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MECHANISM OF FILTRATION DRYING
OF ORGANIC MATERIALS OF FIBROUS STRUCTURE
AND RESULTS OF RESEARCH OF EXTERNAL HEAT EXCHANGE

Abstract. One of the high-intensity methods for removing both free and bound moisture is filtration drying.
This is due to the fact that during filtration drying, the 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 velocity
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 and mass transfer
coefficients. In addition, 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, given that its increase affects the growth of pressure loss. Morcover, the actual speed of the heat
agent relative to the layer elements is much higher than in the case of drying by any other methods (in a fluidized
bed, 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 heat and mass transfer
coefficients and, accordingly, the intensity of filtration drying. This article presents the results of the study of
external heat exchange between the heat agent and dry particles of organic materials of fibrous structure, in particular
raw cotton and its stems, and the mechanism of filtration drying.

Kmouennie ciioBa; cotton fiber, heat transfer, mass transfer, hydrodynamics, filtration drying, porosity, organic
materials of fibrous structure.

Introduction. Organic materials of a fibrous structure are characterized by an irregular shape of the
fibers, roughness of the external surface, the presence of protrusions, depressions, and a network of pores
of different sizes. During processing or other technological processes, moisture gets into the pores of these
materials, and also wetting the outer surface [1-2]. As a result, the propertics of fibrous materials
deteriorate and the layer structure is formed unevenly. The surfaces of some particles can be screened by
the surfaces of others, while forming non-flowing or partially flowing zones for the thermal agent, which
will certainly affect the kinetics of filtration drying [3-7]. Moisture from non-flowing zones will evaporate
only due to molecular diffusion, which will lead to an increase in the total drying time[8]. For the study of
filtration drying, organic materials of a fibrous structure were selected: raw cotton and its stems, which
differ in shape and internal structure. According to the method given in [8], the influence of the
temperature and filtration rate of the heat agent on the kinetics of filtration drying was studied.

The intensity of filtration drying of organic materials of a fibrous structure largely depends on the
amount of heat that is transferred from the heat agent to the wet particle and is determined by the filtration
rate of the heat agent, the temperature difference between the surface of the solid particle and the heat
agent, as well as the surface of the interfacial contact [9,10].
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Moisture in organic materials of a fibrous structure is located mainly inside and partially on the
surface. During drying, moisture evaporates due to heat input, and the driving force of the process is the
temperature difference between the heat agent and the material particles.

Based on the analysis of the kinetic curves of drying of crushed and granular materials, it can be
concluded that filtration drying is characterized by three main stages of moisture removal: mechanical
displacement, mass transfer at a constant rate of moisture removal, and intra-difusion moisture removal at
a rate that decreases [8-11].

The presence or absence of mechanical displacement is determined by the presence of free moisture,
which is contained by the surface tension forces between the particles that form the layer and the
processing technology of organic materials of a fibrous structure. The intensity of mechanical
displacement is determined by the pressure drop and the amount of free moisture. The greater the pressure
drop, the smaller the channels formed by the layer particles, free moisture will be removed. Of course, the
maximum amount of moisture that can be removed is determined by the free volume and structural
structure of organic materials of a fibrous structure, which determine the amount of moisture that can be
contained[8-11].

Experimental part. To implement the process of drying raw cotton, as noted in [12,13], the industry
uses drum-type dryers and fluidized bed dryers, which are energy-consuming and expensive. Therefore,
we were faced with the task of developing a new type of dryer that would reduce the energy costs of the
drying process.

Generalization of results of experimental and theoretical research of hydrodynamics and heat and
mass transfer during filtration drying of organic materials of a fibrous structure in particular, we explored
the drying of seed cotton and stalks, are allowed to offer the design of the dryer, which takes into account
the physico-mechanical properties of raw cotton and its stems, to improve the methodology of calculation
of the main dimensions of this installation and calculate the optimal process parameters of the heat agent.

We suggest using a schematic diagram of a drum-type filtration drying unit for drying raw cotton, the
design of which is described in [14-17].

The essence of filtration drying is to filter the heat agent through the porous structure of the dispersed
material in the direction "material layer-perforated partition" due to the pressure drop[9-16].

It is known that during filtration drying, in the same way as in the processes of ion exchange,
extraction from the solid phase, mass transfer, etc.does not occur over the entire height of the layer [9], but
only at a certain height, which is called the mass transfer front. During filtration drying in the beginning is
formed by the front height (figure 1 a), at this altitude, thermal agent, filtrating through the porous
structure of the wet layer of raw cotton and its stems, gives up its heat to the material and is saturated with
moisture, if the layer height is significant, but moisture is sufficient, then after some time the moisture
content of the heat agent reaches saturation, as a consequence, its temperature decreases to the temperature
of the wet thermometer. In the future, the heat agent under the influence of a pressure drop continues to
filter through the porous structure of the layer, but it no longer takes part in mass transfer.

The filtration drying mechanism is schematically shown in figure 1.

After removing external moisture from the upper layers of raw cotton and its stems, the mass transfer
front expands in the direction of the heat agent movement. This is because exterior moisture material,
which is first in contact with fresh thermal agent is removed faster than the material of the lower layers,
where the thermal agent is saturated with moisture and its drying capacity is less, so after some time in the
upper layers does not remain external moisture begin to evaporate moisture from the upper layers of the
material, while the evaporation rate depends on the coefficient of internal diffusion of moisture from the
raw cotton and its stems[18,19]. This causes the formation of a moisture transfer front with height A
(figure 1b). After some time, the evaporation of internal moisture in the upper layers is completed and
there is an equilibrium between the dispersed material and the heat agent, a layer of dry material
Rary material @ppears, which does not take part in mass transfer (figure 1 ¢), and the mass transfer zone
moves to the perforated partition. After the frontal part of the mass transfer front reaches the perforated

partition (figure 1 d), its height A begins to decrease, the heat agent is only partially saturated with
moisture vapor, and its temperature at the exit from the layer begins to increase (figure 1 ¢.f).

It is known that in many works devoted to filtration drying [10-12], the concept of drving in the first
and second conditional periods was used to describe kinetics by analogy with convective drying.
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The average values of the temperature of the heat agent at the exit from the layer of dry raw cotton
and its stems are experimentally determined in figures 2-4, at different temperatures of the heat agent,
which varied in the range: 40-60 °C, and at different speeds of the heat agent from 0.66 to 2.01 m/s. The
temperature value of the heat agent was chosen due to the transience of the heating process of raw cotton
particles and their stems, the average size of which does not exceed 2 mm.

The presented graphic dependences of the temperature change of the heat agent at the exit from the
material layer allow us to determine the coefficient of heat transfer from the heat agent to dry particles of
raw cotton and its stems.
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Given that the heat agent is filtered through a layer of dry raw cotton and its stems and the porosity of
the layer is high (€1qyer o f materiai=0-900+0.960 m’/m’), it is assumed that the temperature of the heat
agent is the same on all sides of the particle. It is impossible to experimentally measure the surface

temperature (T3, ) of raw cotton and its stems, so it was estimated based on the analytical dependences for
the average layer temperature and the temperature on the surface of a solid particle, given in [8] for
cylindrical particles. Due to the fact that the material particles were washed by the heat agent from all
sides, it was assumed that the distribution of the temperature field over the particle diameter is parabolic.

The average temperature of the surface of solid particles (T, ) it was determined as follows: the average
temperature of the particles (T') was determined from the heat balance equation:

Vc'p'c'(tn_tﬂ):AQ:m'cs'(T_TO) (1)
where: m — weight of raw cotton and its stems, kg; ¢, — heat capacity of raw cotton particles and their
stems, kJ/(kg*K); T- the average temperature of the layer,°C; 7} — the initial temperature of the particle,

°C.
7-i-(i-1, -e""Z"FO)-(l _Lj.e—ﬂ»ffo
R , @)

where: T — average temperature of the heat agent,°C; R ur— particle radius and current radius,
respectively (0 < r <R), m; 1,— root of the characteristic equation; F; — the criterion Fourier.
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Figure 5-Dependence of the heat transfer coefficient a on the actual filtration rate @
of the heat agent at a temperature of 60 °C

Based on the experimental values shown in figures 2-4, the value of the heat transfer coefficients o
was calculated according to the heat transfer equation [20]:

AQ
where: AQ - calculated according to the heat balance equation for the heat agent, J; ¢ - the average

temperature of the heat agent at the exit from the layer according to the experimental data shown in figures
2-5, °C; F— effective heat and mass transfer surface,m”; At — change in the time, in seconds.

o =
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The values of the heat transfer coefficient obtained by us are averaged over the layer, due to the fact
that the heat agent moves along a complex trajectory of channels between the particles that form the
material layer, its speed changes many times with respect to the particle surface, so the local heat transfer
coefficient changes. Figure 5 shows the calculated values of the heat transfer coefficient a from the actual
speed of the heat agent.

Conclusions. The mechanism of filtration drying of a layer of raw cotton and its stems and the
existence of a period of full and partial saturation of the heat agent is revealed. Criteria dependences are
proposed for determining the heat transfer coefficients from the heat agent to the layer of dry particles of
raw cotton and its stems. As we can see from the obtained graphic dependences, the experimental values
of the heat transfer coefficient from the heat agent to dry particles of raw cotton and its stems, depending
on the actual filtration rate, are approximated by a straight line. An increase in the speed leads to an
intensification of the heat exchange process. This is due to the fact that at a higher filtration rate, a greater
amount of heat agent is filtered through the channels between the particles and a greater amount of heat
enters the material layer. The error between the theoretically calculated values and the experimental data
does not exceed 14.2%, which is quite acceptable for design calculations of new drying equipment.
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KYPBLIBIMbBI TAJTIIBIKTHI OPTAHUKAJIBIK MATEPHAJAAPABI CY3I'LIEII KENITIPY
MEXAHHA3MI ’)KOHE CBIPTKBI KbLTY AJIMACY/bI 3EPTTEY HOTH/XEJIEPI

Annoranma. EpxiH jkoHC OAaHIAHBICTHI BLTFANABI YKOIOIBIH JKOFAPBHI KAPKBIHABI OHICiHIH Oipi — cysrizen
kenripy. Cysrinen kenTipy 0apbIChIH/IA JKbIIIY arcHTI bIIFAIIB MATCPHATIBIH KEYCKTI KYPBIIBIMbI ApKBLIBI CY3LIei,
ox mepdopanmsiaHFaH O6TIKKE OPHATACTHIPBIIFAH «BUIFAN MATepHan — neppOpanisIaHFaH OKIIAy» OarbITHIHIA
Ko3Faiampl. blioFam MaTepmanaslH CTANHMOHAPJIBIK KAOATBIHBIH KEYCKTEPI MCH ApPHATIAPBIHIAFHI JKBIIYy ArcHTIHIH
KO3FaJIbIC KBUIAAMABIFBI IIEKAPa KaOATHIHBIH KAJBIHIBFBIH (THAPOAHHAMHKAIBIK, XKbUTY JKOHE AUy 3HIBIK) KIHE
THICIHIIE KBUTY >KOHE Macca Oepy Ko3(()MIHCHTTEPiHIH MOHIH aHBIKTaHAbl. COHBIMEH KaTap, 'KbLIy KOHE Macca
anMacy OeTi JKbUIy arcHTi CY3LIETiH KeyeK INeH apHAIAPABIH >Kammbl OeTi 0oxbin cananansl. JKbUTy arcHTiHIH CY3y
SKBITIAMABIFBIHBIH, YJIFAIObl KBICBIMHBIH >KOFANYBIHA SCEP €TETIHI HETI3TE AJBIHBII, TEXHUKAIBIK-IKOHOMHKAIBIK
TYPFBIIAH aHbIKTanaapl. COHBIMEH KaTap, Ka0aT 3JIeMEHTTEPIHE KATBICThI KbUTY ar€HTIHIH HAKTHI KbLITTAM/IBIFBI KE3-
KCeIreH Oacka OmiCTCpMCH (KaliHaraH Ka0aTTa, NMHCBMATHKAIBIK KCHOTIPTilITe KEnTipy OapbIChIHAA >KOHE T.0.)
KENTIPTEeHre KaparaHga oijackaiiza skorapsl. bloFan mMartepmanzablH CTaMOHAPIBIK KaOATBHIHBIH KEyeri MEH
ApPHATAPBIHAAFHI JKBUTy JKOHC MAacca ajMaCyIBIH YIKCH OCTi KOHC JKBLTy ArcHTiHIH JKbLIITAMIBIFBI KBLTY MCH
MACCaHbIH >KOFapbl KO3 (UIMEHTTEPIH KOHE COMKECIHIIE CY3TLICY KENTiPy KAPKbIHABUIBIFBIH KAMTAMACHI3 C€TEI.
Maxkanaza »KbULy areHTI MCH TalMIBIKTHI KYPHUIBIMHBIH OPTaHUKAIBIK MAaTCPHAIIAPBIHBIH KypFraK OeJImeKTepi, aTam
aNTKAHAA, MAKTa INWKI3aThl MEH CA0aFblH CY3TUICH KENTipy MEXAaHW3Mi apachIHIAFBI CHIPTKBI JKBULY alIMacy bl
3CPTTCY HOTIDKCIICPl KENTIPUITCH. 3¢PTTEY HOTIKCICPI OOMBIHINA MUTTI MAKTa KAOATHIH KOHC CAa0AFBIH CY3TiICH
KENTIpY MEXaHW3Mi JKOHE JKBIIy ArcHTIHIH TOJBIK Opi INNHApa KAHBIFY KE3€HI aHbIKTamgbpl. Kyprak Makra
IOUKI3aTHIHBIH KAOATHIHAH JKOHC OHBIH CA0AKTAPHIHAH IMBIKKAH JKBLTy ArCHTI TEMICPATYPACHIHBIH OPTAINa MOHI
SKCTIEPHMEHTAIB TYPAE aHBIKTAIIEL, 40 — 60°C 3KOHE JKBIUTY ATCHTIHiH KbUTIAMIBIF Golibrama 0,66-1a8 2,01 M / ¢
JEHWIH TYpIl TEMIeparypaja >KeIIy arcHri esrepeni. JKpUly arcHTIHIH TEMICpaTypaiblk MOHI INMTTI MAakra
OemmickTepi MCH CabarblH KBI3ABIPY VACPICIHIH >KBUTIAMIBIFBIHA OAMIAHBICTHI TAHJANAABI, OJIAPABIH OpTama
Memmepi 2 MM acmaiiasl. ¥CHIHBUFAH MATCPHAT KAOATBIHAH INBIKKAH SKBLTY ATCHTIHIH TCMIICPATYpa ©3TCPICIHIH
rpaQuKaNbIK TOYCHNALNIrL JKbUIYy AarcHTIHGH INHKI MaKTa MCEH CalOarblHBIH Kyprak OemmmeriHe >KeIIy Oepy
K03(p(pUIMEHTIH aHBIKTAYFAa MYMKIHIIK Oepei.

Kby areHTiHCH INUTTI MAKTaHBIH KYPFaK OeImeKk KabaThIHA KOHE Ca0aFbIHA KbUTY Oepy KO3PPHIUCHTTEPIH
AHBIKTAY YIUIH KPHTCPHAIIBI TOYCIIIMIK YCHIHBLIAABL. [ pa)KaIbIK TOYCIALTIKTCH JKbITy areHTIHCH AJIBIHFAH MAKTa
IIMKI3aTHIHBIH KYPFaK OeNIIeKTEpiHe KOHE cabarbiHa JKbITYy Oepy KO3((HITMEHTIHIH TOKIPHOSTIK MOHI HAKTHI CY3Y
SKBITIAMABIFBIHA OANIAHBICTBI TY3Y CBHIZBIKIICH >KAKBIHIAFAHBIH aHBIKTAyFa Oomanpl. JKbLly amMacy yaepiciHiH
KAPKBIHIBLIBIFEI JKBUTY ATCHT1 'KBLIJAMIBIFBIHBIH APTYBIHA OAMTAHBICTHI CKCHAITI AHBIKTAIABL, Oy O6JMICKTEPIiH
apachIHAAFEl APHANAP APKBUIBI CY3Y KBUITAMIBIFEI SKOFAphl OOFAHMA KBIIY ATCHTIHIH MeOIepi KeOipek Cy3imim,
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Marepuan KabaTelHA KeOIpeK Xbuly eTedl. TCOPHAIBIK ECENTEITeH MOH MEH 3KCHCPHMEHTTIK MOTIMETTEPAIH
apachIHIArsI corikeccizaik 14,2% acmaiinsr api OyI1 ’KaHA KENTipy >ka0ABIKTAPBIHBIH )KOOAIBIK €CEOIHE 6TC KOJAMIBL.

Tyiiin ce3aep: MaKTa TANIIBIFBL KbUIy aJIMAcy, MAacca ajaMacy, THIPOJUHAMHKA, (MHIbTPALISUIBIK KENTIpy,
KEYEK, TAIIBIKTHI KYPbIJIBIMHBIH OPTAaHUKAIBIK MATCPHATAPEL
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MEXAHHW3M (I)I/I.JIBTI"‘AI_II/IOHHOI‘/‘I CYIIKA OPTAHUYECKHUX MATEPHAJIOB
BOJOKHHUCTOU CTPYKTYPBI U PE3YJIbTATHI HCCJIEJAOBAHUA
BHEIIHEI'O TEILIOOBMEHA

Annortamust. OTHIM W3 BBICOKOMHTCHCHBHBIX METOJOB VAAJCHHI Kak CBOOOJHOW, TAaK M CBA3AHHOM BIArw
SBILIETCS (DUIBTPANMOHHAS CYHIKA. JTO OOYCJIOBJICHO TEM, YTO BO BpeMsI (DHIbTPALMOHHOM CYIIKH TCILIOBOM arcHT
(pUIBTPYETCS CKBO3b MOPUCTYIO CTPYKTYPY BIDKHOTO MATEPHANa, KOTOPHIM pa3MemeH Ha NepPopHpOBAHHOH
TIEPETOPOAKE B HAMMPABICHUH «BIAKHBIH MaTepHAI-TIepPOPHUPOBAHHAST MIEPEropoka». CKOPOCTh ABIKEHHS TEILIO-
BOTO arcHTa B MOPaxX M KAHAIAX CTAMOHAPHOTO CJOS BIAKHOTO MATEPHAia ONMPEACILICT TONIIHMHY IOTPAHUTHOTO
C7104 (THAPOIUHAMHYICCKOTO, TCIUTOBOTO U AH()(Y3HOHHOTO) H COOTBECTCTBCHHO 3HAUCHHSA KO3(PPHIHCHTOB TCILIO- 1
MaccooTmaun. Kpome 3TOro mOBEPXHOCTBIO TEIJIO- M MAcCOOOMEHA SBIIETCS CyMMAapHas IOBEPXHOCTb IMOP H
KaHAIOB, CKBO3b KOTOPBIC (DMIBTPYETCS TEIUIOBOHW arcHT. CKOPOCTh (DHIIBTPAIMH TEILUIOBOTO arcHTAa ONMPEACILIOT
HCXOJI M3 TEXHHKO-IKOHOMHYECCKHX COOOPA’KCHHH, YUHMTHIBAS TO, YTO €€ YBCIMYCHHE BIHMSCT HAa POCT IOTEPH
JaBineHms. lIpuuem, AEHCTBHUTEIBHAS CKOPOCTh ABIDKCHHS TEIFIOBOTO AarcHTa OTHOCHTEJIBHO 3JIEMCHTOB CIIOS
3HAYUTEIBHO BBIIIE, YEM B CIIy4Yac CYIIKH JIOOBIMH JPYTHMH METOJAMH (B KHILIIIEM CIIOC, BO BPEMs CYIIKH B
MTHEBMOTPAHCIIOPTHBIX CYINMJIKAX W Jp.). bodbImme mMOBEpXHOCTH TEIUIO- M MAacCOOOMEHA W CKOPOCTH TEIIOBOTO
areHTa B IMOpPax W KaHAIAX CTANHOHAPHOTO CJOSI BIAYKHOTO Marepuana OOCCICYHBAIOT BHICOKHME KO3(PPHUIMECHTHI
TEIUIO- M MACCOOTAAYM M COOTBETCTBEHHO WHTCHCHBHOCTH (DHMIIBTpAaIMOHHOMN CYIIKH. B 3TOH crarbe NMpHBEIACHBI
pe3yIbTaThl HWCCICAOBAHWMSA BHCIIHETO TEIUNIOOOMECHA MEXKIY TEIUIOBBIM AarcHTOM M CYXHMH YaCTHIAMH
OPTaHWYECCKUX MATEPHATIOB BOJOKHHCTOW CTPYKTYPBI, B YACTHOCTH XJIOIIKA CBHIPHA M €ro CTeOiIeH W MEXaHW3M
¢umsTpannoHHO# cymkw. 1o pe3yimpraTaM WCCIETOBAHHHM YCTAHOBICH MEXAaHM3M (DHIBTPANMOHHOM CYIIKH CIIOS
XJIOITKA-CBIPIIA M €T0 CTEONICH M CYMIECTBOBAHME IIEPHOJA IMOJIHOTO M YACTUYHOTO HACBHIMICHHS TEIUIOBOTO arcHTA.
OKCHEPHMEHTAIPHO OIPEICICHBl YCPEIHCHHBIC 3HAYCHHSA TEMIICPATYPbhl TEIUIOBOTO arcHTa HA BBIXOJAE W3 CIOS
CYXOT0 XJIOTKA-CBIPIIA M €ro creOiei, NMpH pasHBIX TEMIEpPAaTypax TEIUIOBOTO arcHTa, KOTOpas HW3MEHIIACH B
npeaenax: 40 — 60 °C, u TpH Pa3THUHBIX CKOPOCTAX ABIKCHHS TCILIOBOro arenra ot 0,66 10 2.01 m/c. 3HaucHHe
TEMIIEPATypP TEIUIOBOTO arcHTA BBHIOPAHO BBHAY OBICTPOTEYHOCTH IIPOIECCA HATPEBA HYACTHI[ XJIONKA CBHIPIA M €TO
CTCOJICH, YCPCHOHCHHBIN pa3Mep KOTOPHIX HE MpPEBHIMAcT 2 MM. [IpeAacTaBIcHHBIC Tpa)UUCCKHC 3aBHCHMOCTH
HW3MECHEHHS TEMIIEPATYPBI TEILUIOBOTO ar€HTA HA BBIXOJC M3 CJOSI MATEpHAia MO3BOLIOT ONMpPeneiauTh K03 huuueHT
TEIUIOOTAAYH OT TEIUIOBOTO areHTa B CYyXHE YaCTHUIIBI XJIOKA ChIPIIA M €T0 CTEONeH.

Jns onpenenerus k03()(PUIMEHTOB TEIUTOOTAAYH OT TEIUIOBOTO aTr€HTA K CJIOK0 CYXHX HACTHII XJIOIMKA-CHIPIA U
ero credneil mpeT0KeHbl KPUTEPHAIbHBIC 3aBUCHMOCTH. M3 rpaduieckux 3aBECHMOCTEH MOXKHO YCTAaHOBHTD, UTO
TIOJIy YCHHBIC IKCTICPUMCHTAIBHbIC 3HAYCHHI KOA((HINCHTA TEIUIOOTAAYH OT TEIJIOBOTO arcHTA B CYXHE YACTHIIBI
XJIONTKA-CBIPIIA M €r0 CcTeOIeH B 3aBUCHMOCTH OT JACHCTBHTEIBHOH CKOPOCTH (DMIBTPOBAHUS ANIPOKCHMHUPYIOTCS
mpAMOH NHHHCH. YCTAHOBIICHO, YTO HWHTCHCH()HKAIMSA MPOLECCa TCINIOOOMCHA 3aBHCHT OT POCTa CKOPOCTH
TCIUIOBOTO ar€HTa, 3TO OOBSCHICTCS TEM, UTO TPH OOJNBINECH CKOPOCTH (HIBTPOBAHHUS Uepe3 KaHAJBI MEKIY
YACTUIAMH ITPOPHUIBTPOBBIBACTCS OOMIBINEE KOIMICCTBO TCIUIOBOTO arcHTA M B CJIOW MAareprasa MmocTymaeT OobIee
KOJIMYECTBO TeIIa. PacXoskieHWEe TEOPETHUCCKH PACCUMTAHHBIX 3HAUCHHUH OT M 3KCIEPHUMCHTAJBHBIX JAHHBIX HE
mpeBbmact 14,2%, 4To BIOJHE MPHEMIICMO I MPOCKTHRIX PACYCTOB HOBOTO CYIIHILHOTO 000pY TOBAHHA.

KioueBnie ciioBa: BOJIOKHO XJIOIKA, TEIDIOOOMEH, MAaCCOOOMEH, THAPOAWHAMHKA, (DHIBTPAIIMOHHAS CYINKA,
MOPHUCTOCTD, OPTAHUUECKHUE MAaTEPHAIIbl BOJIOKHUCTOH CTPYKTY PBIL.
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