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Based on the principle that the potential energy of the system is equal to the external work expended
during the trimming of sugar beet roots with a passive flat knife, the study substantiates the possibility of
reducing the load on the working body by rationally selecting the knife installation angle relative to the axis
of motion of the top-trimming unit. It has been established that changing this angle directly affects the cutting
force and the length of the knife travel path in the root crown zone. Therefore, a properly selected blade angle
makes it possible not only to reduce the force acting on the knife, but also to improve the quality of top removal
by increasing the cutting path and ensuring more stable interaction between the blade and the root surface.

Before performing the technological process of sugar beet top trimming, it is advisable to analyze the
geometric parameters of the roots, primarily the average crown diameter, since this parameter determines the
initial conditions for calculating the cutting force. By setting the blade thickness of the trimming device and
using the established analytical dependence, the required force applied to the blade can be determined. Taking
into account the strength limit of the blade material, the recommended operating speed of the unit is then
calculated. At the same time, speeds that may cause resonance phenomena in the trimming device must be
excluded from the acceptable range.

Knowing the cutting force and the knife angle, the natural frequency of the device is determined using
the proposed relationship. Further analysis of the obtained results makes it possible to identify the travel
speeds at which resonance may occur. These speeds should be avoided during operation, as they can increase
dynamic loads, reduce trimming quality, and accelerate wear of the working body. Thus, the proposed
approach provides a consistent procedure for selecting the geometric and kinematic parameters of a passive
flat knife, ensuring lower cutting resistance, improved top-trimming quality, and more reliable operation of
the sugar beet harvesting unit.

Keywords: root crops, harvesting, tops, cutting tops, cleaning heads from residues, pre-cleaning
device, mathematical model, cutting force, static displacement, structural and kinematic parameters, quality
of root crop cleaning.

Eq. 25. Fig. 16. Ref. 7.

1. Problem formulation

The design configurations of machines for beet top removal differ significantly depending on the
harvesting technology used, the agronomic requirements for the quality of top removal, the physical and
mechanical properties of sugar beet roots, and the number of rows harvested simultaneously. In modern sugar
beet harvesting, the process of removing the leaf mass and cleaning the root crop heads is one of the key
operations that directly affects the quality of the harvested product, the amount of root losses, the level of
damage to root crops, and the further efficiency of storage and processing.

Beet top removing mechanisms, after cutting the tops from the root crop heads, transfer the removed
plant mass from the row zone into the inter-row space, onto the harvested field surface, or into a transport
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vehicle. In all cases, the main requirement is to remove the tops beyond the operating area of the digging
working bodies of root harvesting machines, since the presence of cut tops in the digging zone can impair the
technological process, increase clogging, and reduce the stability of machine operation. Structurally, beet top
removing mechanisms may be integrated into specialized top-harvesting machines, mounted on beet
harvesters, designed as separate units such as top cutters or root head cleaners, or combined with the digging
units of root harvesting machines.

Top-cutting devices are primarily intended to remove the main mass of beet tops, while root crop head
cleaners perform the additional operation of removing residual petioles and plant residues from the root head
surface. However, despite the variety of existing technical solutions, the problem of achieving high-quality top
removal without excessive cutting of the root crown remains insufficiently resolved. If the cutting device is
set too high, part of the tops remains on the root head, which worsens the quality of raw material preparation.
If the cutting height is too low, valuable root mass is lost, and the root crop may be mechanically damaged.
Both situations are undesirable from the standpoint of harvesting efficiency and economic performance.

Another important problem is the uneven position of sugar beet roots in the soil. Root crops differ in
crown diameter, height above the soil surface, inclination angle, and resistance to cutting. These variations
complicate the interaction between the working body and the root head, especially when passive cutting
elements are used. As a result, the cutting force, dynamic load on the knife, vibration level, and stability of the
trimming process may change considerably during operation. This creates the need for a more precise
substantiation of the geometric and kinematic parameters of top-removing devices.

Therefore, the improvement of beet top removal machines should be based not only on general design
modernization, but also on a deeper analysis of the interaction between the cutting element and the root crop
head. Particular attention should be paid to the knife installation angle, blade thickness, cutting path, unit travel
speed, and possible resonance conditions of the working body. A rational combination of these parameters can
reduce cutting resistance, decrease dynamic loads, improve the completeness of top removal, and minimize
root crop damage.

Thus, the development and substantiation of efficient working bodies for sugar beet top removal
remains a relevant scientific and practical task. Its solution will contribute to improving the technological
reliability of harvesting machines, reducing crop losses, increasing the quality of root crop cleaning, and
ensuring more stable operation of sugar beet harvesting units under variable field conditions .

2. Analysis of recent research and publications

The analysis of literary sources has shown that most beet top harvesting machines operate at a
technological speed of 5-6 km/h and remove beet tops using two or more top-removing mechanisms of
different designs. [1, 2] When the operating speed exceeds the recommended limits, the beet top cutting process
deteriorates significantly. At the same time, operation at reduced speeds decreases the productivity of
harvesting units, which leads to an increase in the duration of sugar beet harvesting. One possible solution to
this problem is the use of multifunctional cutting devices that combine mechanisms of different designs and
beet top removal schemes. Initially, the beet tops are cut using disc knives at a fixed height [3, 4]. This ensures
that the root crop heads are not damaged. The tops cut in this manner can be used as animal feed (green fodder,
silage), since they do not contain soil impurities. At the second stage, the removal of the remaining beet tops
is advisable to perform using a passive floating cleaning knife, the feelers of which ensure the technological
accuracy of beet top trimming [5, 6]

Root crops are considered properly trimmed when the cutting plane passes through the crown zone or
the dormant bud zone. In other cases, namely when the cutting plane during additional trimming deviates above
or below the permissible cutting limit, the root crops are considered over-trimmed or under-trimmed, which
does not comply with agronomic requirements.

3. The purpose of the article

The purpose of the article is to improve the efficiency of the sugar beet top cutting process by
substantiating the geometric parameters of the cutting device under conditions of ensuring the required strength
of its working elements. The study is aimed at determining the rational parameters of a passive flat knife, in
particular the blade thickness, installation angle, cutting path, and operating speed of the top-trimming unit,
taking into account the force interaction between the knife and the sugar beet root head. Special attention is
paid to reducing the cutting force, preventing excessive dynamic loads, and avoiding resonant operating modes
that may negatively affect the reliability of the device and the quality of top removal. The proposed approach
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makes it possible to coordinate the geometric and kinematic parameters of the cutting mechanism with the
strength properties of the blade material and the average geometric characteristics of sugar beet roots.

4. Results and discussion

Let us investigate, based on the energy approach, the process of additional trimming of sugar beet tops
from root crop heads using passive knives operating after the passage of disc knives that cut the tops at a fixed
height. The force parameters of the passive cleaning knife will be substantiated.

The force that must be applied to the passive cleaning knife to ensure additional trimming will be
determined from the condition of equality between the potential deformation energy of the sugar beet top
cutting process and the external work performed by the knife blade.

wW=A 1)
The potential deformation energy of cutting, which is required for the destruction of the sugar beet
root crop layer in the crown zone (Fig. 1):
W 2.V mw-t?-R%.§
26 2G 2)
where T — ultimate shear stresses of the sugar beet root crop in the crown zone (dormant buds);
G — shear modulus of elasticity of the sugar beet root crop in the crown zone (dormant buds); V' — volume of
the cut layer of the sugar beet root crop in the crown zone
V=m-R?>-6 (3)
where 6 — thickness of the blade of the pre-cleaning knife; R — radius of the head of the sugar beet root
crop in the crown or dormant buds area.

The external work performed by the blade of the pre-cleaning knife when trimming the heads of
beetroots can be determined by analyzing the cutting process depending on the position of the knife (Fig. 1).

Elementary work of the knife for trimming the tops of root crops (Fig. 1, a)

1
dA = EdF ~dh )

where dF —elementary force applied to the knife, dF = 2 R - sin¢ - T - §; dh — elementary movement
of the knife along the sugar beet root crop in the crown zone (or dormant buds), dh = R - d¢.
Dependence (4) will take the form dA = R? - § - 7 - sin¢ d¢. Accordingly, the total work that needs
to be spent on trimming the heads of sugar beet roots is,
s

A=2f2R2-5-r-sin¢ dp =2R%*>- 61 ®)
0
Using the condition of equality of potential energy and external work spent on trimming
m-12-R%.§
2G

we will obtain a dependence for determining the shear stress necessary for performing the process of
trimming the tip

=2R*-§-1 (6)

T=4-G/n ()
You can ensure high-quality trimming of root crop heads by applying maximum force to the trimming
knife.
4.-G-dep- 96
1 “ch 7 (8)
3 max

where d;, -— diameter of the cut of the root crop heads in the crown zone (dormant eyes).

Based on considerations of reducing dynamic loads on the pre-cleaner knife and smooth cutting, the
knife should be installed inclined, i.e. at an angle « to the axis of movement of the unit (Fig. 1, b). For both
cases of knife installation (Fig. 1, a, b), the work spent on cutting the tops from the heads of root crops should
be the same, i.e.

1 =1 . 2. =_f2 =F, -
EF]_ * 2 * 0C1 - ZFZ 2 OCZ or F1 cosa or FZ Fl cosa (9)

When the knife is installed at an angle a to the axis of movement of the unit, the cutting force
decreases, but the path of the knife blade along the heads of beet roots increases, which ensures high-quality
trimming of the top.
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Fig. 1. Scheme of trimming the top of sugar beet roots depending on the position of the knife: a — root
head; b — pre-cleaning knife

The range of changes in cutting force depending on the thickness of the pre-cleaning knife blade and
the diameters of the root crop heads in the crown or dormant buds area is shown in Fig. 2.
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Fig. 2. Dependence of the cutting force on the blade thickness of the topping-cleaning knife and the
diameters of root crop heads in the crown zone (dormant buds) at ¢ = 5,5 MPa; § = 0,05...0,2 mm;
d,, =50...110 mm

The device for topping sugar beet haulm is made of a steel strip with a rectangular cross-section bxh.
The design of the device is a spatial rod frame rigidly fixed by one end to the frame of the haulm-harvesting
unit. The lower part of the device is a passive knife made by bending. The knife is installed at an inclination
angle « to the direction of movement of the arperate. A haulm cutting force F,, directed opposite to the
movement direction of the harvesting unit, is applied to the knife. Structurally, it is possible to change the knife
inclination angle relative to the initial flat (horizontal) position by the angle « (Fig. 3, a). The maximum force
of cutting the heads of root crops F,,,, Will occur at the horizontal position of the knife, « = 0; at @ > 0 the
cutting force of the root crop heads F > F,. Increasing the knife inclination angle o\alphaa reduces the cutting
force F,.

The analysis of the stress-strain state of the topping-cleaning device and the determination of the
recommended dimensions of the cross-sections of its elements will be carried out by schematically
representing its elements (Fig. 3, b): 1 — knife, element BC; 2 — stand, element CK; 3 bar, element KT.
Neglecting normal and shear forces, we determine the internal force factors, namely: bending and torsional
moments acting in the elements of the device during the technological process of haulm cutting. Element BC,
namely the knife, undergoes bending deformation:

ME, =0, MS, =F,-l-cosa
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We will perform a parallel transfer of the cutting force components to sections C and K of elements
CK and KT, respectively: section C, element SK (Fig. 3, ¢); section K, element KT (Fig. 3, d).

Zh
4
K \ T
3
2
F \ X
y S 7
. B
Frosa
a b
e
M =Fl F
Flcos o
c d

Fig. 3. Diagram of the topping-cleaning device and schematic representation of transferring the cutting
force to the device joints. (a) schematic representation of the action of cutting forces relative to the
movement of the azpezate; (b) schematic representation of the action of the cutting force relative to the
orientation of the device elements; (c) section C, element CK; (d) section K, element KT

The topping-cleaning device with a knife (Fig. 4) is made of a strip with dimensions hxb, considering
that h = k - b. e perform the strength calculation of individual elements of the device in dangerous sections by
determining the parameter ( b ) from the strength conditions. The schematic representation of the action of
internal force factors relative to the orientation of the cross-sections of the elements of the haulm-cutting device

is shown in Figure 5, a element BC, M5,595%; element CK, MK, ..c: MEX = F - 1 - cos a; element KT, MX cos«;
MEL =F L.

Fig. 4. Model of a pre-cleaning device with a knife

We construct diagrams of bending moments (Fig. 5, b) and torques (Fig. 5, ¢).
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Fig. 5. General structural diagram of the topping-cleaning device and diagrams of the internal force factors
acting in the device elements. (a) orientation of the cross-sections of the topping-cleaning device relative to
the coordinate axes; (b) diagrams of the bending moments acting in the device elements; (c) diagrams of the
torsional moments acting in the device elements

We perform the strength calculation of the elements of the topping-cleaning device. We determine the
parameter b, assuming that # = k - b. Calculation of the device element BC with length | (see Fig. 5 a, b, ¢)

e ==y = o2 <o (10)

z

. . . b-h? _ b3k?
where W, — axial moment of resistance of the cross section BC, W, = — =

From where
6-M; F-l.-cosa
>3 Z max —3
e e ()
Calculation of the length of the SK device element (see Fig. 5 a, b, ).

The maximum normal and tangential stresses occur at point K of the cross-section of the strut:
MK 6-M 6-F-L
Ko

Xmax __ Xmax _

O ax = WX - bg'kz - b3'k2 (12)
« _ MZE O MF O y.Fl-cosa
W T e Ak (13)
where 4, y — coefficients that depend on the ratio k = 4/b,atk = 3, 1 = 0,267,y = 0,75.
According to the third strength hypothesis, we determine the maximum design stresses and the
parameter b:
SR o o B LS B EALEMC Y
; K- (14)

S L

o= G ey oo

The calculation of the device element KT with length Il ((see Fig. 5 a, b, c) will be performed similarly
to the calculation of section CK. As a result, we obtain the relationship for the geometric parameter of the cross-
section

from where
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F 6-1-cosa v-L (16)
> —
b= [G]J( ) +4()

Using relationships (11), (15), and (16) under the condition that, F = 100 H, and the knife inclination
angle takes values @ = 0% 15°% 30° 45° 60°we perform the calculation of the geometric parameter b for
the elements of the topping-cleaning device. Graphical dependences of the parameter b on the knife inclination
angle are plotted (Fig. 6). To ensure reliable operation of the investigated device, the larger of the obtained
values of parameter b (see Fig. 6).
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Fig. 6. Dependence of parameter b on the angle of inclination of the knife a in dangerous sections of
the cutting device design: b4 - sections BC; b, - sections CK; b - sections KT; at F = 100 H;
[6] = 100 H/mm?, 1 = 250 mm; L = 210 mm; I; = 120 mm

In order to ensure the quality of the technological process, as well as to obtain kinematic and dynamic
force characteristics, we will determine the linear and angular displacements of individual sections of the
structure of the device for further cleaning of sugar beet tops.

We will perform an approximate determination of dynamic stresses by calculating static stresses by
multiplying them by the dynamic coefficient. For the considered design of the pre-treatment device, the main
parameter that must be determined is the static displacement of the section B, denoted by §,,,. The section is
subjected to a static action of an external force F. Using the superposition method, we will determine the total
linear static displacement §,,, of the section B (Fig. 7, a).

8, =0 +0, +0,/ (17)
where 62¢, 65K, 5XT _ components of static displacements of section B from displacements of

individual elements of the device (Fig. 7a, b, c).

2
k{q’s
6 5,
§
w 8
’ 54
( B
i N
k(QS
<—>1
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Fig. 7. Schematic representation of the linear displacement of section B due to deformation of the
device elements: (a) element CB; (b) element SK; (c) element KT
Taking into account the influence of the cutting force and the geometric dimensions of the device
elements, we obtain the dependence for determining the static displacement §... of the section B
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4.F.cosa-lI° 4F-I° F-.L-I*-cosa
= + + +
- E-k*-b k®-b* G-p-k-b
. 12F -1 (ll_l-cos,aj+ F-U'l _ F-L
E-k®-b* (3 2 G-p-k-b* G-p-k-b
where I, - moment of inertia of the cross-section of the device element during torsion,
Lp,=p k- b*, there f - coefficient that depends on the ratio k = h/b, atk = 3, B = 0,263.
We neglect the linear displacement of section B from bending deformations of the device elements,
since they constitute less than 5% of the total displacement.
During the execution of the technological process with the passive knife of the tip trimmer
(see Fig. 4a), the elements of the device are subjected to dynamic loads, namely: shock and vibration loads,
which increase the stress state of the elements:
O pmax — koy "0 max T kox O max — O emmax (kay + kox) (19)
where 0,4 — Maximum dynamic stresses arising from impact and vibration in the system;
Ocmmax — Maximum static stresses arising in the system from the action of a static load; k,, — dynamic

coefficient upon impact; k, , — dynamic coefficient during oscillations.
Dynamic coefficients for shocks and vibrations:

K, ~ |- e (20)
»\g-s, C (@)

where v — linear speed of the unit; w — cyclic frequency from the exciting force F, w =2 -1 - f,
there f = 1/T — excitation frequency; T — period of excitement, T = a/v, a — distance between root crop
heads in a row, then

(18)

(1?-cosa +L-1,),

2.7V
a
where w, — natural frequency of the system, wy = /9/8.,-
Therefore, the dynamic coefficient during oscillations will take the value
1
“ (2-7z-v)-F-L-(1*-cosa+L-l,)
az.g.G.ﬂ.k.b“

To ensure the operation of the device elements without destruction, it is necessary to ensure the

condition:

=

(21)

9. 1_ (22)

v2-p-k-G-b* 1
(maX: z'm.max' + 1+ S 23
o, o {\/Q.F.L-(lz-cosa+L-ll)J l_(2~7r-v)2'F'L-(IZ'COSII+L‘|1) [‘7] ( )

aZgGﬂkb4

The dangerous section of the device for trimming the tip with a passive knife is the section K of the
section CK. The maximum dynamic stresses that arise in the dangerous section are described by the

dependence
2 2 2 4
SN X PPy [ i 23 P
b* \\ k2 2k g-F-L-(I*-cosa+L-l,)

(24)

1
+ <
1_(2~7z-v)2-F-L~(I2~c050¢+L-I1) lo}

az.g.G.ﬂ.k,b“
The graph of changes in maximum dynamic stresses that occur in the dangerous section of the finishing
device, depending on the speed of movement of the unit and the cutting force, is shown in Fig. 8.
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Fig. 8. Dependence of the change in maximum dynamic stresses on the speed of movement of the unit and cutting force

To prevent resonance in the device, it is necessary to ensure that the following conditions are met:
w F Wy, Or:

2.7V | g _ g-G-B-k-b*
a 5 _\/F-L-(Iz-c03a+L-I1) (25)
The graph of the change in the frequency of forced oscillations of the device from the kinematic
parameters of the technological process of trimming the tip is shown in Fig. 9.
The graph of the frequency of natural oscillations of the knife from changes in cutting force and knife
inclination angle is shown in Figure 9.
By analyzing the obtained dependencies (Fig. 9 and 10), it is possible to select the operating modes of
the device for trimming the tip so as to prevent the appearance of resonance.
M > 9
<82
= <72 =
= <62 .
[]<52
<42 [
B <32 ]
M <22 .
M <12
Fig. 9. Change in the frequency of forced Fig. 10. Change in the natural oscillation
oscillations of the knife of the trimming device frequency of the knife of the trimming device

For the proposed knife design, a study of displacements (deflections) was performed for knife cross-
section sizes of 8 mm (Fig. 11) and 10 mm (Fig. 12). The stressed state and dangerous cross-sections were
established for knife cross-section sizes of 8 mm (Fig. 13 and Fig. 14) and 10 mm (Fig. 15 and Fig. 16).

URES () URES (mm)
8501e+00 2,608¢ +00
l 7,651e+00 . 2,4282 +00
. §801e+00 _ 2,158 +00

_ 5,951e+00 . 1,888 +00

. 5,101e+00 . 1,619 +00
I 4,250e+00 . 1,340 +00
. 3,400e+00 . 1,079 +00

. 2,550e+00 . 8,093e-01

1,700¢ +00 5,395¢-01
850Te-01 2,698e-01
1,000¢-30 1,000¢-30

Fig. 11. Deflections in knife sections with a Fig. 12. Deflections in knife sections with a cross-
cross-sectional size of 8 mm sectional size of 10 mm
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von Mises (N/mmA2 (MPa))

won Mises (Wfmm”*2 (MPa))
124,647

124,647
l 12,202 . 112,202
. 99,757 . 99,757
. 8733 . 87313
. 74,868 _ 74,868
-. 62,423 i e
. 49979 _ 49,979
_ 37534 . 37534
25,089 25,089
12,644 I 12,644
0,200 0,200
4 < —3 Yield strength: 220,584 — Yield strength: 220,5%4

Fig. 13. Stressed_ state o_f the knife with a cross- Fig. 14. Stress state in the most stressed section
sectional size of 8 mm
von Mises (NfmmA2 (MPa)) von Mises (N/mm~*2 (MPa))

52,542 52,542

l 47,299

. 42,056

| 47,299
_ 42,056
_ 36813 . 36813
_ 31,570

w 26327
| 2

1,084

_ 31,570
H 26,327
_ 21,084

_ 15,841

10,598
5,355
’ 0112

— Yield strength: 220,594
Fig. 15. Stressed state of the knife with a cross-
sectional size of 10 mm

As a result, possible options for using the developed design of the pre-cleaning knife for removing the
tip were proposed.

. 15840

10,508
5,355
0,112

— Yield strength: 220,594

Fig. 16. Stress state in the most stressed section

5. Conclusion

Based on the condition of equality of potential energy and external work spent on trimming the heads
of sugar beet roots with a passive flat knife, it was found that due to the correct choice of the angle of inclination
of the knife to the axis of movement of the top-harvesting unit, it is possible to achieve a reduction in the load
on the knife due to a decrease in the cutting force, while improving the quality of the top trimming due to an
increase in the path of the knife, i.e. the cutting path. Before starting the technological process of trimming the
tops of sugar beet, it is advisable to analyze the geometric parameters of the heads of sugar beet roots in order
to determine the average diameter of the crown. Given the thickness of the blade of the pre-cleaning device
(Fig. 5), using the dependence (Fig. 2), we will obtain the cutting force that must be applied to the knife.
Knowing the tensile strength of the material of the pre-cleaning device knife, we determine the recommended
speed of movement of the unit using the dependence (Fig. 7). From the obtained speed spectrum we exclude
the speed at which the device can experience resonant frequencies. Knowing the cutting force and the angle of
inclination of the knife, guided by the dependence (Fig. 9), we determine the frequency «, of the device's

natural oscillations. Analyzing the obtained results (Fig. 8), equating = «,, We obtain the unit's movement

speeds, which must be avoided when performing the technological process of sugar beet tip trimming.
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TEOPETUYHE JOCJI/?)KEHHSA NPOLECY JOBPI3YBAHHSA 'MYKU BYPSKIB
MNACUBHHUMHU HOXKAMU

Ha ocnosi npunyuny pisnocmi nomeHnyianbHOi eHepeii cucmemu ma 308HIUHBOL pobomu, wo
BUMPAYAEMBCS NI0 YAC 0000PI3YBAHHS 20]1080K KOPEHENN00i8 UYKPOSUX OYPAKI6 NACUBHUM HIOCKUM HONCEM,
y  pobomi O0OIPYHMOBAHO MOJCTUBICIb 3MEHUIEHHS. HABAHMAMNCEHHS HA POOOYULl OpeaH  WISIXOM
PAayionanvHo2o 6UOOpY Kyma BCMAHOBLEHHS HOJNCA GIOHOCHO OCI pYXy 2UuKO30UpAiIbHO20 azpeeanty.
Bcmanoeneno, wo smina yboco Kyma 6e3nocepeoHvO 6NAUBAE HA CULY DI3AHHA MA OO0BICUHY WLIAXY
nepemiuen s Hodca 8 30HI 201068KuU Kopeneniody. Omoice, npasuibHo nidibpanull Kym 6CmaHo8IeHHs 1e3a 0a¢
3MO2Y He TULe 3MEHWUTNUY CUTLY, WO OI€ HA HIdIC, a T NIOBUWUMU AKICb BUOANIEHHS 2UYKU 3A805IKU 30LTbUIEHHIO
wisAxy pizanusa ma 3abe3neuenHto cmadiibHIWOoL 83aEMO0IL 1e3a 3 NOBEPXHEID KOPEHEN00) .

Ileped 6uKoHaHHAM MEXHON02IUHO20 Npoyecy O0000PI3YBAHHA SUYKU UYKPOBUX OVPAKIE OOYiLIbHO
NPOAHANIZY8AMU 2eOMEMPULHT NAPAMEmMPU KOPEHEN100i8, Hacamnepeo cepeoriil diamemp 20/106KU, OCKITbKU
came yei napamemp 8U3HAYAE NOYAMKOGI YMOSBU OJisl PO3PAXYHKY CUNU Pi3aHHA. 3a 3a0aH0i moswunu ne3a
0000pIi3y8ATLHOCO NPUCMPOIO MA 3 BUKOPUCHIAHHAM GCMAHOGNCHOI AHANIMUYHOI 3ANeHCHOCHI MOJNCHA
BUSHAYUMU HEOOXIOHY CUNLY, WO NPUKIA0AEMbCsL 00 fe3a. 3 Ypaxy8aHHaMm Medici MiyHocmi mamepiany ne3a
Haoani po3paxosylomsv pPeKOMeHO08aHy pobouy weuoxicms pyxy aspeeamy. Boowouac 3i donycmumoeo
0iana3ony HeoOXIOHO BUKTIOYUMU WEUOKOCTI, 3a AKUX Y 0000PI3Y8aANbHOMY NPUCIPOT MOJCYMb GUHUKATNU
PEe30HAaHCHI A8UWYA.

3Hnarouu cuny pisanHa ma Kym 6CMAHOBNIEHHA HOXCA, 34 3aNPONOHOBAHOI0 3AJENHCHICTI0 BUSHAYAIOMb
6]1ACHY HACMOMY KOAUBAHb npucmpoio. I1odansuiuti ananiz ompumanux pesyivmamie 0ae 3mMozy 6CmaHo8umu
WBUOKOCI PYXY azpe2amy, 3a AKUX MOJMCIUGE BUHUKHEHHS pe3oHaHcy. Taxux weuokocmell o yHukamu nio
yac pobomu, OCKIIbKU BOHU MOJICYMb 30ibUlysamu OUHAMIYHI HABAHMAIICEHHS, NO2iputy8amu SKiCMb
0000pi3ysanHs ma NPUCKoOpro8amu 3HOULY8aAHHA poboyozo opeawny. Omodice, 3aNPONOHOBAHUU NIOXi0
3abe3neuye nocrioosHy npoyedypy 8UO0py 2e0MeMpUYHUX | KIHeMAMUYHUX NApamMempie nacuHO20 NI0CKO20
HOtCa, WO 0A€ 3MO2Y 3MEHWUMU ONIp Pi3aHHI0, NiOGUWUMU AKICMb 0000PI3YEaHHs 2uuKy ma 3abe3neuumu
HaOIHIuLy pobomy 0ypaKo30UpaIbHO20 azpesamy.

Knwuogi cnosa: xopenennioni Kyiemypu, 30Upants, 2UtKa, GUOANICHHS 2UYKU, O0OYUCHUL NpUCmpitl,
MAmMemMamuina Mooeib, CUNa Pi3anis, Cmamuite nepemiujerHs, KOHCMmpYKYiiHO-KiHeMamuuni napamempu,
AKICMb OYUWEHHS KOPEHEeN00I8.
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