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Abstract. Pneumatic conveyors are used to move diverse cargoes of various industries. To ensure the
performance of such work in large specialized agricultural companies that grow grain crops, powerful pneumatic
conveyors are used, and the use of such mechanisms is cost-effective provided that grain crops are grown on
significant areas or, accordingly, significant gross grain production. In the conditions of operation of multi-branch
farms that harvest grain crops on insignificant areas, the topical task is the issue of payback of such transport
mechanisms due to their insignificant seasonal workload of the performed works. Solving this important task is
possible by developing and using small-sized and mobile pneumatic screw conveyors, which are designed to move
grain materials or perform transport work on the currents of multi-branch farms. The purpose of the work is to
increase the functional indicators of the operation of screw transport mechanisms by means of constructive
improvement and substantiation of rational parameters of the pneumatic screw conveyor. The article describes an
improved pneumatic screw conveyor (design and operating principle) and presents the results of a theoretical
analysis of the contact interaction of elementary particles of grain material during their movement in the air flow
of the pneumatic duct of the pneumatic screw conveyor based on the study of the total elementary kinetic energy.

Key words: screw feeder, pneumatic pipeline, grain flow, elementary mass, contact interaction, model,
kinetic energy, speed, vector, recovery coefficient, fluctuation rate.
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1. INTRODUCTION

Pneumatic conveyors or pneumatic transport are used to move various cargoes in
various industries. A specific feature of such transport mechanisms is that the transportation of
materials can take place along routes of various configurations, which facilitates the ways of
their delivery to the destination [1, 2].

To ensure the performance of such work in large specialized agricultural companies that
grow grain crops, powerful pneumatic conveyors with a capacity of up to 200...250 t/h are used
and which move cargoes in the horizontal direction to a distance of up to 100 m or more, or in
the vertical direction — to a lifting height of up to 30 m [3, 4]. The use of such pneumatic
conveyors is cost-effective if grain crops are grown on significant areas or significant gross
grain production [5].

In the conditions of operation of multi-branch farms that harvest grain crops on small
areas (30...100 hectares), the current task is the issue of payback of such powerful transport
mechanisms due to their insignificant seasonal workload of the performed works [6].

The ways to solve this important technical and economic problem are the development
and use of small-sized and mobile pneumatic screw conveyors, which are designed to move
grain materials during their post-harvest processing or perform transport work on small streams
of multi-branch farms of the agrarian sector of the industry of Ukraine [7].

The use of such pneumatic screw conveyors for performing transport work on grain
streams of multi-branch farms will significantly increase the technical and economic indicators
of growing grain crops [8].
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The process of moving grain material in the pneumatic line of a pneumatic screw conveyor

The study of the process of transporting or moving materials by air flow in a pneumatic
pipeline is one of the important steps in ensuring the rational functioning of the process of
transport mechanisms or the manufacturability of the process of operation of a pneumatic screw
conveyor [9, 10].

2. MATERIALS AND METHODS

The proposed small-sized mobile pneumatic screw conveyor (Fig. 1) consists
of a main frame (not shown in the figure), on which a cylindrical casing 1 is installed,
which is made in the form of a guide pipe, inside which a screw 2 with a variable pitch
is mounted, which decreases towards its output end. A hopper 3 is fixed on the outer
side of the casing from its input end. A flange 4 is fixed on the output end of the casing, to
which a cylindrical housing 5 is fixed by means of a bolted connection. Pneumatic nozzles
6 are installed inside the casing, and fittings 7 and 8 are mounted in the walls of the casing
to which the hoses of the pneumatic system are connected. A flexible hose 9 of the
pneumatic line is connected to the output end of the cylindrical housing. The pneumatic
screw conveyor has a pneumatic distribution system, a control panel, a screw drive
mechanism 10 [11].
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Figure 1. Structural diagram of a pneumatic screw conveyor:
1 — casing (guide pipe); 2 — screw; 3 — hopper; 4 — flange; 5 — housing; 6 — nozzle;
7, 8 — fitting; 9 — pneumatic hose; 10 — screw drive

Loaded into the hopper 3 (Fig. 1) grain material enters the space of the casing 1 and
to the screw 2, which due to its rotation moves the grain material along its horizontal axis
of rotation to the output end of the casing. Subsequently, after the grain material has
descended from the last pressure spiral turn of the screw, the grain material is moved by the
compressed air flow in the housing 5 to the nozzles 6, and then along the pneumatic line to
its destination.

The movement of cargo in a compressed air flow from a mechanical point of view is a
complex and chaotic process and is characterized by the presence of many objective and
subjective factors that have a significant impact on the kinematic and dynamic processes
occurring in it [12].

One of the methods for studying such flows is the theoretical analysis of the
expenditure of kinetic energy on the movement of materials and the contact interaction of
material particles during movement in the pneumatic pipeline of a pneumatic screw
conveyor using the basic laws of theoretical mechanics and methods for the movement of
solid media [13, 14].
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3. RESULTS AND DISCUSSION

At the first stage, we will consider the process of moving an elementary particle of grain
material in the pneumatic pipeline of a pneumatic screw conveyor.

It is known that in the process of moving flows of granular materials or the movement
of elementary mass particles in the air pipeline, their chaotic movement occurs, which is
relatively complex in nature [15, 16]:

— depending on the unequal values of the translational velocities of movement,
elementary particles acquire relative shear velocities;

— depending on the nature of the contact interaction of elementary particles or by co-
impact with each other, they acquire additional components of the translational velocities,
which accompanies their spatial chaotic movement in the space of the pipeline.To analyze the
kinematic process of moving grain material in the air flow of the pneumatic duct of a pneumatic
screw conveyor, a diagram was drawn up, Fig. 2. It characterizes the process of moving the
flow of particles 2 (Fig. 2) of grain material in the pneumatic duct 1 of the pneumatic screw
conveyor, while we assume the shape of the grain material in the form of an ellipsoid.

Figure 2. Scheme of the movement of grain material particles in a pneumatic pipe:
1 — pneumatic pipe; 2 — grain material particle

As a basis for considering and analyzing the kinematic process of contact interaction of
two particles of elementary mass dm, and dm,, we take the known dependence that describes

the behavior of the state of movement of a loose grain medium [17]

p(x)E (x):z(‘jl—f]z, ()

where p(x) is the analogue of hydrostatic pressure in the pneumatic pipeline, Pa; & (x) is the

porosity or dilatation of the granular medium; y is the coefficient of the physical constant; 9
is the speed of movement of grain material in the air flow of the pneumatic pipeline, m/s.
In equation (1), the product of the components p(x) and & (x) of the left-hand side is

identical to the physical concept of the elementary kinetic energy of the chaotic movement of a
particle of the grain medium of elementary mass dm , and the product of the coefficient of the
physical constant y by the square of the velocity 9° is identical to the elementary value of the
work spent on the movement of an elementary particle.

It is known that the basis for the movement or motion of a granular medium, which is
the medium of grain material, is the displacement of the flow of particles of elementary mass
dm , where the instantaneous speed of movement of particles in the air space of the pneumatic
pipeline is the sum of three interrelated components of speeds — the fluctuation speed, the
indirect translational speed of movement of the particle, the angular speed of rotation of the
particle.
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Then the elementary total kinetic energy d z E. (J) of the particle movement is defined

i=1
as the sum of the kinetic energies of the three available movements — the elementary kinetic
energy of the particle of relative translational motion dE, (J) during shear, the elementary

kinetic energy of the chaotic random deviation of the particle or fluctuation dE, (J) and the

elementary kinetic energy of transverse mass transfer d£, (J) during particle rotation, i.e.
3
dY E, =dE,+dE, +dE, . (2)
i=1

In this case, the corresponding kinetic energies of the three available displacements of
a particle of elementary mass dm, are determined by the formula [18]:

d ? 2

a, — M (8) (dgtj : 3)

2 dx

dm,(9,)

m .
2

dEMZMﬂ, (5)

2 dx

where Ax is the difference in the particle displacement relative to its centers of gravity of the
initial and final coordinates, m; 3, is the fluctuation velocity, m/s; 3, is the velocity of

transverse mass transfer of the particle, m/s.
Accordingly, the difference in the particle displacement Ax=x, —x, relative to its

centers of gravity of the initial and final coordinates, the elementary mass dm, of the ellipsoidal
particle, the fluctuation velocity §, and the velocity of transverse mass transfer of the particle

&, are determined by the dependencies

dm,=V,p, = i7zabc;
3 ; (6)
8, =39,=2vl,

where V, = 4zabc /3 is the volume of the ellipsoid, m*; a,b,c is the corresponding axes of the
ellipsoid, m; p, is the specific gravity of the grain material, kg/m?; v, is the average frequency
of particle contacts, 1/s; [ 1s the average distance between the reduced centers of mass of the

particle, m.
Then equations (3)—(5) will take the form:

2 2
i - 2mabe(x, —x,) (d&t ; )
3 dx
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drabep (vl )
a, = 7ber, () ®)
3
2
o 47rabcpquklm d3

, 9
" 3 dx ©)

and the elementary total kinetic energy ZdEi (J) of the movement of a particle of grain
i=1

material in the pneumatic line of the pneumatic screw conveyor according to (2) and (7)—(9) is

determined by the formula

2
idE,» _ 2mabe(x, — x, )2 ds ? N 4rabcp, (v,l,) . 47mbcpqukl,i ds ' (10)
pan 3 dx 3 3 dx
After transformation and simplification, dependence (10) will have the form
3 27rab ?
szz‘:chq (xz_xl)z(dlgtj +2Uklri(uk+d19tj > (11)
i=1 3 dx dx

and equation (1), which describes the behavior at this stage of the analysis of the state of
movement of the loose grain medium in the pneumatic line of the pneumatic screw conveyor
according to (11), can be written in the form

-\, 2mabcp, e[4S ’ 2 a8 | 49, 2
p(f)—lT{("z UCIREE O ﬂ(dj .

X X

where & is the average porosity of the grain medium; y' is the coefficient of the physical

constant, which is adequate to the specific work spent on moving the particle layer over an area
equal to 1 m2.

It i1s known that according to the Ackerman-Schen formula [19] the following are
determined:

- the average contact frequency v, of the particle

ot d§
D,n, dx ’

Uk (13)
where 7 is the shear stress, Pa; D,, is the dissipation of kinetic energy of one particle contact,
J; n,, is the number of particles per unit volume of one layer, 1/m?;

- dissipation D, of kinetic energy of one particle contact

1-x2 +f(1+/c)_f2(1+/c)2 (

4 r 4 f)z' (14)

4
D, = gﬂ'abcpq
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Substituting the value of D, from (14) into dependence (13), we obtain

1277 dg

t

) 4rwabep,n,, (19/.)2 |:7Z'(1—K'2)+4f(1+l(')—72'f2(1+K’)2} dx (15)

o

Therefore, the final dependence for determining the elementary total kinetic energy

Z dE, (J) of the movement of a particle of grain material in the pneumatic line of a pneumatic
i=1

screw conveyor has the form

3 27ab ?
ZdE[ = chq (x2 — x] )2 dlgt + Qljl dlgt Q dlgt + dlgt , (16)
P 3 dx dx dx dx

24 . .
where Q = 4 , and equation (12), which

4rabep,n,, (l9f)2 [7[(1—/{2)+4f(1+/c)—7zf2 (1+K‘)2:|

describes the behavior at the final stage of the analysis of the state of movement of the loose
grain medium in the pneumatic line of the pneumatic screw conveyor according to (16) can be
written in the form

_ 27rab 2 (dg Y , d9 ds d9
P(f):Z'chqlz(xz—xl) (dfj +(sz d’j[g df+ H (17)

3 X X x  dx

The obtained final dependence (16) describes the «temperature of the granular
mediumy [15] during mutual movements of particles of granular loose medium.

At the second stage, we will consider the process of collision of two elementary particles
of grain material in the pneumatic pipeline of a pneumatic screw conveyor.

As a basis for consideration and analysis of the kinematic process of contact interaction
of two particles, we formalize the process of movement of particles of elementary mass dm,

and dm, in the air pipeline as follows:
- the material of particles of elementary mass dm, and dm, in the process of their

contact interaction or collision of one particle with another particle of grain material is elastic;

- the elasticity of an elementary particle is characterized by the corresponding
coefficient of recovery «.

The contact interaction of two particles of elementary mass dm, and dm,, which move
in the air flow of the pneumatic pipeline, usually occurs only under the condition:

- when particles of different elementary mass dm, # dm, collide or, respectively, when
the particles have different weights dm,g # dm,g , which also, respectively, leads to the
consequent condition J;

- when the elementary mass particles differ significantly in their shape, or have
different values of the air resistance force F,| # F , .

A case of contact interaction of two identical particles is also possible, when their
elementary masses are equal to each other dm, =dm,, or their corresponding dimensional

geometric parameters are equal to each other [20]. In this case, the appearance of a condition is
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also necessary under which, in addition to the instantaneous velocities or velocities of the axial
direction of their movement (approach), there must be normal or radial and tangential
components of the velocities. Let us consider the process of contact interaction of an elementary
particle 1 (Fig. 3) of grain material with an elementary particle 2 of grain material, which move
in the pneumatic line 3 of the pneumatic screw conveyor.

Figure 3. Scheme for calculating the process of contact interaction of two particles of elementary mass
of grain material: 1 — particle of elementary mass; 2 — particle of elementary mass; 3 — transmission line

We assume that the collision or kinematic contact of two elementary particles of mass
dm, and dm, occurs after their collision with the inner wall of the pneumatic pipe 3, while the

collision of two particles with each other occurs in the air space of the pneumatic pipe after
their contact with its inner wall, and the angle &, should vary in the range from 0 to 90 degrees,
or0<g, <m/2rad.

In this case, the process of contact interaction of two particles of elementary mass dm,

and dm, can be considered in terms of oblique collision, in which the direction of the initial

impact vectors of the particle velocities 1§1 and §2 are directed at an angle ¢, and ¢,, to the

direction of movement of compressed air, and the contact process is accompanied by the
resulting shock pulses of two particles dm9 and dm,9,.

According to the law of conservation of energy in the process of contact impact of two
elementary particles of grain material of mass dm, and dm,, their total elementary kinetic

2
energy »_dE, (J)is determined by the formula

i=1

2 1 1 1 1
ZdEl = Edmlglz +Edm21922 _Edm1‘9121 —Edm219222 =

i=1

dm, (97 = 8,)+dm, (9; - 9, (18)

2

- %(dmln%z —dm$ ) + %(dngzz —dm,9,, ) -

where §,, &, — the speed of movement of the centers of the 1st and 2nd particles of grain
material before contact between them, m/s;
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9

112
after contact with each other, m/s.
The difference in the components of the velocities ¢ -8, =AY and 4 -9, =AY,

§,, — the speed of movement of the centers of the 1st and 2nd particles of grain material

according to the Gauss hypothesis [21] about the existence of a connection between the
tangential and normal momenta of two elementary particles, which is formed similarly to
Coulomb’s law of friction of two bodies, is determined by the formula

1

AG =— 1ff(l+1(l);} 19

g -4, =
4, -4, =AS, =—192ff(1+1€2)

where x|, k, —recovery coefficient of the 1st and 2nd particles of grain material;

191f , 192/-

coefficient between particles.
Substituting the value of the difference of the velocity components § —$, =A$ and

4, -4, =AS, from (19) into dependence (18), we obtain:

— fluctuation speed of the 1st and 2nd particles of grain material, m/s; f — friction

2 2
Zz:dEi:dm1(191—1911)(,91+311)+dm2(32—922)(82+922):dml(ASﬁ) +dm, (AS,) .0
P 2 2

2 2
ZzldE,- _dm, (9, £ (1+x)] +dm,[ 9, f(1+x,)] @
i=1

2

If we assume that x, =k, = k', then the recovery coefficient x is determined by the

formula
§,-89
K= 11 22 , (22)
9 cosg,, —8,cosg,,
where ¢, , &,, 1s the angle between the vector of the direction of motion of the centers of the

Ist and 2nd particles of grain material and the horizontal axis Ox, degrees, and dependence (22)
can be written as:

2 2
2 dE,:dml [Slff(l+lc)] +dm, I:nngf(l+K):| ; @3)
i=1 2
2 19 ]9 2
dE, =0,5/7|1 n_—2 dm & +dm 9, ). 24
’; l ! [ +91C0S81k_192C0582k] ( My zf) (24)

If we also assume that dm, =dm,=dm and §,,=9,, = §f, then the dependence (23)

can be written as

2
> dE, =0,5%dm(1+x) & (25)

i=1
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The fluctuation rate of grain material particles §,, and 4, , largely depends on the value of
the transverse quasi-diffusion coefficient D,,, which, according to [22], is determined by the

formula D, =0,59,,

the intensity of particle movement increases proportionally to D,, and the gradient of the velocity

and which in turn regulates the intensity of mutual particle movement, while

of translational motion of particles in the direction of the shear velocity d$ /dx .

In addition, the dependences (19) do not take into account the physical properties of
the surfaces of particles that collide at the points of collision, and the relationship between
the tangential and normal momentum during contact impact is described by the «A -
hypothesis» [23], which states that the difference A8 and A, of the tangential relative

velocities is proportional to the pre-impact values of the velocities 4, and 9, :
AS =-18; A9, =-139,, (26)

where 4 is the average coefficient, the value of which depends on the characteristics of the
particles.
When further determining the difference AY and ASY,, we take the combined

hypotheses (19) and (26) as the basis of the analysis and write their limiting cases in the form

. : . dl,,  dl, dldt dldt di
of a continuous function, while we assume that x, =94,/9 =—+/—=—"—/——=—1_
dt " dt ddl ddl, dl,

dl
d122 [25], where dI,,,

2

and the coefficient x, by analogy with x| is defined as x, =9,,/8, =

dl, are, respectively, the path traveled by the Ist particle after contact and before contact, m; ¢
is the time of particle motion, s; dl,,, dl, are, respectively, the path traveled by the 2nd particle

after contact and before contact, m.
Then, according to (19), we obtain

dl . =dl
AS, :—f[1+d—lllljl91f sin® g, — A d—t‘cos2 &l

dl dl .
AY, = —f[1+d—122j192f sin® g,, — 4 a]—;cos2 &y

2

After substituting the corresponding components from (27) into dependence (20), we
obtain

2
2 —
> dE,=0,5f%dm, Kl + %} 9, sin’ g, — 1 %cos2 glk} +
i=1 1

(28)
dl . =dl
+0,51dm, Hl+d—122jz92f sin®g,, — A d—tzcos2 szk}

2

If we assume that dm, =dm, =dm=4rabc/3, §,=39,, = §f , &, =&y =&, , then the

dependence (24), which functionally describes the change in the elementary total kinetic energy of
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the contact interaction of particles of the elementary mass of grain material during x-axis movement
in the pneumatic pipeline of the pneumatic screw conveyor, will take on the final form

2
Kl+%}§f sin’ g, —Z%cos2 gk} +
t
1

(29)

i 2
i=1 — —
+ l+h Qfsinzgk—l%coszgk
dl dt

2

The obtained analytical dependence (29) is a mathematical model that describes the
formalized process of contact interaction of particles of grain material of elementary mass
during their movement in the pneumatic pipeline of the pneumatic screw conveyor and can be

used to substantiate the rational parameters of its working bodies.
As a result of the analysis of the graphic models, which are built according to the

dependence (25) and are shown in Fig. 4, 5, it was established that:
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1.334
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Figure 4. Dependence of the change in the elementary total kinetic energy of the contact interaction
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of particles of grain material of elementary mass as a function Y dE, =(m,9,)
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Figure 5. Dependence of the change in the elementary total kinetic energy of the contact interaction
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2
Of particles of grain material of elementary mass as a function > dE, =(f,x)
i=1
2
- the elementary total kinetic energy ZdEl. of the contact interaction of particles of
i=1
grain material of elementary mass increases: within the range from 0.71 102 to 3.19 107 J
depending on the increase in the elementary mass dm of the grain from 1 to 2 g and the increase

in the fluctuation speed 3 , from 1.0 to 1.5 m/s;

2
- the elementary total kinetic energy ZdEl. of the contact interaction of particles of

i=1
grain material of elementary mass increases within the range from 0.3 102 to 2.6 103 J
depending on the increase in the friction coefficient f of the grain from 0.4 to 0.8 and the

increase in the recovery coefficient x from 0.3 to 0.9.
4. CONCLUSIONS

1. Based on the study of the process of transporting grain material by a pneumatic screw
conveyor, mathematical models have been developed that characterize the process of moving
elementary mass particles by compressed air and the process of contact interaction of particles
during their movement in the pneumatic pipeline.

2. Analytical dependencies have been obtained that describe the change in the total
kinetic energy consumption during their movement in the pneumatic pipeline of the pneumatic
screw conveyor depending on the process parameters.

3. It has been established that the elementary total kinetic energy of contact interaction
of elementary mass grain material particles increases: within the range from 0.71 10-3 to 3.19
10-3 J depending on the increase in the elementary mass of the grain from 1 to 2 g and the
increase in the fluctuation speed from 1.0 to 1.5 m/s.

4. The results of the study are prerequisites for further improvement of the methodology
and techniques for optimizing rational technological and structural-kinematic parameters of the
working elements of pneumatic screw transport mechanisms
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IMPOLEC HNEPEMIIIEHHSA 3EPHOBOI'O MATEPIAJIY
Y HHEBMOITPOBOAI IHEBMOIIHEKOBOI'O TPAHCIIOPTEPA

IBan Kapn

Teprnoninbcokuu HayioHanrbHUU MexXHIYHUU yHigepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pezrome. [Tnesmamuuni KOHBEEPU 3ACMOCO8YIOMb 05t NEPEMIUEHHSL PISHONIAHOBUX BAHMAICIE PIZHUX 2aTly3ell
npomuciogocmi. [lis 3a6e3neueHHs GUKOHAHHA MAKUX pooim Yy 6eIUKUX CReyianiz08aHUux azpoipmax, sKi 8UpouLyioms
3epHOGI  KYIbMYPU, 3aCMOCOBYIOMb NOMYHCHI NHEBMAMUYHI KOHBEEPU, a 3ACMOCYS8AHHA MAKUX MEeXAHi3Mie €
peHmabenbHuM 3a YMOBU SUPOWYBAHHS 3€PHOBUX KYIbMYP HA 3HAYHUX NIOWAX abo, 8I0N0GIOHO, 3HAYHO20 8ANI0B020
supobHuymea sepua. B ymosax gynxyionysanna 6azamozanysesux ghepmepcoKux 20Cno0apcme, aKi 30uparoms 3epHO8i
KYIbMYPU HA He3HAUHUX NIOWAX, AKMYATbHUM 3A80GHHAM € NUMAHHA OKYRHOCMI MAKUX MPAHCROPIHUX MEXAHI3MIB )
38’A3KY 3 iX HE3HAYHON CE30HHON 3A8AHMANCEHICMIO BUKOHAHUX podim. Bupiwenna yvoco easxciusoco 3a80aHHA
MOXHCTIUBE ULIAXOM PO3POOIEHHS A 3ACMOCYBAHHA MANO2AOAPUMHUX | MOOLIBHUX NHEBMOUIHEKOBUX MPAHCNOPMEDIs,
SKI NPUBHAueHi 05l NepemMiujeH s 3ePHOBUX MAMEPIAie ab0 BUKOHAHHS MPAHCNOPMHUX POOIM HA MOKAX bazamoaany-
3e8ux ghepmepcuvkux cocnodapecms. Memoro pobomu € niosuLeHHsl (PYHKYIOHATLHUX HOKAZHUKIE pOOOMU WHEKOBUX MPa-
HCNOPMHUX MEXAHIZMIG 30 PAXYHOK KOHCIMPYKIMUBHO20 YOOCKOHAIEHHS. Ma 002PYHMYBAHHSL PAYIOHAbHUX NAPAMEmpie
nHesMOuHeK08020 mparcnopmepa. Hasederno onuc yoockonaneno2o nHeeMouHeK08020 mpancnopmepa (KOHCIMpyKyito
ma npuHyun pobomu) U GUKIAOEHO pPe3yIbMAamu MeopemuiHo20 aHANI3y KOHMAKMHOL 63a€MOOIl eneMeHmapHux
YACMUHOK 3ePHO8020 MAMepIay nio Yac ix nepemients y ROSIMpPsIHOMY HOMOYL NHEBGMONPOB0Od NHEEMOUHEKOBO20
MPAHCNOPMEPA HA OCHOBE Q0CTIONCEHHST CYMAPHOT eleMeHmapHoi KinemuuHoi eHepeii. 3a pe3ymbmamamu ananisy
nooyooeanux epagiunux mooeneti 6CMaHoBIeHO, WO eNeMEHMAPHA CYMAPHA KIHEMUYHA eHepeis KOWMAKMHOL 83aEMO0Ii
YACMUHOK 3ePHOB020 Mamepiany eremenmapHoi macu 30inbuyemocs 6 medxcax 6i0 0,71 107 0o 3,19 1073 Jlc 3anexcno
610 30i1bUUeH s eneMeHmapHoi macu 3epHunu 6i0 1 0o 2 e ma 36inbuenns weuokocmi gpayxmyayii 6io 1,0 do 1,5 m/c.

Kntouogi cnosa: winexosuii scusubHIL, NHEBMONPOSIO, 3ePHO8UL NOMIK, eleMeHMAPHA MACA, KOHMAKMHA
83A€MO01s1, MOOEb, KIHeMU4HA eHepeis, WEUOKICHb, 8eKMOp, KoeiyicHm 8i0HOBNEHHS, WEUOKICIb GryKkmaayii.
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