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Abstract. Screw conveyors, as a universal vehicle, are used for moving, grinding, mixing, dosing of
various materials, including products of agricultural production — grain, root crops, fodder mixtures, etc.
Increasing the technological efficiency of their use is achieved through constructive improvement and optimization
of rational parameters and modes of operation, which is an actual scientific problem. The purpose of the work is
to expand the functional capabilities of screw conveyors due to the combination of adjacent technological
operations of grinding and moving root crops into one operation by developing a combined working body. The
task of the research is to develop a mathematical model that describes the kinematic-dynamic processes of the
movement of the flow of crushed root crops along the spiral turn of the auger along the axis of its rotation. In this
aspect, two cases of movement of the body of crushed root crops by the working organs of the screw conveyor-
shredder are considered: the body of crushed root crops moves along the working surface of the spiral coil without
contact with the inner surface of the guide pipe — case I; the body of crushed roots moves simultaneously along
the working surface of the spiral coil and the inner surface of the guide pipe — case Il. The obtained analytical
results of the movement of crushed root crops are a further step in the improvement of the methodology of
optimizing the rational parameters of the combined screw mechanisms.

Key words: roots, screw conveyor, turn, model, displacement, parameters, force, angular velocity,
equation of motion, unit normal, vector.
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1. INTRODUCTION

According to the concept of Ukraine's transition to sustainable development, one of the
strategic measures in the industrial sector is to increase the productivity and reduce the energy
consumption of the screw conveyors, which are used in the processing lines of raw materials of
the agro-industrial sector for the production of various national economic products.

The livestock sector of agriculture is the main consumer of fodder. Since no feed
contains enough components (nutrients, vitamins, trace elements, etc.) that animals need,
feeding certain types of feed causes animals to develop slowly. The return from them decreases,
costs per unit of manufactured products increase, which leads to a decrease in the profitability
of production of products in general [1, 2].

An important factor that ultimately determines the cost of produced feed is the indicators
of the use of technical means of preliminary preparation and processing of components of
agricultural products, which are used as part of the internal economic technological lines (feed
shops) of the agricultural enterprise itself, which are intended for the production of feed [3].

The development of highly efficient technological processes of simultaneous grinding and
movement of both single piece and bulk products of agar production requires an integrated scientific

Corresponding author: Viktor Baranovsky; e-mail: baranovskyVm@UKI.NEE ... .....cove.eeeoeeee e oo oo e e e e e e e e D


https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2025.0
https://doi.org/10.33108/visnyk_tntu2025.01.005

Analysis of the process of material movement in a screw conveyor

approach to the solution of the technical problem of increasing the technological indicators of work
and expanding the technological capabilities of screw conveyors-shredders [4, 5].

An important factor that ultimately determines the cost of produced feed is the indicators
of the use of technical means of preliminary preparation and processing of components of
agricultural products, which are used as part of the internal economic technological lines (feed
shops) of the agricultural enterprise itself, which are intended for the production of feed.

The assigned tasks are solved on the basis of the development of the methodology and the
methodology of the substantiation of the technological process and the calculation of technological
indicators and structural and kinematic parameters and modes of operation of screw conveyors.

Based on the analysis of the technological processes of the functioning of screw
conveyors [6-10], it was established that the issue of simultaneous grinding and movement of
root crops by screw mechanisms is insufficiently disclosed in scientific works. At the same
time, there are significant technological capabilities and scientific prerequisites for the
development of screw conveyors with a combined working body, which can ensure the effective
performance of related functional operations of simultaneous grinding and moving of products.

Therefore, despite the considerable amount of methods and principles of developing
analytical models that describe the processes of moving products by screw conveyors [11, 12],
there are certain limitations regarding their application and the possibility of analytical
justification of the main parameters of the working bodies of screw transport mechanisms.

2. EXPERIMENTAL METHODS

The efficient operation of the enterprise depends on the layout of the equipment of the
technological lines, which should be carried out according to the block-modular principle,
which allows to minimize auxiliary transmission (transport) operations and to ensure the
possibility of changing the work modes of the workshop, to reduce the consumption of energy
resources while guaranteeing the quality of products. These provisions can be implemented on
the example of a possible structural scheme for the production (preparation) of multi-faceted
feed by a farm in the process of processing agricultural sector products (Fig. 1).
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Figure 1. Structural scheme of variants of technology of obtaining full-fodder mixed fodders and feed
mixtures in the household: 1 — green grass; 2 — seeds of oil crops; 3 — grain; 4 — rough feed; 5 — root crops;
6 — herbal flour; 7 — waste of processing of grain and oilseeds; 8 — protein-mineral supplements; 9 — premixes;
10 — full-fodder feed; 11 — full-fledged feed mixtures
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In this context, providing animals with high-quality and full-fledged juicy feed obtained
by processing root crops is one of the important tasks in the general task of increasing the
physiological productivity of agricultural livestock.

The introduction of juicy fodder (products of processing fodder beet roots) into the diet
of dairy cows increases milk productivity by 10.3%, assimilation of organic substances by
5...8%, nitrogen use by 3...5%. In general, root crops contribute to an increase in feed intake by
animals by 8...11% [13, 14].

The purpose of the study is to increase (expand) the technological capabilities of screw
conveyors by developing combined working bodies that ensure simultaneous grinding and
movement of root crops in the process of their preparation and processing into juicy fodder.
The main tasks of the research, which ensure the realization of the stated goal, are the
substantiation of the parameters of the combined working body of the screw conveyor-shredder
under the condition of reducing the energy consumption of the work process of the technical
means used in the technological lines of processing root crops.

The existing technological processes and executive technical means for processing root
crops into juicy fodder (Fig. 2) provide for preliminary preparatory operations of removing root
crops from storage, their transportation to technical means that grind root crops, further
operations of moving (transporting) crushed root crops to mixers-vaporizers, final operations
of unloading fodder and its mechanized distribution to animals.

Operation: Operation: Operation:
EXPORT OF ROOT SUPPLY )  PROCUREMENT
CROP OF ROOT OF ROOT CROP
: |
Operation: Operation:
COUNTERFEIT+ TRANSPORTATION
TRANSPORTATION OF ROOT CROP
OF ROOT CROP l

I Operation:
LOADING
OF FEED
Operation: Operation:
DISTRIBUTION e — MIXING —é

OF FEED AND STEAMING

Figure 2. Generalized structural scheme of basic operations of root crop processing for feed

On the basis of the analysis of the existing generalized structural diagram of operations
for the processing of root crops for animal feed (Fig. 1), we put forward a scientific hypothesis
about the possibility of combining two adjacent technological operations, which are performed
by separate mechanisms (shredding of root crops with a root cutter and transportation of crushed
parts of root crops to mixers-vaporizers by a belt conveyor ) into one continuous (combined)
technological operation of simultaneous «shredding + transportation» (Fig. 2). This combined
technological operation can be implemented by one screw technical means — a screw conveyor
with a combined working body [15, 16].

The implementation of such a technical solution in production conditions will ensure an
effective combination of related functional operations, both grinding and simultaneous
transportation of root crops by one improved combined working body of the screw conveyor,
which is mounted in a technological line intended for their processing and will significantly
reduce the overall energy consumption of the process compared to the existing technology due
to the elimination of an additional (intermediate) operational and technological means (root
cutter), as a separate technical element, which has its own certain material capacity and certain
energy consumption for the independent drive of working bodies.
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3. RESULTS AND DISCUSSION

To develop an analytical mathematical model of the process of moving crushed parts of
root crops through a spiral turn of a screw conveyor, we will consider a complex scheme of
acting forces (Fig. 3).

We will analyze the process of movement of part 5 (Fig. 3) of crushed root crops, which
iIs located at point M, which is located on the surface of the spiral coil 4, which is installed on
the drum 3 of the screw conveyor 2 of the screw conveyor-shredder.

We assume that part 4 of chopped roots, or a body with mass m_, moves along the

surface of the spiral coil during its rotation with an angular velocity @, without leaving the

working surface of the coil. That is, the body, during a certain time of its movement along the
working surface of the spiral coil, is connected to the screw conveyor coil and moves along the
spiral coil.

In order to develop a mathematical model of the functioning of the screw conveyor of
the conveyor-shredder, we introduce a fixed spatial coordinate system Oxyz, connected to the

guide pipe, the reference point of which is located on the O'O’ axis of rotation of the screw
conveyor shaft, and the Oz axis coincides with it. At the same time, the Ox axis is directed
downward, and the Oy axis is horizontal.

Figure 3. Scheme of forces acting on a part of shredded roots:
1 — guiding pipe; 2 — screw conveyor;3 — drum; 4 — spiral turn; 5 — part of shredded root crops

Let at the instant of time t, =0 the initial angle of rotation of the turn of the screw
conveyor is equal to ¢, =const, and the body of the crushed part of root crops is on the surface
of the spiral turn at point M , the step of which, depending on the number of variable steps k,,
is equal to T, +(k, —1)AT .

In a certain period of time t, the screw conveyor's turn will return to the angle
@ (t) = 2zw,t + ¢, , Where o, is the angular velocity of the screw conveyor, rad/s; ¢, is the
initial angle of rotation of the screw conveyor at the moment of time t, =0, rad.

According to [17], along with the rotational movement, the screw conveyor carries
out a plane-parallel movement in the xOy plane, which is perpendicular to the axis of

rotation of the drum of the screw conveyor, i.e., the O'O’ axis, while according to [18], for
the initial coordinates X, =0, this plane-parallel movement can be specified by the

canonical equation of motion of the center of rotation of the axis of rotation of the screw
conveyor shaft

8 ............. ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (117), 2025 https://doi.org/10.33108/visnyk_tntu2025.01


https://doi.org/10.33108/visnyk_tntu2025.0

Viktor Baranovsky, Ivan Karp, Yaroslav Salo, Bohdan Berezhenko, Petro Marushchak

[%o (£): Yo (t); 2o ()] =%, (£); Yo (t):0]t = 0. (1)

The change of coordinates x and y during a certain period of time t according to the
provisions of [19] can be presented in the form of functionals

x(t)==f,[#(t)cosd(t) [+ g[¢(V)sine(t)]; y(t)=—f,[o(t)sine(t)]-g[e(t)cose(t)]. (2)

During the rotation of the screw conveyor, the following forces act on the body of
crushed root crops, the volume of which is equal to V,, and which is located at point M :

- force of weight P, =m g =V, p,9, N, where m_, V_ — respectively, mass (kg) and
body volume of crushed root crops, m*; p, — specific mass of root crops, kg/m?;

- the reaction force of the spiral turn N, =R n, of the screw conveyor, N, where R,
Is the reaction of the working surface of the spiral turn, N; n, is the unit normal to the working

surface of the spiral turn;
- the reaction force of the working (inner) surface of the guide pipe of the screw
conveyor-shredder N, =R,n,, N, where R, is the reaction force of the working surface of the

guide pipe, N; n, is a single normal to the working surface of the guide pipe of the screw

conveyor-shredder;
- the force of friction of the body of crushed root crops sliding on the working surface
of the spiral turn of the screw conveyor F,, =N, f, , N, where f, is the coefficient of friction

of the body of crushed root crops sliding on the surface of the spiral turn;
- the force of friction of the body of crushed root crops sliding along the working
surface of the guide pipe of the screw conveyor-shredder F,,, =N, f,, N, where f, is the

coefficient of friction of the body of crushed root crops along the surface of the guide pipe of
the screw conveyor-shredder.

Let's consider two possible cases of movement of the body of crushed root crops by the
working bodies of the screw conveyor-shredder:

- the body of crushed root crops moves along the working surface of the spiral coil
without contact with the inner surface of the guide pipe — case I;

- the body of crushed roots moves simultaneously along the working surface of the
spiral coil and the inner surface of the guide pipe —case II.

According to the classical laws of mechanics, let's write down the equation of motion
of the body of chopped roots in a fixed Oxyz coordinate system for cases | and Il in vector

form:

2=

vnpk%:vnpkgjﬁvﬁv(u f,)+ R, (1+ f,); t>0, @)

where ﬁM is the instantaneous radius vector of the position of the parts of root crops in the Oxy

system at the moment of time t.
Let us denote the corresponding components of the vectors of equations (3) as follows:
- the instantaneous radius-vector of the position of the body of the crushed root crops
in the Oxy system at the moment of time t through

Ry (t)=[xy (£ yar (£): 20 (©)]: @)
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- the force vector of the body weight of crushed root crops through

UJ' z(x, y)dxdy} PG 0sa;0;

= gosai0-V,p g3 - _

{”Z(X’ y)dXdyjpkgsina

where « is the angle of inclination of the screw conveyor-shredder to the horizontal plane,
degrees;

- the vector of the frictional force of the body of crushed root crops sliding along the
working surface of the spiral turn of the screw conveyor

|dFﬂ2s d (27t + (/)0)|

. S | f —
_ - Y dt dt
T fv|dRm_dRM|/|dRS_dRs|=_ ) ] \’ ©
| dt dt||dt dt| iR, d(27dt+g,)
dt dt
R d(2rat+ .
while dR, _ ( ﬂdst %) =9, is the velocity vector of the surface of the spiral turn of the

screw conveyor at the point M and the moment of time t;
- the vector of the frictional force of the body of crushed root crops sliding along the
working inner surface of the guide pipe of the screw conveyor-shredder

o
dt

i *,
dt

dt

0R,

/==
dt

_‘Nk‘ e :_‘ﬁkﬁk‘fk : ()

mk —

To determine the bond reaction R, of the working surface of the spiral coil and the bond
reaction R, of the working surface of the guide pipe of the screw conveyor-shredder, it is necessary
to determine the unit normal vector i, to the working surface of the spiral coil and the vector of the
unit normal fi, to the working surface of the guide pipe of the screw conveyor-shredder.

To do this, we write down the equations of the surface of the screw and the
surface of the guide pipe, which, according to [3, 4], can be given by the relations,
respectively:

S+(0,5D,;¢,:2) = 2+0,5T, +(k, ~1)AT (9, ~27(dg, /dt)t ~g,) ]/ 2 =0; (8)

S, (%y;z)=x*+y?—0,25D? =x* + y* —(0,5D, +2¢)° =0, ©

where D, is the diameter of the screw conveyor, m; D, — inner diameter of the guide pipe
of the screw conveyor-shredder, m; ¢, is the rotation angle of the screw conveyor, rad.

Then the unit normal vector f, to the working surface of the spiral coil and the unit
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normal vector fi, to the working surface of the guide pipe of the screw conveyor-shredder can
be written in the form:

—[T,+(k, ~1)AT Jsing,;
=|[T,+(k, ~1)AT Jcosg,; |[; (10)
27R,, 1a(Ry,)

- de, /dt)t
fi, = c0s(, 2 (dp, /)t -p) , (11)
—sin(p, -2z (de, / dt)t—g, );0

where a is the angular parameter of the screw, according to [9] a(R,, )= /[T, +(k, ~1)F +47°R? .

Also, taking into account the plane-parallel and translational movement of the screw
conveyor, which is given by the canonical equation of motion

[Xo(t); yo(t); zo( )] [ ( ) yo( ) ]t>0 of the center of rotation of the axis of the screw
conveyor in the plane xOy, we determine the speed of movement of the working surface of
the spiral turn of the screw conveyor

b,
.. d{(Dw)cos(Zﬂ t- ¢oj] d[ (D, +2¢)sin (27 (dg, /dt)t—g,) | o +d[x0(t);yo(t);0], 12)
20t 20t dt

or

dt y dt ' dt dt (13)

In equations (3):

- we substitute: the values of the acting forces, which are determined
according to (5)-(7); the value of the speed of movement (speed of movement)
of the working surface of the spiral turn of the screw conveyor, which is determined
according to (13).

- multiply by the scalar value of the unit normal i, and fi,, which are determined

according to (10) and (11);

Then we will get the records of the equation for the 1st and 2nd cases of movement
of the body of crushed parts of root crops, respectively: when the body of crushed parts of
root crops moves along the working surface of the spiral coil without contact with the inner
surface of the guide pipe; when the body of crushed parts of root crops moves
simultaneously along the working surface of the spiral coil and the inner surface of the
guide tub:

ISSN 2522-4433. Bicuux THTY, Ne 1 (117), 2025 https://doi.org/10.33108/visnyk_tntu2025.01 ..........ceveeereereererrenrrernrenrenn. 11



Analysis of the process of material movement in a screw conveyor

ﬂz(x, y)dxdy]pkg cosa cos ¢, 0;

dz(O,SDW): [sn

m, e +R,O+
—[Hz(x,y)dxdy]pkgsinasingos
Sy
+RQ~|RO|x (14
d(0.50,) —27z(d¢s/dt)-y+—dx°(t);—dy°(t)+27z(d¢5/dt)-x;o d(0.5D,)
f dt dt dt |R Q|f dt
X B k
d(0,5D
7d(0'5D5)— —Zﬂ(dgosldt)-y dx, ( ),dyo( )+2 do, -x;0 ( 3
dt dt dt dt dt
[H z(x, y)dxdy} P gcosacosg,;0;
d2(0,5D5) S,
m,— = +R,O+RQ-|RO|x
—(”z(x, y)dxdy]pkgsinozsin(pS
S ' (15)
d(O’SDS)_ —Zﬂ%'y dX ( ) dyo( )+27Z'%'X'O d(O'SDs)
dt dt dt ' dt dat ' dt
fy RO, d(0,5D
4(050,) (, do, (). d(t) , do .o (0.5D,)
dt dt dt = dt dt dt
where
[T, +(k, ~1)AT Jsing,;[T, +(k, ~1) AT Jcos g —cos{p,~2x(de 1)t )
0= 27R,, Q= £ )
—sin(p, - 27 (dg, / dt)t-g,);0

\/[Tl +(k,~1)AT ] +42°R}

At the same time, according to equations (14) and (15), the entries of the equation for
the 1st and 2nd cases of movement of the body of the crushed parts of root crops will have the
following form:

(H z(x,y) dxdyJ £ gcosacosg,;0;
Sh

—[“z(x, y)dxdy]pkg sin asin g,
SI'I

dx, dx, (t) |
d(05D,) | gt Yt
dt
dyg () +2 dd¢5 -x;0
+RO[1-f, t t
_Zﬂ-%.y_Fdxo(t)'
d(0,50,) | gt Y ar
dt
dyo (1) +27 do, -x;0
dt dt

(16)
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” z(x, y)dxdy}pkg cos asin ¢,; 0;
Sn

{” z(x, y)O‘Xdprk %(%)z _ (

+
S —(Hz(x, y)dxdyjpkgSihOtSingDS
Sﬂ
d(ﬂs dXO(t)
ap, | a VT a (17)
2dt dyo(t)+27r%~X'0
+RO|1-1, dt dt _raf1- 1 190.72d]
oo 0 L (1), |dD, / 2dt|
05dD, | Tt YT a
at 7dy°(t)+27r%~x0
dt at

From equations (16), (17) we find the reaction of the bond R, of the working surface of

the spiral turn and the reaction of the bond R, of the working surface of the guide pipe of the
screw conveyor-shredder:

Uj‘z(x, y)dxdprkg cosa;

SI'\

(”z(x, y)dxdprkRNI (ddcﬁs jz B

Sn

0;—{“.2(x, y)dxdprkgsina . (18)
A @[1— ‘ (dR, / dt)—(‘l’)q -

(dR, /dt)— ()|

Q[l_f |st/2dt|j ,

“|dD, / 2dt|

'”' z(x, y)dxdy}pkg cosasing,;0;
Sn

{HZ(va)dxdy]pk%(ddfs jz_ {

M (19)
_(H z(x, y)dXdYkag sinasin g,

27 (dg, Idt)- y+ dx(‘;t(t);

where

dy;—t(t)+27z(d¢s/dt)-x;0

By substituting the values of the bond reaction R, of the working surface of the spiral
coil from equations (18) and the bond reaction R, of the working surface of the guide pipe from

equation (19) into the equations of motion (3), we obtain mathematical models of the dynamic

process of the movement of the body of crushed root crops by the working bodies of the screw
conveyor-shredder for cases | and 11
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d%, [mkRM (9,) -(mg COSa;O;—mkgsina)](1+ f,) ;

M2

=mgsina -

2Ry | |y 210y 44 (20)

T +47°Ry | Ry 27ra)s-y+dX°7(t)

2dt dt

-T, sing,;T, cosg,;

T [ MRy (6. =(1) |2+ 1,)
m,—=>=m,gsina - -

dt?

|¢s B Zﬂa)sy-l_ ¢)0|

Ry _ 2ma, -y +dX°7(t)
2dt dt

0] -1,

o] 1- 1 |dD, / 2df]
“|dD, / 2dt]

D (d% jz_ L @r-m |

—

1+1,) (21)

-2, 00 1)+ 25 )

' dD
s (y
o)

|¢’s —2ﬂ'(()sy+¢0|

2dt 27,y dt

<

where ‘D{—Tk Sing,T, cos . 2zR, }; I'=(m.gcosasing,;0;-mgsinasing, ).

T2 +47°R;

015
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Figure 4. Change dependence as a function: a — d’p, /dt* = f,(a;T,), | case; b— d’gp, /dt* = f,(«;T,),
Ilcase;1,2,3-T, =T,+0.04, m; T, =T,+0.06, m; T, =T, +0.08, m
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Based on the analysis of graphical constructions (Fig. 4), it was established that the
acceleration of the speed of movement of the crushed parts of root crops along the surface of
the spiral turn at the screw pitch T, =T, +0.08 m varies within the range: from 8.5t0 12.9 m s’

2 for the 1 case; from 6.3 to 13.2 m s for the I case.
For changes in the pitch of the spiral turns T, =T, +0.06 m, the acceleration of the speed

of movement of the crushed parts of root crops along the surface of the spiral turns varies within:
from 9.6 to 15.1 m/s for the first case; from 8.9 to 13.2 m/s for the Il case.
For changes in the pitch of the spiral turns T, =T, +0.04 m, the acceleration of the speed

of movement of the crushed parts of root crops along the surface of the spiral turns varies within:
from 10.7 to 17.3 m/s for the first case; from 11.1 to 15.5 m/s for the Il case.
At the same time, at the step of the spiral coil in the range of 0.25 <T, < 0.05 m, with

a step increment equal to 0.04 and 0.06 m, the crushed parts of root crops weighing more than
0.1 kg lose contact with the surface of the spiral coil at an angular velocity of less than 10 rad/s,
surface 2 and 3.

4. CONCLUSIONS

1. Thus, the analytical values of the reaction of the bond R, of the working surface of the
spiral coil (18) and the reaction of the bond R, of the working surface of the guide pipe of the screw

conveyor (19) and the equations of motion of the body of crushed root crops (20) and (21) for I and
I1 were obtained cases of movement of crushed parts of root crops, is the basis for further analytical
calculations in order to substantiate and optimize the main structural and kinematic parameters and
modes of operation of the working bodies of the conveyor-shredder.

2. For a full description of the process of the screw conveyor-shredder, the
mathematical model of the dynamic process of the movement of crushed parts by the screw

conveyor (18)—(21) must be supplemented with the initial conditions: ¢(0)=¢, ; d<pd(0) =,
t

3. It should also be noted that the mathematical model (18)-(21) is adequate only under
the condition that R,> 0 and R, > 0. At the same time, in the case of R, <0 and R, <0, the

body of the crushed roots loses contact with the surfaces and equation (3) no longer describe
the process of motion (movement).
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AHAJII3 ITPOLHECY PYXY MATEPIAJIY B HTHEKOBOMY
KOHBEEPI

Biktop bapanoscbkuii'; Isan Kapn'; SIpocias Cano?;
Boraan Bepexenko’; lerpo Mapymaxk!

YTepuoninocoxuii nayionanvruii mexniunuil ynieepcumem
imeni lsana Ilymos, Tepuonine, Ykpaina
2JIveiscoka ¢hinis Jlepacasnoi naykosoi yemanosu « Ykpaincoxuil
HAYK080-00CHIOHULL IHCIMUMYM NPOSHO3Y8AHHS MA 8UNPOOYEBAHHS MEXHIKU
ma mexHon02itl 01 CLIbCbKO2OCN00APCbKO20 BUPOOHUYMBA
imeni Jleonioa Ilocopinozco», Maecepis, Yxpaina

Pesztome. I[llnexosi KoHeeepu, AK YHIBEPCANbHUU MPAHCHOPMHUU 34CiO 3ACMOCO8YIOMbCA 04
nepemiujentsi, nOOPiOHen s, 3MIULYBAHHS, O03V8AHHS PISHUX Mamepianie, Yy momy 4ucii i npooyKmis azpapHozo
BUPOOHUYMBA — 3ePHA, KOPeHeno0is, KopmMosux cymiwel mowo. Iliosuwenna mexuonociynoi egpexkmugnocmi ix
BUKOPUCMAHHA 00CAAEMBCA  WINAXOM KOHCMPYKMUBHO20 VOOCKOHANEHHS mda Onmumizayii payioHanbHux
napamempis i peoicumie pobomu, WO € AKMYAaIbHOK HAYK0Gow npobaemor. I[llnexosuti mpancnopmep-
noOpiOHI06AY Peani308aHO HA OCHOBL NOEOHAHHS MPAHCHOPMHO20 WHEKA MAd 6CHAHOBICHUX DI3AIbHUX HOJICIG-
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Viktor Baranovsky, Ivan Karp, Yaroslav Salo, Bohdan Berezhenko, Petro Marushchak

noOpibHI08auie Ha HaAnNpAMHIL mpy0i wHekoso2o KoHeecpd. Mema pobomu — poswupenus @GYHKYIOHATLHUX
CNPOMOICHOCEL UWHEKOBUX KOHBEEPIG 34 PAXYHOK NOEOHAHHS CYMINCHUX MEXHOI0IYHUX onepayiti noopiOHeHHA
ma nepemiujenHs KopeHenniooie y 00HYy onepayiio WiAxom po3pobieHHs KoMOiHO8aH020 pob60o4o20 opeand.
3asoanms docniddcents — po3pobNIeHHS MAMEMAMUYHOL MOOE, KA ONUCYE KIHEMAMUYHO-OUHAMINHI npoyecu
PYXY NOMOKY NOOPiOHEHUX KOPeHenI00i8 NO CRIPATLHOMY GUIMKY WHEKA 8306824 0Cb0BOT NiNii 1020 0bepmanns. Y
YbOMY ACNeKmi pO32IHYMO 084 8UNAOKU NepeMilyerHs Mild NOOPIOHEHUX KOPEHeNnn00ie8 pooouumMu OpeaHamu
WIHEK08020 MPAHCNOPMEPa-noopioHI0eaua: mino NOOPIOHEHUX KOPEHenn00i8 PyXaemvcsi no pobouill NOGepXHI
CNIPATLHO20 8UMKA Oe3 KOHMAKNY 3 BHYMPIWUHbLOI0 NogepxHelo HanpamHoi mpyou — I eunadok, mino noopioHenux
KOpPEHennoodie pyxacmvcs OOHOYACHO NO pOOOYIU NOBEPXHI CRIPANIbHO20 GUMKA MA BHYMPIWHIU NO8EPXHI
Hanpamnoi mpyou — I eunadok. Ompumani aHanimuyHi 3Ha4eHHs peakyii 8’131 pobouoi noeepxHi CRipaIbLHO20
8uUmMKa ma peaxyii 8’a3i pobouoi noeepxHi HANPAMHOI MpPYOU WHEKOB020 KOHBEEpA ma DIGHAHHA pYXy mind
noopibneHux Kopeneniooie oasa I ma Il eunaokis nepemiugerts noOpibHeHUX 4ACMUH KOPeHeNn100i6 € 0CHO8010 OIS
nOOANBLUIOZO NPOBEOEHHS AHATIMUYHUX PO3PAXYHKIE 3 MEmoi O0OSPYHMYSAHHA Ma ONMUMI3ayii OCHOGHUX
KOHCMPYKMUBHO-KIHEMAMUYHUX — napamempie i pexcumie pobomu podouux opeaHie mpaHcnopmepa-
noopibuosaua.

Kniouogi cnosa: xopenennoou, winexosuii KOHEEEP, 8UMOK, MOOeNb, nepemiujeHHs, napamempu, cuid,
Kymo8a weuoKicmb, piHAHH PYXY, OOUHUYHA HOPMATL, 6EKMOP.
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