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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
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enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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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 AP= f(v,). 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 of the 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 of the 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 [6-8], 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 of the 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 of dryer that will reduce the energy costs of the 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 of the 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, 6 — perforated drums, 7 — partition wall,
8 — 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 1 is mounted on a
spring 4. The lower part of the hopper 1 is attached to the drying chamber 5 in which is placed parallel to
the perforated drums 6 with a perforated sleeve 11. The perforated drums 6 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 8 removable perforated sheets. Brushes 9 are installed on the drum 6 in the dry material
discharge zone. In the lower part of the 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 8, which ensure uniform drying of the 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 6 and brush 9. The wet material enters the hopper 1 and with a dispenser 2 is fed
to the drying chamber 5 into two of the perforated drum 6, 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 of the 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 of the 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
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, 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 of the stationary layer of wet material provide high coefficients of heat and
mass transfer and, accordingly, the intensity of the 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 set temperature. 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.
136
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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 = f(AP); d, = f(AP); € = f(AP); p; = f(AP); AP = f(v). At the same time, the
only constant values are the weight of the fiber attachment and G,, = const,, 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]:
H pv?

AP:Ald_ P

(M

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

dp =2, @

where ¢, — isthe porosity of the layer, m*/m’; a — active specific surface of the layer, m*/m’; We define the
initial specific surface of the fiberay, which depends on the initial height of the stationary layer of cotton
fiber and its volume:

F

A =73 (3)

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

To define the starting specific surface area of all cotton fibersagassume that there are N identical

fibers of lengthL,in the experimental container. Then the outer surface of all particles can be represent as:
F=2-(a+b)-L,"N, 4)

where a and b — the middle width and thickness of the cotton lint, respectively,m.
Knowing the specific density of the cotton fiberp, and the weight of the hitch G, we find the volume of
the cotton fiber:

V=%=wblfN, (5)
where we define number of lints N:
Gy
N = ooab Ly (6)
so the surface of all the cotton lints:
-, . Gy _ 2:(ath)Gy
F=2-(a+b) L, abl, — poab @)

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:

F _ 2:(at+b)Gy

Qo = S'Hy  pyab-SHy ®)
and the active specific surface of the cotton fiber is represented as:
—q.-Ho
a=a, ©)
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where a,, a — starting and active specific surfaces of the fiber layer, m*/m*; H, — starting height of the fiber
layer, m; H — current height of the fiber layer, depending on the pressure loss, m.

So:

Hy _ 2:(a+b)-Gy Hy _ 2:(a+b)-Gy (10)
H ~ pyabSHy H  pyabSH

a= ao -
Let's express the weight of the cotton fiber attachment in terms of its volume and specific density:
Gy =V p,=H, S py (11)

where H,, —isthe height of the fiber layer with densityp,,, m.
Then the active specific surface of a conditionally stationary layer of cotton fiber can be represented

as:
__ 2/(a+b)Gy, _ 2:(a+b)HyS'py, _ 2:(ath) LHy (12)
" ppabSH  pyabSH  ab H’
and then equation (2) can be written as:
_ra _zabeg H
€™ a = (atb) H, (13)
and equations (1) using (13) can be represented as:
AP=7\1-£-ﬁ= l.m.ﬁ: I.M.ﬂ (14)
de 2 2:a-b-H-¢g; 2 2-a-b-g; 2

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]:

192 172
AP =§-Em=800 (15)

(a+b)-Hy
2:a-b-g;

where & — is the coefficient of hydraulic resistance of the porous layeré = A, - , Vg— fictitious heat

agent filtration ratevy = v - €, Mmlc.
Approximation of experimental information by a power function allowed us to receive the following
calculated dependence:
£ =gy 1202 (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 complexesEu = f(Re.), and
dependence of the hydraulic resistance coefficient of the layer é = f(Re,)as functions of the Reynolds
number:

Eu = 84000 - Reg 118, (17)
where Re, — is the equivalent value of the Reynolds number.
“de-
Ree = Vile? " p’

where 1 — is coefficient of dynamic viscosity of the gas flow, Pa-s ;

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 - Reg 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 (18) 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 of the 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 (18) it is
convenient to use during operation of the 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.
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HIIUTTI MAKTAHBI CY3III KEIITIPY BAPBICBIHJA
I'NAPABJIMKAJIBIK KEAEPT'THI ECENITEY

AnHotaums. Kazipri 3aMaHFbl oleMIiK 9KOHOMHKaJa TOKbIMa, TOKbIJIMaraH jkoHEe 0acka Ja TaIIBIKTBI MaTepuaiapbl
YJIKeH MaHBI3Fa He. MakTa — TYpJli ©HEPKACil, a3bIK-TYJIIK JKOHE TYPMBICTHIK OHIMAEPIi OHAIPY YIIiH IUKI3aTTHIH KYH/IBI TYPiHIH
6ipi. IIuTTi MaxkTaHBl KeNTipy pEKUMIH TaHJAy TYCi, TAIIIBIKTHIH Y3BIHJIBIFBI, MEXaHHUKAJIBIK 3aKbIMIAHy TYpi *koHe T.O.
KepceTKimTepre OaitmanelcTel Oosbin Kenendi. IInTTi MakraHel KenTipy OapbICBIHIA KENTIpYyAiH OHTAMIBI PEXHUMIH TaHmaraH
MaHBI3/Ibl, OMTKEHI KEeNTipyAiH HapaMeTpiHe CalKec KelMece TaIIbIK Y31JIil, Y3bIHABIFBI KICKapabl, HOTHKECIHE TAIIBIKTBIH
carachel TOMEHICHI].

OHepkacinTe MKUTTI MaKTaHbl KENTIpy YAepiCiH icke aceipyaa GapabaH TYpiHAEri KeNTipriluTep MEH SHEPrHsi LIBIFBIHBI,
KaifHaraH KabaTThIH KpIMOAT kenTiprimi koiamanbuiazbl. COHOBIKTAH KENTIPrilITiH jkKaHa TYPiH 93ipieylai MIHAET eTim ajbIk,
eliTkeHi ox1 Kenripy yaepiciHe SHepreTHKAaIbIK IIBIFBIHAAPABI a3aiiTyFa MyMKIHIIK Oepexi.

IIutTi MakTaHBl CY3il KENTipy Ke3iHIe TUAPOAMHAMHKA MEH JKBUIy JXOHE Macca amMacyIblH JKCIEPUMEHTTIK KOHE
TEOPHSUIBIK 3EPTTEYJCPiHIH HOTIIKEICPIH KOPHITY WIMTTI MaKTaHbIH (U3MKAIBIK-MEXaHUKAIBIK KAaCHETTEepiHE cail Kenripy
KOH/IBIPFBICBIHBIH KYPBUIBIMBIH YCHIHYFa, OCBI KOHJBIPFBIHBIH HETi3ri KOHCTPYKTHBTIK OJIILIEMJEPIH ecenTey oicTeMeciH
KETLAIpyTe )KoHE JKbUTy areHTiHiH OHTaHJIbl TEXHOJIOTHSUIBIK TapaMeTpiH ecenTeyre MyMKiHIIK Oepi.

bi3 mmTTi MakTaHb! KenTipyre apHanraH Oapaban ThnTi Cy3rill KenTiprill OpHATYJbIH IPUHIHIITI CXEMACHIH MaiIanaHy Ibl
YChIHAMBI3, OJ1 €PKiH opi OallaHBICKAH BUIFAIIBIH JKOFApbl MHCEHCHUBTI dfici Gounbin canamansl. byn Cysrimn kentipy kesinzae
XKBUIy areHTi «BbUIFAJIBI MaTepual-nepdopalysianFral Kajlka «OarbIThiHIa NepdopalusiiaHFaH KaJKa OPHAIACKAH BUIFAJIIBI
MaTepHAaIIBIH KE€YEKTi KYphUIBIMBI apKbUTBI cy3ineni. blranmer MaTepranaslH CTallOHAPIIBIK KabaT Teciri MEH KaHAIJapBhIHAAFbI
JKBUTy areHTIHIH KO3FAJIBIC JKBULIAMJBIFBI IICKAPAIBIK KaOaTThIH KaJbIHABIFBIH JKOHE THICIHIIE >KbUTY JKOHE MacaifHaJIbIM
koo urrenTTepiHiH MOHIH aHBIKTaiinbl. COHBIMEH KaTap, JKbUIy JKOHE Macca aiMacy OeTi JKbUIy areHTi CY3eTiH TECIKTep MEH
KaHaJIap/IbIH JKUBIHTBIK OeTi Gouibin caHananbl. JKbLTy areHTiH CY3y JKbUIaMJIBIFBl OHBIH YJIFAIOBbl KbICHIMHBIH JKOFaJIybIHa dCep
CTCTiHIH €CKepe OTHIPHIN, TEXHHKAIBIK-DKOHOMHKAIBIK IaiibiMapra CylieHe OThIpbIN aHbIKTadanbl. COHBIMEH KaTap, Kabar
9JIEMEHTIHEe KaTBICTBI JXKbUTYy arcHTiHIH HaKThl KO3FaJbIC JKBUINAMIBIFBI Ke3 KelreH Oacka oJicTepMeH KeNTipy jKarnaiblHa
KaparaHja adTapiblKTail jxorapsl. JKbpUTy jKoHE Macca aaMacyAblH YJIKEeH OeTi »oHe BUIFalibl MaTepHaIbIH CTAallOHAPIIBIK
KaOaThIHBIH IOpajapbl MEH KaHAJIapbIHAAFbl JKbULy AareHTiHIH JKbUIZAMIbBIFbI JKbUIy JKOHE Macca OepyaAiH KOrapsl
K02 GUIHEHTIH XKoHE THICIHIIIE KENTIPYAiH CY3y TOCUTiHIH KapKbIHIBUIBIFBIH KAMTaMacChI3 STE/Ii.

MartepuaniblH KeyeKTi KypbUIBIMBI apKbUIbI Ta3 arbIHBIHBIH KO3FaJbIChl T'MIPOAMHAMUKAHBIH apajac MiHIETi OoJbIn
TaObUTaAbl. AJaiila THAPOJMHAMUKAHBIH apanac eceOiHiH TeOpHsUIBIK Heri3aepi Oyrinae >kokK. bynm Makamaga IIUTTI MaKTaHBI
KENTIpyIiH CY3riley oficiH maljanaHy >KoHE THIPABIUKAJbIK KeIepriHi ecentey YCHIHbUIaAbl. FhUIBIME Makanaiapia
MaTepuasIblH KEYCeKTI KYpBUIBIMBI apKbUIbl T'a3 KO3FaJbICBIHBIH THIPOAMHAMHKACHIH CHIATTAy YIIiH aBTOpJap iIIKi Hemece
CBIPTKBI €CEITIH TEOPWSUIBIK TOYeNAUNIiH mainananagsl. JKbUly jkoHe Macca ajaMacy KapKbIHABUIBIFBI KeyeKTi KaOaTThIH
SIIEMEHTTEPiHEe KATHICTBl JKbUIYy ArcHTIHIH KO3FaJbIC IKbUIIAMIBIFBIH aHBIKTAWTHIHBIH €CKEepPe OTHIPHIN, Oy JKYMbICTa
TH/IPOJMHAMUKAHBIH 1IIKI MIHAETI TYPFBICBIHAH MAaKTa TaJILIbIFbIHBIH KAaOaThIHIAFbl KbICBIM ILIBIFBIHBIH 3€PTTEY HOTHXKENepi
YChIHBUIFaH. JKblly areHTiH MaKTaHbIH CTAallMOHAPibl KaOaThl apKbUIbI CY3Y YIUIiH 3KCICPHMMEHTAJIBIK 3epTTeyiep XKyprisiiui,
OWTKeHI YHIH/IHIH canMarsl MeH KaOaTThIH TYpIi OMIKTIriHiH apTypiinirine 6ainanbictsl AP= f(v() QpyHKIHOHANIBIK TOYSIAITIK
TYpiHIE KOpCeTLIal. ATIBIHFAH HOTIDKEINEP OJIIIEMCI3 jkaHa KeNTipy jKaOabIFbIH K00aay Ke3iHAe KbICBIMHBIH ayBITKYBIH JKacayra
(bipzeit ruapOIMHAMUKAIIBIK KaFIaiiia) apHaAIIFaH SHEPreTHKAIBIK MIBIFBIHAAPIB! O0JDKayFa MYMKIHAIK Oepei.

Tyiiin ce3aep: MaKTa TAIIBFL, THAPOANHAMHKA, CY3ill KENTipy, 'HAPABIUKANIBIK KeAepri, KeyeKTUIK, KabaTThIH Oelcenai
OeTki KabaThl.

— 139 ——



News of the Academy of sciences of the Republic of Kazakhstan

A.E. Xycanos!, B.M. Aramanwok’, B.M. Kanasioaesa!,
A.3. Aouabmarkanos?, JI.JK. lxxanatéaes', JK.E. Xycanos!

"TOxn0-Kasaxcranckuii rocynapcTeHnbiil yuusepeuter um. M. Ayesosa,r. llsivkent, Kazaxcran;
2VHCTUTYT TOILINBA, KaTanu3a u >jiektpoxumun uM. JI.Cokomnbckoro, AnMarsl, Kasaxcran;
*HauuoHanbHbli yHMBepcHTET «JIbBOBCKAst MONMTEXHUKA», JIbBOB, YKpanHa

PACYET 'MIPABJIMYECKOI'O CONTPOTUBJIEHUS TIPU
OUJIBTPAIIMOHHOMH CYHIKE XJIOIIKA-CBIPIIA

AHHoTaums. TeKCTUIIb, HETKAaHbIC U IPYTHe BOJIOKOHHBIE MaTepUalbl HMEIOT OOJIBIIOE 3HAYCHHE B COBPEMEHHOW MUPOBOIt
SKOHOMHMKE. XJIONOK SBIISIETCS OJHHMM M3 HauOojee IEHHBIX BHIOB CHIPhS UL IIPOM3BOJCTBA PA3IMUYHBIX IPOMBIIUICHHBIX,
MUIIEBBIX ¥ OBITOBBIX NMPOXYKTOB. BHIOOp pekmMMa CYIIKM XJIOIKA-ChIPIla 3aBUCUT OT CIEIYIOIUX MOKa3aTeNiel: LBET, JJIMHA
BOJIOKHA, TUIIa MEXaHHYECKOTO ITOBPEXKCHUS U TOMY Iogo0HOe. Bo Bpems CyIIKy XJIOIKa-ChIpIa BaKHO BEIOPATh ONTHMAJIbHBIIH
PEeXKHMM CYIIKH, MOCKOJIBKY IPH HECOOTBETCTBYIOIIMX IapameTpax CYIIKH HaOmomaeTcsi oOphIB BOJIOKHA, YMEHBILICHHE €ro
JUIMHBI, B PE3YJIbTATE YEro CHIXKACTCS Ka4eCTBO BOJIOKHA.

Jns peanmsanuu mponecca CYIIKH XJIONKa-ChIplia B IMPOMBILIIEHHOCTH MCIONB3YIOT CYIIMJIKH 06apaOaHHOrO THHA W
CYIIMJIKU KHISIIEro CJIOs, KOTOpbIE SBIISIOTCS OSHEPro3aTPaTHBIMU M JOPOTHMH. Il03TOMY Iepel HaMM CTOsUIa 3aj1ada
pa3paboTaTh HOBBIi THI CYIIMJIKH, KOTOPBIH MO3BOJIUT CHU3UTh YHEPIeTUYECKHE 3aTPAThl Ha MPOLECC CYLIKH.

O06o0muienne pe3ynbTaToB 3KCIEPUMEHTAIBHBIX H TEOPETHUECKUX HCCISJOBAHUH THAPOIMHAMUKY 1 TEIUIO - ¥ MacCOOOMeHa
npH GUIBTPAIIOHHOI CYIIKE XJIOMKa-ChIPIa MO3BOIMIIN ITPEATIOKUTE KOHCTPYKIHIO CYIIMIBHONX YCTaHOBKH, KOTOpAst yIUTHIBACT
(hU3MKO-MEXaHMYECKUE CBOWCTBA XJIONKA-ChIPLA, YCOBEPIIEHCTBOBATh METOANKY paciyeTa OCHOBHBIX KOHCTPYKTHBHBIX pPa3MepOB
JTAaHHOI yCTaHOBKY U PacCUUTaTh ONTUMAIBHBIC TEXHOJIOTHUECKUE TapaMeTphl TEIUIOBOIO areHTa.

Hamu npensaraercs UCHOIb30BaHUE MPUHIMINAIEHOW CXEMBbl YCTAHOBKH (DMIIBTPALIMOHHON CyIIKH 6apabaHHOTO THNA IS
CYILIKH XJIOIKa-ChIPLIA, KOTOPas SABISETCS OAHUM U3 BHICOKOMHTEHCHUBHBIX METOJOB YIaJEHHS KaK CBOOOIHOM, TaK U CBA3aHHOM
BIard. OT0 OOYCJIOBJIEHO TEM, YTO BO BpeMs (DMIBTPALMOHHOHW CYIIKHM TEIUIOBOH areHT (HIBTPYETCS CKBO3b HOPHCTYIO
CTPYKTYpY BJIQXXHOT'O MaTepHaia, KOTOPBIil pa3MellieH Ha nepGOopupOBaHHON IIEPEropoaKke B HAIPABICHUH «BJIAKHBIN MaTepHal
— nepdopupoBanHas neperoposka». CKOpoCTb JBMKEHHS TEIUIOBOTO areHTa B IOpax U KaHaJlaX CTAIIMOHAPHOTO CJIOS BIAXKHOTO
MaTepuaia OIpeAesieT TONIIUHY IOTPAaHWYHOTO CJIOS M COOTBETCTBEHHO 3HAYEHMS KOI(QQUIMEHTOB TEIUIO- U MAaCOOTAAYH.
Kpome 3TOro, mOBEpXHOCTBIO TEIUIO- M MaccooOMeHa SBISIETCS CyMMapHasi IOBEPXHOCTh IIOp M KaHAJIOB, CKBO3b KOTOpBIE
¢unbTpyercst TemoBoi areHT. CKOpocTh (MIBTPAlMHM TEIUIOBOIO areHTa OIPENeISIOT MCXOAS M3 TEXHHKO-IKOHOMHYECKHX
COOOpa)XCHUH, YYMTbIBasg TO, YTO €€ YBEIMYCHHE BIMSAET HAa POCT NOTEpPU JaBieHUs. [IpudeM, NeHCTBUTENbHAs CKOPOCTh
JBH)KCHUS TEIUIOBOTO areHTa OTHOCHUTENBHO BJIEMEHTOB CJIOSl 3HAYMTENBHO BBIIIE, YEM B CIy4yae CYLIKH JIFOOBIMH JPYTHMH
MertoziaMu. boblas NOBEPXHOCTh TEIUIO- M MaccOOOMEHa M CKOPOCTh TEIUIOBOTO arcHTa B IIOpAaX M KaHalaX CTAlMOHAPHOrO
CJIOS1 BIIAYKHOTO MaTepHajia 00ecleYnBaloT BEICOKHE KOI(QOHUIMEHTHI TEIUIO - U MaCCOOTAAa4YH H COOTBETCTBEHHO HHTEHCHBHOCTH
(DUITBTPAIIMOHHOTO CIOC00a CYIIKH.

JIBmkeHHe Ta30BOTO IIOTOKA CKBO3b IIOPHCTYIO CTPYKTYypy MaTepHayla IpeACTaBIseT co00i CMelIaHHyIo 3amady
rugpoarHaMuky. OJJHAKO TEOPETHUECKNX OCHOB CMENIAHHOW 3a/1auyl THAPOANHAMUKY Ha CETOMHS HE CyIecTByeT. B aToif craThe
HpeUIaraeTcsi MCHoJIb30BaHNue (UIBTPALIMOHHOIO CHOCO0A CYIIKM XJIONKAa-ChIpLa M pacyeT I'MAPAaBIMYECKOrO COIPOTUBIICHUS.
Jlns onmcaHWsl THIPOJWHAMHUKH [JBIDKEHHMS TIa3a CKBO3b IIOPUCTYIO CTPYKTypy Marepuaia B Hay4YHbIX CTaThsX aBTOPHI
HCHOJIL3YIOT TEOPETHYECKHE 3aBUCUMOCTH BHYTPCHHEIl MJIM BHELIHEW 3ajauyd. YUYHUThIBas TO, YTO MHTEHCHBHOCTb TEILIO- M
MaccooOMeHa ONpe/eNsieT CKOPOCTh ABMKEHHS TEIUIOBOTO areHTa OTHOCUTENILHO JIEMEHTOB IIOPUCTOTO CJI0s, B JaHHOH paboTe
HPECTABICHBl PE3YJIBTAThl UCCIECIOBAHUII MOTEPh NaBJICHHS B CJIOC BOJIOKHA XJIONKA C TOYKH 3PEHHs BHYTPEHHEW 3agadn
THAPOIMHAMHKH. IIpOBEACHBI HKCIEPHMEHTAIBHBIC HUCCIENOBaHUS 10 (HIBTPALMH TEIUIOBOIO areHTa CKBO3b CTAI[MOHAPHBIH
CJION XJIONKa, W3-332 Pa3HOCTH HACHIITHOTO BECa M PA3IMYHBIX BBICOT CJIOS MIPEACTABIISUIN B BUAE (DYHKIIMOHAIBHON 3aBUCHMOCTH
AP= {(v,). [lomyueHHBIE pe3yNbTaTH B O€3pa3MepHOil opMe MO3BOISIOT IPOTHO3UPOBATH YHEPTETUIECKUE 3aTPATHl Ha CO3aHNe
meperafia JaBICHUWH (P OJWHAKOBBIX T'MAPOAMHAMHYECKHX YCJIOBHSIX) IIPH IPOEKTHPOBAHHUM HOBOTO CYIIMIIEHOTO
000pyIOBaHUS.

KnioueBble ci10Ba: BOJIOKHO XJIONKA, THAPOAMHAMHKA, (HIBTPAlMOHHAS CYIIKA, THIPABIMYECKOE COIPOTHBICHHE,
HOPHCTOCTb, AKTUBHAS Y/IeJIbHAS [IOBEPXHOCTD CIIOS.
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