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DEVELOPMENT OF A MATHEMATICAL MODEL AND
ANALYSIS OF THE RELEASE OF IMPURITIES FROM THE
FIBROUS MASS WHEN CLEANING COTTON FIBER USING AN
AEROMECHANICAL METHOD

Abstract. The article deals with cotton fiber cleaning in aeromechanical cleaners.
Research has established that the fiber cleaning process is accompanied by shock effects on
the material, which ultimately negatively affects its quality and quantity. Due to the
imperfection of fiber cleaning technology and devices, some of these impurities remain in
the fibrous mass, and some of the fibers are lost as part of the outgoing litter. The authors,
based on the laws of movement of a continuous medium, obtained the dependences of
changes in density, pressure and speed of air flow with fibrous mass on the parameters of the
medium.

A pattern has been established for reducing the mass of the fibrous medium as a result
of the release of weed impurities from it as a result of impact interaction with fixed grates. It
is shown that a significant increase in the amount of isolated weed impurities is observed
after interaction with the first four grates of the cleaning section. Further, the removal of
impurities is significantly reduced.

It has also been established that, from an economic point of view, it is not advisable
to install more than one cleaning section, since the following sections will not give a
sufficient cleaning effect even when installing one cleaning section, in order to cover the
missing cleaning effect, it is necessary to find ways to improve the machine implement of
the fiber cleaner.

Keywords: cotton, fiber, aeromechanical fiber cleaner, fiber vices, weed impurities,
saw cylinder, saw teeth, grate, cleaning effect.
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Introduction. One of the main raw materials in the global textile industry is
cotton fiber, and in connection with the improvement of spinning techniques and
technologies, special attention is paid to improving the quality and yield of yarn per
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unit weight of fiber. In this regard, consumer requirements for the content of litter
and defects in fiber, as well as short, non-woven fibers, have been significantly
increased. Based on this, cotton fiber manufacturers, in order to ensure the
competitiveness of their products, began to pay more attention to the re-equipment
and modernization of cotton processing production processes, the introduction of
new technologies and devices that maximize the preservation of the original quality
and reduce the cost of fiber.

24-25 million tons of cotton fiber are produced annually in the world, and its
consumption is over 25 million tons, the shortage of which is covered by inventories
amounting to about 18 million tons [1]. The leading cotton fiber supplier countries
are India, China, the USA, Pakistan, Brazil, Uzbekistan, Australia, Turkey,
Argentina and Greece, which produce more than 70% of the total global volume of
cotton fiber. Experts' forecasts show that due to climate change, adverse weather
conditions and lack of water resources, the acreage under cotton tends to gradually
decrease, which in order to meet the needs of the market and maintain current
production volumes, producers are forced to find ways to maximize the use of raw
materials, reduce its losses at all stages of production, preserve natural properties
and initial quality indicators of the material.

Studies show [2-4] that each cotton processing process is accompanied by
impact effects on the material, which ultimately negatively affects its quality and
guantity. Calculations of the raw material balance show that 3-5% of raw cotton goes
away as part of non-returnable waste, and defects in the form of flagella, plastics,
immature seeds (motes), crushed seeds, skins with fiber, tangled nodules, short
fibers, as well as weed impurities in the form of leaf particles, bracts, stems, cotton
pods, twine particles, straw, dust, sand, etc.

Studies have established [5-7] that the most significant effect on the initial
quality indicators is in the process of fiber separation, in which part of the fibers
breaks, short-step fibers are formed, seeds are crushed, which results in the formation
of a skin with fiber and litter, in the form of particles of crushed seeds. Other defects
and litter are formed during transportation, cleaning, and some, for example, puny
seeds, motes — during the cultivation of cotton, and the main part of the litter — during
the collection and harvesting of raw cotton.

Materials and methods. The process of fiber cleaning of domestic,
aeromechanical cleaners. The fiber cleaning process is designed to remove debris
and defects from the mass of the fiber produced. However, due to imperfections in
the technology and cleaning devices, some of these impurities remain in the fibrous
mass, and some of the fibers go away as part of the outgoing litter [6]. At the same
time, the fiber, namely, after cleaning, is sent to the packaging process as a finished
product. Hence, it can be concluded that the fiber cleaning process is the final stage
of the primary cotton processing process, where the final qualitative and quantitative
indicators of the finished product, cotton fiber, are formed.

In this regard, these studies are aimed at developing a mathematical model of
the fiber cleaning process, in order to establish the causes of low cleaning efficiency
and care of the spun fibers in the composition of the selected litter.

The domestic fiber cleaning system is based on mechanical action on the
material transmitted in the air stream. Therefore, this process is called an
aeromechanical (or pneumomechanical) cleaning method.

Studies have found that cleaning cotton fiber from litter and defects is most
effective immediately after its exit from the fiber separation machine (gin) [7,8]. At
the same time, the fiber is in a loosened state and in these conditions it is advisable
to use special devices for cleaning fibers from weed impurities.
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The domestic fiber cleaning system provides for a cleaning scheme shown in
Figure 1, where a saw cylinder rotating towards the movement of the air mixture
(i.e., a mixture of fiber with an air stream) captures the fibers with saw teeth and
drags them in the direction of its rotation, where, under the saw cylinders, along the
arc of their rotation, fixed grates are installed, in the form of steel rods of various
shapes and sizes, with the possibility of interaction of fibers captured by the teeth of
the saw blades of the saw cylinder. In the cleaning zone, where the impact interaction
of the fibrous mass with the grates occurs, as a rule, the fibrous mass shakes, mutual
movement of fiber particles occurs and it loosens, space is formed for the release of
weed impurities. As a result, the density and mass of fiber bundles decreases due to
an increase in the volume of shreds and the removal of weed impurities from its
composition. In this zone, due to the resistance of the stationary grates, the velocity
of the final layer of the fibrous mass flow moving in the space between the grates
and the saw cylinder decreases.

n

Y%
1 —saw cylinder, 2 — grates.

Fig. 1. Diagram of the cleaning zone of the fiber cleaner

At the end of the cleaning zone, the fiber leaves the saw teeth under the action
of inertia and centrifugal force and begins to move under the action of the
aerodynamic force of the air flow. There are fiber cleaners for single, double and
triple cleaning, with one, two and three saw cylinders. In the case of a single
cleaning, the fiber in the composition of the air flow leaves the purifier chamber and
rushes to the condenser through the pneumatic transmission pipeline. And, in the
case of double and triple cleaning, it is transferred to the next saw cylinder and the
cleaning process will be identically repeated.

Mathematical model of the fiber cleaning process. Description of the process.
To do this, we assume that the flow is stationary, and the flow is a continuous
medium. To describe the state of stationary flow motion, it is required to use the
basic principles of continuum mechanics [9,10]. If we consider the thickness of the
fiber layer to be sufficiently small, then its speed differs almost insignificantly from
the speed of the saw drum, and therefore the decrease in mass in the zone of
interaction of fibers with grates occurs only due to a change in its density. In this
case, you can use the purification model proposed by A.G. Sevostyanov [11]. This
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model is simple and does not require the use of the equation of state of the fibrous
mass.

Let us consider the stationary movement of the fiber flow in the chamber of
the cleaning machine, where cotton fiber continuously flows at a flow rate of Q. The
residence time of the fiber in the cylindrical chamber, provided that the grate
occupies g - part of the chamber surface, is T = g/w, where o — is the angular velocity
of the saw drum. Due to the stationarity of the process, the same mass of fiber enters
the chamber over time T equal to my = QT = Qg/w. Let's establish the change in this
mass during the passage of the camera fromt=0tot=T.

Let's take the polar coordinates set in the center of the saw cylinder (Fig.1).
Let's also assume that the outer boundary of the fiber layer interacts with the grates
according to the Coulomb dry friction law; we consider the impact of forces from
the grates to be point-like. The model of a compressible medium in the cleaning zone
Ri<r<Ri+h ¢o <@ <m—@oaccording to the Euler equation [11], has the form:

dw dp R )
—=——f PiW; 59— 1)
de do R1+hi21: ’§00<(0<7T_(P0 (1)

Law of conservation of mass flow:

NS = pW.S = const = p,W,S =Q (2)

Equation of state of the medium establishing the relationship between pressure
and flow density:

p:pc[l—i_A(p_pc)], (3)

where w(r,p) — is the angular velocity of the flow, f — is the coefficient of friction
between the fiber and the grate, R1 — is the radius of the saw cylinder, h — is the
thickness of the layer of fibrous mass, J(p-¢i) — is the Dirac function [12-14],
indicating the action of a concentrated force at the point ¢ = ¢i, pi and w; — are the
values of the function p(p) and w(p) at points ¢ = @ = @ + ”N_—i‘fl (i—1andN -
is the number of grates subject to determination; S = Lh, po — density of the fibrous
mass at the entrance to the chamber, wo <w;, — speed of supply of raw materials to
the cleaning zone (Wo < wn. Wn — linear speed of the saw cylinder), Q — machine
productivity, L — length of the cylinder; A — coefficient of compliance of the fibrous
mass, po — flow pressure at the entrance to the chamber. Using equality (2) we
express the density p; andpressure p at the flow rate A << 1 in the cleaning zone w:

p= PoWo ,
w (4)

1 w
P=p+(1-—)
A W, (5)

Taking into account (2) and (4), R/(R: + h) ~ 1 assuming for h/R~0, we obtain
an equation for w:
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dw &
—=——> Wlp-p)
dp g3 (6)
1

=1

= _ q=1-—7
where w=w/w, W =w/w,, Ap,wZ

Since loosening of the flow occurs in the cleaning chamber, the condition is
necessary p < po. In accordance with dependence (2) we have w > wy, and from

equation (6) S_Z > 0 it follows that it is necessary that q >0 or wp < /ﬁ. If we denote
0
K the compressibility modulus of a fibrous mass, then its malleability will be equal
to A= 1/K. Then wp < /ﬁ it follows from the inequality wo<co, where co=K /py —
0

is the velocity of propagation of the compression wave in the fibrous mass. So for
example, if we accept A=0.001/7a*, then we have K=10%71a, then taking
Po=10x2/m*, we get co=8m/c.

1

Assuming, q=—do (g0 = Tpow? 1), the solution to equation (6) for various
oo
angle values ¢; is obtained in the form:

W=W, =1 p<gp
W=W, =1+bW, ;¢ <@ <o,
W =W, =1+bW, +bW, ., <P <¢;
W =W, =1+bw, +bw, +....+bv_vi_l+bv_\/i(,ﬂ¢)i <Q<P.,
W =W, =1+bW, +bW, +....+ bW, +"'+bV_VN—1at¢N-1 <P <Py
W =W, =1+bW, + bW, +....+ bW, , +...+ bw, P> O
where b= f/qo.

From these equations we find the flow velocity after interaction with the grate:
W- = Ci i =
i ( i=123..N )

where ¢=1/(1-b)=q0/(qo-f).
Since qo > f, then the feed rate wo must satisfy the inequality:

W, <C,/ 1+ f )

For the density after each interaction of the flow with the grate bars, the
following dependencies were obtained:

P=Pogp<o
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G- f)
p —
p = pl = _,O - po( 0 j )
¢ Qo ) 4P <P<Piai=1.N-1

Let's establish a pattern of reducing the mass of the fibrous medium as a result
of the release of weed impurities. According to [11], as a result of loosening, the
density of the fibrous mass decreases by an amount dp, then its volume will be equal
to:

m—dm
p=dp (©)

V +dV =

Following the work [11], let's assume that the relative change in fiber mass in
a section is proportional to the relative change in fiber volume:

dm_dv
m av (i=123..N) (10)

where a > 0 — is the proportionality coefficient.
Using expressions (9) and (10), we establish:

dm dp

m L+ p)p (12)

Unlike the work [11], where the contact of the mass with the grates occurs
simultaneously along the entire arc, we believe that contact along this arc in
stationary mode occurs point-wise and the velocity of the shred at the points of
contact will be different. Let us denote by mg — the mass of the unrefined fibrous
medium entering the cleaning zone m; — the mass of the fiber after interaction with |
— the grate. Integrating equations (11) after the interaction of the flow with the grate
(8), we obtain:

M=My 1o<o,

2 i
m=m =m0(ﬂ] =ﬂ:m(,[q°_ fj
A, " G ) 4#<P<Pui=1.N-1

Ny AN
m:mN:['D—NJ = T}? :(qo_fj
Po c Jo at¢)>¢N

where, according to [11] A = Ao /(1+p)™.
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The amount of weeds released after interaction with the first grate will be:
Ami=mo-my=moe1, Where e;=1-c;* = 1-(1-b)* — is the cleaning efficiency.

Similarly, the amount of released impurities after interaction with the second
grate is calculated by the formula:

Am, =(my —Am)e, =my(1-¢&)e, ¢, =1- (1-b)*
The amount of released impurities after interaction with i —the grate will be:

Am, = (M, —Am, —Am, —...—Am,,)e, =my(1-¢,)1-¢,)..0—& )¢,
(12)

where e;= 1-(1-b)".
The total amount of isolated weeds after interaction with all grates, taking into
account (12), will be presented as a sum:

M= iAmi =myle, +1-¢)e, +L-&)A-¢&,)e; +...+1-g)A-¢,)..(L- £, 1)y ]

i=1

If we denote by n the percentage of incoming impurities in the cleaning zone
of the fibrous mass, then when it is completely cleaned of impurities, the equality
M= 0.01nmy is fulfilled.

Research results and discussion of scientific results. The solution of
inequality (7) relatively wo determines the maximum feed rate wox, at which wo<wo
the cleaning process is realized without the formation of zones of disruption of the
continuity of the fibrous mass flow.When choosing a parameter A it is assumed that
the loosening condition is met, in which the density of the fibrous mass upon leaving
the cleaning zone of the second section decreases.Int he calculations it is assumed
Po=20xz/m®, h=0.025x, O=2000+3600x2/c, L=1.64m, 10=1.5, p=0.6. The speed of
wave propagation o and the feed rate of raw materials according to the flow rate
formula wo=Q/pohL in the cleaning zone will be respectively equal to c,=9.534 a/c,
Wo=4.13 m/c.It can be seen that condition (7) is satisfied for the selected parameters.
Calculations have established that the specified loosening is carried out when
choosing the value of the parameter A=0.000381/ITa. Calculations were performed
for three options for the number of grates in the section N=4, N=6, N=8.

Figure 2 shows the values of density pi and amount of impurities removed dm;
(in percent) between the grates, respectively. At the same time, the total amount of
isolated weeds will be:

At N=4 $;=%1  dm; = 24.7%, at N=6 S$;=Y;_,dm; = 30.9%, at N=8
$,=34.0%

It follows from the analysis of the results that a significant increase in the

amount of isolated impurities is observed after interaction with the first four grates
of the purification section. Further, the removal of impurities is insignificant.

375



Light industry A.B. Zhambylbay, O.Sh. Sarimsakov,

technologies B.M. Mardanov, A.A. Yeshzhanov P.369-379

1 2 3 4 5 6 7 8

B -»» ke/m3; I - dm, %

Fig.2. Results of calculations of change of density
and quantity of weed impurities

An increase in the parameter Ao also leads to an increase in the amount of
impurities released, this is noticeable with fewer grates. The compressibility
properties of the incoming raw materials, determined by the coefficient of
compliance A (compressibility modulus K) and density po, ultimately characterizing
the wave propagation velocity, can have a significant effect on the change in the
amount of impurities co. An increase in this rate co, which is associated with an
increase in the stiffness of the material, leads to a decrease in the amount of
impurities released, which is associated with an increase in the stiffness of the
material, leads to a decrease in the amount of impurities released.

The stiffness of a single cotton fiber is its natural property and should be
accepted as a natural phenomenon, permanent. However, the stiffness of a fiber
bundle is the sum of the stiffness of its components. l.e., the fewer the number of
fibers in the bundle, the less its stiffness and vice versa. Therefore, in order to reduce
the stiffness of the fiber bundles, the number of fibers in the bundle should be
reduced. This can be achieved by increasing the speed of saw cylinder.

As we noted above, according to the existing designs of domestic fiber
cleaners, the number of cleaning sections can be up to three. We have studied the
cleaning process in one section. In the following sections, the cleaning process will
be identically repeated. However, as can be seen from the research results, the
cleansing effect of the following sections will be much lower than in the first one.

Calculations have shown that with the number of grates in the section of 8
pieces, the cleaning effect of the 2nd section is only 2.6%. And, installing the 3rd
section can increase the cleaning effect by less than 1 percent. Therefore, from a
technological point of view, the installation of the 2nd section can be considered
appropriate, although, from an economic point of view, this action does not justify
itself. And, there can be no question of installing a 3-section, because it is not
advisable from any point of view.

The installation of 2 sections can be with different ratios of the number of
grates 4x8; 5x8; 6x8, because the cleaning arc, where it is advisable to install grates,
of the first section is limited by the second saw cylinder, and the second section has
no restriction.
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There is another option — as mentioned above, from an economic point of
view, it is advisable to install one cleaning section, and the missing cleaning effect
(itis not very large) can be covered by improving the working organs of the machine.

Conclusion. 1. Studies have found that each cotton processing process, as
well as fiber cleaning, is accompanied by impact effects on the material, which
ultimately negatively affects its quality and quantity.

2. The fiber cleaning process is designed to remove debris and defects from
the mass of the fiber produced. However, due to imperfections in the technology and
cleaning devices, some of these impurities remain in the fibrous mass, and some of
the fibers go away as part of the outgoing litter.

3. On the basis of the laws of motion of a continuous medium, the dependences
of changes in density, pressure and velocity of the air flow with a fibrous mass on
the parameters of the medium are obtained.

4. The regularity of decrease in mass of fibrous medium as a result of
separation of weed impurities from it due to impact interaction with fixed grates is
established.

5. By analyzing the results, it was found that a significant increase in the
amount of extracted weed impurities is observed after interaction with the first four
grates of the cleaning section. Further, the departure of impurities significantly
decreases.

6. It was found that the stiffness of the fiber bundle significantly affects the
release of weed impurities from the fiber. This can be achieved by increasing the
speed of the saw cylinder.

7. It has also been established that from an economic point of view, it is not
advisable to install more than one cleaning section, since the following sections will
not have a sufficient cleaning effect. This shows that when installing one cleaning
section, in order to cover the missing cleaning effect, it is necessary to find
improvements in the working organs of the fiber cleaner.
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IM. Ayezos ameiHdarsl ORmycmik Kasakcmad yHusepcumemi, LLisimkeHm K., Kasakcmax
’HamaHzaH mokKbima eHepkacibi uHcmumymel, HamaHaaH K., ©36exkcmaH
3TawkeHmM MOKbIMa #aHe 3eHin eHepKacin uHcmumymsi, TawkeHm K., ©36ekcmaH

A3POMEXAHUKANDIK, SAICNEH
MAKTA TANLUbIFbIH TASANAY KE3IH/E TANLWBIKTbI MACCAAAH
KOCMA/NAPAbIH, BO/IIHYIHIH, MATEMATUKAJIbIK MOZE/IH }ACAY }OHE TA/IJAY

AHpgatna. Makanaga aspoMexaHWKasblK Ta3apTKblTapAasbl MaKTa Ta lUbIFbIH
TasapTy Macenenepi KapacTbipbliagbl. 3epTTeynep KepceTkeHaen, byn npoLecc TaallbIKTb
TasapTy maTtepuanfa acep etymeH bipre xypeai, 6yn oHbIH canacbl MeH MenluepiHe Tepic
acep eTeai. TaNWbIKTbl Ta3apTy TEXHOIOTMACHI MEH KYPbINFbINAPbIHbIH, XeTiiMereHairiHe
6alinaHbICTbl MyHAAM KocnanapAblH, 6ip 6eiri TanAWwbIKTbl MacCaHblH, KypaMblHAA Kanagbl,
an TaNWbIKTapAblH, 6ip 6eniri WbifaTblH KOKbICTbIH, KYpambliHAA Kanagbl. ABTOpaap KaTTbl
OpTaHblH,  KO3fa/sly 3aHAapblHbIH,  3aHJapblHa CyMeHe OTbIpbiN, aya afblHbIHbIH,
TbIFbI3AbIFbIHbIH, KbICbIMbIHbIH, YKOHE bINAAMAbIFbIHbIH, ©3repyiHiH, TaalbIKTbl Maccachl
6ap KopLuafaH opTa NapameTp/iepiHe TayenaiNnikTepiH anapl.

Ko3fanmaiTblH TOopnapMeH acepiecy HITUXKeCiHAe OfaH apam KocnajiapablH,
6eniHyi HaTUXeciHAe TaNlWbIKTbl OpTa MaccacbiHbliH, a3at0 3aHAbIbIFbl  aHbIKTANAbI.
OKlaynaHfaH apamM Kocnanap caHblHblH efayip apTybl Ta3apTy 6enimiHiH anfawkbl TepT
TOpPbIMEH ©3apa apeKeTTecyAeH KeWiH Oalikanagbl. 9pi Kapail, KocnanapgblH, KyTimi
anTapAbIKTa ToMmeHaena,.

CoHpai-aK, 3KOHOMMKaA/bIK TYpFblaaH anfaHaa, bipHelwe TazapTy 6eimiH opHaTKaH
YKOH emec, eTKeHI Keneci benimaep *KeTKinikTi TazapTy acepiH bepmeligi *KkaHe bip TasapTy
6enimiH opHaTKaH Ke3ae, *KeTicnelTiH Ta3apTy 9CepiH Kaby yLiH TaNllbIKTbl Ta3aPTKbILUTbIH,
KYMbIC OPraHAapbIH XeTiNAipy KONLAPbIH i34eY Kepek.
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A.B. {ambbinbaiil, O.LU. Capumcakos?, 6.M. MapgaHos?, A.A. EwxaHos?

0xcHo-KasaxcmaHckuii yHusepcumem umeru M. Ays3o8a, 2. LLibimkeHm, KazaxcmaH
2HamaHzaHcKuli uHCmumym meKkcmusabHoU NpomMbIWAeHHOCMU,
2. HamaHeaaH, Y3bekucmaH
3TawkeHmcKuli uHCMuUMym mekcmusnbHol U ne2Kol MPoMbIWAeHHOCMU,
2. TawkeHm, ¥Y36ekucmaH

PA3PABOTKA MATEMATUYECKOM MOAENUN U AHANTU3 BbIAENEHNA NPUMECEN U3
BOJIOKHUCTOM MACCbI NP1 OYUCTKE X/IONKOBOIO BO/IOKHA
ASPOMEXAHUYECKMM METOAOM

AHHOTaumMA. B cTaTbe paccMaTpMBAOTCA BOMPOCHI OYUCTKU X/IOMKOBOTO BOJIOKHA B
A3POMEXaHNYECKMX OYUCTUTENAX. UccnefoBaHMAMM YCTAaHOBAEHO, YTO MPOLECC OYUCTKM
BOJIOKHa COMPOBOXAAETCA YAAPHbIMU BO3AEUCTBUAMM Ha MATepuasn, YTO B KOHEYHOM
uTore, OTPMLATENIBHO CKa3blBAETCA B €ro KayecTse U Konuyectse. M3-3a HecoBepLueHCTBa
TEXHO/IOFMU U YCTPOMCTB OYMUCTKM BOJIOKHA, YacTb TaKMX NpPUMecei OCTaloTcA B COCTaBe
BOJIOKHWUCTOM Macchl, MpM4yeM HEeKOoTOopasA 4YacTb BOJOKOH YXOAWUT B COCTaBe BbIXOAALLErO
copa. ABTOpaMuM Ha OCHOBE 3aKOHOB MepeMelleHUs CNAOLWHOM cpeabl MNOyYeHbl
3aBUCUMOCTM U3MEHEHUA NIOTHOCTU, AaBAEHUA U CKOPOCTU ABWMMKEHUA NOTOKA BO3AyXa C
BOJIOKHUCTOM Maccoi OT NapameTpoB cpespbl.

YcTaHOBNEeHa 3aKOHOMEPHOCTb YMEHbLUEHUA MacCbl BOJIOKHUCTOW cpenbl B
pesynbTaTe BblAE/EHUA U3 HEE COPHBIX NPUMECeit B CieACcTBME YAAPHOMO B3auMoaencTeua
C HEMOABWMKHbIMU KONOCHMKaMu. MOKa3aHo, YTo, CyLLEeCTBEHHOE YBeANYEHNE KOANYecTBa
BblAEeNEeHHbIX COPHbIX MNpumecein HabnogaeTca nocne B3aMMOAENCTBUA C MNepBbIMU
YeTbIpbMA KOJOCHUKaMMU OYMCTUTENbHOW cekumn. [anee, yxon npumeceit 3HaUUTENbHO
CHUXKaeTcA.

YCTaHOBNEHO, TaKMKe, YTO C 3KOHMMUYECKOW TOYKM 3peHus, He uenecoobpasHa
yCTaHOBKa 6onee OAHOW CEKUMW OYUCTKM, T.K., CAeaylolime CeKUMWM [O0CTaTOYHOro
ounctutenbHoro sbdekTa He [aAyT U NpPU YCTAaHOBKE OAHOWM CEKLMU OYUCTKM, ANA
MOKPbITUA HeAOCTAloWEroca o4YnucTUTENbHoro 3sbdexkta HeobxoaMMO HaWTM  nyTu
COBEpPLIEHCTBOBAaHNA paboynx opraHOB BOSIOKHOOUUCTUTENA.

KnioueBble cnoBa: X10MOK, BOMIOKHO, a3pOMEXaHUYECKUIN BOSIOKHOOYUCTUTESD,
MOPOKM BOJIOKHA, COPHble NPUMECcU, MUAbHbIA UUMAUHAP, 3yObA NWUAbI, KONOCHUK,
OUYUCTUTENbHDBIN 3P DEKT.
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