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ABSTRACT

Vibration technology is widely used in mechanical engineering,
construction, road building and different sectors of the
manufacturing. In agriculture, it is used for dosing feed, cleaning
and sorting seeds, digging up root crops, planting potatoes, and
transporting bulk materials. Vibrations make the mechanical
system more stable in relation to external force disturbances and
do not change the technological properties of materials during its
movement along the working surfaces. Also, the material passing
through the vibration zone is not damaged. A wide range of
frequency and amplitude of vibrations provides the possibility of
vibration regime varying, and the characteristics of the movement
of agricultural plant material on the vibrating working bodies.
The analysis of possibility of application of vibrating hydraulic
drives as elements of transmission of movement to working bodies
of agricultural machines is executed. A historical excursion was
conducted and the first mentions of the use of hydraulic drives
were pointed out. The estimation of technological processes in
agricultural production where it is expedient and possible to use
vibration and vibrating drives is made. At the present stage of
development of agricultural engineering, using vibrating
hydraulic drive is accorded to the basic trends of agriculture
machinery development. The stand for conduction of studies of
amplitude-frequency characteristics of the vibrating drive with
regulated perturbations is offered. A mathematical model is
presented, which generally describes the course of the vibration
process and estimates the stiffness of the mechanical system. The
hydraulic parametric vibration exciter is recommended to use for
studying and determination the conditions for the occurrence of
parametric vibrations in working body of agricultural machines.
Also, using a hydraulic drive makes it possible to simplify the
kinematics, reduce metal consumption, increase accuracy,
reliability and level of automation of working bodies of
agricultural machines.

DOI: 10.36910/acm.vi48.778
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AHOTALIA

Biopayis wupoxo euxopucmogyemvcsi 6 MAwUHO0YOVEAHHI,
0yOieHuymel ma pisHUX 2anyssax eupooHuymeda. Y citbcbkomy
eocnooapcmai  8ibpayis  UKOPUCMOBYEMbCS  ONs1  003V8AHHS
KOpMi6, OYUWeHHs ma COPMYSAHHA  HACIHHA,  30UpaHHA
Kopenenioois, CAadiHHA Kapmonii, MpPAHCROPMYEAHHS CUNKUX
pocrunHux mamepianie. Bibpayisi pobums Mexamiuny cucmemy
Oinbwt  CMIUKOI BIOHOCHO 306HIUHIX CUNOBUX 30YPeHb 1 He
3YMOBIIOE 3MIHU MEXHONO2IYHUX GIACTMUBOCMEN Mamepianie nio
yac ix pyxy pobouumu nogepxuamu. Pocaunnuii mamepian, wo
npoxooums wepes 30Hy 8ibpayii, He nowkooddcyemocs. [Llupoxuii
0ianaszon 3MIHU Yacmomu ma amniimyou eiopayii 3abe3neuye
MODHCIUBICMb 8APTI0BAHHS BIOPAYINIHO20 pedcumy | 0cobausocmell
PYXy  CilbCbKO2OCNOOAPCbKO20 — POCIUHHO20 — Mamepiany Ha
pobouux opeaunax. Y cmammi NpOAHANI308AHO MONCIUBOCTI
3acmocyeanns  8iOpayiuHux — 2iOponpusodie  AK  eleMeHmie
nepeoayi pyxy pobouum opeanam cilbCbKO20CNOOAPChKUX MAULUH.
Taxooic nPoaHanizoeano MexHoNO02IMHI npoyecu )y GUPOOHUYME]
CITLCHKO20CN00ApPChKOi  NpoOyKYii, 0Oe OOYINbHO 1 MOJICIUBO
suxkopucmosysamu  giopayito ma  6ibpayitini  npusoou. Y
CIIbCLKO2OCNOO0APCLKOMY — MAWUHOOYOVBAHHI — GUKOPUCTNAHHS
8ibpayilinoco 2ioponpusody € 0OHUM i3 OCHOGHUX HANPAMIG 1020
PO36UMKY. 3anpoOnoHOBAHO CMEHO 0 NPOBEOeHHsT OOCAIONCEHD
aMnAIMYOHO-4aACMOMHUX XAPAKMEPUCTUK BIOpaYiiHO20 NPUBOJY
3 pezynvosanumu 30ypenHamu. Illpeocmagneno mamemMamuymy
MOOenb, SIKA 8 3a2albHOMY GU2ISA0I ONUCYE nepebie 8iopayiiinoco
npoyecy i OYiHIOE JHCOPCMKICMb Mexaniunoi cucmemu. Y cmammi
011 0OCHIONHCEHHA YMO8 GUHUKHEHH NapamMempuyHux KOJIUBAHb
pobouUx OpeaHi6 MAWUH PEKOMEHO0B8AHO BUKOPUCINOBY8AMU
2iopaeniunuli napamempuyHuil 8iopo30yoacysay. Buxopucmanns
2i0ponpusody 0036014€ CNPOCMUMU  KIHEMAMUKY, 3MeHuumu
Memanomicmricms, RiOGUUWUMY MOYHICMb, HAOJIIHICMb i pigeHb
agmomamu3zayii pobouux opeanie MauiuH.

DOI: 10.36910/acm.vi48.778

Humyeamu yro cmammio:

lanonrok, T. O., Kipuyk, P. B., & 3abponomupka, JI. IO.
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INTRODUCTION AND PROBLEM
STATEMENT

Agriculture is the most ancient sphere of
human activity. Since ancient times, on a
subconscious level, a person has used oscillations
processes in the production of food, without even
comprehending the essence of the physical
process. The appearance of water and wind drives
made it possible to mechanize technological
operations using oscillations and vibration. One of
the first references to vibrating machines is in the
scientific journal (The London Journal of Arts,
Sciences and Manufactures, and Repertory of
Patent Inventions, 1849) without careful
explanations and references to the authors. A
detailed analysis of the historical aspects of using
vibration machines is made by Lanets (2008). At
present, impulse and vibration technology is
widely used in mechanical engineering,
construction, road building and different sectors
of the manufacturing. In agriculture, it is used for
dosing feed, cleaning and sorting seeds, digging
up root crops, planting potatoes, and transporting
bulk materials. The principle of vibration is also
used in the development of sowing devices. The
main advantages of using vibration are as
following (Povidaylo, 2004; Pogorilec &
Volyansky, 2011):

- vibrations make the mechanical system
more stable in relation to external force
disturbances;

- vibrations and fluctuations do not change
the technological properties of materials during its
movement along the working surfaces;

- the material passing through the vibration
zone is not damaged:;

- a wide range of changes in the frequency
and amplitude of vibrations allows us to vary the
vibration regimes, and consequently, the
characteristics of plant material movement.

The study of the parameters of vibration
processes, their analysis and synthesis of energy
and motion transmission systems allow us more
efficient design of the working bodies of
agricultural machines based on working with
hydraulic drives.

The Goal of the Study is to analyze the
possibility of using vibration hydraulic drives in
the working bodies of agricultural machines, to
analyze and develop the stand for studying the
amplitude-frequency characteristics of a hydraulic
drive with disturbing elements.

MATERIALS AND METHODS
The study was carried out by using the
developed experimental stand. The technique for
analyzing the parameters of the vibrational
process of the hydraulic drive was based on the
methods of analytical mechanics and hydraulics.

RESULTS AND DISCUSSION

At present, the study of vibrations is very
important according to the rapid increase in the
capacity of agricultural machines and the speed of
movement of their units and mechanisms, the
reduction in relative weight, the increase in
durability and reliability, and the stability and
controllability of mechanical systems. In some
cases, the parameters of mechanical systems, such
as rigidity or mass, do not remain unchanged, but
they are functions of the time. If the equilibrium
state of such a system is disturbed, then peculiar
oscillations will be made: on the one hand, they
cannot be called free, since the system is not
autonomous and experiences this external
influence in the form of a change in the parameter,
and on the other hand, the external influence does
not manifest itself in the form of this system
strength. These fluctuations are called parametric
and, depending on the properties of the system
and the nature of the changes in parameters, they
can have limited or increasing peak values over
time. This is called parametric resonance.

Parametric oscillations can occur where the
stiffness of the system and (or) the mass of
moving elements that determine the natural
frequency of the agricultural machine system
periodically changes wo:

wo = (C/ m)°3, 1)

where C is the stiffness of the system; m is the
mass of moving elements of the system.

This indicates that parametric oscillations can
occur where the frequency of the oscillatory
system periodically changes (wo + Awo).

In the studies of Pogorilec and Volyansky
(2011), Gaponyuk (1998), Kuzmin and Gaponyuk
(1997), parametric oscillations in machines,
aggregates and other mechanisms are considered
undesirable.

In a practical sense, these studies are aimed at
determining the conditions for the occurrence of
parametric oscillations and eliminating their
harmful effects. For the purpose of practical using
in vibration machines and technologies, the
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schemes of parametric vibration exciters will be
considered.

The parametric vibration exciter shown in
Fig. 1 contains an elastic element of changeable
bending stiffness, which is made in the form of a
cantilever beam and non-circular disks. Non-
circular disks are connected to the drive shafts.
One end of the cantilever beam is rigidly attached
to the rack, and the second is connected to the
hydraulic damper. During rotation of the disks,
the length of the beam periodically changes from
the minimum to the maximum value. In this case,
the bending stiffness of the elastic beam changes,
which causes its parametric bending vibrations
and, consequently, vibrations of the object fixed at
the end of the beam. The device disadvantage is a
narrowly limited range of disturbing frequencies
and a decrease in operating efficiency due to the
violation of parasitic oscillations.

F /17?)‘

Fig. 1 — Parametric vibration exciter (a) with an
elastic element of variable bending stiffness (b):
1 — base; 2 — hydraulic damper; 3 — rack;

4 — cantilever beam; 5, 6 — drive shaft;

7 — non-circular disks; 8 — beam

The parametric vibration exciter shown in
Fig. 2 contains a base and working unit, which is
mounted on elastic support elements. The
vibration exciter is made in the form of three
coaxial shafts. The two extreme shafts are
installed on platforms equipped with lifting
mechanisms. Elastic elements are fixed on shafts

and connected by means of coupling halves with
shaft mounted on the working unit. Between the
base and working unit buffer elements and the gap
adjustment mechanism are located. The shaft
rotation is made by the engine through the clutch.
Due to the different stiffness of the elastic
elements in compression and bending, during
shaft rotation the stiffness of the vibration device
system periodically changes in the vertical
direction. For one revolution of the shafts, the
change in stiffness occurs twice. When certain
frequency ratios are met, in particular, when the
frequency of stiffness pulsations is twice the
natural frequency of the system, the parametric
oscillations of the working unit are disturbed.
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Fig. 2 — Parametric vibration exciter

with elastic support elements (a)

and elastic support elements (b):
1 — base; 2 — working unit; 3 — elastic support
elements; 4, 5 — coaxial shafts; 6 — platforms;
7 — lifting mechanisms; 8 — elastic elements;

9 — coupling halves; 10 — buffer elements;
11 — gap adjustment mechanism; 12 — engine;
13 —clutch

The parametric vibration exciter shown in
Fig. 3 contains two levers, the arms of which are
located at an angle, and the central hinges are
connected to the base. The elastic element of
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exciter can bend. The device has a pin with
multidirectional threads. The pin is placed along
the axis of the table and is connected to the elastic
element and the crossbar.

Depending on the required perturbation
frequency, the corresponding initial longitudinal
force is set by rotating the pin, which acts on the
elastic element, that determines the frequency of
its oscillations. When the drive rotation of the
thrust is turned on, the two-arm lever moves. The
different direction of movement of the levers is
provided by the thrust. With such a movement of
the two-arm levers, a periodic change in the stress
state of the elastic element occurs, which leads to
the parametric oscillations of the table. The
disadvantages of such parametric vibration
exciters include low efficiency due to the
complexity of the design and the impossibility of
regulating the system during operation.
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Fig. 3 — Parametric vibration exciter with
adjustable parameters:
1 —base; 2, 3—arms; 4 — central hinge;
5 — elastic element; 6 — table; 7 — drive; 8 — pin;
9 — crosshar; 10, 11 — thrusts

During operation of the parametric vibration
exciter, which is shown in Fig. 4, its efficiency
can be expanded by providing the ability to
regulate the elastic system. The vibration exciter
consists of a base, vibration table and elastic
system consisting of longitudinal bending elastic
elements. The mechanism for adjusting the elastic
system and the drive are made in the form of an
electromagnet. The unit of the electromagnet is
fixed in the middle part of the elastic element, and
the anchor is fixed on the middle part of the
opposite elastic element in such a way that the

longitudinal axis of the electromagnet is
perpendicular to the direction of movement of the
vibration table. The elastic elements are made in
the form of plates, which are pivotally based with
the displacement of the centers of hinges relative
to the average plane of the plates. The vibration
exciter is equipped with additional elastic
elements, the characteristics of which are
adjustable. Element for testing is installed on the
vibration table, the mass of which causes
longitudinal deformation of the elastic elements.
At the same time, their middle parts move towards
each other. The oscillations of the system are
supplied with an alternating voltage supply to the
coil. The magnitude of the amplitude of voltage
fluctuations  determines the amplitude of
vibrations of the vibration table. By supplying
voltage to the electromagnet, it is possible to
adjust the deflection of the elastic elements.

9
1 2
i
77777772, z@ 2
/ E
5\ /
y \
Ny |
\N<
/t ™6
a5
3 4 ‘I
Hgh- 7 i
AN NSNS

Fig. 4 — Parametric vibration exciter with
adjustable elastic system:
1 — base; 2 — vibration table; 3, 4 — elastic
elements; 5 — unit of the electromagnet;
6 — anchor; 7 — hinges; 8 — additional elastic
elements; 9 — element for testing

The hydraulic parametric vibration exciter is
shown in Fig. 5. Between the fixed unit and the
working movable element, four elastic support
elements, which are elastic high-pressure hoses
pre-compressed to an elliptical shape, are clamped
and connected by means of hydraulic lines to the
cavities of hydraulic cylinders. Plungers are also
installed.  Conventionally, to simplify the
description of the parametric vibration exciter,
hydraulic cylinders with plungers, a profiled cam

11
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and parts of hydraulic lines can be combined into
one concept as an oscillation generator. And the
elastic support elements of the movable working
element and the fixed unit can be combined into
one concept as the actuator (working element).

/)

1 8

Fig. 5 — Hydraulic parametric vibration exciter:
1 —fixed unit; 2 — working movable element;
3 — elastic support elements; 4 — hydraulic lines;
5 — hydraulic cylinders; 6 — plungers;

7 — profiled cam; 8 — oscillation generator

Total stiffness Cs of executive mechanism is
determined by the equation:

C:=Cu+Cp+Cs+Cp, (2

where C,, is self-stiffness of the hose under
pressure po = 0; Cpo is stiffness depends on
pressure po; Cs is additional stiffness associated
with an increase in the average pressure in the
hoses; C, is stiffness of the «hydraulic spring» of
mechanism.

It can be seen from equation (2) that the total
stiffness of the system depends on several
parameters, but the most important is the average
pressure, which can be easily changed according
to any law, including the harmonic one with
frequency 6.

When the profiled cam rotates (Fig. 5), the
plungers push the working fluid out of the cavity
of the hydraulic cylinders and supply it through
the hydraulic lines to the elastic support elements.
In this case, the average fluid pressure increases
from the minimum to the maximum value in the
elastic elements. This changes the stiffness of the
elastic support elements in the vertical direction.
For one revolution of the profiled cam, the change
in stiffness occurs twice. When certain frequency

ratios are met, in particular, when the frequency of
the liquid pulsation is twice the natural frequency
of the system, there is a violation of the
parametric oscillations of the working body.

The mathematical model of the parametric
vibration exciter will correspond to the Mathieu
equation with dissipative term (Gaponyuk, 1998):

X (t)+2eX (t)+of (L—2u-cos(6t))X (t)=0, (3)

where X is coordinate along the X axis; ¢ is
damping coefficient; u is perturbation coefficient;
tis time.

The perturbation coefficient is determined by
the equation (Kuzmin & Gaponyuk, 1997):

LEW,
CZ

NG

p= : (4)

=

where L is hose tightening length; E is total
modulus of elasticity; Wi is volume of fluid
supplied by the pulsator; Wy is volume of the
working cavity of the actuator (working body).

At certain ratios between the frequency wq of
free (natural) oscillations of the movable working
body and the frequency of pulsation @, the form of
equilibrium turns out to be unstable and
oscillations of the movable working body arise
with a sharply increasing amplitude.

Equation (3) has an increasing solution only
for sufficiently large values of the parameter u.
So, for the zone of resistance, the equation is as

following:
2
0=2aw, ’1+ ’,uz—(éj : ()
v

where A is self-oscillation damping decrement.
The self-oscillation damping decrement is
determined by the equation:

Azzﬁ. (6)
@y

It follows from the equation (5) that
instability is possible only under the condition for
the perturbation coefficient:

A
u>pr=—. (7)
T
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The uncontrollability of the characteristics of
the frequency and amplitude of the pulsations are
the disadvantage of parametric vibration exciter.
This shortcoming can be easily eliminated if the
hydraulic parametric vibration destroyer is
converted according to the scheme, which is
shown in Fig. 6.

The parametric vibration exciter includes
adjustable pump, adjustable hydraulic motor and
oscillation generators. Oscillation generators are
connected with an adjustable clutch, and are also
connected by hydraulic lines with the actuator on
the hoses.

Theoretically, a hydraulic drive using an
adjustable pump and hydraulic motor has an
unlimited range of output speeds of the hydraulic
motor (Bashta, 1974), and hence the pulsation
frequencies of oscillation generators. An infinitely
small pulsation frequency corresponds to an
infinitely small working volume of the pump at
the maximum working volume. And an infinitely
large pulsation frequency corresponds to an
infinitely small working volume of the hydraulic
motor at the maximum value of the working
volume of the pump. To adjust the amplitude of
the pulsating volume, the adjustable clutch is
used.

CONCLUSIONS
The parametric vibration exciter has
advantages such as: the simplicity of the design,
the relatively simple adjustment of the frequency

7

i

/

and amplitude of vibrations during the operation
of the vibration exciter, the absence of friction
pairs, low sensitivity to distortions, the high
quality of the vibrations of the system. So, it
makes possible to use the parametric vibration
exciter to study and determine the conditions for
the occurrence of parametric vibrations in units
and other working body of agricultural machines.

The hydraulic drive is an effective means of
transmitting movement to the working bodies of
agricultural machines. Using a hydraulic drive
makes it possible to simplify the kinematics,
reduce metal consumption, increase their
accuracy, reliability and level of automation. With
the help of a hydraulic drive, translational, rotary
and rotating movements of the executive bodies
are carried out.

Agricultural engineering is one of the
consumers of hydraulic systems. The hydraulic is
one of the main trend in the development of
agricultural  machines, which supports in
increasing the number of working bodies,
ensuring the movement of working bodies in
relation to the machine and the machine itself in
relation to the power source with which it is
aggregated, automating technological operations
to increase productivity and improve working
conditions.

The active use of the hydraulic drive in
agriculture is determined by its well-known
advantages, which, however, can only be realized
with proper design and operation.
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Fig. 6 — Hydraulic parametric vibration exciter with parameter adjustment system:
1 — adjustable pump; 2 — adjustable hydraulic motor; 3, 4 — oscillation generators;
5 — adjustable clutch; 6 — hydraulic lines; 7 — profiled cam
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ABSTRACT

To generate various forms of energy, the plant biomass can be
burned directly or after its conversion into carbonized solid fuel,
liquid fuel, or gaseous fuel. The yield of plant, which is used as
biomass sources, need to be achievable with minimal energy
inputs for plant cultivation, planting, harvesting and transporting.
Using biomass in original form is very complicated, because of
high moisture content, irregular shape and sizes, and low bulk
density. Therefore, before removal from the field the biomass
densification into bales is conducted. Unfavorable conditions for
flax growing, harvesting and dew-retting are the reason for the
low-quality flax biomass production. This biomass cannot be
processed for fiber or other purposes. Therefore, flax straws are
burned in the fields or are used as fertilizer by plowing into the
soil, which are not good solutions for the environment and
subsequent cultivation operations. The limit values of quality
properties of flax stem, flax straw and retted straw for their
processing are summarized, which can be used to determine the
suitability of flax straw biomass for processing or burning. Low-
quality flax biomass is inexpensive, ecofriendly and renewable, it
can be used as solid fuel for heating greenhouses or buildings
located near the field where the flax is grown. Various techniques
of fibre flax and oilseed flax harvesting are presented in the
article. The technique of low-quality flax harvesting is
recommended, which include flax pulling out or flax cutting, flax
threshing, flax straw windrow forming, flax straw natural drying
on the field in natural way, flax bale forming, flax bale
transporting, flax bale burning. This harvesting technology can be
used for low-quality fibre flax and oilseed flax. Flax straw
biomass can be baled into three bale types: small rectangular
bales, big round bales, and big square bales The main
requirements for fuel flax biomass bales are recommended. The
boiler for burning flax straw bales must be chosen taking into
account the shape and size of the bales. For the efficient operation
of boilers, it is necessary to take into account the recommended
values of bale bulk density and moisture content of flax biomass.
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AHOTAILIA

Hecnpuamausi ymosu 0151 6upowsyeanus 1boHy, tio2o 30upanus ma
BUNEIICYBAHHA € NPUHUHOI OMPUMAHHA HU3bKOSKICHOI Olomacu
abony. L biomaca He mooce 6ymu nepepodiena Ha 80JIOKHO YU
iHwi yini. ToMy HU3LKOAKICHY TbOHOCOIOMY CHANIOIOMb HA NOJAX
abo BUKOPUCMOBYIOMb K 000PUBO WISIXOM 3A0PIOGAHHSL 8 IPYHMI,
WO 3YMOBIIOE He2aMUBHULL BNIUE HA HABKOJIUUHE cepedosuule ma
VCKAAOHIOE NPOBEOeHHA NOOANbUUX MEXHON02IUHUX onepayil 3
Ipynmom. Y cmammi npedcmasneni epanuymi 3HAueHHs AKICHUX
NOKA3HUKIE cmebell TbOHY, TbOHOCOIOMU Ma JIAHOI mpecmu, 3a
SAKUX 6OHU NPUOAMHI Ol NPOMUCTI08020 nepepodiienHs abo
ompumana iiaHa biomaca npuoamua auuie Oasi GUKOPUCIAHHA Y
suenadi namuea. Husvkosaxicna anana Oiomaca € HeO0po2oio,
€KOJI02IYHOI0 MaA  BIOHOBIIOBAHOK CUPOBUHOIO, SKY MOXCHA
BUKOPUCMOBYBAMU SIK MEepoe NANUBo 0isl ONAJIeHHA Menauyb abo
0y0igenb, Wo po3maulogani nooau3y nojs, 0e SUPOUWYIOMs IbOH.
Y cmammi npedcmaeneni pisni mexunonocii 30upamnHs 1boHy-
0os2yHyss ma JboHY oaitHoco. Takooc — pexomeHnOyembes
MEeXHON02IsT 30UPanHs HU3LKOAKICHO20 TbOHY, W0 nepedbaiac
mexHono2iyHi  onepayii:  OpanHs abo  CKOULYBAHHS  JIbOHY),
00MONIOUYBaHHA  JIbOHY,  (DOPMYBAHHS — BAJIKA  JILOHOCOIOMU,
NPUPOOHE CYWIIHHA NbOHOCOIOMU HA NOJi, OPMYBAHHA MIOKI8
JIbOHOCOIOMU, MPAHCNOPMYBAHHS ~ MIOKI8  JbOHOCOTIOMU,
CRANOB8AHHS. MIOKI8 AbOHOCONOMU. L{i0 mexHonoeio 30upanus
MOJHCHA ~ BUKOPUCMOBY8AMU O  JIbOHY-0062VHUA MdA  JbOHY
O7IIHO20, WO MaAomMb HU3LKY saKicmbs. Jluawy 6iomacy MmoorcHa
cnpecogygamu y mpu munu mroKie: Mani NpAMOKYMHI MIOKU,
8eNUKi Kpyeni mioKu (PYIOHU) ma 6enuxi Keaopamwui mioku. Y
cmammi peKoMeHO08aHI OCHOBHI 8UMO2U 00 NATUBHUX MIOKI6
asiHoL Oiomacu. Y cmammi maxodc 3a3HaveHo, wo Komen O
CRAIOBAHHS JILOHOCONIOMU HEOOXIOHO 8UOUpamu 3 ypaxy8aHHIM
Gdopmu i pozmipy miokie. Jna eghexmusnoi pobomu Komiie
HEOOXIOHO 8paAxX08y8amMu PEKOMEHO0BAHI 3HAYEHHS WITbHOCHI
MIOKi6 i 0j1020cmi IAHOI biomacu.
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INTRODUCTION AND PROBLEM

STATEMENT
Human energy consumption can be broadly
grouped under three headings: heat, grid

electricity, and transportation fuels (Gomez et al.,
2008). Plant biomass, which is inexpensive,
ecofriendly and renewable, can be converted to
various forms of energy through numerous
thermochemical conversion processes, depending
upon the type of energy desired (Tushar et al.,
2010). Using biomass materials in their original
form, in particular transport, store, and utilize, is
very complicated, because of high moisture
content, irregular shape and sizes, and low bulk
density (Kaliyan & Vance Morey, 2009).
Therefore, before removal from the field the
biomass densification into bales is conducted.

Using biomass reduces the consumption of
fossil fuels and limits the emission of CO,, SOy,
NOx and heavy metals (Naik et al., 2010). To
generate energy, the plant biomass can be burned
directly or after its conversion into carbonized
solid fuel (biochar), liquid fuel (bioethanol,
biodiesel, bio-oil), or gaseous fuel (biogas)
(loelovich, 2015). Pyrolysis is one of the most
promising  thermo-chemical process, which
converts biomass to liquid, gaseous and solid
fractions under an oxygen absence condition
(Zhao et al., 2011).

Plant biomass in the form of wood and fibers
are utilized as raw materials for burning for
energy and considered as an important renewable
source of biofuels (Demura & Ye, 2010). For
example, co-products, which are obtained during
hemp processing, content cellulose and
hemicellulose and can be profitably processed for
producing 2nd generation bioethanol, which is
used to produce energy for the industrial (Zatta et
al., 2010). Also, for different crops, straw
briquetting is an effective way of utilization of
straw  resources, because after  biomass
compressing its density is increased to about
1000-1200 kg/m?, and its volume is reduced by
8-10 times (Chen et al., 2022). The following
types of fuel briquettes are produced: rectangular
bricks with a dimensions of 65x95x150 mm;
round cylindrical briquettes with a diameter of
60-90 mm and length of 50-300 mm,; polyhedron
briquettes (Pini-Kay) with a hole in the center and
dimensions 50-80x200-300 mm (Pavlov, 2020).
Calorific value of biomass from different plant is
as following: wheat straw 20.3+0.2 MJ/kg, barley
straw 15.74+0.3 MJ/kg, flax straw 17.0+0.2 MJ/kg,

timothy grass 16.7+£0.3 MJ/kg, pinewood 19.6+0.2
MJ/kg (Naik et al., 2010).

Plant biomass contains lignocellulose, which
forms the structural framework of plants
consisting of cellulose, hemicellulose and lignin,
and which is broken down and hydrolyzed into
simple  fermentable sugars, which upon
fermentation form biofuels such as ethanol
(Chaturvedi & Verma, 2013). The sources of
biomass for biofuels need to be produced in a
sustainable way and before the potential biomass
production in a particular region it is important to
identify the degree of climatic adaptation by most
suitable plant species for this purpose (Kerckhoffs
& Renquist, 2013). The yields of crops, which are
used as biomass sources, need to be achievable
with minimal energy inputs for crop cultivation,
planting, nutrient production and application,
harvesting and transporting (Henry, 2010). Also,
it is necessary to consider that food crops rich in
starch and sugar, which is basically used for
biofuel production, can cause an imbalance in the
food and feed supply chain (Ning et al., 2021).

Biofuels are classified as primary, which are
used in an unprocessed form mainly for heating,
cooking (wood chips and pellets, fuelwood), and
secondary, which are produced by processing of
biomass (ethanol biodiesel etc.) and classified as
first, second, and third generation biofuels
depending on the kind of raw material used and
the technology employed for their production
(Chakraborty et al., 2012).

There are two types of flax, oilseed flax
(linseed) and fibre flax, which are different in
their  botany, morphogenesis, environment
requirements, and techniques of cultivation and
harvesting (Anthony, 2005; Heller et al., 2015).
Fibre flax is mainly cultivated for its fiber (Omer
et al., 2020). The oilseed flax is predominantly the
source of valuable oil, which is contained in seeds
and is the source of omega-3 fatty acids (Zuk et
al., 2015). Also, seeds are a source of protein,
soluble polysaccharides, phenolic acids and
flavonoids and other biologically active
components (Vinogradov et al., 2012). Oilseed
flax stems make up a considerable part of the
oilseed flax biomass, that are considered a by-
product of no value (Sankari, 2000). But, oilseed
flax stems are rich in high potential fibers (Bar,
2022), which is shorter in length than long line
fiber from fibre flax. In general, oilseed flax
straws are buried in the fields or burnt, which are
not good solutions for the environment and from
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an economical point of view (Khan et al., 2021).
The tough stem fibers in flax straw decay slowly,
creating a difficult condition for farming, as a
result, farmers traditionally burn flax straw after
raking it into piles (Harry et al., 2014). Smoke
from flax straw fires may obscure public
roadways and compromise the health of
neighboring residents (Chen et al., 2005). Burning
flax straw biomass residue also has agronomic
disadvantages including loss of 98 to 100% of
nitrogen (N), 70 to 90% of sulfur (S), and 20 to
40% of phosphorus (P) and potassium (K) (Heard
et al., 2006).

The entire flax yield can be used to produce
various types of fuel. Flax seeds are a raw
material for the production of biodiesel, which can
be used as one of the alternative fuel in diesel
engines (Asokan et al., 2021). Flax biomass,
which is cheap and available raw material, can
also be used as fuel. Flax straw biomass contains
cellulose  (27.4wt%) and  hemicellulose
(24.8 wt%) and lignin (21.2 wt%) (Mukhambet et
al., 2022). During the extraction of flax fibers, a
by-product, flax shives, is obtained, which is a
lignified part of the flax stem and which has a
calorific value of 17.25 kJ/g (Lugovoy et al.,
2021). Flax shives are used for burning in burners
or for producing fuel pellets and briquettes
(Rentsen, 2010), which have a calorific value of
18 MJ/kg (Komlajeva & Adamovics, 2012). In
addition, liquid bio-fuel can be produced using
flax shives (Mohabeer et al., 2019), in particular
the second generation ethanol can be produced
(Gonzdlez-Garcia et al., 2009).

In case of unfavorable weather conditions
during the cultivation and harvesting of flax, the
morphological characteristics and properties of
the flax stalks may not be acceptable for the
extraction of fiber. Therefore, according an
economic point of view, it is better to use low-
quality flax straw as fuel after seed separating. In
particular, low-quality flax straw can be formed
into fuel bales (Yaheliuk et al., 2020). For farmers,
to collect their own or neighbors’ flax straw and
burn it in burners of large barn or greenhouse can
be profitable. But, if the distance between the field
and the place of flax bale using is significant, the
transport costs may overtake cost savings of using
flax straw (Flax straw and fibre past and present
uses, n.d.). Also, flax straw biomass utilization is
linked to the problems of its harvesting (cutting,
baling), transporting and storage (Miadenovié et
al., 2009).

The Goal of the Study is to review the fibre
flax and oilseed flax harvesting, as well as the
harvesting technique of low-quality flax straw,
which can be used as solid fuel.

FLAX

The quality and yield of flax are varied
greatly in response to weather conditions, soil
type, varieties, cultivation techniques and other
factors (Casa et al., 1999; Pisupati, 2021). Fibre
flax stems have a diameter about 1.4-1.6 mm and
a total height of 1.1-1.2 m (Nag et al., 2015), and
one of the highest slenderness factor (i.e. the ratio
between height and diameter of the stem) among
botanical herbs and trees, which is about 365+33
(Goudenhootft et al., 2019). In the world, the yield
of fibre flax straw is varied widely from 220 kg/ha
to 4370 kg/ha depending on the country and
weather conditions of cultivation (Zajgc et al.,
2012). The seed yield is ranged from 270 kg/ha to
890 kg/ha (Dmitrevskaya et al., 2016).

Lodging is a major problem for fibre flax as it
complicates the harvesting, causes damage to the
flax stems and can cause the impossibility of
extracting fiber. The risk of flax lodging increases
with rainfall, wind, and a high slenderness ratio
due to self-weight and additional loads such as
rain (Goudenhooft et al., 2019). Also, the flax
stability to lodging is strongly linked to the
seeding rate, flax wvarieties and nutrients
availability, especially to high nitrogen amounts
(Gibaud et al., 2015). For fibre flax, a seeding rate
of 1800 seeds/m? is the better compromise long
fibre yield, fibre mechanical performances and
stem stability to lodging (Bourmaud et al., 2016).
In the case of significant lodging of flax, further
its processing is complicated, therefore it is
advisable to use its biomass as fuel.

Oilseed flax plants are typically shorter than
the fibre flax plants due to their branched growth
(Kymalainen et al., 2004). Oilseed grows to a
height of 0.40 to 0.91 m (Anthony, 2005). To
obtain increased seed yield, oilseed flax is sown
with a density 25-55 kg/ha, as in this case stem
branching is stimulated (Nag et al., 2015). The
seed yield of oilseed flax is varied widely from
202 kg/ha to 1991 kg/ha depending on the country
and weather conditions of cultivation (Lafond et
al., 2008; Zajgc et al., 2012; Zhang et al., 2020)
and the straw yield is ranged from 2360 kg/ha to
3190 kg/ha (Rudik, 2016). The seeds of both the
fibre flax and oilseed flax contain 20-40% oil and
can be used to obtain oils (Zhang et al., 2011).
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FIBRE FLAX HARVESTING

Nowadays, the technological level of flax
harvesting systems may be considered advanced
enough to fully exploit the crop to harvest seeds
and retted stems at the same time (Pari et al.,
2015). The sequence of technological processes
during flax harvesting depends on the flax
destination and whether it is fibre flax or oilseed
flax. Let’s consider the sequence of processes for
fibre flax harvesting.

The combine harvesting is the most common
technology for fibre flax harvesting (Fig. 1). This
technology makes it possible to obtain flax raw
material for the production of long and short fiber,
as well as seeds that can be used for processing
and sowing. According to the technology, flax
combine pulls the fibre flax out and lays it back
down on the field into flax band for dew retting.
During dew retting, fungi and bacteria partially
decompose the flax stems. Flax stems in the flax
band are placed parallel. Also, flax seed bolls
(seed capsules) are threshed by combine and
obtained flax heap is processed outside the field.

Flax pulling
out process

X

Flax seed boll Flax
threshing process heap

_r
Flax band
| forming process

e

Flax straw dew
retting process

7

3 b
Flax band turning
OVer process

Flax bale
forming process )
.

F
Flax bale
transporting process

a2

Retted flax straw

Fig. 1 — Diagram of fibre flax
combine harvesting

The duration of dew retting process depends
on weather conditions. To reach a good dew retting

levels for flax straw, fibre flax production areas
must have a mild and humid climate (Grégoire et
al., 2021), while oilseed flax cultivars are rather
grown in continental climate regions (Zuk et al.,
2015). For uniform dew retting of fibre flax, the
thickness of the flax band should be 1-3 stems. If
the thickness of the flax band exceeds the
recommended value, the lower fibre flax stems
may rot. For uniform dew retting process, the flax
band turns over 180 degrees once or twice. The
first turning over of the flax band is recommended
during 8-12 days after flax pulling out. If the
heterogeneity of the flax straw quality in the upper
and lower layers of the flax band is presented the
flax band turn again over 180 degrees after 5-7
days. The flax band are also turned over before
forming flax bale. During turning over, the flax
straw dries and separates from the soil and grass.
Before flax bale forming, the flax band is doubled,
that increases the productivity of the round straw
baler. Bales remain randomly inside the field or
stacking at a specific location close to one of the
field’s edges (Vahdanjoo et al., 2021). Then, flax
bales are transported from the field for further
retted flax straw processing.

The two-phase flax harvesting is technology
for fibre flax harvesting (Fig. 2), that is used
during adverse weather conditions. According to
the technology, the fibre flax is pulled out with
flax puller and flax band of unthreshed and
paralleled stems is formed. For natural drying and
ripening of seeds in bolls, the flax band is laid
down on the field. Then, a flax pickup thresher is
used, which picks up the flax band, threshes the
seed bolls and lays flax band back down on the
field for dew retting. A flax heap is threshed
outside the field. To improve the dew retting
conditions, the flax band is turned over once or
twice. Flax bale forming process is the next stage
of the two-phase flax harvesting involves. And
flax bale transporting for processing is the last
stage of two-phase flax harvesting.

If it is necessary to obtain high-quality flax
fiber, the fibre flax is pulled out with flax puller.
The flax band of unthreshed and paralleled stems
is formed on the field for dew retting (Fig. 3).
During dew retting, the flax band is turned over
once or twice. After dew retting, the flax band of
unthreshed flax stems is formed into bales and
transported for processing. According to the
technology, the flax seed bolls are threshed in the
conditions of the processing plant during the
unwinding of the bales.
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Fig. 2 — Diagram of fibre flax two-phase harvesting

For fibre flax harvesting, different machines
are used such as flax harvester, flax puller, flax
band lifting and threshing (rippling) machine, flax
band turner, flax band doubling machine, round
baler, bale loader and bale truck (Dudarev, 2020).

OILSEED FLAX HARVESTING

According to the combine harvesting, oilseed
flax is cut with a combine harvester, which is also
threshed the flax, cleaned the seeds and formed
windrow from crushed flax straw, where straw is
dried in a natural way (Fig. 4). When using flax
straw as fuel, the flax straw windrows are formed
into bales with a baler (Variant 1). Then the bales
of crushed flax straw are transported to the
location where the boiler is placed for straw bale
burning. When using flax straw as a fertilizer,
crushed straw is plowed into the soil (Variant 2).

In the case of unfavorable weather conditions,
the two-phase harvesting of oilseed flax is applied
(Fig. 5). Oilseed flax is cut and formed into
windrows with a mower. After natural drying and

Flax pulling
out process

~Z
Flax band
| forming process

~Z

-
Flax stems dew
retting process

~z

Flax band turning
OVer process

L
Flax bale
forming process

¥
Flax bale
ktranspomng process)

Retted and unthreshed
flax stems

Fig. 3 — Diagram of fibre flax two-phase harvesting

to obtain high-quality flax fiber

ripening of the flax seeds in bolls, the flax
windrows are picked up and threshed with a
combine harvester. Crushed and dried flax straw
is formed into bales (Variant 1) or left on the field
as fertilizer (Variant 2).

For oilseed flax harvesting, different
machines and equipment are used such as
combine harvester, mower, plow, flax round baler,
flax bale loader, bale truck, and flax straw bale
boiler.

Straw of certain varieties of oilseed flax is
used to extract short fiber. In this case, the
technologies of fibre flax harvesting are used to
harvest oilseed flax (Fig. 1, Fig. 2).

LOW-QUALITY FLAX STRAW
BIOMASS HARVESTING
Under favorable conditions during flax
cultivation, flax harvesting and dew-retting, the
retted flax straw is obtained, which can be
processed for fiber or other purposes (Fig. 6). But,
in the case of unfavorable conditions at these steps
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of flax manufacturing process, the low-quality
flax straw biomass, the processing of which is
unprofitable, can be obtained. It is advisable to
use this biomass as a renewable energy source.

During the flax cultivation, unfavorable
conditions, including adverse weather conditions,
flax diseases and pests, insufficient or excessive
use of fertilizers, weediness of flax and flax
damage by herbicides, deteriorate the quality of
flax straw biomass (Fig. 6). As a result, flax can
be stunted, weedy, damaged by herbicides,
diseases and pests. Also, the length and diameter
of flax stalks and the fiber content can be
unacceptable for flax straw processing. It is not
advisable to leave low-quality flax biomass on the
field for dew retting, as it is unsuitable for
extracting fiber. After flax threshing and flax
straw natural drying, the flax straw biomass can
be formed into bales and used as fuel.

During harvesting, flax can also be affected
by unfavorable conditions, such as adverse
weather conditions, untimely harvesting of flax,
wrong choice of flax harvesting technology and
incorrect operating regimes of harvesting
machines (Fig. 6). Unfavorable conditions lead to

the deterioration of quality indicators of flax
straw. Weather conditions are the most influential,
as heavy rain and wind can cause lodging of flax
and delay harvesting, which lead to flax yield
losses and deterioration of the quality of flax
biomass. In the case of incorrect operating
regimes of harvesting machines, mechanical
damage to the flax stems is possible. Also, it is
possible the thickened flax band forming with
tangled stalks. As a result, the conditions for flax
straw dew retting are worsened. To minimize flax
yield losses, the technology of flax harvesting
should be chosen taking into account the
condition of the grown flax and the weather
conditions.

As a result of unfavorable weather conditions
during flax straw dew retting, the quality of flax
straw can significantly deteriorate. In particular,
the tensile strength of the flax fiber and the color
of the flax straw can be worse than recommended
(Fig. 6). Therefore, during flax growing,
harvesting and dew retting, it is necessary to
analyze the flax biomass and make decisions
about its further use and the application of
technological processes.

Flax cutting
process
Flax threshing ¢ Flax straw
process crushing process
G {} Variant 2
Flax seed Straw windrow Plowing flax
| cleaning process | forming process straw into the soil
{} Variant 1 < O
Flax seeds Flax straw Fertilizer
drying process
Flax bale
forming process )
Flax bale
Ltl'anspoﬂing process |
Flax bale
burning process
Energy

Fig. 4 — Diagram of oilseed flax combine harvesting
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Fig. 5 — Diagram of oilseed flax two-phase harvesting

If the quality properties of flax biomass
obtained during flax manufacturing process do not
correspond to the allowed (limit) values necessary
for its processing (Table 1, Table 2), then it is
advisable to use flax biomass as biofuel. So, the
recommended processes of low-quality flax
harvesting are as follows: flax pulling out or flax
cutting; flax threshing; flax straw windrow
forming; flax straw natural drying on the field in
natural way; flax bale forming; flax bale
transporting; flax bale burning (Fig. 7). This
harvesting technology can be used for low-quality
fibre flax and oilseed flax.

For low-quality flax straw biomass
harvesting, different machines and equipment are
used such as combine harvester or flax harvester,
flax round baler, flax bale loader, flax bale truck
and flax bale boiler.

BIOMASS BALES

An important process of harvesting low-
quality flax straw biomass is its forming into bales
for transporting, storage and burning. Flax straw
biomass bales are formed with balers, which pick
up flax straw windrow, compress it into bales of
even size and weight, and tie them by means of
twine. The main requirements for fuel bales are
the following: high and uniform bulk density of
bale layers; low and uniform moisture content of
flax straw in the bale; convenience of transporting
and storage; possibility of compact bale packing;
low consumption of the twine during bole
forming; correspondence of the bale dimensions
to the boiler chamber. If bales size is larger than
the size of the combustion chamber, it is
necessary to disintegrate or cut the bales, which
requires additional using of equipment.
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Fig. 6 — Diagram of the influence of growing, harvesting and dew retting conditions

on the flax biomass suitability for its processing or burning:

1 — adverse weather conditions; 2 — flax diseases; 3 — flax pests; 4 — insufficient or excessive use of
fertilizers; 5 — weediness of flax; 6 — flax damage by herbicides; 7 — untimely harvesting of flax;
8 —wrong choice of flax harvesting technology; 9 — incorrect operating regimes of harvesting machines;

10 — untimely flax band turning over and flax bale forming;

«+» — flax biomass is suitable for processing; «—» — flax biomass is suitable only for burning

Table 1 — The limit values of quality properties of fibre flax stem, flax straw and retted straw

for their processing (GOST 28285-89, 1990; GOST 24383-89, 1990)

Quality properties Flax stem Flax straw Retted straw
Technical stem
(straw) length, m >0.6 >0.6 >0.6
Fiber (bast)
content” or output >20.0" >20.0" >5.0"
of long fiber™, %
Fiber tensile
>15.0 >15.0 >15.0

strength, daN

Stem (straw)

yellow, yellow-green,

yellow, yellow-green,

brown, yellow,

color green and yellow-brown green and yellow-brown gray
Weed content, % <10.0 <10.0 <10.0
Moisture

- <23.0 <23.0

content, %

Damage by fungal
diseases

minor degree

minor degree

minor degree
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Table 2 — The limit values of quality properties of oilseed flax, flax straw and retted straw
for their processing (Holovenko, et al., 2019)

Quality properties Flax stem Flax straw Retted straw
Technical stem
(straw) length, m >0.15 >0.15 >0.15
Fiber (bast)
>11.0 >11.0 >11.0

content, %

Stem (straw) yellow, yellow-green,

yellow, yellow-green, brown, yellow,

color green and yellow-brown green and yellow-brown gray
Weed content

(impurity), % <20.0 <20.0 <20.0
Moisture

content, % <250 <25.0 <25.0
Damage by fungal ] _ _

diseases minor degree minor degree minor degree
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Fig. 7 — Diagram of low-quality flax straw
biomass harvesting

The deformation of biomass bales during
transporting, storage and manipulation is not
allowed. Straw biomass, in particular can be baled

into three bale types (Fig. 8): small rectangular
bales (weighing up to 25 kg); big round bales (in
the range of 245 kg to 400 kg); big square bales
(in the range of 120 kg to 600 kg) (Guerrieri et
al., 2019). Small rectangular bales have the
following advantages: high packing pressure; low
consumption of the twine; ease of transportation;
good storage conditions; completely mechanized
manipulation  (Mladenovi¢ et al.,, 2009).
Rectangular bales more efficiently fill the
available shipping volume on trucks and storages
compared to large round bales (Shinners et al.,
1996). Small rectangular bales have density in the
range of 114 kg/m® to 207 kg/m*® (Hunt, 2001;
Afzalinia, 2005).

Fig. 8 — Bale types of flax straw biomass:
a —small rectangular bale; b — big round bale;
¢ — big square bale
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Cylindrical (round) bale is the most common
form of bale for flax straw biomass collecting,
which is formed with a roll baler. There are two
types of roll balers: fixed chamber baler, which
has a series of fixed rollers around the bale
chamber, and variable (expanding) chamber baler,
which has two arms. The bale, which is formed
with the fixed chamber, contain a softer/looser
core, and the bale, which is formed with the
variable chamber, contain harder/tighter core (Sun
et al., 2010). The shape of round bales provides
the ease of their manipulation and transporting,
and the low requirements for their storage (Romdn
& Hensel, 2014). Round bales have density in the
range of 100 kg/m® to 170 kg/m*® (Hunt, 2001;
Afzalinia, 2005). The main disadvantage of round
bales is the uneven distribution of straw along the
radius of the bale, which is a negative factor
during its burning.

Big square bales have bale cross section of
80x80 cm and maximum bale length about 2.5 m
(Shinners et al., 2000). Also, big square bales
have density in the range of 126 kg/m® to 251
kg/m® (Shinners et al., 2000; Descéteaux &
Savoie, 2003).

BIOMASS BALE BURNING

Straw-fired boiler technology has been
proven as an attractive method of disposing of
agricultural residues (Dedovic et al., 2012). The
process of straw bale burning, which is placed in a
thermal chamber of boiler, has following pattern:
straw bale loading, straw bale drying and heating,
straw bale burning with the release of volatile
substances, afterburning of residues, removal of
slags (Pochanin, 2007). There are two main types
of bale boilers: batch-fired straw boilers in which
the entire bale is loaded into the furnace and
cigar-type boilers in which the bales continuously
enter the burning chamber. The combustion
chamber of bale boilers may either be cylindrical
or cubic in shape (Kristensen & Kristensen,
2004). Each time the furnace door of batch-fired
straw boiler is opened and a new bale is fed into
the furnace the temperature and CO emission
peaks are occurred. This makes cigar firing
organization much more suitable, since it
preserves the continuity of the combustion
process, in contrast there are no sudden changes
of temperature and harmful products emissions in
cigar-type boilers (Mladenovic¢ et al., 2009). Also,
combustion biomasses can cause different
problems such as: slagging; premature corrosion

of the furnace metallic components; the high level
of alkalis in crop residues may lead to aerosol
formation, resulting in ash melting temperature
drop, fouling and emission issues (Morissette et
al., 2013).

During straw  burning, the furnace
temperature can reach about 700°C and more (Lu
et al., 2009). Straw moisture content must be
limited to below 25% to prevent excessive CO
emission without compromising the burning
equipment (Yang et al., 2007). The proximate
composition of flax straw is presented in Table 3
(Okolie et al., 2020; Tushar et al., 2012).
According to the straw moisture content of 16%
and the bale bulk density of 135 kg/m?, the straw
consumption in boiler is reached about 26.3 t/h
and boiler efficiency is reached about 92% (Yang
etal., 2007).

Table 3 — Proximate analysis of flax straw
(Okolie et al., 2020; Tushar et al., 2012)

Component Value
Moisture, wt% 8.4-9.3
Ash, wt% 2.6-2.9
Volatile matter, wt% 78.8-83.3
Fixed carbon, wt% 4.8-18.3
Carbon, wt% 47.78-49.10
Hydrogen, wt% 5.37-6.10
Nitrogen, wt% 0.84-1.30
Sulfur, wt% 0.12-0.21
Oxygen, wt% 40.50-43.22
Sodium, mg/kg 133
Potassium, mg/kg 5147
Chlorine, mg/kg 588
Higher heating value 20.04
HHV, MJ/kg

CONCLUSIONS
Under unfavorable conditions for flax

growing, harvesting and dew-retting, the low-
guality flax biomass can be obtained. It is
impractical to process low-quality flax biomass
for fiber, so farmers continue to face the problem
of its utilization. As a rule, farmers burn it on the
field or use it as fertilizer by plowing into the soil.
Burning biomass in the field causes significant
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damage to the environment. Flax biomass,
containing fiber, slowly decomposes in the soil,
therefore it complicates the cultivation operations.
After threshing the seeds, low-quality flax
biomass should be dried in natural way on the
field and formed into bales, which can be used as
solid fuel for heating greenhouses or buildings
located near the field where the flax is grown. The
boiler for burning flax straw bales must be chosen
taking into account the shape and size of the bales.
For the efficient operation of boilers, it is
necessary to take into account the recommended
values of bale bulk density and moisture content
of flax biomass.
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ABSTRACT

Climate change has affected the entire territory of Ukraine, which
requires new approaches in the formation of crop rotations in the
regions. Natural conditions of Western Polissya are ideal for
growing oilseed flax to obtain different types of raw materials:
seeds, fibers. The quality of the oilseed flax harvesting largely
depends on the condition of the stem, fiber content, the purpose of
raw materials. It is also important to take into account the
perspective of the production of organic products, and for this a
special approach is required. It is established that the process of
cutting oilseed flax stalks is influenced by the ripeness phase.
Therefore, it is necessary to provide different options for the use
of machines, taking into account the state of the stem during the
harvesting period. It is also important to consider the prospects of
organic production. This requires a special approach too. Two-
phase harvesting involves cutting the flax stem into windrows.
After the stem mass has ripened, it is threshed with a combine
harvester, which leads to crop losses. If for flax threshing use
windrow picker of special design, it allows us to minimize the seed
loss and collect stem mass. The main elements of the picker, its
working regimes are substantiated. In particular, for maximum
destruction of flax seed capsules and reduction of stem elastic
properties, the decorticator roller parameters are obtained. The
technic of determining the diameter of decorticator rollers, their
length and the required number is proposed. The required profile
of decorticator rollers and their order of installation in the
decorticator are also determined. For the oilseed flax stems with a
moisture content of 10-14%, three pairs of rollers are sufficient
for the maximum reduction of elastic properties. The result
analysis of the conducted research indicates that the proposed
decorticator, which contains six pairs of rollers, will ensure the
required quality of oilseed flax windrow processing with a stem
moisture content of 12-14%. In addition, for measuring the
moisture content of oilseed flax stalks in the field, the device is
developed.
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AHOTALIA

3minu  knimamy mopkuyaucs eciei mepumopii Ykpainu, wo
nompebye HOBUX NiOX00i8 y opmyeanHi CiBO3MIH y pe2iOHAX.
Ipupoono-knimamuuni ymosu 3axionozo Ilonicca ideanvHi 01
BUPOWYBAHHS TIbOHY Ol OMPUMAHHA PIZHUX 6UOI8 CUPOBUHU!
HacinHa, 6070KHA. AKicmb mexuonociunozo npoyecy 30upanHs
JAbOHY  ONIUHO20 3HAYHOW  MIPOIO  3AIedCUmsv  6i0  CMAauy
cmeba0Cmolo, 8MICMy 60J0KHA MA NPUSHAYEHHS CUPOBUHU.
Baoicnueo  makooic  ypaxosysamu nepcnexmusy GUpoOHUYMEA
opeaniunoi npodykyii, a ye nompedbye ocobausozo nioxody. Ha
npoyec 3pizy8anHa cmebel JbOHY ONiUH020 8NAUBAE (ha3a 11020
cmuenocmi, momy HeoOXiOHO nepedbauumu pizHi  eapiaHmu
3ACMOCY8AHHS  MEXHIYHUX 3ac00i6 i3 YPAXy8aHHAM CHAHY
cmebnocmoro  boHy Y nepio0  30upanus. 3anponoHosaHo
BUKOPUCMOBYBAMU  PO30LIbHY — MEXHON02i0  30UpanHs JbOHY
OilIH020 V (ha3i nosHoi cmuenocmi ONisi OMPUMAHHSA OP2AHIYHOT
npooykyii. L{a mexnonoeisi nepedbayae 3pi3y8anHs cmedIOCMON0
JBOHY y 8ANKU. 3azeuuail, nicis 003pieanHs cmebnosoi macu y
8AKAX, NPOBOOUMbCSL iI  0OMONOUYBAHHA — 3€PHO3OUPATLHUM
KoMOauHoM, wo npuzeooums 00 empam ypooicar. Hrujo
3acmocogygamu  niobupay BaiKie JAbOHY, MO Ye 003601UNDb
MIHIMIZYy8amMuU 6mpamu HACIHHS ma 3iopamu cmeod.10-80JI0KHUCHLY
macy. 'V cmammi  00TpyHmMoO6ani OCHOBHI CKAAO008I 6Y31U
niobupaua 6anKie ma ymosu 1020 pobomu 011 0OMONOUYEAHHS.
HACIHHEBUX KOPOOOUOK | 30UpanHs cmmed10-6010KHUCMOL MACU, K
CUPOBUHU OJ1 BUSOMOBTIEHHS NPOOYKYIL PI3HO20 (DYHKYIOHAILHO2O
NpuUsHaueHHs. 30Kpemd, 8CMAHOGIEHI napamempu  8aibyis
dexopmukamopa 011 MAaKCUMANIbHO20 PYUHYB8AHHS HACIHHEGUX
KOpOOOUOK ma 3MEHWEHHS NPYHCHUX 6lacmueocmi cmebel.
3anpononogano Mmemoouxy 6U3HAYeHHs Oiamempy 8anbyis, ix
dosoicuHu  ma  HeoOXiOHOi  kinbkocmi. Takodc — 6usHayeHo
HeobXiOHull npoine pugnie O 6aIbYIE Ma iXHIO 4ep2o8icmb
6cmanosnenHs  y Oexopmuxamopi. Kpim moeo, po3pobiaeno
npunad Ons BUMIPHOBAHHS B0A020CMI cmebel IbOHY 8 NOIbOBUX
yMOo8ax.
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CTAH IIMTAHHA TAIIOCTAHOBKA
INPOBJIEMHA

BinHOBIIEHHST TOCIBIB JIbOHY Ha TEpeHax
VYkpainu Bupinrye HA3Ky npoOiieM, sIKi BUHUKIU B
pe3ynbTaTi  CHOXXUBAIBKOTO  BHUKOPHCTaHHS
MPUPOHUX PECYpCiB B OCTaHHI JCCATHIITTA
(Pamox ma in., 2018; Iaspuniox ma in., 2021).
30inpLIeHHS y CIBO3MIHaxX JIMIIE CLIBCBKO-
TOCMOIAPCHKUX KYJBTYP 3€PHOBOI TPYNH MOXKE
MIPU3BECTH JO MOJANBIIO] Jerpanamii IPyHTIB.
Cepen  OaraTthOoX 3axOfiB, SKi HEOOXiTHO
MIPOBOJIUTH HAa OKPEMHX TEPUTOPIsAX YKpaiHw,
PEKOMEHIye€ThCS BBEJCHHS Yy CIBO3MIHH JIBOHY
ofniifHOrO, M0 crpuAatuMe crabimizanii Oio-
€KOJIOT1YHMX (YHKUIH POAIOYOro mapy IpPYyHTY.
KpiMm TOro, mepeBarm BHpPOIIYBaHHS JbOHY
OJIITHOTO TONATAIOTh Y BUCOKOMY EKCIIOPTHOMY
MOTEHIiai Ta pPeHTabeTbHOCTI, MOXKIUBOCTI
OLITBII TOBHOTO BUKOPHCTAHHS arpOSKOHOMITHOTO
MOTEHIIAly ~ TEepUTOpii i3 ypaxyBaHHAM
perioHaNnbHUX OCOOJIMBOCTEH 30HANBHUX CHUCTEM
3emMiIepo0CTBa 1 3pOCTaHHS PU3UKIB BUPOITYBAaHHS
00MeXEHOT KIIBKOCTI  CLTBCHKOTOCIOIAPCHKIX
KynsTyp (Pyoix, 2020).

He3Bakaioum Ha TNPHHANEXKHICTH JIBOHY
ONIHHOTO JO0 TEXHIYHUX KYJIBTYp, TEXHOJIOTIS
HOr0 BHUPOIIYBaHHS aHAJOTIYHA TEXHOJIOTISIM
BHPOILYBaHHS OUIBIIOCTI CLIbCHKOTOCIOJAPCHKUX
KyJabTyp 3epHOBOI rpynu. Tomy OimbmiicTs
TEXHIYHOTO 3a0e3IeUeHHs I BHPOIIYBAaHHS Ta
30UMpaHHS WX KyJIbTYp € OJHAKOBHM. Sk
MPaBWJIO, BHUPOOHUIITBO TMPOAYKII 3 JBOHY
OJIITHOTO, HEe3BAXKAIOYM Ha WOT0 OCOOJIMBOCTI, HE
OyBae 30UTKOBUM. Y Mildl KyJIbTypi HPUPOIOIO
3aKJIa/IeHO IMOTYKHUH CHPOBMHHMH MOTEHLIaN y
BUIJISIAI SIK HAclHHS, TaKk 1 cTe€0JI0-BOJIOKHHUCTOI
macu (Yaheliuk et al., 2020; IHanpoywrui, 2021).
HasBHicTe BonokHa y crebiax [Aemo TaibMye
MIOIIUPEHHS TIOCIBIB JIbOHY ONIHHOTO, OCKUTBKH
BHHHUKAIOTH TMPOOJIEMH Tij 4yac HOTo 30MpaHHS.
[lop’si3aHi BOHM i3 MpSIMUM KOMOaWHYBaHHIM i
T0/IAJIBIIOK YTHII3AIIEI0 3aIMIIKIB 06MOIOTY. IX
CIIATIOIOTE 200 TIOMPIOHIOIOTH 13 TOMAJBIIAM
3apOONSTHHAM y TPYHT, IO € HEAOIYCTHUMHUM 3
€KOJIOT1YHOI TOUKH 30pYy.

OpvH 3 HANPSIMiB TiABUIEHHS €()eKTUBHOCTI
30upaHHs JHOHY OJiHOTO — T1I¢  BHOIp
pauioHanbHOT TEXHOJIOTIi 3aleXHO BiJ HampsMy
MTOIAJIBIIIOTO BUKOPUCTAHHS CUPOBUHH (HACIHHA 1
ctebmo-Bomokuaucroi Macw) (Tapatimosuu, 2015;
Heemox & Mdioyx, 2020). Tomy po3poOneHHS
TEXHIYHOTO 3a0e3MedeHHs] sl 30MpaHHA JbOHY
OJIIHHOTO Ma€ BiOYBAaTHCS Yy HANPSAMI 3HIKEHHS

EHeproBUTPAT HAa TPOBEACHHS TEXHOJIOTIYHOTO
mporiecy 6e3 BTpaT ypoxaro.

Bucoka edekTuBHICTH mpolecy 30HpaHHS
JBOHY ONIHHOTO TPSIMUM KOMOaiHYBaHHIM
JOCATAEThCSA  30€peKeHHSM I[IUPUHU  3aXBaTy
JKaTHOI YacTWHHU 3€pHO30MpajIbHOrO KoMOaifHa
(Hioyx ma in., 20190, Illysap, 2012). Ane, min
Yac BUPOLIYBAaHHS OPTaHIYHOI MPOAYKIi 3 JIbOHY
OJIIAHOTO, HEMOIUIbHO BHUKOPWCTOBYBATH IIpsSMeE
koMmOaiiHyBaHHA. OCKIIBKA y LOMY BHIAAKY
HEOOXiZHO 3aCTOCOBYBATH PO3AUIBHY TEXHOJIOTIIO
30WpaHHsA JBOHY, IO Iiepeadadae 3pi3yBaHHS
CTEe0JIOCTOI0 POTOPHOIO KOCAPKOKO Ta BKIIAJAaHHS
oro y Banku. HeoOXimHO 3a3HAYMTH, IO
e(DeKTHBHICT, TIpOlleCy MiAOWpaHHSI  BaJKiB
3epHO30HpAIEHUM KOMOaitHOM Oyjie HHU3BKOIO
npu (GopMyBaHHI BajKa 3 CTEOJIOCTOIO IIMPUHOIO
1,25-1,35 M. ToMy ams po3AUTBHOI TEXHOJIOTIT
Kpale BUKOPHUCTOBYBATH CIICMIAIGHUN ITiI0Mpad
(Hioyx ma in., 2022) i3 HagaHHSIM HOMY
HeoOXiMHUX (QYHKITIH.

MeTa pocaif>KeHHAA — JOCHIIUTH BIUIMB
BJIACTHBOCTEH CTEOJOCTO JIbOHY OJNIMHOTO Ha
nporec 30upaHHs 3a PO3AUTFHOIO TEXHOJIOTIEI0 Ta
0OTpYHTYBAaTH OCHOBHI BY3JIH ITi0Mpaya BaJIKiB.

MATEPIAJIN I METOJAH
Y HocmipKeHHSX BHKOPUCTOBYBAIM BJACHI
METOJIUKH, K1 BiI0OpaxaroTh npouecu

(dbopMyBaHHS 1 MiIOUpaHHS BajKa, 3aXOIUICHHS
HOT0 TaNbIsIMU, TPOMHUHAHHSA CTEOJIOBOI Macw
BANBISIMA TIpH  OOMEXCHIH MIUPHHW TOMadi.
ExcriepyuMeHTalIbHI JTOCII/PKEHHST 3 TPOMHUHAHHS
creben MPOBOAMIM Ha PO3pOoOJieHIH IocmimHii
YCTaHOBII, IO CKJIAMAETHCA 3 TApU M’ SUTBHUX
BaJIbIiB. Y TOJBOBHX yYMOBAaX BOJIOTICTH cTeOel
JLOHY OJIHHOTO BH3HAYAJIIM 33 JIOTIOMOTOH)
CHEeIiaIbHO PO3POOIICHOTO TPHITALY.

PE3YJIbTATHU JOCAIAKEHHA
TA OBTOBOPEHHA

OnuH 13 HampsAMIB 3HIKEHHS CHEPrOBUTPAT
Ha BUPOIIYBaHHS JIbOHY OJIIHOTO Ta ITi{BUIIICHHS
e(eKTUBHOCTI Tpolecy 30MpaHHS — ypaxyBaHHS
(hi3MKO-MEXaHIYHUX BIIACTHBOCTEH CTEOIOCTOIO
i 9ac BuOOpy crocody 30upanus ([Jioyx ma in.,
2019a). [IlepcnekTuBHOW JUii BUPOOHMIITBA
OpraHiuHOi MpPOAYKWiI 3 JIbOHY OJNIHHOTO €
pO3IiTbHA TEXHOJIOTIS 30upaHHs, sKa mepeadadae
3pi3yBaHHs CTEOJOCTOI POTOPHOK KOCApKOK Ta
(dbopMyBaHHS 3/IBOEHMX BaJKiB 13 cTeOno-
BOJIOKHUCTOI MacH, 1o MaroTh repepis 0,8x0,2 m
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(puc. 1). 31BOEHHS BaJKIB CIpHSE MiBUIICHHIO
e(eKTUBHOCTI poOOTH 30UPATLHOTO arperary, aie
MPU [IbOMY MOXITUBA BTPATa HACIHHS, aJ[)Ke BILUTUB
NmanpliB mig0upaya Ha cTeOIOBY Macy Oyze
BIIPI3HATHCS MPH 3aXOIUICHI ii 3 00Ky HaCIHHEBUX
KOpPOOOYOK Ta 3 OOKy KOpeHeBoi 4acTtuHu. s
3MEHIIEHHS BTpAaT HACiHHS 3aXOIUIeHHS cTeler
Mae BigOyBaTucs 3 OOKYy HAaCIHHEBHX KOPOOOYOK
MBOHY odmiiiHoro. lle chpusTHMe MONANBIIOMY
e(eKTUBHOMY pPYHHYBaHHIO KOPOOOYOK JIbOHY
NUISXOM X TUTIOLICHHS T4 3MEHIICHHIO MPYXXHUX
BJIACTUBOCTEH cTeben Tepel  CKpydyBaHHAM
cTe0JI0-BOIOKHUCTOT MacH y PYyJIOHH.

Puc. 1 — 31Bo€HHS BaJIKiB JIbOHY OJIIHHOTO MPH
3pi3yBaHHI pOTOPHOIO KOCAPKOIO
13 IIpUHH cTedII0CTOoI0 2,5-2,7 M

Y mporeci BUIEKYBaHHS CTeOEN JIbOHY
OJIIHHOTO Ha JILOHUIN Y BajKaxX BiJOyBaeThCS
3MiHa iX (I3UKO-MEXaHIYHUX BIACTHBOCTEM:
HEpIBHOMIPHO  3MEHIIYETbCS  BOJIOTICTH 32
BHCOTOIO BajIKa, BaJOK yIIinbHSAETbCSA. Lli 3miHn
MOSICHIOIOTBCS THM, IO Yepe3 PpOo3ralyKeHiCTh
cTebia JTp0HY 3’ €IHYIOTHCS MK COOOI0 1 BAJIOK HE
obepratoth. Tomy (i3rKo-MexaHiYHI BIACTUBOCTI
cTeben JTHOHY HEOOXiTHO BpaxOBYBAaTH IIif dYac
po3po0iieHHS  poOOYMX  OpraHiB  TEXHIYHHUX
3ac00iB JUIS TMIOMPAHHS BAJIKIB JIbOHY OJIIHHOTO,
sKi 0 3abe3nedyBany 30epexeHHs] HEPO3PUBHOCTI
MOTOKY ctebnoBoi macu ([ioyx ma in., 2019a;
Hioyx ma in., 2019b).

Y pospoGiieHoMy Tpuiani Ajs BU3HAYCHHS
BoJIOrOCTi creben (puc. 2) peani3oBaHO CIIOCIO
BHU3HAYEHHS BOJIOTOCTI LUIAXOM BHMMIPIOBAHHS
OTOpYy TPOXO/KCHHIO CTPYMy uepe3 MaTepiaiiu
(Kcenocex ma in., 2010; Heemox & [ioyx, 2022).
[Ipunam MICTUTH CTaHAAPTHUNA METOMMETP Ta
130JIF0F0YY TiICTaBKY 3 po3Mipom 135x60 mm, Ha
SKIM 3aKkpilyieH0 KOHTaKTHI miacTUHd. [lns
BHUMIpIOBaHHS JOBXHHA cTeden Mae Oyt 150 mMm.

Jlist  3a0e3reyeHHsT TOYHOCTI OTPHUMAaHUX
pe3ybTaTiB, MOYEProBO BUMIPIOBAJIM OIp BiX
OJHOTO /10 IT’SITH cTe0es1, MPOBOIWIN 00pOOICHHS

pe3ysbTaTiB 1 Oy IyBaiu 3aJIe)KHOCTI iX OmOpY Bij
Bosiorocti (puc. 3). 3a 0MOMOTrOW TMPUITATY
BU3HAYEHO OMip MPOXOKEHHIO CTPYMY Y cTedmIax
PI3HHX CITBCHKOTOCIIONAPCHKUX KYIBTYP.

0

Puc. 2 — [Ipunax a1 BUMiproBaHHS BOJIOTOCTI
cTebel y moh0BUX yMOBax (a) Ta ioro cxema (0):
1 — merommerp; 2 — i30J110104a MiICTABKA;

3 — KOHTaKTHa MJIacTUHA; 4 — 3’ €IHYBaJIbHI
Ipotu; 5 — cTebna

Omip, MOM
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e IIEeHHI
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Puc. 3 — 3anexHicTs omopy creden
CLITBCBKOTOCTIOAPCHKUX KYJIBTYD Bil BOJIOTOCTI
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Amnamni3 rpadikis (puc. 3) mokasye, o ormip
MIPOXOJDKEHHIO CTPYMY 3aJICKUTh Bifl CKIaay Ta
po3mimeHHss  pimkoi  ¢dasm y  crebmax
CITBCBKOTOCIIOMAPCHKUX  KyIbTyp.  Oco0mmBo
BapTO 3BEPHYTH yBary Ha cte0Jia TbOHY OJIIHHOTO,
B sSKHX MiHIMaIbHUI omip B 1 MOM BiAmoBinae
Bosorocti 45%. Pazom i3 THM, IS OIICHUI 1
BiBca omip OubIIHiA 3a BojorocTi 55%. Otpumana
3aJICKHICTh  JIO3BOJSIE  BU3HAYUTH  BOJIOTICTh
cTeben JIbOHY ONIMHOTO Tmepe] BKIAAaHHAM Y
BaJIKM Ta I 4Yac iX miaOupaHHSA 3a PO3AUTEHOT
TEXHOJIOT1i 30UpaHHS.

Mexanizauis mnpouecy 30MpaHHA JIBOHY
ONIIHHOTO CHpsSMOBaHa Ha 30epeXeHHA YCHhOTO
BHPOIIIEHOTO YPOXKAal0 HACIHHS Ta CTBOPEHHS
YMOB JJIsl TTOAAJIBIIIOT0 BUKOPUCTAHHS CTEOJIOBOL
yacThHU. [l mimOupaHHS BankiB  JIBOHY,
BiIOKpEMJICHHSI HACIHHEBOI CKJIAJIOBOI YPOJXKar0 Ta
OJHOYACHOTO CKpPY4YyBaHHS CTE0JI0-BOJIOKHUCTOT
Macu y pYyJOHH TPOIOHYETHCS KOHCTPYKIIiS
HaITiBHAYIITHOTO MMixoupada (puc. 4), Mo MiCTUTh

KaMepy TpecyBaHHS Ta TPAHCIOPTEp pYJIOHIB.
[IpuBon poOoumx opraHiB migOupava BajKiB
3a0e3MMevyoTh TiIPOMOTOPH, SIKi MPAIfOIOTh Bij
rigpocuctemMu Tpaktopa. OCHOBHHMH BY3JIaMH,
SIKI  3a0€3MeYyIOTh SKICTh BHKOHAHHS IIPOIIECY
nigOupaHHS Banka 3 HEOOMOJIOYEHUX CTeOel, €
MOaBaJlbHUN TPAHCIIOPTEP Ta JAEKOPTHKATOD.
Pe3ymbraTét MOCHIDKEHHST TPOIECY IiTHIMAHHS
BaJIKa i3 30epeKeHHSIM HEPO3PUBHOCTI MOTOKY B
1a00paTOpHUX YMOBaX MPEACTAaBIICHO Y HAyKOBIil
mpari  ([Jioyx & Awwboma, 2021). Ilomampmri
JOCTI/DKEHHSI I[IBOr0 MEXaHi3My Yy IOJIbOBUX
yMOBax NMOTPeOyIOTh BiANOBITHUX IION i/ JTHOH
OJIIHMI Ta OKpeMoi 1abopaTOPHOi yCTaHOBKH.
JlekopTukariis  cTe0JIO-BOJIOKHACTOT ~ MacH
HeoOXimHa i 3a0e3redyeHHs 30UpaHHsS BChOTO
OiooriuHOrO ypoXkar JIbOHY oiiiiHoro. ToMmy B
migbupadi mependaveHo KaMepy IpecyBaHHA
MaTepialy y MakyHKH UWITIHAPUYHOI Gopmu. s
OOIPpYHTYBaHHS ~ KOHCTPYKLIii  JEKOPTHKATODa,
SKU 3a0e3meuye BiJOKPEMJICHHS HACIHHS Ta

paMy 3 OIIOPHO-KOIIIOBAIBHAUMH  KOJIECAMH, 3MEHIIIy€ TIPYXKHI BJIACTHBOCTI cTeben, OyIio
HO,Z[aBaIIBHI/Iﬁ TpAaHCIOPTEP, ACKOPTUKATOP, LNIHCK, MMPOBCACHO HU3KY ,[[OCJ'IiI[)KGHL.
Jexoptikarop Kamepa mpecyBaHHS Pyzon
TlomaBabHIII TpaHCTIOPTED
OrmnopHo-
KOIIIOBaNIbHI
Koneca
Banok HeoOMonoueHnx creben  IT0BOpPOTHMIT IIHEK T'igponpusox
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Puc. 4 — OyHKITiOHATEHA CXeMa I I0Hpada BajKiB JIbOHY OJIHHOTO
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VY JocHmimKeHHAX BUKOpHCTaHa po3poliieHa
METOJIMKA, sKa MOJECIIOE 3aXOIUICHHS  Ta
MIPOMUHAHHS PEaJhbHOTO Ballka IJIbOHY HA TIOJI.
ExcriepuMeHTaIbHI TOCHTIIHKEHHS TPOBOAWIN Ha
po3po0JIeHiil yCTaHOBII, IO CKIAAETHCS 13 Mapu
BaJbIliB. B ycraHOBIN mepenbavyeHo creniaibHUi
oOMe)XyBad MIMPHHM TOAadi cTeben Ha Baibli i3
pizHMH TOBepxHsAMH (puc. 5). Ha rmamkmx
BaJBLSIX MOJCTIOBAM TPOLECH 3aXOIUICHHS 1
pyHHYBaHHS HACIHHEBHX KOpPOOOYOK JIbOHY 32
pizHOi BHCOTH Bamka. Ilicma BimoKpeMIeHHS
HACIHHS, 3aJUIIKH CTE0I0-BOJOKHMCTOI Macu

MPOMHMHAIIN Ha BAIBLX 13 puQIaMu.

Puc. 5 — MoaenmoBadHs 0OMEXEHHS IIMUPUHA
BaJIKa Ha JOCiTHIH yCTaHOBII:
a — 3araJIbHUH BUTIIAA; O — po3MipH oOMexyBaua

[IpoBeneni JOCIIIIDKEHHS JIO3BOJIHIIN
BCTAHOBUTH HEOOXiJHY KINBKICTH Ta (opmy
MTOBEPXHI BaJbIiB JIs TMEPBUHHOTO OOpOOJICHHS
BaJIka JIbOHY OJIiHOTO. SIK TOKazaja mpakTHKa,
JUISs ~ BUKOHAHHS  TEXHOJIOTIYHHMX  OIEpalii
BiJIOKpEMJICHHSI HACIHHS Ta 3MEHIIIEHHS TPYKHUX
BJIACTUBOCTECH CT€0JI0-BOJIOKHHUCTOT MacH,
MOBEPXHI BAJIBIIB MOBUHHI MaTh Pi3HUN MPOQib.
Toxi, mig Yac 3a3sHAa4YeHHUX TEXHOJOITYHUX
oreparliif, Ha crebina OyayTh IiATH HEOOXimHi
CHJIM TepTs, 3CYBY Ta yJapy SK 3a JOBXHHOIO
JICKOPTUKATOpa, Tak 1 3a BUCOTOK mapy. [lus
TEXHOJIOTIYHOI omnepallii pyiHyBaHHS HACIHHEBUX
KOpOOOYOK JIbOHY JIOIUTBHO  3aCTOCOBYBAaTH
DK IWTIHAPAYHI TOBEPXHI, a I 3MCHIICHHS
MPYXXHUX  BJIACTUBOCTEH  CTEOJIO-BOJOKHHUCTOL

MacH — IWIHAPHYHI MOBepXHi i3 pudusimu. Llei
MiAXiJ JO3BOJIAE  MIiHIMI3yBaTH  TOMAJaHHS
BIIXOMIB y HACiHHS JIbOHY, 30€pErTH BOJIOKHO Ta
VIIUTBHATH ~TIOTIK  CTeOJI0-BOJOKHUCTOI MacH
nepes1 nNojJjavueio y KaMmepy npecyBaHHS.

ExcniepuMeHTalIbHI TOCIIKCHHS IPOBOIMIH
y Takiii mocmimoBHOcTi. DopMmyBadM BapiaHTH
JOCIITHUX 3pa3KiB, IO MICTWJIH OJHE, TPH Ta
m’saTh creben. Lli 3pasku mpomyckanu depes
Baibli i3 (pikcali€ro pe3ynbTaTiB BiJOKPEMIICHHS
HACiHHS i BCTAaHOBJIEHHS KOoedillieHTa TPy >KHOCTI.
Otpumani pesynbratd (puc. 6) BKa3ywTh, IO
crabinizanis koedilieHTa NPY>KHOCTI HACTa€ BiKe
TiCTIST TPETHOTO TPOMUHAHHS, a ITICIIs YeTBEPTOTO
MPOMUHAHHS 3MEHIICHHS WOr0 3HAYCHHS €
HE3HAYHUM.

Takum urHOM, TSI €(PEKTHBHOTO BUKOHAHHS
TEXHOJIOTIYHOTO TIpollecy OOpOOJICHHS BajKa
creben IbOHY OJMHOro HeoOximHo, mob poboui
MOBEPXHI MEpIIMX MABOX Map BalbLiB Oynu
MIAAKUMH. Y TbOMY BHIIAJKy MAaKCHMAalbHO
OynyTh 3pydHYBaHHI HACiHHEBI  KOPOOOUYKH
JILOHY, a CTe0JIa 3aUIIATHCS [ITUMH 1 KOCTPUIIS
He Oynme momamaTu y OyHKEp BOpPOXY HACiHHA.
Taky x mapy BajbIliB HEOOXiTHO BCTAaHOBHTH Ha
BHXOJII 13 ICKOPTHKATOPA JJIs YIIIbHCHHS 111apy.

AHaui3 pe3yabTaTiB JOCTiKEHb TIOKA3YE, 110
JUTst cTe0er IbOHY ouiitHoro i3 BosoricTio 10-14%
JUIS  MakKCHMAJbHOTO  3MCHILIEHHS  IMPYXKHUX
BIIACTHBOCTEH JOCTAaTHbO TPH TMapH BaJIbIIIB.
30iMbIIEHHsT KUTBKOCTI TMap BajbIliB  MOXe
3YMOBUTH PO3PUB IOTOKY CTE0JIO-BOJIOKHUCTOT
MacH. 3aJHMIIKOBAa MPYXHICTh MydYKiB  0e3
KOCTpHIII BKa3y€e Ha HAasBHICTh MPYXKHOCTI CaMHUX
BOJIOKOH. Binrak, po0Oodi MOBEepXHI OCTaHHBOI
Mapy BaJIbIliB TAKOXK MAIOTh OYTH IJIaJIKUMHU.

BaxnuBuM KOHCTPYKTHBHHUM IapaMeTpOM
BaJIbIiB € iX JiaMeTp, OCKUIBKH BHCOTa BaJKa,
SKHA TOoAaeTbcss Ha o0OpoOneHHs, Moxe OyTu
pi3HOIO. AHali3 MmomepeaHiX AOCHiHKEeHb podoTH
M’SUTBHO-TIMTAJIBHUX arperaTiB IoKaszye, Mo Y
LbOMY BUNAJIKY bist: poboumx OpraHiB
PO3IJISIIAETRCS SIK CHUJIOBUH BIUIMB Ha OJMHUYHE
cTe0n0. SIKImo po3risimaTH CUIOBHN BIUIMB Ha
rpyIly cTeOeln 3a BiICYyTHOCTI OOMEXeHb 3 OOKIB,
TONI BaXIMBHM OyJe MapamMeTp — JIOBXKHHA
BaJbI[iB. Y BHIIAAKy HAsSBHOCTI OOKOBUX
OoOMEXEeHb BWHHKAE il CTUCKAIOYMX CHI ¥
B3a€EMHO TICPIICHIUKYJISIPHAX 1 1HIIUX HaNPsIMKax.
Jlis miaTBEp/UKEHHSM [BOTO NPUITYIICHHS OyiH
MIPOBEJICHI JOCTIAN AJIT MOMIJIMBOI MaKCUMAalIbHOL
BHCOTH Bajika (puc. 5). /s mporo B oOMexyBad,
0 MOJEJIOE BUCOTY Mojadi Baika 150 MM y
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KimbpKicTh IPOMHHAHB

Puc. 6 — 3anexnicTs KoedilieHTa MPYXKHOCTI CTe0E JILOHY OJIIHOTO BiJ KIIBKOCTI IPOMUHAHb

TI0JTi, PO3MIINTyBaIM CTEOJIOBY YACTUHY ypOKaro.
Pesynbraru cepii mociigiB BKa3ylOTh Ha TE, IO Y
BHUIMANKy IMHPUHH POOOYOI TIOBEpPXHI Mapu
BanbIiB 10 MM MOXHa SKICHO TPOM’ SITH BaJOK
Bucororo 150 mm. I[licns mepimoro mpuMuUHaHHS
BaJIOK IIiJ JIC€H0 BaJbIIB CTUCKAETHLCS 10 BHUCOTH
20 MM 1 po3muproeTses mo mmpuHu 40 M. Ilpu
HACTYIHUX TPOMUHAHHSAX IIMPHUHA IPOM’ITHUX
cteben He 3MiHIOBajaca. TakuM YMHOM, HAa BXO1
y IEKOPTHUKATOp Ha eTarli BiJIOKpeMIIEHHS HACiHHS
HEOOXiTHO BCTAHOBIIOBAaTH OOKOBI 0OOMEXyBadi
BaJIBLIB. I3 ypaxyBaHHSM IIMPUHU BajKa JHOHY Y
MOJILOBUX YMOBAaX, 110 cTaHOBUTH 0,8 M, mmpuHa
3aXOIUICHHS TOJaBaJlbHOTO TPAHCIIOpTEpa Mae
nopiBHioBaty He MeHiie 1,0 m. JliamMmeTp BaJibIliB
MOBHHEH OYTH HE MEHIINM 3a BUCOTY BaJIKa.
AHaii3 pe3yabTaTiB NPOBEJACHUX JOCIHIKEHb
BKa3ye€ Ha Te, 10 3anpONOHOBAHUI JIEKOPTHKATOP
(puc. 4), sKWid MICTUTh WLIICTh MAp BaIBIIB,
3a0e3rneynTh HEOoOXiHy fAKicTh 00poOIeHHS
BaJlka JIbOHY 3 BoJOTicTIO cTebenm 12—14%. s
OBOTO TOBEPXHi MEpUIOl Mapyd LWITIHAPUIHUX
BalbLiB TOBMHHI Oyt 0e3 pudmiis, aie
IIOPCTKUMH, 110 3a0€3MeYnTh AKICHE 3aXOIICHHS
BaJIKa Ta PyWHYBaHHS OCHOBHOI MacH HACIHHEBUX
KopoOouok. Y npyriii mapi BajbliB Ha poOOYMX
MTOBEPXHIX HEOOXiMHO mependadnTy 3a0KpYTIIeHi
pudui Ui pyiiHyBaHHS HACIHHEBUX KOPOOOYOK y
BHYTpILIHIX MIapax BaJIka JILOHY 1 J0AaTKOBOTO
posnyieHHs cTeben mepen HNpoMuHaHHAM. [list
M’STTS U1 TPHOX Tap BajblliB  BaXJIUBO
BpPaxOBYBAaTH BEPTHKAJbHI 3yCHJUIS, LIO0 HE
BigOyBasiocsi po3puBYy MOTOKY OOpOOIIOBAIEHOTO
Matepiany. EdekTuBHICTH 00poONeHHS Bayka
3aJIOKUTh TAaKOX BiJ| CTPYIIyBauiB Imapy JUis
BUJAJICHHs1 HaciHHA Ta Koctpuui. OcTaHHA mapa

rIagKUX BadbliB HEOOXiZHA IJId OOAATKOBOI'O
YIIIIbHEHHS 00POOJICHOr0 BaJIKa JIbOHY.

BUCHOBKH
Ha ocHOBi 3amporoHOBaHUX METOAMK 1 3a
JOTIOMOTOI0  PO3POOJIEHOTO nabopaToOpHOTO
YCTaTKyBaHHS TMPOBEACHI JOCTIIKCHHS I

OOTpyHTYBaHHS KOHCTPYKIii OCHOBHHX BY3JiB
migoupada BaJKiB JIbOHY OJIIHHOTO: IT0/1aBaJIbHOTO
TpaHCIIOpTEpa Ta JeKopTukatopa. JloBeneHa
HEOOXiMHICTP  BpaxyBaHHS  3MiH  (i3uKo-
MEXaHIYHUX BIACTUBOCTEH CTEOI0-BOJOKHUCTOT
Macu BaJika. BcraHoBieHI mapameTpu BasbLiB
JEKOPTUKATOPA I MAKCUMAIILHOTO PyHHYBaHHS
HACIHHEBMX KOPOOOYOK Ta 3MEHIICHHS MpPYKHUX
BJIACTUBOCTEH cTeOel. 3anporOHOBAHO METOIMKY
BH3HAUYEHHS JiaMeTpy BaJIbIiB, iX IOBXHHH Ta
HEOOXIMHOI  KIIBKOCTI.  TakoX  BH3HAYEHO
HeoOXigHuH mnpodine pudumiB Ui BaJbIiB Ta
IXHIO 4eproBiCTh BCTAHOBIICHHS Y JEKOPTHKATOPI.
Jna  peamizamii MPOEKTIB B OPTraHIYHOMY
3eMJIepoOCTBI  Ta C(EKTUBHOIO 3aCTOCYBaHHS
3aIPONIOHOBAHOI PO3AUILHOI TEXHOJIOT1] 30MpaHHs
JILOHY OJIIHHOTO HEOOXiJHEe cIellialbHe TEeXHIuHe
3a0e3revyeHHs.
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ABSTRACT

During the technological regime calculation of the wood
processing, in particular the trunk crossing with circular disc
saws, there is important to simplify the sawing trajectory and
replace it with a fragment of a circular arc. The sawing and
feeding movements, as well as the diameter of the saw, are among
the factors that determine the shape of the flat curved line
described by the tooth of the cutting tool. The mathematical
description of the trajectory of sawing by a woodworking tool with
a rotary motion is performed in many scientific works. However,
some issues require further research. A comparative evaluation of
the trajectories of sawing wood with circular saws during trunk
crossing is performed in the article. The evaluation was carried
out using the methodology for calculating the length of fragments
of second-order plane curves, developed and implemented in the
form of a computer program in the MathCad. The methodology is
based on the principles of discreteness and approximation
regarding the approximate determination of geometric
parameters. The results of numerical experiments for six variants
of transverse sawing technological regimes are presented and
analyzed. Dependencies between the kinematic parameters of a
wood-cutting tool with different number of teeth and the length of
arcs of cutting trajectories were established. It is determined
under which conditions it is possible to replace the arc of a curve
of the second order of the general form with a corresponding
fragment of the same curve of the canonical form, in particular
circles and cycloids, which will allow rational design of the power
of the drives of the cutting and feeding mechanisms of specialized
woodworking equipment. A recommendation was submitted
regarding the introduction of the proposed methodology to the
educational process of forestry complex equipment specialties, in
particular regarding the teaching of the discipline «Theory and
construction of woodworking equipmenty.
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AHOTALIA

Ilio  uac po3paxyHKy MEXHONOSIYHUX — PedNCUMIE  Npoyecié
MEeXauiuHo20 00pOoONeHHs OepesuHU, 30KpeMda KpsJiCY8aHHS
cmoebypi6 3a O0NOMO2010 KpYeaux OUCKOBUX NUIOK, BUHUKAE
HEOOXIOHICMb  CHPOWEHHST MPAEKMOPIT  pO3NUOEAHHsT ma il
3aminu Ha @paemenm dyau Kona. Pyxu posnunrosanus ma nodaui,
a makooxc Oiamemp NUIKU Haxexdcamv 00 Gakmopis, uo
BUBHAYAIOMb (POPMY NJIOCKOI Kpueoi JNiHii, sKYy onucye 3ydeybp
pizanvrHozo iHcmpymenmy. MamemamuyHui onuc mpaexmopii
PO3NUTIOBAHHA  0epeBO0OPOOHUM [HCIPYMEHMOM 3 00epmosUM
PYXOM BUKOHAHO Y Oazamvox Haykosux npaysax. Pazom i3 mum,
OKpemi NumauHs nompedoyioms nooaIbwux 00caiodceHv. Y
cmammi  BUKOHAHE NOPIBHANbHE  OYIHIOBAHHA  MPAEKMOPIl
PO3NUNIOBAHHS 0ePEeGUHU KPY2IUMU NUIKAMU NIO YAC KPAHCYBAHHSA
cmosbypie.  Oyinwoganus  6i00Y6ANOcsi i3  GUKOPUCTAHHAM
Po3pobnenoi ma peanizoganoi y 6uenndi Komn romepuoi npospamu
6 cepedosuwi MathCad memoouxku po3paxyHKy O0O08XHCUHU
@pacmenmie naockux Kpugux o0pyeo2o nopsaoky. B ocuosy
MemoOuKU  NOKAAOeHO  NPUHyunu  OUCKpemHOCmi  ma
anpoxcumayii Wooo HADIUNCEHO20 BUSHAUEHHS 2e0MempUdHUX
napamempie. Y cmammi npedcmasnieni ma NpPOAHANI308AHI
pe3yIbmamuy  YUCi08Ux eKcnepumeHmis O uecmu apianmie
MEXHONOSIYHUX — PeNCUMIB NONEPeuHo20  PO3NUTHBAHHS.
Bcmanoeneno zanesicnocmi migie KinemMamuuHuMu napamempamu
0epesopi3anbHo20 IHCMPYMEeHmy i3 pi3HOoI0 KilbKicmio 3y0yie ma
0062ICUHOI0 Oy2 mpackmopiu po3nuntoganus. O3HAYEHO, 3a AKUX
VMO8 MONCIUBA 3AMIHA Oy2U KPUBOi 0py2020 NOPAOKY 3A2ANbHO20
8U0Y Ha GION0GIOHUll pasmenm Mi€l HC KPUBOi KAHOHIYHO20
8Udy, 30KpemMa Koid ma yukaioiou, wo 003801uUmsb payionaIbHO
NPOEKMYSAMU NOMYNHCHOCMI NPUBOOI6 MEXAHIZMIE PO3NUNIOBAHHS
ma nooaui cneyianizo8anoco 0epesoobpoOHO20 YCMAMK)YBAHHSL.
Ilooano pexomenoayii w000 6npPoBadI’cenHs 3aANPONOHOBAHOT
MemoOuKu 00 O0C8IMHLO2O npoyecy cheylaibHocmel, —SKI
nepedbauaromo 6UGUeHHs 00IAOHAHHS IICOB020 KOMNIEKCY.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

Y  mpakThmi  iH)KEHEPHHX  PO3pPaxyHKiB
PEXUMIB TEXHOJOTIYHUX IPOIECIB MEXaHITHOTO
0o0poOJIEeHHST JIepEeBHHHU, 30KpeMa KpsKyBaHHS
CTOBOYpIiB 32 JONOMOIOI0 KpYIJIUX JAUCKOBHX
MWIOK, BUHHUKAIOTH MUTAHHS LIOAO CHPOIICHHS
TpaeKTOpii pO3MIWIIOBAaHHA Ta 3aMiHM 1i Ha
¢parmenT ayrn kona. OdYeBHAHO, IO PYyXH
PO3MMWIIOBaHHS Ta TMOJAAYi, a TaKOX JiaMeTp
MMAJIKA HaJIeXaTh J0 (aKTOpiB, MO0 BU3HAYAIOTH
(hopMy mmockoi KpuBOi JiHil, SIKy OMUCYe 3y0Oers
pizanpHOro iHCTpyMeHTy. OpHak, HEOOXiITHO
OOIPYHTOBYBAaTH 3a KOl BEJIMYHMHHU 3a3HAUCHHUX
(akTopiB Ta 0e€3 BENMKOI TOXHOKM MOXKHA
BBKATH IIi HAOJIMKCHHS NPUAHATHUMH. AJDKE,
cepenHs TOBLIMHA CTPY>KKHU 3aJ€KHUTh BiJl BUOOPY
TPaeKTOpii pPO3NWIIOBAaHHA Ta € AapryMEHTOM
(YHKLIOHATBHUX 3aJ@KHOCTEH Ui CHIJIOBHX Ta
CHEPreTHYHUX XapakTePUCTUK. TakuM YHUHOM,
moOyI0Ba Ta peaizallili METOOUKH PO3pPaxyHKY
JOBXHHHU TPAEKTOPIi PO3MMIIOBAHHS KPYTIHUMH
NWIKaMU € BAXXJIMBHM 3aBIaHHAM, BUPILICHHS
SIKOTO J03BOJIUTH PalioOHaJbHO BUKOPHCTOBYBATU
MIOTYKHOCTI IPUBOJTY MEXaHI3MIB PO3MMIIOBAHHA
Ta 1MoJayi AepeBooOPOOHOr0 YCTaTKyBaHHSI.

[TutanHs peXUMIB TEXHOJNOTIYHUX IPOLECIB
[IOTIEPEYHOr0  PO3MWIIOBAHHSA 32 JOIOMOIOIO
KPYIIIMX TUCKOBUX IMUJIOK BUCBITIICHI Y HAYKOBUX
mpaigix (Koch, 1964; Avanuyxuii & Canes, 1992,
Kipux, 2006; Lllocmax ma in., 2007, [llocmax ma
in., 2009). MaTteMaTH9HUH OMHUC TPAEKTOPIi
PO3NUITIOBAHHS IEpEBOOOPOOHUM 1HCTPYMEHTOM 3
00epTOBUM PYXOM BHKOHAHO y HAYKOBHX INpaisix
(Koch, 1964; Kipux, 2006). Iadopmaris 111010
napamMeTpiB KpyrJIMX MAHCKOBHX MWJIOK Ta iX
TEXHOJIOT1YHOTO  3aCTOCYBAaHHS MOJA€TbCA Y
nepskaBHUX cranmaprax JCTY 2233-93 (1993) ta
JCTY 2654-94 (1994).

Y mpamsax (Amamuyxuii & Cawnes, 1992;
Hlocmax ma in., 2007, Ilocmax ma in., 2009)
3MIUCHEHO OIS KOHCTPYKIHA JAepeBo0OpoOHOTO
yCTaTKyBaHHS 13 KPYINIMMH  OHIKaMH  JUIs
KpsDKyBaHHSL cTOBOypiB. IlpoBenenmii anami3
JTiTepaTypHHX  JDKEpeNl 13 JIOCIHiHKyBaHOTO
MUTAHHS MiATBEPKYE aKTYaIbHICTD 1 BaXKIIMBICTh
i€l TpoOJIeMaTHKH.

MeTa AOC/HiJKEeHHA — po3poduTH Ta
peaizyBaTd METOIHMKY PpO3PaxyHKY JIOBKUHH
TPa€eKTOPii PO3MMIIOBAHHS KPYTJIOK JAWCKOBOIO
IMUIKOI 3a IIONCPEYHOI'0 IMTHJIAHHA Ha OCHOBI
BUKOPHUCTAHHS TIOJIOKEHb Ta BUPA3iB aHATITUIHOT

reoMeTpii Ha TIONTHHI Ta AUCKPETH3AIlii TUIOCKUX

KpUBHX JPYroro TMOpSAAKY 3a JOTOMOIOIO
KYCKOBO-JTIHIHHAX QYHKIIIH.
MATEPIAJIM I METOJAU

[Tin yac AOCHIKCHHS BUKOPUCTAHO METOJIH:
MaTeMaTHYHOTO aHaji3y Uil IOPiBHUIBHOTO
OILIIHIOBAaHHA TPAEKTOpi  PO3MIIIIOBAaHHSA  Ta
o0epTaHHs y TMpolecax MWISHHS KPYTJIUMH
MWIKaMW; aHAJITHYHOI TeOMETPii Ha TUTOIIHHI JIS
anpoxcuManii KpUBUX APYroro HOPSIIKY KyCKOBO-
TMHIAHIMA  (QYHKIISMH; TEOPETUYHOI MEXaHIKU
(kiHeMaTHKH) AN ONKMCY IOCTYyNajbHOTO Ta
00epTaIbHOTO PYXiB TBEPIOTO TiJa.

PE3YJIbTATHU JOCIIAKEHHA
TA OBrOBOPEHHA

PosrisaemMo kpskyBaHHS CTOBOYpa pamiycom
I''y monepevyHoMy Imepepisi 3a TOTIOMOTOI0 KPYTJIOi
IMCKOBOI MMJIKH pagiycoM R 3 kpokom 3yoOuiB t;
(puc. 1). Bubepemo MNPAMOKYTHI CHCTEMH
koopauHatr: X1O1y1 — 13 MOYATKOM Y LIEHTPI
MOTIEPEYHOr0 Iepepizy croBOypa; X202y, — i3
MoYyaTkoM y ILeHTpi Kpyrioi mnunku. Hexaid,
JepeBOpi3abHUI  IHCTpYMEHT oOepTaeThes 3
KyTOBOIO IIBUJKICTIO @ Ta 3IIHCHIOE pyX Mojadi
y BEpPTUKAIbHOMY HampsiIMKy B370BXk oci Ozy. 3i
mBUAKicTIo Voz. KpiM Toro, Ha po3paxyHKOBii
cxemi (puc. 1) npuiiasti no3nauenus: Ko — Touka
MOYaTKOBOT'O KOHTAKTY Pi3aJIbHOTO 3yOLIs TIHIIKH 3
nepeBrHOI0; Ki — ToOYka, sKka po3TalloBaHa Ha
TpPaeKTOpii PO3NMMITIOBAHHS Ta $Ka BIiAMOBIgae
OHOMY TIIOBHOMY O00EpTy 3yOus NWIKH;, Y —
LEHTPaJbHUN KyT 3 BepunHowo y Touni Oy', axuii
OXOIUIIOE JYTy TpaekTopii pyxy 3yOus NHIKH
KOJIOM Bifl TOUkd N — 1 (TI0YaTOK PO3MHIFOBAHHS)
10 Toukd M’ (BUXiA 3yOLs i3 mponuiy); ayra Mix
ToukamMd N — 1 Ta M’ € PparMeHTOM TpaeKTOpii
PO3NIIIIOBaHHS 13 ypaxyBaHHSAM pyxXy Iojaadi
(xpuBa qPyTOTO MOPSJIKY).

OTxe, piBHSHHS KOJIa IONIEPEYHOTO Mepepi3y
cToBOypa y cucrteMi koopauHat X1O1y: HaOyne
Burisiny (1), a piBHSIHHS Koa oOepTaHHs KpyTriiol
IMCKOBOI MWIKH y cHucTeMi KoopauHar X20y
HaOyze Burny (2), To0To:

X1 +yi? =1, 1)
X2 + y22 =R2 2
Hns  obepraimpHOr0  pyxy  pi3ajibHOTO

IHCTPYMEHTY y TapaMeTpHUHid (opMi B CHCTEMI
koopauHaT X202y, MOXKHA 3aIKMCATH:
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X2 = R-sin(w?), (3)
Y2 = R-cos(wt), (@)

ge t—uac, c.

I3 ypaxyBanHsMm mBHIKOCTI Vo2 B CUCTEMI
koopauHaT X101y1 oOmepKMMO TapaMeTpHU4Hi
PIBHSHHS TPAEKTOPIl pyXy 3yOIsl MUIKU:

X1 = R-sin(w?), 5)
y1 = R-cos(wf) + Voot — R —r. (6)
i Y2
;

X1

X2

Puc. 1 — Po3paxyHkoBa cxema 70 BU3HAYCHHS
TE€OMETPUYHMX Ta KIHEeMAaTHYHHX MapaMeTpiB
MPOIIECY KPsDKYBaHHS CTOBOYPIB

KyToBy mBHaKicTh 00EpTaHHS MMHIKH MOKHA
BH3HAYMTH 32 3aJIEKHICTIO!

w=VIR, 7)

ne V — niHiliHa KOJIOBAa IUBHIKICTH OOEpTaHHS
(WIBUOKICTH PO3MIITIOBAHHSA), M/C.

TpuBamicTh  MEpUIOro  TMOBHOTO  00epTy
kpyrioi nuinku (Ha pue. 1 — Big Toukm Ko 1o
TOYKH K1) CTAHOBUTE:

t1 =27/ w. 8)

KoopnuHaty TOYOK, IO pO3TAIIOBaHI 3J1iBa
ta cmpaBa Big Touku Ki (pmc. 1) Ha Tpaekropil

PO3MMITIOBaHHS, MOXHa BH3HAYUTH TUCKPETHO,
OCKIJIbKM YCi IMOTMEepeaHi Ta HACTYMHHI (iKcoBaHi
MTOJIOKEHHS pi3ajdbHOTO 3yOlld THIKA 3MIIIeHi
MPOMNOPLIAHO 10 BEIWYMHU LEHTPAIBHOI'O KyTa
W, SIKAA 3aJIeXKHUThH BiJl TEOMETPUIHHX MapaMeTpiB
KpyIJIOl IWIKH, a CaMe!

w = 2-arcsin(t; / 2R), 9)
t; = 2R-sin(z/z), (10)
1€ Z — KUTBKICTh 3yOLiB KPYTJI01 MAJIKH, HIT.

Jns TOYOK TpaeKkTOpil pPO3MUIIIOBAHHA, IO
po3TarioBaHi 3miBa Big Toukn Ki, MaTHMEMO!

x1 Y = R-sin(wfi+), (11)
y1** = R-cos(wtis1) + Voztiea —R -1, (12)
tis1 = (27[— z//l)/a), (13)

nei=1,2,...,n-1
Jns TOYOK TpaeKkTOpil pPO3MUIIIOBAHHSA, IO
po3TaIoBaHi crpasa Bix Touku Ki, MaTnMeMo:

X]_(j+1) = RSln(wt]+1), (14)
yl(j+1) — RCOS(COtj‘HL) + VOth+1 — R - rl (15)
tes = (27 + ), (16)

nej=1,2,....m-1.
'pannyni BeIWYMHM MapamMeTpiB N Ta M
3aje)XaTh BiJl BUKOHaHHS YMOBH, 3a SIKOi 3yOempb

MUJIKA ~ PO3TAlllOBAHO B MeEXax  KOHTYPY
MOTIEPEUHOTO Mepepi3y CTOBOypa, TOOTO:
[Xl(i+1)]2 + [yl(i+1)]2 < I'Z, (17)
[Xl(i+l)]2 + [yl(j+l)]2 < r2. (18)

JloBxuHy MHIAHUX Bigpi3KiB MK TOYKaMH,
[0 PO3TAIllOBaHI 3iBa Big Touku Kji, MoxHa
BH3HAUUTH 3a 3anexHictio (19), a cmpaBa Bin
touku Ki — 3a 3amexwnictio (20):

Xi = [(X]_(i+1) _ Xl(i))z + (yl(i+l) _ yl(i))Z]O,S, (19)

2= [0 = x0) + (00 -y 0)°%, - (20)
nei=1,2,...n-1;j=1,2,...,m-1.

CyMapHa [OBXKMHA 3a3HAYCHHUX JTHIHHHX
BIJ]PI3KIB, $IKI ampOKCHUMYIOTh IUIOCKY KpPHBY

41



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48

JIPYroro Mopsaky MiK ToukamMu N —1 tam —1
(pue. 1), Bu3HAuaTUMe HAOJIMKEHO 3arajbHy
JOBXHHY OYTH TPAEKTOPIi pO3MUIIOBAHHS:

n-1 m-1
L= 2+2.4.
i=1 j=1

(21)

Sxmo BBaxkaTH, MO PyX IMOJadi BiICYTHIH,
MOYMHAIOYH Bl TOYKM N — 1, TO Tpaekropis
po3nmitoBaHHS OyJe Ayroro Koma 3 paniycom R,
pUYOMYy KiHIIEeM Iii€el Iyru cTaHe Todka M'.
JdoBxuHy XOopau, IO 3’€IHY€ 3a3HA4YCHI TOUKH,
MO>KHA BU3HAUUTH 32 3aJI€XKHICTIO!

| = [(Xl(m') . Xl(n - 1))2 + (yl(m') _ yl(n - 1))2]0,5’ (22)
e Xl(m') - _ X]_(n - 1)’ yl(m') = yl(n - 1).

3a BigoMHM 3HaueHHsM mapamerpa | MoxHa
BU3HAYUTH BEJTMUMHY LIEHTPAJIBHOTO KyTa i/, AKUH

CIUPAETHCS HA II0 XOPY, @ TAKOXK JOBXKUHY ITyTH
Mik Toukamu N — 1 ta m’, To6TO:

w = 2-arcsin(l/2R), (23)

Lk = R-w. (24)

Metoauka po3paxyHKy AOBXHHH TPAEKTOPIH
PO3MUITIOBAHHS TiJl Yac KPsKyBaHHS CTOBOYpIB 3a
JIOTIOMOTOI0  KPYTJIOMWIKOBAX — TOPIIOBAIEHUX
BEpCTaTiB, IO 3alpOIIOHOBaHA, pealli3oBaHa ¥y
BUTJIS/II KOMIT'IOTEPHOI TPOTpaMu B CEpEAOBHILI
MathCad. Lle mo3Bomwio uisi KPYTJIOMIKOBUX
TOPIIOBAJILHUX BEpPCTAaTiB BHKOHATH YHCIIOBE
eKCIIEpUMEHTYBaHHS 32 3aJaHUX KiHEMATHUYHHX
PEKUMIB  pO3NMJIIOBAHHS, SKi TOAAIOTBCH Y
Tadauui 1. Pe3ynbraté NMpoBeACHUX TOCIIKEHD
3a pO3pO0JIEHOI0 METOAWMKOIO TPEACTaBIEHI B
TA0 LI 2.

Ta6auns 1 — [TouaTrkoBi AaHi 10 BU3HAYEHHSI JOBXHHHU TPAEKTOPiil PO3MUITIOBAHHS

Paniyc Kpyrna quckoBa nuika KinemaTHuHi XapakTepUCTUKU
CTOBOYpa, (4CTY 2233-93, 1993) (Kipux, 2006)
MM (Tumn 2, BUKOHaHHSA 1)
Paniyc, Mmm KinbkicTs 3y0niB [IBUIKICTD PO3MMITIOBAHHS, M/C [IBuakicTs momadi, m/c
75 180 72; 96 30; 90 1;25
Tadauus 2 — Pe3ynpraty BU3HAUECHHS JOBXUHH TPAEKTOPIA POINMMITIOBAHHS
[TapameTpu Bapiantu
1 2 3 4 5 6
KisbkicTh 3yOILliB MUJIKHU, LT 72 96 72 96 96 72
IBUAKICT PO3MHUIIOBAHHSI, M/C 30 90 30 90 30 90
IIBuakicTs moxaui, M/c 1,0 2,5 25 1,0 1,0 2,5
[Mepion obepTaHHS MUITKH, C 0,038 0,013 0,038 0,013 0,038 0,013
Kyt y, rpagycu 20,0 22,5 30,0 75 22,5 20,0
JosxuHa tpaekropii L1, MM 62,85 70,70 94,53 35,32 82,38 62,83
JosxuHa tpaektopii Lk, MM 62,83 70,69 94,25 23,56 70,69 62,83
AOCONIOTHE BIAXWICHHS TOBKUHH TPAEKTOPIl, MM 0,02 0,01 0,28 11,76 11,69 0,0
BimHOCHE BiIXHIICHHS JOBXHHU TPAEKTOPii, %o 0,03 0,01 0,3 33,3 14,2 0,0
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BusnauansHuMHu (akTopamu, sIKi BIUIMBAIOThH
Ha JIOBXXUHY TPAEKTOPii PO3MIIIIOBAHHS IIiJ| 4ac
KpsDKYBaHHSI CTOBOYpIB 3a JOMOMOTOI0 KPYTIIUX
JUCKOBHIX THJIOK, € MIBUIKICTh PO3MIIIOBAHHS Ta
MIBAAKICTH IToxaydi. Bennynaa Kom0BOI MIBUIKOCTI
UL IIbOTO TUIY AEPEBOPi3aJIbHOTO 1HCTPYMEHTY
ctaHoBuTh Bim 30 m/c mo 90 mM/c (pme. 2, a), a
MIBUIKOCTI mojadi gocsrae 150 m/xs (puc. 2, 6)
(Kipux, 2006).

BcranoBneHo, mo moeqHaHHS MaKCUMallbHOL
IIBUIKOCTI PO3MIIIIOBaHHS, a TAKOK MiHIMAJIBEHOT

y

p

w
Ve
R

VA 2

A
S
a
y
Ay Vaa
a)/'
Sy

Vaa O ¥
B

IIBUAKOCTI TOjadi 3a0e3nedye KOPOTKOYACHY
B3a€EMOJIIF0  pi3ajbHOrO  3yOIsd  TWIKA 13
JIEPEBUHOIO, a II€ 3yMOBIIOE HAWMEHIITy JOBKUHY
TpaekTopii po3mwiaoBaHHA (y Tadammi 2 —
Bapiant 4, puc. 3, n). HatomicTes moenHaHHA
MiHIManbHOT MIBHIKOCTI  pPO3MMJIIOBaHHS — Ta
MaKCHUMAaJIbHOI IMBHUIKOCTI TT0/1adi CTBOPIOE YMOBY
TpHUBaJIoi B3aeMOJIi pi3aJibHOTO 3yOLd THIKH 13
JEPEBUHOIO, a IIe 3yMOBIIIOE HAHOUIBIY TOBXKUHY
TpaexTopii posmwimoBaHHs (y TaGauumi 2 —
BapiauT 3, puc. 3, B).

¥

Azl Vs

Sst Fss

Bs

VAI

Puc. 2 — Enropu mBuakocteil Kpyrioi JUCKOBOI MUJIKK A€peBOOOPOOHOTO BepcTaTa:
a — obepranpbHUH pyX (MMBUAKICTH POIMILIIOBAHH); O — MOCTYNAIBHIUN pyX (IMBUAKICTH TO/1a4i, KOB3aHHS);
B — CyMa 00epTaIbHOTO Ta MOCTYMAILHOTO PyXiB (KOYEHHS 3 IPOKOB3YBaHHSIM);
I — pyX KOUeHHs 0e3 MPOKOB3yBaHHS
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Puc. 3 — I'padixu TpaekTopiil po3nuiaoBaHHs (CyLibHA JiHis) Ta 00epTaHHs (IITPUXOBA JIiHis) KPyTioi
JIUCKOBOI MTUJIKH TIiJ] 9aC KPSHKYBaHHS CTOBOYPIB:
a— BapiaHT 1; 6 — BapiaHT 2; B — BapiaHT 3;
T — BapiaHT 4; 1 — BapiaHT 5; e — BapiaHt 6

Pizna kimpkicTe 3yOIlIB  KPYTJoi  MIJIKK
JO3BOJIsJIa 3MIiHIOBaTH mapameTpu t; Tta y s
TOro, 100 OBl TOYHO OMHCATH KPHUBY
TPAEKTOpii PO3MIIIOBAaHHA KYCKOBO-JIiHIIHOIO
(dyukmiero. OgHAK, Y MPOBEICHOMY TOCIIHKCHHI
TOYHICTB anpoKcuMaii He OLiHIoBajacs. 3arajJomM

BIIHOCHA TIOXMOKa B OOYHMCIEHHI IOBXUHHU
TPAaeKTOpil  PO3MMJIIOBAaHHS, [0 BHU3HAYCHA
AQHAJIITUYHO Ta JHUCKPETHO, NPUUHATHA IS

BapianTie 1-3 Ta 6 (Tadauus 2), MO IO3BOJSIE
OOMEKHUTHCSI JHIIE OOCPTOBUM PYXOM TMHIIKH
JIepeBOPI3ATBLHOTO yCTaTKyBanHs (puc. 2, a), a
TPAEKTOPII0 PO3MUIIOBAHHS PO3TJISATA K YTy
kona. Illomo BapianTiB 4 Ta 5, me BimHOCHa
MOXMOKAa JIOBXKHHU TPAEKTOPIi PO3MUIIOBAHHS €
3HAYHOI), TO 3a3HAYCHE CHPOIICHHS Y (opMi
IUIOCKMX KPHBHUX JIPyroro TMOPSJAKY He €
JIOLJIBHUM.
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OpnepxaHi KpUBI TPAEKTOPid pO3MHUIIOBAHHS
U yCiX JOCTiIXYBaHHX BapiaHTiB HE MOXKHA
BBaXXaTH KJIACHYHUMH LUKJIOIIaMH 3a
BHU3HAYEHHSIM, OCKUIBKU: CKIaJHMHA PyX KpyTiol
MAJTKA T YaCc BUKOHAHHA TEXHOJIOTIYHOTO
mporecy Kps)KyBaHHS CTOBOYpiB € YMOBHUM
KOYEHHSIM JAWCKA 13 YaCTKOBHM IPOKOB3YBaHHSIM
Ha MOBepxHi (puc. 2, B); cepell BiIOMUX BEINIHH
IIBUAKOCTEH PO3MWIIOBAHHS 1 mojadi  Juis
KpYyTJIOMUWIKOBUX BepctatiB (Kipux, 2006) Hemae
CITIBBIAHOIIEHHS, 1€ O JiHiiiHAa KOJ0Ba IIBHAKICTh
mWIKA Oyna BABiYI OUIBIIO 32 TOCTYHAIBHY
HIBUJIKICTH PyXY 11 ieHTpa (puc. 2, r).

BUCHOBKHA

OpepkaHi pe3yNibTaTH JOCHIKEHb MO0
JNOBXHHU Ta (OPMH TPAEKTOPIH pPO3MMIIOBAHHS
M7 9ac KpsDKyBaHHS CTOBOYpIB 3a JOMOMOTOIO
KpYyIVIUX OUCKOBUX MWIOK BKa3ylOThb Ha Te, W10
IUIl TIEBHUX LIBHIKICHUX PEXUMIB MOIEPEYHOTrO
PO3IMIIOBAHHS TPAEKTOPII0 Yy (GOpMi IUIOCKOT
KpUBOI JApPYyroro TOPSAKY MOXHA 3aMIiHUTH
KoJIOM. AJle 1ie moTpedy€e BUKOHAHHS MONepeaHiX
pO3paxyHKIiB BIOIOBIAHO JO 3alpOIOHOBAHOI
METOJIUKH Ta aHaNi3y OJEPKaHUX Pe3yJIbTaTiB.

Po3pobnena Ta peanizoBaHa METOIUKA MOXKE
OyTH BIIPOBa/KCHA 10 OCBITHBOTO IpOIECY 3a

CIIELIAIBHOCTAMH, $KI BHMBYAIOTL OOJIagHAHHS
JCOBOTO KOMIUIEKCY, 30Kpema Moxke OyTu
BHUKOpHCTaHa y (axoBiit muctmrmiini «Teopis Ta
KOHCTPYKIIii JepeBOOOPOOHOTO yCTATKyBaHHS.
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ABSTRACT

In agriculture, rubber cord products are widely used, which is due
to the technical properties of rubber. Among rubber cord
products, the tracks of agricultural machines are common. Rubber
tracks are structurally complex systems containing materials that
are characterized by very different values of the elasticity
modulus. Rubber and metal or fabric fibers have different
structural and design features. The rubber layer provides
resistance to triggering and resistance to the influence of the
external environment. The cord perceives the main part of the
loads, which leads to the emergence of a complex stress state,
which affects the formation of strength indicators. The design of
rubber cord products can be different, namely: the cord is formed
in one layer or several; the value of inclination angle of cord
fibers to the longitudinal axis of the product may change; fibers of
different lengths and diameters are used. It leads to changes in
mechanical characteristics depending on external loads.
Therefore, these features should be taken into account during the
development of a new product design, taking into account the
magnitude and nature of loads. For two cases (cord material —
metal; cord material — fabric fibers), an analysis of the
deformation mechanism of the rubber cord belt was carried out
under the condition that the reinforcement is made at an angle.
The equations that characterize the relationship between cord
parameters and deformation are obtained. Cases of deformation
are also considered: tensile deformation with elongation of cord
fibers and without elongation; compression strain. The results of
the analysis will be used as a basis for further studies of the load
modes of rubber tracks of agricultural machines, taking into
account not only their design, but also mechanical features. The
analysis of the deformation mechanism revealed the need to
develop approaches to the design of rubber tracks that take into
account deformations not only in the rubber, but also in the cord
layers. Features of deformations must also be taken into account
when assessing stresses in sections of cyclically loaded tracks.
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AHOTAILIA

YV cinvcorkomy eocnodapcmei wupoxo 8UKOpUCTIOBYIOMbCS 2YMO-
KOpOog8i 8upobdu, wo 0O0YMOBIEHO MEXHIYHUMU 6AACIUBOCHIAMU
eymu. Ceped 2ymo-Kopoosux 6upobié NOWUPEHUMU € 2YCeHUYi
CIIbCOKO20CNOO0APCLKUX MAWUH Ma OKpeMi eleMeHmu X0008UX
yacmun mawun. I'ymosi eycenuyi € KOHCMPYKMUBHO CKIAOHUMU
cucmemamu, wo Micmams mamepiany, AKi XapaKmepusyrmscs
oyoice pISHUMU 3HAYEHHAMU MOOYAs npyxcHocmi. Iyma i meman
abo  MKAHUHHI ~ BONOKHA ~ MAIOMb  PI3HI  CMPYKMYpPHI ma
KOHcmpykmueHi  ocobnueocmi.  Tymoeuii wap  3abesneuye
cmitikicms 00 CHpaybo8ySaHHs mMa CMIUKICMb 00  BHIUBY
308HIUWNHB0O20 cepedoguwya. Kopo cnpuiimac OCHOBHY YacmuHy
HABAHMAJICEHDb, WO HPU3BOOUMb 00 GUHUKHEHHS CKIAOHO20
HAnpyjlceHo20 CMAawy, AKUll 6NAUBAE HA (POPMYBAHHA NOKA3HUKIG
Mmiynocmi. Kouempyxyis 2ymo-xopoogux eupobie modice Oymu
PI3HOI0: KOPO BKAAOAEMbC 68 OOUH wap ado O0eKilibKa, Modice
3MIHIOBAMUCST  3HAYEHHS KYMA HAXULY 60JOKOH KOpdy 00
N030082CHbOI 0CI 8UPOOY; BUKOPUCMOBYIOMbC B0JIOKHA PI3HOL
dogacunu ma  pizHoeo Oiamempy. Koncmpykyis  eupoby
00YMOBIIOE 3MIHU MEXAHIYHUX XAPAKMEPUCMUK 3ANENHCHO  6i0
308HIWHIX HABaHmMadiceHb. i 060X eunadkie (mamepian Kopoy —
Meman; mamepian Kopoy — MKAHUHHI 80JIOKHA) NPOBEOeHO AHANI3
Mexanizmy Oeghopmayii  2ymo-Kkopoo8o20 nacy 3a YyMoeu, o
apmysanHs euxkorane nio Kymom. OO0epoicaui 3aneicHocmi, sKi
Xapakmepuszyioms 36 ’5130K  MIdC ~napamempamu  Kopoy mda
Odepopmayiero. Poszensuymo eunadku odegpopmayii: degopmayisn
po3msiz i3 8UO0BHCEHHAM BOJOKOH KOpOY ma 6e3 8UOO0BIHCEHHS,
degpopmayis cmucHennsa. Pezynomamu nposedenozo ananisy 6yoe
NOKIAOEHO 8 OCHO8Y NOOANbUIUX HAYKOBUX OOCTIONHCEHb PEANCUMIB
HABAHMANCEHHS 2YMOBUX ZYCeHUYb MAWUH i3 YPAXYBAHHAM He
auwe iXHix KOHCMPYKMUBHUX, d U MEXAHIYHUX 0COOIUBOCMEN.
Ananiz mexawnizmy oegpopmayiti euseus nompebdy y po3pooOnenHi
nioxo0ie 00 NPOECKMYBAHHA 2YMOBUX ZYCEHUYb i3 YPAXYSaHHAM
dehopmayiti He nuwe y eymi, a Uy wapax Kopoy.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

I'yceHWYHI  TpakTOpH  XapaKTEepPH3YIOThCS
MiABULICHUMH IIBUAKICHUMH peXHMaMH, LI0
3YMOBJIIO€ 3POCTaHHS OTUHAMIYHUX HAaBAaHTAXKEHb,
30KpeMa y pymrisx. 31 30LIbIICHHSIM MIBUIKOCTI
BHHHUKAIOTh JOAATKOBI HAaBaHTAXXEHHS YJIApHOTO
xapakTepy. Y pe3ysbTati BifOyBaeThCs 3pOCTaHHS
CYMapHOTO HAaBAaHTAXEHHS HA €JIEMEHTH PyIIis
(rycenniro). Yepe3 3pocTaHHS HaBaHTaKEHHS
301MBUIYIOTBCS ~ HampyXeHHS B eJIeMEHTax
TYCEHUYHOTO PYIIisi, IO, BiATIOBIIHO, 3yMOBIIOE
3MEHIICHHS] IXHBOI JOBTOBIYHOCTI. SIK TmOKasye
aHaJi3 HayKOBUX MAOCIIIKEHb 3 IOTO MUTAaHHSI
(Kawupcoru & Kopocmernes, 2006;
Kupuuescoxuii ma in., 2000; Jlanux & Aowiiun,
2015), BueHHMH MIPOMOHYETHCSI BUKOPUCTOBYBATH
ryMO-METaleBi  €NeMEHTH [UIi  3MEHILIEeHHS
IUHAMIYHUX HaBaHTa)KCHb, BTpaT €Heprii Ta
3pocTaHHs KOeQIiEHTy KOPHCHOI Mii pyIIis.
I'ymo-meraneBi TryceHHII BUKOPHUCTOBYIOTHCS Y
KOHCTPYKIIAIX PYIIHHUX CHCTEM IPOBIIHUX
BUPOOHHKIB  CUTBCHKOTOCTIONAPCHKOT  TEXHIKH,
3okpema Claas, John Deere Ta inmux (pue. 1).
3anpoBa/KeHHS ~ TyMO-METaJeBHX  T'yCEHHIb
JO3BOJISIE 3MEHILINTH IIKIUIMBUI BIUIMB XOIOBOT
CHCTEMH Ha IPYHT 1 HiABUIINTH TATOBY 3[aTHICTb.

HaykoBisimu  beiinenconom ma in. (2015)
JNOBEAEHO, L0 I'yMO-apMOBaHI T'YyCEHHUIl MaroTh
BHCOKY 3HOCOCTIHKICTh, 30KpeMa Ha BOJOTHX
IpyHTax Ta B yMoBax a0Opa3WBHUX CEPEIOBHIL.
Emenvanoe ma in. (2021) Takox BCTaHOBHJIM
nepeBary TyMO-apMOBAaHUX TYCEHHIb Tepel
MeTajaeBUMU. JIOCHIIKESHHSAMU TOBEACHO IXHIO
IiJIBUILICHY HAJIMHICTH Ta 30UIbIICHHS HalIHHOCTI
MAalllMHY B IiyioMy. BcraHoBieHo, mo pecypc a0
TPAaHAYHOTO CTaHy TyMO-apMOBAHOT TyCEHHIII
MOPIBHSHO 3 METAJICBOIO € OinblnM y 4,5 pasu.
3MeHImyeTscsi ¥ KoeilieHT HepiBHOMIPHOCTI
PO3MOiIEHHsI THCKY B XOJOBii cucrtemi y 1,72—
2,02 pasu. HaykoBii Takox 3a3Ha4aroTh, IO
ryMO-apMOBaHi I'yceHHI] 37aTHi 3a0e3MeunTH:

- TIABUIICHHS NPOXIAHOCTI HA TPYyHTax i3
HU3BKOIO HECYYOIO 34aTHICTIO;

- BIICYTHICTP IIKI[UINBOTO BIUIMBY Ha
JIOPOYKHE TTOKPHTTS, TOOTO 30€peskeHHSs I0piT;

- 3MEHIIEHHS YIIUTFHEHHS IPYHTIB;

- 3MEHUICHHS BiOpOHABaHTAKEHHs Ta LIYMY
IUTS OTIEpaTOPiB 1 poOOUOTO CepeloBHINA;

- 3HIDKEHHS TPYAOMICTKOCTI 00CITyTOBYBaHHS
XOJI0BOI CUCTEMH.

Psouenxo ma in. (2007), okpiM migBHIICHOT
(bi3muHOI TIPOXiTHOCTI, BHOKPEMIIIOE TiIBHUIIEHY

EKOJIOTIYHY TPOXiMHICTh [HX TYCEHHUIlb, sKa
MPOSIBJIIETHCS Y 3MEHILICHI MAKCUMAaJIbHOTO THCKY
Ta YIIUILHIOYO]T i HA TPYHT YBiYi MOPIBHIHO 3
METAaJIEBOIO I'yCEHUIIEIO.

Kpim Toro, HaykoBIi 3a3Ha4ar0Th, IO TYMO-
apMOBaHHM pyIIiil 3MeHIIye 0araropa3oBo LIyM i
BiOpOHABAaHTAXXCHHS Ta 3YMOBJIOE 3pPOCTaHHS
CTPOKY CIIyOu arperaris.

VY BHNaAKy 3aCTOCYBaHHS T'yMO-apMOBaHHX
TYCEHHIb TIOKPALIYEThCS €ProHOMiKa Ta YMOBHU
poOOTH MexaHi3aTopiB, 30KpeMa 3MEHIIYETHCS
TPYJIOMICTKICTh TEXHIYHOTO OOCIyTOBYBaHHS 1
PEMOHTY XOJI0BOI CUCTEMH, a 1i PECYpPC 3POCTAE JI0
12 pokiB. TakuM 4YUHOM, aHaIi3 JOCIHIHKCHb
BUSIBUB TIE€PCIIEKTHBHICTh 3aCTOCYBaHHS TyMO-
apMOBaHUX TYCEHWIIb JUIA MalliH, 30KpeMa
CLIBCBKOTOCTIOAAPCHKOTO MIPU3HAYCHHSI.

Puc. 1 — ['ymo-meTaneBi ryceHnli BUpOOHHKIB:
a — Claas; 6 — John Deere

Y pesynbrari aHamizy HAyKOBUX JUKEpel
iHdopmarlii BCTAaHOBJICHO, IO HABaHTAKCHHS
rYMO-apMOBaHUX T'YCEHUIlb PO3PaxOBYIOThCS 0e3
ypaxyBaHHS ~OCOONMBOCTEH iX  KOHCTPYKIIi.
KopcTKicTh 1 MIITHICT X TYCEHUIb OI[IHFOETHCS
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3 ypaxyBaHHSIM OCOOJIMBOCTEH YMOB eKCIUTyaTallii
abo koHQirypamii BupoOy, ane crenudiyni
BIIACTHBOCTI MaTepialy He BpaxoBYIOThCs (Jlanux
ma in., 2017; Pabuenko ma in., 2007).

Jnis BUpOOIB 13 TyMH NEBHI XapaKTePUCTUKH
MOKHa BH3HAYUTH 32 JOMNOMOTOI0 METOAMK, LI0
MTO/IAIOTHCS Y HAyKOBO-TEXHIUHIN JiTeparypi. Jlms
BUTOTOBJICHHS ~ TYCEHHI[b ~ BHKOPHCTOBYETHCS
KOMOIHOBaHUI MaTepiay, CKIaJoBi sfKoro (ryma,
MeTaj) MaloTh MOKa3HUKH, 10 3HAYHUM YHHOM
BIJIPI3HSAIOTHCS 3a 3HAYEHHSM, 1, BIAMOBIAHO, Y
pi3HUIA croci0 BIIMBAIOTH HA MPOIECH B3a€MOJIi
TYCEHHUL Ta CEepelOBULIA.

HaBaHnTakeHHs, IO AiIOTh HAa TYCEHULO, €
CKIaJJHUMU ¥ CHPUYMHEHI CHJIaMH HaTsATY,
BIIIIECHTPOBUMH CHJIAMHU 1 TSITOBUM 3YCHILIAM. Y
nepepizax TIYyCEHUIb BUHMKAIOTh HaNpY>KEHHS
pO3TATY Ta CTHCKY, a Yy BHUIAJAKy HAi3ay Ha
MepenoHy — CKpyuyyBaHHs. Jlng oOuiHIOBaHHS
HaBaHTaXeHb HEOOXiAHO 3HATH 3aKOHOMIipHOCTI
MOBEMIHKH MaTepialy 3a yMOBH MPHKIAJaHHS
HaBaHTKEHb. 3MiHA XapaKTePUCTHK Marepiary
Ta BIUIMB Ha HUX CXEM apMyBaHHS — 1€ IMUTaHHS,
SKi ~ HEJOCTAaTHhO JIOCHIDKeHI I TyMoO-
ApPMOBaHUX T'YCCHHIIb.

BnactuBocTi TyMO-KOpAHHX KOHCTPYKIIiH
HaiyacTille aHali3ylOThCs 13 ypaxyBaHHAM
3aKOHOMIPHOCTEH, SKi BIAMOBIAAIOTH 3aKOHY
I'yka. I'yMO-KOpJOBi TyCeHHIII Y bOMY BHIIAAKY
PO3IIIAAIOTECS SIK 130TPONHUM Matepiai. [Hmmi
ITLIX1]T TIPOCITiIKOBY€THCS B HAYKOBUX IPAIISX, 110
MIPHUCBSIYEH] BUBYCHHIO KOMITO3UTHHX MaTtepiaiiB
(Tesin ma in., 2005; Iobepos, 1984, I[lewenun
ma in., 2007). AHani3 KOCTiKEHb JOBOIUT, IO
JUIE  KOPEKTHOTO PO3PaxyHKy XapaKTepPHCTHK
MIIHOCTI T'yMO-apMOBaHOI TYCCHHIIl, SIK OJHI€T
KOHCTPYKLIi, BaKJINBO BPaxoBYBaTH O0COOIMBOCTI
Hanpy>KeHO-Ie(OPMOBAHOIO CTaHy TYCEHHMI Ta
3aKOHOMIpHOCTI MposiBy Jedopmariii  ans i
PI3HUX KOHCTPYKIIH.

MeTta JOCTi)KEeHHS — JIOCIIIIUTH
nedopmallii  TyMOBOI  TYCEHHMINI  CUIBCHKO-
rOCIOJIAPCHKOi MAIllMHU Ta BIUIMB Ha XapakTep iX
MIPOSIBY Matepiary Kopay.

MATEPIAJIM I METOIU
[IpoBeneni mocmimpkeHHs Oa3yBaiucs Ha
pe3yabTaTax aHali3y METOIIB OMKCY HaIpPyXKEHO-
ne(OPMOBAHOTO CTaHy TYMH Ta TEXHIYHOIO
KOp/y, & TAKOX Ha OCHOBHHUX IMOJIOKECHHAX OMOPY
MarepiamiB 1 Teopii TPYXHOCTI KOMITO3HUTHHX
MaTepiaiiB.

PE3YJIbTATU AOCIIAKEHHA
TA OBI'OBOPEHHA

I'yMo-apmMoBaHa TyCEHUWI]I MAaIIMHA Ma€
apu METAJIEBOTO KOPHY, SKi MOKPHUTI TYMOIO Ta
HaKJaJeHl OOWH Ha APYTUH M AEIKHUM KyTOM
(puc. 2). [TonoKeHHSI OKPEMHX €JIEMEHTIB KOPIY
MO’KHa OIMCATH KYTOM IXHBOIO HAaxXuiy IO OcCi
TYCEHHMIII Ta TUTOMOIO IIIJTFHICTIO €JIEMEHTIB:
y=LI/t, (D)
ne L — onguHnng poxuHM macy; t — Kpok

pO3TallyBaHHS METaJIEBUX APOTIB.

-\ SE

Puc. 2 — EneMeHT rymMo-apMOBaHOTO TaCcy

I'yma Ta Meran — e marepiand, O BXOAATH
JIO0 CKJIQJy TYCEHHUIIl 1 MaroTh MOyJib FOHTra, skuii
3HAYHUM YHHOM BIJIPI3HSAETHCS Ta, BIJIOBIIHO,
CTaHOBUTH: s rymu — 1045 KF/CMZ; JUTSL KOpAY
meraneBoro — 10° kr/cm?.

3a YMOBHU JIOJIaHHS MEPEIIKOJ Ta B3aEMOJIT 13
pOJMKaMU 1 BaJKaMH XOJIOBOi CHCTEMH T'yCEHUIIS
Oyme nedopMyBaThCs Ta TPH IHOMY JICIIO
3MIHUTBCS KOHQirypaiiss kopay. PosrisiHemo
HepILIii MOKJIMBUI BUMAA0K (puc. 3).

JedopmyBaHHS BiIOYBaETHCA B3IIOBXK CTOPIH
poMOiB, IO YTBOPEHI METaJEBUM KOPIOM.
[Ipumyckaemo, Mo CYyTTEBOTO BUAOBKCHHS KOP.Y
He Oyzme dYepe3 Te, MO BiH IIUJIBHO 3aJUTHU
TYMOIO, IIT0 HE A€ MOXKJIMBOCTI BUTBHO PYXaTHCS
BOJIOKHAM 1 BuUjOBXKyBarucsa. Kpim Toro, e

OpUNYLIICHHS  OOyMOBJIEHE  3HAYHO  BHIIUM
MoayneM FOHTa MetaneBoro kopay. Pazom i3 Tam,
Oyne  3MiHIOBaTHCS  KOHQirypamis  ¢iryp

(mpumyckaemo, mo ue pomob), sKi (OPMYIOTH
OKpeMi eNneMeHTH KOopay. Takoxk MpHITycKaemo,
o0 B Tepepi3i macy TMPOSBISIOTHECS —JINAIIE
nedopmariii, sKi MOB’s3aHi 3i 3MIHOI KYTiB
HaXWy CTOpiH poMOiB.

Bracmimox nedopmarrii 3MiHHITUCS JTOBKHHA
niaronaneii pomOy (puc. 3), mpu OMY OfHA i3
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HHUX BIIXWJIMIIACS BiJl [IOYATKOBOI'O ITOJIOXKEHHS HA
KyT . I3 ypaxyBaHHSM 3a3HaYEHOTO MAaTUMEMO:

Oai = 2lysin(a + ), (2
661 = 2lp-cos(a +v), 3)
Oa = 2lp-sina, 4)
ccy = 2lp-cosa, 5)

ne |, — mouaTkoBa TOBKHHA CTOPiH poMOa.
Y o

Py

P a

ey ) |

a

.al

=

(5
N
c

&xl1

Puc. 3 — Cxema nedopmariii ryceHuili 3a yMOBH,
IO IPOTH, 1[0 YTBOPIOIOTH KOP/I,
HE BUJIOBXKYIOTHCS

BusHaunMo BenmMuuHy BigHOCHOT Aedopmariii
i3 ypaxysanusm Bupasis (2)—(5):

Ax = (Oa; — 0a)/Oa = y-ctga, (6)
Ay = (861 — cC1) / cC1 = —y-tga. @)

BcranoBumo 3B’s30k Mk AX Ta Ay, mis
LBOT0 PO3AIIMMO AX Ha Ay, TOJII MATUMEMO:

Ax | Ay = - ctga. (8)

I3 orpumaHux BHpa3iB BHUIUIMBAE, IO
nedopmanii TOB’s3aHI 13 BENUYMHOIO KyTa o
kopay. OCKUTbKM MOJYJIb MPYXKHOCTI METaJICBOTO
KOpZly BHIIUI 32 MOXIYJIb TPY>KHOCTiI TYMH, TOJI
MPUITYCKAEMO, IO IMiJ] YaC HABAHTaXXCHHS IMacy
mapu KOpay, J€ C€JIEMEHTH pO3TalloBaHi i
IEeSKUM  KyTOM, OyIyTh CHpUHAMATH MEHIII
HaBaHTOKEHHsA, HiK Tyma. lle migTBepmkye i
aHami3 JedekTiB TryMo-apMOBaHUX TYCEHHIb ¥
rocronapctBi. OCKUIBKA TPH OISl TYCEHUIb
BCTAaHOBJIEHO, IO Je(eKTH, SKi TOB’s3aHi i3
MOPYLIEHHSM I[iJTICHOCTi KOPAY, CIIOCTEPIraroThes
y 23% 3pa3skiB.

3a yMOBU BHKOPHCTAaHHS TEKCTHJILHOI HUTKH
IUIsl BATOTOBIICHHS KOpAY Oyze crocTepiraTucs siK
3MiHa KyTa @, TaKk H pO3TAT B3IOBX CTOPiH
poMmOiB, BenMUMHA SKOTO Oyae  3ajekard,
30Kpema, i Bifl crtocoOy Horo 3aKkpiruieHHs.

PosrnsHeMO TyMO-KOpJOBUI €IEMEHT, Ha
aKoMy Tmo3HauuMo (pue. 4). A — TmodYaTKOBa
KOoH(QIrypamist enemeHty (pomo6a), M0 YTBOPEHHH
HUTKaMu Kopay,; B — koH(irypaiis eneMeHTy
micasi HaBaHTaXeHHS. BenuuwmHa  BigHOCHOL
nedopmarrii cTopiH poMOy CTaHOBHTH &7 Ta &
Bignosigno, aedopmarii B3moBX ocell x Ta y
CTaHOBUTUMYTb:

ex = ex1 + Agx = — Aarcctga + 0,5(esr + e), (9)
&y = &yl + Agy = AarCtga + 0,5(8./7 + 817), (10)

ne Ag, Agy — medopmarii, siKi IPOSBISIIOTECS HA
nmiaroHansx pomOiB; &x, €1 — KOMIIOHEHTH
nedopmarii, BiIMOBIAHO, IO OCAX X Ta Y; &1, &7 —
nedopmaitii cropin pomoa.

A

¥

|
I+ if&/v lyén
6

Puc. 4 — Cxema ryMo-KOpI0BOTO €JIEMEHTY J10 ()
Ta micis (0) mpuKIaaHHs HABAHTAXKCHb

KommnonenTu nedopmariiii mo ocsix X 1a y:

&a = 0,5(e — 1), (11)

&y1 = 0,5(8/]—817). (12)
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OckiJbKU Ma€e Miclie 3MillleHHs oci pomoOa
BIJIHOCHO MOYATKOBOTO TOJOXKEHHS (puc. 4), Toxi
KyTOBa JieOopMalris:

Pyx = (e1—em) 1 Sin2a. (13)
3a yMOBH TPHUKIAJAaHHS  30BHIIIHBOTO
HaBaHTKEHHA (HAi3M ponmka abo BEAydoro 4u

BEJCHOIO BajJKiB Ha Tac) JAUISHKA [acy
neGopMyIOTECS, B Pe3yibTaTi 40ro BiAOYBaeTbCs

TpanchopMmamis  dirypu (pomba). YV mpomy
BUMAAKy [JOBXHHA CTOpiH 30ULIBIIYETHCS Ta
CTaHOBHTE:
Ip/ = Ip + Ip EJly (14)
Ip// = Ip + Ip Erl. (15)

Jlnst BupasiB (14) i (15) 3Hauenns nedopmariit
&7 Ta &7 MOXKHa BU3HAUUTH i3 piBHAHE (9) i (10)
3aJIe)KHO BiJ KyTa a.

3a yMOBM NPUKJIAJaHHS 3HAYHHUX 3YCHIb [0
TEKCTUJIBHOTO KOPJYy, YKJIaJI€HOTO 3a aHAJIOTIEI0
JI0 METaJeBOro, y BOJIOKHAX MOXE MPOSBISTUCS
nedopmariisi  TMO3MOBXHBOTO CTHCKaHHS. Jlms
aHami3y wiei qeopmManii npuIrycTuMo, mo Moy
CTHCKaHHs KOpAy 1 TyMH € OJHAKOBUMH, a
CTYIIIHb BHUJIOBXXECHHA € TMOPIBHAHO HE3HAYHHM.
YpaxoByroud NOPUNYLICHHS [OJI0  PIBHOCTI
MOJYJIIB CTHCKAaHHS, CKOPUCTAEMOCS BiJIOMHMH
pe3ynbTaTaMHu EKCIEPUMEHTAIBHUX JIOCIIKCHD
crpykrypu tyM (Bapmenes & Hukugpopos, 1972),
TOAI OTpUMaeMo (pHc. 5):

L = Lo/ (Aopsu)®, (16)
ne Lo, L — mmpuHa eneMeHTy TYCEeHWIU; Axwu —
KPaTHICTh BHJOBXKCHHS TYMH (BCTaHOBIIOETHCS
€KCIIEPUMEHTAIIBHO).

Kpaiinsg auTKa KOpIy

L T .

Qo

o

I3 puc. S orpumaemo:

Lo = |op'SiIl0(o, (17)

ao = lop*cosan, (18)
e lop — IOBXHHA HUTKH KOy 10 aedopmartii.
[Ticnst medopmariii 3HaUeHHS 8 BH3HAYAETHCA
i3 ypaxyBaHHSAM JociHijkeHb (Bapmenes &
Huxughopos, 1972):
a = a0 Aoy (19)
I3 puc. 5 oTpumMaeMo AOBXUHY HUTKH KOPIY
micist aedopmariii:

Ip2 =L%+a% (20)

I3 ypaxyBaHHSM  OJepXaHHMX  piBHSHb
BH3HAYUMO BiTHOCHY Jie(hOpMAIlif0 HUTKH:

I p IO p _ ﬂ’a}mu \' ﬂ’ay,nu Ctg aO (21)

I p 1 + //i“zy.rwu ’\' //izy,wu Ctg aO

PiBasaEA (21) TIOB’s13y€ BEMWMYUHY BiTHOCHOL
nedopmarii HUTKA 3 TapamMeTpamy eJIEeMEHTY
T'YMOBOIT T'yCEHHII].

BUCHOBKHA

VY crarti mpoBeaeHo aHamiz Aedopmarii
KOpAy TyMOBOrO IMacy JAjisl BHUINAAKIB KOpay 3
METaly Ta BOJIOKHA. YPaxoBYIOUM OJepkKaHi
3aJIe)KHOCTI  BCTaHOBJIIEHO, 1O jAedopmartis
3aJIOKUTh BiJ BUAY MaTepially KOpAy Ta KyTa
BKJIAJIaHHS HUTOK Kopay. Pesympratu anamizy
MexaHi3My gAedopMmariii Kopay MOXKYTh OyTu
BUKOPUCTaHI TMiJl Yac NPOEKTYBaHHS XOJOBHX
CHCTEM 13 T'YMOBUMH I'yCEHHLISIMH.

o]

Puc. 5 — Cxemu nedopmariii HUTOK KOpAY
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ABSTRACT

The economic efficiency and intensive development of the
livestock and poultry industries largely depends on the rational
organization of fodder production. High-quality fodders
contribute to the increase of the livestock population, increasing
its productivity, improving the quality of products, and reducing
its cost price. The processes of feeding animals and poultry are
greatly simplified due to the use of compound feed. The
advantages of compound feed are determined by the same size,
mass, shape and composition of granules. All feed for animals and
birds is balanced due to the fact that they do not have the
opportunity to choose tastier ingredients. Such feed is easier to
transport and store. Also, the increase in the use of compound
feed is explained by the relatively low price, which helps to reduce
the cost of livestock products. In the process of storing compound
feed in bunkers, negative phenomena such as segregation,
agglomeration, and the formation of lumps are often manifested.
So, a change in the structure of the material is manifested. The
probability of occurrence of such phenomena increases if the
loading equipment is used, which does not ensure the uniformity
of the distribution of feed pellets in the storage container. If the
manifestation of these negative phenomena is neglected, it will
lead to the deterioration of the physiological condition of animals,
and as a result to a decrease in the company’s profits. On the
other hand, such phenomena lead to the irrational use of bunkers
for storing fodder. The design of loading and distribution
equipment for compound feed is proposed in the article. The
equipment is designed to solve the following tasks: eliminating
segregation; increasing the productivity of the process of loading
compound feed into the bunker; ensuring uniform distribution of
compound feed over the volume of the container. The set tasks are
solved due to sequentially installed blades and a cone-shaped
fairing. A theoretical analysis of the process of interaction of
granules with the design element of the equipment (fairing bars)
was performed. The equations that make it possible to determine
the angle of inclination of the bars to the horizon and their length
are obtained.
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AHOTAILIA

Exonomiuna egexmuenicmov i iHMEHCUSHUI PO3GUMOK 2any3ell
cKomapcmea ma NMAaxieHUYmMea 3anexcamv 6i0 payioHaibHOL
opeanizayii  Kopmosupobruymea. AKICHI KOpMU — CAPUSIOMb
30IIbUIEHHIO N0201I8 ' XYy000U, NIOBUWEHHIO T NPOOYKMUBHOCHII,
NOKpawjeHHio sIKocmi npooyKyii, 3HudMCeHH!0 il cobieapmocmi.
Ilpoyecu 2o0dieni meapun i nmuyi 3HAYHO CHPOULIOMBCA
BHACAIOOK BUKOPUCMAHHS KOMOIKOPMIB, SKi MAKONC 00360JI5110Mb
30anancyeamu payion. Ilepesacamu KOMOIKOpMY € OOHAKOBUIL
po3mip i maca epauyn, ix ¢opma ma ckiad. Yeecv xopm 0
meapun i nmuyi 8UxXo0ums 36a1aHCOBAHUM 3d PAXYHOK MO20, WO
Y HUX HeMae MONCIUGOCMI 6ubpamu CMawHiui iHepedicHmu.
Kombixopm npocmiwe mpancnopmysamu ma 3oepicamu. Taxoic
aKmueHe BUKOPUCMAHHA KOMOIKOPMIB NOACHIOEMbCA NOPIBHAHO
HU3bKOI0 IX YIHOIO, WO CHpUiE 3MeHUlenHio cobisapmocmi
meapuHHUybKoi npodykyii. Y npoyeci 30epicannsi kombikopmie y
OYHKepax 4acmo nposieisiombCsl HeeAMusHi A8Ua sK cespezayis,
3edCY8anHs, ymeopenus epyook. Tobomo 6i0bysaemvcs 3mina
cmpyxmypu kopmy. Hmosipricms npossy yux asuwy 3pocmac y
BUNAOKY 3ACMOCYBAHHS 3A8AHMANCYBAILHOZO YCMAMKYBAHHS, SKe
He 3abe3neuye pIBHOMIPHICMb PO3NOOILY 2PAHYL KOMOIKOpMY 8
Mmicmxocmi  0ns  30epieanns. Hexmyeanus yumu  sAsuwamu
3YMO6II0E  nocipuients (i3ion02iyH020 CMAHY MEapuH, i, 5K
HACMIOOK, CHPUYUHAE 3MEHUWeHHs NpubymKie nionpuemcmaa.
Taxoorc yi asuwya 3yMOBIIOIOMb HEPAYIOHANbHE GUKOPUCAHHSA
OyHKkepie Onsi 30epieanns Kopmie. Y cmammi 3anponoHO8aHO
KOHCIPYKYIIO 3a8AHMANCYBAILHO-PO3NO0INILYU020 NPUCMPOIO 05
kombixopmy. Ilpucmpiti yHemoodiciuenroe ceepezayiro, 30inbuiye
NpOOYKMUBHICMb HPOYeCy 3a8aHMANCEHHS KOMOIKOPMY 8 OVHKeD i
3abe3neyye piGHOMIpHULL PO3NOOIN KOMOIKOpMY 3a 00 'emom
micmxocmi. Taxooic y cmammi 8UKOHAHO MeOPeMUYHUL AHANI3
npoyecy 83a€MO0ii 2pamyn i3 KOHCMPYKMUBHUMU eleMeHmaMU
npucmpoio. Ompumani 3a1e#cHOCMi, AKi 00360JIA10Mb GU3HAYUMU
KYM HAXUTY NPYMKIE 00 20pU3OHMY A IXHIO 008HCUHY.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

BinmosimHo m0 maHux /lepowcagHoi cayocou
cmamucmuxy  Yxpainu (2021) y ciuni-cepmHi
2021 poky B YKpaiHi BUPOOIIEHO KOPMY:

- JUTsl BENTUKOI poraroi xyaobu — 416,4 tuc T,
1o Ha 2% Oinbie, Hixk y 2020 pori;

- mua cuHed — 821,3 Tue T, mo Ha 9,3%
Oinbie, Hixk y 2020 pori.

PuHok BHpOOHMITBA KOMOIKOPMIB 3pOCTa€
IOPOKY, IO 3yMOBIICHO 30UTBITICHHSAM ITOMTUTY Ha
mo  mpoxykmio. Haiibimemm  obcarm  pUHKY
kombOikopMmiB y Kutai — 240 mnn 1, CILIA — 215,9
MiH T Ta bpasumi — 77,6 miua T (Hill, 2012).
[lomanpmmii  pPO3BUTOK Tady3i TBapWHHHUIITBA
MOXJIMBUM 3a YMOBHM CTBOPEHHSI IIOTYKHOI
KOpMOBOi1 0a3u, sKa BIANOBIia€ HOPMATHBHUM
BHUMOTraM 1 3a0e3medye yMOBH ISl 3POCTaHHS
norojiiB’s xynobu. ToMy mnmuTaHHs opraHizamii
KOPMOBHPOOHHUITBA 1 pO3pO0IEHHSI HOBUX KOPMiB
aKTyalbHI Ta € TPEaAMETOM  JOCIIHKCHHS
Oarathox HaAyKoBIB (Bapiamos, 1999; I'pabuyk,
2010; Jemuoace & Cmiocap, 2019; 3inuenxo,
2005). 3aBeplIaJlbHUMHU OIEPALisIMH TEXHOJOTI]
BUpoOHMITBa KOpMiB (puc. 1) e dacyBanHs Ta
30epiraHHs, siKi BIUIMBAIOTh HA SIKiCTh KOpMy. Bin
SKOCTI KOpMY, B CBOIO 4epry, 3aJeKUTb HOTrO
3aCBOEHHSI TBapWHAMH, IXHIH CTaH 3II0pOB’S,
BEJIMYMHA TIPUPOCTY KHUBOT MACH XYZOOH TOIIO.

30epiranHsi KOMOIKOpPMIB BigOyBaeThCsl B
OyHKepax, JI&¢ MOXYTb NpOSBISATHCA  TaKi
HETaTHBHI SBUINA SIK CETperarlis, 3JIeKyBaHHSI Ta
YTBOPEHHSI TPYJOK, 10 CHPUYMHSIOTH HETaTHBHI
3MiHM y CTPYKTYypi mapy KoMmOikopmy. 3rifHo i3
JOOCIIDKEHHSIMKE  HayKoBIiB (Bapramos, 2010;
IHankin, 2001) nepebir mporecy 30epiraHHs

KOpMIB y OyHKepax MepeBaXHO 3aJCKHUTh Bill
crnoco0y iX 3aBaHTaXEHHS, TOMY MOJAJbIII
JOCITI/DKEHHS Y IbOMY HATIPAMI € aKTyallbHUMH.

MeTa JociaifykeHHA —  pO3poONeHHS
3aBaHTa)KyBaJIbHO-PO3MOIIIEYOr0 TPUCTPOIO IS
KOMOiKopMy, 1110 3a0e31eYuTh HOro PiBHOMIpHHI
PO3IIOUT y MICTKOCTI JJIs 30€piraHHs.

MATEPIAJIM I METOJAU
3aBaHTaXXyBAJIbHO-PO3MOAUTBUNNA  TPUCTPii
Mae 3a0e3nedyBaTd  PIBHOMIPHHUH  PO3MOILNT

KOMOIKOpMY B MICTKOCTSIX Ta YHEMOXKIIUBIIIOBATH
HWoro cerperaiito. BaximBum mipu po3poOIeHHI
MIPUCTPOIO € HEOOXITHICTh 3a0e3MeYeHHs BUCOKOL
MPOAYKTHBHOCTI NPOLIECY 3aBaHTAXKECHHS, & TAKOXK
PiBHOMIpHHUII pO3MOXiN Macu KOpMy 3a 00’eMOM
OyHkepy. OOTpYHTYBaHHS apaMeTpiB IMPHUCTPOIO
MIPOBOIMJIM 13 ypaxyBaHHSAM 3aKOHIB TEOPETHUUHOL
MEXaHIKM Ta BUTIKAHHA CHUIKHX MarepiaiiB i3
MicTkocTel. dopma KopIyCy HOBOTO IPHCTPOIO
obupamacst i3 ypaxyBaHHAM BimoMOi Teopil
OyHKepHUX yctatkyBaHb ([ oprowunckui &
Mocuna, 2001).

PE3YJIbTATH JOCIIAXKEHHA
TA OBI'OBOPEHHS

Jlns mpoBeJIeHHS 3aBaHTAXXEHHST KOMOIKOpMY
y OyHKep 3alpONOHOBAaHO HOBY KOHCTPYKIIIO
3aBaHTa)KyBaJIbHO-PO3IMOIIBYOTO MPHUCTPOIO, IO
MICTUTh TPYOOIIPOBiZl, SKWUH TPHUKPIIUIEHO [0
MeTaJIeBOro Kokyxa (puc. 2). YV BepxHiil 4acTuHi
KOXKyXa JUIsl KpIIUIEHHS OCi MPUCTPOIO BUKOHAHO
pebpa IKOPCTKOCTi, SIKi MICTATh JBI IUIOCKI
JUISIHKA TPUKYTHOT popmu (puc. 2, po3pis b — b),
10 AO3BOJISIIOTH 3aKPIIATH BiCh.

e B ~ ™
. . IliIroToBNIEHHS
[IpuiiManug 30epiranHs A
JI0 TIepepoOJIeHHS
. s 7

s ~ N\ ~
»  Ilogpiouenns ‘D[ Ho3yBaHHSI ‘b[ 3MilIyBaHs
J

Y

[ 'paHyITIOBaHHA ‘D[ OXONMopKeHHST IonpibHenHs
E rpanHyI

Y

IIpocitoBarHS 4(>[ (DacyBaHHHH 30epiranas ]—»@
KPYIIKH

Puc. 1 — TexHomorisi BUpOOHHUIITBA KOMOIKOPMIB
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Puc. 2 — Cxema 3aBaHTa)XyBaJIbHO-PO3MOAIILUOTO IPUCTPOIO:

1 — TpybOompoBin; 2 — KOXyX; 3 — Bich; 4 — peOpa )KOPCTKOCTI; 5 — IUTOCKI TUITHKH pedpa
TPUKYTHOT POpMH; 6 — MyCTOTIINHA MUTIHAD 3 MPYKUHOIO; 7 — JIOMATi; 8 — BUCTYNH; 9 — OOTIYHUK;
10 — pebpa oOriunmka; 11 — Bick kpimienHs; 12 — npyTku; 13 — mok; 14 — MicTKicTh i 30epiraHHs;
15 — pyxoma macTuHa

3a 10MIOMOTOF0 ITiIIIMITHUKIB Ha OC1 PyXOMO
3aKpIIJICHO MYCTOTUIMM LWIHIAP, [0 MICTUTh
npyxuny. Jlo mumiHApY TpWBapeHi Jomarti, sKi
BHKOHAHO 3 IJIACTHH, Ha BEPXHil IOBEPXHI SKHX €
BUCTYIH (pHC. 2, po3pi3 4 —A). Y HWKHIii yacTHHI
KOXyXa 3aKpiliieH0 OOTIYHHK KOHYCOIOMi0OHOT
¢opmu, mo mae B OCHOBI pebpa. OOTIUHHK
3aKpilieHo0 Ha oci KpimieHHsM. Ha 30BHIinIHIN
MOBEepXHI  OOTIYHMKA TEPIEHAUKYISPHO 10
TBIPHOT KOHYycCa B IIAXOBOMY MOPSJIKY 3aKPIILICHO
TOHKI NpYyTKH. JIIOK MICTKOCTI Jyis 30epiraHHs
MICTHTh BCEPEIMHI HANpsIMHI, B SIKUX PYXa€TbCs
pyxoMa IUIaCTHHKA, WO CIYTY€e Ul 3aKPHUTTS-
BIIKPUTTS JTIOKA.

[Tix yac poOOTH 3aMPONOHOBAHOTO MPUCTPOIO
rpaHylii KOMOIKOpMY CHPSIMOBYIOThCS 3 OyHKepa
y TpyOOmpoOBiN, a Jayi B CepeauHy KOXyXa, Ie
ONUHSIOTHCS Ha Jionarsx. BHACHioK il rpanyn
jgonari po3noYMHAIOTH pyX. KpiM Toro, rpanynu
3yMOBITIOIOTH OIYCKaHHS ITyCTOTUIOrO IMJIIHIpA
BHU3, JIOTIOKM BiH HE JOCSATHE KPIMUIBHOTO
ycraTKkyBaHHS. OZHOYACHO 13 MM OIMYCKA€THCS
OOTIYHHK, SIKM 00epTacTbCcs HABKOJIO OCi Ta

NpyTKaMU PO3MYLIyE Macy TIpaHyl. Y BHUIAAKY
BIJIBEJICHOT 3aCIHKM OOTIYHUK OITyCKAEThCS B
OTBip, IO YTBOPIOETHCS B JIFOKY MICTKOCTI ISt
30epiragHsa. OOTIUHWMK Mae€ 3YNUHUTHCA Yy
MOJIOXKEHHI, fIke mpeiacTaBieHo Ha puc. 3. Ha
TBIpHI KOHyca 3aKkpilieHO MPYTKH 3 METOI
iHTeHcn(ikamii  mepeminryBaHHS ~— TpaHyd i
MOKPAIICHHS TX PO3MOJIIICHHS 32 00’ €MOM.

BusHaunMo BIJIMB KyTa Haxwiy NPYTKIB i
iXHBOI MOBXKMHH Ha pPyX TpaHyld KOMOiKOpMy
(puc. 4). T'panysa magae Ha MPYTOK 31 MIBUIKICTIO
V,, SKy MOXHAa BHM3HAUMTH 13 DPIBHSHHS 3MIiHU
KIHETUYHO1 €HepTii:

Vi = (Vo* + 2gh)°**, )

ne V, — mBUAKICTh MamiHHS TpaHymu, m/c; Vo —
HIBHJKICTH BUXOAY TpaHyn KoMmOikopMmy i3
OyHKepa, M/C; § — TPUCKOPEHHS BUIBLHOTO
naminesa, m/c’; h — Bimcramp Bim miHii BUXOJY
rpaHyiu KOMOIKOpMY 13 3aBaHTa)XyBaJIbHOTO
OyHKepa [0 TOYKH ii KOHTAaKTy i3 MPYTKOM
MIPUCTPOIO, M.
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Puc. 3 — Cxema 3aBaHTa)XyBaJbHO-PO3NOIITBEIYOTO
MPUCTPOIO, 1110 3aHYPEHUH B MICTKICTb AJIs
30epiranas

[IBuaKicTh MagiHHA TPaHyJIU PO3KIAAEMO Ha
CKJIaJI0B1 B3MTOBX OcCel x Ta y.

V, = V,sing, 2
Vy = -V, Cosa, 3)

ne Vi, Vy — ckilaioBi IIBUIKOCTI TTaiHHS TPaHyJIH,
BiJIMTOBiTHO, B3JIOBX OCEH X Ta y, M/C.

Jlimis nii peakuii mpyTka R, mo BUHHKae
BHACIIZOK yAapy TpaHylId KOMOIKOpMYy TIO
MIPYTKY, BIAXUIISETHCS BT OCi Y Ha BEMHYUHY KyTa

TepTss o. 1IBHAKICTP KOB3aHHS  TpaHyJH
BHU3HAYUMO 3 pHC. 4:
|
Vk Vn _ Vn (4)

sin(a —¢) i Sin(ﬂ-+(pj sin(ﬂ—aj
2 2

3a ymoBH, 110 V, BU3HAUYAETHCS 32 BUPA3OM
(1), orpumaemo 3aleXHICTh IS BHU3HAYEHHS
MIBUIKOCTI KOB3aHHS:

Vi = (Vo? + 2gh)°3(tga — tgg)cosa. (5)

Amnai3 3anexxHocTi (5) nmokasye, 1o rpaHyiu
KOMOiIKOpMY OyAyTh KOB3aTH MPYTKAMH 32 YMOBH
a < ¢. Ilicnsa KOB3aHHS NMPYTKOM TpaHyJa Hmajgae y
BUIBHUI  TMPOCTip  3aBaHTaXyBaya-3MilllyBaua,
OpUYOMY BOHAa MOXKE IONACTH B 30HY, SIKa Mae
ummpuny | (puc. 5):

I=c+a+bh, (6)
c=L/cosp, ©)
a=AA'cosa, (8)

b=V, (9)

ne L — BHcoTa 3akpimjieHHsl MpyTKa, M; f — KyT
HaxuTy TBipHOI KoHyca, rpan; A4’ = |, — nosxuna
MIpyTKa, M; @ — TMPOEKIIiS MPyTKa HA Bich X, M; { —
Jac, C.
I'panyna 3mitae 3 npyTka Ha BUcoTi H:
H =Vt +0,5t° (10)
I3 piBasaEA (10) MOXHA BH3HAYUTH dac
nagiaag t i3 ypaxyBaHHaM, oo Vy = Vi sina.

3apaHTaXKyBAIBEHHH OYHKEp

Vo

Puc. 4 — Cxemu 10 BU3HaYEHHS XapaKTEPUCTUK
MpyTKa OOTIYHUKA

Buznaunmo 10BXXUHY MpyTKa:

L

cos

V - .
—ﬂ(JZQH +V/Zsina -V, sin a).

g9

n

(11)
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Puc. 5 — Cxema 10 BU3HaYSHHSI JOBKUHU MPYyTKa
00TIUYHMKA

3a 3zanexuictio (11) MoXHa BH3HAYUTH
JIOBXKUHY TIpyTKa, fKa 3a0e3MCeUnuTh KOB3aHHS
rpaHy1 HOro TIOBEpXHEI, 13 ypaxyBaHHAM
rmapamMeTpiB 3aBaHTAKYBAJTHLHO-PO3MOAUTEYOTO
npuctporo H Ta |, a Ttakox BiactuBOCTEH
KOMOiKOpMY ¢.

BUCHOBKH

VYV craTTi 3ampONOHOBAaHO  KOHCTPYKIIIO
3aBaHTa)KyBaJIbHO-PO3IOIIIBYOr0 MPHUCTPOIO, IO
3a0e3redye PpIBHOMIDHHH  PO3MOMIT  TpaHy
KOMOIKOpMY BCepelnHI KOXKyXa MPHUCTPOIO Ta X
IHTEHCHBHY M0Jady B MICTKICTb JUIi 30epiraHss.
Kpim Toro, mpucTpii YHEMOXXJIMBIIOE SBUILE
cerperaiii KOMOIKOpMy BCepeAMHI MICTKOCTI AJIs
30epiranHs. Y CTarTi BUKOHAHO TEOPETHYHHI
aHalli3 MpoIecy B3aeMoii rpaHysl KOMOiKopMy i3
KOHCTPYKTUBHHMH  €JIEMEHTaMH  HPUCTPOIO.
OTpuMaHi 3aJeXHOCTI JUIi BH3HA4YeHHS KyTa
HaXWIIy MPYTKiB 10 TOPU30HTY 1 IXHBOT JOBKHHU.

CIIMCOK ITOCHUJIAHb

Hill, R. F. (2012). Feed efficiency in the beef industry,
Idaho, Wiley-Blackwell.

Bapnamos, A. B. (1999). Ilosvluenue 3¢hpexmuerocmu
npoyecca GuiNycka KOMHOHEHMO8 KOMOUKOpMA
OVHKEpOM ¢ OOHHbIM UeesblM Omeepcmuem U
Mexanuyeckum c8o0oobpyuumenem (Increasing the
efficiency of the process of releasing compound
feed components by a bunker with a bottom slotted
hole and a mechanical breaker) [/uccepramus
KaHgumaTa TexHHYeckux Hayk]. Camapckuit
HHCTUTYT WHXEHEPOB JKEJIE3HOIOPOKHOTO
TpaHcmopTa, CapaTos.

Bapmamos, A. B. (2010). Koucmpyxkyusi u ounamuxa
MeXanu3mMos npeoomepaujerus U  YCmpaHeHus
€800000paz06anull 6 OVHKepax XpaweHus U
svinycka coinyuux mamepuanog (The design and
dynamics of mechanisms for preventing and
eliminating arching in silos for storage and release
of bulk materials). Camapa, Camapckuii Hay4HBII
ueHTp Pocculickoil akageMuy Hayk.

Tlopromuackmii, U. B., & Mocuna, H. H. (2001). K
BOIIPOCY OIIEHKU IIpoliecca 3arpy3kd €MKOCTei
ceimyunmu Matepuazamu (On the issue of assessing
the process of loading containers with bulk
materials). Cooprux nayunvix mpyooe cmydenmos,
acnupanmos u monoowvix yuenvix CamMUT,3, 83-84.

I'pabuyk, I. @. (2010). IHHOBaiWHUI PO3BHTOK
kopmoBHpoOHuITBa (INnovative development of
fodder production). KutomMupchKuid HalioOHaIBHUH
arpoeKoJIOriYHUN yHIBepcHTET, JKuTomup.

Hemmpmace, I. 1, & Cmocap, I[. T. (2019).
Hempaouyitini kopmosi kynemypu (Non-traditional
fodder crops). Kuis: HYBill Ykpaiuu.

HepxaBHa ciyxba cratuctuku Ykpainu. (2021).
Cmamucmuuna ingpopmayin. Retrieved June 30,
2022, from https://www.ukrstat.gov.ua/

3inuenko, O. L. (2005). Kopmosupoonuymeo (Fodder
production). Kuis: Bumia ocBita.

Mankin, I'. (2001). CyuacHi TexHONOTIT TOAIBII KOPIB
(Modern  technologies of feeding  cows).
Ilponosuyis, 11, 78-79.

58



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48
THE MODERN TECHNOLOGIES OF BAST CROPS BIOMASS PROCESSING
S. Yaheliuk®, M. Fomych, O. Yaheliuk

Lutsk National Technical University, Lutsk, Ukraine

AGRICULTURAL MACHINES

A
C

CIJIbCBKOT'OCTIOAAPCBKI MAIIIMHH

Key words:
flax,

hemp,

natural fiber,
flax processing,
hemp processing

Article history:
Received 01.09.2022
Accepted 29.09.2022

*Corresponding author:
cler2010@gmail.com

ABSTRACT

The demand for natural fabrics is growing every year in the
world, because natural plant fibers have such consumer
properties as heat resistance, abrasion resistance, strength, fire
resistance, and they are superior in quality to well-known
synthetic fibers. France, Belgium and the Netherlands remain
world leaders in the production of flax, from which textile fiber is
obtained. In the coming years, China may join the world leaders
in this field. Hemp and flax are the most common bast crops for
obtaining plant fibers in Ukraine. The products that can be
obtained from the harvest of these crops are divided into two
groups: non-food and food. Accordingly, the technologies used for
the primary processing of linseed, flax and hemp must take this
into account. Today, the most relevant for agricultural producers
is the cultivation of bast crops with the complex use of all
components of the crop. To achieve this, it is necessary to
implement universal technologies for the processing of bast
biomass, which can be used for both flax and hemp. Therefore, the
main requirements for processing lines of bast crops are
complexity and versatility. Also, during the cultivation of bast
crops, it is important to take into account the natural and climatic
conditions of the growing area, as they significantly affect the
yield and quality of the seeds and stem. In case of low quality of
the harvest, the harvest must be used for the production of non-
woven materials, composites, construction materials, solid and
liquid fuels, fodder, etc. In this context, the experience of other
countries in the cultivation and processing of bast crops is
important. The article examines modern lines of processing of
bast crops (oil flax, fibre flax, hemp) of foreign production. The
analyzed lines most satisfy the requirements of universality and
complexity of use. Both large agricultural enterprises, flax and
hemp farms, and small specialized farms can be equipped with the
modern lines for the processing of bast crops. These lines do not
require a lot of staff to maintain. The article also outlines the
possibilities of using the obtained products.
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AHOTAIIA

Y ceimi wopoky 3pocmae nonum na namypanvHi mKaHuHu, adxice
HamypanvbHe poCIuHHe 80J0KHO MAE MAKi CHOMCUBYT 61ACMUBOCTI
K mepMoCmilKicmb, CMIUKICmb 00 CMUPAHHA, MIYHICMb,
B02HEMPUBKICMb | Yye BONOKHO 3a SKICMIO nepesajdcac 8i0omi
cunmemuuni  6onokna. Ceimosumu Jnidepamu y GUpPOOHUYMEI
JILOHY, 3 SIKO20 OMPUMYIONb MEKCIMULbHE B0T0KHO, 3ANULUATOMbCS
@panyis, benveia ma Hioepaanou. Hatibaudicui poku 00 c8imosux
nidepis y yiu eanysi modxce npueonamucs Kumaii. Ceped cuposuru
01 OMPUMAHHS POCIUHHUX B0NOKOH 6 YKpaini Haubinvu
nowupeni 1y6 sini Kyiomypu. KoOHonai ma avoH. Ilpooykyis, sxy
MOJCHA OMPUMAIYU 3 YPOACAIO YUX KYAbIMYP, NOOLIACMbCA HA 08
epynu: Henpooogoibia ma xap4oea. Bionosiono, mexunonozii, axi
BUKOPUCMOBYIOMbCA Ol NEPBUHHOI NepepoOKU JIbOHY OIUHO020,
JIbOHY-0082VHYs mMA KOHONelb, NosuHHi ye e@paxogyeamu. Ha
CbO2OOHI 0Nl Cib2OCNBUPOOHUKIE HAUOIILW  AKMYATIbHUM €
BUPOWYBAHHS TYO 'SHUX KYALIYD 3 KOMHIJIEKCHUM GUKOPUCTNAHHAM
ycix cxknadoeux ypooicaio. s O0ocseHeHHA Ybo2o HeoOXiOHO
BNPOBAOICYBAMU  VHIBEPCANbHI MEXHON02Ii nepepobku 1yo sinoi
biomacu, AKi MONCHA GUKOPUCTNOBY8AMU SIK OJisl IbOHY, MAK [ O
KoHonenb. Tomy ocHoHUMU uMO2amu OO0 JiHill nepepoOKu
YO AHUX KYIbMYP € KOMNIEKCHICMb ma yHigepcanvHicmy. Takoic
nio Yac eupowy8aHHs a1yO SHUX KYAbMYD 6AJNCIUBO 8DAX0BYEAMU
NPUPOOHO-KIIMAUYHI YMOBU 30HU BUPOULYBAHHSA, OCKIIbKU BOHU
CYMMEBO BNAUBAIOMb HA YPOAICAUHICMb MA AKICMb HACIHHA |
cme61080i wacmunu. Y ybomy KOHMEKCMI BANCIUBUM € 00CEI0
IHWUX Kpaix y eupowy8anti ma nepepodyi 1y sHux xyivmyp. ¥
cmammi po32iaHymi CyYdcHi NiHii nepepoOKu 1y0 SHUX KYIbmyp
(TbOHY  ONilIHO20, JNLOHY-0082YHYS, KOHONENb) 3AKOPOOHHO20
supobnuymea. Ilpoananizoeani ninii Hatlbiibule 3a0080MbHAOMb
BUMO2U YHIBEPCATLHOCI MA KOMNJIEKCHOCMI GUKOpUCMAaHHA. Y
cmammi  MAaKoMC — OKPeCAeHO  MOJMCAUBOCHI  3ACNOCYBAHHS
OMpUMAaHoi nPoOYKYii 3 yposrcaro 1y6 THUX Kyiemyp.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

B VYxkpaini criocrepiraerbcst 3pocTaHHS yBaru
CITBTOCIIBUPOOHUKIB  [T0 TEXHIYHUX KYJIBTYP.
3araipHa TUIOMIA TIOCIBIB TEXHIYHHX KYJIBTYpP
3pocia y 2021 pomui Ha 100% mnopisasHO 3 2020
poxom (UKRSTAT, n.d.). 3Haune micie cepea HUX
TPAJMIIIHO 3aMarOTh JIbOH OJIIHHUIN Ta KOHOILII.
3rigno ompumogHennx aanux (UKRSTAT, n.d.)
MTOCIBHI TJIOMII MiJ JIbOH OJIHHHUN 301MBIIMIINCS Y
2021 poui Ha 200% mopiBasHO 3 2020 pokom. B
YkpaiHi TUIIAIOCS I AeKUTbKa 00IacTe, sKi
HE BUPOILYBaJH JbOH omiiHUE y 2021 pomi.
3pocTaHHs MOCIBHUX ILUIOINI ITOB’SA3aHE 3 BUCOKUM
CHOXXUBAIIbKUM IHTEpECOM 0 Ii€i KynbTypu i
3arajlbHOI0 CBITOBOIO TEHJACHIIE€I0 301TbIICHHS
BUPOOHMITBA  OJNIHHUX JIyO SHHX  KyJBTYD,
ocobmmBo poHY omitinoro (FAOSTAT, n.d.). V
CBITI IwIONI, 3 sIKMX 30HMpaeThes boH (FAOSTAT,
n.d.), nepeBuiytots 3,5 miuH ra (puc. 1). 3rigHo
mannx FAOSTAT (n.d.) mizepamu y BUpOGHHITBI
JBOHY, 3 KOTO OTPHUMYIOTh TEKCTHIIFHE BOJIOKHO,
sanmumatoteess Opaniist, benbris Ta Higepmanau.
Xoya 3i 30UIbIIEHHAM iHTEpeCYy [A0 JbOHY
OJIIHHOTO Ta PO3MIUPEHHSM MOKJIMBOCTEH HOTO
nepepoOkr y HaAHOMMKYI POKM IO CBITOBUX
JizepiB y wiil ramysi Moske npueaHatucs Kurai.

UuM 3yMOBIIEHHH iHTepec MO0 JyO SHHUX

ITnoma 36upanns,
MJIH. I'a

4 200
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KyneTyp? Ilepir 3a Bce MOMXITHBICTIO KOMITICKCHOT
nepepoOKH Ta OTPUMAaHHS MPOAYKLil pi3HOTO
(yHKIIIOHANBHOTO TIpH3HAauYeHHs. Han3euuaitHo
BOXKIUBAM (AKTOPOM € EKOJOTIUHICTh  IIi€l
mpoaykmii. Tomy 3posyminuM €  cyTTeBe
3pOCTaHHs KUIBKOCTI JOCIIDKEHb BITYM3HSIHUX Ta
3aKOPIOHHUX HAYKOBIIIB y Iiif ramdysi.
MOo>XTMBOCTI BUKOPUCTAHHS JILOHY OJIIHOTO
Ta JIbOHY-IOBTYHISI OyJIM OKpECleHi Yy CTaTTIX
(Azentox & Jioyx, 2020a; Berezovsky et al., 2020;
Ouagne et al., 2017). Sk 6ya0 03HAYEHO B CTATTI
(Yaheliuk et al., 2020), cTe610By 4acTHHY JILOHY

ONIAHOTO  JOIUIBHO  BHKOPHCTOBYBAaTH IS
BHTOTOBJICHHS TBEPIOTO MmanmuBa. Haioimbm
MPUHHATHOK (OPMOIO TBEPAOTO0 MajHBa €

opuketn (Gregory, 2016) Tta ManorabapuTHi
NajguBHI pyJaoHH. [IpoTe, BOJIOKHO, 10 OTpUMaHE
31 creben COJOMH JIbOHY OJNIHHOTO, Ma€ XOpOIIi
CIOXKMBY1 BIACTHBOCTI 1 MOKe OyTH BUKOpUCTaHE
JUIs BUPOOHHMILTBA HETKAaHHX Ta KOMIIO3UTHHX
MarepiaiB, mamnepy.

Y CBITI BCe OUTBII TOMYJSIPHUMH CTalOTh
KOHOIUTi, OCKIJIbKH II€ TaKOX Jy0 sHa KyJbTypa
KOMIUIEKCHOTO ~ BUKOpHCTaHHA.  Konomm €
CHpOBHHOIO JUIss BUpoOHuITBa B3yTTss (BOyko et
al., 2021), omsary (Hixonauuyk, 2018), IpoayKTiB
xapuyBanHs (Leonard et al., 2020) Ta nikiB
(LLlonotixo ma in., 2019).
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Puc. 1 — CitoBe BupOOHUITBO JIbOHY Ta KoHOenb (FAOSTAT, n.d.):
a — oI 30MpaHHs IbOHY Ta KOHOIIENb 3 METOK OTPUMAHHS HACIHHS 1 BOJIOKHA,
0 — kpaiHu-JTiIepu Y BUPOOHHIITBI JIbOHOCHUPOBUHU
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JIbOH OJIIHHMIA, THOH-TOBT'YHEIlh Ta KOHOILTI —
e TEeXHIYHI KyJIbTypHu, SsKi 00’€gHye ojHa
ocoOnuBicTh. [Ipomykinisi, SKy MOKHA OTPHUMAaTH 3
IUX KYJIBTYP, MOAUIIETbCS HAa NIBI BETUKI TPYIIH:
HETIPOIOBOJIbYA Ta Xap4yoBa. TOMY TEXHOJIOTIi, Ki
BUKOPUCTOBYIOTBCS Ul TIEPBHHHOI TepepoOKu
JbOHY OJIIHHOTO, JIbOHY-IOBI'YHIISI Ta KOHOIENb,
MOBHHHI IIe BpaxoByBaTH. Hamu 3amporioHoBaHa
KOHIIENITYyalbHa MOJENb BHUOOPY HEOOXigHOT
TEXHOJIOT1i epepoOKH JIbOHY OJIIHOTO Ta JIHLOHY-
MOBTYHIIA 13 ypaxXyBaHHAM KJIacH(IKaIiiHHUX
o3HaK ypoxkato (Heemox & [ioyx, 2020b). 1la
MOJeTbh JIa€ MOMJIMBICTH BHOpAaTH  HampsM
MOJANTBIIIOT0  KOMIUIEKCHOTO  BHUKOPHCTAHHS
ypOXaro Ha OCHOBI JIOBXKHWHU CTE0EI, BMICTY IyOy
Ta (azu cturiaocTti. st TbOHY ONIKHOTO y CTaTTi
(Dudarev & Say, 2020) 3ampomoHoBaHa
pecypcosbepiraroua TEXHOJOTIS 30MpaHHS, IO
nepeadayae 0OMOJI0YYBaHHS CTEOIOCTOO JILOHY 3
MOajJbIIMM BUCMHUKYBaHHAM cTeOen. 3a i€l
MTOCTIIOBHOCTI  Oomepamiii cTebia Ta HaCiHHA
30uparoTbess 03 BTpaT 1 TOMKOKEHb. Jlis
30upaHHs JbOHY omiiHoro  Owuwx  (2017)
3alpONIOHOBAHO  BHUKOPUCTOBYBatH I[liBHIYHO-
€BpoOMEeNHChKy TEXHONOTiI0 30WpaHHA JBbOHY-
noeryHis. OfHaK, CyyacHI BUMOTH Ta NIBUJKICTb
PO3BUTKY PHHKY IMepeadadaroTh HEOOXiTHICTb
pO3po0JICHHS Ta 3ampOBaIDKEHHS TEXHOJOTIH

nepepoOKd  POCIUHHOI MacH, SKi MOXJIHMBO
BUKOPDHUCTOBYBATH SK JUIS JIbOHY, TaK 1 s
koHomenb. Lli  TexHomorii moBWMHHI  OyTH

peHTabenbHIMHU Ta TiependavaTH MOXKIHUBICTH iX
BUKOPHUCTAHHS y PI3HUX MPUPOTHO-KITIMATHYHHX
30HaXx.

MeTa JOCJiKeHHA — BU3HAYUTHU
TEXHOJIOT1, 110 HaWOIIBII NPUIHATHI B Cy4acHUX
yMOBax Ul MEpEepOOKH JIbOHY OJIIHOTO, JILOHY-
JOBTYHIIA Ta KOHOTIENb 13 ypaxXyBaHHAM JOCBITY
3aKOPJOHHHX BUPOOHHKIB.

MATEPIAJIA I METOAU

VY cTarTi BpaxoBaHi pe3yJibTaTH JOCIIKEHb,
mo npoBogunucs y 2011-2022 pokax Ha ©Oasi
HITET" «Emita» Bomuucskoi JJCI'CIC IK HAAH
VYkpainu 1 JIyllbKoro HarioHaJBHOTO TEXHIYHOTO
yHiBepcuteTy. Ha 0CHOBI pe3yibTaTiB 1OCTIKEHb
BCTAaHOBWJIM ifeHTHIKaliHI Ta KiacuikamiiHi
O3HAKH JIbOHY OJIHHOTO Ta JbhOHY-JIOBTYHIIS.
XapaKkTepucTHKa KOHOIIENb 3aCHOBaHA Ha JIaHUX
(UKRSTAT, n.d.). ocmimkeHHsS TpPOBOIAMIHN i3
BUKOPHCTAHHSM METOIIB  aHali3y, CHHTE3Y,
HAYKOBOT a0CTpaKIlii Ta KOMIJISKCHOTO MiAXO01Y.

PE3YJIbTATHU AOCIIAKEHHA

TA OBrOBOPEHHA
CyuacHe BUpOOHULTBO MPOAYKLII 3 TLOHY Ta
KOHOIeNnb  Iiepeadadyae  BUKOHAHHS  HU3KU

TEXHOJIOTIYHUX OIepaIliid, Mo CIUIBHI IS IHUX
kynbTyp. Lle mociB (3 cepemunm Oepe3Hs 10
CepelMHM KBITHA y NPUPOJHO-KIIMATHYHIA 30H1
VYkpainu), 30upaHHsa ypoxaro (CepreHb-BepECEeHb
y  TPUPOAHO-KIIMATH4HIH  30HI  YKpaiHH),
BiJOKpEMJICHHSI HACiHHS Ta MEpPBHHHA IepepoOKa
POCIIMH, 30KpeMa BHUIUICHHS BOJIOKHA. 3TiTHO
MpOBEeNEHUX JOCHimKeHb (Heemox & MHioyx,
2020Db) crebioBa Ta HaCIHHEBA CKIIAJIOBI YPOXKarO
OTHAKOBO BAXJIWBI UII JIBOHY  OJIHHOTO,
KOHOTIETh 1 JBOHY-JOBTYHIA. BcCTaHOBJIEHO, 110
3a pi3HUX MPHUPOJHO-KIIMATHYHUX YMOB YpOKai
creben (comoMH) Ta HACIHHA MOXE MaTu pi3Hi
SIKICHI TTOKa3HUKH. 3alpOIOHOBAHO, 32 YMOBH
HU3BKOI SIKOCTI ypOXKa0, BUKOPUCTOBYBATH HOTO
JUIS ~ BUTOTOBJCHHS  HETKaHWX  Marepialis,
KOMITO3HTIB, OYIIBEIHbHUX MaTrepialiB, TBEPIOTO
Ta PIOKOTO TAaNrWBa, KOPMIB TOMIO. 3a YMOBH
OTpUMaHHsA cTeben (CoIoMH) Ta HaCiHHA 3
BHCOKAMH SKICHUMHM TMOKa3HHKAMH — IOLIJIBHO
BUKOPUCTOBYBAaTH ypoXail Jjsi BUPOOHUIITBA
JOBrOr0 BOJIOKHA, OJIii Ta MEJUYHHUX Mpernaparis.
Takox noTpiOHO maM’sATaTH, IO MICIIs IePepOOKU
YpO’Karo JTbOHY Ta KOHOTIENb 3aJIUIIA€THCS 3HAYHA
KUIBKICTE ~ TOOIYHMX  TPOIYKTIB,  30KpeMa
KocTpuli, mwiry. Ili Bigxomum  OCHOBHOIO
BHPOOHHMIITBA NMPUAATHI ISl BUTOTOBJICHHS Pi3HOT
TIPOYKITii: TMIACTHIIKK 1T TBapWH, KOMIIO3HTIB,
OyJIBEJILHUX MaTepiais.

Ha pue. 2 npomeMoHCTpoBaHa —cxema
MOPIBHAHHS TPOIECiB BUPOOHUIITBA TPOAYKINI 3
JILOHY Ta KOHOIIEIb 3aJIC)KHO Bijl SKICHMX O3HaK
ypoxaro. HasBHicTh nofiOHMX eTamiB nepepoOKu
WX KYJBTYp OOYMOBIIOE HEOOXIJHICTH TOIIYKY
obnmagHaHHS 1A OpraHi3arii  BHPOOHHIITBA
MpOAyKIii, sKi 0 3aJ0BOJBHSIIA  yMOBaM
YHIBEpCAIbHOCT] (HANpPUKIAM, JHOH/KOHOILII) Ta
KOMITIEKCHOCTI  (TlepepoOkKa BCiX  CKJIQJIOBUX
ypokaro). 3 orjsay Ha 3pocTaroui morpedu y
HATypaJIbHUX BOJIOKHAX, 30KpeMa JJs TOUIUTTS
BilicbkoBO1 QopmMu 1 BHpPOOHHUITBA PI3HUX
MaTepiajiB, CJiJi OYiKyBaTH 3POCTaHHS IHTEpECY
BITYM3HSHUX BUPOOHUKIB, 30Kpema (epmepis, 10
BHUPOIIYBaHHS JIy0 SHUX KyJibTyp. Ha xamp, B
VYkpaiHi 3aAmmiocs AyKe Malo TepepoOHHX
MiANPHEMCTBE Ta BOHM HE 33/I0BOJBHSIOTH
03HaUYEHUM YMOBAM.

Kommaniss Vanhauwaert (Higepnamawm), mio
3acHoBaHa B 1892 poi, 3 1920 poxy 3aiimaeThCs
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PO3pOOJIEHHSAM MalIMH sl TEePepOOKH JILOHY.
Jlinii Vanhauwaert ans nepepoOKu JLOHY Ha
KOPOTKE Ta JIOBI'€ BOJIOKHO EKCIIOPTYIOTHCS IO
BcboMy cBity. Takox KOoMmaHis BHpOOJSE
YCTAaTKyBaHHS JJIsl OYMINEHHS Ta KaniOpyBaHHS
Hacinug. 1{g koMmaHis € ciMeHUM Oi3HecoM, IO
3abe3redye HaIIHHICTD, SKICTb Ta ITOBTOBIYHICTH
obmaguanus (Vanhauwaert, n.d.). V miit kommamii
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Ha pue. 3 mpencraBieHa cxema JTiHIl
nepepoOKH  JIbOHOCHPOBUHM, IO po3pobieHa
kommaniero Vanhauwaert. TlepeBaramu JiHIiT €
KOMILIEKCHICTh TIepepOOKH JIbOHY. Y pe3yibTaTi
nepepoOKH MOXKHA OTPHUMATH JIOBTE BOJIOKHO,
KOPOTKE BOJIOKHO, HACIHHS, KOCTpuIlto. L miHis
mepepoOkn  Moxe OyTH  BHKOPHUCTaHA  Ha
CLTBCHKOTOCIIOITAPCEKOMY — TIATIPHEMCTBI 7S
peaimizariii 3ampomoHoBaHoi y mparti (fHeerox &
Hioyx, 2020b) koHUIENTyalbHOI MOJETI BHOOPY
HEOOXimHOI  TEXHOJorii  mepepoOKH  JTHOHY
OJIIfHOTO Ta JBOHY MOBTYHIS 13 ypaxyBaHHSIM
knacu(pikalifHUX O3HAaK ypoXkalo. 3a WLi€lo
TEXHOJIOT1€I0 OTPUMYIOTH JOBI€ BOJIOKHO, IO
NpUIaTHE Ui BUPOOHHIITBA TEKCTHIIO, Y TOMY
Yucal BiICBKOBOTO TMPH3HAYEHHS, KOMITO3HTHHUX
MarepianriB BHCOKOI MirtHOCTi. OTpuMaHe KOPOTKe
BOJIOKHO MOXe OyTH BUKOPHCTaHE Yy ManepoBiil Ta
AaBTOMOOIUTBHIM MPOMHCIOBOCTI, a TaKOX s
BHUPOOHUITBA €KO-OyAiBEIbHUX MaTepiajax.

OnHak, PO3BUTOK CLIBCHKOTOCIIONAPCHKOTO
BHUPOOHUIITBA MOKA3ye, IO Cy4YacHi roCIoAapcTBa
HE  MOXYTh  JIO3BOJIUTH  CcO0I  TOCTiHHO
BUPOILYBaTH OJHY KyJbTypy Ta IIOBHHHI
BpaxoByBaTH 3MiHM YMOB Ha pHHKY. ToMy BapTo
3BEPHYTH YBary TaKOX Ha yHIBepCaJbHY JiHIIO,
sIKa JI03BOJISIE TIEPEpOOMTH KOHOIUII Ta JIbOH Ha
BOJIOKHO (puc. 4). [Ipoaykisi, IKy OTpUMYIOTH B

Cortoma JI5OHY

() (%) =

OunnieHHs KOCTPHI

pe3yJibTaTi epepoOKU Ha yHIBepCalbHIN JIiHIT, —
OYHILEHE BOJIOKHO — MPHIATHE IS MOJAIBLIOTO
BUKOPHCTaHHS B Pi3HUX (DYHKI[IOHATHHHUX IILIISAX.
Ha yHiBepcanmpHy JIiHIIO HamgxomaTrh cTebia
COJIOMH KOHOIENh (JIBOHY) y Kpyriaux abo
KBaJpaTHUX TIOKax. TIOKH MOTPAIUISIOTh Y
po3ropTarounii OJIOK, majai MPOXOIATH PO3PUBHI
Basku (O0ku 1, 2), meiikep, po3pHuBHI BaJIKX 3-TO
050Ky, o0OuicyBaJibHMI OJIOK, MigiAMaIbHUN
miedkep Ta TigpaBMiYHUKA Tpec. 3aleXHO Bif
KOHKPETHHX BHUMOT JO KIHIIEBOTO TPOAYKTY
MOKJIMBI Pi3HI KOMOiHaMii TEeXHOJIOTTYHUX OJIOKIB.
[lepeBaramMu 1MX JiHIH € KOMIUIEKCHICTh Ta

yHiBEpCalmbHICTb. ADKE MOXHAa  OTPUMAaTH
BOJIOKHO Ta HaciHHSI. HaciHHS KOHOMIENh TaKOX
Ma€ cTpaTeriyHe 3HAa4YeHHS [ YKpaiHw,

OCKIIBKH BOHO MOX€ BHKOPHUCTOBYBATHCS Y
XapUoBid MPOMUCIOBOCTI, IJISI MEIUYHHX IIUICH,
SIK KOPM JUIsS TBapHH TOINO. TakoX 3’ SBISIOTHCS
MOJKJIMBOCTI BHUKOPUCTaHHS JUIIHOI oOfil K
CHUPOBHHH IS OTpUMaHHs OiomanmBa. Haciams
JBOHY — II€ BaXJIMBa CKJIaJ0Ba EKCIOPTY 3
Vkpainu. ¥ niHisSX nepepoOkH, Mo MpeacTaBiIeH]
Ha puc. 3 Ta puc. 4, mependadyeHO BUKOPUCTAHHS
KOCTpHIll. Y TONambIIOMy BOHA MOXe OyTH
3aCTOCOBaHa K MiACTHIKA JUIS TBapHH, OCHOBA
IUIL  BUTOTOBJICHHS OyJiBeNbHUX MaTepialis,
TBEpIOTO OiomagnBa TOIIO.

JIiHig TOBrOro BOJOKHA

JIOBre BOJIOKHO
o

i

JIiHis KOPOTKOI'O BOJIOKHA

VcTaHoBKa
OUMNINEHHS HACIHHA

i

Koctpnus

ITin

Puc. 3 — Cxema niHii KOMIUIEKCHOT IepepoOKH JIbOHOCHPOBUHH

64



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48

Pozropraroumii
010K

Po3puBHI Bankn
1 Ta 2 G0K1
"

N
Ne=rr=

KameHey:meOBaq

KoHBeepHa cTpidka

. .
3 6m0K  BinpupameHmii Ta
| obuicyBampHIIT GIOKII

wwt«' '!' [, Ilefixep Po3puBHi BaKII

TigpaBmigsmi
mpec

ITigifiMaTBHITI
mrefikep

=

Puc. 4 — Cxema yHiBepcanbHOI JiHii KOMIIJIEKCHOI TepepoOKH KOHOIENb Ta JILOHY

PosrastHyTHME JiHIAME NIepepoOKH J1yO’ THUX
KYJIbTYp MOXYTh OYTH OCHAICHI SK BEJHKI
CLTBCHKOTOCITOIAPCHKI MIATPUEMCTBA, JTHOHO- IH
KOHOIIJIE3aBOAM, TAaK 1 HEBEJNMKI creliali3oBaHi
¢depmepcrki rocnogapctBa. [iast 06cayroByBaHHs
WX JiHIA He ToTpiOHO OaraTo mepcoHamy. IlpoTe
BOHH NIOTPEOYIOTh 3HAYHUX KaIliTaJOBKIIAaICHb.

VY Bumagky BHOOpY TeXHONOTIi 30MpaHHA
JTHOHY 3 TIONAJBINOI TepepoOkoro  OioMacu
creben JUIsi OTPUMAaHHS BOJIOKHA YH TBEPAHX
NAIMBHUX MaTepianiB, TEXHOJOTiYHI omepamii
repen0avyaroTh CKpPydyBaHHS CTE0JIOBOi MacH y
pyJOoHH. PyNoHU IO3BOJSIOTH MIBHIKO Ta 3PYyYHO
TpaHCIOpPTyBaTH cTebsoBy Macy. Ctebia JbOHY
MAalOTh TaKi MPY’KHI BIACTUBOCTI, IO JO3BOJISIOTH
iM BIJHOBIIIOBATHCS IIICJIS 3HATTS HaBaHTAKCHHS.
[pyxHi BracTUBOCTI cTEOEN IHOHY € MPUYUHOIO
PO3LIMPEHHS BHYTPIIIHIX IIapiB cGopMOBaHOTO
pydoHy. A 1e, B CBOIO 4epry, 3yMOBIIOE
PO3KpyuyBaHHS pylioHy. ToMy Juist Oyab-KOTO 3
BHU3HAYEHNX BapiaHTIB BUKOPUCTaHHS Oiomacu
Ay0’sSHUX KyJIbTyp (Ha BOJOKHO, Oy/iBeNbHI,
KOMITO3WTHI, TaJuBHI Marepiasm) € motpeda y
3MEHIIICHHI MpYXHOCTI creben. Jlmst ycmimHoi
KOMIUIEKCHOT ~TiepepoOKku  OioMacu  J1y0’siHUX
KyJdbTyp TIiJi dYac 30WpaHHS TOBWHHI OyTH
BpaxoOBaHi XapaKTEPUCTHKU CTeOI0CcTOr0. OqHIM
13 NUIAXIB 3HM)KEHHSI MPY)KHOCTI OioMacu JIbOHY
OJIiHOTO € neKkopThKaiisa cteden. Bona mae neBHi
nepeBary, OCKUIbKU He OTpedye JIykKe CKIaHOTO
oOyiafiHaHHs, JO03BOJISIE BHPOOJSATH BOJIOKHO 3a
OPUAHATHUMH LiHAMH Ta 3a0e3[eYUTH BHCOKY
MIPOAYKTHUBHICTH IEPEPOOKH JTyO’ STHIX BOJIOKOH.

[NepeBakHO JEKOPTUKALISI BAKOPUCTOBYETHCS
IUIl BHUIUIGHHS BOJIOKHA KoHomenb. OpfHak, y
mpai (Didukh et al., 2022) BcraHoBieHo, MmO
JNEKOPTUKALS TaKOX MIOXOAUTh UL 3HHXKECHHS
MIPYXHHUX BJIACTUBOCTEH JbOHY ojiifHOro. Tomy
JUTS TIepepOOKH 1HIKX JTyO’STHUX KyJIBTYp MOXHA
PEKOMEHIyBaTH y JiHII TEXHOJOTIYHY OIleparliio

3HWKEHHS TPY)XHUX BIACTUBOCTEH CTeOI0BOT
Macu 3a JONOMOIo Jekoprukatopa. Orxe, y
BHIIAJKy 3aCTOCYBaHHS JiHIM mepepoOKu, M0
300pakeHi Ha puc. 3 Ta puc. 4, 3 IPOBEICHHAM
JOeKopTuKalii (3a moTpeOu) CHPOBMHH MOXKHA
3a0e3Meyn T BUKOHAHHS YMOB KOMIUIEKCHOCTI Ta
YHIBEPCaIbHOCTI.

BUCHOBKH

VY cydyacHux ymoBax B YKpaiHi Ta CBiTI iCHy€
norpeba B HATypalbHUX POCIMHHHX BOJOKHAX.
Haii6inpmr pamioHaapHO ITF0 TOTPedy MOXKHA
3a0e3neynTu 3a paxyHOK 301TBIIIEHHS
BUPOOHUIITBA TPaAMLIAHUX JIyO SIHUX KYJIBTYp
(meoHyY, KOHOMeENb). TomMy MokHa mependaunuTH
3pOCTaHHs iHTEepecy BITYM3HSHHUX BUPOOHUWKIB, B
ToMy 4HCcIi (hepMmepiB, 1O BHPOITYBaHHS JIbOHY i
koHonenb. OpHak, BUPOOHULUTBO JyO sSHUX
KyJdbTyp TOTpeOye Cy4YacHHX TiJXOMIiB  JO
mepepoOkn cTe010BOi ¥ HAciHHEBOI Oiomacw.
OCHOBHMMHU BHUMOTaMH JIO JIiHIH mepepoOKku €
KOMILJIEKCHICTh Ta YHIBEpCAJIBHICTB.

KommiekcHicTh  mepenbadae  MOXKIHUBICTD
BUPOOHUIITBA CUPOBHHU Ta HariB(aOpHUKaTiB, SIKi
MOXYTh OyTH BHKOPUCTaHi A7l BUPOOHHIITBA
Xapy4oBOi MPOAYKLIl Ta HENMPOJOBOJIBYUX TOBApiB
3 JNbOHY W KOHOMeNb. Takox JiHiS MepepoOKH
MOBUHHA 3a0e3MeuyBaTH MOXKIIHUBICTh MEPepoOKU
ypoxato Oyap-sikoi  saxocti. [lepepoOHi minii
MMOBMHHI OyTH YHIBEpCAJFHUMH, TOOTO JaBaTh
MOJJIMBICTh TIEPEPOOUTH Pi3HI JyO’siHI KYJIbTYPH.
[lum BUMOram BiIIOBiAIOTH JiHII MEepepoOKU
OiomMacu nyO’SHMX KyJIbTYp, IO pO3poOieHi
kommaniero Vanhauwaert. JlocBin y po3poOiii Ta
BUKOPUCTAaHHI LUX MepepoOHMX JiHIH BapTo
BpaxoByBaTH MiJ dYac Oprasizaimii BIACHOTO
BHpPOOHMIITBA B YMOBaxX Ykpainw. lle mo3BomuTh
CYTTEBO PO3ILIMPHUTH CHUPOBHHHY 0a3y HJsi HH3KH
rajgy3eidl arponpoOMHCIOBOTO KOMILIEKCY HamIol
JeprKaBU.
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ABSTRACT

Modern forestry and environmental requirements determine the
need to use more advanced technologies and equipment for
complete processing of coniferous tree crowns. In particular,
needles are used for the production of pine extract and essential
oil, feed, organic fertilizers, pulp and biofuel. It is promising to
obtain natural fibrous materials from wood raw materials, in
particular, obtaining textile fiber from needles. High-quality raw
materials are required to obtain textile fiber from needles. The
available methods of obtaining needles have significant
disadvantages in view of the possibility of their further use for the
production of textile fibers and are energy-consuming. Known
methods of obtaining needles according to the principle of action
can be divided as following: mechanical; pneumomechanical;
electrohydraulic; high-frequency field; cryogenic. The harvesting
of needles for the production of textile fibers is inextricably linked
with the harvesting of coniferous trees. The method of
morphological analysis was used to synthesize variants of the
technological process of obtaining needles. In the technological
process of harvesting coniferous trees, characteristic functional
morphological features are highlighted: felling of trees; tree
drifting; clearing of trees; destruction of connections between
needles and branches; separation of needles from branches and
their transportation to the needle collector. For each of the
morphological features, the most complete list of possible options
for technical solutions has been compiled. The following
equipment for collecting needles is offered: a stacking and
packaging machine, a forwarder, a processor and a mobile unit
for separating needles, which consists of a drying chamber, a
vacuum pneumatic transport system and a needle collector.
Further research on the improvement of the pneumothermal
method of obtaining needles should be carried out in the direction
of theoretical and experimental substantiation of the modes of
operation of the mobile unit for the separation of needles.
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AHOTAIIA

CyuacHi aicisHuYi ma eKono2iuni uUMocu 00YMOBII0IMs nompeoby
BUKOPUCMAHHA Oinbd OOCKOHANUX MEXHON02IN Ma MexHIKU Os
NOBHOI nepepoOKU KpOH Oepes XBOUHUX NOpi0. 30Kpema, X60s
BUKOPUCMOBYEMBCA OJisL BUPOOHUYMBA XBOUHO20 eKCMPAKmy ma
eipnoi  onii, Kopmis, oOpeaHiuHUX 000pU8, Yerno3U Mma
bionanuea. IlepcnekmusHum € OMPUMAHHA — BOJOKHUCHUX
mamepianie i3 0epesHOi  CUPOBUHU, 30KpemMda OMPUMAHHA
MeKCMUIbHO20 BONOKHA i3 X60i. Bioomi cnocobu ompumanus xeoi
3a  npunyunom  Oii  Knacugikyrome — HA:  MeXaHiuHutl,
NHEeBMOMEXAHIUHUL, eleKMpo2iOpaGNiuHUll, BUCOKOUACOMHUM
nonem, kpiozennui. Lli cnocobu ompumanmsa x60i mMaiome 3HAUHI
HeOONiKU 3 02150y HA MOJCIUBICMb i  GUKOPUCTNAHHA OJs
BUCOMOBNEHHS MEKCMUNbHUX 80JIOKOH MA € eHEP2OSUMPAMHUMU.
3acomienss x80i 0 6USOMOBNEHHA MEKCMUILHUX BOJIOKOH
HepO3pPUBHO NO8’A3aHa i3 3aeomienero deped XGotuHux nopio. /s
cuHme3y 8apiaHmié MexHOLO2IUHO20 Npoyecy OMpPUMAHHA X60i
suxopucmano memoo mopghonociunoeo auanizy. Y npoyeci
3aeomigni Oepes XGOUHUX NOPI0 BGUOKPEMIIEHO XAPAKMepHi
@dyHKYIOHANbHT  MOPGPONO2IUHI  O3HAKU:  368ANIOGAHHS  Oepes;
mpenosants 0epes;,  PO3KPANCOBY8AHHS Oepes;  DYUHYBAHHSA
38’A3KI6 XG0l 3 2inkamu, 6I0OKpemeHHs X60i 6i0 2ilox ma il
MPAHCNOPMYBAHHSL 00  XB0€30ipHuUKa.  3a  KoodicHOWO i3
MOPEONO2IUHUX O3HAK CKIAOEHO MAKCUMATbHO HOBHUUL Hepenik
MOJICIUBUX — 8APIAHMIE  MEXHIYHUX  piuleHb.  3anponoHo8ano
mexHono2iyHe 001A0OHAHHA Ol 3A20MiGNI X60i: 38aNI08ANbLHO-
naxkemyseaivHa Mawuna, ¢opsapoep, npoyecop ma MoOLIbHA
YCMauoska 011  GIOOKDeMAeHHS. XB80i, AKA CKIAOAEMbCA 3
CYWUNIBHOI Kamepu, 8aKyyMHOI cucmemu mpaucnopmyeanHs ma
30ipHuka  xe60i. Ilodanvwi 00cCHiOdceHHss 3 YOOCKOHAJIeHHS
NHEBMOMEPMIYHO20  CHOCOOY  OMPUMAHHA — X80i  OOYINbHO
BUKOHYBAMU ) HANPAMI MEOPEeMUuH020 ma eKCnepuMenmaibHo20
00IPYHMYBANHS  pedcuMie pobomu MOOIIbHOI YCmaHo8KU 0714
8I00KpeMIeHH s X8OI.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

CydacHi JiciBHHYI Ta €KOJOTI4HI BHMOTH
0OYMOBITIOIOTE TOTPEOYy BHKOPUCTAHHS OLIBII
JIOCKOHAJIMX TEXHOJIOTIH Ta TEXHIKMA JUIS ITOBHOIL
nepepoOKu KpOH JiepeB XBOMHHUX IMOPij, 30KpeMa
XBOi. XBOSI BAKOPUCTOBY€ETHCS JJ1s1 BAPOOHHLITBA:

- XBOWHOTO eKCTpakTy Ta edipHoi omii
(Boauncvre OVJIMT, 2020);

- KOpMiB: KOPMOBOT'0 OOpOIIIHA Ta JOOABOK;

- OpPTaHiYHUX TOOpUB;

- JEpeBHOI TENIONO3W JUIsi BHPOOHHUIITBA
ximiuamx BosokoH (Gupta et al., 2020, Trauyx &
Tepacumuyk, 2021);

- emeprii: 6iorasy (Bisht et al., 2014; Dwivedi
et al., 2016) ta Giosyrimuis (Mandal et al., 2021;
Chaturvedi et al., 2022).

[lepcnekTBHUM HanpsMOM HepepoOKu XBOi,
mo moTrpedye TIPYHTOBHOTO JAOCHIDKEHHS, €
OTPUMaHHS NPUPOJHHUX BOJOKHHUCTHX MaTepiaiiB
i3 Hei. 30kpeMa, TEXHOJOTISA OJEpKaHHI 3
COCHOBUX TOJIOK BOJIOKHHUCTOTO Marepiaiy, Tak
3BaHOI «JTiCOBOI BOBHH», sIKa 3aCTOCOBYBajacs B
naBHUHY. lle BOJIOKHO BUKOPHCTOBYBAJIOCS ISt
BUTOTOBJIGHHS ~TEIUIMX B’SI3aHUX pedyed Ta
BBXaJIOCS KOPHUCHUM st 3710poB’st (Tkauyk &
TI'epacumuyx, 2021). Ilpote, us TexHOJNOTiA Ha
ChOTO/IHI HE BIPOBAUKEHA Y IPOMHUCIOBHX
Macmradax.

OTpuMaHHS TEKCTHJIBHOTO BOJIOKHA 13 XBOIi
noTpedye HassBHOCTI BHUCOKOSKICHOT CHPOBUHH —
XBOI, IO BiJOKpEeMJICHA BiJ] IHIIUX CKJIAJTOBUX
YacTHUH KPOHU (KOpH Ta TUIOK), SIKi € CMITTEBUMH
JIOMIIITKaMHU.

CrniocoOu oTpuMaHHS XBOi 32 IPUHLUIIOM Jii
kinacuikyoTs Ha (ITusosap & I'epacumuyx, 2021):

- MEXaHIYHUH;

- IHEBMOMEXaHIYHH;

- €JIeKTPOTiAPABII YHAML;

- BUCOKOYAaCTOTHHM II0JIEM;

- KpiOTeHHUIA.

MexaHniqanii crioci® € HaHOUTBIIT MOMIUPEHUM
1 3/1IHCHIOETHCS 3a JIOTIOMOTOI0 CTaIllOHApHHUX Ta
MEepecyBHUX BiIOKPEMITIOBAUiB XBOI WIJISIXOM Jii
Ha TUIKH i3 XBO€IO pobounx opraHiB OapabaHHOTO
tuny ([Tusosap & I'epacumuyx, 2021). Ilig gac
KOHTaKTy 3 poOOYMMH OpraHamMy — BajlaMH Ta
HOXkamu (puc. 1) — XBOS HOMIKOMKYETHCS
(moBepxHEBUH MIap i BOJIOKHA). Takox oTpuMaHa
CHpOBHMHA MOTPEeOY€E IOJATKOBOIO COPTYBaHHS
nepes NoJabIIO MEPepoOKOI0 Ha BOJIOKHO.

[THeBMOMexaHIUHMI  crmocid  mepenbadae
MO TMOMEPEAHbO MOJAPIOHEHOT MeXaHIYHUM

IUISIXOM KPOHH JiepeBa Ha (ppakirii 3a T0ImoMOroro
YCTaHOBKH, 1110 CKJIATAETHCS 3 PyOaIbHOI MallTMHH
0apabaHHOTO TUIY Ta By3Ja ITHEBMOCEIAPYBaHHS
(ITusosap & I'epacumuyx, 2021). e no3Boise Ha
3aJI0OBUTBHOMY piBHI BiJIOKPEMHUTH XBOIO Bij
nomimok. [lpore, mig dYac momily mNpOMiXKHA
(dbpaxiisi miaTaeThCI TOBTOPHOMY IOAPiOHEHHIO
(pHc. 2), a oTXKE MOMIKOMKEHHIO BOJIOKOH, TOOTO
OCHOBHHMI  HEJOJIK  MEXaHIYHOTO  CIOCO0Yy
MTOCHITIOETHCSL.

Puc. 1 — Ilpucrpiii A1t MeXaHI4HOTO
BimokpemieHHs xBoi O/13-3,0:
1 —rinka; 2 — HOX1; 3 — OapabaH; 4, 5 — Bann
MIPUTUCKHI; 6 — BaJIU OMOPHIi; 7 — TpaHCIIOPTEP

TpicKa

MpOMiXKHAa (ppaKIis

TiTKH ( 1

Puc. 2 — [TneBMoMexaHiuHUI pUCTpiit
JUTSL BiJIOKPEMJICHHSI XBOI:
1 — TpancnopTep; 2 — Bai; 3 — pOTOp HOXKOBHM
Oapabannuii; 4 — KOpIyc; 5 — TPICKOMPOBIT;
6 — OyHkep; 7 — JIOTOK

EnextporigpaBiiunuii criocid rpyHTY€eThCS HA
SIBUIII €JIEKTPOTIAPABIIYHOTO yapy, 0 BUHUKAE
i yac MPOXOJHKEHHS Yepe3 BOAY EJEKTPHUYHOIO
cTpyMy mnoTyxHicTio 10 kBt Ta cnpuunnse
BiOKpeMiIeHHs XBOi Bim rimok ([Tusosap &
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T'epacumuyx, 2021). HemonikoM 11p0r0 croco0y €
HEOOXI/IHICTh BHUJAJICHHS BOJIOTH 3 OTPUMAaHOL
XBOi, a TaKOXX BTpaTa XBOEK CTPYKTYpHO-
KIITHHHOI ~HUTICHOCTI Ta 3HIDKEHHS SIKOCTI
OTPHMAHOTO BOJIOKHA.

BigokpemneHHss  XBOi  BHCOKOYaCTOTHUM
TOJIEM TIPOBOAMTHCS y HICIEKTPpUUHINA Kamepi, B
SKii CTBOPIOETHCSI HAJBHCOKOYACTOTHE IIOJIE
(ITusosap & I'epacumuyx, 2021). lei cnoci6 €
NOCUTh CKJIQAHUM y peanizamii, morpelye
3HAYHMX 3aTpaT €Heprii i He 3a0e3neuye MOBHOTO
BiJJOKpEMJICHHS XBOT BiJl T1JIOK.

VY rtemnoizonboBaHii KpIOTeHHIH Kamepi
peani3yeThcsl KpiOTeHHUH CITOCiO 3a TeMIiepaTypu
Bim —-24°C no -30°C, ge TUIKH 13 XBOEIO
BUTPUMYIOTECSI B Ta30MOBITPSHOMY CEpeAOBHILI
JI0 TIOBHOTO 3amep3aHHs. 1lix yac BUTpUMyBaHHA
BiIOyBa€ThCS  KpUCTai3allis TPOTOIUIa3MH Y
KIITHHAX CIONYyYHUX TKaHWH XBOi i3 TUIKaMH,
CIONYYHI TKAaHWHU CTalOTh KPHUXKAMHU Ta
pyHHYIOTBCS MexaHiuHOIO mieto ([lusosap &
Tepacumuyk, 2021).

YcraHoBKa s BiOKpPEMIICHHSI JEepEBHOL
XBOI KpPIOT€HHHM CIIOCOOOM JT03BOJISIE OTPUMATH
YHUCTY XBOIO 31 30€peKEeHHIM LIHHUX PEYOBUH Ta
3a0e3neunt  Oe3nevHy  PoOOTy  MPHUCTPOIO.
Henomnikom kpioreHHOTo crnoco0y € CKIAIHICTh
KOHCTPYKIIii YyCTAHOBKM Ta 3HAYHI €HEPTOBUTPATH
Ha MpoIeC BiJoKpemiieHHs XBoi. OTxe, HasBHI
CrocoOu OTPUMAaHHS XBOi MalOTh 3HAYHI HEJOIIKU
3 OMIsAy Ha MOXIIMBICT 1  TOJANBIIOTO
BUKOPUCTAHHS JJIi BUTOTOBJICHHS TEKCTHUIILHHX
BOJIOKOH Ta € CHEPrOBUTPATHUMHU.

Meta  jmocaifKeHHI —  po3poOHTH
eHeproe()eKTUBHUHI CHOCIO OTPUMAaHHS XBOI JIst
BUIOTOBJICHHSI ~ TEKCTWJIBHMX  BOJIOKOH i3
MaKCHUMaJbHUM 30€peKEeHHSIM CTPYKTypH Ta
MIHIMaJbHOK KIJIBKICTIO JOMIIIOK, IO JTO3BOJIUTD
MTOBHICTIO IepepoOIsITH KPOHU XBOWHUX JCPEB.

MATEPIAJIM I METOAU
[Tin vac po3poOiieHHs CIOCOOYy OTPUMAaHHS
XBOi Ta CXEMH YCTaHOBKM 3aCTOCOBYBaIH METOJ
mopdosoriuroro ananmizy (Eriksson & Ritchey,
2002; Tlankpamosa & Casuenxo, 2009) mms
CUHTE3y BapiaHTiB Ta CUCTEMHHMH MIiOXiJ s
BHOUpaHHS KPaIoro TEXHIYHOTO PillleHHS .

PE3YJIbTATU JOCJIAKEHHA
TA OBTOBOPEHHS
XBOWO s BUTOTOBJICHHS  TEKCTHJIBHUX
BOJIOKOH OTPUMYIOTh MiJi Yac 3aroTiBJi JAepeB

XBOWHUX TopiA. JIjs cHUHTE3y BapiaHTIB I[OIO
TEXHOJIOTIYHOTO TPOLECY BHKOPHUCTAEMO METON
MOp(}OJIOTIYHOTO aHali3y, M0 3ampONOHOBAHHUN
mBeiapcekuM BueHnM @pimem IIBiki (Zwicky,
1989) i mepenbauae mociimoBHUEN mepebip ycix
MO>KJIMBUX BapiaHTIB pillICHHS.

Y TEeXHOJOTIYHOMY TPOIIECi 3aroTiBIIi JepeB
XBOWHUX  TOPiJl  BHOKPEMHMO  XapaKTepHi
(dyHKLIOHANTBHI MOP(]OIOTiYHI O3HAKU:

- 3BAJIIOBaHHS JICPEB;

- TPEJIOBAHHS IE€PEB;

- PO3KPSHKOBYBaHHSI IEPEB;

- pyiiHyBaHHs 3B’5I3KiB XBOi 13 IiIKaMu;

- BIZOKpeMJIeHHS XBOi BiX TUIOK Ta ii
TPAHCIIOPTYBAHHSA J0 XBO€30IpHUKA.

3a KOXHOI0 i3 IMX MOPQOJOTIYHHX O3HAK
CKIaZCHO  MAaKCHUM&JIbHO  IIOBHMH  TEPEeNiK
MOXJIMBHX BapiaHTIB TEXHIYHUX pIMIEHb I
peaJmizariii BiMOBIAHNUX omepartiii (Tadauus).

ITicns  mepeOupaHHS  BCIX  MOKJIMBHUX
TIOETHAHDp BapiaHTIB BHIIICHUX MOPQOIOTIIHHX
O03HaK OyJ0 3alpOMOHOBAHO TEXHOJIOTIYHUH
npouec (puc. 3):

1. 3BayroBaHHS  JepeB, 110 BHUKOHYETHCS
3BAIOBAJILHO-TIAKETYBAIbHOIO ~ MarmuHow.  Ilif
Yyac 3BAJIOBAHHS JICPCB HEOOXIAHO 3a0e3MeuuTH
HallMEHIy  BTpaTy  JEpPeBHOI  XBOI, IO
00yMOBJICHa KpPHXKICTIO TIarOHIB Ta 3HAYHO
MOCUIIIOEThCS 13 3HW)KGHHSIM  TeMIeparypu
MOBITPs. 3BaJIIOBANbHO-NIAKETyBaJbHA ~MallMHA
OCHAIIICHa MaHIITyJIATOPOM 13 3axoIuToBadeM i
IUPKYJISIPHOIO MUIKOKO, SIKA 3aXOIUTIOE JIEPEBa, 1X
CIHJIIOE Ta YKJIAAAE Y TTaYKH.

2. TpemoBaHHsA JepeB XBOWHHX TMOpiJ Ha
BEpPXHIN CKIJIaJ, IO BUKOHYETHCSA (POpBapIepoM.
HeoOxinHicTh 30€peKEeHHS XBOI ISl TIOJAJIBIIIOTO
nepepoOsIeHHs He IOMyCKa€e TPEIIOBaHHS AEPeEB i3
KPOHOI0O Ha BEpXHIH CKJIAA TpPEIIOBAJILHUMHU
TPaKTOpaMH, OCKUIBKH 3yMOBIIIOE HEIOIYyCTUMO
BEIWKi BTpaTH JepeBHOi xBoi. DopBapuep €
JBOMOIYJBHOIO  MAalIMHOIO, 1I0  OCHAIICHA
KaOiHOO 3 CHCTEMOIO YIIPaBIiHHS Ta BaHTAXHOIO
WI1aThoOpMoOI0 3 KPaHOM-MaHIMyJISTOPOM, SKHI
3aBaHTaXye JiepeBa 13 TMayKu Ha BaHTaXKHY
wiaThopMy Ta PO3BAHTAXKYE IX HAa BEPXHBOMY
CKJIa.

3. Po3kpspkoBYyBaHHSI JiepeB Ha BEPXHbOMY
CKNani, 10 BHKOHYETbCS 3a  JIOTIOMOTOIO
npornecopa. [lepeBa 3aXOIIIOIOTHCS MPOLECOPOM
3a BEpIIUHY, OOpI3aloThCSA TIAKK Ta, MIiCHs
obepranHss Ha 180°, pO3KPSIKOBYOTBCA. Y
pe3yIbTATI TIJIKA 13 XBOEIO CKIIANAIOTHCS B KYTIH, a
COPTUMEHTH — y IuTabes.

70



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48

Ta6muust — Mopgosoriuna TadauIs

Mopdomnoriuna BapianTu TeXHIYHOTO pillIeHHS
O3HaKa
3BATIOBAJHHO-TIAKETYBAJIbHA JiCO3aroTiBeIbHAN
3BaJIIOBaHHS JIepeB 0EH30MOTOpHA ITHJIKa .
MaluHa KoMOaiiH (xapBectep)

. " 0€34OKEPHHUI TPETIOBAILHUI opBapae aHCIIOpTEP-
TpentoBaHHS IePEB YOKEPHUH TPEIIOBATIBHUN TPAKTOP p P (bopsapzep (tp pTep

30ipHHK XBOT

TPaKTop HaBaHTaXXyBay)
Po3kpsbxoByBaHHS JCO3aroTiBeNIbHUI
OEH30MOTOpHA ITHIIKA npouecop .
JiepeB KOMOaiiH (xapBecTep)
PyiinyBanHs . . €JIEKTPO- . . . . N
5 . . MEXaHIYHUH . . o TCPMIUYHUN CHOC16 BHCOKOYAaCTOTHEC Kp10T'CHHUHU
3B A3K1B XBO1 3 . riapaBIyYHumn . .
X cnocib . (cymrinas) nose croci6
T'JTKaMH crnocib
BigokpemiieHHs XBOT
BiJI TLJIOK Ta ii N . MTHEeBMATUYHAN HATHITAIbHANA  MTHEBMATHYHUH BaKyyMHUH
MEXaHIYHHH cIocio . .
TPAHCIOPTYBaHHS 10 croci6 croci6
XBO€30IpHUKA
MopdonoriuHa o3Haka TexHiuHe pilICHHS
(omeparrist) (MammHaM Ta 00JIaTHAHHS)
TEXHOJIOTTYHOTO TPOLIeCy
[epeBa 3 xBo€rO
| 3BajIoBaIbHO-IIAKETYBaJIbHA
3BatOBaHHSA JEPEB MallMHa
TpentoBaHHs epeB Ha ®dopBapaep
BEPXHIHU CKJIaj
PozkpsikoByBaHHS epeB [Ipouecop
| —_—————— e — — —
PyitrnyBaHHS 3B’ I3KiB XBOI | CyumminbsHa Kamepa |
3 TUIKaMH I
| | |
Binninenus xBoi Bix riok I BakyymHa cucrema MoGinsra |
Ta 1i TPaHCTIOPTYBaHHS 10 [ ITHEBMOTPAHCIIOPTYBA- yYCTaHOBKa |
XBO€30IpPHHUKA | HHS s |
| BIIIIJIEHHS |
| XBO1 |
XBos
L
1 I

Puc. 3 — TexHOJIOTIYHMI MpoTIec, MAITUHU Ta 00JIaTHAHHS TS 3aTOTiBIIi XBO1
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4. PyiiHyBaHHS 3B’sI3KiB XBOI i3 TiJIKaMH, 110
BUKOHYETBCS y CYIIWIBHIH Kamepi MOOiIbHOT
YCTaHOBKHU JIJISl BiIOKpeMJICHHsS XBOi (puc. 4). Y
TIPOIIECi CYIIiHHS TOCIA0IIOETHCS 3B’ 130K TUIOK 3
XBO€IO, TOMY 7S iX BiIOKpeMJIEHHS HEOOXiTHO
npukinagatTd MeHmi 3ycwis. [lim gac cymriHHS
XBOI 3MEHINYETHCS BMICT y HIH KOPHCHHX
PEYOBHH, II0 MOXKE HETaTHBHO TO3HAYUTHCS Ha
KUIBKOCTI Ta SKOCTI KIHIICBOI MPOAYKIi 3a
KOMIUIeKCHOT nepepoOku  xBoi. [Ipote, s
BHUKOPHUCTAHHS XBOI Y BUPOOHUITBI TEKCTHUIIBHUX
BOJIOKOH TpPUBAJIICTh CYLIIHHS MOXe OyTH
30iMbLIeHA.

Puc. 4 — [Tpunnunosa cxema MOOLITBHOT
YCTaHOBKH TSI BiJOKPEMIJICHHS XBOi:
1 — cymmnpHa Kamepa; 2 — BCMOKTYBaJIbHAN
TpyOOIpoBi; 3 — 30ipHUK XBOT; 4 — IUKJIOH
BiJTOKPEMJICHHS XBOi; 5 — IIUTFO30BHI 3aTBOD;
6 — IMKIIOH BiJTOKPEMJICHHS BiJIXOJIiB;
7 — 30ipHUK BiJX0/1iB; § — MOBITPOIPOBIT

5. BimokpemieHHs XBOi Big TUTOK Ta ii
TPaHCIOPTYBaHHS 110 30ipHUKa xBoi. Ll onmepaiis
BUKOHYETHCS BAaKyyMHOK CHCTEMOIO ITHEBMO-
TPaHCIIOPTYBAHHS, KA € B KOHCTPYKIIii MOOUTEHOT
YCTaHOBKU JUIS BIJIOKPEMJICHHSI XBOT, OCHOBHHMU
CKJIQJIOBUMM YaCTUHAMH SKOI € aepoJuHaMivHa
CyIIWIbHA Kamepa, IWKIOHW, BaKyyMHHI Hacoc
Ta 30ipHUK XBOi (puc. 4). I3 cymmnsHOI Kamepn
BCMOKTYEThCSI TOBITpS. pa3oM i3 XBOEKW Ta
Bigxomamu. ik MaloTh OiUbIly Macy, TOMY
3aUIIAIOTECA B CyNIIBHIA Kamepi. Cywmim
MOBITPsL 13 XBOEK HAIXOJUTh BCMOKTYBaJIbHHUM
TPyOOIIPOBOIOM Y LIUKJIIOH BiJJOKPEMJICHHS XBOI.
BimoxpemneHHst XBOi BiOyBaeThCs TiA Ji€l0
BiAIIEHTPOBOi CmiHM. XBOS dYepe3 IUII030BUH
3aTBOp HAIXOJUTh Yy 30ipHUK XBOi. OuHUIICHHS
MOBITPsL BiJ NpiOHWX BiIXOIIB BiAOYBaeTbcs y
IIUKJIOHI BimokpemieHHS BimxomiB. Lli Bimxomam
HAAXOAATh y 30IpHUK BigxoniB. Bakyym y

MOBITPONPOBOAL 3a0e3MeUy€eThCsl 32 JAOMOMOTOI0
BaKyyMHOT'O Hacocy.

BHUCHOBKHA

BcraHnoBieHO, 110 BHKOPHCTAaHHS XBOT IS
BUTOTOBJIGHHS ~ TEKCTHJIBHHX  BOJOKOH €
JouinbHuM. {7 3aroTiBii XBOi peKOMEHAYEThCS
3aCTOCOBYBAaTH ITHEBMOTEPMIUHUHN CIOCIO, SIKWH
IPYHTYETBCSI HAa  TEXHOJIOTIYHOMY  MpoIieci
3aroTiBii JIepeB XBOWHHX IOpiJ] Ta MICTHUTh
TEXHOJIOTIYHI ~ omeparlii: 3BaJlOBaHHSI JIEPEB,
TPEIOBaHHS JIEPEB, PO3KPSHKOBYBaHHS JIEPEB,
pylHYBaHHS  3B’S3KiB  XBOi 13  TUIKamu,
BIIOKpEMJICHHST ~ XBOi  Bim  Trilok Ta  ii
TpaHCIOPTYBaHHSA 10 30ipHHUKa XBoi. J[1s cuHTE3y
BapiaHTIB TEXHOJOTIYHOTO IMPOIECY BUKOPHUCTAHO
MeTOoA MOP(QOJIOTiYHOrO aHami3y, IO JO3BOJIMIO
3alPONOHYBATH TEXHOJIOTiYHE OOJIATHAHHS IS
3aroTiBili  XBOI:  3BAIOBAJIHHO-TIAKETYBAIBHY
MaluHy, GopBapaep, Opouecop Ta MOOUTBHY
YCTaHOBKY JUIA BiZJJOKpPEMJICHHS XBOI, IKa MICTHTb
CYyIIWIbHY  KaMepy, BakKyyMHy  CHCTEMY
MTHEBMOTPAHCIIOPTYBaHHA Ta  30IpHUK  XBOI.
[Nopanpmmi qOCHiHKEHHS TOUIIBHO BUKOHYBAaTH Y
HampsMi TEOPETUYHOTO Ta eKCHepUMEHTAIHLHOTO
OOTpYHTYBaHHSI TEXHOJIOTIYHHUX PEXHUMIB POOOTH
MOOLIBHOI YCTAaHOBKH JJIsi BIJIOKPEMJICHHS XBOI,
MIPUHIIAIIOBA CXeMa K01 IpeJcTaBlieHa Ha puc. 4.
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ABSTRACT

Natural and climatic conditions of Ukraine are very favorable for
growing berries and fruits. The development of the fruit and
vegetable industry in Ukraine requires the mechanization of many
production processes in order to increase the quality of products,
reduce their cost by reducing manual labor. That’s why
technologies for harvesting berries and fruits need to be
improved. Also, a new equipment, which would reduce yield losses
of berries and fruits, must be developed. One of the most
important problems of picking berries and fruits is the use of
manual labor, which leads to an increase in the cost of finished
products. It should be noted that in the technological process of
picking berries and fruits, the most time-consuming operations
are the operations of the loading and unloading cycle. Taking into
account the above, improving the technology of picking berries
and fruits due to the mechanization of work, in particular, loading
and unloading, is a very urgent task. Solving this problem is
possible due to the development of a new gripping mechanism of
loader. During the analysis of fruit harvesting technology, it was
found that loading and transport operations have a significant
impact on the quality of fruit and vegetable products. Therefore,
during the design development of loader working body, it is
necessary to take into account a certain feature, namely, that the
interaction of the loader working bodies occurs with easily
deformable containers. This requires the use of special working
bodies. For soft-sided storage containers with berries, the grabber
design, which can be installed on a forklift and used for loading
and unloading operations, is proposed in the article. For
determining the holding force of soft containers, the equation was
obtained. It was established that the magnitude of this force
depends on the design parameters of the gripper. The proposed
scheme of a variable working body is recommended for
implementation at agricultural enterprises specializing in the
cultivation of berries and fruits.
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AHOTALIA

Bioomi mexnonoeii 36upanns sa2i0 ma ¢pykmie nompebyromo
VOOCKOHANIEHHS. Ma PO3POONIeHHS HOBUX MeXHIYHUX 3ac00ie, K 6
smenwyeanu empamu ypodcaro. OOHa i3 HAUOLTbWL 8ACIUBUX
npobnem 30upants s2i0 ma pyKkmie — ye GUKOPUCAHHS PYUHOL
npayi i, 5K HACMIOOK, 3POCMAHHA Co0i8apmocmi 20mosoi
npooykyii. Heobxiono 3asnauumu, wjo 8 mexHoi02iyHoOMy npoyeci
30upanus  s2i0 ma Qpykmie HAUOIILW  MPYOOMICMKUMU €
onepayii  HABAHMAICYBAILHO-PO36AHMAICYBANLHO20 YUKTY. 13
VPAaxy8aHHAM 3A3HAYEHO20, YOOCKOHANIEHHs MeXHON02ii 30upants
5210 ma @pykmie 3a paxyHox Mmexawizayii pobim, 30Kpema,
HABAHMAICY BATILHO-PO3BAHMAIICYBATLHUX, € OYHCEe AKMYATbHUM
3ae0anuam. Bupiwenus yiei 3a0aui  Mooiciuge  GHACHIOOK
PO3DOOIEHHA HOBUX | YOOCKOHANEHHA GI0OMUX 3ABAHMANCYBAYIE.
11i0 uac amanizy mexuonozii 30upants ni00i6 6CMAHOBICHO, U0
3HAUHULL 6NIUE HA AKICMb NI0000804e80i NPOOYKYIl YuHAMb
HABAHMAXNCYB8ANbHI ma mpaucnopmui onepayii. Lle 3ymosntoe
nompebdy nio 4ac po3pooneHHs KOHCMPYKYIL poOoYoeo opeany
HABAHMANCYBAYA 6PAXOBYEAMU NEGHY 0COOIUBICMb — 83AEMOOIs
pobouux opeamie Hasammadxcysaua 8i00y8acmvca i3 J1e2Ko
oeghopmienumu Koumetnepamu. Lle nompebye euxopucmanms
cneyianbHux pobouux opeawie. Y cmammi 3anponoHo8aHo
KOHCMPYKYII0 3aXONI08aua M SKUX KOHMelHepie i3 s200amu,
AKUL ~ MOJICHA — 8CMAHOGNIO8AMU  HA  HABAHMAIICY8AY — MaA
3acmocosygamu 1020 0N GUKOHAHHA  HABAHMANCYEANLHO-
po3zsanmasicysanvHux pobim. Taxooc ompumano mamemamuyty
3anexcHicmy 0N BU3HAYEHHA CUIU YMPUMAHHA KOHMelHepis.
Bcmanosneno, wo eeruuuna yiei cunu - 3anedxdcumov 6o
KOHCMPYKMUGHUX NAPAMempie 3axonniosadd. 3anponoHoeana
cxema  3MIHHO20 — pobO4020  Op2aHy — PEKOMEHO08AHA 00
3anpo8aodd’CceHHs Ha AePOnIONPUEMCINGAX, WO CReYiani3ylomubCs Ha
BUPOWYBAHHS 51210 MA PPYKMIE.
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CTAH IMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

[IpupoaHo-KIiMaTH4HI yMOBH Ha TEPUTOPIil
VKpalHy CIPHUATINBI JUIS BUPOLIYBAaHHS KyJIbTYp
IUI0T00BOYEBOT  Tpynu. JlOCHiDKEHHS PUHKY
OBOYIB Ta ()PYKTIB MOKA3ye, MO X BUPOILYBaHHS
€ IyXe NpuBaOIMBUM Ta MEPCIEKTUBHUM MJIS
CLIBCHKOTOCIIOIAPCHKHUX  MIAMPHEMCTB, OCKIIBKH
3pOoCTa€ MOMUT Ha HUX SK B YKpaiHi, Tak i y CBITI
(Poaicxo, 2020). PO3BUTOK IUTOJ00BOYEBOT Tarysi
B YKpaiHi moTpedye 3ampoBaKeHHST MeXaHi3amii
0araThbOX BHPOOHHYMX TPOIECIB 13 METOH
MIJBUIICHHS SKOCTI TPOAYKIi, 3MEHIICHHS il
co0iBapTOCTI 3a paxyHOK 3MEHIICHHS pPYYHOI
nparti. Pydna mparis, mepeaycim mia gac 30upasas
ypOkar Ta MaKyBaHHS Npoaykiii, csrae 50%.
Le#t Hemomik MOXIMBO YCYHYTH IUIIXOM
3aMpoBa/KEHHS KOMIUIEKCHOI MexaHi3amii s
HaBaHTAXXyBAJIBHUX onepamid. [3 miero MeToro
noTpiOHO BHUPIMIMTH 3aJady yIOCKOHaJIeHHS

TEXHOJIOTii 30MpaHHsl, a TAKOXK TEXHIYHHUX 3ac00iB
JUTst 11 peasrizariii, 30kpeMa Jyuisi HaBaHTaKCHHS Ta
TPaHCIOPTYBaHHS 310paHOTO ypoXKaro.
TexHONOTiYHUN TpoLEC y IUI0JOOBOYEBUX
oneparii

rOCIOAapCcTBaX  MICTUTH 30upaHHA

ypoXKaro, HOoro MakyBaHHS B Tapy, CKJaJyBaHHS,
3aBaHTAKCHHS Ta TpPaHCIOPTyBaHHS. [Ipudomy,
KOXXHa 13 3a3HaUY€HUX TEXHOJOTIYHUX OIeparii
BIIMBAE Ha AKICTb (PPYKTIB Ta ATiA, i, BIANOBIIHO,
iX BapTICTh.

BrmivB HaBaHTaXyBAJIbHUX 1 TPAHCIOPTHUX
orepariii Ha SKICTh IUIOZOOBOYEBOI MPOIYKITii
nocmimpKkeHo  HaykoBusmu — Kasepun  (1976),
Yenencoxui ma in. (2015a), Yenencokuii ma in.
(2015b). 3okpema, y poboti (Kasepun, 1976)
BH3HAYEHO OCHOBHI (D)aKTOpH, SIKi BIUIMBAIOTH Ha
nomkoKkeHHs mwiofiB. Cepen 1ux ¢akTopiB €
THI Tapu i HABaHTAXYBaJIbHO-PO3BAHTAXKYBATbHI
Ta TPAaHCTIOPTHI 3acO0U.

HapanTaxxyBayibHI  omepallii BHUKOHYIOThCS
HABaHTAKyBauyaMH: CaMOXiTHUMH (POHTATEHUMU
HABaHTA)XyBauaMH,  €JICKTPOHABAHTAKYBAYaMH,
TENECKONYHIMHI HaBaHTaxyBadamu (Hukonaes
ma iH., 2018; Poowcko, 2020; Cemawxo &
Iempycesuu,2011; Cuemnes& Braowvikuna, 2006).
KpiM camoximHWX HaBaHTaXXyBadiB, 30KpeMa y
(depMepChKUX TOCHOAAPCTBAX, BUKOPUCTOBYIOTh
TaKOX CaMOXiJHi maci, Hanpuknaza, T-16, T-16M,
T-16MI", BT3-30CIl, CIII-2540, i3 HaBiCHUMH
HaBaHTa)kyBauamu (puc. 1).

Puc. 1 — HaBanTtaxyBadi JJsl CiIbCHKOTO FOCTIOAAPCTBA!
a — caMmoxinHuil pponTanbHuil HaBaHTaxKyBau Claas; 6 — enekrpoHaBanTaxxyBay UniCarriers TX3;
B — TEJICCKOIIYHMI HaBaHTaXxyBad Manitou
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AmHani3 HaBaHTaXXyBaJILHUX 3ac00iB (bazanos
& 3abeecanos, 1979; Bepuep, 2002; Huxonraes ma
in., 2018; Pooicko, 2020; Cemawxo & I[lempycesuu,
2011; Cmemnes & Bnaowikuna, 2006) mokasas,
[0 BOHHU YCIIIIHO BHUKOPHUCTOBYIOTBCSA JIs
MiAHIMAHHA Ta TPAHCHOPTYBaHHS BaHTaXIB Yy
CLTBCBKOMY TOCIIOAApCTBi, 30KpeMa pYIOHIB i
TIOKIB CiHa, a TakKoX IHIUX Tra0apUTHUX
BaHTaxiB. BogHouac, HEOOXIJHO HArOJIOCHTH Ha
0c0OJIMBOCTSIX BaHTAXIB Yy IUIOJ00BOYEBiH ramysi.
[lakyBaHHS OBOYIB 1 (QpYKTiB MPOBOAATH B
Oe3Me4yHi Ta EKOJOTIYHO YHCTI  YMaKOBKH:
MOJIIETUIIEHOBA  IUTIBKA, CHEI[aJbHUN  mamip,
CTpYXKa, IDIACTUKOBI TOPIiiiHI KOHTeHHepH
tomo. OCHOBHE NPHU3HAYCHHS YIAKOBKH —
3armo0irTd TEPTIO 1 yJapaMm IUIOMAIB, OCKUIbKH Ii
MOpoIleCH MOXYTh Yy TOAANBIIOMY HETaTHBHO
BIUTMHYTH HA SKICTh TUIOIIB.

JAns  TpaHCHOPTYBaHHS IUIOJIB JOLLIBHO
PO3pOOIATH 3aXOIUTIOBA4i Ta BUKOPHUCTOBYBaTH
MaHIyJISTOPH, SIKi BCTAHOBIIIOIOTHCSI HA CAMOXI1IHI
maci (Iletnoax ma in., 2016; Hecmusnoe ma in.,
2019). Bimomi HaykoBi mnpami (Cmenseun &
Babenuko, 2011; Hlupunxkun ma in., 2010), saxi
MIPHUCBSIUEH] pO3pOOJIEHHIO CrielialbHUX pPOOOTIB,
[0 TPU3HAYCHI ISl BUKOHAHHS TEXHOJOTIUHUX
orepalliii B II0100BOYCBiH ramysi (puc. 2).

Puc. 2 — BukopucranHs poOOTIB y
TJI0JI00BOYERBIH Tramy3i:
a— Agrobot SW6010; 6 — Robot Apple Harvester

MeTta aociaigyKeHHs — po3poOUTH MOIEIb
3MIHHOTO 3aXOILTIOBAIBHOTO pPOOOYOT0 OpraHy
HaBaHTa)XyBaya, SKAH MOXXHa BHUKOPHUCTOBYBATH
JUTSL MIHIMAHHS Ta TPAHCIOPTYBaHHS TUIOAOBO-
SITITHOT MPOAYKIIil, IO YKIJIaJeHa B M’ SIKy Tapy.

MATEPIAJIN 1 METOAHU

Jns po3poOneHHS KOHCTPYKIi MeXaHi3My,
[0 TPU3HAYECHUN NJIsl 3aXOIUICHHS M’ SIKOi TapH,
BUKOPUCTAHO METOJ aHalli3y HayKOBO-TEXHIYHOI
indopmariii, B sAKil TpeACTaBICHI TEXHIYHI
3aco0M, 110 BUKOPUCTOBYIOTHCS UISi BHUKOHAHHS
HaBaHTAXXyBaJIbHO-PO3BaHTAXXyBaJIbHUX POOIT Mix
gac 30MpaHHS STiM y MKy Tapy. IIpoBemeHo
TAaKOXX CTPYKTYpPHUH CHHTE3 3alpOorOHOBAHOTO
MeXaHi3My AJIsl HABaHTa)XyBayua 3 BIJIAMH.

PE3YJIbTATHU AOCIIAKEHHA
TA OBrOBOPEHHA
Huni ansg BknajaHHS Ta TpaHCIIOPTYBaHHA
SIT1T BUKOPHCTOBYETHCS Pi3HA BUCOKOSKICHA Tapa.
LIst tapa (puc. 3), mepeBaKHO, BUTOTOBJISETHCS 13
BHCOKOSIKICHOTO IUIACTHKY Ta 1HIIMX MaTepialis,
o 3a0e3MeuyIoTh HANEKHE TPAHCIIOPTYBaHHS Ta
30epiraHHsl BaHTaXy OYIb-SIKOTO XapakTepy.

Takok TpaHCHOPTYBaHHS ST TPOBOISTH Y
KapTOHHUX SAIIUKAX.

Puc. 3 — Konteitnepu jyis srija
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Jnst 3axoIUIeHHS M’SIKUX KOHTEHHEpiB i3
SATOJaMU MPOTIOHYETHCS BUKOPUCTOBYBAaTH
HaBaHTA)XyBad, SKHH MICTUTh 3MIHHHH pOOOYMI
OpraH i3 JBOMa BWJIAMH Ta 3aXOIUTFOBATBHUM
MexaHi3MoM (puc. 4). MexaHi3M MOHTY€ETbCA Ha
HaBaHTaXyBau 3a MOTpeOM  HaBaHTa)KEHHS,
TPAHCIIOPTYBaHHA Ta PO3BAHTAXKEHHS M’ SIKUX
KOHTeHHepiB. MexaHi3M NPUBOIUTHECS B PYX Bij
rizponwiiHapa. 3axoIuIoBayl MeXaHi3My MaloTh
CYMOBI HaKJaJIK{ 13 XBWIACTOIO a00 pHUQICHOIO
moBepxHero. ['yma 3a0e3nedye BHUHHKHEHHS
JNOJAaTKOBUX CHJI TEPTS HA IOBEPXHI KOHTAaKTY
3aXOIUIIOBaYa Ta KOHTEHWHEPIB 1 J03BOJISIE AELIO
3MEHIIUTH CHWJIy TPUTHCKAHHI, sSKa HeoOXimHa
U1 yTpUMaHHSA KoHTeiHepy. Kpim Toro,
YHUKHEHHSI KOHTAaKTy i3 TBEpPJOI0 METaJeBOIO
TTOBEPXHEIO 3MEHIITYE HMOBIPHICTD TTOIIKOIKCHHS
CTIHOK KOHTeifHepiB. 3axoIUIioBavi MPUKPIIUIeH]
JI0 TUTACTUH 13 MOXIIMBICTIO 3aMiHU 3a MOTPEOH.
[InacTuHa KpimUTbCSA OO0 KOCHHOK, SIKi HIApHIPHO
3’€mHAHI 3 TIOB3yHAMH, IO MAlOTh MOXIHBICTH
MIePEMIIITYBATHCSI B CEPEAUHI TOPHU30HTAIHLHOTO
crpwkHs (puc. 4). IlepemimeHHs TOB3YyHIB
BiIOYBA€ThCSA Yy BHITANKY 3MIiHH ITOJOXKEHHS
naHTOrpadonoiOHOTO CTPIKHEBOTO MEXaHI3MY.

Bantax, sgKkuii 3aXOILUTIOETHCS MEXaHI3MOM,
YTPUMY€ETBCS  CWIaMd P, 10 BHUHHUKaIOTh
BHacHimoK aii 3axormmoBadiB. ToOTO Mae wicie
CHJIOBE 3aMHKaHHS, sSKe 3a0e3redye yTprUMaHHs
BaHTaXy. BaHTax (KOHTEHHEpH 3 srojJamu) Mmae
MOTpaNuWTH Ha BHJa HaBaHTaxyBada. [1lo6 Buia
HE TIOMIKOAWIN BAaHTAX, WOTO MOTPiOHO IEIIo
MITHSATH HAJ [OBEPXHEH, Ha SKIH BOHHU
BHCTaBJICHI MIepe/]] 3aBaHTAKEHHSM.

Jlnst  3aXOIUICHHS TOYaTKOBE ITOJIOKEHHS
3axOIUI0BaYa Ma€e OyTH TaKuM, 100 BiJICTaHb MiX
30BHIIIHIMH TOBEPXHSAMH TyMOBHX HAaKJIaJ0K
OyJia OUTBIITOIO 33 MIUPHHY M’ SIKHUX KOHTCHHEPIB i3

IUIOIaMH,  SIKi  BCTaHOBIIOIOTBCSI Ha  BHJIA
HaBaHTaXyBaya (pHc. 5):
|>2c+A, Q)

ne | — mouarkoBa (KOHCTPYKTHBHA) BiICTaHb MiK
30BHINIHIMA TIOBEPXHSMH TYMOBHX HaKIaIOK
3axOIUIoBa4Ya, M; C — JIOBXKMHA KOHTCHHEpIB i3
ioJamMu, M; A — BiJICTaHb MiX KOHTEHHEpamMH 3a
YMOBH, III0 BOHH 33aXOJISITh 13 IESIKAM 3MIIICHHIM
(ToNoKeHHS TI0Ka3aHO Ha PHC. 5 po3pHBHOIO
JIHIEI0) BITHOCHO OCE BUJI HABaHTa)XKyBaya, M.

Illuprra KOHTEWHEpiB 13 sAromaMu IS
BUKOHaHHI yMoBH (1) Ta yHEMOXIUBICHHS
3HAYHOI'O TX MEPEKOCY MA€ CTAHOBUTH:

c<(a-bh)/2. 2

Ha 3axorurroBadax HEoOXigHO mependadnTu
BUCTYIH (pHc. 4) 3 TOBKHUHOIO IOHaliMeHIIIe ¢/ 3.

F,
FL’
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Puc. 4 — Cxema 3axOILTIOBAIBHOTO MEXaHI3MY:
1 — rigpouniaap; 2 — 3axoOIUTIOBadi; 3 — TyMOBI
HaKJaaKW; 4 — BUCTYIIH; 5 — IJIACTUHU;

6 — KOCHHKH; 7 — TOPU30HTAILHUH CTPHXKEHb

JloBXHMHA HMXHBOI TOPU3OHTAIBHOI JIAHKU
Ma€ CTaHOBUTH (pHC. 5):

L=1+2V+2r=1+2V +d, 3)

ae V — JOBKHMHA IUTACTUHU KpiruieHHs, M; d —
ZiamMeTp MmapHipiB, M.

Cuna Fp, sxa 3abesmeuye yTpUMaHHSA
BaHTaXy, 3HAYHUM 4YHMHOM Oyjae 3aexard Bil
BITHOCHOTO TIOJIOKEHHS BaXKENIIB MEXaHi3My,
TOOTO KYTIiB ¢ Ta f§, a TAKOK TOBKHUHU BakelniB |y
ta l; (puc. 4). [Iis yrpuMaHHs BaHTaXy MOTPiOHO
CTBOPUTH 3yCWUIs, sKe Oylne IepeBHIIyBaTH
3ycmms Fg.

SIKIO TpPUIYCTHTH, WLIO KOHTEWHEepH i3
IUIOAMH YTPUMYIOTBCSI 32 PaxyHOK CHJ TepTH,
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SKi BUHHKAIOTh Ha IUIOIIMHI KOHTAKTy IXHIX
OIYHUX CTIHOK 1 TYMOBUX HaKJIaJlOK, TOJlI Ma€
BHKOHYBATHCS yMOBA!

P> G/ (2f), 4)

ne f — xoedimient Teprs; P — cuma mputuckanHs
koHTelHepy, H; G — Bara BanTaxy, H.

e 6 6o

0

Puc. 5 — Cxema BCTaHOBIJICHHSI KOHTEHHEPIB 13
sronamu (N — mMprHa KOHTEHWHEPIB, & — BiJICTaHb
MIX OCSIMH BHJI):

a — HIDKHA JIaHKA 13 3aXOIUTIOBaYaMu;

0 — po3TamryBaHHS KOHTEHHEPIB Ha BUJIaX

[lix yac poboTH MexaHi3My Ha JaHKU [i€
MOMeHT M (puc. 4), sKHii BIUIHBA€ Ha BEIUYNHY
cwi 3axommoBaHHI Fe. I3 ypaxyBaHHAM
MOMEHTY M, MaTUMEMO YMOBY 1yt cuiu Fe:

2
ZM ;Cosa
Fe>f—, (5)
Ilnp

ne Fe — cuma, sxka yrpumye Bantax, H; |1 —
JOBXHHA Baxens, M; 7p — KKJI, sikuit BpaxoBye

BTPaTH Ha TEPTS y CHUCTEMi BaKeTiB MeXaHi3My
(np = 0,9-9,95 (Pomanuyx ma in., 2014)); M —
MOMEHT, 1110 MIPUKJIaIEHO 10 Baxessi, H-Mm.

Bu3HauuMO MOMEHT, SIKUH HPHUKIALICHO 10
BaXKEJIA MEXaHI3MY:

M; = Pj-a, (6)

Jie a — BiJCTaHb BiJ HAKJIAIKW MEXaHI3My [0
TOYKH KOHTAKTY 3 TiAPOIIIiHAPOM (puc. 4), M.
3rizHo pHC. 4 MaEMO BiJICTaHb a:

a=y+yrtys, (7

ne Y, Y1, Y2 — BiacTaHi MK KOHCTPYKTHBHUMH
eJIeMEeHTaMH MeXaHi3My (puc. 4), M.
Buznaunmo Bifcrani Y1 ta Y2 (puc. 4):

y1= (I~ 12)-cos y, (8)
Y2 = 2l3-cos (a/2), 9

ne |1, I, — nomxuHa BakeniB, M; y — KyT MiXk BicCIO
Ba)KEJIS Ta BEPTUKAILIIO, TPajl.
I3 ypaxyBanusm Bupasis (8) 1 (9), maTumemo:

M=P-(y + (Il — I)-cos y + 2l,-cos (a/2)). (10)

Toni cwia, sika HeoOXiJHA JJIs yTPUMAaHHS
BAHTaXYy, BU3HAYAETHCS 3 YMOBU:

F > 2Pacos«a . (11)
|177p

BHUCHOBKHA

Jliis HaBaHTa)KEeHHS Ta TPAHCHIOPTYBAHHS SIT1]
y MSKid Tapi pO3pOOJICHO CXeMy 3MiHHOIO
poboJoro opraHy, SKWH MICTUTh IBI BHJIKH Ta
3aXOIUTIOBAIBHUNA MexXaHi3M. TakoXX OTpHMaHO
YMOBY Ui BU3HAUCHHS CHJIM YTPUMAaHHS
M’SIKUX KOHTEHWHEPIB PO3POOJICHUM MEXaHi3MOM.
3anpomoHOBaHWN  3MIHHUH  poboumid  oprad
PEKOMEHIIy€ThCSI JI0 BUKOPUCTAHHS pazoM i3
HaBaHTa)XyBauaMH JJIsl BUKOHAHHA IIHUPOKOIO
CIEKTpY 3aBAaHb B arpoITiIMPUEMCTBAX.
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ABSTRACT

The new design of the disc-belt flax pulling device, which will
increase the durability of the pulling belts and reduce the material
consumption of the flax pulling machine, is described in the
article. The disc-belt flax pulling device consist of a prefabricated
frame and dividers. The proposed flax pulling device and a
transverse conveyor are located on the frame. Moreover, the flax
pulling device is made in the form of active pulling discs that
contact the pulling belts, each of which is mounted on two rollers,
one of which is spring-loaded. The pulling belt does not transmit
torque from the drive pulley to the driven pulley, as a result of
which the belt stretches less. The geometrical parameters of the
pulling section of the disc-belt flax pulling device were
established. Namely, the dimensions of the pulling disk, belt drive
and the length of the pulling shaft were determined. A kinematic
analysis of the flax pulling process was carried out. Theoretical
studies were based on the basic principles of higher mathematics,
physics and theoretical mechanics, the theory of mechanisms and
machines. Analysis of mathematical models was carried out with
the help of applied computer programs, in particular in the
computer mathematics environment Maple V. According to the
equations, the trajectories of the flax stem movement were
constructed for various indicators of the speed regime of the
pulling device. It was studied how the indicator of the speed
regime of the pulling device and the angle of inclination of the
pulling device to the horizontal affect the length of the trajectory
of the flax stem movement by the pulling device. The conditions
for selecting the indicator of the speed regime of the flax pulling
device was considered. It was established that the flax puller
speed should not exceed the circular speed of pulling disk
rotation. The performed calculations confirmed that the selected
geometric and kinematic parameters of the pulling section of the
disc-belt flax puller will ensure the complete extraction of flax
stalks from the soil.
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AHOTAIIA

Y cmammi npedocmaeneno onuc Ho60i KOHCMPYKYIl OUCKO80-
naco8o2o IbOHOOPAILHO2O anapama, wo 00380AUMb NIOGUUUMU
006206I4HICMb  OpANLHUX — nacie anapama ma  3MeHWUmu
mamepianomicmkocmi mawiuny. Lle Oocsaeacmvea 3a  paxyHox
mozo, wo Opanbui nacu He nepeoaiomv MAL08UX 3VCUNL, a
BUKOHYIOMb MINbKU 3AMUCKAHHA | YMpUMY8aHHs cmebel TbOHY.
Luckoeo-nacosuil 1bonobpanvHuil anapam micmums 30ipHy pamy
ma po3mauiosani HA Hil NOOLIbHUKU, OpAnbHUll  8Y301 |
nonepeunuti mparncnopmep. Ilpuuomy, opanreHull 8y301 6UKOHAHO
V euensdi akmuHux OpanbHUX OUCKI8, W0 KOHMAKMYIomo i3
OparbHUMU  nACAMU, KOJCEH 13 SAKUX GCMAHOBIEHO HA 080X
poaukax, oO0ur 3 aAkux nionpyscunenui.  OOIPYHMOBAHO
eeomempuyuni napamempu OpanvHoi cexyii OUCK080-Naco8020
NbOHOOpanvHo20 anapama. A came, po3mipu OparbHO20 OUCKA,
nacosoi nepedayi ma GUIHAYEHO 008ICUHY OPATLHO20 pIGYaKd.
Ilpogedeno kinemamuynuii ananiz npoyecy OPAHHA JTbOHY.
Teopemuuni docniodxicenHs 6a3y8aANUCA HA OCHOBHUX NOJIOHCEHHAX
suwoi mamemamuxu, Qizuxku i meopemuyHoi Mexaiku, meopii
Mexauizmie i MawuH. 3a  00epiucaHuMu  PIGHAHHAMU Y
NpOCMOpOosil cucmemi Koopounam 6yau nody0o8ami mpackmopii
PYXy MOYKU 3AMUCKAHHA cmebia AboHY OpaibHUM piguakom 3a
PI3HO20 WBUOKICHO20 pedcumy bpanvrho2o anapama. J{ocuiodxceno
3A1€AHCHICb Q0BHCUHU MPAEKMOPIL pYXY cmebaa TbOHY OpaTbHUM
pisuaKom 6i0 3MiHU NOKAZHUKA WBUOKICHO20 PedCUMy OpaibHO20
anapama i Kyma Haxuny OpaibHo20 anapama 00 20pU30HMAJI.
Poszensanymo ymosu e6ubopy noxasHuka wUOKICHO20 PedNCUMY
IbOHOOpAnbHOZO — anapama. BcmawogieHo, w0  WBUOKICMb
JILOHO3OUPATILHOT MAWUHU He MAE Nepesuuy8amu 3HA4eHHs
KOo060i weuoxocmi obepmanmus OparbHozo oucka. Ilpoeedeni
PO3PAxXyHKU —RiOmeepounu, wo nidibpaui 2eomempuyHi ma
Kinemamuuni napamempu OpanbHOi cekyii OUCKOBO-NACOB020
JIbOHOOPANLHO2O anapama 3a06e3neyamsv NnogHe GUMACYBAHHSA
cmeben IbOHY i3 IPYHMY Md 8UCOKY YUCTHOMY OPAHHSA JIbOHY.

DOI: 10.36910/acm.vi48.865
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

VY naykoBiii poooti (FOxumuyx ma in., 2022)
3allpOIIOHOBAaHA HOBA KOHCTPYKILIA JHCKOBO-
MacoBOro OpajbHOTO amapara, B SIKOMY IPUBOJ
3IIHCHIOEThCA Oe3mocepelHb0 Ha OpajibHi JHCKH,
a Tacu MPUTHCKAIOTH CTeOJa JIbOHY A0 MOBEPXHI
OpanpHuX nuckiB. ToOTO OpampHUN Tac HE
nepeaae KPyTHOTO MOMEHTY BiJl BEAydOro IIKiBa
IO BEICHOrO INIKiBa, TOMY MEHIIE PO3TATYETHCS
mg dvac poOOTH. 3ampoITOHOBAaHHWM THCKOBO-
[IaCOBHIA JTHOHOOPATBFHUI amapar po3TalloBYEThCS
Ml KyTOM 10 TOpU30HTali Ta Mmictuth (puec. 1):
30ipHY pamy; MOIITFHUKN; OpaTbHUHA By30JI, SIKAH
MICTUTH OpasbHI TUCKH, OpanbHI MMacu, POJHKH,
MiANPYXKUHEH] KPIMUICHHS Ta HAlpsMHI MPYTKH;
MOTIEPEYHUH TPAHCHIOPTED.

TTTTTTITTTVT]
g

Puc. 1 — Bumu 3Bepxy (a) Ta 360Ky (0) TUCKOBO-
MacoOBOT0 JILOHOOPAIBHOTO anapara:
1 — noxiabHKUKY; 2 — OpasbHi JUCKY;
3 — OpanbHi macu; 4 — poJUKY; 5 — MiANPY>KUHEH]
KPITUICHHST; 6 — HAIIPSIMHI TIPYTKH;
{ — monepeyHuii TpaHCIopTep

JluckoBO-TacoBUil  THOHOOpANIEHUE ~ amapar
TIpaIfioe TakuM 9uHOM. [IpuBoa OpadbHUX ITHCKIB,

AKi O00EpTalOThCS B OJHAKOBOMY HAIPSMKY,
3IIHCHIOEThCA 3 KapTepa pamMHu. 3 OXHOTO OOKy
KOXXEH OpaNbHHUN JIHCK OXOILTIOETHCS OpaibHUM
rmacoM, SKWUH HamiTHd Ha POJIMKH. 3a paxyHOK
MiANPY>KUHEHOTO KPIIUIEHHS BEPXHBOTO POJIMKA
3a0e3Mne4yeThCsl NOCTIMHUE HaTAT OpallbHOTO TMaca
1, BIAMOBIAHO, THCK Yy OpanbHOMY piBuaky. Ilim
yac pyxy JIbOHO3OUpaJbHOI MAIIMHU TOJEeM
MOMITBHUKY PO3IUISIFOTh CTEOJOCTIN JhOHY Ha
OKpeMi CMYXKH Ta CIPSMOBYIOTH IX y THpJa
OpampHuX  piBdakiB. Jlami crebma  JBOHY
3aTHCKAIOTHCSA MIXK KOHTAKTYIOUMMH MOBEPXHIMH
OpasbHUX JHCKIB 1 OpalbHUX MACiB, BUTATYIOTHCS
i3 TPYHTY 1 TMEpeMIIyIoThCS M0 BHUXOAY i3
OpanbHUX pIBYAKIB, J€ 3aXOIUIIOIOTHCS MATBIISIMHE
MOMEPEYHOr0 TPAHCIOPTEPa MAIIMHH 1, KOB3AI0UH
MTOBEPXHEI0 HANPSAMHUX MPYTKIB, IEPEMILI[yFOThCS
JI0 BUXOJ1Y 13 TUCKOBO-MACOBOTO JIbOHOOPAIEHOTO
amapara. 3aJe)KHO BiIl THUIY JIbOHO30UPaIbHOI
MaIlIMHU CTe0I0Ba CTpiuKa ab0 PO3CTENSIETHCS HA
JTHOHUII, a00 TOMAEThCA HAa HACTYIHI pPoOOdUi
OpraHd MAaIIMHU i1 O0OYiCyBaHHS HACiHHEBHX
KOpOOOYOK JIbOHY.

3anponoHOBaHWA  JTLOHOOPAJIILHUN — amapat
Ma€ MEHIIy MaTepiaIoOMICTKICTh TOpPIBHSHO 3
aHaJOraMHu. IligBuIeHHS JIOBTOBIYHOCTI
OpaynbHUX MaciB 320€3MeYyeThCs 33 PaXyHOK TOTO,
o0 BOHM HE TepefaroTh TATOBUX 3YCHIIb, a
BUKOHYIOTh JIMIIIE 3aTUCKAHHS 1 YTPUMYBaHHS
cre0en TbOHY.

MeTta pociaig)KeHHs — OOTpyHTyBaTu
TEOMETPUYHI  MapamMeTpu  OpanbHOi  ceKuil
JMCKOBO-TIACOBOTO JIbOHOOPAJILHOTO amapara Ta
MIPOBECTH KiHEMaTHYHUI aHaji3 mporecy OpaHHA
Iuist 3a0e3MeueHHs TOBHOTO BUTATYBaHHS CTeOel
JILOHY 13 IPYHTY.

MATEPIAJIN I METOJAU

Teopernuni jpocimikeHHs Oa3yBajiucs Ha
OCHOBHUX IOJIOKEHHSX BHIIOi MaTeMaTHKH,
¢i3uKM, TEOpPEeTWYHOI MEXaHIKM Ta  Teopii
MeXaHi3MIB 1 MammuH. AHami3 MaTeMaTHYHUX
MoJeneil Ta rpadiuHi noOynoBU 3ailicHIOBANMCS
32 JONOMOrOI0 MPHUKJIAJAHUX KOMII IOTEPHHUX
mporpaM, 30KpeMa B CEpeAOBHILI KOMIT IOTEPHOT
MaTteMaTuku Maple V.

PE3YJIbTATH JOCIIAXKEHHA
TA OBI'OBOPEHHHA
[lizbepemo 3a  AOMOMOTOI  €CKi3HOTO
KOMITOHYBAHHS, BUKOPHCTOBYIOYH KOMII IOTEPHY
nporpamy KOMIIAC, reomerpuyHi po3MipH
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JTHLOHOOPABHOI CeKIlii. AHAJIOTIYHO 1O BiJOMHX
KOHCTPYKUi# TbOHOOpaTbHUX anapatiB 3 4OTUpMa
piBUaKkaMH NpHUIMaEMO IWIMPUHY 3aXBaTy OIHI€l
OpanpHOI cekIrii B = 380 mm.

[lin gac KOMIOHYBaHHS BpPaxOBYBANHCS [BI
YMOBH:

- JOBXHMHA 3aTUCKaHHA cTedel JbOHY Y
OpanbHOMY piBYaKy NMOBHHHA OYyTH TOCTaTHBOIO,
o6 3a0e3neynTy OpaHHs CTEOIOCTOIO i3 PI3SHUMHU
XapakTepUCTUKaMH (BHUCOTa, MOJErJTIiCTh) 1 3a
PI3HOI TIBUIKOCTI JIbOHO30MPATHLHOT MAIIIUHU;

- TUIKK OpaJbHOTO Taca, KU NMPUBOJAUTHCS
BiJl OpambHOTO MCKA, HE MMOBUHHI TOPKATHCS MiX
co0o10.

Y pesynpTaTi TpadivHOrO KOMITOHYBAaHHS
OTPUMaHO TEOMETPHUYHI MapaMeTpu OpajbHOI
cekmii (pme. 2): BiACTaHb MK IIEHTpaMH
OpanpHHX 1uCKiB amapata — 380 MM; pamiyc
MIPOTyMOBAHOT0 OpanbHOTO Aucka — R = 160 mwm;
niaMeTpu posiMkiB macoBoi mepenadi — 80 Mm;
TOBIIMHA OpasbHOTO mMaca — 10 MM; 3a30p Mix
MPUTACKHOIO Ta 30iraloyor0 TrijdkamMH Iaca 3a
YMOBHM, 110 B OpaJpHOMY piBYaKy BiACYTHI
crebma, — 15 MM; moBxkwHa OpanbHOTO Taca —
1000 mMm; mupuHA OpalbHOTO AHCKA 1 OpanbHOTO
maca, 3a aHaJoTi€l0 3 BiIOMHMMH KOHCTPYKLIiSIMH
macoBux OpaJbHUX amaparis, 100 mm. 3oHa
KOHTaKTy OpaibHOTO JTUCKa 1 OpaipHOTO Taca AB
BIAIMOBiIa€ KyTy OXOIUIEHHS OpajbHOrO JUCKa
a = 80° mo B mepepaxyHKy Ha JOBXHHY 30HHU
00XBaTy CTaHOBHUTb:

L = 27Ra/ 360° =~ 223 mm. (1)

Puc. 2 — KomnonyBaiibHa cxema OpaibHOT cekItii

HeoOxinHO 3a3HauuTH, 10 MiJ 4Yac OpaHHs
JBbOHY, KO MK OpalbHUM AUCKOM i OpajbHUM
[acoM 3HaxXoIAThcs cTeOna JbOHY, LI 30HA
30ibIIyeThes. SIKIO crebiia JhOHY 3aTHCHYTI B

OJIMH IIap TOBIIMHOIO 1 MM, TOAI 1 30Ha Oyne
XapaKTEepPU3yBaTUCS KYTOM OXOIUICHHS OpajibHOTO
mucka a = 86°30' ta mosxuHOO L = 241 mMm. Y
BHITAIKy 30UIBIIEHHS TOBIIMHU CTPIYKH CTEOEI
JIOHY 30HA 3aTHUCKAHHS TaKOXK 30UTBITUTHCS.

JIboHOOpaNIbHMIA anapaT BUKOHYE JBi OCHOBHI
(hyHKII{ — BUTATYBaHHS cTeOEN JIHOHY i3 IPYHTY i
iX MmepeMillieHHsI 10 MOMEePEUYHOro TpaHCIopTepa.
I[lpu upomy 3aTHCHYTI B OpalbHHX piBYaKax
ctebia ThOHY 3IMCHIOITH CKIIAJHUHN PyX, a caMe:
BITHOCHHUH pyX BHACTIIOK oOepTaHHS OpalbHOTO
JIUCKa Ta TICPEHOCHMH — BHACHIJIOK pyXy
JILOHO30MPATBHOT MAIITUHH.

Ha pwuc. 3 npencrasnena cxema GpoHTATHLHOL
MIPOEKTIil JIbOHOOpaTpHOTO amapary y Jlekaprosiit
cucreMi koopauHat X'Y'. Bice Y’ po3ramoBana
TOPU3OHTAIBHO 1 CIIPSMOBaHAa BIIPABO, a Bich X' —
cupsmMoBaHa BHH3. CtebI0 JBOHY YMOBHO
MO3HAYCHE MAaTepiaJbHOK TOYKOK M, 1o
pyxaeThbcs B cucteMi koopauHat X'Y' kpusoro 4B.
[Ipu oMy MBHAKICTH TOYKH M 'y OpalbHOMY
piBuaky V, cmiBmazae 3 KOJOBOIO HIBHAKICTIO
oboma  OpasbHOrO  gUCKa 1  IIBUAKICTIO
mepeMilieHHs  OpajgpHOrOo  maca  (pue.  3).
Buakicte V, yTBOpioe 3 Biccio V' HeAKHii
3MIHHHH KyT ¢, 3aJ€KHO BiJ SIKOTO 3HA4YECHHS
npoekiii mBuakocti Vo HaOyBae abo J0JaTHUX,
a0o0 BiJ’€MHUX 3HAUYEHb.

=
R

\

N

Puc. 3 — Cxema 10 BU3HAUEHHS MIBUAKOCTEN
ctebia TbOoHYy y OpalbHOMY piBUaKy

IMpoekuii mBuakocti V, Ha oci X' Ta Y’
BH3HAYAIOTKCS 13 PiBHSHB:

Vy =V, cosg;

: (2)
Vy =V, sing.

Ha «kpuBomiHiiHMX JOinsHKax OpajbHUX
piBUaKkiB amapara KyT ¢ DPIBHHUH TOCTPOMY KYTY
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MIXK MIPOBEJEHUM y TOUKY M paiycoM KpHUBU3HU
ta Biccto X' (pme. 3), OCKiIbKM MBHAKICTH Vp
CIPSIMOBAHA B3I0BXK AJOTHYHOI 10 KPUBOI 1 BEKTOP
Vp 3 paziiycoM yTBOPIOE IPSIMHUMN KYT.

[ling ywac mepemimeHHs OpaJbHUM pIBYAKOM
ctebJ10 JboHY (Touka M) 3a mesikuii yac dt mpoiine
mwisix dl:

dl = Vp-dt. (3)

Ieit camuii nurax dl MoXkHa BHpasHTH depes
BIAMOBIAHY 3MiHYy KyTa 0@, sSK IEIKYy TOBKHHY
IYTH KoJia:

dl =R-dp, 4)
ne R — paniyc OpanbHOTO AHCKa, M.

Jo mporo pyx crebia JbOHY PpO3IIIAgaBcs
TITBKH MM €10 00epTaHHs OpabHOTO IHUCKA 1 He
BPaxOBYIOUM BIUIMBY HIBHJKOCTI MOCTYMAILHOTO
pyxy arperata V,,. Ilig aiero ocraHHBOTO (akTOpa
cTeb110 HabyBae Ie i MepeHOCHOI MBUAKOCTI V.
BinmogigHo, Touky M po3risigany B MPOCTOPOBIiH
cuctemi koopauHat XYZ (puc. 4). Hepyxomi oci
koopauHat X, Y Ta Z COpAMOBYBaJM TaKUM
YMHOM: Bicb X — mapajenbHa [0 HAIPSIMKY
LIBHJKOCTI PyXy JbOHO30MpallbHOI MammHu V,;
Bichk Y — mapasenbHa IUIOIIMHI OpalbHOro amapara
Ta CHPAMOBAaHA Y HAINPSIMKY PYyXYy 3aTHCHYTHX
cteben; Bich Z — MEpIeHANKYJIISIPHA IO TIOBEPXHIi
moJisi Ta chpsMoBaHa BBepX. [Ipu mpomy Bich X'
($poHTaNbHOI TUIOLMHHM JILOHOOPAJIBHOTO amapara
YTBOPIOE 3 BicCio X KyT [ (KyT Haxuiy OpajibHOrO
amapara JI0 TOpH30HTalli), a Bich Y’ — mapasnenbHa
o oci Y. Ilpu mpomy mBuakicts V Touku My
MIPOCTOPOBIA CHUCTEMI KOOpPJIWHAT BH3HAYAETHCS
SIK BEKTOpHA cyMa npoekmii Vy, Vy ta V!

Vx :VPX +V.w :VP COS¢COSﬂ +VM;
V, =V, =V, cosgsin f;
V, =V, =V, sing.

()

3a BiJOMHX 3HaUCHb MPOEKLiN MBUAKOCTEH V
TOYKH M BU3HAUAIOThCA MPOEKUii Ha oci
koopauHar X, Y ta Z mepemimens dX, dY, dZ
TOYKK M 3aiexHo Bij yacy dt:

dX =V, dt;
dY =V, dt; (6)
dZ =V, dt.

BupasuBmm st KpuBOJiHIAHOT minsHky dt

yepes d@ Ta UpPUPIBHABINIM TpaBi YaCTHHHU
piBHsHHSA (3) 1 (4), OTpUMaEMO:
dt=—dg. (7)
p
7 4
Zo
0

Puc. 4 — Po3paxynkoBa cxema OpaHHs cTebia

[uTerpyroun oTpuMaHy cucTeMmy piBHSHB (0),
i3 ypaxyBaHHAIM piBHAHb (5) Ta (7), 3Halmemo
PIBHSHHS JUTS BU3HAUCHHS KOOPJMHAT TOYKU M y
NEBHUI MOMEHT 4acy. Mexi iHTerpyBaHHS TpH
bOMY JUIS KPHUBOJIHIMHOI MUISHKH OpajbHOTO
piBuaka OyayTb Bil ¢o A0 ¢o + @, TOOTO KyT
on € [; @ + a] (puc. 4). Toxi, mix yac pyxy
cTebna JbOHY OpajdbHUM PiBYAKOM, KOOPIMHATH
TOYKU M MOXKHA BU3HAYUTH 32 PIBHSIHHIMU:

cos B(sing, —sing, ) +
X, =R

n

\Y + Xq;
+i(¢n_¢0) °

Ve

Y, =R(cosg, —cosg, ) +Yy;
Z,=R(sing, —sing,)sin B+ Z,.

(8)

VY piBHAHHAX cuctemu (8) BemuuuHU Xo, Yo,
Zo € TIOCTIHHMMH IHTETPYyBaHHS 1 BiJIOBiAalOTh
KOOpAMHATaM TOYKU A MOYaTKy AUISIHKH KPHBOT
AB. 3a no4aTok KOOpAUHAT NPOCTOPOBOI CUCTEMHU
XYZ BubOpaHo TOYKY pO3TallyBaHHA y TPYHTI
crebJia JIbOHY, SIKE TIOTPAIUISE B THPIIO OpajIbHOTO
piBuaka OpajgpHOro anapara NepreHAnKYJIIpPHO 10
tioro omuuu (puc. 4). Ilpu npomy xoopauHaTH
TOYKU A CTAHOBUTHMYTh:
Xo = h-tgﬁ, Yo = 0, Zo= h, (9)
ne h — Bucora Toukn mouaTky Gpamus, m; h-tgs —
MPOEKIIiS YaCTHHU cTebNa ThoHy OM Ha IPYHT, M.
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BuxopucraBmmm piBHAHHSA cucteMu (8) Ta
migidpaHi TreoMeTpuyHi MapaMeTpu  JHCKOBO-
MacoBOrO JILOHOOpaIbHOTO amapara (puc. 2) 3
JOIIOMOTOI0 KOMIT'FoTepHOi mporpamu Maple V
Oynmu 1moOymoBaHI y TPOCTOPOBIN  cHcTEMi
KOOPAWHAT TPAEKTOpii pyxy Touku M OpaabHUM
piBuakoM (30Ha AB) 3a pI3HHX IIOKAa3HUKIB
IIBUJKICHOTO pexuMy OpanpHOro amapara. [[ms
nmoOyI0oBK Opanu 3HAYCHHS MapaMeTpiB: pajiyc
OpanpHOTO mucka — R = 0,16 M; BHCOTa TOYKH
moyarky OpaHHs Nb0HY — h = 0,2 M; KyT HaXuiIy
OpajbpHOrO amapara A0 ropusontami — f = 7/3;
KyTH — @o = —7/6 Ta a = 7/2; x070Ba MIBHIKICTH
OpanpHOTO nucka — V, = 2,35 wm/c; mBUAKOCTI
pyxy mamman V,, — 1,18 m/c, 2,01 m/c Ta 2,47 m/c,
IO BiANOBIJIA€ MOKA3HUKY MIBUAKICHOTO PEKUMY
OpasnbHoro amapara = Vu/Vp—0,50, 0,851 1,05.

3a IEeHTp MPOCTOPOBOi CHCTEMU KOOPAMHAT
MIPUHMAEMO TOYKY PO3TallyBaHHSI B IPYHTI cTeOa
JMBOHY, SIKE 3aTHCKAETHCS TEPICHANKYJISAPHO B
OpanbpHOMY piBYaKy (Ha puC. 5 — e Touka 4). 3
TOYKH A BIOKIAAeMO OTpPHMaHi TpaekTopil
BUKOPUCTOBYIOUH  KOMIT'IOTEpHY  IIpOrpamy
KOMIIAC (puc. 5). Anani3 puc. 5 nokasye, 1o
i3 30UIBIIEHHSAM MIBHIKOCTI pyXy MamuHu V,, i,
BIAMOBITHO, TTOKAa3HUKA IIBHUAKICHOTO PEKAMY
OpanpHOTO amapara 4 JOBXWHA TPAEKTOPil pyxy
Toukn M OpaipHHM piBdakoMm 3poctae. [Ipuaomy,
JNOBXHMHA IHUX TPaeKTOpid 3Ha4HO Oijbma 3a
JNOBXHHY, Ha SIKy Tpeba mepeMicTHTH cTe0iI0
JILOHY, 00 BUTATHYTH HOTO 3 TPYHTY JIO IOBHOTO
BifipuBy KopiHuiB (¢ = 0,05 M (Xainuc, 2011)).

3HaiieMo TOBXMHY TPaeKTOpii pyxy crebia
JHOHY B OpampHOMY piBuaky. I3 kypcy Bumioi
Matematuku (Boieoockui, 2006) Bigoma Gopmyia
JUIsl BU3HAYCHHS JIOBXKUHH JTyTH:

dX V¥ (dY) [(dz)’
s=[.| =2 =L 2 dt=
IJ[ dt) +(dtj +[dtj (10)
= ,Nf +V7 +V2Adt.

[lincraBupmu B piBastHAA (10) MpaBi yacTHHA
piBHSAHB (6) 1 (7), TICHS CIIPOIIEHHS OTPHUMAEMO
iHTerpas Ui BU3HAUYCHHS JIOBKUHH TPAEKTOPil
PYXy ToukH M TpH MPOXOMXKEHHI cTedia JIbOHY
KPUBOIIIHIHHOIO IJISTHKOIO OpajbHOTO piBYaKa
JILOHOOPANBHOTO anapara:

®n V V 2
S=R|,[1+2Mcospcosf+| M | do. (11
[ {[1+ 2 tcospcos 5 [V] . (11)

2 P P

[7,7Y

X5

a7

Puc. 5 — Tpaektopii pyXy TOYKH 3aTUCKAHHS
ctebra Tp0HY OpaJbHUM piBYaKoM (30HA AB) s
PI3HHUX MOKa3HUKIB MIBUIKICHOT'O PEXXKUMY
JTHOHOOPATEHOTO amapara:
1-x4=050;2-x=0,85;3—u=1,05

Xoua otpumanuii interpan (11) € inTerpanom
HenepepBHOi (YHKII, ale BiH HE BUPAKAETHCA
eleMEeHTapHUMH QYHKIIAMHA. ToMy po3B’s30K
OyseMo MPOBOJIUTH 32 JIOTIOMOTOI0 KOMIT FOTEPHOT
nporpamu Maple V. Ilpuiimaemo Taki 3Ha4YCHHS
napameTpiB: paniyc opansHoro ngucka —R=0,16 m;
KyTH — @0 = —7/6, a = 7/2, 9, = o+ a = 7/3; KyTH
HaXWITy JIbOHOOPAJIBHOTO anapara 10 TOPU30HTAI
— p1 = 279, B> = 57/18 Ta f3 = 7/3; mokazHuK
MIBU/IKICHOTO PEXUMY JILOHOOPAJIBHOTO amapara
— 1€ [0;2]. Y pe3ynbTati NpoBECHUX OOYHCICHD
Oynu oOyaoBaHi rpadidHi 3aJIeKHOCTI TOBXKUHU
S Tpaekropii pyxy Toukum M mpH MPOXOJHKEHHI
crebsla KpUBOJIHIMHOIO JIUISHKOIO OpajbHOTO
piBYaka BiJ TIOKa3HUKA INBHIKICHOTO PEXUMY
JLOHOOpANIBHOTO amapaTta 4 JUIs pi3HHX KYyTiB
HaxWIy amapara 70 ropuzoHtani B (pme. 6). Yci

KPHUBI BUXOJISITh 3 TOUKH, 1110 BIJIMIOB1/1a€ 3HAYCHHIO
S =0,24 m. Tomy, y Bunaaxy ¢ = 0 g Vy = 0 m/c
JIOBXKMHA TpaekTopii Oynme piBHA BeNWYWHI AYyTH
OXOIUICHHSI MacoM OpaibHOrO aucka (puc. 2).
Homxuna S Tpaektopii pyxy Toukn M mpu
MPOXOJDKEHHI  cTebia  AINSAHKOIO  OpajbHOTO
piBuaka  30iLIBLIYETHCS i3 301IBIICHHSIM
MOKa3HWKa IIBHJKICHOTO PEXUMY OpalbHOTO
amapara 4 1 31 3MEHIICHHSIM KyTa HaxXuwiIy
OpanpHOTO amaparta 10 Topu3oHTtani f. OpHak,
BIUTUB KyTa f/ HE3HAYHWH MOPIBHSHO i3 BILTHBOM
MOKa3HMKA INBUAKICHOTO pexuMy 4. OCKUIbKH
BiJICTaHb, Ha SKy NOTPIOHO BUTATHYTH CTEOJIO
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JbOHY 3 TPYHTY JI0 MOBHOTO BiJpUBY KODIHIIIB
(a = 0,05 m (Xauwmuc, 2011)), MeHIIa 32 TOBKHHY
S Tpaektopii pyXy TOYKH M TIpH NPOXOKEHHI
cTebia TUITHKOIO OpajlbHOTO piBUaka, TOJi TIOBHE
BHUTSTYBaHHS CTeOENl JIbOHY 13 IpyHTY Oyne
3a0e3reyeHe 3a OyAb-SKOTO 3HAYCHHS MOKa3HUKa
LIBHKICHOTO PEXUMY OpalibHOTO anapaTta L.

S, M

0,6 4

T T T T T T T T T >
0 02 04 06 08 1,0 1,2 1.4 1,6 1,8 2,0 /Jl

Puc. 6 —3anexHiCTh JOBKHHU S TPAEKTOPIi pyXy
TOYKM M TIpH IPOXO/KEHHI cTeOa JIbOHY
JUISTHKOO OpajibHOTO piBYaKa BiJ| MOKa3HUKA
HIBUJIKICHOTO pEXXUMY OpaJIbHOTO anapara f 3a
PI3HMX KYTiB HaXWJIy OpajanHOTO amapara:
1-41=40°2—f,=50°3 — f3=60°

VY uaiicnpusTauBimioMy Bunaaky (puc. 4)
JUTSI TIpOTIeCY OpaHHS CTEOJIO JIbOHY 3aTHCKAETHCS
MEPIEHIUKYISPHO A0 MJIOMIKUHHU JTHOHOOPAIEHOTO
armapaTa Ta TpPU HOro BHUTATYBaHHI i3 IPYHTY
MBUAKICTH OpaHHs V cIpsMOBaHa B3JOBX OCI
crebia. TooTo matumemo €oSp =Vp/ Vv = 1u abo
= 1/cosp, Toni npu f = 60° orpumaemo u = 2.

Bigomo (Xaiinuc, 2011), mo mist GpaibHHX
amapaTiB i3 TIO3IOBXHIMUA OpabHUMH piBUYaKaMHU
3a 3pOCTaHHS MOKA3HUKA MIBUKICHOTO PEXHUMY L
301IBLIYETBCS. PO3TATHYTICTH CTEOEN, a YUCTOTa

OpanHss — 3MeHIIyeThcs. Kpim 1mporo, 3a
3pOCTaHHS 3HAYCHHS /4 30UIBIIYETHCS TOBITMHA
mapy creben, SKi 3aTHCKAIOThcs B OpaabHOMY
piBuaky. Tomy HeoOXiTHO BpaxoBYBaTH, IO
MOKa3HUK 4 HE TOBHHEH OyTH OilbIIMM 3a
omuauiio. ToOro mBuakicte MamuHU V, He
MOBMHHA IIEPEBHIIYBATH KOJIOBY MIBHAKICTh
obepranHsi OpanbHOro aucka V,. 3a Takoro u
HWKHS YacTUHA cTelia JIbOHY IPH BUTATYBAHHI 3
IpyHTy OyZAe BiAXWIISATHCS, ale L€ BiIXHIICHHS
Oyze o 30° i mpu NOBHOMY BHUTATYBaHHI 3 IPYHTY
cTeOII0 32 paxyHOK MPY)KHOCTI BITHOBHTH CBOIO
dopmy (Xatinuce, 2011).

BHUCHOBKHA

[IpoBeneni po3paxyHKH MIATBEPAWIH, IO
migidpaHi reoMeTpUYHi 1 KiHEMaTU4HI apaMmeTpu
OpanbHOT CeKIlil JMCKOBO-TIACOBOTO OpajbHOTO
amapara 3a0es3redyaTh MOBHE BHTATYBAaHHS CTEOEI
nbOHY 13 T1pyHTY. Ll KOHCTpYKLis IHUCKOBO-
MacoBOro OpallbHOTO amapaTa 3HaXOAWTHCS Ha
CTail IPOEKTYBAHHS — PO3POOIISIFOTHCS KPECICHHS
CKIIANAIBHUX OJWMHUIL Ta Aeraieil. OCKUIbKU
KOHCTPYKIIisl € HOBOIO, TOMY aBTOPH OyayTh JyKe
BIAYHI 3a 3ayBaKCHHSA 1 MPOIMO3MINI Mmomo il
BJIOCKOHAJICHHS.
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ABSTRACT

The research program included the study and analysis of the
problem of preserving forest phytocenoses under the conditions of
a full-scale invasion of the aggressor on the territory of Ukraine
and the conduct of hostilities. The object of the research was the
forest phytocenoses of Ukraine. The impact of negative factors of
anthropogenic origin on the forests of Ukraine, which was caused
by the full-scale invasion of the aggressor country and the conduct
of hostilities, is describes in the article. Special attention is paid to
the forest phytocenoses of the territories most affected during the
war and their map is proposed. The main functions of the forest as
a multifactorial system are disclosed, as well as the conditions
under which the specified system will be able to fully function. The
main problems of the functioning of the forest industry during the
war are analyzed and clearly explained. The damage caused to
forest plantations is also indicated, in particular, the danger
posed by fires and the destruction of under-tent cover caused by
uncontrolled human activity is described. It was established that
the forests of the east, south and north of Ukraine are among the
most affected forest plantations during the war. As a result of the
research, conclusions, recommendations and possible directions
for the development of the forest industry and restoration of
forests after the end of military operations on the territory of
Ukraine were proposed. In particular, it is stated that ecosystems
of artificial origin are less resistant to various environmental
factors, therefore the priority should be the preservation of
natural forests. Each ecosystem is capable of self-recovery, so
there is hope that, over the years, destroyed forest phytocenoses
will begin to recover naturally and become more resistant to the
influence of negative environmental factors. Especially during the
war, Ukrainian society must understand the importance of forests
and treat both forest ecosystems and the environment as a whole
with care, approaching the harmony of existence with nature.
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AHOTAIIA

Hocnioowcennsn nepeddbayanu eusueHHss ma aHanizy8anHs npooiemu
30epedicenHst NiCo8UX DIMoYeHO3i8 8 YMOBAX NOBHOMACUIMADOHOZ0
8MOpPeHEeHHs azpecopa Ha mepumopito Ykpainu ma 6edeHHs
ootiogux Oi. O6’exkmom docniddcenns Oyau nicosi imoyenosu
Yikpainu. Y cmammi onucamo eniueé Hecamuenux @Gaxmopie
AHMPONO2EHHO20 NOXOONCEHHs HA Aicu YKpaiHu, wo cnpuiuHeHo
NOBHOMACUMAOHUM 8MOPSHEHHAM KPAiHU-azpecopa ma 6e0eHHAM
botiosux Oiti. Ocobausa ysaea npudinena nicogum GimoyerHozam
HaubOibw  nocmpaxcoaiux ni0 wac GiUHU mepumopit ma
sanpononosano ix xapmy. Poskpumo ocnogmi ¢ymkyii nicy sk
bazamopaxmopnoi cucmemu, a maKo;iC YMosu, 3a AKUX GKA3AHA
cucmema 3Mooce NOSHOYIHHO ¢yHkyionyeamu. Ilpoananizogaro
ma wimKko po3 SiICHeHO OCHO8HI npobdiemu YHKYIOHYBAHHS NiCOBOI
eanysi y nepioo giinu. Taxooc 3a3navena 3a60ana wKood 1icosum
HacaodcenHam, 30Kpema onucama Hebesnexkd, AKYy CMAHOBIAMb
noowcexnci i pyliHayiss NiOHAMemo8o20 NOKPUMMms, Wo CHPUUUHeHd
0OEe3KOHMPOILHOI OifbHICMIO HoOuHU. Bemanoesneno, wo ceped
HAUOIIbUL NOCMPANCOATUX LICOBUX HACAOICEHb BHACAIOOK BIlIHU €
Jaicu ¢xo0y, nigOHs ma nieHoui Ykpainu. 3a pesynvmamamu
00Ci0JHCEHb  CHOPMYILOBAHI  BUCHOBKU, peKOMeHOayii ma
MOJICTIUBE HANPSMU PO3GUMKY NiCOBOI 2any3i i 8i0HO6IEHHSA TiCi6
nicna  3aeepuienus  Giticokogux Oili Ha mepumopii  Vkpainu.
3oxpema, 3a3HaueHO, WO eKOCUCMEMU WIMYYHO20 NOXOONCEHHS €
MeHuwl — CmIuKumMu 00  pi3HUX  (DAKMOpPi6  HABKOIUWHBO2O
cepeoosuya, MoMy HPIOpUMEmoM Mae cmamu 30epedicents
npupoouux aicie Yxpainu. Koocna exocucmema 30amua 00
CAMOBIOHOBAEHHS, MOMY € HAOid, WO 3 NAUHOM POKI@ 3HUUEH]
nicosi  imoyenosu NOYUHYMb  GIOHOGTIOBAMUCS  NPUPOOHUM
WAAXOM MA  CMAHYMb CIMIUKIWUMU 00 6HAUGY HEe2aAMUBHUX
gaxmopie uaskonuuinbo2o cepedosuwa. Ocobaueo y nepiod
BIliHU YKPAIHCbKE CYCRIIbCMBO MAE 3PO3YMIMU 8ANCIUBICIb JIICI8
ma 06aunueo cmasumucs K 00 JICO8UX eKOCUucmem, mak i 00
HABKOIUWHBbO2O CepedosUud 6 UioMYy, HAOIUNCYIOUUCL 00
2APMOHIL ICHYB8AHHSA 3 NPUPOOOIO.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

Jlic — e ckianHa i 6ararodakropHa cucTeMa.
Ha >xwrtTeBi mpomecw, SKi BimOyBarOThCA B
micoBux (pitormeHozax 0Oe33anepeyHo BIUTUBAE
IPYHT, BOJIa, CBITJIO Ta TEIUIO, aJie JIiC 1 caM MOXe
CTBODPIOBATH BJIACTUBE JIHMILIE HOMY CEpedoBHILE
Ta 3IACHIOBATH BIUIMB Ha KIIMAaT MPHIETIIAX
TEPUTOPI 1 TIAPOJOTIUHMHA PEXKUM MICIIEBOCTI.
Jlic Moxe MpoAyKyBaTH HEOOXiJHY KilbKiCTh
OpraHiYHOI MacH, JEPEBUHH, KUCHIO 1| BUKOHYBATH
yci ¢itomeniopaTuBHiI (YHKIII 32 YMOBH, SKIIO
HWOro IOPOJHUM CKIaJ, CTPYKTypa, TBAPUHHUUI
CBIT Ta IHIN KOMIIOHGHTH OYAyTh BiIIOBiZaTH
yMOBaM  HAaBKOJIMINHBOTO  CEpeloBHING,  a
(GITOLEHOTHYHI B3a€EMUHH OYIYTh CIIPHATINBUMH
(Banopisvke obaacne ynmpagninma nicoeoco ma
mucaugcokoz2o eocnodapcemsa, 2022; Kosanvuyx,
2011; Kyuepsasuii ma in., 2004, Paiion. Eko,
2022). Otxe, mic € yHIKaJIbHOI CHUCTEMOIO, SKa
HaJ3BUYAHO BaJMBa [UIi ICHYBaHHA SIK
JIFOJICTBA, TaK 1 BCIET IJTAHETH 3eMJIS.

[potsirom 2022 poky 3HA4YHO 30iTBIIMBCA
HETaTHBHUH AaHTPONOreHHHH BIUIMB HAa JIiCH
VYkpaiHu, MmO 3yMOBJIEHO IOBHOMACIITAOHOIO
pociiicekoto arpeciero B Ykpaini. B ymoBax BiitHn
3HaYHy HeOe3MeKy MJs JicOBHX (iTOLECHO3IB
CTaHOBJIATH TOXKEXI Ta pyHHAIlisI i THAMETOBOTO
TIOKPUTTS, IO CIPUIMHEHA MiSUTBHICTIO JIFOIUHU
(Banopisvke obaacne ynmpagninms nicoeoco ma
mucaugcoko2o eocnooapcemsa, 2022; Kosanvuyx,
2011; Kyuepsaeuini ma in., 2004; Paiion. Exo,
2022).

B yMoBax BOEHHOTrO cTaHy NpPIOPHUTET, SIKHHA
OyB chpsMoBaHMiII Ha 30epeXeHHs JciB Ta ix
OXOpOHY, CTae MeHII BaromMuM. [Ipobiemoro
3HUIICHHS JICOBMX MAaCHBiB BHACHIJOK MOXEXK Ta
pyHHamii  migHAMETOBOTO  MOKPHUTTS,  LIO
CIPUYMHEHI BiffHOIO, 3aiiMalOThCA AK YKPaiHCBKI,
Tak 1 3akopmoHHi BueHi. Cepex sikux Oiojior Ta
yineH 'O «YkpaiHCbKa IpUPOIOOXOPOHHA IPyIIa»
€rop I'puHHUK, AKWHi BIIEBHEHWH, IO OKpIM
0e3nocepeHHOr0 BIUIMBY BiliHM Ha JOBKULIS, €
TaKOX 1 OMOCEepeJKOBaHWI BIUIMB. BiH BBaxae,
o0 LEeH ONOCepeAKOBAaHWH BIIMB € TipLIMM.
[IpobneMy 3MeEHIIEHHS piBHS aHTPONOrEHHOTO
BIUIMBY Ha TPUPOJHI Ta IUTYYHI EKOCHCTEMH
posrnsHyTo |y mpamsx (Kosamwuyk, 2011;
Kyuepssuii ma in., 2004).

CrorojiHi yBara 0araThOX BYCHHX 13 PIi3HHX
ramy3eil JOCHIUKEHb — €KOJIOTIB, JIiCIBHUKIB,
010JI0TiB, 300JIOTIB, OPHITOJOTIB — MPHUKyTa IO
MacoOBOT'O 3HMIICHHS POCIMHHOTO 1 TBapUHHOTO

CBITy, a TaKOX OTPYEHHS aTMOChEpH 1 BOTHUX
pecypciB, mo 0e3xaabHO BUMHSE KpaiHa-arpecop
BHACIIIIOK MOBHOMACIITaOHOTO BTOprHEHHS. Lle €
0COONTMBO B@XKUM 3JI0YMHOM BiJIOBIIHO O
Kpuminanenoro Kogexcy Ykpainm Ta monoxeHb
Pumcbkoro cratyTy i npu3BOIUTH 10 €KOJIOTTYHOT
KaTacTpodu, Mo MOYKHA PO3MIHIOBATH K SKOIIH/I.

MeTa pgocC/Haig)KeHHS — BHUBYEHHS Ta
aHali3yBaHHS MPOOJeMU 3HUIIEHHS JICOBHUX
MAacHBiB  BHACIIIOK TOXESXK Ta  pyHHAmMmil
MiJHAMETOBOTO  TMOKPHUTTSA, IO CHPUYHHEHI
AQHTPOIIOTCHHOK [TISUTHHICTIO MOBHOMACIITAOHOTO
BTOPTHEHHSI arpecopa Ha TepUTOpil0 YKpaiHu Ta
BEICHHIM OOHOBUX Iiii.

MATEPIAJIM I METOJAU
[Iporpamoro  mocmiKeHb Tepemdadanocs
BUBYCHHS Ta aHaJi3yBaHHs npobyeMu

30epekeHHsT J1ICOBHX (DITOLIEHO3IB B yMOBax
[IOBHOMACIITAOHOTO BTOPTHEHHS arpecopa Ha
TepuTopito YKpaiHM Ta BeOEHHS OOWOBUX iil.
OO6’ekTOM JOCTiIKEeHHST OyNIU JTiCOBi (ITOLCHO3H
VYkpainu. [lig yac mpoBeeHHS MOCTiIKEHb OyiH
3aCTOCOBaHI METOJM TMOPIBHSUIBHOTO aHaji3y Ta
cuHTe3y iH(popMaIli, CIOCTePEIKEHHS, OIUCY,
y3aralbHEHHsA, a TakoXX OYyB 3acCTOCOBaHMM
CHUCTEMHHH METOIH.

PE3YJIbTATHU AOCIIAKEHHA
TA OB'OBOPEHHA

[Tnoma micoBoro ¢oumy Ykpainn cTaHOBHTH
10,4 MiH ra, i3 SKHX JIICOBOIO POCIMHHICTIO
BKPHUTO 9,6 MIIH Ta, a OXOIJICHO MOXKEXaMH ITOHa[]
40 tnc rta. Cepex HaWOULIBII TOCTpPaKIATNX
JIICOBUX HACAPKEHb IIiJI Yac BIHU € JICH CXOmy,
miB/IHS Ta MiBHOYI YKpainu (puc.).

3HayHa KUTBKICTh MoXkex Oya 3adikcoBaHa y
YopHOOMITBCHKIN 30HI BiAUyKEeHHS. Y pe3yibTari
3armHyJI0 0araTto TBapHH, a TAKOX OYJIO 3HUILECHO
JiepeBa, YarapHUKA Ta HaAIPYHTOBHUH MOKpUB. Y
i MICIIEBOCTI  CIOCTEPIra€Tbcsi MIHYBaHHA
OKYIaHTaMH BEIMKUX TEPHUTOPii, BHACTIIOK YOTO
Oarato cHiBpOOITHHKIB JIICOBOI Tajy3i 3arvHyJo,
migipBaBmICh Ha MiHaXx. Tomy, mi TepuTopii
ITUISTAI0Th BUIYYEHHIO 3 TOCTIOAApCHKOTO 00iITy.

VY pe3yabTari aKTUBHOT AsUILHOCTI OKYIIAHTIB
y Jicax YopHOOMIBCHKOI 30HHM BiIUyKEHHS
0ocOONMMBO  BedMKa IMKoma Oyia  3aBAaHa
IPYHTOBOMY ITOKPHUBY, BHACIIIOK TPOKJIAJaHHS Ta
eKCITyaTamii TPaHCHOPTHUX WHUIAXiB 1 JOPir,
pUTTS POBiB, TpaHiiel, oxomiB. ['eomexaHidHi
MOPYLICHHS — [ HACHIK Ta BHIMKH YCiX (opm
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JMOoKaji3amii: TOYKOBi, JIiHIMHI, IUTONIMHHI Ta
00’eMHi. BoHM € moTeHUiliHO HaliCTOTHIIMMU
HETaTHUBHUMU 3MiHAMHU y IJliICOBOMY CEpPEeIOBHIII.
Baxxki MamumHM BOpora, pyXaroduCh IPYyHTOBOIO
TIOBEPXHEIO, 3ariMONIOIOTECS B TPYHT I JIi€I0
cuiny BiacHoi Bard. [IOBTOpHI MPOXOAHM BaXKKOT
BIiCBKOBOT TEXHIKM THMH K MapupyTamu
MPU3BOJIATE JIO YTBOPEHHS BEIMKHX Ta TIHOOKHX
komiid. KoJieyTBOpeHHS CHPUYMHIOE 3HAYHE
YIIITbHEHHS IPYHTY. Takoxk mix yac pyxy BaKki
MallMHA 9acTO OYKCYIOTh, BHACNIJIOK HYOTO
pYHHYETBCS ONOpPHA IOBEPXHS, 3MIIIYIOTHCS
IPYHTOBI KOMIOHEHTH Ha IMUOUHY moHaa 50 MM,
MOLIKOKY€E€THCSI KOPIHHSL.

[lomkomkeHHsT TPYHTOBOTO TMOKPHUBY Y Jici
3YMOBJIOE€ HU3KY (PITOLEHOTHYHUX MOPYIIEHb, a
caMe, MOLIKOJUKEHHS IepeB, 3HUILEHHS MiAPOCTY,
BHIO3MIHH TpaB’siHOI pociuHHOCTI icy. Lle
YCKJIQJHIOE TIOHOBJICHHS JIiCy, a TaKOX CIIPHSE
3aMiHi IIHHUX JICOBUX IOpiJ MajomiHHUMU. s
Ykpainu muTaHHA BiOZHOBIICHHS JIICIB ITOCTaHE I
HE CKOpPO, OCKUIBKM € HH3Ka BaKJIUBIIIHX
npobiaem. Tomy micoBi ¢iToneHo3u OynyTh
BiJTHOBITIOBATHCSA 0€3 YJacCTi JIFOIUHU.

3arpo3nmBa curyallis Ha XEpCOHIIHMHI, e
noxexamu Oyno oxomieHo 260 ra MmTy4yHO
CTBOPEHHX JIICOBUX HacamkeHb. OKyHnaHTH
HaBMFCHE ITiIITATIOBAJIN JIICH Ta ITiIECTIPSIMOBAHO
MEPEIIKOIKAIIM TACIHHIO TIOXKEXK.

PiBHEHCEKA

0011

JKHTOMHIPCEKA

o611 I(ui'scn{a o6

Jlicu XepcoHCbkoi 00nacTi € HaWOLIBIIUMU
JicaMH IITyYHOTO TOXOMKEHHA B €Bpomi Ta
CTBOPEHI 3 METOI 3YHNHHEHHS pO3IMIKPEHHS
myctem. Jleski BUYeHI BBaXKaroTh, IO JICOBI
¢iToleH03u Ha TepUTOPii XEPCOHIIMHU MOXKYTh
BiJTHOBUTHCSI IPUPOAHO a00 K, B MPOTUIICKHOMY
BHIIAJKy, BifOyneThCcs BigHOBIEHHs cTemiB. Ha
Kaib, TMOMIOHAa CHUTYyallisi CIOCTEpIraeTbes 3
JicaMy ITYYHOTO MOXOKEHHS, SIKi 3pOCTalOTh Ha
KinOypucekomy — miBocTpoBi. Y JicoBHX
(hitoreno3ax HaBkoJio piuku CiBepchkuii [loHenb
TAKOXK cIlocTepiramucs TNoxexi. Macmradu
LOIKOAM, IO 3aBAaHa OKYNaHTaMH BHACIiJIO0K
[IOBHOMACIITAOHOTO BTOPTHEHHS Ta BEICHHS
00MOBUX [if HA TUMYACOBO OKYIIOBaHIM YaCTHHI
Ykpainy, nopaxyBaTl BKpail BaxKKO.

Iryuni micu Jlyrancekoi oOmacti Oymm
peKpealiiHiMHA 30HaMH, a TaKOX BiirpaBain
BEJIMYE3HY POJb y PEryJLii BOAHOTO PEXHUMY Ta
MIKpOKJimMaTy MicueBocTi. BiliHa 3ymoBumia
rIo0agbHI 3MIHM HE JIUIIE Y KUTTI YKPaiHCHKOTO
CYCIIIJIbCTBA, ajie 1 CIpUYMHMIIA HETaTHUBHI 3MiHU
y IPUPOJHUX Ta IITYYHUX EKOCHCTEMax YKpaiHu,
Ie OIHE 3 OCHOBHHMX MiCLb IOCIAlOTh JiCOBI
¢iToueHo3u.

JlicoBa ramy3p YKpaiHu 3iTKHYJIACs 3 HU3KOIO
mpo6JeM, 110 BIUIMBAIOTH Ha ii (yHKLIOHYBaHHS B
riepion BiHA. Y TabJMIi TIpeIcTaBiIcHI HaraabHi
npo6iemMu JlicoBoi ranysi Ykpainu.
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Ta6auns — OCHOBHI MPOOJIEMH JTiCOBOT Tamy3i YKpaiHH y nepio]] BIHHA

[TpoGnema sicoBoi ramy3i

[MosicHeHHs pobIeMu

30inblIeHHs BUpYOyBaHHS JIiCIB

VYkpaina HapolyBaTuMe 00csSrd BUPYOYBaHHS JIICIB JUIsl 4aCTKOBOT'O

3aMillleHHs IMITIOPTY IEPEBUHU 3 KpaiHU-arpecopa Ha €BPONEHCHKHX
PHHKaX AEpEBUHH Ta IONOBHEHHS OIO/IKETY.

Jedimur xowriB aist hiHaHCYBaHHS
JIICOBOTO rOCIO/IapCTBa

MiHyBaHHSI J1iCiB YHEMOXJIMBUIIO IPOBEICHHS 3aIUIAHOBAHUX POOIT y
JICTOCMAaX Ta CIPUYUHIIIO AS(IIUT KOMITIB BHACTIIOK 3HAXOPKEHHIM

MIATTPUEMCTB JIICOBOI rary3i Ha camodinancyBanHi. [Ipu3ynuaeHa
po0oTa 31 CTBOPEHHS HOBHX 3aIlOBIHUX TEPUTOPIH y Jlicax.

Hemox1BicTh KOHTPOJTIO JTiCiB

TuM9acoBe 3aKpUTTS MPOLEIYPH OL[IHIOBAHHS BILUIUBY Ha JIOBKULIA Ta

3a00pOHa Ha BiABIAyBaHHs JIICIB y Mepio]] BIHHH YHEMOXKIIMBHUIIA TX
HepeBIPSIHHS 3 METOIO BCTAHOBIICHHSI HE3aKOHHUX BHPYOOK.

CkacyBaHHS Ha IIepiojl BOEHHOTO CTaHy
«CE30HY THIIII»

3abopoHy Ha BUpYOyBaHHSI JiCiB Y MIEPioA 3 KBITHS /10 YEPBHS IIPOTATOM
PO3MHOKEHHSI TBAPHH OYyJIO CKACOBAHO.

BHUCHOBKHA

Biitna 3aBmana BEMMKOI IIKOIH JIICOBIM Tamy3i
VYkpaiHu Ta YHEMOXJIMBWJIA 1ii TIOBHOIlIHHE
¢yHKUioHyBaHHs. Lle 3yMOBIIO HU3KY HETATUBHUX
HACNIJIKIB JIsl JTICOBUX (DiTOLIEHO3IB, 30KpeMa
pyWHYBaHHSI Haca/uKeHb Ta  IiHAMETOBOTO
MOKPUBY, POCIMHHOTO Ta TBAapHHHOIO CBITY
BHACIIIZIOK BUHHMKHEHHS TMOXEX 1 pyHHyBaHHS
IPYHTOBOTO TIOKPHUBY aHTPOIIOTEHHOTO XapaKkTepy,
0 MOB’s3aHE 3 MEXAHIYHHUMH MOPYNICHHSIMH.
Cepen  HaWOUIBII  TOCTPAKAAIUX  JIICOBUX
Haca/DKeHb € IICH CXOXy, MIBAHS Ta IiBHOYI
Ykpainu.

HapouryBanust o0csiriB BUpyOyBaHHSI JIiCIB HE
3MOXKe 30araTuTh  JepKaBHUH  OIOIKET B
JOCTaTHIM Mipi, OCKIJIbKM KOUITH, IO OTPHMAaHi
BiJl IPOIaXy AEPEBUHH, € MI3€PHUMH TOPIBHSIHO 3
KOPHUCTIO, SIKY IPUHOCHUTH JIiC.

ExocucremMu mTy4HOTO MOXO/KEHHS € MEHII
CTIKUMH 10 Pi3HUX (PAKTOPIB HABKOJMIITHHOTO
Cepe/loBHINA, TOMY MpPIOPUTETOM MAa€ CTaTH
30epekeHHs] MPUPOAHUX JiiciB Ykpainu. Koxkna
€KOCHCTEMA 3JIaTHA JI0 CAMOBITHOBJICHHS, TOMY €
HaJis, MO 13 IUIMHOM POKIB 3HUINEHI JICOBI
¢iToneHo3n YKpaiHM TOYHYTH BiJTHOBJIIOBATUCS
MIPUPOHUM IUIIXOM Ta CTaHYTh CTIHKIIIUMH JO
BIUIMBY HETaTHBHUX (PAKTOPIB HABKOIUIIHHOTO
cepe/ioBUIa. YKpPaiHChKE CYCHUIBCTBO Yy TEpioj

BifHM Ma€ 3pO3yMITH BaXJIHMBICTH JiCiB Ta
I0aiJIMBO CTAaBUTHUCA K IO JIICOBUX €KOCHCTEM,
TaK 1 10 HABKOJHITHBOTO CEPEJOBHUIIA B LLIOMY,

HaOMMKYIOYMCh 10 TapMOHii icHyBaHHS i3
IPUPOIOIO.
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ABSTRACT

In the world, precision farming, which is based on geo-
information technologies, has become widespread. The precision
farming system application ensures a more rational use of
cultivated areas and increases the ecological protection of soils.
Using the ASN-Agro parallel driving system with the ASN-Agro
V1.03 software, the effect of ground obstacles (forest strips, power
lines) on the number of satellites, which are within the range of
navigation equipment, is investigated in the article. The number of
satellites, which are within the range of navigation equipment,
and the number of satellites used by the navigation equipment
were determined by applying the satellite filter. The quality
indicator of signal received by the navigation equipment
according to the SNR (signal/noise) indicator were studied.
Research of SNR-signals from GNSS satellites was carried out
using the GPS Test application. Signals from GPS satellites had
the best value of SNR indicators. Machine-tractor units perform
technological operations next to forest and power lines, which
create interference («radio shadowy) for GNSS-signals. The
influence of «radio curtains» caused by forest and power lines on
the quality of GNSS-signals received by the antenna of the
navigation equipment of the machine-tractor unit was examined.
The quality of GNSS-signals was evaluated based on indicators of
DOP signal accuracy reduction: for location — PDOP; in the
horizontal plane — HDOP; in the vertical plane — VDOP.
Research on DOP indicators was carried out using the Precision
GPS PRO application. The conducted studies established that the
greatest impact on indicators of DOP signal accuracy reduction is
caused by interference from 200 kV power lines. The highest value
of DOP signal accuracy reduction indicators was recorded when
the navigator’s antenna was located at a distance of 5 m from the
200 kV power line. If the antenna of the navigation equipment is
located at a distance of 25 m or more from the forest, it almost
does not affect the indicators of the decrease in the accuracy of
the DOP signal.
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AHOTAILIA

YV ceimi nabysae 3naunoco nowupenns moune 3emMiepooCmeo, sKe
IPYHMYEMbCA HA 2e0iHDOPMAYITIHUX MEXHONI02IAX. 3acmocy8aHHs
cucmemuy mo4Ho20 3emMaepodocmaa 3abesneuye Oinbil payionaivHe
BUKOPUCMAHHA NOCIGHUX NAOU, MA NIOBUWYE eKOAOSIUHUL 3AXUCT
IpyHmie. Y cmammi, 8UKOpUCMOBYIOUU CUCTHEMY NAPALeNbHO20
600inHs ASN-Agro i3 npoepamuum 3abesneuennim ASN-AQro
V1.03, docnidsiceno ennus HazeMHUX nepeutkoo (ricocmye, NiHil
enekmponepeoaui (J/IEIl)) na Kinoxicme cynymuuxie y 30Hi Oil
Hasicayilinozo 001a0HaHHA. Bukopucmosyouu  cynymHuxogu
Qinbmp 6CMAHOBIEHO KIbKICMb CYNYMHUKIB, SKI 3HAX00SAMbCS Y
30HI Oil ammenu Hagicayilino2o 001AOHAHHS, MA KIIbKICb
CYNYMHUKIB, WO BUKOPUCIOBYVIOMbCA HABI2AYIUHUM 00IAOHAHHSM.
Hocnioxceno xapaxmepucmuky sAKOCMI NPUUHAMO20 CUSHATLY
HagieayittHum 0oaaoOHanHAM 3a nokaswuxom SNR (cuenan/uiym) y
pospizi docnidacysanux GNSS. Hocniooscenns SNR cuneanis 6io
cynymuuxie GNSS nposoounu 3a donomozcoro oooamxy GPS Test.
Bcemanoenerno, wo cuenanu 6io cynymuuxie cucmemu GPS maromo
Hatikpawi  nokasHuku 3a napamempom SNR. Mawunno-
MPAaKmopui aspezamu npayiolomes Nopsao i3 aicocmyeamu ma
JIEII, axi cmeopioromsv nepewkoou («padiominiy) 0na cueHanie
GNSS. 'V cmammi Oocniosceno enaus «padiomineily, wo
cnpuuuneni aicocmyeamu ma JIEII 200 kB na skicms cucHanie
GNSS, saxi cnputimaromscsi AHMeHoI0 HAgieayitino2o 0O1A0OHANHSL.
Oyintosanus sxocmi cuenanie GNSS nposoounu eukopucmosgyrouu
oooamox Precision GPS PRO 3a nokasnuxamu 3nudicenms
mounocmi cuenany DOP: 3a micyem posmauwysanus — PDOP; y
copuzonmanvhiti niowuni — HDOP; y eepmuxanvhiti niowjuni —
VDOP. 3a pesyromamamu 00Cnioxcenb BCHMAHOBIEHO, WO
HaUOinbWull 6NIU68 HA NOKAHUKU 3HUNCEHHS MOYHOCMI CUSHATLY
DOP maiomv nepewxoou 6io JIEII 200 kB. V eunaoky
PO3MAULy8aHHA AHMEHU HABI2ayiliHo20 00NAOHAHHA HA BI0CMAHI
25 m i Oinvwe 6i0 nicocmyeu, 6OHA Matice He GNIUBAE HA
NOKA3HUKU 3HUMCEHHS mounocmi cuenany DOP.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

Toune 3eMiepoOCTBO — 1€ KOMITICKCHHM
ITiIX11 B arpOBUPOOHUIITBI, IO MICTUTH TEXHOJIOT11
I00aJbHOTO  TMO3MIIIOHYBaHHA,  Treorpadidsi
iHpOpMaLiiiHi CHCTEeMH, TEXHOJOTIi OIIHIOBaHHS
YpO’KaHOCTI, TEXHOJIOTIF0 3MiHHOTO HOPMYBaHHS
1 TEXHOJIOTIi MUCTaHIIHHOTO 30HIyBaHHS TPYHTY.
VYHpoBamKkeHHsT CUCTEMH TOYHOTO 3eMiepo0cTBa
HE MOXJHBE 0O€3 BUKOPUCTAHHA CYITyTHHUKOBOI
CHUCTEMHU HaBiramii isi MAalIuHHO-TPAKTOPHHUX
arperatiB (MTA). Toune 3emMiepoOCTBO T03BOIISIE
aBTOMAaTU3yBaTh pPoOOTYy MexaHi3aTropa, a TaKOXK
30UTBITUTH BHPOOITOK, 3MEHITUTH ITOIIKOKESHHS
CUIbCBKOTOCIOZAPCHKUX  KYJBTYp  TiJl  4ac
MPOBEJICHHS pOOIT 13 JOTJSAY 3a IOCIBaMH,
3a0€e3MeYnTH  EKOHOMII0  TallMBO-MaCTHIILHUX
MatepiaiiB 10 18% Tta goOpuB i 3ac00iB 3aXHCTy
pocnut 10 8% (Anickesuy ma in., 2016).

B Vkpaini Bce dacrilie BHUKOPUCTOBYETHCS
CydacHa TEXHOJIOTIS TI00adhbHUX HaBIraIidHux
cymytaukoBux cucreM (Global Navigation
Satellite System — GNSS). Cepen ocHOBHHX
GNSS e GPS, Galileo, TJIOHACC Tta Beidou
(Beuepa ma in., 2018). I3 MeTOIO IMiABUINEHHS
TOYHOCTI mo3umioHyBanHs MTA mig wyac
BHUKOHAHHS TEXHOJOTIYHHX oOllepamiil po3polieHi
iHbopmMariiiini  pamiocucTeMu IS Tepenaadi
KOpHUCTyBa4yaMm T epeHIiHIX MOTPABOK.
Hudepenuiiini monpaBKu MOXYTh BiANPaBISTHCS
13  HazeMHHMX 0Oa3oBHUX craHmii abo i3
reocTalliOHapHUX CYNMyTHHKIB: cucteMu European
Geostationary ~ Navigation  Overlay  Service
(EGNOS), Wide Area Augmentation System
(WAAS), Multi-functional Satellite Augmentation
System (MSAS) (Tu & Tang, 2019).

EGNOS - 1e eBpomeiicbka reocrainioHapHa
CHUCTEMa HaBITaIlifHOTrO TOKPUTTA. 30HA mil
cucreMu EGNOS oxomumoe €Bpormy Ta MiBHIY
A¢puku. B Vkpaini Hemae Ha3eMHHX CTaHIIN
cuctemu EGNOS, Tomy mudepeHmiiiHi momnpaBKu
cucremu EGNOS npuitmaroTbes uIe y 3axigHux
obnacTsx YKpaiHH BijJ CTaHIIN, SIKi po3TalIoBaHi

B [lompmii. Jlis UEHTpadbHUX Ta CXIiJHUX
obmacTeit  YkpalHu AWQEpeHIiHHI TOMpaBKH
cucremu EGNOS  mnpakTHYHO  HEJOCTYIHI.

Cucremn WAAS ta MSAS € ananoramu cucreMu
EGNOS, ane mitots Ha Teputopii kpain [liBHiuHOT
Awmepuku Ta SmoHii.

Haii6inpma TouHicTh no3uuionyBanHs MTA
JNOCSITAETBCS T[] 4ac BHUKOPUCTAHHS TMOIPAaBOK
Real Time Kinematic (RTK), mo 3B’s3ani i3
HazeMHUMH 6a3zoBumHu craHmisiMu. 3 2011 poky B

VYkpaini mie mepexa «System.NET», skxa Hamae
nociayru RTK-kopexkuii. [lisi BUKOpUCTaHHS IIHX
IIONPABOK  HEOOXiAHO  OPOPMHUTH  IUIATHY
mianmucky Ha omuH i3 makeriB RTK. Opnak,
BUKOPHCTaHHS BUCOKOI TOYHOCT] TIO3HIIIOHYBAaHHS
MTA € ekoHOMI4YHO OOTpYHTOBaHHUM HE JJIS YCiX
TEXHOJIOTIYHUX OTepaIliii arpoBUPOOHUIITBA.

MeTa gocaiiKeHHS — IOCIIIUTH KUIBKICTh
CYIYTHHKIB, SIKi 3HaXOIATbCS y 30HI Iii aHTEHH
HaBiramiiinoro oOmagHanags MTA, a Takox
KUTBKICTh CYIYTHHKIB, IO BHKOPHCTOBYIOTHCA
HaBiramifauM oOmagHaHHAM s pisHEX GNSS,
Ta BIUIMB HA3€MHHUX TEpemKoi (JIiCOCMyT, JiHiH
enekrporniepenadi (JIEIT)) Ha sKiCHI TOKa3HUKH
npuiiManHs  curHamiB  GNSS  HapirariitHum
o0aTHaHHSIM.

MATEPIAJIA I METOAU

Jlns  BU3BHAYCHHA KIJTBKOCTI CYITyTHHKIB,
CUTHAJI AKUX CHPUHMAETBhCS  HaBITamiiHIM
o0JIaIHAaHHSIM, Y JTOCHIPKEHHSIX BUKOPHCTOBYBAIU
cucreMy mnapanenbHoro BominHs ASN-Agro i3
nporpamMHuM 3a0e3neueHHsM ASN-Agro V1.03.
TecryBanus curnanie GNSS 3pilicHroBamu 3a
noriomororo nonpatky GPS Test Ta Precision GPS
PRO. GPS Test 3actocoByBanu i BU3HAYEHHS
SNR curHany (CIiBBiTHOMIEHHS CHUTHAI/IIYM), a
Precision GPS PRO BuxopucTtoByBa)m ISt
BU3HAUYCHHS TIOKAa3HHWKIB 3HWKCHHS TOYHOCTI
curnairy DOP (Dilution of Precision).

Jocmimkenns nependavyany BU3HAYCHHS

- KIJIBKOCTI cymyTHUKIB koxHOT GNSS, siki
3HAXOOAThCA B 30HI Ail aHTEHM HaBIraLiHOIO
o0agHaHHT;

- Kkimekocti  cymytHUkiB  GNSS,  ski
BUKOPUCTOBYIOTHCS HAaBIrallitHUM O0JIaTHAHHAM;

- mokazHnka SNR-curnanis GNSS.

JlocmimKkeHHsT  TPOBOAWINCS HA  TOJAX
Jlyupkoro pationy BomuHcbkoi o0iacti Ykpainu
B coHsyHy moroxay. llopsa i3 momem, Ha sSKOMY
TIPOBOJIMIINCS JTOCTIDKCHHS, HEe OyJl0 Ha3eMHHUX
nepemnko 1, 3o0kpema ticocmyr ta JIEIT.

PE3YJIbTATHU AOCIIAKEHHA
TA OBI'OBOPEHHA
OpHi€lo 13 OCHOBHUX Npo0JIeM BUKOPUCTAHHS
CYIyTHUKOBOI CHCTEMH HaBiramii y BUpOOHHUIITBI
arpompoAyKIlii €  3a0e3medYeHHS  TOYHOCTI
nosutfionyBanass MTA. [l 3a10BiIbHOI poOOTH
CYIyTHHUKOBOI ~ CHUCTEMHM  HaBiramii  aHTeHa
npuiiMaya moBUHHA oTpuMyBaTtu GPS-curnan
[IOHAMMEHIIIE BiJ YOTUPHOX CYyyTHHUKIB CHCTEMH.
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SKIo BCl  YOTUPH CYNYTHUKU 3HAXOISATHCS
ONM3BKO OJIMH BiJA OJHOTO Ta pPO3TallOBaHi
BiIHOCHO aHTEHHW MpHUiiMayva JIUIIe Ha MiBIHI, TOIi
TOYHICTh TO3HUITIOHYBaHHs OyJle HU3bKOIO. T0oOTO
OLIIHIOBAHHSA SIKOCTI GPS-curnany, SIKUHA
CIIPUIMAETBCSl aHTEHOIO MpHiiMava 3a KUTBKICTIO
CYIYTHHUKIB, SKi 3HAXOIATHCSA B MeXaX 30HH il
aHTEHU TMpHuiiMada, HE BigoOpakae peasnLHOTO
3HA4YeHHS SKOCTI OTPUMaHUX cUTHANIB. Tomy, min
4yac JOCIi’KEHb OIIHIOBAHHS SKOCTI OTPUMaHUX
GPS-curnamis BinOyBamocs 3a MOKa3HUKaMHU:

- KIJIBKICTh CYMYTHHKIB, SIKi 3HaXOAATHCS B
30Hi Jii aHTeHH MpHUiiMaya;

- mokasHuk GPS-curmamy SNR  (me
CHIBBIJHOIICHHS CUTHAJ/IIIyM);

- TIOKa3HHMKHM 3HWKEHHS TOYHOCTI CHUTHAIY
DOP.

Hagiramitine obomaguanas MTA 3anexHo Big
BUPOOHMKA OTPUMY€ CHUTHaIM Bifg onHiel abo
OJIHOYACHO BIJ JEKIIBKOX rI1I00aIbHUX
HaBiramiiHuX CymyTHHKOBHX cucTeM (GNSS):
GPS, Galileo, Beidou, 'TTOHACC.

Jns  mocmimKeHHS KUTBKOCTI CYIMYTHHKIB
kokHoi GNSS, mo 3Haxomwivcs y 30HI mil
aHTeHW HaBiramiiigHoro ooOmamgagas MTA Ta
cymytHUKiB GNSS, Oyno BuKOpHCTaHO cydacHe

CnyTHUKOBBIIH UNLTP

@ crs

A TNOHACC

GALILEO
BEIDOU
QZss
SBAS

? HEW3BECTHOE

omar

HaBiramiiine obnagHaHusg 3 goxatkom GPS Test.
Honarok GPS Test Mae cynmyTHUKOBUH (PinbTp Ta
JIO3BOJISIE TIPUKMIMATH CUTHANM JIMIIE BiX OXHI€T
GNSS, nmampuknang GPS, a curamy Bix iHIOHX
CHCTEM MOYeproBo BUMHKATH (puc. 1, a).

PesynpTaT 3acTocyBaHHS CYIMYTHHKOBOTO
¢dimeTpa 13 mpuiiManasaMm curHamiB GNSS GPS
npenctaBieHo Ha puc. 1, 6. BukxopucrtoByioun
CymyTHUKOBHH ¢inbTp ans  koxHoi GNSS,
BH3HAYWIIN KUTbKICTh CYITyTHHKIB, III0 3HAXOSATHCS
y 30HI Iii aHTEHW HaBIiraIifHOro oOJaJHaHHA, Ta
KUIBKICTh CYMYTHHKIB, $IKi BHKOPHCTOBYIOTHCS
HaBiramifHUM oONagHaHHAM. Pe3ynbpraTé 1UX
JOCITIKEHb TIPEICTaBIcHO Ha puc. 2. AHami3
OTPUMAaHHX pPEe3yJbTaTiB JOCTIKEHHs (pHUC. 2)
BKa3ye Ha Te, 110 y 30Hi Jii aHTeH! HaBiraliiHOTro
obnmagHaHHA KUTBKICTh cymyTHHKIB GNSS GPS €
Haibinpmoro (12 cynmytaukiB). Onnak, iume 10
cynytHUKiB  GNSS GPS  BHKOpHCTOBYIOTHCS
HaBiramiitauMm ~ oOmagHanHsMm.  Cepen  ycix
mocrmimkyBaanx GNSS  CcymyTHUKH — CHUCTEMH
Galileo 3HaxomsaThcs y 30HI [ii aHTCHH
HaBiramiifHOTO  OONAJHAHHA Yy  HaWMEHIIiH
KimpkocTi (6 cymyTHHKIB). OpmHak, nwmme 5
cynmytHukiB GNSS Galileo BukopucTOBYIOTHCS
HaBiralifiHUM OOJIaJHAHHSIM.

In View

12

00:00

First Fix Time

Puc. 1 — CynyraukoBuii ¢pinetp nogarka GPS Test:
a — CyIyTHUKOBU# GinbTp 10JaTKY; O — pe3ysbTaTH 3aCTOCYBaHHS CYMyTHUKOBOTO (illbTpyBaHHs
GNSS 3a curnanom GPS
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Jnist XapakTepUCTUKU SKOCTI NPUHHATOTO Bij
CYIyTHHKA CUTHAJY HaBIraliiHUM O0JIaJHAHHSIM
BHUKOPUCTOBYBAJIM CIIiBBIJHOIIEHHS CHUTHAJ/IIYM
(SNR). Pesympratun mocmimxens SNR B pospisi
nociaikyBanux GNSS mpeacrasieHo Ha puc. 3.
HaiiBuma sikicte curHamy 3a mokasHukoM SNR
cnocrepiraetbes 11t GNSS GPS, mo cranoBuTh
38,5. IlpakTMka 3acTOCyBaHHsS HaBiraliiHoro
oOnamHaHHs HAa MOOUTEHMX MTA CBimuuTH TIPO
Te, W0 AOCHTh YacTO BHUHHMKAE CHUTyalis i3
BTparol0 curHamiB i3 cymyTHHKIB ~ GNSS.
OcHOBHHMH (PaKTOpaMH, IO 3YMOBIIOIOTH IIi
BTpaTH, € BUKpuBJeHHs curHaniB GNSS 3a ymoBu
MpUMaHHS aHTEHOI0 BiAOWTHUX TIPOMEHIB Ta
nonagands anTeHn MTA B 30HH «pajioOTiHEH,

ski cnpuunneHi JIEII, micocMyramu, BHCOKUMH
OyxmiBnsimu Tomio. lle oOymMoOBHIO HEOOXiAHICTH
JOCTIIUTH BIUIMB «PaAiOTiHEH», SKi CHpUYHHEHI
JIEII Ta micocmyramu, Ha sikicTs curaHamy GNSS,
0 TPUAMAETHCA aHTEHOK HaBiratopa. Jimst mux
JOCIHIPKEHb 3aCTOCOBYBABCSl ITOJATOK Precision
GPS PRO, 3a 10moMororo SKOro BH3Ha4aad
MMOKA3HUKU 3HMKEHHS TOYHOCTI curHany DOP
(puc. 4): PDOP (3HMXEHHSI TOYHOCTI 33 MiCLeM
po3ramyBanns); HDOP (3HWKEHHS TOYHOCTI
CUTHAy y TOPHW3OHTaNbHIA wiommHi); VDOP
(3HMKEHHSI TOYHOCTI CHTHaly y BepTHUKAJIbHIH
riomwmHi). [ToNboBi TOCTIPKEHHST POBOMIN HA
BizmcTausx 5 M, 15 m ta 30 M Bix mcocmyr (puc. 5,
a) ta JIEIT 220 kB (pwuc. 5, 6).

14

12
10

12 ® B 30HI 1ii aHTeHH obIaIHaHHA

B V BUKOPHCTaHHI 00JIaHAHHAM

[
<

9

KimpkicTs cynyTHHKIB, IIT.
o

GPS

Galileo

Beidou I[JIOHACC

Puc. 2 — Pe3ynbraT 1ociipKeHHs KibkocTi cymyTHUKIB GNSS,
SIKi 3HAXOAATHCS Y 30Hi /il aHTEHH HaBiramiiHoro oonagnanas MTA,
Ta KibKocTi cymyTHUKIB GNSS, 1110 BUKOPHCTOBYIOThCS 00JIaAHAHHIM

SNR
38,4

38,2
38.0
37.8

37.6

37.4
372

37,0
Galileo

Beidou FJ'IOHACC

Puc. 3 — Pesynbratu nocnimxenus SNR-curnanis GNSS
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Precision GPS Pro 3.5

Round: 1229

Battery:  70% Elapsed time (min): 21.0
50.70253140

25.28322834

Current Latitude (°):
Current Longitude ( °):

Current elev. (m): 195.0
PDOP: 0.9 HDOP: 0.6

Accuracy (m): 5
VDOP: 0.6

Sats in view: Sats used in fix:

Mean Latitude (°): 50.70323333
Mean Longitude (°): 25.27679166

Mean elev. (m): 198.8

Status: Working ...

90

Precision GPS Pro 3.5

Round:

71%

Elapsed time (min):

Battery:
Current Latitude (°): 50.70364
Current Longitude (°): 25.271062

Current elev. (m): 195.0
PDOP: 1.3 HDOP: 1.1

Accuracy (m):
VDOP: 0.8

Sats used in fix:

Sats in view: 22

Mean Latitude (°):
Mean Longitude (°):

Mean elev. (m): 197.1

Status: Working ...

Puc. 4 — Buzauenas DOP noxasnukis misd curdainiB GNSS
3a gonomororo aoaarky Precision GPS PRO:
a — Ha IUIsIHI 0e3 «panioTiHel»; 0 — Ha BiAcTaHi anTeHu npuitMada 15 M Bin JIEIT 220 kB

0

Puc. 5 — JlocnimkeHHS BIUTUBY «PaiOTIHEW», SKi CIIPUIMHECHI JIiCOCMyTaMu (a)
Ta JiHisIMU enekTponepenadi (0), Ha skicHi mokazHuku DOP curnanis GNSS

AHami3 oTprMaHUX TpadpidHAX 3aJIeKHOCTEH
(puc. 6, a) mokasye, 1110 i3 30ITBIIICHHAM BificTaHi
| wmix JIEII Ta aHTeHOH HaBiraumiiiHOro
obnmagHaHHA yci mokazHuku DOP 3MeHIIyIOThCS.
e cBiquuTh MpO TE, IO SKICTh CYITyTHUKOBOTO
curHany 3a mnokasHukamu DOP  3pocrae i3
30ubmeHHsaM Biacrani mix JIEIT 200 xB Ta
AHTEHOIO HaBiraniiHOTO 00JIaTHAHHS.

I'padiynai 3amexHOCTI, MO AEMOHCTPYIOTH
BIUIMB BijfcTaHi | MiX JiCOCMyror Ta aHTEHOIO
Hapiramiiinoro obiaagHanHg Ha nokasuuku PDOP,
HDOP i VDOP 3HmXeHHS TOYHOCTI CHTHAINIB,
npencrasieHi Ha puc. 6, 6. [lopiBHAHHS rpadikiB
Ha puc. 6, a Ta puc. 6, 6 Mokasye, 110 NEPEIIKOAN
Big JIEIT 200 kB MaroTe OibIl 3HAYHWNA BILUIMB Ha
nokasHuku DOP, Hix mepeIkoau Bi JTiCOCMYTH.
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DOP
2,5
2o ~+PDOP-#-HDOP-+-VDOP
1,5
1,0
0,5 T
0
5 15 25w
a
DOP
1.6 ~_ —+—PDOP=8=HDOP=+-VDOP
1’2 \
\ K
0,8 \',“
0.4
0 T T
5 15 25 Lm

0

Puc. 6 — ['padiuHi 3a71eKHOCTI MOKa3HUKIB 3HIKeHHs Tounocti PDOP, HDOP, VDOP
curnaniB GNSS Bix Bincrani | po3ramyBanHs aHTeHH npuiiMaya
no JIEIT 200 kB (a) Ta micocmyru (0)

BUCHOBKHU
3a pesynbpTaTaMd TPOBEACHUX JOCIHIKCHb
BCTaHOBJICHO, 110 HaKiO1IbIIa KIJIBKICTh

CYIyTHHKIB, SKi 3HAXOJAThCS B 30HI il aHTEHU
HaBiramiifHoro ob6nagaanHs MTA, € cymyTHHKH
cucremu GPS. Ilg cucrema CymyTHHKIB Mae
HaBHINY SIKICTh CHUTHaly 3a mokazHMKoM SNR.
«Pamiorini» Big JIEII 200 xB Ha BigcTaHi, IIo
Oimprra 3a 25 M, IPaKTUYHO HE BIUIMBAIOTH HA
skicte npuiiomy GPS-curnamy. 3anexHo Bin
BUpOOHMKaA HaBirauidHi cucreMu MTA MOXyTh
MPAIIOBATH 13 CyNMyTHUKAMH 5K Bif OJHIEI, TaK i
omHodacHO Bin aekinmekox GNSS. Pesympratn
MPOBEJICHHUX JIOCIIJKCHHS 13 BU3HAUCHHS SIKICHUX
MMOKa3HUKIB CYMYTHUKOBUX CHTHAJB JOULUIBEHO
BpaxOBYBAaTH TiJ Yac BUOMpPAHHS HaBIraIifHOTO
obmaguanas MTA.

CITUCOK ITIOCHUJIAHb
X., & Tang, L. (2019). Headland turning
optimization for agricultural vehicles and those
with towed implements. Journal of Agriculture and

Food Research, 1, 1-41. https://doi.org/10.1016/

j.jafr.2019.100009

Amickesuy, JI. B., Ceipens, M. O., KoBanenko, M. M.,
& iH. (2016). Cucmema mounoeco szemiepobcmea
(System of precision farming). Kponusauibkuii:
Jlucenko B. @.

Beuepa, O. M., Poroscwkuti, 1. JI., & ITactymrenko, C. 1.
(2018). HasiramiiiHi CcHCTEMH B TEXHOJOTIsX
tTounoro 3emiepodcrsa (Navigation systems in
precision farming technologies). Hayxoeuii eicrux
Hayionanvnoco  ymieepcumemy  biopecypcie i
npupodoxopucmysanns Yrpainu. Cepis: mexuika
ma enepeemuxa AIIK, 296, 133-138. https://
doi.org/10.31548/machenergy.2018.02.133-13

Tu,

99



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48
AGRICULTURAL MACHINES, 2022, Vol. 48

ALGORITHM FOR ASSESSING THE SUITABILITY OF PLANT RAW MATERIALS
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In order to obtain the final product with the necessary indicators,
it is necessary to process the raw materials according to a certain
technology. Processing of plant raw materials according to a
certain technology and obtaining high-quality products are
possible only if the initial quality indicators of the raw materials
meet the technological requirements. The same applies to the
possibility of applying harvesting technologies for agricultural
crops, in particular bast crops. But in this case, the stem condition
of the crops must be taken into account when choosing a
harvesting technology. For assessing the suitability of plant raw
materials for processing or the stem condition, in particular bast
assessing of stem condition, crops, for harvegting, the universal a}lgorithm h_as been_ developed.

hensive quality indicator The qlgorlthm mcludes the fo!lowmg _stag_es. sel_ect!on of raw
compre ' material processing technology; determination of indicators that
flax, . characterize the suitability of raw materials for processing
flax raw materials according to the selected technology; carrying out an expert
assessment of the importance of the selected indicators and
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assessing of plant raw materials,
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i_dudarev@ukr.net analysis of the indicator assessing; based on the results of the
assessment, making a decision regarding the possibility of
applying the selected technology; application of the chosen
technology or choosing another. An expert method was used to
assess the importance of indicators of the stem condition of fibre
flax and the quality of retted flax straw, as well as to calculate
their weighting coefficients. The developed algorithm was tested
on the examples of fibre flax and retted flax straw. This algorithm
can be applied to any plant material in order to determine its
suitability for processing according to a certain technology.
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AHOTAILIA

s moeo, wob ompumamu Kikyeutl npooyKm 3 HeoOXIOHUMU
NOKA3HUKAMU NOMPIOHO npogecmu nepepoOieHHs CUPOSUHU 34
negnoio mexuonozieio. Ilepepobnenns pociunHoi cuposunu 3a
NEeBHOI0 MEXHONI02IEI0 MA 00ePIUCAHHSL BUCOKOSAKICHOI NpooyKyii
MOdHCIUBE AUUle Y BUNAOKY, AKWO HOYAMKOSI AKICHI NOKA3HUKU
CUpPOBUHU  8IONOGIOAIOMb  MexHoA02IUHUM  eumocam. ILle oic
CMOCYEMbCS MONCAUBOCTE 3ACMOCYBAHHA MEXHON02I 30UPAHHSA
CIIbCLKO20CNO0APCLKUX  KVIbMYp, 30Kpema 1Yo sauux, ane y
YboMy 8UNAOKY HEOOXIOHO 6paxX08y8amu Cman cmedIOCOI0 nNpu
subupanHi mexuonozii 36upanns. Pospobneno yuisepcanvruii
anzopumm OYIHIOBAHHA NPUOAMHOCMI POCTUHHOL CUPOBUHU 05
nepepobients 3a NeGHON MEXHON02IEI abo CMaHy cmebioCmor
CILCHKO2OCNOOAPCHKUX — KVAbMYp,  30Kpema  1y0 auux, 074
30UPAHHA 30 NeBHOK MEXHON02IEN. Aneopumm Micmumes emanu:
BUOUPAHHA MEXHONO2I] nepepobNAHHA CUPOBUHU, BUSHAYEHHS
NOKA3HUKIB, AKI Xapakmepuzyloms HPUOaAmHicmb CUPOSUHU 00
nepepobnenHs 34  GUOPAHOI0  MEXHONOLIEN,  NPOBEOeHHs
eKCNepMHO20 OYIHIOBAHHA 8A20MOCMI BUOPAHUX NOKA3HUKIE Ma
obuucnenns ix xoeiyicumie sacomocmi, 6CmaHosIeHHs 6A3068UX
(PEKOMEHO0BAHUX)  3HAYEHb  NOKA3HUKIG, WO  00360J5H0Mb
3acmocosygamu 8UOPAHY MeXHON02I0; GUSHAUEHHS aADCOTOMHUX
(hakmuunux) 3HaueHb  NOKA3HUKIB,  OOWUCIEHHS  3HAYEHb
BIOHOCHUX NOKA3HUKIB, OOYUCNEHHA 3HAYEHHS KOMHJIEKCHO20
NOKA3HUKA  SIKOCMI — CUPOBUHU,  AHANI3Y8AHHS  pe3yIbmamis
OYIHIOBAHHA ~ NOKA3HUKIG, 34  pe3yibmamamu — OYiHIOBAHHS
npuuHAmMmMA ~ pilleHHs — Wo00  MONCAUBOCMI  3ACMOCY8AHHSA
BUOPAHOI MEXHON02Il; 3aCMOCY8aHH GUOPAHOT mexHoNo02li abo
subuUpanHs iHwoi. [na oyiHo8aHHa 6a20MOCMI NOKA3HUKIE CIAHY
Ccmeb.I0CmOoI0 TbOHY-0082YHYA MA AKOCMI JIAHOI Mpecmu 3 IbOHY-
0062YHYs, a4 MaKodc obOuucienHs ix koeghiyicumis eacomocmi
BUKOPUCMOBY8AIU eKcnepmHull memoo. Pospobaenuil aneopumm
0yn10 anpob0s8ano Ha NPUKIAOAx cmedIOCHOI0 TbOHY-0082YHYSL MA
ananoi mpecmu. Lleli anzopumm Mmooicna 3acmocosysamu  Oiis
0y0b-51KOI  pOCIUHHOI CUPOBUHU 3 MEMOK  BUSHAYEHHA il
npudamuocmi 00 nepepodieHHs: 34 Ne6HOI0 MEXHOLO2IEN.
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CTAH IIUTAHHA TA IOCTAHOBKA
INNPOBJIEMHU

Y cBiTI crocTepiraeTbes CTiiika TEHICHINIS
3pOCTaHHS IONUTY HA TOBApHU LIMPOKOTO BXKUTKY
3 EeKOJIOTIYHO YHCTOi HATypajJbHOi POCIMHHOL
CHUPOBHMHH, 30KpeMa i3 JyO0’SHHX KYJIbTYp
(Bepesoscvrui, 2016). Cepen ny0’ssHUX KyJIbTyp,
4Kl BUPOIIYIOTH B YKpaiHi, HaWOUIbII TUTOIII
3aliMaroTh JIbOH (JILOH-AOBTYHELb, JIbOH ONiHHUIA)
Ta KOHOIUT. YpoxXal IUX KyJbTyp (coliomy Ta
HaciHHA) TICIS TEPBUHHOTO  TepepoOIeHHS
BUKOPUCTOBYIOTh JUUIsl BUTOTOBJIGHHSI  Pi3HUX
TEeKCTWJIBHUX MarepianiB, Mamepy, KapTOHY,
KaHaTiB, KOMITO3UTHHX MaTepialiB  Pi3HOTO
[UTFOBOTO TIPU3HAYEHHS, a TaKOX BUPOOHHIITBA
OJIii, 10 BHKOPHCTOBYEThCS B Jako(hapOOBi,
KOCMETHYHIN, MEIW4YHil, Xap4yoBid Ta IHIIUX
raiayssx IpOMHUCIOBOCTI (Bepesoscokuii, 2017).
Bigxomu (xocTpuis Ta Makyxa) IEPBHHHOTO
nepepoOeHHsT  ypokaro  JyO’SHUX  KyJbTyp
BHUKOPHUCTOBYIOTECSI Y BHPOOHMUTBI KOpMY [UIs
TBapWH, JOOPUB, MAJTMBHUX OPUKETIB Ta MEJETIB,
OyxmiBelIbHUX MaTepiajiB, MeOJEBHX IUIMT TOIIO
(I'opau & [ombposcoka, 2021). HusbkoskicHa
cTebioBa JISHA CHPOBHMHA, c(opmoBaHa ¥y
PYJOHH Ta TIOKH, BHUKOPHUCTOBYETHCS B SKOCTI
nanuBa (Yaheliuk et al., 2020).

SxicTh TPOAYKIii, MmO MICTUTh YO SHY
CHUPOBUHY, 3aJISKUTH BiJl COPTHOCTI CHPOBHHH Ta
ii ¢isuko-mexaniunux BiactuBoctel (Toamauos
& Kysomina, 2010) i popMy€eThCs YIPOIOBK yCix
eramiB 1i BupoOuunTBa (Heemox & Jioyx, 2021),
MOYMHAIOYH 13 BUPOILYBAaHHS JIyO STHUX KYyJBTYD,
ix 30MpaHHs, IEPBUHHOTO MEpepoOIeHHS YPOXKaI0

Ta 3aBEPIIyIOYd BHUPOOHHWITBOM  KiHIIEBOTO
NpoAyKTy. BuU3HaYCHHS SIKOCTI JIISTHOI CMPOBHHU
OPOBOJATH  PI3HUMH ~ METOJaMH,  30KpemMa

IHCTPYMEHTaJIbHUM Ta OPTaHOJENTHYHUM. TaKox
HAyKOBIISIMH PO3p00JIeH] KOMIT IOTepHI TpOTpamH,
0 JIO3BOJIAIOTH aBTOMATH3yBAaTH IPOLEIYPY
BH3HAYCHHS  OCHOBHUX  (Di3WKO-MEXaHIYHHX
BJIACTUBOCTEMN JUISTHOT CUPOBUHH, 30KpEMa COJIOMHU
Ta TPECTH JIbOHY, a TAKOXK BU3HAYUTU iX HOMEP
(I'onosenxo ma in., 2021; Toamauoe & Kyzemina,
2010).

JIJiss OLIIHIOBAaHHS SIKOCTI JUISTHOI CHUPOBUHH
BUKOPHUCTOBYIOTBCS: OIMHHYHI TIOKa3HHUKH, IO
XapaKTepU3ylOTh OJIHY BIIACTHUBICTH CHPOBHHU;
KOMIUIEKCHI TTOKa3HUKH, IO XapaKTepH3yIOTh
OJIHOYACHO JIEKiJbKa BJIACTUBOCTCH CHPOBHHU;
IHTETrpajIbHi MOKA3HUKHU — BiTHOIIICHHS CYMapHOTO
KOpUCHOTO €(eKTYy BiA BXHUTKY OJWHHUIN JUITHOT
CUPOBUHH TPOTITOM IEBHOI'O Yacy J0 CyMapHHUX

BUTpar Ha 11 crBopenHs ([Jioyx ma in., 2017,
Heenrok, 2013). 3okpeMa, METOUKA OOYUCIICHHS
KOMIUIEKCHOTO  ITOKa3HWKa  SIKOCTI  BOJIOKHA
Ty0’SsHUX  KyJAbTYp (JIbOHY-IOBTYHIIA, JHOHY
OJIIAHOTO), IO 3aIllpONOHOBaHa y mpari (Heentok
ma iH., 2019), no3BONSE BCTAHOBUTH WOTO
MPUAATHICTh IS TOMATIBIIOr0 TepepoOIeHHS 3
METOIO0 OJIEpP’KaHHS PI3HOMAHITHOI TEKCTHIHLHOT
MPOAYKIIii.

[lepepoOneHHsT pPOCIMHHOI CUPOBUHHM 32
IIEBHOIO TEXHOJIOTIEI0 Ta OACpXKAHHSA SKiCHOT
MPOAYKII MOXIMBE JIUIIEC Yy BUMAJAKY, SKIIO
MMOYATKOBI  SKICHI ~ TOKa3HUKH  CHPOBHUHH
BIATNOBIJAIOTh TEXHOJOTIYHMM BHMoram. lLle 3k
CTOCYETHCS MOYKJIMBOCTI 3aCTOCYBaHHS IIEBHHX
TEXHOJIOTI 30HMpaHHS CiIbCHKOTOCMIOJAPCHKUX
KyJIbTyp, 30KpeMma JyO sHUX, aje y IbOMY
BUIAJKY HEOOXiTHO BpaxOBYBaTU CTaH
cTe0JIOCTOI0 KYJIBTYpH NpU BUOMPAHHI TEXHOJIOTIT
30upanHs. OTKe, aKTyalbHUM € pPO3pOOICHHS
HOBOTO YHIBEPCAIBHOTO aJTOPUTMY OITIHIOBaHHS
MIPUIATHOCTI Pi3HOI POCIMHHOI CHPOBHHHU UIA ii
nepepoOJIeHHsT 32 TMEBHOK TEXHOIIOTiE abo kK
CTaHy  CTeOJIOCTOI0  CUTBCBKOTOCTIONAPCHKUX
KyIbTYyp I iX 30WpaHHSA 13 3aCTOCYBaHHSIM
MEBHOT TEXHOJIOT 1.

MeTa JociaifykeHHA —  PO3pOOJIeHHS
ITOPUTMY OLIHIOBaHHS MPUAATHOCTI POCIMHHOT
CHUPOBMHH JUIA TMEepepoOJeHHS 3a TEBHOIO
TEXHOJIOTi€l0 abo X  CcTaHy  CTeOJIOCTOI0

CLTBCBKOTOCTIONITAPCHKUX KYJIBTYp ISl 30MpaHHS
3a IIEBHOIO TEXHOJIOTIELO.

MATEPIAJIA I METOAU

Jlas  oIiHIOBaHHS BaroMOCTiI IOKAa3HUKIB
CTaHy CTe0JIOCTOI JIbOHY-JIOBIYHIIS Ta SIKOCTI
JUISHOT TpPecTH 3 IIbOHY-AOBIYHI, a TaKOoX
o0urcieHHs Koe(iIieHTiB BArOMOCTi BUKOPHUCTaHO
exkcieptauit  meron  (Caodosnuxos,  2009).
[Iponexypa 3acTocyBaHHS MeETOAy Iependadana:
CKIIQJIaHHS TIEPETiKy OCHOBHUX ITOKa3HUKIB, IO
XapaKkTepU3ylTh CTaH CTEOJOCTOK Ta SKIiCTh
TPECTH JILOHY-OBTYHIISI; aHKETYBaHHS €KCIICPTiB
(4ncenpHICTh eKCIepTHOI Tpymu 7 oci0) 1momo
OL[IHIOBAHHS BaroMoCTi MMOKA3HHKIB, CTATUCTUYHE
00pOOJICHHS Pe3yIbTATIB AHKETYBAHHSI CKCIIEPTIB;
OIIIHIOBaHHA Yy3TOKEHOCTI JYMOK EKCIEpTiB;
aHami3yBaHHSA JiarpaM KoeQillieHTiB BaroMocTi
BUOpPaHUX MTOKA3HUKIB.

BinmoBimHO 10 METOAWKH  EKCIEepTHOTO
METOy OOYHCIIOBAIHM CEpEeAHE 3HAUYEHHS CyMH
paHriB:
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M)

ne T — cepeoHe 3HAYEHHS CyMH paHriB; K —
KUTBKICTh TIOKa3HUKIB, IO OI[IHIOBAIN EKCITCPTH;
ti — cyma paHriB i-To MOKa3HUKA.

BinxuneHHs cyMu paHTiB Bijl CEpeIHbOI CyMH
paHTiB 00YHCITIOBATH 32 (OPMYIIOI0:

Ai=t—T, (2)

ne Aj — BIAXWIEHHS CyMH PaHTIB i-TO IOKa3HHUKA
BiJl cepeHbOT CyMH PaHTiB.

Cyma KBajpaTiB BiIXWIEHb BiJ CEpeIHBOI
CYMH pPaHTiB:

S :Zk:Ai. (3)

Y3romKeHiCTh TYMOK €KCIEpTIB BHU3HAYAIH
3a koedinienToM kKoHKOpaauii Kenmanna:

W=—oao— 138 , 4)

1 (k” —k)
ne | — KigpKicTh excrepTiB.

Axmo koedimient koukopuamii W > 0,7 —
IYMKH YCiX eKCHIepTiB IOCTaTHBO Y3TO/KEHi.
Cratuctnydy  3Hadymicte  koedimieata W
OLIIHIOBAIM MHUISIXOM TEPEBIPSHHS CTATUCTHYHHX
rinores:

Ho: W =0, (5)

Hi: W #£0. (6)
IMpu miaTBepKEeHHI OCHOBHOI Timote3n Ho
Oyze BHM3HAHO, IO JAYMKH YCiX EKCIEpTiB He
Y3roJDKEHI. Y BUIAIKY BiIXWJICHHS Ii€l TIMOTE3U
MpuUAMaeThCsl albTepHATUBHA Tinore3a Hi, mo
BKa3y€ Ha Y3TOIKCHICTb IyYMOK EKCIEpPTiB.
Kputepiem niepeBipsiHHS OCHOBHOI TimoTe3u Ho €
cTaTHCTHUHHMI KpuTepiit ITipcona (y*-kputepiii):
2 =(k—1)W. (7
OGuncieHe 3HA4YeHHA KpHTEpilo x> 3a
dopmynoro  (7) TOPIBHIOETBCS 13 TAOIUYHUM
3HAYEHHAM )m’, BUOPAHUM IS PiBHS 3HAUYYIIOCTi
a = 0,05 Ta yncna crynenis ButbHOCTI f = k- 1. ¥V
BUNANKY x° > ym® rinortesa Ho Bimxmiserscs Ta

IOyMKH (axiBI[iB BB&XKAIOTHCS Y3TOPKEHIMHU.
KoedimienTn BaroMocti i-ro  IOKa3HHKA
oburcIoBay 3a (GopMyIIoro:

t
m. =

ci K

>t

i=1

(8).

PE3YJIbTATHU JOC/IIAKEHHSA
TA OBI'OBOPEHHA

Jns Toro, mo6 oTpuMaTH KiHIIEBUH MPOITYKT
3 HeOOX1THUMH MMOKa3HUKaMU MOTPiOHO MpoBeCTH
TepepoOJICHHST CHPOBHHM V BIATOBIAHOCTI 110
texHojyorii. OmHaK, CHPOBHHAa HE 3aBXKIU
BIZTIOBIa€  TEXHOJIOTIYHHUM  BHMOTaM,  SIKi
BHCYBAIOThCS 10 HEi BIAMOBIAHO JIO TEXHOJOTII.
ToMmy HEOOXiTHO OIIHIOBATH ITOKAa3HUKH SIKOCTI
CUPOBUHM IS BU3HAYCHHS ii MPHIATHOCTI JO
repepoOIIeHHS 3a IEBHOKO TEXHOJIOTIEIO.

KowMrmiekcHe OIliHIOBaHHS SKOCTI CHPOBHHH
MIPOIOHYETHCS MMPOBOAMTHU 33 CEPEIHBO3BAKCHUM
apu(PMETUYHUM TTOKA3HUKOM:

m n
Q. = zmci Ky +chj Ki )
i1 =1

e Qc —

MMOKA3HHWK SIKOCTI

CepeIHbO3BAKCHUN  apU(pMETUUHUI
CHPOBUHM; Mq Ta My —
BIZIMIOBIAHO, KOEQIIiEHTH BaroMoCTi i-T0 Ta j-TO
MOKa3HUKa AKOCTi cupoBuny; Ki* — BiHOCHMH i-if
MMOKA3HUK SIKOCTI CHUPOBUHU (3aCTOCOBYETHCS IS
MOKa3HWKIB  TNpH  30UIbIIeHI  aOCOIOTHOTO
3HAYEHHs SKMX SKICTh CMPOBMHHM Kpama); Kj —
BIIHOCHMH |-/ TMOKa3HUK SKOCTI CHPOBHHHU
(3aCTOCOBYETHCSI TS IOKA3HUKIB MPU 3MEHIIICHH]
a0COJIFOTHOTO 3HAYCHHS SKUX SKICTh CHUPOBHHU
Kpamia); M, N — BiJIMOBiIHO, KUTBKICTh BiTHOCHUX
nokasuukiB Ki" 1a K.

BinmHocHuU# i-ii TOKa3HUK SKOCTI CHPOBUHH
obuncoeThes 3a BupasoM (Cokonosckuii, 2008):

K=

(10)

6as.i

ne Pi — abcomotHe (dakTWuHE) 3HAYCHHS i-TO
MOKa3HUKA SKOCTI CHPOBUHM; Pgu; — 0a3oBe
(pexoMeHIOBaHE) 3HAYEHHS -0  IOKa3HUKA
SIKOCT1 CHPOBHHH.

BigHoCHHI j-ii TIOKa3HHK SIKOCTI CHPOBHHU
obumciroeTbes 3a Bupasom (Coxonosckuil, 2008):
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P. .

- 6as.
Ky =—2+, (11)

P.

j
ne P; — abcomorne ((pakTuuHe) 3HAYEHHS J-TO
IIOKa3HUKA SKOCTI CHpOBUHM; P, 6azoBe
(pekOMeH/I0BaHe) 3HAYEHHS J-TO  MOKa3HUKA

AKOCTI CHPOBHHH.

ITix 6a30BMM 3HAYeHHSM ITOKa3HHKA SKOCTI
CUPOBUHM PO3YMIETHCSI 3HAUCHHSI ITOKA3HUKA, SKE
MPUAHATE 32 OCHOBY IIiJl Yac IOPIBHAILHOTO
OI[iHIOBAaHHS (TPAaHUYHE PEKOMEHOBAHE 3HAUCHHS
MOKa3HWKa, [0 XapakTepusye MpPHIATHICTh
CHUPOBUHH 32 IIMM TOKAa3HHUKOM JI0 3aCTOCYBaHHS
Tiei 9W 1HIMOI TEXHOJIOTil 1 mepepoOIeHHs).
Ba3oBi 3HAa4YeHHS MOKA3HUKIB SIKOCTI CHPOBHHHU
MOXXYTh BCTAHOBIIOBATHCA 13 ypaxyBaHHSIM
TEXHOJIOTIYHUX BHMOT JI0 CHPOBHMHH, IO
BH3HAYAIOTh MOXIIMBICTh 3aCTOCYBaHHS Ti€l 4u

TexHoJoTI0 TIepepOoOIeHHS CHPOBHHHM, 0a30Bi1
3HAYCHHsI TMOKA3HUKIB SIKOI BHKOPHCTOBYIOTHCS
JUIsE OOYMCIICHHS TIOKa3HUKA SKOCTI cupoBUHU Qc,
PEKOMEHIyE€ThCSl 3aCTOCOBYBATH 0 CHPOBWHH,
SIKIIIO BUKOHYETHCS YMOBA!

Q> 1. (12)

Y 1pOMy BHUIAOKy BaXKIWBO, IOO, OKpiM
BUKOHaHHS yMOBH (12), Bci BiJHOCHI MOKa3HHKH
Ki" ta K sikocti cupoBuHy Oy Olnbummy 3a 1.

VY Bumaaky, konu ymoBa (12) BUKOHYy€EThCH,
ajyie 3HAYCHHS OKPEMHUX BIJIHOCHHX IIOKa3HHKIB
SIKOCTI CHPOBHMHU MeHIIi 3a 1, Toni HeoOXimHOo
aHai3yBaTH KOXEH BITHOCHWHA TIOKA3HUK, IO
MeHIIe 3a 1, okpemo. SIKIIo 3HAaYeHHS OKPEMOro
BIIHOCHOTO TIOKa3HWKa SKOCTI CHPOBUHH €
MEHIIMM 3a 1, ajle BennunHa abCOIIOTHOIO
MMOKa3HUKA HE € KPUTHUYHOIO, TOOTO JIOMYCTHUMOIO
JUISS BUKOPUCTAHHS TEXHOJIOTi, Tomi il MOXHa
3aCTOCOBYBATH I TIepepOoOIeHHS i€l CHPOBUHH
i3 HE3HAYHMMH KOPEKTHBAMH, II0 BPaXxOBYIOTh
BIIXMJIEHHS 3a3HAYEHOr0 ITIOKa3HUKa Big 6a30BOro
3HaYeHHss B TipIly CTOpPOHY. BigxuieHHs
HOKa3sHMKAa Bix 0a30BOro 3HAYEHHS MOYKHA
BBA)KaTH HE3HAYHUM, SIKIIO BIJHOCHUI MOKA3HHUK
He Mmentre 3a 0,9.

Y  Bumaaky, komum ymoBa (12) He
BUKOHYEThCS, TAaKOXX HEOOXIIHO aHali3yBaTh
KOJKE€H BIJHOCHMHM MOKa3HMK, IO MeHIIe 3a 1,
OKpeMo. Y IIbOMY BHUIQJIKY TEXHOJOTII0 JOiTHHO
3aCTOCOBYBaTH I TEPEPOOJCHHS CHPOBHHH,
sakmo Oinpmre HiXK 80% BITHOCHUX MHOKAa3HHUKIB

SKOCTi CHPOBUHHU MarOTh 3HaYeHHs Ki*>1, K; =1L

3HaYCHHS PEMITH BiJHOCHHUX TOKA3HUKIB HE Mae
OyTtu menmmm 3a 0,9.

OTXe, aITOPUTM OI[IHIOBAHHS CUPOBUHH JIS
BH3HAYEHHs i MPUAATHOCTI A0 mepepoOneHHs 3a
MIEBHOIO TEXHOJIOTIEIO MIiCTHTE eTamu (puc. 1):

- BUOWpaHHS TEXHOJOTII mepepoOIIAHHS
CHUPOBHHU;

- BH3HAYCHHS TOKA3HUKIB (AKICHHUX TOIIO),
AKl XapaKTepu3ylOTh MPHUAATHICTh CHPOBHHH IO
nepepoOIeHHs 32 BUOPAHOIO TEXHOJOTIEND;

- TPOBEIECHHS EKCIEPTHOrO OLIHIOBAHHS
BaroMocCTi BUOpaHWX TOKA3HUKIB Ta OOYMCICHHS
ix KoeQilieHTiB BArOMOCTI,

- BCTaHOBJICHHs 0a30BUX (PEKOMEHIOBaHHX )
3HA4YEHb TOKA3HUKIB CHUPOBMHH, SKi NO3BOJISIOTH
3aCTOCOBYBAaTH BUOPaHy TEXHOJIOTIIO;

- BH3Ha4YeHHS aOCOMIOTHUX ((aKTUIHHUX)
3HA4Y€Hb NNOKa3HHUKIB CUPOBUHHY,

- 00YHCIICHHS BIJHOCHUX MOKA3HHUKIB;

- 0OYHCTICHHsI 3HAUYEHHSI CepeIHbO3BaKECHOTO
apu(pMETUYHOTO MOKA3HUKA SIKOCTI CHPOBUHH;

- aHami3yBaHHSA pPE3yJIBTATIB OIIHIOBAHHS
MOKa3HUKIB CHPOBHHH,

- 3a pe3yJbTaTaMH OILIHIOBAHHS MPUUHATTA
pIDIEHHS IIOAO MOMKJIMBOCTI  3aCTOCYBaHHS
BHOpaHOi TEXHOJIOTII;

- 3aCTOCyBaHHS BHOpaHOI TEXHOJIOTIi abo
BHOMpaHHS 1HIIO].

PosrisiHeMo 3acTocyBaHHS 3apOIIOHOBAHOTO
VHIBEPCAJIBHOTO  aNrOpUTMy Ha  IpHKIaaax.
O6uncanMo cepeaHbO3BAKEHUN apu(pMETHUHUI
MOKa3HUK CTaHy CTeOJOCTOI0 JIbOHY-AOBTYHLS
Uil 30MpaHHS SKOTO ITUIAHYETHCS 3aCTOCYBATH
KOMOAtHOBY TEXHOJIOT110 30MpaHHSI.

[Tin gac 30upanHs 1y0’ THUX KyIbTYp (JIHOHY-
JIOBTYHIIIO, JIbOHY OJIMHOTO) MOTEHIIITHO MOXKHA
OTpPHMAaTH JIBa BUJIY CUPOBHHU: JUITHE HACIHHS Ta
JUIIHY coJioMy abo TpecTy. 3alie)XHO BiI cTaHy
cTe0JI0CTOI0 Ta PHU3HAYEHHS MTOCIBiB BUOMPAIOTH
TEXHOJIOTI0 30UpaHHs JyO’sSIHMX KyJIbTyp Ta
TEXHOJIOTII0 MEPBUHHOTO NepepoOIeHHs Ty0 sHOT
CHUpOBHHHU. BuOupanHs nux TEXHONOTIH Mae
MPOXOJUTH 3a PE3yJIbTaTaMH OI[IHIOBAHHS CTaHy
CTE0JIOCTOI0 Ta SIKOCTI O/Iep’KaHOl CHUPOBHHHU.
OCHOBHI TOKa3HHUKH, SIKI XapakTepU3YIOTh CTaH
CTeOIIOCTO0 JIyO’ STHUX KyJNBTYyp y ¢azax paHHLOI
KOBTOI Ta JKOBTOI CTHIVIOCTi: 3arajbHa Ta
TEXHIYHA JIOBXHUHA cTeOeN, TiaMeTp cTeden, BMICT
BOJIOKHA y cTebaX, MOJETIicTh 1 3a0yp’ sHEeHICTh
CTe0JIOCTOI0, MOMIKOPKEHHS CTEOJI0CTOI0 PI3HUMHU
XBOpoOaMH, Ypo)KalHICTh HACiHHS, BOJOTICTh
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HaciHHS a00 HACIHHEBHX KOPOOOUOK.

3a pesynbTaTaMH OIIHIOBaHHS EKCIIEpTaMH
BaroMOCTI [HX TOKa3HHUKIB JJIs BUOWpaHHA
TEXHOJIOTii 30MpaHHS IyO’SHUX KyJIbTyp OynH
BH3HAUYCHI KOC(QII[IEHTH BaroMoCTi KOYKHOIO
MOKa3HMKa (pPHc. 2): 3aranbHa JOBKUHA cTEOeN —
m. = 0,15; Texuiuna nosxxuHa credben — m. = 0,17;
miamerp creden — m. = 0,05; BMIiCT BoJIOKHA Yy
ctebmax — M. = 0,2; ypokallHICTh HACIHHS JILOHY
—m, = 0,12; moneraicts crediocroro — M. = 0,08;
3a0yp’siHeHicTh cTebnocTor JpoHy — M. = 0,07,
MOLIKO/PKEHHsI cTe0JI0CTOI0 JIbOHY XBOpOOaMu —

m. = 0,05; Bosoricte HaciHasg — M. = 0,11. Cepen
MOKa3HHUKIB, SKI PO3MISAANUCS  EKCIIepPTaMHy,
HaiOLIbII BarOMUM € BMICT BOJIOKHa y cTebiax
apory (M. = 0,2), a HaliMeHII BaroMHMH €
miamerp creden (M. = 0,05) Ta HOLIKOKCHHS
crebiocTo0 JbOHY XxBopoOamu (M. = 0,05).
Koedgimient xorkopmamii Keananma W = 0,78, mo
CBIUUTH TIPO JOCTATHIO Y3TOJKEHICTh JIYMOK
excriepTiB. Ockinbku y* = 43,68 > yn? = 1551
(mpu f = 8 Ta @ = 0,05), TO mpuiiHATAa HYIHOBA
rinoreza Ho BigXwiserbcs Ta OYMKH —YCIX
(haxiBIiB € y3roIKEHUMH.

AJIFOPHTM OLIHIOBAHHSI CHPOBHHH /ISl BH3HAYEHHS i
NPHAATHOCTI 10 nepepod.IeHHs 32 IEBHOI0 TEXHOJIOTIEI0

Eran 1

Eran 2

Eran 3

Eran 4

Eran 5

Eran 6

Eran7

Eran 8

gebgelyl

Bubupanns texsosorii nepepotieHns
CHPOBHHH

2

Bu3HaueHHs MOKa3HHKIB, AKi XapaKTepH3yIOTh
NPHIATHICTH CHPOBHHH JI0 NIepepobIeHH S 3a
BHOpPaHOIO TEXHOJIOTI€I0

.

[IpoBeieHHS eKCIIEPTHOTO OLIIHIOBAHHSA
BaroMocTi BHOpaHHX MOKA3HHKIB Ta
obuncieHHs iX KoeillieHTiB BAroMocTi

n

Beranosienns 6a30BHX (peKOMEHI0BaHHX)
3Ha4YeHb MMOKa3HUKIB

:

Busnavenns abcomoTHuX (PpakTHYHMX) 3HAUCHb

MOKa3HHKIB
_—

1

OO0uHCIIeHHS 3HAYeHb Bi/IHOCHHX
MOKa3HHKIB

:

OO0uHCIIeHHS 3HAYEeHHS CEPEAHBO3BAKEHOIO
apud}Me’quHoro IMOKa3sHHUKa

TL

AHani3yBaHHs pe3yJIbTaTiB OLIHIOBAHHS
TOKa3HHUKIB

|

3a pe3ynbTaTaMH OLIHIOBAHHS NPHITHATTS

Eran 9 pillICHHS 010 MOKJIHBOCTI 3aCTOCYBaHHS
BUOpaHOI TeXHOJIOriT
J
CHPOBHHa CHPOBHHA
NpHJIaTHa, HerpHu/aTHa,
TEXHOJIOTIIO TEXHOJIOTiI0 He
3aCTOCOBYBATH 3aCTOCOBYBATH

Eran IOX

3acTocyBaHHS BUOPaHOI TeXHOJIOTI]

Puc. 1 — AaropuT™m OIliHIOBaHHS CHPOBUHU IS BU3HAYCHHS 11 IPUIATHOCTI IO TIEpEePOOICHHS
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KoediuienT Baromocti
MOKa3HHUKA M

Puc. 2 — KoedimieHTH BaroMmocTi M MOKa3HHUKIB
CTaHy CTE€OJIOCTOIO JHOHY-OBIyHIIS

Hexaii, crebnocTiii JTHOHY-IOBTYHIIS, IO
JOCTIIKY€ETHCS, XapaKTePU3y€EThCS a0COMIOTHIUMH
3HAYCHHSIMH OKa3HUKIB:

1. JInst moka3HUKiB cT€0JI0CTOIO0, 32 3POCTAHHS
aOCONIFOTHOTO 3HAYEHHsA SKUX CTaH CTEOJIOCTOIO
apoHy kpammid (i=1,m, ge m=5): 3aranbHa
JoBxkuHa cteben nbony — P1 = 0,85 M; TexHiuHa
momxuHa cteben — P, = 0,7 M; miamerp creben
me0HY — P3 = 1,3 MM; BMICT BOJIOKHA y cTeOimax
nboHY — P4 = 19%; ypoxkaiiHicTh HACIHHS JbOHY —
Ps = 380 kr/ra.

2. JIng MOKa3HWKIB CTEOJIOCTOIO IJILOHY, 3a
3MEHIIEHHsT a0COJNIOTHOTO 3HAYEHHS SAKHMX CTaH
crebiocroro nboHy kpammit (j=1,n, e n=4):
MOJIETJIICTh  ¢cTe0sIocTor0 JIboHy — P1 = 3%);
3a0yp’sTHeHICTh CTEOJIOCTOI0 JIboHY — P = 6%);
MOIIKO/PKEHHS CTE0JIOCTOI0 JIhbOHY XBOpoOaMu —
Pz = 2%; Bosoricts HaciHHS TOHY — P4 = 25%.

Hns  komOaitHOBOi TexHoJOTil 30MpaHHA
JTbOHY-TOBTYHISE Y  (a3i  paHHBOI  KOBTOL
CTHIJIOCTI Ha OCHOBI JJaHMX HAYKOBOI JIiTepaTypu
tTa HOpMaTMBHHX mokymentiB (Dudarev, 2022;
eporccnooicuscmanoapm Yrpainu, 2004,
Conosves, 1989) BcTaHoBieHI 0a30Bi 3HAUCHHS
TTOKa3HHUKIB CTaHY CTEOIOCTOIO:

1. Jlns moka3HMKIB CTEOJOCTO JIbOHY, 3a
3pOCTaHHs abCONIOTHOrO 3HAYEHHS SKUX CTaH
crebioctoro JboHy Kpamuii (i=1,m, ge m =5):
3arajibHa JIOBXXKHHA cTe0eln IboHY — Pgys1 = 0,8 M;
TeXHIYHa JOBXKUHA cTeOer IboHY — Psuo = 0,6 M;
niametp creden — Pggs3 = 1,2 MM; BMICT BOJIOKHA
y ctebnax — Pgas4 = 18%; ypokaiiHicTe HaciHHSA
T60HY — Psas5 = 400 kr/Ta.

2. I TIOKa3HHKIB CTEOJIOCTOIO0 JIBOHY, 3a
3MEHIIICHHS a0COJIIOTHOI'O 3HAUYEHHS SKHX CTaH

crebiocroro JhoHy Kpammid (j=1,n, e n=4):
MOJIETITIICTh  CTEONOCTOI0 JBOHY — Paus1 = 5%);
3a0yp’SHEHICTh CTEOJIOCTOIO JTHOHY — Ppys2 = 5%;
MOIIKO/KEHHST CTE0IOCTOI0 JIhOHY XBOpoOaMu —
Psus3 = 5%; Bosoricts HaciHusg — Pg,s4 = 25%.

3BeleMO IOYATKOBI JIaHI Ta pe3yJbTaTH
00YHNCIICHHS] TTOKA3HHKIB SIKOCTI CTEOJIOCTOIO Ta
CEPEHHO3BAKEHOTO APUPMETUYHOIO MOKA3HUKA
CTaHy cTe0JIOCTOI0 A0 Tadammi 1.

Y  pe3ynprari  MPOBEACHHX  OOYHCIICHB
OTpUMaIIH 3HAYCHHSI CepeHbO3BAKEHOTO
apu(METUYHOTO TOKa3HUKA CTaHy CTeOIOCTOr0
JTHOHY-TOBTYHITT Qe 1,16, mo 3a10BOJBHSAE
yMoBy (12). Maemo Bumnamok, koiau ymona (12)
BHUKOHYEThLCS, aji¢ 3HAYCHHS OKPEMHUX BIJHOCHUX
MMOKA3HUKIB CTaHy CTEOJIOCTOI0 MeHmi 3a 1 (s
ypoxkaiHocTi HaciHHg nboHy — Ks'= 0,95; mis
3a0yp’ssHeHOCTI ¢TebI0CcToI0 MhoHY — Ky~ = 0,83).
BinxuneHHs noka3HUKa YPOXKAHHOCTI HACIHHA Bij
0a30BOTO 3HAUEHHS MOKHA BBA)KATH HE3HAYHHM,
OCKIJIbKH BigHOCHHUI mokasHuk Ks'= 0,95 > 0,9, a
BiIXWJICHHSI MOKa3HUKa 3a0yp’ SHEHOCTI JILOHY BiJl
0a30BOro 3HAYEHHS € 3HAYHHUM, OCKIJIbKHU
BigHocHuii mokasuuk K~ = 0,83 < 0,9. Orxe,
3aCTOCYBaHHS KOMOAHOBOI TEXHOJIOTIi 30MpaHHs
JBOHY 3 TaKuM TOKa3HUKOM 3a0yp’sTHEHOCTi
cTe0JIOCTOI JOMyCTUME JIMIIEe Y BUMAJKY, SIKIIO
pEXUMH POOOTH TEXHIYHHX 3aCO0IB JI03BOJISIOTH
e 3poourtu. Y pasi, SKIIO TEXHIYHI 3aco0H, 0
BHKOPHCTOBYIOThCS 332 KOMOAHHOBOI TEXHOJIOTii
30MpaHHsS  JbOHY-IOBTYHIIS,  HE  MOXYTh
3a0e3MeYnT HaJeKHE 30UpaHHs CTEOJOCTOH 3
TAaKUMH  XapaKTEPUCTHKaMH, TOAI HEoOXimHO
MIPOBECTH aHAJOTiYHE OIIHIOBaHHS CTEOJIOCTOIO,
ajie BXKE 33 HOBUMHU 0a30BMMHU IOKa3HUKAMU
QIBTEPHATUBHOI TEXHOJIOTii 30WpaHHS JbOHY-
JOBTYHIIA 1 Ha OCHOBI pe3yNbTaTiB NPUHHATH
pIIIEHHS MO0 MOXKIIMBOCTI i 3actocyBanHs. Ha
OCHOBI  TPOBEJICHOTO  OIIHIOBAaHHS  CTaHy
cTe0JIOCTOI0 MOXKHa 3pPOOUTH BHCHOBKH IIOJO
[TO1AJIBIIOTO MPU3HAYCHHS JUISTHOT CHPOBHHH.

BHKOPHCTOBYIOUM QJITOPUTM TaKOXK MOXHA
MPOBECTH OIIIHIOBAHHS JUISSHOI CHUPOBWUHH, Ha

OCHOBi SIKOTO TPUWHSATH PpilIEHHS M[mOa0 i
MOJAJBIIOT0  TPU3HAYCHHS Ta  JIOLUIBHOCTI
3acTocyBaHHS Ti€el uM 1HmIOL TEXHONOTil il

MIEPBUHHOTO NEPEPOOIICHHS.

Po3srisiHeMO 3acTOCYBaHHS 3aIIPOIIOHOBAHOTO
YHIBEPCAJIbHOTO aJITOPUTMY Ha MPHKIAAl JUITHOT
TpecTd (3 JBOHY-IOBIYHI), IO OTpHMaHa
IISIXOM POCSHOTO MOYIHHS Ta SIKY IUIaHYETHCS
nepepoOsIsITH 32 TEXHOJIOTIEI0  OTPUMAHHS
JIOBIOTO BOJIOKHA.
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Ta6auns 1 — [TouaTkoBi 1aHi Ta pe3ynbTaTH OOYNCICHHS CEPEIHBO3BAKECHOTO apu(hMETHIHOTO MMOKA3HUKA
CTaHy CTEOIOCTOO JTHOHY-AOBTYHIIS

[Noxazxux AbcomoTHe Bbasose Bupas, 3a axum BinnocHwmii Barosuit IMokazuux
CTaHy 3HAYECHHSA 3HAYECHHA PO3paxoBY€ThCA MTOKa3HUK KoedilieHT Qc
cTe0JIOCTOI0 IIOKa3HUKa IIOKa3HUKa BiIHOCHHI Ki*, Ki” Mei, Mej
Pij Péas.ij MOKa3HHUK
3aranpHa
AOBXKHHA 0,85 M 0,8 ™ (10) Ki'=1,06 0,15
creben
TexHiuHa
AOBXHHA 0,7m 0,6 m (10) Ko'=1,17 0,17
creben
Hiametp .
cTeben 1,3 Mm 1,2 mm (10) Ks"=1,08 0,05
BwmicT BojokHa . . o
y crebmax 19% 18% (10) K4*=1,06 0,20
YpoxaitHicTh _ 1,16
HaciHHS 380 kr/ra 400 xr/ra (10) Ks=0,95 0,12
[onermicth 0 0 -
cTe6I0CTOI0 3% 5% (11) Ki =167 0,08
3a0yp’tHEHICTh 0 0 -
cTe0I0CTOI0 6% 5% (11) Ky =0,83 0,07
ITomkomxeHHs
cTe0JIOCTOI0 204 5% (12) Ks =25 0,05
XBOpoOaMu
Bomoricts 0 0 -
HACiHHA 25% 25% (11) Ky =10 0,11
OCHOBHMMHU SIKICHUMH ITOKa3HHUKaMH, SKI koukopparnii Kenmamna W = 0,84, mo cBimuuTh

XapakTepu3yloTh JUISIHY TPECTy BIAMOBITHO 0
(Heporccnoorcuscmanoapm — Vrpainu, 2004), €
JOB)KMHA Ta BOJIOTICTb TPECTH, PO3TATHYTICTH
CTPIYKH TpPECTH JbOHY, BIJIOKPEMIIIOBAHICTH Ta
3aCMIYCHICTh TPECTH, BUXIJ JIOBrOT0O TillAaHOTO
BOJIOKHA Ta IHTEHCHUBHICTH BiIOUTOrO CBITIOBOIO
MOTOKY TOBEPXHEI0 TPEeCTH. 3a pe3yibraTaMu
OIIHIOBAHHS  EKCIIEPTAMH  BaroMOCTi  IMX
MMOKa3HWKIB OyNmu BHU3HAYEHI KoeillieHTH iX
BaromocTi (puc. 3): mosxuna tpectr — M, = 0,19;
BiJJOKpEeMITIOBaHICTh TpecTH — M. = 0,17; Buxin
JIOBrOT0 TIMaHOro BoJoKHA — M, = 0,25; BoJOricTh
Tpectu IboHy — M. = 0,13; po3TATHYTICTH CTpiUKH
tpect — M, = 0,07; 3acMiveHICTb TPEeCTH JBOHY —
m. = 0,05; IHTEeHCUBHICTb BiZOMTOrO CBITJIOBOTO
moToKy ToBepxHeto Tpectu — M. = 0,14. Cepen
MMOKa3HUKIB, SAKI PO3TIANAIACS EKCIIepTaMH,
HaWOIBII BAaroMUM € BHUXIJX JOBILOro TIITAHOTO
BojokHa (M. = 0,25), a HaliMCHII BaroMWM —
3acmivenictp Tpectd (M. = 0,05). Koedirmient

PO JIOCTaTHI) Y3TOJKCHICTh JYMOK EKCIIEpPTIB.
Ockinbku % = 35,28 > yn? = 12,59 (npu f = 6 Ta
o = 0,05), To HynboBa rinore3a Ho BiaxuaseTbes
Ta TyMKH YCiX ()axiBLiB € y3TOKEHUMH.

Hexaii, nnsHa Tpecra XapaKTepU3yeThCS
a0COJIOTHUMH 3HaYCHHSIMU [IOKAa3HUKIB:

1. Jnga moKa3HWKIB TpPeCTH, 3a 3pPOCTaHHS
a0COJIFOTHOIO 3HAYEHHS SKHUX AKICTh TPECTH JTbOHY
kpama (i =1,m, e M= 3): JOBXHWHA TPECTH JILOHY
— P1 = 0,55 M; BIIOKpEMITIOBaHICTh TPECTH JHOHY
— P, = 3,2; BuXig AOBroro TINAHOTO BOJIOKHA
nsoHy — P3 = 6%.

2. Jns NOKa3HUKIB TPECTH, 332 3MEHIICHHS
a0bCOJIIOTHOIO 3HAYEHHS SKHUX AKICTh TPECTH JbOHY
kpamia ( j =1,n, me N =4): BOJIOTICTh TPECTH JHOHY
— P1 = 21%; po3TATHYTICTh CTPIUKU TPECTH JIHOHY
—P2>=1,2; 3acmiuenictb Tpecta 1b0HY — P3=5,5%);
IHTCHCUBHICTh BIJIOUTOTO CBITJIOBOI'O IOTOKY
MOBEPXHEI0 TPECTH JbOHY-AOBTYHLS NpPUIIMaeEMO
P4 = 26 mroxkc.
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Puc. 3 — KoedimieHTr BaroMmocti M MOKa3HUKIB
SIKOCTI JUISTHOT TPECTH

Jis TeXHOJIOTiT TIEPBHHHOTO TepepoOIIeHHS
JUISHOT TPECTH 3 METOK BHJUJICHHS J[OBIOTO
BOJIOKHA Ha OCHOBI JaHUX HOPMATHBHHX
JTOKYMeHTIB ([Jepoiccnoocuscmandapm Vkpainu,
2004) BcranoBieHi 6a30Bi 3HAYEHHS TOKa3HHKIB
SIKOCTI JUISTHOT TPECTH:

1. Jlng TOKa3HWKIB TPECTH, 3a 3pPOCTaHHS
abCOJTIOTHOTO 3HAYEHHS AKMX SKICTh TPECTH JILOHY
kpamia (i =1,m, e m = 3): T0BXHUHA TPECTH JTHOHY
— Péws1 = 0,6 M; BIIOKPEMIIIOBaHICTh TPECTH —
Psus2 = 3,1; BHXig JOBroro TIAHOTO BOJIOKHA —
Psus3 = 5%.

2. JIma TOKa3HWKIB TPECTH, 3a 3MCHIICHHS
abCOJTIOTHOTO 3HAYEHHS SKHUX AKICTh TPECTH JILOHY
kpama ( j=1,n, me n=4): Bonoricte Tpectun —
Péws1 = 20%; pO3TATHYTICTh CTPIYKH TPECTH —
Psaws2 = 1,3; 3acmidenicth Tpectu — Psgiz = 5%;
IHTEHCHUBHICTh BIIOUTOTO CBITIOBOTO IOTOKY
TIOBEPXHEIO TPECTH — Pgys4 = 27 TIOKC.

3BeeMO IMOYaTKOBI JaHi Ta pe3yibTaTH
O00YHCIIEHHSI KOMIUIEKCHOTO TIOKa3HHMKa SIKOCTi
JUIsIHOL TpecTu 1o Tadauui 2. 3a pe3ylbraTaMu
00YKCICHh OTPUMANM IIOKa3HUK SIKOCTI TPECTH
aboHy Qc = 1,05, o 3agoBonbHse yMOBY (12).

Taéaunus 2 — [ToyaTkoBi AaHi Ta pe3yIbTaTH OOYNCIEHHS CEPEAHPO3BAKEHOTO apH(PMETHIHOTO TTOKa3HUKA
SKOCTI JUISTHOT TPECTH

[Noka3Huk sikocti  AOCoIIOTHE Bbasose Bupas, 3a sxum BignocHwmii Barosuit INoxa3Hux
JUISTHOT TPECTH 3HAYEHHS 3HAUYCHHS PO3paxOBYETHCS MMOKa3HUK KoeQiIieHT Qc
MMOKa3HUKa MOKa3HUKa BIITHOCHHI Ki*, K Mei, Mg
Pij P as.iij MOKa3HHK
JoBxuna ~

TpecTH 0,55 m 0,6 m (10) Ki=0,92 0,19
Bimoxpemito- .

BaHICTH TPeCTH 3,2 31 (10) K2*=1,03 0,17
Buxin nosroro o . .

TiIIaHOTO BOJIOKHA 6% 5% (10) Ks'=1,2 0,25
Bonoricts 0 . .

TpecTH 21% 20% (11) Ki"=0,95 0,13
PosTarayricth __ 1,05
CTPiUKH TPECTH 1.2 13 (11) K" =1,08 0,07

3acMiueHiCTh . . .
TpectH 5,5% 5% (11) Ks =0,91 0,05
IHTeHCHBHICTD
BiIOMTOTO
CBITJIOBOI'O .
HOTOKY 26 JIIOKC 27 JIroKC (11) Ks =1,04 0,14
ITOBEPXHEIO
TpecTu
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OpHak, 3HAYCHHS OKPEMHX  BIJHOCHHX
MMOKA3HUKIB JUISHOI TpecTw MeHIm 3a 1 (s
nosxunn Tpectd — Ki'= 0,92; mns Bomorocti
tpectn — K1~ = 0,95; mis 3acMiueHOCTI TpecTH —
Ks™ = 0,91). BigxunenHs ycix TppOX IMOKa3HHUKIB,
mo MeHm 3a 1, Big 0a30BHX 3HAYE€HL MOYKHA
BBaXKaTH He3HAYHMMHU, ockinbku: Ki'= 0,92 > 0,9;
K:i7=0,95>0,9; Ks=0,91>0,9.

OTxe, 3aCTOCYBaHHSI TEXHOJIOTIT MEPBUHHOTO
nepepoOJIeHHsT JUITHOI TpecTH, 1o Nependavae
OTPHUMaHHS TOBI'OT'O BOJIOKHA, MOMJIHBE, OCKUTEKH
JUISTHA TpecTa MPHUAaTHA ISl [IbOTO.

BHUCHOBKHA

Po3pobmeno  yHiBepcalbHUN  aNTOpPUTM
OLIIHIOBAaHHA TPHIATHOCTI POCIMHHOI CHPOBHHU
JUTS TIEpepOOJICHHS 3a TEBHOIO TEXHOJIOTIEr0 abo
CTaHy  CTeOJIOCTOI0  CUTBCHKOTOCIOJAPCHKHX
KyJbTYp, 30KpeMa JyO’stHuX, A Horo 30upaHHs
3a TMEeBHOW TexHoioriero. Ha mpukmagax
CTeOJIOCTOI0 JIHOHY-IOBTYHIIL 1 JIITHOI TPECTH
Oymo ampoOOBaHO pPO3POOJICHUN QITOPUTM Ta
O0YHCIIEHO  cepegHbO3BaXKeHI  apudmeTHyHi
MTOKa3HUKH CTaHY CTEOJIOCTOIO JHOHY-IOBIYHIIS 1
SKOCTI JUITHOT TPECTH, a TaKoXX BCTAHOBICHO
MPUIATHICTb, BIAMOBIAHO, CTEOIOCTOO JILOHY IS
30MpaHHAs 3a KOMOAiHOBOIO TEXHOJIOTi€l, a
JUISTHOT TPECTH — IUIsl TIEPBUHHOTO TepepoOIeHHS
32 TEXHOJIOTi€l, M0 Tmepeadayae BHIIIICHHS
JIOBroro BOJIOKHa. Llel anroputM MoOXKHa
3aCTOCOBYBaTH sl OyJb-fKOI  POCIHMHHOL
CHPOBHHHM 3 METOIO0 BU3HAYCHHS 11 MPUIATHOCTI 110
nepepoOIICHHS 32 MIEBHOIO TEXHOJIOTIETO.
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ABSTRACT

An analytical-numerical approach for studying the dynamic stress
state of foam materials (auxetics) with negative Poisson’s
coefficients is developed in the article. Auxetics have the property
of expanding during axial stretching. This effect results from the
unique structure of these materials, which are formed by
combining different types of nanotubes. Special interest in
auxetics arises during the development of methods for increasing
the operational characteristics of classical materials by creating
structures that have adaptive mechanical reactions to external
influences. To model the dynamic stress state, the Cosserat
moment continuum model with compressed rotation — the couple
stress elasticity — was used. The development of the analytical-
numerical approach was carried out with the simultaneous use of
the Fourier transform in the time variable and the method of
integral equations. The use of such an approach made it possible
to reduce the solution of a non-stationary problem to a finite
system of the issues written in the form of a system of integral
equations with established singular features. Analytical equations
for determining radial stresses in the medium in integral form
were obtained in the article. Numerical modelling was carried out
for the case of an infinite structural-inhomogeneous medium
weakened with tunnel cavities. The numerical analysis was
carried out for the case under the action of an impulse load
applied to the boundary of the tunnel cavity in the radial
direction. Based on the developed approach, the distribution of
dynamic radial stresses in foam materials with a positive and
negative Poisson’s ratio was studied. The impact of the impulse
duration on the stress state of the bodies made with classical and
auxetic foam was studied. The developed approach makes it
possible to evaluate the influence of the change in the
microstructure of the material on the propagation of non-
stationary processes in foam materials with a positive and
negative Poisson’s ratio.
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AHOTAILIA

Pospobreno ananimuuno-uuciosusi. nioxio 07 OO0CHIONCEHHS
OUHAMIYHO20 HANPYNHCEHO2O CMAHY NIHUCMUX Mamepianie i3
610 ‘emuum xoeghiyicnmie Ilyaccona — ayxcemuxie. Ayxcemuxu
MAome  61ACMUBICIb  PO3UUPIOBAMUCA 34 0Cb0BO20 PO3MALY.
Leii egexm € pezyibmamom 0coOIUBOT CMPYKMYPU MAKUX
mamepianie, wo opmylomsbcs WiAxom KomoOinayii pisnux eudie
Hanompybox. Ocobnusuii inmepec 00 AyKCemukié SUHUKAE Ni0
yac po3pobnenHs Memoodi6  NIOBUWEHHS — eKCHIYAmayitiHux
Xapakmepucmux KIACUYHUX Mamepianié ULIsIXOM CMBOPEHHS.
CIPYKMYP, Wo Maiomv a0anmueéHi Mexaniuyni peakyii Ha 3068HIUHI
enaugy. [ MoO0eno8ants OUHAMIYHO20 HANPYIHCEHO20 CMAHY
BUKOPUCMAHO MOOelb MomemHoeo koumunyymy Koccepa 3i
CMUCHEHUM O00EpMAHHAM — MOMEHMHY Meopilo NPYHCHOCHI.
Ilobyoosu  ananimuuno-yuciosoco  nioxody  30iUCHeHO  3a
cymicHo2o eukopucmanus nepemeopenns Pyp’ec 3a uacom ma
Memo0dy [HmeSparbHux pieHsHb. Bukopucmanus yvboeo nioxoody
003801UNI0  36eCMU  PO368 S3AHHS HecmayioHaphoi 3adavi 00
CKIHYEeHHOI cucmemu 3a0ay, Wo 3anuUcaHi y 6uenadi cucmemu
IHMeZpanbHUx PpIGHAHb, AKI MAOMb YCMAAEHI  CUHSYAAPHI
ocobonugocmi.  OmpumaHo  3aneHCHOCMi 01 BUSHAYEHHS
PAdianbHUx HANpydcenb y cepedosuyi 68 iHmespaivbHiti opmi.
Yucnose mMoOenio8anHs nposeoeHo 0 SUNAOKY HECKIHYEeHHO20
CMPYKMYPHO-HEOOHOPIOHO20 — cepedosuuid, Wo  nociabiaene
MYHeNbHUMY NopodcHUHamuy. Yucrosuii ananiz nposedeno 0.4
8UNAoKy Oii IMNYIbCHO2ZO HABAHMAICEHHS, WO NpuKiaeHe 00
epaHuyi MyHeIbHOI NOPOJCHUHU ) paodiaivHomy Hanpsamky. Ha
OCHO8I p03p00OIeH020 NiOX00y 00CHI0HCEHO PO3NOOIN padiaibHUX
HANpyscens y NIHUCMUX Mamepianax i3 000amuim ma 8i0 eMHUM
xoegiyienmom Ilyaccona i 6ugueHo 6nius mpugaiocmi iMnyIbCy
Ha Hanpyxcenutl cmax min. Pospobnenuti nioxio o0oszeonse
OYiHUMU BNIUE 3MIHU MIKDOCMPYKMYpU Mmamepiany Ha nepedie
HeCmayioHapHux npoyecig y NiHUCMUx mMamepianax iz 000amuim
ma 6i0 emuum Koegiyicnmom Ilyaccona.
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CTAH IIUTAHHA TA IOCTAHOBKA
INNPOBJIEMH

B ocranHi poku 3HaYHAa KiIBKICTh HayKOBUX
Ipalk MPUCBSYEHA CTBOPEHHIO HOBOTO KJIACy
MarepiamiB — ayKCeTHKIB, IO MArOTh Bil €MHUH
koedimieHT I[lyaccona. Lleit edekt € pesynbraTom
0co0NMMBOI  CTPYKTypH LMX MaTepiaiiB, IO
(hopMyrOThCS TIITXOM KOMOIHAIi PI3HUX BHIIIB
HaHOTpyOOok. OcobnuBuii iHTEpeC 10 ayKCETHKiB
BHMHHKAE MiJ] 9ac Po3pO0JICHHS HayKOBUX METOIB
MIBUINEHHS EKCIUIyaTallifHAX —XapaKTEePUCTHK
KJIACMYHUX  MaTepialiB  [UIAXOM CTBOPEHHA
CTPYKTYp, ULIO MaloTh aJalTHBHI MeEXaHiuHi
peakmii Ha 30BHIMHI BIUmMBH. llepeBakHa
KUTBKICTh HAYKOBHX JOCIHIDKCHB, pPE3yJIbTaTH
SKHX TIPEACTaBIeHI y TEXHIYHIH JiTepaTypi,
MPUCBSYEHA MHUCTUM ayKCETHK-MaTepiaiam, 110
MaloTh LIMPOKE 3aCTOCYBAaHHS Ta MOXYTb OyTH
BHUI'OTOBJICHI 13 TIOJIIMEPIB.

Y 3B’M3Ky 31 3pOCTaHHSAM BHUMOI [0
KOHCTPYKIIIHHUX MarepiaiB B OCTaHHI pOKH
IIMPOKOTO PO3BUTKY HAOynIHM HEpYWHIBHI METOIU
niarHoctyBanHs MarepianiB (Ostash et al., 2013;
Ostash et al., 2014; Skalsky et al., 2014; Kypurax
& Hasapuyk, 2011), mo MOXyTb OyTH
3aCTOCOBaHI Ui JOCHIMHKEHHS BIaCTHBOCTEH
AYKCEKTHKIB.

VYV mnaykosiii mpari Evans (1991) ommcano
iHTepec 10 ayKCeTHKiB y 3B’A3Ky 3 OCOOIMBUMHU
BJIACTUBOCTSIMHM LIUX MaTepialiB: MOAYJb 3CYBY
[IUX MaTtepiajgiB MOXKe iICTOTHO IMEpPEBHUIINYBATH iX
00’eMHHH MOAYJH MPY>KHOCTI, IO JliaMeTPaIbHO
MPOTHJICKHO  MOPIBHSAHO i3  KJIACHYHHMU
Mmarepianamu. Y HaykoBii npaui Kurashige et al.
(2005) ommcaHi  JOCHIIKEHHS  MOBEIIHKH
MIHUCTHX CEPEJIOBHII, HACHYCHHUX PIIMHOI0, 3a Jii
panTtoBoro  HaBaHTaxeHHS.  Marepianu i3
Bim’eMmuuM koedimienrom Ilyaccoma MaroTh
0COOJIMBI aKyCTHYHI BIIACTUBOCTI, 1110 TIOB’sI3aHi i3
cTpykryporo aykcerukiB (Chen & Lakes, 1989).

OCHOBHMH METOJ OTpPUMaHHA MiHHCTHX
ayKCeTHWYHWX MarepialiB, SKAH OMUCAaHO Y
HaykoBux npamsix (Brandel & Lakes, 2001; Friis
et al., 1988; Lakes, 1991; Lakes, 2016; Rueger &
Lakes, 2016), mossirac y BCeGIYHOMY CTHUCKY
MOYaTKOBOTO ITHUCTOTO CepeloBHUIA 13 HOro
HarpiBaHHSAM [0 TEMIIEpaTypH PO3M SKLICHHS Ta
MOJAJIBIINM  OXOJOMKEHHAM 1O  KIMHATHOI
TEeMIIEPATypH.

AHami3 MIKpOCTPYKTYpU OTPUMaHUX ITiHO-
AyKCETHYHHX CEPEIOBHII I10Ka3aB, 10 Y Hpoueci
OTpUMaHHS MaTepiary pedpa mop MPOTHHAIOTHCS
yCepeauHy, TOMY 3a PO3TSTY WX TiJ MOTEPEYHUH

nepepi3 30UTBIIYETHCS, SK OMUCAHO Y HAYKOBIiH
mparii  (Friis et al., 1988). 3unayna KijgbKiCTh
HAayKOBHX pOOIT TMpHCBSIYEHA JIOCIHIHKEHHIO
OCOONMBHUX  BJIACTUBOCTEH  MarepiamiB i3
Bix’eMHNM KoeoimieHTom Ilyaccona. ¥ HaykoBii
npaii (Rueger & Lakes, 2016) Bu3HaueHo mpysxHi
XapaKTEePUCTUKU MIHUCTUX ayKCETHKiB, IPUIOMY,
i3  ypaxyBaHHSM BIUIMBY  MIKPOCTPYKTypH
cepenoBuIa. 3 OTJsly Ha 3a3HaueHe, BUBUCHHS
MOBENIHKH TAKMX HETPATUIIHUX MaTepialiB sK
AyKCeTWKH € BAXJIMBUM 13 TOYKH 30py
(yHIaMEHTATBHUX JTOCIIPKCHb Ta TMPAKTUYHOTO
3aCTOCYBaHHSI.

MeTa JociaifykeHHA —  pO3poOJeHHS
METOJIUKU OIIIHIOBaHHS 3MIHM CKCIUTyaTaliiHuX
XapaKTEePUCTUK IMHHUCTUX ayKCETHK-CepEeIO0BHIII,
mo TmociaabieHi TyHeNbHHMH MOPOKHUHAMH
JOBIIBHOTO —Tepepidy, 3a Ail  iMIIyJbCHOTO
HABaHTAXEHHS, SKe MPUKIAICHE M0 1X TPaHHIIL.
AHAJIITHKO-YMCIIOBA METOJIUKA pO3po0iIcHa st
MOJIYPETaHOBUX CTPYKTYpP Y paMmKax IICEeBIO-
koHTHHyymMa Koccepa, mo Jae MOXKIHBICTh
YpaxoByBaTH BIUIMB MiKPOCTPYKTYPH MaTepiay.

MATEPIAJIN I METOJAU

PosrasiHemMo mpyXHE MIHUCTE 130TpOITHE
ayKCETHK-CEpeIOBHILE, MOCIa0lieHe TYHEIbHOIO
nmopoxkanHO0. llozmaummo depes L fioro
rpanuuio. Bignecemo Horo po JlekaproBoi
CHCTeMH KoopauHaT xwxox3 (pue. 1), sy
pO3MiCTUMO y 1eHTpi Bary Tina (touka O). Bick x3
CHPSIMYyEMO B3JIOBXK OCI TIepepi3y.

X2

X3

/

X1
Puc. 1 — MonemoBaaHsI 00’ €KTY JOCIHKCHHS

Hocmigumo po3momin y Timi AWHAMIYHHAX
pamiabHUX HaNpyXeHb 3a [ii IMITyJIBCHOTO
HAaBAaHTKCHHS, 10 TMPHUKJIAJIEHE [0 TPaHMII
MMOPOXKHUHU. 3a YHUCIOBUX PO3PaXyHKIB 3MiHY
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THTEHCHBHOCTI IMITYJIbCY 3 4aCOM MPEICTaBHMO Y
BUTJISIAL:

H(r)=pc e, r>0,n.>0, Q)
e P, Nx ox — ctami; T = Cit/a — 6e3po3mipHmMit
4acoBUil mapaMerp, Ci1 — IIBHIKICTh XBHIIb
PO3IINPEHHS, ¢; = (l+2/1)/ p , p —TyCTHHA; L,

A — crani JIame; a — neskuil xapakTepHUH po3Mip.

JocnikeHHsT IWHAMIYHOTO — HANpY>XEHOTO
CTaHy IMHUCTHX CEPEHOBHIN IPOBEAEMO i3
BUKOPDHCTAHHSM pPIBHSHHS MOMEHTHOI Teopii
MPY>XHOCTI 31 CTHCHEHHM OOEpTaHHsSM — amapar
nceBIOKOHTHHYYMY Koccepa, 1mo BpaxoBYIOTh

BHYTPIIITHI# MOMEHT KUJTBKOCTI pyxy
MmikpouacTiHOK (Savin & Shulga, 1967):
(A +2u)grad divu +
B d%u 2)
+rotrot| — AU — =p—,
[4 - ] e

ne A — onmeparop Jlammaca; u(x, t)=[u;(x, t)],
j = 1, 2 — Bektop mepemiieHb; X = (X1, X2); B —
CTaja, IO BIANOBIJa€ MIKPOCTPYKTYpi Marepiamy
(B=y+e).

I'pannyni ymMOBHM 3ajadi 3amuCylOThCS Y
BUTJIAIL:

O-r||_ = GO¢(t)' z-r0||_ = 0 . (3)

[IpencraBumo BekTop mepemimieHs U(X, t) y
BUIJISIAI CyMH TNOTEHLIAJBbHOI ¢ Ta BUXPOBOI ¥
(hyHKITIH:

u=grade+roty . (@)
[MigcraBuBmy (4) y piBHSHHS (2), OTpUMAaEMO

IBa PIiBHSAHHS TinepOOJiYHOro Ta mapaboIiyHOro
THITY:

1 &%
1
2 1 821//
I Al//—Al//'FC—Z?:O, (6)

2

Je C» — MIBUAKICTh XBUIIb 3CYBY, C, =/l p ; |-
MacimTabuuii hakrop, 12 = B/(4).

I3 orpumanux piBHsAHB (5) Ta (6) 3po3ymino,

0 Yy MOMEHTHOMY IceBIokoHTHHYyMi Koccepa

XBWJII 3CYBY 1 XBWJI TIONEPEYHOTO OOEpTaHHS

MarOTh JUCIEPCiiHI BIACTHBOCTI Ta yYTBOPIOIOTH
XBHWJII 3CyBYy-00€pTaHHS.

3acTOCYyeEMO 10 OTPHMAaHHX XBHJIBOBUX

piBHSIHL TepeTBopeHHS Dyp’e 3a YacOBOIO
3MiHHOIO U
f(x @)= [ f(x tedt, 7
lle 1mo3BOMMTH BHU3HAYUTH  MIBUIKICTBH
TIOMIUPECHHSA XBUJIb:
c3=\/C2(1/C§+4|2a)2 +C,)/2, (8)
2o o, (2 +alPa? —c,)12. (9)

SanexnocTi (8) Ta (9) mokasyrwTh, IO MPH
| — 0 mBuakicte mepmoi 3 XBWIb C3 — Ca, a
Apyra, 3 YsSBHHM XBHJIBOBUM YHCIOM i®/Cs,
3HHUKAE.

3acrocoBytoun neperBopeHHs ®yp’e (7) mo
piBHAHHS (2), OTPUMAaEMO aHAJIOTH PIBHSIHb
yCTalleHUX KOJIMBaHb 13 MUKIIYHOIO YaCTOTOO ('

~ B ~
B (10)

nie U ;— Dyp’e-306pakenHs nepemimiens; & =0 ,U; .
BuokpeMuBIIIM BIUIMB 4acoBOTO (akTopy,
MOJAJbI JIOCHTIJPKCHHST OyJeMO TPOBOJUTH B
obnacti ®Pyp’e-300pakeHb. ['pannyni ymoBH
3a/1a4i B 300payKEHHSX 3BOJSATHLCS 0 BUTIIIAY:

&r||_ :O'0¢(60), z‘:‘r€||_ :01 (11)
ne q; (w) — Oyp’e-300pakenns ynkiii (1).
Jlnst  po3B’si3aHHSI MOCTABICHOI 3aga4i B

obmacti Pyp’e-300pakeHb BHKOPHCTAEMO METOT
TPaHUYHUX I1HTETPATHHUX PIBHAHL. Y BHITAIKY

mepmioi  OCHOBHOI  3aJayi  MOTEHIIAIbHE
300paKeHHS  3arajlbHOTO  PO3B’SI3KYy  JUIA
TepeMileds  BHOEpeMO y  BUTIIAMI, IO

MpeCTaBIeHo y HayKoBi# mparti (Bonnet, 1995):
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0, (X, a))szj(XO,m)-u]fk(x, X%, w)ds, (12)

1€ P1, P2 — HEBIZOMI TOTEHIANbHI GyHKIIT; K = 1,
2; L — rpaHums mepepisy TyHEIbHOI TOPOKHIHH.

InrerpyBanns piBasHHs (12) B310BX rpaHuii
IIPOBOUTECA 32 3MIHHEMH X° = (X_; X5 |

Y pamKax MOMEHTHOTO TICEBJIOKOHTHHYYMY
Koccepa mnpencraBmenHs mms 3o6paxkens Uk
noOysoBaHe JUIs BUMNAJAKY BpPaxyBaHHS YMOBH
BHUIIPOMiHIOBaHHS 3oMepdenpaa:

* KJ * M

ne U — dyHmaMeHTaIbHIH TEH30p HepeMilleHb
KJIACUYHOI Teopii MpyKHOCTI.

OyHmaMeHTaIbHUN  TEH30p  IepeMillleHb
KJIACUYHOT Teopil Mpy»KHOCTI:

* KJl

1
Ui =7—Ko(x,r)dy +
2mu

. (14)
+—26k6j (Ko (111) = Ky (5,1))),
K3
ne U — dyHnameHTanpHUil TeH30p, AKHMi

BpaxoBye 00epTaibHO-3CYBHI jgedopmariii y
niceBokoHTHHYYMI Koccepa.

OyHAaMEHTAIbHUM TEH30p, W0 BPaxOBYE
BIUIMB  00epTanbHO-3CyBHHUX jAedopmamid y
niceBokoHTHHYYMI Koccepa:

* M D
Us" =———A(AS) ~8,0,; )DuKq (K1) , (15)
27

ne xm = iowlcm; m = 2, 3, 4 — XBWILOBI 4uCIHa;
Ko(kmr) — wmoaudikoBana ¢ynkuis beccens
TPETBOr0 POJY HYJIBOBOTO MOPSAKY (GbyHKIisS

Maknionanpna); = \/(Xl %)%+ (X, —x9)? -
Bigcramsb; j, k=1, 2.
Crami piBasHHS (15):

2.2
_ GGy

(i +cl)’

Jns  3aJ0BONICHHS yMOB Ha  TpaHUIl
nopoxanHU (11) po3paxyemMo Hampy>KeHHs 3a
¢dbopmynamu (Savin & Shulga, 1967):

G = Oy 42'0'22 N

1( o .
"‘Z(e 2I6’(‘711 —0op+i(r, + 721))+ (16)
+ ezm(o-ll — 0y — (7, + TZl)))’

~ Tio —T
12 21
TI’@ T —+

+jz(e2in9(o.ll_o'22 —i(T]_z +T21))_ (17)
_ e_zia(o.l1 —0y +i(r, + Tgl))),

Ie 8 — KyT Mi>k HOpMaJLTIO JI0 TIOIIAHKH Ta BiCCIO
Oxl.

[Migcranstoun (12) 3 ypaxyBaHHSAM BUpa3iB
(14)-(15) y dopmymu (16) ta (17), orpumaemo
IHTerpalbHi IpeACTaBICHHS BUY:

G, =J(fj(x,x°)pj)ds, (18)

L
7o = [ (g, (xx° ), s, (19)

ne f i1 9 — BijoMi pyHKIIIT.

BuokpemuBmm HEeperyJsapHi CKJIaJIOB1
migiHTerpanbHuX  (QYHKOIH  Ta  TPOBIBIIHA
IpaHUYHUMN Mepexiy Ha OCHOBI Gopmy [Tnemers-
Coxomproro y 3anexHoctsx (18) Tta (19),
OTPUMAEMO CHUCTEMY IHTETPAIHUX DIiBHSHbB IS
BHU3HAUYCHHS HEBIJIOMHX Ha MPAHUI (YHKIIIH:

Re(q)/2 + V.p.I fl(x, xo)ng +
L

- (20)
+V.p.j fz(x, xo)ng7 =046 (),
Im(q@—(l /02)2))/2+
+v.p._[gj(x, x°)ng“+ (21)
L
+v.p._[gj(x, x°)qd5=o,
L
ne pds=-iqd$; p=p,+ip, — HeBigoMa

dymxuis; ¢ = x] +ix; .
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Y piBugHHAx (20) Ta (21) iHTerpanm
PO3YMIIOTBCSL Y CEHCI TOJIOBHOTO 3HAUYCHHS.

Hesimomi Ha rpannii QyHKIIi BHU3HAYAIHCS
YHCIOBO HA OCHOBI METOAUKHU, PO3BHHYTOI Y
Haykosiii mpami (Shvabyuk et al., 2015), ska
IPYHTYETHCS Ha CYMiCHOMY BUKOPUCTaHHI METOY
MEXaHIYHUX KBaJpaTyp Ta KOJIOKaIii. ¥ pamkax
3aMpoNIOHOBAHOTO ANTOPUTMY JUTSI iHTETPaiB, 110
MicTSTh ocobnuBocTi Tumy Ko, BUKOpHCTaHO
KBaJpaTypHi (OpPMYJIM MiABHIIEHOT TOYHOCTI.
BukopucTanHs 1pOro mifAXoxy IO3BOJIMIIO 3BECTH
3alauy JIO0 PO3B’sA3aHHS CHCTEMHU JIHIHHUX
anreOpalyHUX PiBHSHB.

Jns  nociiJuKeHHST JUHAaMi4HOI MOBEIIHKH
MHUCTUX ayKCETHK-CepEeI0BHIIL 3a pisil
IMITYJIbCHOTO HaBaHTA)KEHHSI, IO MPHKIAAEHE /10
IpaHMLli IOPOXXHUHM, IPOBOAUBCS PO3PaXyHOK
pamiambHUX HANPYKEHb Y TLTi:

5 =v.p.j £5(x, x)p,ds. (22)

3HAXOOUINCS 13
00EpHEHOTO

OpuriHanu  HampyXeHb
BUKOPDHUCTAaHHSAM  JIUCKPETHOIO
nepeTBopeHHs Dyp’e:

K-
exp(Zm n_k) -
= K

(23)

or(T )=

K—1~
_Zar(a)n) J
n=0

’ﬂll\)
M

ne K — KiTbKICTh €JIEMEHTIB JUCKPETHOI BUOIPKH;
wn = 27znlT — dwacroru BuGipku; Tk = KT/K;
k=0..K—-1- ¢ikcoBani MOMEHTH Hacy.

Hns  onTumizamii 4YHCIOBHX PO3paxyHKiB
npencTaBieHHs (23) oO4McIIOBANOCS Ha OCHOBI
BiJJOMOTO aJTrOPUTMY IIBUJAKOTO JUCKPETHOTO
neperBopenst @yp’e (Ramamohan et al., 2010)
npu K = 2" (1e m — wine goxatHe 4yucio).

PE3YJIbTATHU AOCIAIAKEHHA
TA OBrOBOPEHHA

I3 BuKopucTaHHSIM pPO3pO0IEHOI METOIUKH
JOCIIKEHO MTUHAMIYHUK  HANpy)KEeHUH CTaH
MiHUCTOTO ayKCETHK-CEPEAOBUINA, MOCIa0ICHOTO
TYHENBbHOIO  IHMJIIHIPUYHOIO  MOPOXKHHUHOIO.
YwncioBi po3paxyHKH IUHAMIYHUX pafiallbHUX
HaIpPy>KEHb BUKOHAHI JIJIS1 IIHUCTOTO TOJIypeTany
i3 Bin’eMHUM KoedinienTom [lyaccona, miis sKoro
y HaykoBiii mpaui (Rueger & Lakes, 2016)
BH3HAYCHO (DI3MYHI XapaKTCPUCTUKH: TyCTHHA —

96 kr/m*;, mMomyns 3cyBy — G = 16 xIla;
Mmacmtabuuid pakrop — | = 2,3 mMwm; koedimieHT
[Tyaccona—v =—0,8.

Ieti aykceTWk-mMarepial  OTpUMaHO i3

MIHUCTOTO TOJIiypeTaHy 3 XapaKTePUCTUKAMHU:
TYCTHHOIO, IKA CTAHOBHTH p = 30 Kr/M°; MOMyTeM
3cyBy G = 45 klla ta momatHiM Koe(imieHTOM
ITyaccona v = 0,4. Marepian OTpUMaHO MUIIXOM
BCEOIYHOTO CTUCKaHHA 13 HarpiBaHHAM [0
TEeMIIEpaTypH po3M SIKIIEHHs. Y pe3ynbTati pedpa
IOp Marepialy BIHHAIOTHCSA BCEpPeaAHWHy. 3a mil
PO3TATYBAIBHOTO HAaBaHTAXKEHHs L€l Marepian
PO3ILIMPIOETHCS. BHACTINOK PO3KPUTTA Ha 30BHI
YBIrHyTHX pebep Tmop. Pe3ymbrath dYuCIOBHX
pO3paxyHKIiB BIIHOCHUX pajliaJbHUX AWHAMITHHX
Hampy>KeHb Ui IIHHCTOrO  Marepiaty i3
Bim’eMHUM 3HaueHHsM Koedimieata Ilyaccona
MpEeACTaBIICHI Ha puc. 2, a. AHaJIOTIYHI
pe3ysibTaTH  PO3PaxyHKIB  JJIs  MIHHCTOTO
MaTepiaiy 3 nonmatHiM KoediumieHToMm Ilyaccona,
orpuMani y mpami (Mikyniu, 2017), moka3ani Ha
puc. 2, 6. Yuciosi po3paxyHKH IJISI TPUBAIOCTI
iMOynbcy 7= = | BHUKOHAHO Uil BHUIAJAKY, KOJIH
[IPUKJIAJICHEe 0O I'PaHMI HAaBaHTA)KEHHs 3a/laHe Y
Burmsni npeacrasienns (1) mpu o = 10, p” = 185,
n=2.

Amnanizytoun rpadiyHi 3aJeKHOCTI Ha puc. 2
JIOXOAMMO BHCHOBKY, MO 3a il IMIyJIECHOTO
HaBaHTAXXEHHS PO3MOJUT pajialbHUX HampyXeHb
y MiHUCTOMY CEpeAOBHIII Ma€ 3HAKO3MiHHUN
xapaktep. llommpeHHss iMmyabcHOi XBWiIi B
AyKCETHKaX Ta HEayKCeTUKaX XapaKTepU3yeEThCs
HasBHICTIO TOJIIB SIK PO3TATYBAIBHUX (IiJ dYac
MIPOXO/DKEHHS IMITYNIbCY), TaK i CTUCKYBabHUX
(Tmicimst  TPOXOKCHHS  IMITYJIBCY) HAIPYKCHb.
CTHCKyBaNbHI HampyXeHHs, 1[I0 BHHUKAIOThH
MiCJIs MPOXO/HKEHHsI IMITyJIbCHOTO HAaBAHTaXCHHS
y  WHUCTHX  Marepianax i3  BiI €MHHUM
koedimienTom [lyaccoHa € MeHmmMHu y 2,2 pasu
MOPIBHIHO 13 BiJMOBIAHUMH HaNpY>KCHHSMH IS
[IOYaTKOBOTO MaTtepiaiy.

YuciioBi  po3paxyHKH —TPOJEMOHCTPYBAIIH,
0 B ayKCEeTHK-Marepianax 3a Aii iMITyJIbCHOTO
HaBaHTA)XEHHS € HE3HAYHA KOJIMBHICTH PO3MOALTY
IUHAMIYHUX HampykeHb y Mexax 0,5-1%. [nsa
JOCIHI/DKEHHST IHOTO e(eKTy MPOBEIEHO YHCIOBI
PO3paxyHKH [Uis Pi3HOI TPHBAIOCTI IMITyJIbCY
[IPUKJIAICHOIO HABAaHTAXEHHSI.

Ha puc. 3 npencraBieHi pe3yiabTaTH I
BUMNAJKY, KOJIH TPHUBATICTh IMIYJbCY CTaHOBHTH
= = 0,5. AHani3yroun TpadivHi 3aJeKHOCTI Ha
puc. 3 10XOAMMO BHUCHOBKY, IIO 3a 3MEHIICHHS
TPUBAIOCTI IMIYJbCYy BiIOYBa€ETbCS 3POCTAHHS

115



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHY, 2022, Bun. 48

AGRICULTURAL MACHINES, 2022, Vol. 48

KOJIMBHOCTI PO3MOJTY BIIHOCHUX JUHAMIUHUX
pamialpHUX — HAmpy>KeHb, W0 TOB’SA3aHO 13
MIKpOCTPYKTYpOIO  aykcetwkiB. Ile  Takox
MATBEPAIIA YHCIIOBI PO3PAXyHKH JUIS IMITYJIBCIB
tpuBaiictio = = 0,25 Ta = = 0,1. st o~ = 0,5
KOJIUBHICTDb PO3MOAUTY AWHAMIYHHUX HalpyXeHb
CTaHOBHTh ONM3bKO 2%, a 1 = = 0,1 — 6,5-7%.
[IpoBemeni  9uCIOBI  pO3paxyHKH U
MiHUCTUX ayKCEeTHUK-MaTepianiB 13 3HaueHHAMH

| 6/
0,8
0,6

04 H
0,2

koedimienta [Tyaccona v = — 0,13 (Lakes & Lowe,
2000), v = — 0,19 (Friis et al., 1988), v = — 0,26
(Lakes & Lowe, 2000) aeMOHCTpPYHOTH, IO 3a
3MiHm  koedimienta IlyaccoHa  KONMHMBHICTH
PO3MOALTY paliallbHUX HAMpPYyKEHb 3MEHIIY€EThCSL.
OnHOYacHO BHWKOHAHI YHCJIOBI PO3PaxyHKH IS
MMHACTAX MaTepialiB i3 moAaTHIM KoedillieHTOM
ITyaccona 3a pi3HOi TPUBAIOCTI HaBaHTAXKCHHS
IUX €EKTiB HE BUSBIIIH.

e}
0 R

-0,2 ! !

25 30

30

Puc. 2 — Po3nonin tuHaMivHUX palialbHAX HAMIPYKEHb Y MHUCTOMY TOI1ypeTaHi
3 Bix emHuM (@) Ta qonaTHiM (0) koedirientom [lyaccona:
1 — Ha rpaHuI MOPOKHUHK; 2—8 — y Tiepepizax Ha Bijcrtani 6 = (2...8)R Bix HeHTpY MOPOKHHUHU

1.2 [ o./0y

1
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Puc. 3 — Po3mozin nuHaMigHIX pagialbHAX HAPyKeHb Y MIHACTOMY ITOJIIyPETaHi i3 Bil’ EMHIM
koedinientom [lyaccona 3a TpuBanocti immynscy 7« = 0,5
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BUCHOBKHA
3anpornoHOBaHa ~ METOAWKA  JOCIIJKCHHS
TUHAMIYHOTO HANpYy>XEHOTO CTaHy ayKCEeTHK-
CepellOBHI]  IPYHTYETbCA  HAa  CYMICHOMY

BHUKOPHCTaHHI TiepeTBopeHHs Dyp’e 3a dacom,
METOAYy TPaHWYHHUX IHTErpaibHUX pIBHSAHb Ta
METOAY MEXaHIYHUX KBaApaTyp. 3acTOCyBaHHS
JIMCKPETHOTO TIEPETBOPEHHS JIMIIE Ha eTari
MOLIYKY OpWTiHATIB HampyXeHb 3ale3meuye
BHCOKY TOUYHICTb 3aIIPOINIOHOBAHOTO MiAXOY.

Takox MOCHIIKEHO PO3MOMiT JWHAMIYHUAX
pamiaTpHUX HANPY)KeHb y MHUCTUX MaTepiajax i3
Bim’emHnM Koedimientom Ilyaccoma 3a mii
IMITyJIbCHOTO HaBaHTA)KEHHsI, L0 MPUKIAJEHE 10
TPaHMIl TOPOXXHWUHU HA OCHOBI  pIBHSIHB
MOMEHTHOTO TICeBIOKOHTHHYYMY Koccepa.

UucnoBi po3paxyHKH T[OKasaad, 0I0 3a
3MEHIIEHHS TPHUBAJIOCTI  MAii  MPHUKIAIEHOTO
IMIyJIbCy ~ MPOXO/KEHHS ~ (QPOHTY XBWII Yy
MIHUCTHX MaTepianax i3 Bijx €eMHUM KoedilieHTOM
ITyaccona moB’s13aHe 3 HasABHICTIO MIKpO30ypeHb,
AKi ~ BHUHHKAIOTh  BHACHIZOK  0OepTalbHUX
nepeMilleHb MIiKPOYaCTHHOK AyKCEKTHKIB.
[IBUAKICT, TONIMPEHHS XBWIb Yy IIHACTHX
ayKCeTHKax € MEHIIOI0 y 6 pa3iB, HIK Y MIHUCTHX
MaTepiaiax i3 goaatHiM koeodimientom [lyaccona,
IO MiATBEPKY€E e(PEeKTUBHICTh iX BUKOPHUCTaHHS
IUTS BiOpO3axucTy.
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ABSTRACT

Fruit and vegetable products are traditionally used in great
demand among Ukrainians. In modern economic conditions,
imported fruit and vegetable products are increasing rapidly. New
manufacturers and suppliers are appearing on the food market.
However, at the same time, the problem of low-quality goods
being sold and the emergence of conflict situations between
sellers and consumers are increasing. This especially applies to
little-known for Ukrainian consumers subtropical or tropical
fruits. There is a different vision in consumer properties. There is
a problem of the modernity of regulatory and technical
documentation and its harmonization with the documents of the
European Union. In some places, manufacturers still use old,
inactive standards. However, it is precisely through
standardization that proper conditions are provided for the
functioning of the domestic market and the establishment of
exports. Quite often, the information that is brought to
consumption is not confirmed by scientific research and
regulatory documents. Therefore, there is a need to develop a
model of examination of fruit and vegetable products taking into
account modern consumer requirements, regulatory documents
and research methods. In the article, the main components of fruit
and vegetable product quality expertise, a model and
implementation, proposed methods and means of researching the
consumer properties of fruit and vegetable products are proposed.
Proposed model allows us to conduct research quickly, rationally
choose methods and tools, and provide reliable results. Data from
the Food and Agriculture Organization of the United Nation, the
State Statistics Service of Ukraine, as well as data from
theoretical and experimental studies conducted in 2019-2022 at
the Lutsk National Technical University were used in the study.
The results of the conducted study and the proposed model of
examination of the quality of fruit and vegetable products can be
used by expert organizations, food industry enterprises and
consumers.
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AHOTAIIA

1Inoooosouesa npooykyis mpaouyiuno KOPUCMYEMbCA BETUKUM
nonumom ceped HaceieHHs YKpainu. Y cyuacHux eKoHOMIuHux
VYMOBAX CNOCmepieacmocss cmpimke 30i1bUeHHs IMROPMOBAHOL
npoOYKYii, Ha GIMYUSHAHOMY PUHKY 3 AGIAIOMbCA HOBI BUPOOHUKU
ma nocmavanvhuku. OOHax, pazom i3 yum, 30LTbUYEMbCA
npobiemMa NOMPANIAHHA Y NPoOaAdXCc 8Upodie HU3LKOI AKOCMI ma
BUHUKHEHHSI KOHGQUIKMHUX CUMyayii Mixc Nnpooasysmu ma
cnoorcusadamu. Ocobaugo ye Cmocyemvcsa ManiogiooMux, 4 HO8UX
011 YKPAIHCbKO20 Cnojcusaia cyOmponivHux Yu mMponiuHux
nnoodis.  3’aensiemvcs  pizne  OauenHs  WOOO  CHONCUBHUX
enacmugocmeti yux npooykmis. Icnye npobrema ocyuachenHs
HOPMAMUBHO-MeXHIYHOT OOKyMeHmayii ma il eapmonizayii 3
ooxymenmamu €eponeticokozo Coro3y. I[lodexyou supobnuxu 0oci
suxopucmosyiomov cmapi, ne uyunni I'OCT. [Ipome, came uepe3
cmanoapmusayilo  3a0e3neuyiomvcs  HANeXCHi  yMosu 0714
@DYHKYIOHYBAHHS ~ GHYMPIWHBO20 PUHKY MA  HAAA200MHCEHHS
excnopmy. [ocums uacmo ingopmayisn, aKa 00800umvcs 00
CROJHCUBYA He NIOMBEPOIAHCYEMBC HAYKOBUMU OOCHIONCEHHAMU MA
HopmamugHumu doxymenmamu. Tomy € nompeba y po3podnienti
MoOeni excnepmusu N10000804e80i NPoOYKYii i3 ypaxy8aHHAM
CYYACHUX BUMOZ CHOXMCUBAYIB, HOPMAMMUBHUX OOKYMEHMI8 ma
Memodie docniodxncenus. Y cmammi po3enanymi 0OCHOBHI CK1A006i
eKCnepmu3u SIKOCMi N10000804e80i NPOoOYKYii, 3anpONOHO8AHA
y3azanvHeHa Moo0ens ii npogedeHHs], 3anponoHO8aAHi Memoou ma
3acobu 0OCHIONCEHHST CNONCUBHUX BTLACIIUBOCIEL NA000080YEE0T
npooykyii. YV Oocnidocenni  euxopucmani  dani  Food and
Agriculture Organization of the United Nation, Jepowcasnoi
cyocou  cmamucmuky  ma  Hayionanenozo  opeany  3i
cmauwoapmusayii, @  mMakodc — OaHi  MeopemuyHux — ma
eKCHePUMEHMANbHUX 00CAI0JCeHb, wo nposodunucs y 2019-2022
pokax y JIyybkomy HAYIOHANbHOMY MEXHIYHOMY YHIgepcumemi.
Pezynemamu  nposedenux Odocnidscenv ma  3anponoHosana
MOOenb  eKcnepmusu AKOCmI NI0000804e80i NpoOdyKyii modice
oymu  GuKkopucmana 8 pobomi eKCNepmHUX Oopeanizayii,
niONpUEMCMEamu Xapio8oi 2any3i ma Cno#Cusauam.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

Crio>kvBaHHS TIIOJIOOBOYEBOT TMPOAYKIi B
Vkpaini mopoky 3pocrac (UKRSTAT, n.d.). Ile
0O0YMOBJICHO HAIIOHATHFHUMHU  OCOOJIHBOCTSIMH,
norpebamMyu HACENeHHs, CYYacHUMH TPEHIaMU
3I0pOBOTO XapuyBaHHs. Ha BITYM3HIHOMY PHUHKY
MIPEACTABIICHA BEJIMKA KUIBKICTh IIJI0JI0OBOYEBOI
MPOAYKIii, B TOMY YHCI iHO3EMHHX BUPOOHHKIB
(FAOSTAT, n.d.; UKRSTAT, n.d.). HeobxiaHo
3a3HAYUTH, 0 B YKpaiHi CyJacHHA aCOPTUMEHT
IJI0ZJ00BOYEBOI MPOAYKIIi Ty’kKe Pi3HOMAaHITHHIL.
Benmukum momuTOM cepen HaceleHHs KpaiHH
KOPHUCTYIOTBCS 3araJlbHO BiloMi (DPYKTH Ta OBOYI
— s0yyKka, KapToIUIL, MOpPKBA, LUOYJs, YacHUK
tomo. He MeHm mnomynsipHuMH € OaHaHH,
aneNbCUHY, TUMOHU 1 aHaHACH, IO IMIIOPTYIOTHCS
TpuBaIMii 4yac B Ykpainy. Lllopiuao 3pocrtae
MOMYJISIPHICTD aBOKAJI0, MAHTO Ta JIalMy.

[Iponyxuist mepepoOIeHHs IUIOAIB Ta OBOYIB

ctae 00’€KTOM OCHIKEHh HAyKOBIIIB Ta
eKCIIEPTIB, PO3POOIAIOTECA HOBI  pEHENTYpH,
NPOJAYKTH 13 TOJINIICHHMMHU  BJIACTUBOCTSIMH

(Tenepm & Hybinina, 2020). OueBHIHO, IO
rpyna «llimoan, oBodi Ta IPOIYKTH iX IepepoOKm»
BIIHOCUTBLCS JI0 XapYOBUX MPOAYKTIB CKJIATHOI
knacudikauii (Cupoxman, 2016). BaxxiuBum € Te,
o0 HOPMAaTHUBHO-TEXHIYHA JOKYMEHTallisd, sKa
peryIaMeHTy€e SKICTh INIOJ00BOYEBOI MPOTYKITii,
Hayiyye Oinplie ISTHCOT AOKYyMEHTIiB. Tomy
JOCHTh YacTO BHHHMKAIOTH  CKJIAgHOLI 13
BH3HAUEHHSIM CIOKMBHHUX  BJIIACTHBOCTEH Ta
MMOKA3HUKIB SKOCTI IUIOZOO0BOYECBOI MPOAYKILi, a
TakoXK 11 BIAOOBIAHOCTI BHMOraM SKOCTI Ta
0e3mevHOo T BiNOBITHO IO CaHITAPHUX MPABHII i
HOpPMAaTUBHO-TeXHIYHOT  pokymeHrtanii  (HT/).
JlocuTh BaXKKO BU3HAYUTH HEAOOPOSKICHICTD,
O0COOJTMBO TPOTMIYHUX Ta CYOTpPOMIYHUX IUIOJIB.
He 3apxmu € BIiANOBimHI JOKYMEHTH, IIIO
3aCBIMYYIOTh TIOXOJKEHHS, SKICTh Ta OE3MeYHICTh
WX TUTOJIB, iX MapKyBaHHS MOXKEe HE BiIIOBiTaTH
BUAY Ta HaiiMeHyBaHHI0. Ilojiekynu CKJajgHO
HaBiTH 11eHTH(]IKYBaTH BUJ 1 BUZHAYUTH TEPMIHU
MPUJIATHOCTI  OKPEMUX  EK30THYHUX  ITUIOJIB.
Biamosigao no mpani (batidakosa ma in., 2014)
O3HAYCHI 3aBJaHHS BHPINIYE EKCIEPTU3a SKOCTI
Xap4oBHX MPOAYKTiB. TOMy Ha ChOTOJHI MOCTaNa
3a/lavya cucreMaTH3aiii BiqoMoi iHdopMartii moo
METO/IB JIOCHIPKCHHS SKOCTI ILIOJOOBOYEBOI
MPOAYKIIIT Ta pO3pOOJICHHS KOMILICKCHOI MO~
CXEMH, IO JO03BOJHTH PaIliOHATHHO Ta MIBHIKO
BUKOHYBAaTH  3aBIAaHHSI  CKCIEPTH3U  SKOCTI
IUIOJIOOBOYEBOT MPOIYKIIii.

MeTa focCaif)KeHHsI — 3alpoloHyBaTH Ta
OOTpYHTYBaTH  KOMIUICKCHY  MOJCIb-CXEMY
MPOBENCHHS CKCIEPTU3U SKOCTI IUIO000BOYEBOT
MpomyKIii, sfka  3a0e3meunTh  JOCTOBIPHI
pe3yJIbTaTH IOCIIKEHHS 3TiIHO 3 MOCTaBJICHUM
3aBJIaHHAM Ha  OCHOBI  pErJIaMEHTYIOUHUX
JIOKYMEHTIB Ta CyJaCHUX 3aKOHOJABYMX aKTiB.

MATEPIAJIA I METOAU

VY nmocmimkenHi Bukopuctani mani Food and
Agriculture Organization of the United Nation,
JepxaBHOi CIyXOW CTaTUCTUKH YKpaiHH Ta
HarmionansHoro oprany 3i cTaHmaprTusamii, a
TaKOX JaHI TEOPETHYHHX 1 EKCIICPUMEHTATbHHUX
JOCHTIKeHb, 110 mnpoBoawiucs y 2019-2022
pokax y JlynbkoMy HaliOHaTbHOMY TEXHIYHOMY
yHiBepcuteTi (Muxanscoki ma in., 2006, HAzenox
& Cuoopyxk, 2015). Tlig vac mociimkeHHS OyId
3aCTOCOBaHI 3arajJibHOHAYKOBI Ta  CHeLianbHi
MeToaM Towmyky iHdopmamii, i  aHami3y,
TIOPIBHSAHHS, y3araJlbHEHHS Ta CHCTEMaTH3amil
HayKOBOTO MaTepiaiy.

Bigmosigno mo (UAS, n.d.; Batioaxosa ma in.,
2014; Cucmema «TIIl EKCIIEPT YKPAIHA»,
2010) mporerypa IpoBEJCHHS EKCIIEPTH3H SIKOCTI
CKJIQIa€ThCsl i3  TPhOX OCHOBHHMX  €TaIliB:
MiIrOTOBYOT0, OCHOBHOTO, 3aKJIFOYHOTO. Y CITIIIIHE
MIPOBEJICHHS EKCIIEPTH3M SKOCTI 3aJEeKUTh Bij
paiioHaJbHOr0  BHOOPY  XapakTEpHUX IS
KOXKHOTO eTary 3aco0iB Ta METOIIB.

Opranizanii, 0 BIOBHOBa)XEHI HaJaBaTH
MOCIYTH i3 TIPOBEINCHHS EKCIEePTHU3W SKOCTI,
HaJIal0Th IIi TIOCIYTH 3a 3asBKaMU 3aMOBHHKIB Ha
mizcTaBi J0roBopy abo 10BroTpHBajiIoi MUCbMOBOT
3a9BKH 13 TapaHTi€l0 MO0 YMOB Ta OIUIATH
Butpatr. Ilepen mouaTkoM Ti€i exkcrmepTU3n
pO3TISAAOTBCA TIACTaBU Uil 1 MPOBEIEHHS,
BH3HAYAEThCA MeTa 1 3aBJaHHS, BHOWPAIOTHCA
HEOOXiTHI 3200 Ta METO/IH.

PE3YJIbTATHU AOCAIAKEHHA
TA OBI'OBOPEHHA

[lopoky B TOpriBesIbHINA MEpexi 3’ SIBJISIOTHCS
CE30HHI IUIOIM Ta OBOYi, & TAaKOX MPOAYKTH IX
nepepoOieHHs. Ha cborosHi Ha yKpaiHCHKUX
MpUiaBKax TMpPEACTaBleHa MPOAYKIIA 3 YyCiX
KyTOukiB cBiTy. CnoxuBayi HaJaroTh IepeBary
CBIXMM  OaHaHaM, amnelbCHHAM, JINMOHAM,
aHaHacaM, aBOKaJ0 Ta 0araTbOM IHIIMM ILIOAAM 1
OBOYaM, IMIIOPT SIKUX TMOCTiiHO 3pocTae (puc. 1).
ToMmy 00’€KTOM EKCHEpTHU3H LIOJ0 BU3HAUCHHS
SIKOCTI TIPOIYKITii MOKe OyTH Halpi3HOMaHITHIIIA
MIPOIYKIIiS Li€l TPYTIH.
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Puc. 1 — /lunamika 3pocTaHHs IMIOPTY B YKpaiHy IUTPYCOBHX, TPOIIIYHHUX Ta CyOTPONIYHUX IIIOIB
(FAOSTAT, n.d.)

Exkcmieptiza SKOCTI MPOMyKIlii, 30KpeMa
IJI0JI00OBOYEBOI, — II€ JOCHI/PKCHHS 11 mapTii Ha
Bignosiguicte HTJ/I i3 HamaHHSIM BMOTHBOBAHOIO
BHCHOBKY. Y TIpOIlECi EKCIEpPTH3W HEOOXiITHO
3’CyBaTH yMOBM BHUPOOHUIITBA, 3aKyIHiBII,
[IOCTaBKK, TPAHCIOPTYyBaHHs, 30epiraHHs W
peamizamii mpoxykmii. Jami HeEoOXigHO MPOBECTH
BHITPOOYBAaHHS SKOCTI MPOAYKIii, ii Ge3nmednocTi
Ta, 3a norpedOu, ekosoriunocti. lleit mporec
3pYYHO TPEACTABUTH y BUTIISI CXEMH OCHOBHOTO

eTamy  €KCHEPTHU3M  SKOCTI  IUIOJ0OBOYEBOI
MpoayKIlil (puc. 2). BiAmoBiaHO 10 CXeMH eKCIepT
BCTAQHOBIIIOE ~ aCOPTUMEHTHY  IPUHAIICKHICTh

naptii iogooBoueBoi mpoxykmii (pue. 3). Lle
BaXITUBHH €Tarl, aJke MPaBUIBHO BCTAHOBJICHA
knacugikaniiina rpynma  Ta  acOPTHMMEHTHA
MPUHAIEKHICTh 103BOJSIE IIBHIKO BU3HAYUTU
meoOximny HTJl Ta, BiAMOBiZHO, HOMEHKIIATYpPY
MOKA3HUKIB SAKOCTi, a TaKOX paliOHAJILHO
BUOpaTH MeTonu ix pocmimkeHHs. Hampuxnan,
JUIS  TapTii  anenbCcHHIB  Kiacu]ikaliitHO
MO3UIIIEI0 € CBDXKI IJIOAW, IUTPYCOBi. Bumosa
MPUHAIKHICTh — aleJIbCUHU COPTY, HANPHKIAJ,
Koponbok.

[ToTpibHo  maromocutn, w0 HTJ 3
no3nadeHHsM ['OCT He umHHI B VYKpaiHi i3
01.01.2019 poxy. Tomy mOTpiOHO YBa)xKHO
CTAaBUTUCSA 10 BHOOPY HOPMATHBHO-TEXHIYHOT
0a3u miJ Yac NPOBEACHHS EKCIEPTH3U SKOCTI
IUI0I00BOYEBOI MpoayKuii. [Ipuknaan no3nayeHb
YUHHUX B YKpaiHi HOPMAaTUBHUX JOKYMEHTIB!

- JACTY 2079-92. ConiuHsi 1 KBallleHHS.

Texuomnoriuni mporecu. TepMiHN Ta BU3HAYCHHS,

- JCTY 7023:2009. AiiBa cBixka. TexHiuHi
YMOBH;

- ICTY EQK OOH FFV-42:2007. ABokano.
HacranoBu mom0 mocradanHsi Ta KOHTPOJIIOBAHHS
SIKOCTI,

- JACTY ISO 7952:2004. ®pykrtH, oBodi Ta
MIPONYyKTH TiepepoOieHHsI. Bu3HAadeHHS BMICTY
MiZli CIIEKTPOMETPHYHHM METOJIOM IOJYMEHEBOT
aTOMHO1 abcopo1Iii;

- JACTY 1ISO 16050:2007. IIpomyktu
xapuoBi. Busznauennss A¢narokcuny Bl, B2, G1
ta G2 y 3epHOBUX KyJbTypax, ropixax Ta

MIPOAYKTax ix nepepoOIeHHs. Meron
BHCOKOE(EKTHBHOI piTUHHOI XpoMaTorpadii;
- ACTY 4640:2006. IIponykru

nepepoOiieHHss CyOTpomiuHuX KynbTyp. Jlucrs
MupTa, 3u3udyca, macauan Ta deiixoa. TexHiuni
YMOBH;

- PCT YCCP 261-91. Koucepsu. ITiope i3
COJIOJIKOTO TIepIfto. TexHiuHi YMOBH.

[Mpuknamym mokasyrooTh, o Ha ceoroani HT/I,
sIKa perjiaMeHTy€e BUMOTH JI0 SIKOCTi, Oe3MeYHOCTi
Ta EKOJIOTIYHOCTI TUIOJI0OBOYEBOI  MPOAYKIIii
norpedye  OHOBJCHHS Ta  BIOPSJIKYBaHHS.
[NopanpmiMu  AisiMH  €KcIiepTa € y3TOMKCHHS
HOMEHKJIATYPH MOKa3HUKIB SKOCTI IUI0I00BOYEBOT

MPOMyKIii, sKi OymyTh JOCHIIKYyBaTHCS IS
BUKOHAHHS IIOCTaBJIEHOTO 3aBIAHHA. 3a
HEeOOX1IHOCTI, 3TiAHO JIOMOBJIEHOCTI 13

3aMOBHUKOM €KCIIEPTHU3H, MOXXYTh BH3HAYaTHCS
€KOJIOT1YHI ITOKa3HUKH 1 TOKA3HUKHA OE3IIE€YHOCTI.
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peareHTH, OpraHil
yTTS THOJHUHII

O1LiHIOBaHHS Ta
aHaJi3yBaHHA OTPHMAHIIX
pe3yJbTaTiB

Puc. 2 — KoMmriutekcHa cxeMa OCHOBHOI'O €Taly eKCIEPTU3HU SKOCTI MI0A00BOYESBOT MPOAYKIIiT

KTACUDIKALIA

nnofo-oBoO4YeBOI NPoAYKLUil

naoau NPOAYKUIA NEPEPOBKH OBOMI

nnogis Ta OBOYIB

3epHATKOBI .
nnopoBoO-ArigHi BereTaTtuBHi

KicTouYKOBI KOHCEpEBM (um6ynbHi,
arogu - KopeHennoau,
osouesi éynbéonnoau,
ROHCORRY KanycTsHi,
ToMaTonpoaykT | CONATHO-LINUHATHI,
TPoNivHi AecepTHi, npsHi)
KOHCepBMu an«a
AUTAYOro i
pieTuuHoro nnoposi (rapéysosi,
XApP4YyBAHHS TOMQATHI, 6060B8i,
3epHoBi)

unTpycosi
cy6TponiyvHi

ropixonofi6Hi

coneHa i kKeaweHa
npoaykuis

3aMOPOXEHi
nnoau i oBoui

cyweHa
npoaykuis

Puc. 3 — Knacudikarris miom00Bo4eBo1 mpoIyKIiii
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Jis  1I000BOYEBOT  TPOAYKII  THUITOBOIO
HOMEHKJIaTYypOIO IOKa3HHKIB SKOCTI € (i3uKo-
XiMiYHI Ta OpraHoONeNnTHYHi Tmoka3HuKU. [lo
OpPTaHOJIETITHYHUX TIOKAa3HHWKIB  IUIOJI00BOYEBOI
MpOMyKIii BigHOCATBCS: dopma, 3abapBICHHS,
BIJIOKPEMJTFOBAHICTh KiCTOYKH, CMaK, 3amax TOIIO.
o }i3uko-XiMIYHIX TMMOKA3HHKIB IJI0I0OBOYEBOT
MPOMYKIi  BIIHOCSATHCS: po3Mip IOy,
3apaKEeHICTh MKIAHUKAMH (IS CYyXOQPYKTIB),
HasBHICTh CTOPOHHIX JOMIIIOK, CIiBBiTHOIICHHS
CKJIaIOBUX YaCTHH COJICHWX Ta KBAIICHUX ILIOIIB
i OBOYiB, BOJIOTICTh, KUCJIOTHICTh, BMICT BiTaMiHy
C Tomo. BmicT BaXKKMX MeTaliB, MECTHULMIIB,
TOKCHHIB, HITpaTiB — I¢ 00OB’SI3KOBI €KOJIOTiUHI
MMOKa3HUKH.

Jlst KOXXHOTO BULLY MJ10/I00BOYEBOI
MIPOIYKIIi € CBOi OCOOTMBOCTI B HOMEHKJIATYpI
MMOKa3HWKIB sKocTi. Hampuknan, amsi MOpKBH
HEOOXiZJHO BHM3HAYaTH PO3MIp, MacoBYy YacTKy
OBOYIB 13 OamWIIsIM, HapOCTaMH, MeXaHIYHHUMU
MOIIKO/DKEHHSIMH, a TakoXXK MacoBY YacTKY
OBOYIB, IO VyIIKO/DKEHI INKiJHAKAMHA Ta
XBOpoOaMH, MacoOBy YacTKy IiJIMOPOKEHUX
OBOYIB 1 BMICT I'pYHTY, OPTaHIYHUX 1 MiHEPATEHUX
JIOMIIIIOK.

BinmoBimHO 10 Y3roJKeHOT HOMEHKJIATYpH
MOKa3HMKIB SIKOCTI BiIOMparOThCs MPOOH 1 3pa3ku
IJIOTOOBOYEBOT  MPOMYKIi Ta BHOMPAOTHCS
METOJIU 1 3acO00M TPOBEACHHS JOCHIKEeHb. [lin
4ac eKCIIePTH3U SKOCTI BHKOPHUCTOBYIOTHCS, B
OCHOBHOMY, OpTaHOJIENTHYHI, BHUMIPIOBAJIbHI,
peecTpamiifHi, py#HiBHI a00 HepyiHIBHI MeETOOM
JOCTiKeHb. JIOCHIIKEHHS MOXYTh MPOBOIUTHCS
Oe3rnocepeHbO eKCIepToM abo B aKpeqUTOBAHUX
nmabopartopisx. s 0oOpoOJICHHS pe3yibTaTiB
JIOCTIDKEHh BUKOPUCTOBYIOTHCS MAaTEMaTHUHI Ta
CTaTUCTUYHI METOIH.

SxicTe  yci€el IMIOJ00BOYEBOI  MPOIYKIIiT
JIOCTIJDKYETHCS HA OCHOBI  OPraHOJICHTHYHUX
JIOCTI/DKEHb BUXIHOTO 3pa3Ka i (3a HeOOX1HOCTI)
n1abopaTOPHUX JOCIHIHKEHb CepeaHbOl PoOH, 110
BiIOWpaEeThea Bix OAHOPiIZHOI MapTii MPOAYKIIii.
Hopwmu BinOupanHs mpo0 i 3pa3kiB BU3HAYAIOTHCS
Binnosimaumu HT/I, cepen sixkux JICTY 1SO 874-
2002. ®dpyktu Ta oBodi cBixki. Binbip mpob. (1SO
874:1980, IDT), ACTY 3355-95. Ilpoayxiis
CLIBCBKOTOCIIONIAPCEKA  POCIIMHHA. Meromu
BiIOOpY Mpo0 y MpoIieci KapaHTUHHOTO OTJISITY Ta
EKCIIEPTU3H.

[lin wac oOpraHONENTUYHHUX JOCIHIKCHb
EKCIIEpPT Ha OCHOBI BJIACHUX KOMIIETEHTHOCTEH
abo 3a omMcoM y KOHTpPaKTi, abo 3a HaJaHUM
3pa3KOM BU3HAYA€ 30BHIMIHIN BUIJIS 1 TUIIOBICTH

¢opmu. Ilnoau Ta OBOYI MOBHHHI MAaTH THIIOBY
JUIS  COpTy, IO  JOCHIKYEThCSA,  (opMy.
CoOpTHICTh TIIONIB T4 OBOYIB 3HHMXKYETHCS, SIKIIO
dbopma HEe € THmoBoro. Komip, cMmak, apomar
IUIONIB Ta OBOYIB TIOBUHHI OyTH BJIACTHBI
MIEBHOMY TPUPOJHOMY COPTy 0€3 CTOpOHHIX
MIpUCMaKiB 1 3amaxiB. Hampukmam, mis sKicCHOTO
IoJa MaHIo € XapaKTepHUM TapMOHiiHe
MOETHAHHS TPHhOX KOJLOPIB: 3€JIEHOT0, JKOBTOIO
Ta poxeBoro. llepeBakaHHS 3€IEHOTO KOIBOPY
MOXE CBIJUATH TPO HEMO3PLTICTh IUIOAIB, a
MOTEMHIHHS 3a0apBJICHHS — MPO MEPe3pUTiCTh. Y
3a3HauEHUX BHUIMAJKaX CIOXXUBHI BJIaCTUBOCTI
IJI0/[a MAHTO TOTiPITYIOTHCA.

[ToBepxHsS TIOMIB TOBHMHHA OYyTH CYXOIO,
YHCTO0, 0€3 MEXaHIYHHUX MOIIKOIXEHb, YPaKeHb
XBOpOOaMH 1 IMIKiTHUKAMH, TUIOAOHIDKKA CBIXKOIO,
a TIOBepXHS HaBKOJIO Hel 0Oe3 MOTEeMHIHB Ta
TTicHsBU. {751 BU3HAUEHHS pO3Mipy BUYHMIICHI
BiJl IOMIIIIOK 1 TIOMUTI IJIOJU Ta OBOYi CEPEeIHBOL
poOX OTISIMAIOTHCS 1 BUMIPIOEThCS HAROUTBITHI
miamerp i3 TounicTIo go 1 wmwm. Jlami momu
COpTYIOTbCs Ha (pakuii, 30Kpema, CTaHIapTHI,
HECTAaHIApTHI (IOMyCTHMi) Ta HECTaHMAPTHI
(memormycTrMmi).

Jns cyxopyKTiB BaXJIMBUM MOKa3HUKOM
SIKOCTi, I0 BHU3HAYAETHhCA B JIAOOPATOPHUX
YMOBax, € 3apakeHHS IIKimHuKamu. st Horo
po3mi3HaBaHHS MPOOY CYXO(MPYKTIB, HaIpUKIal
CYIIICHOTO BUHOTPaAy (POJ3UHOK), BUCUTIAIOThH Ha
OTJISIIOBY paMKy abo TemHmd mnamip. Ilmomm
OMJISIIAIOTHCSA,  IIKIAHWUKH — BUIAIAIOTBCA — Ta
MOMIIIAIOTECS Y MpoOipKy. MeraneBi CTOPOHHI
JOMIIITKKA BUJIYyYarOThCsl MarHiTOM, iHIIN — yepes
cuto. Te, M0 BIACISIM, PO3TIATAETHCS B JIYITY.
JoMilIky 3Ba)KyIOThCS i BU3HAYAETHCS X MacoBa
yacTka y  BigcoTkax. Ilicis  mpoBeaeHHs
JOCTI/KEHb TUIOAW 1 OBOYI COPTYIOThCS Ha: 0e3
MOIIKO/PKEHb; 3 IMOIIKO/DKCHHSIMHU W XBOpPOOaMH.
[Mnogu Ta oOBOYI i3 TIONIKOJKCHHSAMHU W
XBOpOOAMH COPTYIOTHCS 1 BUPaXOBYEThCS MacoBa
YacTKa KOXKHOTO BHUJIy OKpPEMO, Jalli pe3yJsbTar
nopiBHIOETHCS 3 HopMamu HT /1.

Bu3HauanbHUMU TIOKa3HUKAMH SIKOCTI IS
IJIOTOOBOYEBOT MPOAYKIIil € cMak Ta apomart. Ilin
Yac OI[IHIOBAHHS CMaKy BU3HAYAIOThCS THIIOBICTb,
HasBHICTP CTOPOHHIX CMakiB Ta NPHCMAKiB,
aHAJIOTIYHO TiepeBipsaeThes apoMaT. KoHcucTeHttis
OIIIHIOEThCA 3a M SICHCTICTIO Ta M SKICTIO, a
TaKOXX BHU3HAYAETHCS BIJIOKPEMIICHICTh KICTOYKHU

JUIS  KICTOYKOBUX IUoAiB.  OpraHoyenTH4Hi
TMOCIIDKCHHST ~ TPOBOMATHCS 32 KIMHATHOI
TEeMIEepaTypH.
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Y nabopaTOpHHUX yMOBax BH3HAYAETHCS
TAKOXX CITIBBIJIHOIICHHS CKJIQJIOBUX YaCTHH IS
COJICHUX, KBAIlCHUX YU MAPUHOBAHUX IUIOMIB 1
oBoUiB. /{711 CyXopyKTiB BayKIMBE 3HAYCHHS Ma€E
BOHOFiCTB, B OKpEMHUX BHIIaZIKaxX BCTAHOBJIIOETHCA

KHCJIOTHICTh, BMICT Bitaminy C, HasBHICTb
TIeCTUIINIIB, HITPATIB, paTiOHYKIIi IiB.
Businena HEsIKICHA Ta HeOe3neyHa

IUIOI00BOYEBA MPOAYKIIS HA Mepio] MPOBEICHHS
eKCIEPTU3H, MPUNHHATTSA Ta BUKOHAHHS PillIEHHS
PO TOAANbINe il BHKOPHUCTAHHS ab0 3HHUIICHHS
MOBHHHA 30epiratucsi B OKPEeMOMY NPHUMIICHHI
0e3 goctyny no Hei. Ha TperboMy (3aKimouHOMY)
eTami  eKCIepTH3W  SKOCTI  IIOI0OBOYEBOI
MPOAYKIIi{ 00T pYHTOBYIOTBCS pe3yabpTaTi
JOCHIDKEHHST Ta OQOPMIISIETBCS aKT (BUCHOBOK)
EKCIIEPTU3H.

BUCHOBKHA
OOrpyHTOBaHa MOJIENb-CXeMa TPOBEACHHS
eKCIIEPTU3H SKOCTI III0I00BOYEBOT MPOAYKINI Ta
MIPOAYKTIB ii epepoOIeHHS 103BOJISIE€ IPOBOJUTH
JOCTI/DKEHHS IIBUIKO, PAalliOHANTBHO BUOMpaTH
MeTOAW Ta 3aco0m, 3abe3medyBaTH JOCTOBIPHI

pe3ysibTaTi JOCIIKEHHS BIJIIIOBITHO o
IIOCTaBJIEHOIr0 3aBJaHHA. DBCTaHOBIEHO, IO
OIHUM 13 HAWBAXKJIMBIIINX AaCHEKTIB IIijJ 4Yac

MIPOBEJICHHST EKCIIEPTU3H SKOCTI € TIpaBUJIbHE
BU3HAUCHHA Kiacu(ikaliitHOT rpynu NpoayKIii Ta
min6ip HTJl. Ilim wac mochmigpkeHb BHSBICHO
HEOOXIJIHICTh OHOBJIEHHA Ta BIOCKOHAJIEHHS
BITUM3HSIHOI HOPMATHBHO-TEXHIYHOI 0a3m, IO
periaMeHTye sIKiCTh IJI000BOYEBOI MPOAYKIIii, a
TaKOXX TPOBENEHHS ii MOJaNbIIOi rapMOHi3aIlis 3
cragaapramu €Bpomneiicskoro Coro3sy.

Pesynbpratu mpoBeJCHHMX  JOCTIDKCHb Ta
3arporoHOBaHA MOJICNIb-CXEMa SKCIIEPTU3HU SKOCTI
IUIOJIO0OBOYEBO]T MPOAYKIIii MOJKE Oytun
BHKOpHCTaHa B POOOTI eKCHEepTHUX OpraHi3aiii,
MiIPUEMCTBAMH  XapyoOBOi TMPOMHCIOBOCTI Ta
CIIO’KMBaYaMu.
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Ingpopmayis 0151 aemopie ma yumauie

Yci cmammi, wo nybaikyromucsl y #cypHasi, npoxodsims 0608°13K08¢e peyeH3y8aHHS, SKe
30ilicHIEMbCS 3a AHOHIMHOK POpMOI0 sK 0151 asmopis, mak i 0151 peyeH3eHmia
(nodsiiiHe caine peyeH3y8aHHS).

YHikaabHicmb mekcmie nybaikayit nepegipsiemubcsi 3a 00N0M02010 cucmeMu NOWyKy
o3Hak naaziamy Unicheck.

3a docmosipHicmb suknadeHux y cmammi gpakmis, yumam ma iHwux eidomocmetl
gidnosidanbHicmb Hece asmop (asmopul).

Asmopcbki npasa: 3a asmopamu 36epizcaromscs yci a8mopcbKi npasa ma npasa
Ha 8UOAHHS 6€3 06MexHCceHb.

)KypHCI./I do3s0.51€ Kopucmyeavam: Humamu, 3asaHmasnxcyeamu, Koniroeamu, nowuprveamu,
dpyKyeamu ma nocusiamucsl Ha N08HI mekcmu cmamell 30 yMO8U 3A3HAYEHHsS aemopcmed.
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