPLMOHHOCTL (Maccy). Kpome TOro, MOXHO CAenaTb BbIBOA O TOM, YTO 3HaYeHMe pacxofa BO3Ayxa,
npy KOTOPOM [OCTUTaeTcs MakCUMasibHOe M3B/IeYeHVe (DNOTUPYEMOrO KOMMOHEHTa, 3aBWUCUT OT TUMa nonvrvepa
MAB. XapakTep BIUAHWSA pacxofa BO3fyxa MpU pasMyHONA KOHLeHTpauuu MAB He M3MeHSeTcs - U3MeHseTca
JVLLb N3BNIEYEHNE (PIOTUPYEMOTO KOMMOHEHTA.

Pe3ynbTaTbl UCCNEA0BAHUIA U3BMIEYEHIA NOMCTUPO/A OT BbICOTbI @3PMUPYEMOTO C/OSA XUAKOCTY MPY Pa3InyHOM
KOHLeHTpauum cmecn MAB CBWAETENBCTBYKOT O TOM, YTO MpU Masoil BbICOTE a3pupyemoro Crost XWUAKOCTU
BEPOATHOCTb CTO/IKHOBEHWSA M1aCTMACcCOBOM YacTuLbl C My3bIPbKOM BO3JyXa HWU3Kaf U HEKOTOPble MOTEHLMANbHO
(hnoTupyemble YacTULbl OMYCKAKOTCA Ha [JHO annapata, TaKk WU He YCMeB CTOMKHYTbCA C My3bIPbKOM BO34yXa.
OnTUManbHOI BbicoTe Cost 06pabaTbiBaeMOi XUAKOCTU COOTBETCTBYET ONpede/ieHHbli pacxod Bo3gyxa. A npu
BbICOTE C/0S XMAKOCTU MeHbLLE ONTUMaIbHOW JOCTMXKEHUE HEO6XOAMMON CTENeHW U3BMeYeHs ANCTIEPCHON (ha3bl
BO3MOXXHO, Harpumep, Npu NoBbILLEHNY PacX0/a BO3ayXa.

Mpn OUEHKe BAMAHWMA TeMmnepaTypbl XMAKOCTM Ha MpOLEecc (noTauyuy YCTaHOB/IEHO, YTO MOBbILLEHNE
Temnepatypbl XuaKocty Boiwe 20°C NPUBOAUT K PE3KOMY CHWXeHW0 un3Bnedenus ABC u MNC. 370, BO3MOXHO,
006BACHAETCA TeM, YTO 3aBMCMMOCTb MeHO0OpasytoLlet crnocobHocT MAB 0T TemnepaTypbl XapakTepusyetcs
KpUBbLIMW PacTBOPUMOCTY W AnA 60/bLUMHCTBA MAB OHM UMEOT 3KCTpeMyM. BeposTHO, MOBbILLIEHWE TeMMEepaTypbl
pacTeopa NpVBOAMT K AernapataLum pacTBOpeHHbIX Moniekyn MAB. [pu 3TOM OHU BbIAENAKOTCA B BUAE OTAE/bHON
Makpohasbl, YTO MPUBOAUT K CHUXKEHWIO KONMYecTBa Monekyn MAB, yyacTByoLLMX B NpoLiecce (otaumm.

KntoyeBble cnoBa: noTauys, OTXOAbl MNacTMacc, MOBEPXHOCTHO-AKTUBHbIE BELLECTBA, KOHLEHTpaLys,
pacxof, BO3/lyxa, BbICOTa C/I08 XUAKOCTH, TeMMeparypa.
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