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On the basis of the conducted experimental studies and relying on the previously conducted works, the
main shortcomings of the pneumatic-type collection devices for pest control were determined. Since most
designs of such devices have suction slits, the uneven distribution of air flow in them leads to inefficient
collection of pests of agricultural crops from the surface of plants. Another and the main disadvantage of such
devices is the formation of several streams that interact to form the following technological process - when pests
are blown away by the injection stream, they move to the surface of the soil and do not have time to fall into the
suction streams, and younger individuals that can hold on to the surface of the leaves are not blown away at all
and remain in place, and this leads to the need for repeated passes of the unit and a decrease in the quality of processing.

For this purpose, a new device for collecting insect pests was proposed, designed for effective
collection of pests of nightshade crops using a mechanical-pneumatic method. The design of the upper working
element of the device for collecting pest insects was theoretically substantiated and it was established that the
angle of attack of the working surface of the device lies in the range from 10 to 60°. The effectiveness of the
proposed design of the new device is ensured by the increased effect of mechanical action on the plant of
nightshade crops without its damage and the exclusion of pest retention at all levels along the height of the plant,
the maximum collection of pests in one pass of the device.
insect pests of agricultural crops, pest collection, collection device, exterminator, plant protection
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Physico-mathematical model of the process of compression
of compound feed components into expanders

The purpose of the experimental study is to verify the accuracy of conclusions drawn from theoretical
research by substantiating experimentally the main parameters and operating modes of the feed compaction
process. To compare the results of numerical modeling and laboratory experiments, a program was developed in
the Wolfram programming language, which allows linking the technological parameters of the expansion
process (W, T) with the physical and mechanical properties of the compound feeds mixture (E,, p,, Wp). For
rational technological parameters (D, = 0.5 mm, W =20.7 %, T = 137.0 °C), we have the following physical and
mechanical properties: E,= 22.3 MPa, pu, = 0.31, W, = 0.49 N/m. In this case, Sxp = 0.772 MPa, ¥ = 1.519, ha =
13.2 mm. Comparisons of dependencies SAPE(DH) and SAPT(DH), ‘PE(D“) and ¥'(Dp), haE(Du) and haT(Du) will be
conducted under the condition of rational technological parameters, and a sufficiently high Pearson correlation
coefficient (0.94-0.99) has been established.
feed, pressing, compression, numerical modeling, laboratory research, mixing, pressure, parameters,
physical and mechanical properties, efficiency

Problem setting. One of the problems encountered during the transportation of bulk
feeds is the loss of uniformity due to component segregation. This issue has been addressed in
Europe since the early 1980s through pelletizing or extrusion, where the homogeneity of the
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mixture is fixed in compressed agglomerations — pellets (extrudates). However, another
concern arose for manufacturers — the strength of pellets and their resistance to impact during
transportation. Hence, another quality indicator emerged — the pellet durability index (PDI)
[1-2].

In an effort to improve PDI, the expansion technology was developed in Europe in the
late 1980s. Feed manufacturers in Denmark, Germany, and the United Kingdom were among
the first to adopt this technology.

In the early 1990s, new government regulatory requirements mandated that
Scandinavian feed manufacturers in Denmark meet specific heat treatment requirements to
eliminate Salmonella in animal feed [3]. While extrusion could be used for this purpose, the
high capital and operational costs, along with relatively low process productivity, made
extruder utilization economically impractical. Conversely, expansion garnered significant
attention in Northern Europe as it could be used for economically viable production of feeds
meeting rigorous physical and microbiological standards set by consumers and government
regulators.

Considering that extrusion and expansion technologies are closely related, let's
examine them in more detail and outline the requirements for the characteristics of the
resulting product.

Analysis of the latest studies and publications. Extrusion and expansion are
increasingly popular in the global agro-food industry, particularly in the food and feed
sectors. These technologies are utilized for the production of so-called engineered food
products and specialized feeds [4]. Summarizing the research [5-6], we have found that
extrusion and expansion of plant raw materials involve the formation of pulverized material
under barothermic conditions. Using the shear energy provided by a rotating screw and
additional heating, the food material is heated to the melting or plasticization temperature [7].
In this altered rheological state, the food material is transported under high pressure through a
die or series of dies, and the product expands to its final form. This results in distinct physical
and chemical properties of the extrudates different from the properties of the raw materials
used [8].

In general, extrusion is a short-term heat treatment of the product at temperatures up to
170 °C and pressures up to 50 atm., resulting in structurally complex mechanical and physical
changes. The extrusion process involves forcing plasticized material through openings of
constant cross-section (filaments). Let's consider the operation principle of a feed extruder [9].

Pre-moistened or steam-treated raw material (grain, compound feed) is dosed into the
working chamber of the extruder, where it is compacted under the action of the screw. As the
working chamber is traversed, the raw material heats up and becomes plasticized due to
pressure and friction (melting phase). The maximum pressure in the working chamber is
reached before the raw material enters the die, at the exit of which it sharply decreases,
causing the processed material to foam, increasing in volume by 3—4 times. The extrudate
exits the die in a continuous flow, so a rotating knife with adjustable rotation frequency is
installed at the exit point for its size reduction, the change of which alters the length of
individual product particles. The residence time of the raw material in the extruder's working
chamber is up to 20 seconds.

The expansion process is essentially identical to the extrusion process, with
differences in less stringent processing conditions for raw materials — temperatures up to
130 °C, pressures up to 30 atm. The expander differs from the extruder in the design of the
press matrix — in the expander, the pressing process of the processed raw material occurs
through a dense ring-type matrix.
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Setting objectives. The purpose of the experimental study is to verify the accuracy of
conclusions drawn from theoretical research by substantiating experimentally the main
parameters and operating modes of the feed compaction process.

Presentation of the main material. At the first stage of the research, we will conduct
numerical modeling of the process of compressing feed mixture components in a vessel under
the action of a piston using the CAE system STAR-CCM+ (fig. 1). The vessel shape is chosen
to be ring-like, as the material forms into a ring shape during its movement in the screw
expander region. The geometric dimensions of the region are provided in fig. 1.

For modeling, the following continuum models are adopted: the meshless discrete
element model (DEM), Lagrangian multiphase, DEM boundary forces, non-stationary
implicit solver, solution interpolation model, and gravitational force. The components of the
feed mixture are represented as solid spherical DEM particles with constant density. Particle
interactions among themselves and with the wall are governed by Hertz-Mindlin models with
rolling resistance and linear coupling [10].

According to previous laboratory studies and literature sources [11-13], the physico-
mechanical properties of the feed mixture components are assumed as follows: static friction
coefficient — 0.62, density — 710 kg/m? tangential restitution coefficient — 0.6, normal
restitution coefficient — 0.6. Time step — 0.01 s. Number of iterations per time step — 5.
Exposure time — 4 s. Piston displacement speed — 0.01 m/s.

D, =50 mm D, =30 mm

S
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Figure 1 — The computational scheme for numerical modeling of the process of compressing feed mixture
components in a cylindrical vessel under the action of a piston
Source: developed by the authors

The investigation of the process of compressing feed mixture components was
conducted for various physical and mechanical properties, namely the average particle
diameter of the mixture Dy, Young's modulus E,, Poisson's ratio p,, and adhesive work per
unit area W,,. The levels and ranges of variation are presented in table 1. The particles in the
mixture are distributed by size (effective diameter) according to a normal distribution.
Modeling was performed using a full factorial design with a total of 3* = 81 simulations.
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Table 1 — Levels and ranges of variation of factors in the numerical modeling of the
process of compressing feed mixture components in a vessel under the action of a piston

Factor Effect} ve Particle Young's Modulus | Poisson's Ratio Adhesw.e Work
Diameter per Unit Area
Designation X1 D“, mm X1 E,, MPa X Up X3 W,, N/m
Low -1 0.5 -1 10 —1 0.2 -1 0
Medium 0 1.5 0 20 0 0.3 0 0.25
High +1 2.5 +1 30 +1 0.4 +1 0.50
Interval 1 1.0 1 10 1 0.1 1 0.25

Source: developed by the authors

Figure 2 represents the graph of elastic hysteresis of feed components depending on
their physical and mechanical properties.

The area Sxp enclosed within the loop of the elastic hysteresis represents the specific
energy (work) converted into thermal energy at each stage of deformation. The deviation of
deformations from stress and the elastic hysteresis loop it generates are associated with the so-
called internal friction of the material. There are also several characteristics of mechanical
losses in dynamic loading regimes.The coefficient of mechanical losses ¥ is defined as the ratio of
the hysteresis loop area Syp to the area enclosed between the stress curve and the abscissa axis, where
strains Sp; are plotted [14]. Therefore, as a criterion for assessing the elastic properties of feed
components, it was decided to determine the weighted areas of the elastic hysteresis loop Sxp and the
coefficient of mechanical losses ¥ based on the average particle diameter of the mixture D,, Young's
modulus E,, Poisson's ratio ,, and the work of adhesion per unit area W,

The second stage involves laboratory pressing of feed components with subsequent
formation of expandates from them under various technological parameters (particle size of
components, their moisture content, and temperature).

P F. kN
: — D,=1mm,E=10MPa
MPs " i !
' u=02,W=0N/m
9 L D,=1mm,E =10 MPa, 1131
u=02, W=025N/m %
D!‘ =1mm, E=10MPa,
. pn=02W=05Nm
6 7,54
‘ /’/,.
_— 3,77
] =
0,4 0,5 0.6 0,7 £,
0 8 16 24 Az, mm

Figure 2 — The dependence of the piston compression force Fs (pressure Py) on the absolute (relative)
deformation of feed components Az (g,) at different physical and mechanical properties
Source: developed by the authors

At the beginning of the research, samples of feed with different particle size
distributions were prepared. The feed components, in a ratio of 25:25:25:25 %, consisted of
wheat, barley, corn, and sunflower meal, ground using a hammer mill with sieve hole
diameters of 3.5 mm. Then, using a sieve classifier and a laboratory sieve shaker, the
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materials obtained after grinding were separated into fractions with particle size ranges of 0—
0.99 mm, 1-1.99 mm, and 2-2.99 mm. The preparation of feed was carried out using a
laboratory spiral screw mixer for bulk materials, which allows obtaining mixtures with a
homogeneity of 94-98 %.

The initial moisture content of the obtained samples was determined by the
thermogravimetric method according to DSTU ISO 712:2015 «Cereals and cereal products.
Determination of moisture content. Reference method (ISO 712:2009, IDT)» [15] using a
SESh-3M drying cabinet. The initial moisture content (10 + 2 %) of the feed samples was
adjusted by adding the corresponding amount of water.

Studies on the effect of the particle size distribution of the feed, its moisture content,
and temperature regime on the deformation diagram — the relationship between stress and
material deformation — were conducted using the Heckert FP-100/1 testing machine and
additional devices and equipment (fig. 3). The principle of operation of the FP-100/1 involves
measuring the force when a sample installed on the stationary traverse deforms due to the
movement of the movable traverse at a constant preset speed.

The dependence of deformation on loading was recorded using the analog-to-digital
converter NI USB-6008, the analog input of which was connected to the measurement unit of
the FP-100/1. The results were recorded on a PC using the NI SignalExpress 2015 software.

The research was conducted using a press mold equipped with heating, which consists
of a winding of nichrome wire with a diameter of 1.0 mm on the outer surface of the matrix,
insulated on both sides with layers of asbestos. Heating of the press mold to the required
temperature and its maintenance were carried out by supplying adjustable alternating current
to the nichrome winding using a laboratory autotransformer LATR-1M. The dimensions of
the forming surfaces of the press mold are as follows: internal diameter of the matrix —
50 mm, diameter of the mark — 30 mm.

T | E—

e

@zl

a

1 — analog-to-digital converter NI USB-6008; 2 — PC; 3 — force gauge; 4 — settings panel FP-100/1; 5 — control
panel FP-100/1; 6 — movable traverse; 7 — stationary traverse; 8 — press mold with the test sample; 9 — digital
thermometer with thermocouple FLUS ET-960; 10 — laboratory autotransformer LATR-1M

Figure 3 — Scheme (a) and general view (b) of the testing machine Heckert FP-100/1 with additional equipment
Source: developed by the authors

The factors under investigation were chosen as the moisture content of the feed W, its

temperature T, and the average diameter of the particles of the ground feed components Dy
(Table 2).
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Table 2 — Levels of factor variation
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Factor Lower level | Zero level Upper Variation
(=1 (0) level (+ 1) interval, A
Feed moisture W, % 10 20 30 10
Temperature T, °C 80 110 140 30
Average diameter.of ground feed 0.5 15 )5 10
component particles D,, mm

Source: developed by the authors

The research was carried out using a full factorial experiment with a total of 3* = 27
experiments. The repeatability was threefold.

The visualization of the regularities of the change in compression pressure from the
deformation of feed components AP(g,) for individual experiments is shown in fig. 4.

AP, o W=10%, T =80 °C, AR T, W =20 %, T =80 °C,
MPa | D,=0.5mm MPa | D,=0.5mm o
o W=10%, T=280°C, o W=20%,T=110°C, o
D,=1.5mm 'D,=0.5mm ofP
o ow=10%T=8"°, ] 9 I o W=20%,T=140°C, 81%
D, =2.5mm E D,=0.5mm %g
15 :
8]
&S
6 o
4.5
3
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0
0 01 02 03 04 05 06 07 & 0.5 g

L

Figure 4 — Patterns of compression pressure change from deformation of feed components AP(g,) for individual
experiments
Source: developed by the authors

Data processing in Wolfram Cloud resulted in regression equations for the hysteresis
loop area SAP from factors in general form:
— Numerical modeling:

Sap = - 1,91791 -0,0801014 D, + 0,0349022 E, + 11,7563 p, —
—0,128667 E, p, +2,02385 W, — 0,0249772 E, W, — (1)
—11,6377 pp, W, +0,979359 W,*;

— Laboratory research:

Sap = 3,38929 —0,214174 D, + 0,0425747 DM2 —0,00879098 T — 2)
—0,111558 W + 0,000201695 T W + 0,00098219 W>.

Data processing in Wolfram Cloud also resulted in regression equations for the
coefficient of mechanical losses ¥ from factors in general form:
— Numerical modeling:
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W =1,24615 +0,123597 D, — 0,0117261 E, + 0,000293183 E,* —
— 1,06965 i, + 1,11661 W, +0,108226 D, W, — 3)
— 0,0142308 E, W,, + 1,56259 1, W,;

— Laboratory research:

¥ =0,523551 + 0,0752476 D, + 0,00132849 T + 0,0583049 W + @)
+0,000477652 D, W + 0, 0000519639 T W —0,00136235 W™,

Additionally, regression equations for the height of the expander from factors in
general form were obtained:
— Numerical modeling:

h, = 26,6886 + 0,344829 D, — 0,955516 E, + 0,0151721 E,’ )
523844 ) +0.142814 E, i, + 0,027778 W, + 1,09198 Wp ;

— Laboratory research:

h, =27,9931 +2,04722 D, - 0, 166667 D —0,0800463 T — 6)
—0,00527778 D, T+ 0 000314815 T> -0, 919444 W +0,0201667 W2,

During numerical modeling, dependencies of Sap(T) were established from Dy, E,, wp,
W, — (1), ¥(T) — (3), and hy(T) — (5). In turn, the results of laboratory research allowed
determining Sxp(W, T, D) — (2), ¥(W, T, D,) — (3), and ha(W, T, D,) — (6). By equating
these dependencies, we obtain the system of equations:
Sk (W.T.D,) =84 (D,.E,.1,. W, );
W (W T Du) v (D Ep’up’wp)’
h; (W,T.D,)=h; (D,.E,,u,, W, );
10<W <30, 80<T<140; 0,5<D, <L5.

(7)

The provided system of equations was solved in Wolfram Cloud by composing the
corresponding program, the algorithm of which includes the following steps:

— setting regression equations in the form of a function of several variables;

— setting technological parameters W, T, D, using the function of dynamic sliders;

— visualization of the intersection function of the system of equations (7) in the form
of a three-dimensional graph (fig. 5);

— solving the system of equations (7) using the NSolve numerical calculation function;

— plotting graphs of dependencies Sxp (D) i Sap' (D), ¥'(D,) i ¥'(D,), h."(D,) and h,'(D,)
to compare the results of theoretical and experimental dependencies.

As an example, consider some relationships between technological parameters and the
physico-mechanical properties of feed mixtures:

—Dy,=15mm, W=20%, T=110°C — E,=18.3 MPa, p, = 0.28, W, = 0.35 N/m
— Sap=0.802 MPa, ¥ = 1.532, h, = 14.5 mm;

—D,=0.5mm, W=10%, T=280°C — E,=10.8 MPa, n, =0.366, W, = 0.21 N/m
— Spap=1.733 MPa, ¥ = 1.15, h, = 17.2 mm;

—Dy=2.5mm, W=30%, T=140 °C — E, =16.4 MPa, p, = 0.20, W, = 0.31 N/m
— Sap=10.274 MPa, ¥ = 1.675, h, = 15.8 mm.
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Figure 5 — Visualization of the intersection function of the system of equations at
D, =0.5mm, W=20.7%, T=137.0 °C

Source: developed by the authors

For rational technological parameters, we have: D, = 0.5 mm, W = 20.7 %, T =
137.0 °C — E, = 22.3 MPa, p, = 0.31, W, = 0.49 N/m — Spp = 0.772 MPa, ¥ = 1.519, h, =
13.2 mm. The calculated parameters were used in Section 2 when creating the model of the
expander forming process.

Comparison of dependencies Sape(D,) and Sapr(D,), Ye(D,) and ¥1(D,), hae(D,) and
h,(D,) will be conducted under the condition of rational technological parameters (Fig. 6).

The Pearson correlation coefficient between the modeling data and the laboratory data
ranges from 0.94 to 0.99, indicating the adequacy of the conducted research.
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Figure 6 — Comparison of the results of theoretical and experimental dependencies
Source: developed by the authors
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Conclusions. To compare the results of numerical modeling and laboratory
experiments, a program was developed in the Wolfram programming language, which allows
linking the technological parameters of the expansion process (W, T) with the physical and
mechanical properties of the compound feeds mixture (E,, w,, Wp). For rational technological
parameters (D, = 0.5 mm, W = 20.7 %, T = 137.0 °C), we have the following physical and
mechanical properties: E, = 22.3 MPa, p, = 0.31, W, = 0.49 N/m. In this case, Sap =
0.772 MPa, ¥ = 1.519, h, = 13.2 mm. Comparisons of dependencies SApE(DH) and SApT(DH),
¥5D,) and ¥'(D,), h,"(D,) and h,"(D,) will be conducted under the condition of rational
technological parameters, and a sufficiently high Pearson correlation coefficient (0.94—0.99)
has been established.
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Eabuun AunieB, npod. kadenpu iHkeHepii TEXHIYHUX CHCTEM, [I-p TEXH. HAYK, CT. JOCIIIHUK

Ouexcanap Kobenb, pon. kadenpu TpakToOpiB i CIIbCHKOTOCHOAAPCHKUX MAIIKH, JOL., KaHJ. TE€XH. HayK
MuxkoJia Jlinko, 3100yBay TpeThOro (OCBITHRO-HAYKOBOTO) PiBHS BHIIOi OCBITH,

JIHinpoecebkuil deparcasHull azpapHo-eKonomiunull ynieepcumem, /[ninpo, Ykpaina, aliev@meta.ua
®DizuKo-MaTeMaTH4YHA MO/eJb MPOUEeCy CTHUCHEHHSI KOMIIOHEHTIB KOMOikopMy Yy

eKCIaHaaTH

MeToro JOCIHIIKEHHS € TepeBipKa MPaBUILHOCTI BUCHOBKIB, OTPUMAHHUX 3 TEOPETHYHHX JIOCIIPKEHb,
HIJSIXOM OOIPYHTYBaHHSI €KCIIEPUMEHTAJIbHO OCHOBHHX IapaMETpPiB Ta PEXUMIB POOOTH NPOIECYy CTUCHEHHS
KOMITOHEHTIB KOMOikopMy. Jlnsi TOpIBHSAHHS pE3yNlbTaTiB YUCEIBHOTO MOJENIOBAHHSA 1 J1a00paTopHHUX
JOCII/DKEHb CKJIaJICHO NporpamMy Ha MOBi mporpamyBaHHs Wolfram, sika 03BoJisie 3B’S3aTH TEXHOJOTIYHI
napameTpu npouecy excrnanaysaHHsa (W, T) i3 dizuko-MexaHidYHMMH BIACTHBOCTAMHU CyMillli koMOikopMiB (E,,
Hp, Wp). ANTOpUTM 5IKOT BKJIIOYA€ HACTYIHI KPOKHM: IOCTAHOBKA PiBHAHB perpecii y BUNIAL (QyHKIIT KiTbKOX
3MIHHHX; BCTAHOBJIEHHs TeXHOJOriYHUX napamerpis W, T, D, 3a nonomororo QyHKUii JMHAMIYHUX MOB3YHKIB;
Bisyamizamisi (QyHKII NMepeTHHy CHCTEMH DPIBHSHb BUINIAAI TPUBHUMIPHOTO rpadika; po3B’si3yBaHHS CHUCTEMHU
piBHsIHB 3a pornoMororo (yHKIIT yrcenbHoro obuncienHs NSolve; mo0Oynosa rpadikis 3ajexHOCTEH SAPE(DH) i
SAPT(DH), ‘PE(D“) i ‘PT(DH), haE(DH) i haT(Dp). B sxocTi KpuTEpito OIiHKYM MPYKHUX BIACTHBOCTEH KOMIIOHEHTIB
KOMOIKOpMY OyJI0O BHpILNIEHO BU3HAYUTH 3BaKEHI IUIOLI METIl IMPYKHOTro ricrepe3ucy Spp 1 KoeQillieHT
MexaHiuHuX BTparT ¥ Ha OCHOBi cepenHBOro HiameTpa uyacTWHOK cymimni D,, moxyns lOsra E,, xoedimient
ITyaccona p, i pobota axaresii Ha oxunmiro miomi W, Ilmoma S,p, ykiageHa B Mexax METIi MPYKHOTO
ricrepesucy, sBis€ co00I0 MHUTOMY €Heprito (poOoTy), NMepeTBOpEeHy B TEIJIOBY SHEPril0 Ha KOKHOMY eTari
nedopmanii. BinxunenHs nedopmaniii Big HampykeHb 1 CTBOPIOBaHa HUMHM IETJIS TNPYKHOTO TicTepe3nucy
MOB'S3aHl 3 TaKk 3BaHMM BHYTpIMIHIM TepTsiM Marepiany. KoedimieHr MexaHidyHux BTpar V¥ BU3HauaeThCs SK
BiHOIICHHS IUTOIIi METJi TiCTepe3nucy Spp IO IUIOMII, YKIAAEHOI MK KPHBOIO HAIPy>KeHb i BicClo aOcuuc, e
BinknageHo nedopmanii Spi. s panioHansHUX TexHonoriyHux napamerpis (D, = 0,5 mm, W = 20,7 %, T =
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137,0 °C) mMaemMo HacTymHi (1)i3nKo—MexaHqui Bractuocti E, = 22,3 Mlla, p, = 0,31, W, = 0,49 H/m. Ilpu
upomy Spp = 0,772 MIla, ¥ = 1,519, h, = 13,2 mm. HOplBHHHHH 3aNekKHOCTEH Spp- (Dy) i SAP Dy, ‘PE(DH) i
l}’T(Dp) h, (Du) ih, (Du) NPOBEAEMO IPH YMOBI paliOHAIBHUX TEXHOJIOTIYHMX IapaMeTpiB 1 BCTaHOBIEHI
JI0CcTaTHHO BUCOKHH KoedinieHT kopensii [Tipcona (0,94-0,99).
KOPM, NpecyBaHHs, CTUCHEHHS, YiceJbHe MO/IeJI0BAHHS, JJa00paTOPHi 10CTiAKeHHs, 3MIIYBaHHS, THCK,
napameTpu, pizuko-MexaHiuHi BJacTUBOCTI, eeKTUBHICTH
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JlazepHe 3MIITHEHHS IHCTPYMEHTIB Ta JIeTaleh
00JialHaHHSI PEMOHTHUX MalCTEpPEHb aBTOMOOLILHOTO
Tpancnopty B AIIK

JocmimkeHo BIUIMB Jla3epHOi 00poOKK Ha IPUIIOBEPXHEBY MIKPOCTPYKTYpY ciuiaBiB. Iloka3ano, sika craib
MaThMe MaKCHMalIbHY TBEPHICTh B pe3yJbTaTi Ja3epHOro 3MimHeHHs cepen crameit 40X13, 30X13 ta 20X13.
BusznaueHo onTUManbHUI piBeHb po3uuHEHHS B ctasix POMS, 9XC i XBI' BuximHux kapOifiB i OTpUMaHHS
MaKCUMaJIbHO MOJKJIMBOI TBEpAOCTI IpW iX JsasepHid oOpoOui. JlocmimkeHo 3HA4YeHHS MIKpOTBEPIOCTI Ta
TEPMOCTIMKOCTI OpOH3M B pE3yNbTaTi 1l Ja3epHOro 3MIIHEHHsS. BiaMideHO 3HAYHE 3OUIBIICHHS TEPMIiHY
eKCIUTyaTallil 3arapToBaHHX JIa3epOM BUPOOIB B MOPIBHSHHI 31 CTAHIAPTHOIO TEPMIYHOIO 0OPOOKOIO.
JiazepHa 00podKa, Ja3epHe 3MillHEHHs, FAPTYBaHHS, 3HOCOCTIHKiCTh, MiKpOTBepAicTh

IlocTanoBka nmpo6semu. HuHi He BTpavyae CBO€T aKTyalbHOCTI MMUTAHHS 30UTbIIEHHS
pecypcy BHPOOITKY pi3HHX IHCTPYMEHTIB Ta AeTaieil oOJiaJHaHHS PEMOHTHUX MalCTEPEHb
aBTOMOOUTBHOTO TpaHcnopTy B AIIK. 3abe3nedeHHs iX O11bIIOI MIITHOCTI Ta 3HOCOCTIMKOCTI
€ OJIHI€IO 13 IepIIOYEeProBHX 3aa4, 10 CTOSATH Mepe]l BIAMOBIAHUMHU BUPOOHUKAMH.

baratro iHCTpyMeHTIB Ta geranmed  oOJagHAHHA  PEMOHTHHUX  MalCTEpEHb
aBToMOOLTBHOTO TpaHcmopTy B AIIK, Taki sik BUMIipIOBajbHI, piXyui Ta pi3pOOHapi3HI
IHCTPYMEHTH, CBepJyla, MITYHUKH, IUIAIIKKA, Qpe3d, NpyXKUHW, MTAMUAITHAKA, JeTal
MOPIIHEBUX KOMIPECOPiB, peAYKTOPiB, PI3HOMAHITHUX CTAHKIB, IHCTPYMEHTH, 110 MPALIOIOThH
3 yIapHUMH HaBaHTAXXCHHSIMH Ta 1HILIE TEXHOJIOT1YHE OCHAIICHHA, SK1 MOBHUHHI 33J0BOJIb-
HITH BIAIOBIAHI BHUMOTHM IIOAO MIIIHOCTI Ta 3HOCOCTIMKOCTI, BUTOTOBIISIIOTHCS 3 TaKHX
CILIaBiB, 5K, 30KpeMa, ctaimi 40X13, 30X13, 20X13, P6MS5, 9XC, XBI ta 3 Oponsu. s ix
3MIITHEHHSI MOK€ YCHIIIHO 3aCTOCOBYBATHCS] METO/I JTa3€PHOI 00pPOOKH.

Bimomo, 1110 1 yac 3MIITHEHHS J1a3epOM PI3HHUX IHCTPYMEHTIB Ta JACTAJCH 31 CTayi Ta 1HIINX
CIUIaBiB BKJIMBHM (AKTOPOM BIUIMBY Ha iX pecypc BHPOOITKY € MIKpPOTBEpIICTh Ta
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