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INFLUENCE OF GEOMETRIC
PARAMETERS OF THE
TREATMENT SHOWER ON THE
DEFORMATION
CHARACTERISTICS OF THE SOIL
WHEN FORMING A CAVITY FOR
AN ANTI-FILTRATION SCREEN

The article presents the results of studies of the interaction of
the plowskin part of the mole farmer with soil. The purpose of the
study is to determine the rates of relative deformations depending on
its geometric and kinematic parameters. This will make it possible to
determine the magnitude of the stress components and soil density
functions that depend on these stresses. In addition, this will allow us
to determine the strength of the soil resistance to the movement of the
plow share of the mover.

The soail is presented in the form of a model of a viscoelastic
medium in such a way that bigaromic potential functions can be used
to analyze the interaction, since the final equations are reduced to a
system of elliptic equations. Such a statement of the problem and its
solution make it possible to obtain dependences of the relationship of
the geometric parameters of the ploughshare part of the mover with
the components of the strain rates of the soil, as well as the
mechanical properties of the soil on the surface of its contact with the
ploughshare. These expressions are the initial ones for the further
determination of the components of stresses in the soil, which make it
possible to determine the compaction of the soil on the walls of the
formed cavity for drawing the anti-filter screen and the components of
the resistance forces to the ploughshare.

Obtaining the final expressions of soil compaction on the
molehill walls together with the dependences of the resistance forces
will allow us to determine the geometric parameters of the working
body, with various mechanical properties of the soil, to ensure the
stability of the molehill walls with minimal energy consumption.

Such a solution is common for a certain class of problems on
the interaction of the working body with the soil, which is represented
by a deformable medium in order to determine the directions of
changes in deformations or their velocities in order to use them to
determine stress components that will allow you to find zones of
possible plastic deformations and destruction of soil continuity.

Keywords: components of deformations or stresses,
component of traction resistance, ploughshare working body,
biharmonic potential function, components of displacement velocities,
continuum theory, component of relative deformations, component of
stresses in soil, ploughshare share.

To preserve plants, it becomes necessary to lay humidifiers

moisture (reduce the penetration of water into the together with an anti-filter screen [1]. At the same time,
deeper layers of the soil) and better distribute it for the formation of a cavity in which the screen should
horizontally during intra-soil irrigation of agricultural  be laid by the broaching method, it is possible to use a
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share working body, the justification of the geometric
parameters and operating modes of which is an
urgent scientific task.

The solution to this problem allows us to
establish functional dependences of the influence of
the geometric parameters of the working body and the
mechanical properties of the soil on the distribution of
the rates of its deformations and stress components.
This makes it possible to predict the presence of
zones in which the ratios of stress components
correspond to the transition to a plastic state up to
destruction of continuity for a certain plasticity criterion
during the interaction of a working body with soil.

An analysis of research and publications
[2-7] shows that in order to solve this problem,
formalization of the soil as the medium on which the
action of the working body is directed, as well as
formalization of the interaction of the working body
itself with the soil, is necessary. Most often, models
are used that are more reminiscent of interaction with
an absolutely solid body, or models used in the
classical theory of soil mechanics, which are based on
the mechanics of granular media [8]. In addition, when
constructing  interaction models, either one-
dimensional models are used, or in the best case, flat
solutions that do not always reflect the real process of
changes in the properties of the soil (soil) under the
action of the working body [6, 7]. Recent publications
indicate that the soil is often presented as a
viscoplastic or purely plastic medium. For this, either
experimental research methods or numerical
modeling methods using finite element methods are
used [10-12]. However, such research methods do not
make it possible to obtain functional dependences of
the relationship between the components of the strain
rates and stresses depending on the geometric
parameters of the working body, and therefore,
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numerous physical or numerical experiments are
necessary.

It should be noted that the soil density under
the influence of the working body changes in the
function of changing all six components of the
deformations or stresses, which cannot be displayed
in a flat statement of the problem, and even more so in
a one-dimensional one. In addition, such statements
of the problem do not allow us to determine all three
components of the resistance to movement of the
working body in the soil. Therefore, the problem of the
interaction of the working body with the soil in a three-
dimensional setting with the establishment of the
relationship of geometric parameters and operating
modes of the working body itself and changing the
properties of the soil, as well as the component of
traction resistance, is urgent and requires a solution.

In this regard, the aim of the study is to
determine the rates of relative deformations in the
contact zone of the plowshare plow share with the soll,
depending on its geometric and kinematic parameters.
This will make it possible to determine the magnitude
of the stress components and soil density functions
that depend on these stresses. In addition, this will
allow us to determine the strength of the soil
resistance to the movement of the plow share of the
mover.

The results of the study. For the formation of
a cavity in which the screen should be laid by the
drawing method, a ploughshare working body can be
used, the movement scheme of which is shown in
Figure 1. The following notation is used in the figure:
coordinate system xyz

n.n. !
AN 7 AN 7 ARSI
H v
-
| x, &
- T —— »

represents the coordinates of the half-space
of the soil and coincides with the coordinate system of

the ploughshare of the mover &R, H
ploughshare stroke depth relative to the field surface

77

n.n., B,— working width of the share, N,— normal to
the share plane.
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The equation of the working part of the
ploughshare surface in the coordinate system ¢&nd

idem xyz has the form of a plane equation:

f| :£+r_n+(r/2)_§:0
a b c

where a, b,c — are the coefficients that determine the
slope of the plane to the corresponding coordinate
axes of,0n,05, r — the height of the vertical

- of, /o0&
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projection of the share, which is determined by the
installation height at the attachment point.

The introduction of the latter into the equation
determines the displacements of the center of the
plane to the origin in the axis direction og .

The cosines of the angles of inclination of the
normal to the surface to the coordinate axes are
expressed by the dependencies:

8f,/877

- 1,11
J(@f, [0E)? +(8F, on)? + (o, /0&)? _%/[a a2+b2+czj

of, jog

J@, /02y + @, Jony + @, jo0

1 1 1
YNzt te

The speeds of soil movement on the
ploughshare surface are determined on the basis that

J@,J02) + (0, Jony + (o, JoL Y

1 1 1
- ¥+b72+cfzc

the projection of the velocity on the normal to the
ploughshare surface has the form Vv, =V, /1, .

Vio :an m, Z_avm/b;wlo :an n, Z_avm/C;uIO :anll =Vm

Analytical solutions for contact problems are
possible only in an elastic or elastic-viscous
formulation. Moreover, these solutions are allowed
only for the case when, with successive substitutions
of geometric equations in the physical equations for
the relationship of stresses with strains and further
substitution of the obtained stress components in the
equations of static (dynamics) of a continuous
medium, elliptic equations are obtained. In this case, a
solution can be found using biharmonic potential
functions that satisfy the conditions on the contact
surface of the body (coordinate system) and the
medium with which it interacts (coordinate system
xy,z), ie. when x-£=0,y-1n=0 z-{=0
velocity components (displacements) are equal to

Br

aOU|0(X—§| +5)

their initial values. For our case, this means that the
velocity components for the ploughshare have the

form: U, |x—§:0,y—77:0,z—§:0 =Up, V||x—§:0,y—q:0,z—§:0 =Vio>

W | w,, . The second condition, which

x—£=0,y-n=0,2-£=0 =
biharmonic potential functions must satisfy to
determine the velocity components, has the form:

-0, vl -0,

uI |X7§:3¢vy77]::ﬂ,z—§::ﬂ X—&=00,y—n=00,7—{ =00

— 0. Such biharmonic potential

VVl |X—§:oo, y-n=0,2-{ =0
functions, according to [9] have the form:

i s e e U
ay Vo (y =17, +9)

dgdn ;

r L
e nrorag o

-ro0
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K | o e

where L, =-BCos(l/a) — projection of the share
length in the direction of the axis o&, B — projection

dgdd;
@)
aOVWO(Z_§I+5) dfd?]
| 1
8 = 1 4 a
7 Log[-5 ++36?] - Log[5 +/3/5°]
coefficient ensuring the fulfillment of the initial

of the share length in the direction of the axis o7,

conditions when introducing a small quantity, which
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eliminates the singularity of expressions (1).
Biharmonic potential functions must satisfy the

equation A*f =0, where A— Laplace operator,
f={u.v,w i

Due to the complexity of integrating equations
(1), which are the components of the speeds of
movement of soil in space in front of the working body,
in general, the problem of finding the distribution of
speeds of movements, rates of relative deformations,
stress components in a differential form, like this was
proposed in [5]. The essence of the method is that to
find the components of the strain rates, it is assumed
that the equations (1) are differentiated according to
geometric equations (Cauchy equations) of the theory

a, U, (x—
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of continuous media. This allows you to get rid of the
complex operations of integrating equations (1) in a
general way, and perform research in the form of
differential components, and switch to the integral
form at the stage where the final dependencies are
determined. At the same time, due to the
cumbersomeness of expressions, at the last stage,
numerical integration methods can be applied.

For this, it is possible to transform equations
(1) in such a way that as a result, the components of
the differential components of the components of the
displacement rates of the soil (soil) in front of the
working body will be obtained:

& +9)

du, =

dz Br
drdd, -(‘)-—J-r ((x=¢, +06)? +(y—mn, +06)? +(z2—-¢, +05)%)%?

dg,dn, =

158V, (z+5 -4 )y+5—n)(X+5-4)

T @G (yro—myY +(xt5-£)) 7

2 rl
dv, = d I 2 aOVIO(y_nk2+5) 27312 dgdg, =
d§|d§| -ro((x_§|+§) +(y_77|+5) +(Z_§|+5) )
_ 15aa\V, (z+0 -y +o—m)(Xx+6 &)
b((z+6-¢)* +(y+6-7)* +(x+5-&)")"
dw, = d? jﬁl 2 aowlo(z—§|2+5) _dédn =
dr gy 75 (X=§+6)" +(y—1,+6)" +(2-¢,+6)°) )
___15aayV, (z2+6-¢)(y+5-n)(x+5-¢)
C(z+5-§ ) +(y+S5—m) +(x+5-§))"
From equations (2), one can obtain the (soil) using geometric equations (Cauchy
differential components of the strain rates of the soil equations):
g, = O gy = 5Va(2 =)y +S-m)(2+8-¢)"+(y+5-m)° ~6(+5-4)").
1 (z+6-G) +(y+6-1)° +(x+6-&)")"
d :i V. = 10588V, (2+5-¢)*(y+5-n)(x+5-&) _
Tody (2454 H(y+S-m) +(x+ 8- &))"
B 15aa\V, (y+5-n)(x+5-¢)
c((z+5-¢) +(y+5-1)" +(x+5~ é.))”z'
dt, :%dwI =153V, (0-¢ +7)x
786 -§ +X)°(6-n+y) AS-n+y)(6-§+X)° +(E-n+y) +(6-¢+2)") 3
T(E=5+X)E = +Y) (=& + X =& +X)° +(6 -1 +Y)* +(5 ¢, +2)°)

(-4 +x"°
. d
dyxyl = d_ydul

+(@-m+Y)
+%dvI =15aV, (0 -¢, +7)x

-G

70 =& +X)’ (G -m+y) _a@-m+y) (=& +X)°+ (5= +y)* +(6-¢ +2)°)

b

NG +X)(6 +Y) (= E+ (= E+X) +(S =1 +Y)* +(5- ¢ +2)°)

b

((6=&+X)7+ (- +Y)* +(5-¢ +2)°)"
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dy,, =
7sz dZ

iduI +didwI =15a\V, (6 -1, +y)x
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_aA(0-G+2)(F &+ )+ (5 -m +y) +(6-¢ +2)°) Lra@-¢ +X)*(6-¢, +2) N

c

C

N Gl Tt (Gl +X) 4 (-1 +y) +(6-6+2)°)=T(6 =& +X)(6 ¢, +2)°

(=& +X)*+(G-nm +y) +(6-¢ +2)")"

d’fxll drl:yl’ dyxylid}}le’ dj}yzl
components of the differential velocity components of
the relative normal and shear deformations of the soil
before the share.

To understand the nature of the impact of the
working body in the zone of direct contact with the soll
(sail), namely its geometrical shapes and sizes, the
changes in the components of the relative
deformations of the expression can be integrated (3),
according to the expressions (1). In this case, it should
be borne in mind that the zone of direct contact is
subject to analysis, namely the conditions:

{$-2=0,-y=0,§-x=0}, This greatly

simplifies expressions (3). Unfortunately, in expanded
form, give the final expressions of the strain rate

components T, T, Vot Vearr Vya» Within the

article is not possible due to the cumbersomeness of
the final expressions. A graphical interpretation of
these expressions is shown in Figures 2 and 3.

The analysis showed that the influence of the

dr,

AR

where

TzI !
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coefficients of the plane equation on the change in the
normal components (Fig. 2) of the strain rates is
characterized by the following relationships:

1) a decrease in the angle of inclination of
the surface to the longitudinal with respect to the
direction of movement of the axis leads to an increase
in the rates of normal deformations
T,,T, (compression) and a decrease in the normal

strain rate transverse to the direction of motion 1, .

2) change in the inclination of the normal to
the plane to the axis transverse to the direction of
motion b, leads to a decrease in strain rate

components 1,7, and at very small values, to a

Xl
decrease in the component 1, ; with an increase in the

inclination of the normal to the plane to the axis oz
(value c) the components of the strain rate decrease
and the component 1, remains unchanged.

TzI '

T,

xI 1
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Fig. 2— Graphs of the normal components of the rates of relative normal deformations of the soil

T><I ’

1,,1, depending on the coefficients a,b,c plane equations

Fig. 3— Graphs of tangent (shear) components of the relative deformation rate of the soil 7, ,,7,.7,,

depending on the coefficients a,b,c plane equations

It should be noted that the decrease in the
angle of inclination of the normal to the plane @ leads
to a decrease in all three components of the shear
strain rate y,,,7,,.7, ; increase in the angle of

inclination of the normal to the plane C — to decrease
VarrVya » Wherein y - becomes unchanged.

Decrease in value b leads to an increase in
components y,,, 7,, and does not affect the change
Vv (fig. 3).

Findings. As a result of the analysis, the
components of the rates of relative deformations of the
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soil on the surface of contact with the plowshare share
are obtained. These expressions are the initial ones
for the further determination of the components of
stresses in the soil, which make it possible to
determine the compaction of the soil on the walls of
the formed cavity for drawing the anti-filter screen and
the components of the resistance forces to the
movement of this working body. Obtaining the final
expressions of soil compaction on the molehill walls
together with the dependences of the resistance
forces will allow us to determine the geometric
parameters of the working body, with different
mechanical properties of the soil, to ensure the
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stability of the molehill walls with minimal energy.

Such a solution is common for a certain class
of problems on the interaction of the working body with
the soil, which is represented by a deformable
medium in order to determine the directions of
changes in deformations or their velocities in order to
use them to determine stress components that will
allow you to find zones of possible plastic
deformations and destruction of soil continuity.
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BMMB rEOMETPUYHMNX NAPAMETPIB JIEMEXA
KPOTOBATENSA HA AE®OPMALIAHUX
XAPAKTEPUCTUK T'PYHTY NPU CTBOPEHHI
NOPOXHUHM AN NPOTUSIBLTPALIAHOIO

EKPAHA
Y cratTi HaBOOATLCS pesynbTaTti
JocnimpKeHb B3aemMofji nemilHol YyacTuHU

KpoToBatensa 3 rpyHtom. Y 3B'I3Ky 3 UMM METOH
JOCHIMKEHHA € BU3HAYEHHS LUBUAOKOCTEN BiAHOCHMX
nedopmalii B 30Hi KOHTaKTy JIEMILLHOI YaCTUHU
KpoToBaTens 3 [PYHTOM B 3anexXHOCTi Big WOro
reoMeTpuyHMX i KiHemaTuyHMX napametpis. Lle
YMOXIMBUTb  BM3HAYEHHS]  BEMNWYMH  KOMMOHEHT
HanpyXeHb | PYHKUIN LLINBLHOCTI FPYHTY, SKi 3anexarb
Big4 umx Hanpyr. Kpim TOro, ue [O03BOMUTL Ham
BM3HAYUTU CUMY OMNOPY I'PYHTY NEpPEMILLEHHI0 NnemeLLi
KpoToBaTens.

I"pyHT npeactaBneHuin y BUmMadl  Mogeni
B'A3KOMNPY>KHOTO CepefoBULLia TakuM YMHOM, Lo Ans
aHanisy  B3aemMogii  MOXIMBE  BUKOPUCTaHHS
BirapOMHIYHMX NOTEHLNHUX GOYHKLIIA, OCKINbKU KiHLEBI
PIBHSAHHSA 3BOOATHCA 0 CUCTEMU EeNINTUYHUX PIBHSHD.
Taka noctaHoBka 3afadi i ii pilleHHs [03BONSATb
OTPUMATN  3anexHOCTi  3B'A3KY  reOMEeTPUYHUX
napameTpiB NEMIWHOI YacTUHW  KpoToBaTensd 3
KOMMOHEHTaMW LUBMAKOCTEN Aedopmaliii I'pyHTyY, a
TaKoX MeXaHiYHUX BMacTUBOCTEN I'PYHTY Ha NOBEPXHI
1l KOHTaKTy 3 newmiwem. Lii Bupasu € BuxigHumu ans
noganbLUOro BU3HAYEHHSI KOMMOHEHT HamnpyxeHb B
IPYHTi, SKi [O03BONSAIOTL BU3HAYUTU  YLLiNbHEHHS
IPYHTY Ha CTiHKaxX YTBOPEHOI MOPOXHWUHW Ans
NPoTAryBaHHA  MPOTUINbLTPaUIMHOIO  ekpaHa |
CKINajoBi cur onopy pyxy nemiwa.

OTpyMaHHs KiHUEBUX BMPA3iB  YLUNIbHEHHS
'PYHTY Ha  CTiHKAX  KPOTOBWHW  ChifbHO 3
3aneXHOCTAMW CUM OMopy [[03BONATH  BU3HAYUTU
reoMeTpudHi - mapameTpy pobodoro opraHy, npu
Pi3HNX MEXaHiYHMX BMACTMBOCTAX [PYHTY, Ans
3abe3neYeHHsl  CTIMKOCTi  CTIHOK KPOTOBWMHW  Mpw
MiHIManbHUX BUTpaTax eHepril.

Take pilleHHss € 3aranbHUM Ans NeBHOro
Knacy 3agjad npo B3aemofilo pobodoro opraHy 3
r'pyHTOM, SKa npeactaBneHa  Aedhopmyroumm
cepefoBuLLEM 3 METOK BU3HAYEHHSA HaNPAMIB 3MiHN
nedopmadin  abo  ix WBMOKOCTEM 3  METOH
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BMKOPUCTaHHS iX [Ans  BU3HAYEHHS  KOMMOHEHT
HanpyxeHb, siKi JO3BONSATb 3HANTU 30HU MOXIMBUX
nnacTu4HuX gedpopMauin i pynHyBaHHS CYUINbHOCTI
I'PYHTY.

KnioyoBi cnoBa: KOMNoHeHTV aedopmallivi
abo HanpyxeHb, KOMMOHEHT TArOBOrO  OMopYy,
NeMILLHUA poboYnii opraH, GirapMoHiYHa MOTEHLiHA
OYHKLiS,, KOMMOHEHTW LUBMAOKOCTEN MEepeMilleHb,
Teopii CyLinbHNX cepeaoBuLL, KOMMOHEHT BigHOCHUX
AedbopmaLin, KOMNOHEHT HaNPYXeHb B I'PYHTI, NeMiLL
KpoToBaTens.

BNMUAHUE FrEOMETPUYECKUX MAPAMETPOB
NEMEXA KPOTOBATENA HA
OEPOPMALIMOHHBLIE XAPAKTEPUCTUKU
no4Bbl NP OBPA3OBAHUW NMONOCTU ANA
NPOTUBO®PUINBbTPALIMOHHOIO 3KPAHA

B cratbe npuBogAaTcs  pesynbraThl
nccnefoBaHUA B3aUMOLEWCTBUSA FIEMELLHON 4acTu
KpoToBaTensi ¢ no4soi. B cBA3M € atum Uenbio
uccrnefoBaHus SABMSETCA onpederieHne CKOpOoCTEN
OTHOCUTENbHBIX AedopMaumini B 30HE KOHTakTa
riemexa KpoToBaTers C MOYBOW B 3aBYCUMOCTU OT €ro
rEOMETPUYECKUX U KUHEMATUYECKUX MapaMeTpoB.OTo
coenaer  BO3MOXHbIM  OnpefeneHne  BenuuuH
KOMMOHEHT HanpsbkeHn W OYHKUUA  MIOTHOCTK
MOYBbI, KOTOPbIE 3aBUCAT OT 3TMX HaMNpshxeHun.Kpome

TOro, 3TO MO3BONWT Ham  OMpedenuTb  Cuny
COMPOTUBMEHMAMNOYBLI  MEPEMELLEHNI0  Niemexa
KpoToBaTens.

MouBa npeacrtaeneHa B Buae MoAenn
BFI3K0yﬂpyFOl7I cpeabl TakKnum o6pa30M, 4YTO AOnd
aHanusa B3aMMogencTBMS BO3MOXHO MCMOSb30BaHME
6VII'apOMHVI‘-IeCKMX noTeHunanbHbIX (*)yHKLI,VIVI,
NOCKOJ1bKY KOHEYHbIE YpaBHEHUA CBOOATCA K CUCTEME
ANNMNNTUYECKNX ypaBHeHvu7|. Takasa nocTaHoBKa
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330a4M M ee pelleHne MOo3BOMAT  MONy4nTb
33aBUCMMOCTU CBSI3V FeOMETPUYECKUX MapameTpoB
NEeMELIHON YacTu KpoToBaTens C KOMMOHEHTaMu
ckopocter  gedopmaumi  NOYBbl, a  Takke
MEXaHUYECKMX CBOWCTB MO4YBbI Ha MOBEPXHOCTU ee
KOHTakta C JleMexoMm. OTU BbIpaXKEHVS] SBMSAKOTCS
MCXOOHbIMM AN JanbHerwero  onpegeneHns
KOMMOHEHT  HaMpsPKEeHWM B MO4YBE,  KOTOpble
MO3BONSAIOT OMPedennUTb  YNNOTHEHWE MOYBbl  Ha
CTeHKkax obpasoBaHHOM MONOCTU Afs NPOTArMBaHUS
NPOTMBOMNBTPALIMOHHOIO 3KpaHa M COCTaBnAoLLmME
CUI CONPOTMBEHNS OBMKEHUIO NeMexa.

MonyyeHuve KOHEYHbIX BbIpaXXeHun
YNOTHEHNS  MOYBbI  HA  CTEHKAX  KPOTOBUHbI
COBMECTHO C 3aBMCMMOCTSMU CWIM COMPOTUBMEHUS
MO3BONAT OMNpedeniTb reoMeTpuyeckMe napameTpbl
pabodero opraHa, Npu PasfM4YHbIX MEXaHUYECKMX
CBOWCTBax NouBbl, AnA obecneyeHns yCTOM4MBOCTY
CTEHOK KPOTOBWMHbI NPV  MWHMMarbHbIX 3aTpaTtax
3HEprun.

Takoe pelweHve 4aBnsieTca oOWMM Ans
OonpeaerieHHoro Krnacca 3agady O B3avMOENCTBUM
pabodero opraHa ¢ MOYBOM, KOTOpas MpeacTaBneHa
nedopMupyemMon cpefon € Lenblo  onpeneneHus
HanpaBneHui M3MeHeHus gedopMaumin unm  mx
CKOpOCTEM C LEMbl  MCMOMb30BaHWA WX  Ons
onpefeneHnss KOMMOHEHT  HanpshKeHUW, KOTopble
MO3BOMSAT HaWTM 30HbI BO3MOXHbIX MIACTUHECKMX
AedhopMaLiii 1 paspyLLEeHNs CNOLLHOCTU MOYBbI.

Knroyeenie croea: KOMIMOHEHMbI
Oecbopmayuli  unmu  HarpspkeHul,  KOMIIOHEHM
ms208020 COMPOMUGIIeHUs], JIeMeWHbIl paboyuli
opeaH,bu2apMoHUYecKasi riomeHyuarneHasi
OYHKUUS,KOMIIOHEHMbI  cKopocmell  rnepemeuwleHul,
meopuu CI/TOWHBIX cped,KOMIMOHEHM
OMHOCUME TIbHbIX Oechbopmaliuti, KOMIOHEHM
HarpspkeHuU 8 roysee, sieMex Kpomosamerisi.

Bidomocmi npo aemopie

ConoHa OneHa BacuniBHa—kaHaMOaT TEXHIMHUX HAyK, OOLEHT Kadeapw 3aranbHOTEXHIYHUX OUCUMNAIH Ta
OXOPOHM Mpavi BiHHULBKOrO HauioHansHoro arpapHoro yHisepeuteTy (Byn. CoHsuHa, 3, M. BiHHMUS, YkpaiHa,

21008, e-mail:solona_o_v@ukr.net).

ConoHa EneHa BacunbeBHa—kaHanaaT TEXHUYECKUX HayK, OOLEHT Kadoeapbl 0OLLETEXHUYECKMX AUCLMMINH
N oxpaHbl Tpyga BWHHMUKOrO HaumoHanbHoro arpapHoro yHueepcuteTa (yn. CornHeuHas, 3, r. BuHHMua,

YkpauHa, 21008, e-mail: solona_o_v@ukr.net).

Solona Olena—Candidate of Technical Sciences, Associate Professor of the Department of General Technical
Disciplines and Labor Protection, Vinnytsia National Agrarian University (3, Solnyschaya St., Vinnytsia,

Ukraine, 21008, e-mail: solona o _v@ukr.net).

KoB6aca Bonogumup [eTtpoBu4 — [JOKTOp TEXHiYHWMX Hayk, npodbecop kadegpu 3aranbHOTEXHIYHUX
AVCUMMMIH Ta OXOpOHW Mpaui BiHHMUBKOrO HauioHanbHOro arpapHoro yHiBepcutety (Byn. CoHsuHa, 3, m.

BiHHnug, YkpaiHa, 21008, e-mail: kovbasav@ukr.net)
Kon6aca Bnagumup MetpoBuuy -

[IOKTOP TEXHUYECKUX Hayk, npodpeccop Kadoeapbl OBLLETEXHUYECKUX

AVCLUMNIIMH U OXpaHbl Tpyaa BWHHMUKOrO HauuoHanbHOro arpapHoro yHusepcuteta (yn. ConHeuHasi, 3, T.

BuHHMua, YkpaunHa, 21008, e-mail: kovbasav@ukr.net)

Kovbasa Vladimir - Doctor of Technical Sciences, Professor of the Department of General Technical
Disciplines and Labor Protection, Vinnytsia National Agrarian University (3, Solnyschaya St., Vinnytsia,

Ukraine, 21008, e-mail: kovbasav@ukr.net)
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