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CALCULATION OF HYDRAULIC RESISTANCE
DURING FILTRATION DRYING OF RAW COTTON

Abstract. Textile, non-woven and other fiber materials have a great importance in the modern world economy.
Cotton is one of the most valuable raw materials for the production of various industrial, food and household
products. The movement of a gas stream through a porous structure of a material is a mixed problem of
hydrodynamics. However, there are no theoretical foundations for the mixed hydrodynamic problem today. In this
article, we propose the use of a filtration method for drying raw cotton and calculating the hydraulic resistance. To
describe the hydrodynamics of gas movement through the porous structure of the material in scientific articles, the
authors use theoretical dependencies of internal or external problems. Given that the intensity of heat and mass
transfer determines the speed of movement of the heat agent relative to the elements of the porous layer, this paper
presents the results of studies of pressure losses in the layer of cotton fiber from the point of view of the internal
problem of hydrodynamics. Experimental studies on filtration of a heat agent through a stationary layer of cotton
were conducted. due to the difference in bulk weight and different heights of the layer, they were represented as a
functional dependence J1P= f(v0). The results obtained in dimensionless form allow us to predict the energy costs of
creating a pressure drop (under the same hydrodynamic conditions) when designing a new drying equipment.

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

Introduction.According to the State program of industrial-innovative development of Kazakhstan for
2020 - 2025, a stable growth and competitiveness ofthe manufacturing sector will be achieved by creating
a technologically advanced industry, the transformation and digitalization of the basic assets of
functioning enterprises, focused on the creation of medium-and high-tech products with subsequent access
to the global markets [1]. By 2021, the acreage of cotton in South Kazakhstan region is expected to
increase by 100 thousand hectares, yield - 3000 kg/ha, and cotton production to 300 thousand tone/year.
Therefore, high-quality storage and processing of raw cotton are the main factors. When processing raw
cotton to obtain a more efficient and high-quality fiber, its humidity should be in the range of 8-9% [2,3].
In order to boost the cotton and textile industries of Kazakhstan, The law «on the development of the
cotton industry» was adopted, and the free economic zone «Ontustik» was created for 2005-2030, which
will contribute to the revival and development ofthe textile industry in Kazakhstan [4] .

At the present, the properties of raw materials deteriorate in cotton processing plants when using
drying drums of type 2SB-10, SBT, SBO. 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 the fiber twists, and the fiber microstructure deteriorates [5].

In the cotton-growing regions of Central Asia and Kazakhstan, drying drums of type 2SB-10, SBT,
and SBO are mainly used for drying raw cotton, and various methods and drying devices are used for
drying food and vegetable raw materials [s -s], which are not acceptable for drying raw cotton.
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For this reason, experimental and theoretical studies of cotton drying, reducing the cost of
technological processes for processing cotton fiber and improving their quality characteristics are of
urgent importance for the economy of Kazakhstan. The integration of new highly efficient and resource-
saving technologies for processing cotton raw materials into a finished product of high quality will be
competitive not only in the domestic but also in foreign markets.

Analysis of literature sources [9-13] allows us to conclude that there is no comprehensive and
systematic approach to the intensification of drying processes of wet cotton fiber, given that it contains
mainly bound moisture, is a thermolabile material, and the drying process takes place in the second period.

Choosing the drying mode for raw cotton depends on the following parameters: color, fiber length,
type of mechanical damage, and so on. During drying of raw cotton, it is important to choose the optimum
mode of drying, since inadequate drying parameters, there is a fiber breakage, reducing its length,
resulting in reduced fiber quality [2,3].

Experimental part and description of the installation.Theoretical analysis and design of drying
systems are complicated by a number of factors, in particular, simultaneous heat and mass transfer to the
surface and inside the material, moisture transfer within the material, while there are more than twenty
different types of mechanisms for transferring moisture in a solid. Changes in the moisture content and
temperature of the material are determined by heat and mass transfer between the surface of the body, the
environment and the interior ofthe material to be dried.

To realize the process of drying raw cotton, as noted above, the industry uses drum type dryers and
fluidized bed dryers, which are energy-consuming and expensive. Therefore, we had the task to develop a
new type ofdryerthat will reduce the energy costs ofthe drying process.

Generalization of the results of experimental and theoretical studies of hydrodynamics and heat and
mass transfer during filtration drying of raw cotton allowed us to propose a design of a drying plant that
takes into account the physical and mechanical properties of raw cotton, improve the method for
calculating the main structural dimensions of this installation and calculate the optimal technological
parameters ofthe thermal agent.

We suggest using the concept of a drum-type filtration drying device for drying raw cotton
(figure 1) [14].

Figure 1- The installation of the filtration drying of drum-type:
1- bunker, 2 - proportioner, 3 - vibrator, 4 - springs, 5- drying chamber, s - perforated drums, 7 - partition wall,
s - perforated sheets, 9- brushes, 10- spring-loaded lid, 11 - perforated sleeves, 12 - warming system, 13 - container
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Installation for the filtration drying of raw cotton consists of a bunker 1 which serves to feed a raw
and in the lower part it includes a proportioner 2 and the vibrator 3, and the bunker 1is mounted on a
spring 4. The lower part of the hopper 1is attached to the drying chamber 5 in which is placed parallel to
the perforated drums s with a perforated sleeve 11. The perforated drums s with a partition 7. Warming
system of heating agent 12 is located inside drying chamber 5. The outside of the perforated drum is
equipped with s removable perforated sheets. Brushes 9 are installed on the drum s in the dry material
discharge zone. In the lower part ofthe drying chamber 5, a spring-loaded lid 10 is installed, which serves
for automatic unloading of dry material into the container 13. The Perforated drums are connected to the
vacuum line through perforated sleeves 11. Container 13 is intended for dry material.

The installation works as follows. Include a vibrator 3 and a vacuum line, so that the heat agent passes
through the perforated sheets s, which ensure uniform drying ofthe material and facilitate the changeover
of the installation for a different type of material, or for a different humidity. The air is heated directly in
the drying chamber 5 by the warming system 12, which is placed directly in the drying chamber, which
makes it possible to reduce heat loss to the environment. Due to the fact that the perforated sheets are
washed by the ambient air, their temperatures are approximately equal to the ambient temperature.

Turn both the reels ¢ and brush 9. The wet material enters the hopper 1and with a dispenser 2 is fed
to the drying chamber 5 into two of the perforated drum s, between which the partition wall 7 and which
rotate in opposite directions. Partition 7 serves to form a uniform layer of dispersed material. Due to the
rarefaction, the wet material is firmly pressed against the perforated surface ofthe drum and rotates along
with it in the direction shown in figure 1. 9 Brushes are used to clean the perforated partition from dry
material particles. To prevent the hanging of wet material due to caking or compaction, and the formation
of a so-called funnel, a vibrator 3 is installed on the hopper 1. The Amplitude and frequency of vibration
of the vibrator 3 is set experimentally depending on the humidity and adhesive properties of the material
being dried. Container 13 is intended for unloading dry material from the drying zone [14].

Theoretical part and discussion of results. One ofthe high-intensity methods of removing both free
and bound moisture is the method of filtration drying of materials. 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 speed of movement
ofthe 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 ofthe 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 of the heat agent relative to the layer elements is
significantly higher than in the case of drying by any other methods (in the fluidized bed, during drying in
pneumatic transport dryers, etc.). The large surface of heat and mass transfer and the speed of the heat
agent in the pores and channels ofthe stationary layer of wet material provide high coefficients of heat and
mass transfer and, accordingly, the intensity ofthe filtration method of drying [15].

At the same time, the total energy consumption for the filtration drying process consists of pressure
losses in the stationary layer and heating of the heat agent (air) to a settemperature. Given the above, 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.

The movement of a gas flow through a porous structure of a material is a mixed problem of
hydrodynamics. However, there are no theoretical foundations for a mixed problem of hydrodynamics
today. to describe the hydrodynamics of gas movement through a porous structure of a material in
scientific articles [9-13], the authors use theoretical dependencies of the internal or external
problem.Given that the intensity of heat and mass transfer determines the speed of movement of a heat
agent relative to the elements of a porous layer, in this paper we present the results of theoretical studies of
pressure losses in a layer of cotton fiber from the point of view of the internal problem of
hydrodynamics.The movement of a gas stream through a porous structure of a material is a mixed problem
of hydrodynamics. However, there are no theoretical foundations for the mixed hydrodynamic problem
today. To describe the hydrodynamics of gas movement through the porous structure of the material in
scientific articles [9-13], the authors use theoretical dependencies of the internal or external problem.
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Given that the intensity of heat and mass transfer determines the speed of movement of the heat agent
relative to the elements of the porous layer, in this paper we present the results of theoretical studies of
pressure losses in the cotton fiber layer from the point of view of the internal problem of hydrodynamics.

As shown by the researches, the stationary layer of cotton fiber during the application of a pressure
drop, to ensure the appropriate filtration rate of the heat agent, due to the slight stiffness of individual
randomly placed fibers in the experimental container, changes its height. This leads to a change in the
equivalent diameter of the channels through which the heat agent moves, the porosity of the layer and,
accordingly, the actual speed.Changing the actual filtration speed of the gas flow leads to an increase in
the pressure loss in the layer AP and the height of the cotton fiber layer H-to an increase in the volume
densityp(. Thatis:H = /(4P); de =/(4P); £=/(4P); pt=/(4AP); AP = f(v). At the same time, the
only constant values are the weight of the fiber attachment and Gv = constv and the outer surface of all
cotton fibers F = const.

The pressure loss in a porous stationary layer is determined based on the well-known Darcy-
Weisbach dependence, because it takes into account all possible experimental variables [15,16]:

app=x " P (1)

2

where h - is the coefficient of hydraulic resistance of the layer; AP - pressure loss in the material layer,
Pa; H - layer height, m; de - equivalent diameter, m; p - the density of the gas flow, kg/ m3; v - the
actual speed of the gas flow, m/s.

ap= 2, (2)

where £t - isthe porosity of the layer, m3m3; a - active specific surface of the layer, m2Zm3; We define the
initial specific surface of the fibera0, which depends on the initial height of the stationary layer of cotton
fiber and its volume:

an= ¢ 3

where Ho - is starting height of the cotton fiber layer, m; S - cross-sectional area of the experimental
container, m2.

To define the starting specific surface area of all cotton fibersalassume that there are N identical
fibers of lengthLvin the experimental container. Then the outer surface of all particles can be represent as:

F=2-(a+b)-Lv-N, 4)

where a and b - the middle width and thickness ofthe cotton lint, respectively,m.
Knowing the specific density of the cotton fiberpvand the weight of the hitch Gvwe find the volume of
the cotton fiber:

V=" =a-b-Lv-N, (5)
Pv
where we define number of lints N:
Pve betv
so the surface of all the cotton lints:
F=2+a+b)-Lv & Zriarmey 7)

Pve Lv pvea-b

We define the starting and current specific surfaces of a conditionally stationary layer of cotton fiber,
which is located in the experimental container, as the ratio of the total surface to the volume:

_ 2+(att) gy
AN SHL prad'SHO (¢)
and the active specific surface of the cotton fiber is represented as:
_ HO
a= aB = 9
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where a0, a - starting and active specific surfaces of the fiber layer, m2m3; Ho - starting height of the fiber
layer, m; H - current height of the fiber layer, depending on the pressure loss, m.
So:

a= al0e— = 2<ath)Gc+g° = 2<atb>C/ (10)
u H pvabSH pv-ab-SH \Y

Let's express the weight of the cotton fiber attachment in terms of its volume and specific density:
Qv = V-pv = Hv-S- pv (11)

where Hv -isthe height of the fiber layer with densitypv, m.
Then the active specific surface of a conditionally stationary layer of cotton fiber can be represented

as:
N 2(aHt)Gy _ 2'(atb)Hy'Spv _ 2-(atb) Hv (12)
pvea-b-S-H pveab-SH ab H’
and then equation (2) can be written as:
de=%4 = 2at ex", (13)
a (a+b) Hv

and equations (1) using (13) can be represented as:

OP =X H Py2=\ H@HOW PY2 (atb)-Hv p-v2 ()

1de 2 1 2abHE& 2 1 2abf] 2 v

It is known that the coefficient of hydraulic resistance of the porous layer £ is defined as a part of the
speed pressure, that is, equation (14) can be represented as [17-20]:

AP =£ ~ =£ -0 (15)

where £ - is the coefficient of hydraulic resistance of the porous layerf = v°~ fictitious heat

agent filtration ratev0 = v ms, M/ C.
Approximation of experimental information by a power function allowed us to receive the following
calculated dependence:

£=£0+/90025 (16)

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 on the hydrodynamics of filtering a thermal agent through a
stationary layer of cotton was carried out in the form of dimensionless complexesfu = f(Reeg), and
dependence of the hydraulic resistance coefficient of the layer (f = /(R ee)as functions of the Reynolds
number:

Eu = 84000 «Re"118, (17)

where Ree - is the equivalent value of the Reynolds number.

Ree= ~
e u

where y - is coefficient of dynamic viscosity of the gas flow, Pa =5 ;

The coefficient of hydraulic resistance of the cotton fiber layer was calculated based on experimental
data from equation (15). Approximation of experimental information by a power function allowed us to
receive the following calculated dependence:

~= 160000+ Re"116 (18)

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 (17) on the
Reynolds number, 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.
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Conclusion.Received in dimensionless form, the calculated dependence (17) makes it possible to
predict the energy costs of creating a pressure drop (under the same hydrodynamic conditions) when
designing a new drying equipment, and the dependence (1s) is convenient to use during the operation of
the drying plant when it is necessary to change the technological parameters of the process, that is, to
change the height ofthe cotton fiber layer or the filtration rate of the thermal agent.The Error between the
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for
the design calculations of new drying equipment.Obtained in dimensionless form the calculated
dependence (17) gives the possibility to predict the energy cost of creating the pressure differential (with
the same hydrodynamic conditions) when designing new drying equipment, and the dependence (1s) it is
convenient to use during operation ofthe dryer when you need to change the process parameters, that is,
change the height of the layer of cotton fibers or the filtration rate of the heat agent.The error between the
theoretically calculated values and experimental data does not exceed 14.2%, which is quite acceptable for
design calculations of new drying equipment.

A.E. XycaHoBl B.M. AtamaHiok3 B.M. Kangbi6aesal,
A.3. 36inmaFxaHoB2 [.)K. Xauabaesl, XK.E. XycaHoBl

'M.3ye308B aTbiHAarbl OWyCcTK Ma3akcTaH MeMIEKETTK YHMBEPCUTETa, LLIBIMKEHT , a3aKCTaH;
2[1, COKONbCKMIA aTbIHAArbl YKaHapMaid, KaTanna XaHe aNeKTPOXMMUS UHCTUTYTbl A, ANMaTbl, ~a3aKcTaH;
3 JIbBOB MOSIMTEXHUKACKI Y/TTTLIK; YHUBEPCUTET], J1bBOB, YKpavHa

LUATT1 MAKTAHBI CY3in KEMT1PY BAPbICbIHOA
rTMAOPABTNKAJIbIK KEAEPI1H1 ECENTEY

AHHOTauMA. "M PN 3aMaHrbl 3/IEMMDK 3KOHOMMKaZA TOKbIMA, TOKbIIMaraH »aHe 6acka Aa TanlbLUThl MaTepuangapabl
Y/IKeH Maubi3ra ve. MakTa - Typnl eHepKaCLL, a3bIK-Ty/K X3HEe TYPMbICTbIK eH1Maepal eHalpy YL WMK03aTThIH KyHbI TyYpLULL,
6lpl LlvTra MakTaHbl KermTapy pexuMmil TaHgay TYC, TallbDKTbH Y3bIHAbIMbl, MEXaHUKa/IbIK 3akbiMaaHy TYpi xaHe T.6.
KepCEeTKLUTepre GaiinaHbICTbl 60/bIN Keneda. LLUIMTTI MakTaHbl KenTipy 6apbiCblHAa KemTapy/ll, OHTalNbl PEeXVMIH TaHAaraH
MaHbI3bl, eATKeHI KeNTipyaiH NapameTpLLe C3KeC Ke/IMece Ta/lLlbIK Y3LULL, Y3bIHAbITbI KbICKapagbl, HITVDKECLLAE Ta/LUbIKTbIH
canacbl TeMeHZenAi.

0o HEPK3CiNTe W M T MaKTaHbl KenTipy Y[EepiCiH icke acbipyaa GapabaH TYpiHgeri KENTiprilutep MeH 3HEPrus LWbIrbIHbI,
KailHaraH KabaTTblH KbiMbaT Kerml/lprm kongaHbiaabl. COHAbIKTaH KenTiprilTiH xaHa TYPIH a3ipneydi MWAeT eTin angbik,
eiTkeLw on KenTipy YaepiciHe sHepreTKa/bIK WbIrbIHAAPAbI a3aiATyra MyMKLLAAK 6epeai.

LLnTTi makTaHbl CY3in KenTipy Ke3iHAe rvMApOAvHaMMKA MEH Kby >K3HE MacCa a/MacyfblH 3KCMepUMEHT™ > aHe
TEOPUSNbIK 3ePTTEYNEPLLULL HITUXENEPLl KOPbITY LW WT MaKTaHblH (WM3MKa/bDK;-MEXaHUKabIK KacueTTepiHe cail KenTipy
KOHZBIPrbICbIHBIH - KYPbUIbIMbIH  YCbIHYTa, OCbl KOHABIPrbIHbIH HEri3ri KOHCTPYKTVMBDK efluemMaepLl ecentey 3At0TeMecLl
YKETINAIpYre XK3HE XbUTy areHTLLLL, OHTal bl TEXHOMOMMS/bIK NapamMeTpLL ecenTeyre MyMKLLAAK Gepi.

Bi3 W 1T MaKTaHbl KenTpyre apHairaH 6apabaH TMNTI CY3riLl KenTapnLL OpHATY/AbIH NPUHLMMTI CXeMachIH naliganaHyabl
YCbIHaMbI3, 0N €PKLU 3pi 6GainaHbICKaH blnrangblH XKorapbl UHCEHCWBTI 3Aici 60/bin caHanagbl. byn CY3riw kenTipy KesiHge
Xbly areHTa «blUrandbl MaTepuas-nepdiopauysiiaHraH Kaska «6arbiTbiHAa nepiopaumsiaHraH Kanka OpHanackaH birangpl
MaTepuanbiH KeyeKTi KypbiibiMbl apKblibl CY3inedi. blarangbl MatepuanibiH CTalMoHap/bIK KabaT Teciri MeH KaHanaapblHaaThl
Kbl areHTLUL, KO3ra/ibiC Kblgamabirbl LueKapaiblK KabaTTbiH Ka/lbIHABITbIH X3HE TTCLULLE XbUly >3He MacalHa/biM
KO3(hthMLMEHTTEPIHIH M3ALUH aHbDKTalabl. COHbIMEH KaTap, XbUTy X3He Macca aiMacy 6eTi Xbuly areHTa CY3eTiH TecikTep MeH
KaHa/aap/blH 1bIHTBIK GeTi 60/1bin caHanabl. XKbuty areHTLl CYsy XXbIIaMbIrbl OHbIH Y/ITatobl KbICbIMHbIH YKOTa/TyblHa 3Cep
eTeraHL eckepe OTbIPbIM, TEXHUKAbDK;-SKOHOMUKa/bIK MaiibiMaapra CYVEHe OTbIpbIN aHbiKTanadbl. COHbIMEH KaTap, Kabat
3NeMeHTIHe KaTbICTbl XbUly areHTiHIH HaKTbl KO3ra/ibiC XbUiaaMabirbl Ke3 KenreH 6acka 3ftoTepMeH KerTapy karjaviblHa
KaparaHga aitapnibb;Tald >korapbl. XbUTy >3He Macca anmacyfbH Y/KeH BeTa X3He biiraidbl MaTepuanfblH CTaLyoHap/bIK
KabaTbiHbIH Mopanapbl MeH KaHandapbHAArbl >KbUTy areHTLUL, >KbIIAaMAbIrbl >KbUTy >K3HE Macca 6GepyaLl, >Korapbl
KO3(hhMLMEHTbI XKaHe TuiciHWe kenTapyaw, CY3y TaCiNiHIH KapKbIHABIbIMbIH KAMTaMachI3 eTefa.

MaTepuanfiblH KeyeKTi KypbUibIMbl apKblibl Fa3 arblHbiHbIH KO3ra/biChl MMAPOAMHaMUKaHbIH apaiac MufeTa 60/bin
Tabbliaabl. Anaifa rmapoanHaMUKaHbIH apasiac ece6LULL, Teopus/blK Herisaepi 6YriHae oK. Byn Makanaga WMTTi MakTaHbl
kenTapyaw, CYsrifey 3ficiH naiifanaHy >aHe ruapaB/VKaIbIK KefepriHi ecentey YcbiHblaAbl. EbinbIMA - Makananapga
maTepuranabiH KeyekTi KypblibIMbl apKblibl ra3 KO3rasibiChlHbIH FMAPOAMHAMMKACHIH cunatTay YLUiH aBTopfiap LW Hemece
CbIPTKbl €CenTLL TeopusA/bIK Tayenawrril naiganaHagsl. Kblly >kaHe Macca anMacy KapKblHAbUIbITbl KeyekTi KabaTTbiH
3MEMEHTTEPLUIE KATbICTbl JKbUTy areHTLUL, KO3ra/biC >KbUIAaMABIrbIH aHbDKTalTbHbIH €CKepe OTbIpbIM, Oy >KyMbICTa
MMAPOAMHAMUKAHbBIH iLLKI MIHAETI TyprbiCbiHAH MaKTa Ta/lbIrbIHbIH KabaTbiHAArbl KbICbIM LbITbIHbIH 3epTTeY HITDKENepi
YCbIHbIraH. Xblly areHTiH MakTaHblH CTauyoHap/bl KabaTbl apKblibl CY3y YL 3KCNepuMeHTaabIK 3epTTeynep XKYprisingi,
eMTKeHI YLUHALILLY canmMarbl MeH KabaTTbiH TYpni 6ukTariuwy, apTYpniniriHe 6ainarbicTbl AP= f(v0) dyHKUMOHANAbIK Tayenainik
TYpiHae KepceTingi. AnbIHraH H3TVXKeNep eNLweMci3 XaHa KenTipy dxababIrbiH Xobanay KesLie KbiCbIMHbIH aybITKYbIH dXacayra
ApAeli rMapoaVHAMUKA/IbIK Xaralifa) apHanraH 3HepreTVKasbIK WhIrbIHAapAb! 6omkayra MyMKLLAaK 6epesi.

TYViH ce3fep: MaKTa TaNllbirbl, rUapoarHamika, CY3in KenTapy, rMapaBIMKabIK Keepri, KeYeKTLK, KabaTThIH 6erceHai
6eTKi kabarbl.
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"KOxHO-KaszaxcTaHCKUiA rocyAapcTBeHHbIN yHBEpCUTET M. M.Aye308a, I LLIbIMKeHT, KasaxcTaH;
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PACYET N’MAPABJ/IMYECKOI' O COMNMPOTUMBNEHUNA MNMPA
OUNNbTPALIMIOHHOW CYLLIKE X/10MKA-CbIPLIA

AHHoTauus. TeKCTWb, HETKaHble U Apyriie BONOKOHHbIE MaTepuasibl UMELOT 6O/bLLIOE 3HAYEHWE B COBPEMEHHOW MUPOBOI
3KOHOMUKe. XJI0MOK SIBMSIETCA OfHWMM U3 Hambonee LEHHbIX BUAOB Cbipbsi A/ NMPOM3BOACTBA PA3/IMYHbIX MPOMbILLIEHHBIX,
MULLIEBLIX W BbITOBBLIX NPOAYKTOB. BhIGOP peXXmMMa CYLLKU X/OMKa-ChipLa 3aBUCUT OT CMELYHOLWMX NOKasaTenelt: UBeT, 4/MHa
BO/IOKHA, TUMa MEXaHNYECKOro NMOBPEXAEHMS U TOMy NoAo6Hoe. Bo BpemMs CyLLKM X/10MKa-ChIpLia BOXXHO BbIGpaTb ONTUMAabHbI
PEXVM CYLLKW, MOCKOMbKY MPY HECOOTBETCTBYHOLMX MapameTpax CyLUKW HabnofaeTcsi 06pbiB BOMOKHA, YMEHbLUEHWE ero
[/IMHbI, B pe3yNbTaTe Yero CHUMXKaeTCs KauecTBO BOSIOKHA.

[na peanusaumy npouecca CyLUKW XI0MKa-Cbipla B MPOMBILLIEHHOCTU UCMONL3YHOT CyLIWIKWM GapabaHHOro Twna u
CYLUMIIKA KUMALLEro Crosi, KOTOpble SIBMSOTCA 3HEprosatpartHbiMi M goporviMu. [losToMy nepef Hamu CTosna 3ajada
paspaboTaTb HOBbIV TUM CYLUW/KW, KOTOPbIA MO3BOAWUT CHU3UTL SHEPreTUYECKME 3aTpaThbl Ha NPOLIECC CYLLIK.

O606LLEeHME pe3yNbTaToB IKCMEPUMEHTaSTbHBIX M TEOPETUYECKWX UCCIEA0BaHWIA MMAPOAUHAMUKY M TENNO - U MaccoobMeHa
npy (UNBTPALMOHHOM CYLLIKE X/10MKa-ChbIpLia MO3BO/NN NPES/IOKUTL KOHCTPYKLMIO CYLUMBLHOW YCTAHOBKM, KOTOPast yYMTLIBaET
(hM3MKO-MEXaHWNYECKME CBOCTBA X/OMKa-ChIpLia, YCOBEPLLIEHCTBOBATb METOAUKY pacyeTa OCHOBHbLIX KOHCTPYKTMBHLIX pa3sMepoB
[aHHOI YCTaHOBKM U paccunTaTh ONTMabHbIE TEXHOMOMMYECKME MapaMeTpbl TEMI0BOMO areHTa.

Hamwu npeg/iaraeTcs MCNoMb30BaHWe MPUHLMMNABLHON CXeMbl YCTAHOBKW (hNbTPALWIOHHON CyLLIKV GapabaHHOro Tuna Ans
CYLLKV XJI0MKa-CbIpLia, KOTOPas SABSETCA OAHUM U3 BbICOKOMHTEHCHBHbLIX METOAOB YAAIEHNS KakK CBOOOAHOM, TaK 1 CBA3aHHOM
Bnarn. 3T0 06YCMOBMEHO TeM, YTO BO BpeMS (DUALTPALMOHHOA CYLIKW TEMAO0BOM areHT (MIbTPYETCS CKBO3b MOPUCTYHO
CTPYKTYPY BNaXHOr0 MaTepuasia, KOTopbIii pa3MeLLieH Ha NepdopupoBaHHOl Neperopoike B HanpaB/eHUN «BaXHbIA MaTepuan
- nepthoprpoBaHHas neperoposka». CKOPOCTb ABVKEHUS TEMN/I0BOrO areHTa B Nopax 1 KaHaax CTalyoHapHOro €108 BNaXKHOro
MaTepuana onpegenseT TO/LMHY MOrpPaHWYHOrO CoSi 1 COOTBETCTBEHHO 3HAYEHWS KOS(ULMEHTOB TEMMO- M MacooTAau.
Kpome 3TOro, MoBEpXHOCTLIO TEMMO- U MaccOOOMeHa SIBMISIETCA CyMMapHas MOBEPXHOCTb MOP M KaHasioB, CKBO3b KOTOpPbIe
(MnbTpyeTcs TennoBoii areHT. CKOpOCTb (hMLTPALMK TEMIOBOTO areHTa OMpefenstoT UCXOAS U3 TEXHUKO-3KOHOMWNYECKMX
COOBP@XKEHMWIA, YUNTbIBASA TO, UYTO ee YBe/MYeHWe BAMSET Ha POCT MOTepu fasneHus. Mpuyem, AeMCTBUTENbHAS CKOPOCTb
JBVDKEHVIS! TEM/IOBOrO areHTa OTHOCUTE/IbHO 3/IEMEHTOB C/MOSi 3HAUWTE/bHO BbILLE, YeM B CMlyyae CyLLUKW /IOBbIMA ApyrvMi
MeTofaMW. Bonbluas MoBepXHOCTbL TEMMO- M MacCoOOMeHa M CKOPOCTb TEMIOBOrO areHTa B Mopax M KaHajax CTalyoHapHOro
C/0si BNIXKHOr0 MaTeprasia 06ecneynBatoT BbICOKME KOIDPULMEHTbI TEMO - M MACCOOTAAYM U COOTBETCTBEHHO WHTEHCUMBHOCTb
(hMNbTPALMOHHOIO Croco6a CYLLIKU.

[BvKeHVe ra3oBOro MOTOKA CKBO3b MOPWUCTYHD CTPYKTYpYy Matepuasia NpefcTaBnseT coboli CMeLlaHHyt 3adady
ruapoanHammky. OfHaKO TEOPETUUECKMX OCHOB CMELLAHHOM 3afaum MMAPOAMHAMU KA Ha CEroaHs He CylLecTByeT. B 3Toli cTatbe
MpeAnaraeTcs UCMo/b30BaHUe (PUALTPALMOHHOIO Crnocoba CYLLUKM XNOMKa-ChipLa 1 pacyeT r1apaBiMyeckoro COmnpoTVBIEHVS.
[na onucaHus rMapoaMHAMMKW [BWKEHWS rasa CKBO3b MOPUCTYHO CTPYKTYpY MaTepuana B Hay4HbIX CTaTbsiX aBTOpbl
MCMONb3YIOT TEOPETUYECKME 3aBMCUMOCTW BHYTPEHHEN WA BHELUHe 3afayn. YuuTbiBas TO, YTO WHTEHCWMBHOCTb TEMio- M
MaccoobMeHa onpesensieT CKOPOCTb ABMKEHUS TEM/IOBOrO areHTa OTHOCUTE/IbHO 3/IEMEHTOB MOPKCTOrO C/osl, B faHHOW paboTe
NpeAcTaBfieHbl pes3ynbTaTbl UCCMefoBaHU NOTePb AaB/EHMS B CNOE BOMIOKHA X/IOMKA C TOYKM 3peHWs BHYTPEHHel 3afaun
rApoaMHaMUKKW. TpoBedeHbl 3KCMEPUMEHTaIbHbIE UCCeA0BaHMA MO (UbTPaLMM TEMAOBOr0 areHTa CKBO3b CTaLMOHapHbIN
C/I0/4 X/0MKa, 13-3a Pa3HOCTM HACHIMHOIO BECA W Pa3IMYHbIX BbICOT 10 MPEACTaB/S/IN B Bue (hYHKUMOHATLHOW 3aBUCMOCTM
AP= f(v0). MNonyyeHHble pe3ynbTaThbl B 6e3pa3MepHOii lopme NO3BOASAIOT MPOrHO3MPOBaTL JHEPreTUYECKUE 3aTpaThbl Ha Co3aaHue
nepenaga [asneHuin (Npu  OAMHAKOBbIX TMAPOAMHAMMYECKUX YCMOBMAX) MPU  MPOEKTMPOBAHWM HOBOrO  CYLLUWSILHOIO
060pyfoBaHus.

KntoueBble cfoBa: BOMIOKHO XJ/10MKa, TMAPOAMHAMMKAE, (MNbTPALMOHHAA CyLUKa, WAPaBMYECKOe COMPOTUBIIEHME,
MOPWCTOCTb, aKTVBHasA YAe/bHasi MOBEPXHOCTb CIIOS.
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