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Abstract. This article presents the results of experimental researches of the hydrodynamics of a stationary layer
during filtration drying of raw cotton. At the same time, the total energy consumption for the process of filtration
drying consists of pressure losses in the stationary layer and heating of the heat agent to a predetermined
temperature. For this, it is important to establish the dependence of pressure losses in a stationary layer of wet cotton
fiber on the fictitious filtration rate of the heat agent, as an important factor determining the intensity and economic
efficiency of filtration drying. All experiments were carried out with appropriate hangings of cotton fiber, taking into
account that the natural moisture content of cotton fiber is insignificant. Experimental studies have been conducted
on filtering a thermal agent through a conditionally stationary layer of cotton fiber with different weights were
performed in the form of a functional dependence JIP = f (v0). The results of comparing the ratio of experimentally
determined values of pressure losses in a conditionally stationary layer of cotton fiber to those theoretically
calculated as a function of the Reynolds number are presented. The absolute value of the relative error does not
exceed 14.2%, which is explained by the complex structure and spontaneity of the formation of a stationary layer of
cotton fiber, as well as the impact of the pressure drop on the height of the layer.

Key words: cotton fiber, hydrodynamics, filtration drying, hydraulic resistance, porosity, active specific
surface area of the layer.

Introduction. It is known [1,2] that cotton is used for the production of cotton wool and various
types of fabrics for industrial and household purposes, in particular chintzes, satin, batiste, cord for
automobile tires and the like. Cotton fibers are widely used in new, non-traditional areas applications, such
as reinforcing composites, geotextiles, personal absorption products and biomedical materials [3-7].
Therefore, the modernization of cotton processing and high-quality storage is extremely important for the
development of the economy of Kazakhstan [8,9].

Currently in cotton processing plants when using drying drums of the type 2SB-10, SBT, SBU
deteriorates the properties of raw materials. As a result of subsequent technological processes, the fiber
grade is reduced by 25% through mechanical action, a lot of energy is spent, the color of the fiber is lost
and there is also twisting ofthe fiber and the fiber microstructure deteriorates [10]. Drying drums used for
drying raw cotton, as well as equipment and methods for drying food product and vegetative raw material
[11-13], do not provide more efficient and high-quality drying of fibers, its moisture content should be
between 8-9% [10].

Considering that the intensity of heat and mass transfer determines the speed of movement ofthe heat
agent relative to the elements ofthe porous layer, this work presents the results of experimental researches
of pressure losses in the cotton fiber layer from the point of view of the internal hydrodynamic problem
during filtration drying of cotton. This method of drying can not only ensure the preservation of high
quality raw cotton, but also reduce the energy costs ofthe primary processing process [14].
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Experimental part and description of the installation. All experiments were carried out with the
appropriate hangings of cotton fiber. Considering that the natural moisture content of cotton fiber is
insignificant (0.08 - 0.12 /egH 20/ /eg dry. mat.) and the moisture is mostly related, at the temperature
of the gas stream T=293 K and relative air moisture p —60% its evaporation will also be insignificant
(the time of the experiment was 90 - 120 s, the sample mass loss during the experiment was less than
0,2%), therefore the effect of moisture evaporation on pressure loss was not taken into account.

Experimental studies ofthe hydrodynamics of a stationary layer of cotton fiber were carried out on an
experimental installation, shown in figure 2, according to the method given in the works [14,15].

Figure 1- Diagram of an experimental installation Figure 2 - Scheme of the experimental capacity:
for researching the hydrodynamics of a conditionally 1- the basis of the experimental capacity;
stationary layer of cotton fiber: 2 - thermal insulation insert;

1- experimental capacity; 3 - the perforated partition;

2 - receiver; 4 - alayer of cotton fibers;

3 - rotameter; 5- gauge;

4, 5 - control and shut-off valve; HO- initial height of the cotton fiber hitch;

6 - the vacuum pump; H - the current height of the cotton fiber during
7 - vacuum meter. the changing of pressure drop.

The experimental installation consists of a container 1that is installed on the receiver 2, and with the
help of a system of pipelines and a rotameter 3, 4 shut-off and regulating 5 valves is connected to a
circulating vacuum pump 6. The rarefaction created by the vacuum pump in the receiver and under the
material layer is measured by a vacuum meter 7.

The experimental tanks are presented in figure 3. The base ofthe container 1is made of duralumin,
and the cylindrical insert 2 and the perforated partition 3 are made of thermal insulation material
(fluoroplast). In the center ofthe container is a measuring ruler 5, which makes it possible to determine the
height of a conditionally stationary layer of cotton fiber 4 during the changes in the pressure drop.

In the experimental capacity 1, the appropriate cotton fiber suspension was loaded and installed on
the receiver 2. Included a vacuum pump 6 and with the help of a control valve 5 different air flow rates
were set through the cotton fiber layer. The flow rate was determined by the readings of the rotameter 3,
pressure loss according to the vacuum meter 7 a change in the height of the cotton fiber layer using a
measuring ruler. The number of measurements was 8 to 10 points, and each experiment was performed at
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least three times until stable data was obtained. For each experiment was taken a fresh load of cotton. The
weight of each cotton hitch was determined using the AXSIS-3000 electronic weight with an accuracy of
0.01g. The initial volume density for each experiment ofthe same weight ofthe hitch was the same.

The initial data for conducting experimental researches are shown in the table.

Characteristics of the cotton fiber layer [16]

Weight of the hitch Porosity Surface area The height of the fiber layer

G/, kg £0 F, m2 Hv, m

0.010 0.990 3.448 0.00101
0.015 0.987 5.172 0.00151
0.020 0.986 6.897 0.00201
0.025 0.984 8.621 0.00252
0.030 0.981 10.345 0.00302
0.060 0.966 20.689 0.00604
0.080 0.955 27.586 0.00806
0.110 0.942 37.931 0.01108

Discussion and checking the adequacy of results. Experimental researches on filtration of a heat
agent through a conditionally stationary layer of cotton fiber with different weights were performed the
functional dependence AP=f(r0) is shown in figure 3 (a).

AP, kPa £m3 m3

a)ro, m/s b)rom/s

Figure 3 - Results of experimental researches: a) dependence of pressure losses in a conditionally stationary layer
of cotton fiber on the fictitious filtration rate of the heat agent; b) dependence of the porosity of the cotton fiber layer
on the fictitious filtration rate of the heat agent

Analysis of figure 3 (a) shows that the curves have a parabolic character, that is, the pressure loss in a
conditionally stationary layer of cotton fiber is affected by both the viscous and inertial components.
Figure 3 (b) shows a change in the porosity of the cotton fiber layer with a change in the fictitious
filtration rate ofthe heat agent £ —/ (r0).
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Euml0 3Pa

a) b)
Figure 4 - Comparison of experimental and theoretically calculated dependencies
(the designation corresponds to figure 3): a) comparison of experimental and theoretically calculated
on the dependence (1) values of porosity of a conditionally stationary layer of cotton fiber;
b) dependence of the Euler number on the Reynolds number.

Approximation of experimental information by a power function allowed us to receive the following
calculated dependence:

£= £Q-v(0025 ()

The results of comparison of experimental data on the porosity of a conditionally stationary layer of
cotton fiber with theoretically calculated ones based on the dependence (1) are shown in figure 4 (a).

As can be seen from figure 4 (a), the absolute value of the maximum relative error between the
experimental data and the theoretically calculated data does not exceed 5.6%.

Generalization of experimental data (in figure 3 (a)), on the hydrodynamics of filtering a thermal
agent through a stationary layer of cotton was carried out in the form of dimensionless complexes

(in figure 4 (a)), and dependence of the hydraulic resistance coefficient of the layer
as functions ofthe Reynolds number (in figure 5 (b)).

Approximation of the experimental data shown in figure 4 (b) by a power function allowed us to

obtain the following calculated dependence:

Eu = 84000 mRe,~118 2)

where Re6- is the equivalent value ofthe Reynolds number.

Re6 —" I£,
e n

where M - is coefficient of dynamic viscosity ofthe gas flow,Pa = ;

The coefficient of hydraulic resistance of the cotton fiber layer was calculated based on the
experimental data shown in figure 3 (a) from the equation [17,18]:

=N E£ZI=f.£jf
AP = 2 n 2!sf @)
where £ - is the coefficient of hydraulic resistance ofthe porous layer £ —Xrm r0- fictitious heat

agent filtration rate rO —r m£, m/c ; £r- is the porosity ofthe layer, m3/ m3; a and b- the middle width
and thickness of the cotton lint, respectively, m; Hv -is the height ofthe fiber layer with density pv, m.
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Figure 5- Comparison of experimental and theoretically calculated dependencies
(the designation corresponds to figure 3): a) - comparison of experimental and theoretically calculated
on the dependence (2) of pressure losses in a conditionally stationary layer of cotton fiber
b) - dependence of the coefficient of hydraulic resistance of cotton fiber on the Reynolds number

Approximation of experimental information shown in figure 5 (b) by a power function allowed us to
receive the following calculated dependence [19,20]:

4= 160000 mRe- 146 (4)

Comparing the proportion of experimentally determined values of pressure losses in a conditionally
stationary layer of cotton fiber to those theoretically calculated based on the dependence (2) on the
Reynolds number shown in figure 5 (a). The absolute value of the relative error does not exceed 14.2%,
which is explained by the complex structure and spontaneity of the formation of a stationary layer of
cotton fiber, as well as the impact of the pressure drop on the height ofthe layer.

Conclusions. One of the high-intensity methods of removing both free and bound moisture is
filtration drying. This is due to the fact that during drying, the filtration heat agent is filtered through the
porous structure of the wet material, which is placed on the perforated partition in the direction "wet
material - perforated partition”. The speed of movement of the heat agent in the pores and channels of a
stationary layer of wet material determines the thickness of the boundary layer (hydrodynamic, thermal
and diffusion) and accordingly, the values of the heat coefficients and mass transfer. Besides that, the
surface of heat and mass transfer is the total surface of the pores and channels through which the heat
agent is filtered. The filtration rate of the heat agent is determined based on technical and economic
considerations, taking into account that its increase affects the growth of pressure loss. Moreover, the
actual speed of movement ofthe heat agent relative to the layer elements is significantly higher than in the
case of drying by any other methods (in boiling layer, during drying in pneumatic transport dryers, etc).
Large heat and mass transfer surfaces and the speed of the heat agent in the pores and channels of the
stationary layer of wet material provide high coefficients of heat and mass transfer and accordingly, the
intensity of filtration drying.
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WNTTL MALUTAHBI CY 3in KENT1PY KE31HAE CTALUVOHAPAbL, LABATTbL,
rMMapPOANHAMUKACBIH SKCMNEPUMEHTTL1K 3EPTTEY H3TW)XXEJIEP1

AHHOTauMa. MakTa TajlbIrbl apMUp/eyLi KOMMO3WT, Fe0TeKCTUNb, XeKe abcopbums K¥pangapbl >XaHe
6roMeaMUMHaNbIK MaTepmangap CUsKTbl Xaua, A3CTYp/i emMec Ko/nfaHy cananapbliHa KelwlHeH naiifanaHblnagsl.
COHbIKTaH MaKTaHbl KaiiTa eHAeY[i XXaHrbIpTy X3He cananbl caktay KasakCcTaH SKOHOMMKACbIH faMbITy YLUiH eTe
Maupbi3abl. Kasipri yakbiTTa MaKTa eHAey 3aybiTTapblHAa KenTipy 6apabaHblH naiganaHy 6apbiCbiHAa LUMLI3AT
KacueTrepi Hawapnaigbl. Keneci TeXHONOrUANbIK Y 4epicTep HITUXKECIHAE TaNLbIKTbIH COPTTbI/bITbl MEXaHUKaNbIK
acep eTy apkbinbl 25% - ra TemeHAelAr apTbiK 3Heprus " Mcanafbl, TallbiK TYCI Xoranagbl api 6”panagsl,
Ta/LWbIKTbIH MUKPOK¥PbIbIMbI HalLapnaigbl.

XKblny MeH macca anMacyblH KapKbiHbl KeYeKTi KabaTTbIH 3/1eMEHTTepLUe KaTbICTbl Xblay areHTiHiH Ko3rasbic
XbINAAMAbITbIH aHbIKTAWTbIHBIH €CKEPE OTbIPbIM, atanraH 3epTTey X MbICbiIHAA MakTaHbl CY3in kenTipy 6apacbiHia
rMApPOAUHaMUKaHbIH iWKi MIHAETI TAPrbiCbiHaH MaKTa Ta/LWbIrbiHbL, KabaTbiHAArbl KbIChIM LbIFbIHbIH TALWPUbenL
3epTTey HITWXKECI CblHbINraH. M/ HAal Kennpy 3Aici WWTTI MakTaHblH XOorapbl canacblH cakTayfbl KamTamachl3
eTyMeH Katap, 6actankbl eHaey Y/epiCiHiH 3HepreTuKanbliK WbITbIHbIH fa TemeHAeryi Mmymkw CoHbiMeH 6ipre
CY3riw KenTipy Y[epiciHe X McanaTblH 3HEPIUA LbITbIHbI TePaKTbl KabaTTarbl KbICbIMHBIH XXOrany yakblTblHaH
Xblly areHTiH GepinreH Temnepatypara felH Kbi3gblpagbl. BN YLWiH MakTaHbIH biirangsl TailwbiK KabaTbiHAarb
TepaKTbl KbICbIMHbIH >XOFanbln KeTy XarfaiblHblH (QUAbTPaUUANbIK KenTipyAiH KapKblHbl MeH 3KOHOMMUKasbIK
TWIMAINITIH  aHbIKTAWTbIH MaHbI3Abl (haKTOp PeTiHAe Xbiy areHTiH CY3rineyaiH (GUKTUBTI KbiNAaMabirbiHa
TAyenainiriH aHbikTay MaHbl3fbl 60/bIiN caHanadbl. MakTa TanlbIrbIHbIH TabUrn biaranbiHbiH MapAbIMCbI3AbITbIH
ecKepe OTbIPbIMN, 3KCNEPUMEHT MaKTa T/l bITbIH efilley 6apbiCbiHAA XY Prisingi.

Tayenginikti Tangay MakTa TaflubIrbiHbIH LWAPTThl CTaUMOHap/bIK KabaTblHAArbl KbICbIMHbBIH >KOranyblHa
TYTKbIP XX3HE MHEPLMANbIK K¥paMAacTbliH 3CepiH aiikbiHAaAbl. Xbity areHTiH CY3yaiH (UKTUBTI Xbl1AaMAbITbIH
aybICTblpa OTbIPbIN, MaKTa TallbIrbl KabaTbliHAArbl KeyekTw, e3repy Y/epici kepceTinreH. blarangsl matepuanbiH
CTaUMOHapbIK KabaTbIHbIH TECIri MeH KaHanblHAArbl Xbiy areHTiHIH KO3rafibiC XblNgaMAbIrbl LeKapanblk Kabat
KaNbIHAbITbIH XX3HE TLICLULIE XbINY X3HEe mMacaliHaibiM KO3IPPULMEHTIepiHiH M3HLW aHblkTaiabl. COHbIMEH KaTap,
XbIly X3He Macca anMacy 6eTi xbiny areHT CY3eTiH TecikTep MeH KaHanfapAblH XWUbIHTbIK 6eTi 60/1bIN caHanagsl.
XKbiny areHTw CY3y Xblngamabirbl OHbIH "iralobl KbICbIMHbIH )KOrafyblHa 3cep eTeTWL eckepe OTbIpbIif,
TEXHUKaNbIK-3KOHOMUKaNbIK NaiibiMaapra CYeHe 0TbIpbin aHbIKTanadsl. 61 peTTe, kabaT anemMeHTrepiHe KaTbiCTbl
XbINy areHTLLW, HaKTbl KO3ranbIC XbINgamAbirbl Ke3 KenreH 6acka afloTepmeH (KaiHaraH KabatTa, MHEBMOKeNiK
KenTipriwiHae KenTipy Ke3wge >k3He T.6.) KenTipy )kargaiblHa KaparaHga antap/fibiKTaid >korapbl. XXbiny X3He
mMacca anmacyfblH YNKeH 6eTi >K3He buUirangbl MaTepuangblH CTauMOHap/blK KabaTblHbIH TECT MeH
KaHangapblHAarb! Xbiy areHTWI XblAgamabIrbl XblNy X3He Macca KahTapyfblH XXorapbl KOIQ(MULNEHTLL >X3He
Twewwe CY3riw KeNTipyAiH KapKbIHAbINbITbIH KaMTaMachI3 eTefi.

PeliHoNbAC caHblHA 6aiinaHbICTbl TEOPUSANbIK ECeNTeNreH MakTa Ta/llbITbIHbIH LWAPTThl CTALMOHAP/bIK
KabaTblHAarbl KbICbIMHbIH TX1pMOEK M3IHLULW, KaTblHACbIH Ca/bICTbIPY HITUXECI KenTipinreH. CanbiCTbipMasbl
KaTenikTiH abcontoTTiK M3HI 14,2%-faH acnaifgbl, 6701 Karfjain mMakTa TaflbIrbiHbIH CTaLMOHapAbIK KabaTbIHbIH
KanbinTacyblHbIH KYPAeni K¥pblibiMbl, CTUXWANbITbI, COHAal-ak KabaT OMIKTIriHe KbICbIM aybITKYbIHbIH 3cepi
HerisiHge TYciHgipinegi.

TYWiH cesgep: MakTa Tanwbirbl, ruapognHamuka, CYsin Kenmpy, ruApasnuKanbiK Kefepri, KeyekTifik,
KabaTTblH 6enceHpi 6eTkl kabaTbl.
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PE3Y/IbTATbl 3KCMEPUMEHTA/IbHbLIX MCCNEALOBAHUN TMAPOANHAMUKN
CTALUMNOHAPHOIO C/10odA NMPN ®NNBbTPALNOHHOW CYLUKE X/1OMKA-CbIPLUA

AHHOTaLMsa. BonokHa x/lonkKa LWMPOKO MCMO/Mb3YHTCA B HOBbIX, HETPAAMLMOHHBLIX 061acTAX NPUMEHEHNS,
TaKUX Kak apMUpyloLMe KOMMO3UTbl, Fe0TEKCTW/b, CPefCcTBa UHAMBMAYaNbHOW abcopbumn u 6uomMeanLnHCKUE
maTepuvanbl. [103TOMY MOAepHM3aLMs NepepaboTKM XI0MNKa Y Ka4eCTBEHHOE XPaHeHWe UMEeET Ype3BblYaliHO BaXKHOe
3HayeHMe ANs pa3BUTUS IKOHOMUKM KasaxcTaHa. B HacToslee BpeMsi Ha x/0nKonepepabaTbiBalOLLMX 3aBOAax nNpu
MCMOMb30BaHUM  CYLIW/bHLIX 6apabaHOB YXyALIATCA CBOWCTBA CbipbA. B pe3ynbTaTe nocnegyoLwimnx
TEXHOMOMMYECKNX NPOLECCOB COPTHOCTbL BOJIOKHA CHMXAETCA Ha 25% Yepe3 MexaHMUYecKoe BO3feiCTBMe, TpaTUTCS
MHOFO 3HEepruu, TepsieTCs LBET BOJMOKHA, a TakXe MPOUCXOAMT CKpyuMBaHWEe BOMOKHa, YXYyALlaeTcs
MMUKPOCTPYKTYpa BOJIOKHa.

YuunTblBas TO, UTO MHTEHCUBHOCTbL TEMJIO- M Macco06MeHa OnpeaenseT CKOPOCTb ABUXEHWS TEM/I0BOr0 areHTa
OTHOCWTENIbHO 3MEMEHTOB MOPUCTOr0 Cnos, B AaHHOW paboTe MpeACTaBneHbl Pe3ynbTaTbl 3KCMEPUMEHTANbHbIX
nccnefoBaHWn NOTEPb AaBMEHMS B C/I0e BOMIOKHA X/10MKa C TOYKW 3peHUs BHYTPEHHel 3ajaqun ruapoguHaMmkm npu
(OUNbTPALMOHHOW CYLUKE X/10MKa. Takoi MeTof CYLIKM MOXET He TOMbKO 06ecrnevmTb COXPaHeHWe BbICOKOro
KayeCTBa X/0MKa Cbiplia, HO U CHU3WUTb 3HEPreTMUECKMEe pacxofbl MpoLecca MepBUMYHON MepepaboTku. BmecTte ¢
3TUM CyMMapHble 3aTpaTbl 3HEPrMM Ha npouecc (UAbTPALMOHHON CYLIKM COCTOAT M3 MOTepb [aBMeHUs B
CTalMOHapHOM Cfloe M HarpeBa TEMIOBOFO areHTa [0 3afaHHOW TemnepaTypbl. [ 3TOF0 BaXHO YCTaHOBUTb
3aBUCMMOCTb MOTEpPb AaBfieHUS B CTaLMOHApPHOM C0e BMAXHOr0 BOSIOKHA X/10MKa OT (PUKTUBHOW CKOPOCTU
(hunbTpauuy TenioBOro areHTa, Kak BaXHOro (aktopa Onpeaenstolwero WHTEHCUBHOCTb U 3KOHOMMUYECKYIO
3eKTUBHOCTb (PUNLTPALMOHHOW CYLIKU. Bce 3KCMepuMMeHTbl MPOBOAMAM MpPY COOTBETCTBYHOLLMX HaBeCKax
BOJIOKHA X/10MKa, Y4MTbIBas TO, YTO eCTECTBEHHOE BNaroCoAepXXaHne BOIOKHA X/10MKa SBAAETCA HE3HAUNTENbHbIM.

AHann3 3aBNCUMOCTEN NOKa3bIBaeT, YTO Ha NOTEPU AaBNIEHNS B YCMIOBHO CTaLVIOHAPHOM C/1I0€ BO/IOKHA X/10MKa
B/IMAOT KaK BA3KOCTHasA, TaK M UHEPLMOHHaa cocTaBnswouime. MNpuBefeHO M3MEHeHMe MOPO3HOCTW C0si BO/IOKHA
XN0OMNKa CO CMEHOMN (YMKTUBHON CKOPOCTU (hUNbTPaLm TENN0BOro areHTa. CKOpPOCTb ABVXEHMUS TENIOBOrO areHTa B
nopax ¥ KaHanax CTauMOHapHOro Cnos BA@XHOrO MaTepuana onpefenseT TOMWMHY MOrpaHWYHOro Cnos u
COOTBETCTBEHHO 3Ha4YeHWsi KO3I(PMULUMEHTOB Temnnio- M MaccooTdauu. Kpome 3TOro, MOBEPXHOCTbK TEMo- U
MaccoobMeHa SIBNSieTCS CyMMapHas MOBEPXHOCTb MOP M KaHanoB, CKBO3b KOTOPble (MAbTPYETCS TEMIOBOW areHT.
CkopocTb (hunbTpauuy TEMJIOBOFO areHTa ONpeAensoT WCXOAA W3 TEXHWKO-3KOHOMUYECKUX COOBPaXeHwui,
YyUMTbIBas TO, YUTO ee YBeNMYeHWe BAWSIET Ha POCT NOTepu AaBneHus. Mpuyem, feiCTBUTENbHAsA CKOPOCTb ABVXKEHMS
TEMn/IOBOr0 areHTa OTHOCUTENbHO 3/1EMEHTOB CNOS 3HAYUTE/IbHO Bbllle, YeM B Cayyae CyLUKW N06bIMU ApYruMu
meTofamu (B KWMSLLEM C0e, BO BPeMs CYLUKW B MHEBMOTPAHCMOPTHbIX CYLIMAKAX U Ap). bonblune NOBEPXHOCTU
Tenno- U MaccoobmMeHa M CKOpPOCTb TEMIOBOFO areHtTa B Mopax M KaHanax CTalMOHApHOro Cfos BAAXHOro
maTepuana o6ecneymBalOT BbICOKME KOIDMULUMEHTHI TEN0- M MacCcoOTAayuM U COOTBETCTBEHHO WMHTEHCMBHOCTb
(OMNbTPALMOHHOW CYLLKN.

MpuBeAeHbl pesynbTaTbl CPaBHEHWA OTHOLUEHMSI 3KCMEPUMEHTANbHO OMNpPeAeneHHbIX 3HauyeHW noTepb
[aBNEHNS B YCNOBHO CTaLMOHapHOM C/10€ BO/IOKHA XJIOMKa K TEOPEeTUYECKN PacCUMTaHHbIM B 3aBUCMMOCTM OT umcna
PeliHonbAca. AOGCONIOTHOE 3Ha4YeHWe OTHOCUTENbHOM MOrpellHoCTU He npeBbiwaeT 14,2%, 4To 06bACHAETCS
CMOXHOW CTPYKTYpOl U CTUXMAHOCTbIO (HOPMMPOBaHUS CTaLMOHApPHOrO CNOS BOJIOKHA XJIOMKa, a Takxke
BO34eliCTBMEM Nepenaja 4aBfieHNs Ha BbICOTY C/oS.

KnioueBble C€noBa: BOMOKHO X0MKa, ruAapoAuMHaMuKka, (UAbTPaLMOHHAs CyLUKa, T[uApaBaMyecKoe
COMPOTUB/EHWNE, MOPUCTOCTb, aKTUBHAS YAeNbHas NOBEPXHOCTb COS.
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