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Abstract. The aim of the study of the vibration sieving process is to determine the movement
of bulk products by inclined vibrating surfaces with the development of new designs of flour sieves.

It has been found that the presence of an adhesive bond between particles and the contacting
sieving surface significantly affects the process of vibration movement of bulk materials.

The graphical dependences of the initial sliding angle on the angle of inclination of a
vertically oscillating flat surface for high-grade wheat flour and powdered sugar were determined.
The initial phase angle of sliding with increasing angle of inclination of the sifting deck relative to
the horizon decreases exclusively for all highly dispersed bulk food products.

The study found that for first-grade potato starch, the initial phase slip angle @3 has a
maximum value, and for high-grade wheat flour, a minimum value at any angle of inclination of the
sieving surface in the range o = 25°-45° . Moreover, for high-grade wheat flour, an increase in the
vibration parameter W from 6 to 7 reduces the value of the phase angle @3 in the range of 25-45°.

It has been proven that the adhesion coefficient directly affects the value of the initial phase
slip angle. The value of the adhesion coefficient largely depends not only on the nature of the highly
dispersed product under study, but also on the angle of inclination in the intensity of vertically
directed vibrations of the sieving surface. With an increase in the intensity of oscillations W from 4
to 7 at fixed inclination angles o. (25°, 30°, 35°), the adhesion coefficient for flour, powdered sugar,
and starch increases first in a parabolic fashion and reaches a maximum, and then decreases. For
wheat flour of the highest grade with a moisture content of 13,8, fixed angles of inclination of the
flat surface of 25°, 30°, and 35° correspond to the maximum values of the adhesion coefficient of
1,07 at W=7,102at W=6,and 1,06 at W = 5.

Key words: sieve, vibration, sieving, adhesion, vibrating surface, adhesion coefficient,
vibrating sifter.

Introduction. Reducing the negative effects of adhesion and rational use of the
forces of adhesive interaction of bulk particles with the contacting working surface
makes it possible to intensify sieving. Therefore, the development of a progressive
method of sieving on vibrating surfaces based on the adhesive properties of bulk food
particles is timely and practically important. The introduction of this innovation in
equipment for the production and processing of bulk food products will reduce their
energy consumption, increase production volumes and improve the quality of

finished bakery, confectionery, pasta and food concentrates [1,3,4,5].
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Research methodology.

The main condition for the product to be able to be sieved through a flat sieve is
its sliding. The limiting acceleration, at which the inertia force is equal to the friction
force, for spherical particles depends on the intensity of the oscillation, the coefficient
of friction of the oscillation, the acceleration of free fall, and the radius of the
particle.

In the process of vibratory screening, based on the vibration movement, in the
simplest case, of two fractions in opposite directions, the movement of particles down
an inclined surface, is carried out in a thin permitted layer of the product. Such a
layer is represented as a set of separate, non-coupled particles whose interactions with
the vibrating plane are approximated by the law of dry friction [2,7,8,11].

Based on the results of the experiments, a new simplified design of a vibrating
sifter using a crank mechanism was developed to reduce energy consumption.

Research results.

In the course of the study to determine the adhesion coefficient of highly
dispersed particles, it was found that the adhesion coefficient fad directly affects the
value of the phase slip angle [6,9,10].

The results of the study of the dependence of the coefficient fad of highly
dispersed food products on the angle of inclination of the sieving plane are shown in
Figures 1-2 and in the form of analytical equations.
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Angle of inclination of the sieving plane, a, deg
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products

Figure 1 — Adhesion coefficient of highly dispersed products depending on
the angle of inclination of the sieve surface

Analysis of these dependencies shows that the value of the adhesion coefficient
largely depends not only on the nature of the highly dispersed product under study,
but also on the angle of inclination and intensity of vertically directed vibrations of
the flat sieving surface W=4-5, the adhesion coefficient fad for high-grade wheat
flour, powdered sugar, and first-grade potato starch increases with an increase in the
angle of inclination « in the range from 25° to 40° [14,16,17,19,21,22].

At a vibration intensity of W=6-7 for first-grade potato starch, the tendency to
increase the adhesion coefficient fad with an increase in the angle of inclination of
the sieving surface a from 25° to 45° is maintained. However, for higher-grade flour
and powdered sugar, at a vibration intensity of W=6, with an increase in the angle of
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inclination of the surface within a=25° to 45°, the coefficient first decreases and then
increases. At the vibration intensity of the inclined sieving surface W = 7, the
adhesion coefficient fad decreases for these products with an increase in the adhesion
coefficient fad, which are different for the studied products. For potato starch, the
range of variation of fad is the widest, and for wheat flour, the narrowest. Parabolic
curves, graphical dependencies depicting fad of wheat flour of the highest grade,
powdered sugar from potato starch of the first grade on the angle of inclination of the
sieving surface a, do not intersect anywhere. The order of their location is preserved
in all graphs. For the plot of first-grade potato starch, the coefficient fad takes the
maximum and for the plot of first-grade wheat flour the minimum values of the angle
of inclination of the sieving surface at a = 25°-40°, and again an increase is observed
at a = 40°-45°.

1,4

1,2 /

[EEY

o
o

25 30 35 40 45

Adhesion coefficient of
wheat flour

Angle of inclination of the sieving plane, a, deg
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Figure 2 — The adhesion coefficient of high-grade wheat flour depending

on the angle of inclination of the sieving surface at different levels of its

oscillation intensity

In Fig. 2. shows families of curves depicting graphical dependences of the
adhesion coefficient of high-grade wheat flour, powdered sugar, and first-grade
potato starch on the angle of inclination of the die at different levels of intensity of its
oscillations [12,13,15,18,20,23].

As can be seen from Fig. 2, the value of the coefficient fad for the highest grade
of powdered sugar flour at the intensity of oscillations of the sieving surface W = 3 is
determined: in the area o = 25°-35° by parabolic functions:

faa = 47510 —4(a — ap)2+ 1,42+ 10 — 2(a — ay) + 0,5 (1)

fag = 4610 —3(a — ay)2+ 1,53+ 10 — 2(a — ap) + 0,59 )

With an increase in the intensity of oscillations within the range of W = 4-5 and
W = 6-7, the range of determination of the fad coefficient expands and corresponds to
the areas a = 25°-40° and a = 25°-45°.

The intersection of the curves corresponding to different levels of oscillation
intensity W = 4-7 occurs for high-grade wheat flour, powdered sugar, and first-grade
potato starch. The equality of the coefficients fad at the points of intersection of the
curves corresponding to the determined angles of inclination of the sieving surface a
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indicates a direct proportional dependence of the adhesion force of the layer of highly
dispersed particles FNad on the vibration intensity of the separating surface. For
example, the intersection of the curves corresponding to vibration intensities W = 4
and .\W = 7 at the point fixed by the surface inclination angle o = 35,5° indicates a
direct proportional dependence of the adhesion force of the layer of high-grade flour
only for the specific specified levels of vibration intensity, and not W =35 or W = 6.

Of particular interest is the family of curves for first-grade potato starch. The
point of intersection of the three curves with levels of intensity of oscillations of the
sieving surface W = 4-7 is the only one and is determined by the coordinates fad =
1,32; o =33,6.° In this case, it can be argued that there is a continuous direct
proportional relationship between the adhesion force of the starch layer and the
intensity of oscillations of the sieving surface at a fixed angle of its inclination a.

When the range of inclination angle 0=25°-45° is expanded, the error of the fad
coefficient does not exceed 12% for flour, 15% for powdered sugar, and 20% for
starch.

Conclusions.

The analysis of the results of studies to determine the adhesion coefficients of a
layer of highly dispersed particles showed that the efficiency of the sieving process is
assessed by the ratio of productivity to energy consumption in the relevant means. In
the process of vibratory sieving, based on the vibration movement of two fractions in
opposite directions, the movement of particles down an inclined surface, is carried
out in a thin permitted layer of the product. Such a layer is represented as a set of
separate, non-coupled particles, whose interactions with the vibrating plane are
approximated by the law of dry friction. The vibration movement of highly dispersed
particles connected by autoglue bonds up an inclined surface is carried out in a
polylayer. The thickness of the polylayer depends on the vibration intensity and the
angle of inclination of the vibrating surface relative to the horizon.

Based on the results obtained, it can be argued that the design of the vibrating
sifter can significantly reduce the resistance to material flow, more rationally use the
drive energy, and increase the efficiency of sifting bulk materials.

References

1. Kravchenko M., Stadnyk 1., Piddubnyi V., Karpyk H., Hidzhelitskyi V.
Adhesion effect on environment process injection. Potravinarstvo Slovak Journal of
Food Sciences. — 2019. —Vol. 13(1).—P. 429-437.

2. Kovalev, O. V., Nikolaev, I. M., Fedorov, V. M. Establishment of optimal
operating modes of baking ovens. Odesa National Academy of Food Technologies
Scientific works 3 (45).—2014.—P. 61-65.

3. Piddubnyy V., Kahanets-Havrylko L., Fedoriv V., Senchishin V., Stadnyk 1.
Peculiarities of heat exchange in dough under rotary rollers action. Scientific Journal
of TNTU (Tern.). —Vol 109, Ne 1.).-2023.— P. 43-53.

4. Samiilenko S., Bondar V., Piddubnyi V., Shutyuk V., Bilyk O., Fedoriv V.
Thermodynamic Analysis of the Thermal Manufacturing Complex of Sugar
Production: Criteria for Energy Efficiency of an Enterprise. Eastern-European
Journal of Enterprise Technologies. —2021. — Vol. 3 (8(111) — P.6-13.

ISSN 2567-5273 6 www.moderntechno.de




S

@

5. Stadnyk I., Piddubnyy V., Chagaida A., Fedoriv V. Dynamics of interaction
of components during mixing. Scientific Journal of TNTU. — Tern.: TNTU. —2022.

— Vol 107. Ne 3. — P. 86-98.

6. Stadnyk 1., Sokolenko A., Piddubnuy V., Vasylkivsky K., Chahaida A.,
Fedoriv V. Justification of thermodynamic efficiency of the new air heat pump in the
system of redistribution of energy resources at the enterprise. Potravinarstvo Slovak
Journal of Food Sciences. —2021. — Vol. 15. — P. 680-693.

7. Stadnyk I., Piddubnyi V., Chahaida A., Fedoriv V., Hushtan T, Kraievska S.,
Kahanets-Havrylko L., Okipnyi I. Energy Saving Thermal Systems on the Mobile
Platform of the Mini-Bakery. Strojnicky casopis-Journal of Mechanical
Engineering.—2023. —Vol. 73(1), P.169-186.

8. Stechyshyn M.S., Martynyuk A.V., Oleksandrenko V.P., Bilyk Yu.M.
Cavitation-Erosion Wear Resistance of Fluoroplasticics in Model Food Production
Media. J. Frict. —2019. —Vol. 40, P.468-474.

9. M. S. Stechyshyn, A. V. Martynyuk, Y. M. Bilyk, V. P. Oleksandrenko, N.
M. Stechyshyna. Influence of the ionic nitriding of steels in glow discharge on the
structure and properties of the coatings. Fiz.-Khim. Mekh. Mater., 53, No. 3, 49-55
(2017). English translation: Mater. Sci.,53, No. 3, 343-349 (2017).

10. Fedoriv, V.M. (2005), Doslidzhennya protsesu prosiyuvannya sypkykh
materialiv z metoyu udoskonalennya konstruktsiy prosiyuvachiv i zbil’shennya
efektyvnosti yikh roboty [Research of process of sifting of loose materials for the
purpose of perfection of designs of sifters and increase of efficiency of their work].
Author’s ref. dis. .Cand. Tech. Science: 05.18.12, 19 [in Ukrainian].

11. Fedoriv, V.M., Burlaka, O.M., Koval’ov, O.V., Babko, E.M., & Osaulenko,
Y.V.(2006), Shlyakhy udoskonalennya obladnannya dlya prosiyuvannya sypkykh
materialiv [Ways to improve equipment for sifting bulk materials]. Khlebopekarskoe
y kondyterskoe delo, 6, 24-25 [in Ukrainian]

12. ITat. 34107A UA, MIIK A21B7/00, BO7B1/00. IlpociroBau. ®enopis B.M.,
KopamsoB O.B., JlicoBeako O.T. (UA). 3asBn 02.06.1999 — Ne 99063046; Ony0u.
15.02.2001, Brom. Ne 1.

13. KoBasiboB O.B., ®emopie B.M. BusHaueHHS KpUTHUYHOTO TPUCKOPECHHS
IJIOCKUX CUT JJIsl BIOpamitHUX TpociroBaviB. 30IpHUK HAyKOBUX mpails. Bum. 10 —
Kuis: YAVXT -2001. —-C. 112-113.

14. KoBanboB O.B., ®enopie B.M. JlochipkeHHs mnpoliiecy IPOCitOBaHHS
cunkux MartepiamB. IV MbkHapogHa creniajiizoBaHa HayKOBO-TPaKTUYHA
koHpepentisa. — HYXT —2015. —C. 62-64.

15. KoanboB O.B., ®enopis B.M. IIpociroBaHHsI CUTIKUX MaTepiaiiB. XapyoBa
1 mepepoOHa nmpoMuciioBictb. —2004. —Ne 5. —C. 24-25.

16. JlorBincekuit P.B., onomakin 1O.}O., KoamboB O.B., denopie B.M.
TeopernyHi po3paxyHKH 1 MPaKTUYHI BUMIPIOBaHHS MapaMeTpiB TEIUIOOOMIHY B
KOHBEKTUBHHX XJiOomekapchkux medax // Ukrainian Food Journal. — 2012. — Ne 1. —
C. 86-90.

17. Crapauk 1S1., igny6uuit B. A., ®enopis B. M., Xapebda O. B. Iliaropamii
B. B. Cyvacni TexHONOrii Ta €HEPreTuyHl MOTOKU Tpu (opMyBaHHI OOPOITHSHUX
HaniBadbpukatiB. Monorpadia. Tepuonins: Bu-tBo THTVY imeni IBana Ilymios,

Modern engineering and innovative technologies Issue 31 / Part 1

ISSN 2567-5273 7 www.moderntechno.de



https://scholar.google.com.ua/scholar?oi=bibs&cluster=12399318810837026318&btnI=1&hl=ru
https://scholar.google.com.ua/scholar?oi=bibs&cluster=12399318810837026318&btnI=1&hl=ru

Modern engineering and innovative technologies Issue 31 / Part 1 ék

2021.372 c.

18. Creunmmuua M. C. TexHosoriss a30TyBaHHS B TIIIOYOMY PO3PSIl CTaleH
PI3aJIBHOTO KOMILIEKTY M’ siconoapiOHoBanbHUX MamuH / M. C. Creunmmn, B. I1.
Onexcangpenko, M. B. JIyk’suiok, B. B. Jlroxosers, M. M. Jlyk’sHtok // [Ipo6nemu
tpubomorii. — XmenpHuUIbKHA: XHY. 201 7. — Ne 2. — C.50-55.

19. ®enopie  B.M., KopamsoB O.B., JlicoBeako O.T. OOGnagHaHHS m1Id
NPOCIIOBaHHS CHUIKMX MarepiaiiB. XapuyoBa MPOMHUCIOBICTh. MiKBIAOMYMIA
teMaTudHUN HaykoBuil 301pHUK YV XT. —2000. —Ne 45. —C. 234-236.

20. ®enopie B.M., Crangnuk 1.4., babko €.M., Muxkomnie .M., Koanso O.B.
EdexTuBHiCcTh TIpoliecy MPOCIOBAaHHS CUIIKUX MaTepialiB. XpaHeHUE U nepepadboTka
3epHa. —2015. — Nel1-12. - C. 51-54.

21. ®enopie B.M., bypnaka O.M., KoanroB O.B., babko €.M., OcayneHko
10.B. Illnsaxu yaockoHalleHHS OOJaJHAHHS ISl POCIIOBAHHS CHUIKUX MarepiaiiB.
Xinebonekapckoe u konaurepekoe aeno. —2006. —Ne 6. —C. 24-25.

22. ®enopie  B.M., KomamsoB O.B., Ocaynenko IJ.B., babko €.M.
BucokoiaTencuBH1 pociroBadi 6opomrHa // 3epHo 1 xii6. — 2004. — Ne 3. — C. 47.

23. llleBuenko O., Tkauyk H., Crannauk 1., lepkau A. Peonoriuauii miaxim 1o
BaJIKOBOTO HarHiTaHHs cepenopuia. Haykosi mpami HYXT. K.: HVXT, 2017. T. 23.
Ne 1. C. 104-112.

Anomauia. Memoio OocniodceHus npoyecy 8i6pONpPOCitO8AHHA € GU3HAYEHHS NepeMilyeHHs
CUNKUX NPOOYKMI8 NOXUNUMU GIOPYIOUUMU NOBEPXHAMU 3 PO3POOKOIO HOBUX KOHCMPYKYIlL
npocineauie 6OpoOUHa

Busieneno, wo wnasaseuicme aoze3ilino2o 363Ky UACMOK 3 KOHMAKMYIOHYOK NPOCIOUO00
noGepxHero, iICMOmMHO NIUBAE HA NPOYeC BIOPpONnepemijeHHs CUNKUX Mamepianis.

Busnaueno epaghiumi  3anexcnocmi  nouyamko8o2o Kyma KOG3AHHA 6i0 Kyma HAXULY
B8EPMUKATILHO KOAUBHOI NJIOCKOI NOBEPXHI Ol NULEHUYHO2O0 OOPOWHA BUW020 COPMY I YYKPOBOi
nyopu. Ilouamkosuii pazoeuii Kym K03aHHA 3i 30IIbUEHHAM KYMA HAXULY NAOWUHU NPOCII0BAHHSL
0eKuU U000 20pPU3OHMY 3MEHULYEMbCA UHAMKOBO OJisl 8CIX BUCOKOOUCHEPCHUX CUNYUUX XADHUOBUX
nPOOYKmia.

YV xo00i oocniosxcenns ecmanoenieno, wo 011 KaApmonjisiHo20 KpPOXMANI0 NEPpuio2o COpmy
nouamkosuti ¢azoeull Kym KOG3AHHA Q3 MAE MAKCUMANbHE, d Ol NUEHUYHO20 DOPOWHA BUUIO20
copmy - MIHIMAIbHE 3HAYeHHS Npu 0)Y0b-AKOMY KYMi HAXULY NOBEPXHI NPOCIOBAHHA )Y 0iana3oHi o
=25 45° . Ilpuyomy 011 nueHu4H020 OOPOUHA U020 COPMY 3DLIbUEHHS napamempa 8iopayii
W 6i0 6 00 7 3nudicye eenuvuny ¢hazosozo Kkyma @3 8 0ianaszoui - 25—45°.

Hosedeno, wo koeghiyicum aozesii Oe3nocepeOHbO GNAUBAE HA BETUHUHY NOUAMKOBO20
Gazoseoco Kkyma Koe3auHs. 3HaueHHs Koehiyienma aoze3ii bazamo 8 YoMy 3aneHCumsv He MilbKu 6i0
npUpPoOU  OO0CTIOHCYBAHO20 BUCOKOOUCNEPCHO20 NPOOYKMY, ajie MAKodc 6i0 Kyma HAXULY 8
IHMEeHCUBHOCMI BEPMUKATILHO CHPAMOBAHUX KOIUBAHb NOBEPXHI NpOCito8anHA. 3i 3POCMAHHAM
inmencuenocmi xkoaugarv W 6io 4 0o 7 npu ¢ixcosanux kymax naxuny o 25°30°,35°) xoeghiyicnm
aoeesii 0151 bOpowHa, YYKpoB8oi nyopu i KpoXmaio pocme CRoYamKy no napadoiutitl 3a1edcHOCmI
i docseae makcumymy, a nomim cnaoae. J{ns nueHudHo2o 6opowHa euwo2o copmy eoaocicmio 13,8
Qixcosanum kymam Haxumy niockoi nogepxui 25°,30° i 35° gionosioaroms MakcumaibHi 3HAYEHHS
koegiyienma aozesii 1,07 npu W =7; 1,02 npu W =6 i 1,06 npu W =35.

Knrwwuosi cnosa: cumo, 6iopayis, npocitosanmus, aoezesis, 6i0pyoua NnoeepxHs, KoegiyicHm
aoeesii, giopayiinuil npocieay.

Crarrsa Bigmpasinena: 06.02.2024 p.
© denopir B.M.
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Abstract. The possibility of using 3D printing technology for the production of parts for the
underwater devices operating in the marine environment is considered. It is substantiated that this
technology can be effective for small-sized (about meters) parts of complex geometry, which, for
example, are included in low-power (possibly modular) installations for collecting clean marine
energy, as well as for a variety of ship devices (such as ship stabilizers, steering devices, other parts
with complex geometry), etc. Various types of plastics used today for 3D printing are considered,
taking into account the need for their operation in the marine environment. It has been established
that the best technical and economic indicators of the production process can be achieved using
ASA type plastics, and if not to take into account the price factor, the best solutions will be PC-ABS
and HIPS type plastics. In general, the most common ABS plastics can show satisfactory results
(while the PLA option is not applicable in this case).

Keywords: 3D printing, additive technologies, types of plastics, marine environment, strength
characteristics, chemical stability.

Introduction.

Today, it is possible to indicate a variety of industries where parts of complex
geometry should be used. For example, one such application is the blades of wind
power plants with a turbine with a horizontal axis - Fig. 1, a. However, surface
complexity is even more evident in vertical axis wind turbines. For example, in Fig.
1, b is shown an installation with helicoid blades, obviously having an extremely
complex geometry. The efficiency of using a turbine is largely determined by the
accuracy of the blades surface, and in the case of complex geometry, deviations that
are difficult to determine visually during a superficial inspection can lead to a drop in
the efficiency coefficient by a percents or more (which can be considered significant
due to the fact that the coefficient itself is values about 20%).

Obviously, products of such complexity can hardly be manufactured by simple
technological operations such as rolling or other methods of steel bending. In this
regard, the traditional manufacturing technology for wind turbine blades is their
molding from composite materials, and one of the most serious problems in wind
energy is the disposal of these parts of the wind turbines. Thus, there are still no
known methods for processing wind turbine blades made from composites that are
effective from a technical and economic point of view. Today they are simply buried
in the ground until future methods for reliably recycling them become available.
Thus, it 1s advisable to search for alternative materials for the manufacture of turbine
blades that allow for simpler recycling and are applicable at least in certain special
cases when implementing such installations.

ISSN 2567-5273 9 www.moderntechno.de
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Figure 1 - Elements of wind energy systems with complex geometry:
a — for turbines with a horizontal axis, b — for turbines with a vertical axis

Further, it should be noted that a fairly promising way to generate clean energy
is to place turbines with horizontal and vertical axis under water, in places where
there are noticeable horizontal water flows. These can be river beds, but also sea
currents on the shelf or in open sea. A number of research works is currently
underway to develop new installations for underwater use [1-5]. However, in this
case, the material of their blades and other parts with complex geometries imposes
additional requirements related to chemical resistance to sea water, UV sun radiation,
vibrations and other dynamic mechanical loads.

It should be noted that parts with complex surface geometry may be necessary
not only for power plant turbines, but also for other underwater devices that interact
with water flows. For example, these could be ship propellers, rudders and thrusters,
stabilizers (passive and active), structures such as floating buoys, etc.

Thus, it is necessary to analyze the possibility of using other technological
processes for the production of parts with complex surface geometries, depending on
the various features of such parts (primarily their size), as well as operating
conditions (the main interest in this work is focused on application in underwater
marine devices).

Main text

The main assumption that will be substantiated in this work is the possibility of
using 3D printing technology to create parts that operate in underwater marine
conditions.

The obvious and main advantage of three-dimensional printing as a
technological process is the ability to realize solid bodies of arbitrary, almost any
complex shape, subject to sufficiently high accuracy.

From a technological point of view, the creation of parts from composites
requires a number of actions, of which the following can be distinguished:
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- preliminary preparation of appropriate forms that implement the same complex
geometry, which is a difficult task; when 3D printing, no preforms are needed;

- filling forms with reinforcing elements that form the strength frame of the
product (in the case of 3D printing, production is carried out in one stage, which is
simpler from an organizational point of view);

- filling the remaining volume of the part with a binder mixture.

The last stage is especially difficult to perform, which requires, for example, the
vacuum infusion method. The strength of the resulting final product depends on the
quality of this process. Obviously, when performing 3D printing, there are no
difficult steps to perform, except for heating the plastic above its melting point.

Also, since in comparison with the formation of composite parts, the layer-by-
layer production process is much simpler to implement, therefore it can be automated
in a much better way. Today 3D printing devices operate in an almost fully automatic
mode (with the exception of the possibility of unexpected breakdowns or disruptions
in the technological process caused by significant external factors). To the contrary,
the share of manual work in the formation of composite objects (especially very large
ones) is still quite high.

An important disadvantage of the volumetric plastic printing method is the
relatively small overall size of the manufactured products. Thus, it is currently not
possible to cheaply produce parts larger than 1-2 meters in size. Typical sizes of parts
that can be produced with using printer machines, accessible to a wide range of
consumers, are shown in Table. 1 [6].

Table 1 - Parameters of available industrial 3D printers

Brand Product Build Size Country Price, $
Modix BIG-Meter V4 1010x1010x1010 mm Israel 13,500
CreatBot F1000 1000x1000x1000 mm China 29,999
BigRep BigRep ONE v4 1005x1005x1005 mm | Germany 30,000
3D Platform | 0" Serie;Tvl\{]gﬁI;BENCH 1000x1500x700 mm | United States | 49,999
Tractus3D T3500 1000dx2100mm Netherlands 59,000
The Industry MAGNUM 1500x1200x1200 mm Sweden 135,000
MASSIVit 3D Massive 10000 1420x1110x1500 mm Israel upon request
Modix MAMA 2000x5000x1000 mm Israel upon request

From the above list, the Tractus3D model deserves most attention, which allows
to print products with a length of 2.1 m and a radius of 1 m, which is well suited for
the case of a shape close to cylindrical (such as, for example, a turbine rotor with a
vertical axis - Fig. 1, b). As it is seen, the estimated price of the hardware
(59 thousand dollars) is quite affordable in terms of the fixed assets of production (it
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is implied that the hardware is used in business processes for the regular production
of the blades for energy generators or similar devices).

An important disadvantage, as it may seem, is the small sizes of the products
provided by average-cost printers, which are extremely far from the values of
hundreds meters, which are necessary, for example, for the production of blades for
modern wind turbines. However, in fact, this circumstance only indicates the scope of
3D printing, which is limited to small installations of low (about kilowatts) power.
Such installations can meet the energy needs of small business and private
households, and can also be united into arrays, collectively delivering quite
competitive electrical power.

The small sizes of parts made from plastic also solve the problem of their
(probably) insufficient mechanical strength when making products tens of meters
long (even without seam joints), and also larger ones obtained by thermal bonding of
separately printed blocks. Solid plastic products with sizes of about meters are able to
provide the required reliability and endurance in relation to mechanical loads acting
integrally on the entire product. At the same time, the overall strength of a 100 m
long blade made of plastic can be questionable and requires detailed calculations for
an accurate assessment.

An important advantage of plastic products is the ease of disposal — the most
important factor that calls into question the overall environmental efficiency of
existing wind generators. The shredding of plastic products followed by secondary
melting and extrusion of plastic filament is a process that can be carried out on an
industrial scale for all types of plastic (although, of course, it should be noted that
some types of plastic, such as ABS, are recycled at much more many places
compared to PET-G products). It should be remembered that effective processing
procedures have not yet been created for composite materials.

Moving to the specific choice of the plastic type, it should be noted that the most
suitable for use in marine conditions is ABS (acroleinitrile butadiene styrene), which
is also widely available on sale and is one of the standard materials for 3D printing.
An important feature of ABS plastic is the strong recommendation for printing in a
closed chamber, which reduces thermal deformation in the product, prevents cracking
and so-called delamination (when different layers applied over time peel off from one
another) during shrinkage. This feature is also observed in plastics such as Nylon and
HIPS, which are quite promising (for the purposes of implementing the power
elements of the marine devices structures). An important advantage of ASA
(acrylonitrile styrene acrylate) plastics is their increased resistance to ultraviolet
radiation and aggressive chemical substances, which can be very useful when
producing parts for use in aggressive salty marine environments. At the same time,
the mechanical characteristics of this type of plastic are not inferior to ABS, but can
even exceed it in some applications.

The most widely used, cheap and easy to process, plastic PLA is not suitable for
the conditions of the problem under consideration, since it does not have high
strength and has a low melting point. This leads to that even at 60 Celsius that is
actually achievable in marine conditions (for onsurface elements under tropical
sailing conditions) this plastic may be subject to deformation.
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Another HIPS (high impact polystyrene) plastic option is positioned as highly
durable and suitable for shock loads. It, also like ABS, has good thermal stability,
which causes significant shrinkage during the production of the part. Consequently, it
requires increased manufacturing process parameters that do not allow significant
temperature differences between different points of the product.

PET-G plastics provide high strength along with ease of processing. The
characteristics of these types of plastic, as well as several other types, are given in
Table 2.

Table 2 - Characteristics of various plastics types for 3D printing of submerged
marine devices parts

z;’:ﬁ‘;f PLA ABS PET-G | HIPS | ASA. | PC-ABS | Nylon
Mechanical Low High Average Very high | High Very high | High
strength
Chemical Low Average High Average High Average High
stability
UV stability | Low Average Average Average High Average High
Heat stability | Low High High High High High High
Shrinkage Small High Small High High Average | High
Difficulty in | High Low/ Average Low/ Low/ Low Low/
post- acetone limonene | acetone mechanical
processing
Price Low Low Average Low Average | High High
Applicability | Doesn't Fits good | Fits Fits good | Fits very | Fits good | Fits good
for marine fit good
device parts

Summary and conclusions.

It was established that ASA plastic has the best balanced characteristics (if to
include the price factor). In the case when the price factor is not decisive (for
example, if it is not considered mass production of the parts, but piece production, for
development work), then PC-ABS and HIPS plastic options may be more preferable.
These options provide excellent mechanical characteristics of strength, resistance to
external factors of the marine environment, and are also easy to process, which also
allows them to be manufactured into larger parts (this issue requires additional
research, due to the fact that parts of marine devices are periodically exposed to
significant external loads). In any case, for the implementation of parts for a variety
of small modular installations (about meters in size), the option of 3D printing using
the specified types of plastics is extremely promising (for all the material selection
factors).

In case of the limited availability of plastics types (for example, due to the
limited capabilities of the 3D printer model used), the extremely common ABS
plastic can provide quite acceptable characteristics of strength and resistance to
various negative environmental factors. This type of plastic, in particular, is
successfully used by home users of 3D printers, as well as by small companies to
produce the hulls of light boats, which, as practice shows, serve for many years,
requiring only occasional minor maintenance (which is easy to carry out due to the
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described properties of this type of plastic). All of the above types of plastic are
subject to recycling, however, in the case of ABS plastic, the list of organizations that
accept it for recycling is much wider than for some other options (for example, PET-
Q).

Thus, in general, it is possible to argue that the use of 3D printing for the
production of parts for submerged marine devices is quite promising and can be
considered as the main technological process for the mass production of relevant
products.
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Anomauia. Minimpaxmopu Xingtai XT 160 suxopucmogyiomvcs bazamvma pepmepcorumu
2ocnodapcmeamu 0 NOAbOGUX MA MPAHCNOPMHUX POOIM 8 pIZHUX 8apiaHmMax U020 6UKOHAHHSL
(nepesasicno yeti mpakxmop exkcniyamyemucs 0e3 KabiHu) i € 0OHUM 3 HAUOINbUW NOUUPEHTUUX
Minimpaxmopie 6 Ykpaini. Hezeadcarouu na npobiemu, cnpudureHi wiymom 8i0 mpaxmopis, i 6ci
1020 He2amugHi HACAIOKU OJisl KOPUCTYBAYI8 [ CNOCMEPieauis, HCOOHUX KOMNLEKCHUX OO0CTIONCEHb
wooo Hux He nposoounucs. Pesynemamu 0ocniodcenHs noxasyromo, wo pieeHb uiymy nio uac
pobomu minimpaxmopa Xingtai XT 160 3a uwacmomu obepmanns 6ana ogueyna 2250 06/xs
cmanosums 90 0b(A), wo y nopiensanui 3i HopmamusHum 3Havenuam 85 0b(A) € nebezneunum 0
cnyxy onepamopa. Takoowc, pe3yrbmamu NoKA3aAU, WO YACMOMA 00EPMAHHA 64nd O08USYHA
gidiepac KMoY08y poib Y CMEOPEHHI wiymy, [ il ¢l 00cnioxcysamu HaA PI3HOMAHIMHUX
CIbCLKO2OCNOOAPCHKUX ONEPAYisX.

Knrouoei cnosa: minimpaxkmop, wiym, pieeHs 36yK08020 MUCKY, eP2OHOMIKA.

Berym.

Pa3oM 3 pO3BUTKOM TEXHOJIOTII 3aCTOCYBaHHS MalllMH Yy IMpoLecax MexaHi3arii
CLIbCHKOTOCTIOAAPCHKOTO BUPOOHMIITBA MPHU3BEJIO IO MOABH TakuxX (HaKToOpiB, 5K
IIyM, BiOparlisi, BAKAIU Ta3iB TOIIO, SIKi BIUTMBAIOTh HAa TPAKTOPUCTA HA POOOUOMY
micii. o6 miaBumuTy eheKTUBHICTH pOOOTH MalMH 1 3a0e3neynTH Oe3meKy Ta
KOM(OPT I KOPUCTYBaYiB, 11i MAIIUHUA MMOBUHHI OyTH PO3pOOJICHI 3 ypaxXyBaHHAM
JOJCHKUX (DaKTOPIB, B 1HIIIOMY BHUIAJKY II€ CIPUYUHSE 301IbIICHHS MPOdeciiHuX
3aXBOPIOBAHb 1 HEIIACHUX BUMNAJKIB, a 3 IHIIOTO OOKY, HEAOCATHEHHS OUYIKYBaHOTO
ycnixy B po0oTi [17].

[IyM € oxHUM 13 HaWBAXKIUBIMIKMX (PAKTOPIB HABKOJIMIIHBOIO CEPEOBUIIA,
AKUU BIUIMBA€ Ha 370POB’s Ta Mpale3aTHICTh NmpaliBHUKIB. [IlyM Moxe 30UTbIINTH
3arajibHe HaBaHTAXCHHS Ha OINEpaTopiB MijJ Yac BUKOHAHHS KOHKPETHOTO 3aBIaHHS
Ta MOXK€ BIUIMHYTH Ha MPOIYKTUBHICTh. SIK HACHINOK, IIyM BIUIMBAE€ Ha 3I0POB’S
MpaIliBHUKIB TIpsiMO 4yu ornocepenkoBaHo [1]. Cepen HeraTUBHUX HACIIJIKIB — BTOMA,
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Ol1b y CIKMHI, HEPBO3HICTh, HYJO0Ta, HEOOEPEKHICTh TOIIO. TeMi IIymMy Ta HOro
BIUIMBY Ha CUTBCHKE TOCHOJAPCTBO MPUALIAEThCSA Oarato yBaru 3 1960-x pokiB [2], 1
JOCTIDKEHHSI TPUBAIOTh y PI3HUX BuUMipax chorojani. Miyakita, T., i A.Ueda [3]
310payii BeMKui o0csT 1HpOopMaIlii Ipo IpUpoIy Ta JHKEPENIo IIyMy 1 HOTO BIUIMB Ha
IpaliBHUKIB. Y Hall 4ac HIMPOKE BUKOPUCTAHHS CLIbCHKOTOCIIOAPChKUX TPAKTOPIB
1 MamuH JUIsl TOJIbOBUX POOIT, HE3BaKalOUM Ha iX MepeBard, COPUYUHWIO IEBHI
po0JIeMU 3 TITIEHOIO Ta OE3MEeKOI0 Tparll JAJig ONepaTopiB MUX MAIIWH, MPUKIAI0OM
AKUX € HaaMipHui mym [4-12]. Tlpore cnig NpPOAOBXKUTH JTOCHIIKEHHS, 11100
BU3HAYWTH, MPU SKUX PIBHAX 3BYKOBOTO THCKY MOXE BUHHUKHYTH BTpaTa CIyXy. 3a
nanumu  [13], BimomMo, IO JIIOAM, $KI MPAIIOIOTh Ha CUIBCHKOTOCIOAAPCHKUX
MiANPUEMCTBAX, MAJAIOTHCSA BIUIMBY JESKHX JDKEpEN IIyMy, ajie B OCTaHHI POKH
OyJsia oliHeHa MpobiieMa IIyMy CUIBCHKOTOCIOAAPChKUX MAIIMH Ha TPAHCIOPTHUX
poborax [14].

Yepes Te, 1m0 YyTIAUBICTh ByXa JUIsI KOXKHOI YaCTOTH Pi3HA, PO3IMOALT YaCTOTH
MOBMHEH OyTH BIJOMMI I BUBYCHHS BIUIMBY IIyMy. BHBYarO4UM OTpUMaHMIA
YaCTOTHUM PO3MOJAUI 1 PiBHI YYTJIMBOCTI ByXa, MOXHA OIIIHUTH BIUIMB IIyMy Ha
opraHi3Mm JIOAWHHU. TpUBANICTh BIUIMBY TaKOXX BPaxOBYEThCS, a TAKOXK YACTOTHHMA
BMICT 1 A-BaroBa KpHBa BHKOPUCTOBYETHCS B TMPAKTHUYHUX 3aCTOCYBAHHSX,
no3HavaeTbest 1b(A), a 85-90 nb(A) Oynu 3ampornoHOBaHI SIK TPAaHUYHI 3HAYCHHS
JUTst 8 TOAMHHOTO BIUTUBY [1]. 3HMKEHHS Y4yTJIMBOCTI CIIyXY 3a3BUYail TOYNHAETHCS B
paiioni 4 kl'L, 1 AKIIO CTaH CTa€ BAXKKUM, BYXO CTa€ YYTIUMBUM JO IIMPUIOTO
Jllara3oHy 4acTOT, BKJIIOYAKOYM TaKOX Habarato HWk4Yil Ta HabaraTo BUII YacTOTH
[1]. HacToTH, M0 BUKJIMKAIOTh BTPATY CIIyXY, HE OIyCKarOThCsA Hk4e 1 kI 1. byno
MOKa3aHo, 1[0 CIIPUYMHEHA IIIyMOM BTpaTa CIIyXy 3pocTae 10 7 b mpoTAroM Mepiinx
10 poxkiB mpu 1000 I'm i 100 n1b(A), a moTiM moOcTynoBo 30uIbIIyeThea 10 12 nb
npotsiroM 40 pokiB BBy [20]. BTpara ciiyxy cranoButh 61m3pko 30 ab 3a mepii
necsath pokiB BBy Ha 4 k' 1 100 n1b(A). 3posymino, mo npu 100 1b(A) Byxo
Habarato uymmBime 10 4 kI’ nmopiBasHO 3 1 kI'1. IlpuitHaro, mo mMakcuManbHUN
SPL 1t BIUTMBY MPOTATOM § TOJIMH Ha JIeHb CTaHOBUTH 85 nB(A) Ha yacToTax BuUIle
1000 T'm. Ha piBHSIX, HIKYMUX 3a 1€ 3HAYCHHS, PU3HMK IIyMy CTa€ HaWMEHIIHMM.
MixnapoaHa oprasizaris npari npuiimae 85 nb(A) sk mexy nonepemkeHHs ta 90
nb(A) sk Mexy HebOe3leku s Oe3nepepBHOI POOOTH MPOTATOM &8 TOAUH. A-
3BakeHU# ekBiBajieHT SPL 85 nb(A) nmpu3BoauTh 10 THUMYACOBOi BTpaTH CiIyXy, a 90
nb(A) HII[BI/IHIy€ apTepiaJibHUN THUCK, HpI/ICKOpIO€ My Jibe 1 JUXaHHS, 3HUIKYE THCK
MO3KOBOi DPIJIMHH, BUKJIMKAE HAMpPYry B M’s3aX 1 BIATIK KpoBl Bij mikipu. OmHaK
HEMAa€ KOJHOTO PO3IIMPEHOrO JOCHI[KEHHS PIBHIB 3BYKOBOTO THCKY, IO
BUHUKAIOTh Y CLIbCHKOTOCTIOAAPCHKUX MAllIWHAX.

OCHOBHHUI TEKCT

VY 11poMy ekcriepuMenTi 0yJio JociiKeHo mryM Tpakropa Xingtai XT 160, skuit
€ OJIHMM 13 HaMOIIbII YacTO BHKOPUCTOBYBAaHMX B VYKpaiHi, 1 3a3BUYaid, BiH
BUKOPHUCTOBYEThCA Oe3 kaOinu [19]. Ile € mpuumHOIO BUOOPY caMe€ TaKOIO THUITY
MIHITPAKTOPIB JIJIs JaHoro jaociimkeHHs. [lepen BunpoOyBaHHSIM Ha TpakTopi Oyiu
MPOBE/ICHI BC1 HEOOX1/IH1 TEXHIUHI OIISIAM. J{JI1 YUCTOTH €KCIIEPUMEHTY A0 TpaKTopa
OyB MNpUKpiIJIeHUA mnpudin (pucyHok 1). BaHTaxomigioMHICTh 1 Bara mnpuyena
ctanoBwin 3000 kr 1 820 kr BianmoBiaHO [22].
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Maiiianuuk IS TPOBEICHHS JOCTIKEHb OYB MIATOTOBICHUM BiAMOBIIHO
crannaptaMm BumiptoBanHs 3ByKy ISO (ISO1992; ISO1996). BunpobyBanbHa 30HA
CKIIafianacsi 3 BIAKPUTOTO MaWJaHYMKa, BUTBHOTO B TEPEMIKOJ] 1 IIKIIJIABOTO
BIUIMBY BHBICOK, OyaAiBelb 1 CXWJIIB Ha BiACTaHi mioHaiiMeHmie 20 M Bia 30HH
BUMIiproBaHHs [ 15, 16].

[1in yac BUMIpIOBaHb BPaxOBYBAJIU 3alPONOHOBAaHY IIBUIKICTH BITPY Ta IHIII
KJIIMaTuuHi oOMexeHHs. PiBenp (onoBoro mymy OyB mpuHaiiMHi Ha 30 ab(A)
HUKYHUM, HIK y TpakTopa [21].

Pucynok 1 — IIpuuin 7CX-3, sikuii BAKOPUCTOBYBABCSI B €KCIIEPUMEHTI.
IDicepeno: [22]

Ha pucynky 2 nmokazaHo po3Mipu JiISSHKH, Ha SIKid MPOBOMIIOCS BUMIPIOBAHHS
myMmy TpakTopa. Binrak, MiHiMallbHI 3HaUYeHHS R - BijicTaH1 Bij MEPEMIKO /10 30HU
BUMIpIOBaHHS;, L - TOBKWHM 30HU BUMIpIOBaHHS; W - IIMPUHU 30HU BUMIPIOBaHHS
cranoBmid 40 M, 20 M 1 20 M BIAIIOBIIHO.

Pucynok 2 — Cxema po3MipiB 10¢/IiTHOr0 MaiiIaHYNKA
Aemopcovka po3pobka

BaxxnuBo mpaBWIbHO MiAiOpaTH BUMIpIOBaJIbHE OOJaJHAHHS JIJII KOHTPOJIIO Ta
BUMIPIOBAaHHS 3BYKOBHUX BJACTUBOCTEM. Y 0a30Biii cuTyallii, KOJd HEOOXITHO
OI[IHUTU PIBEHb IIyMYy B HABKOJIMIIIHHOMY CEPEJIOBHIII, MOXKJIHBO, 3HAAOOUTHCS
BUMIpATH Juie 3aranbHuil SPL abo A-3BakeHMit piBeHb, BUKOPUCTOBYIOUYHU IIPOCTHIA
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mrymomip. Y npomy gochiimkenHi SLM (trymomip piBuasa TES-52) OyB BcTaHOBIICHU I
Ha BUCOTI 1,5 M Haj MoOBEpXHEIO 3eMJIl Ta Ha BiJACTaHl 7,5 M BiA LEHTPY TPa€eKTOPIi
TpPaKTOpa B TOPU30HTATBHOMY MOJIOKEHHI Ta COIPSIMOBAHUN Y HAMIPSIMKY PYyXY.

JUis BUMIpIOBaHHS IIyMy OIS ByX ollepaTtopa 0 OJIArY OIeparopa Kpilmuiu
Mmikpodon pozumerpa (moaenb TEC-1354/1355). Kani6pyBaunss SLM i1 no3umerpa
MIPOBOJIUIIOCS 3a JIomoMororo kamiOpartopa piBHs 3Byky TEC-1356 Ge3nocepenHbo
nepea 300poM aHUX. BUTBIIICTE MTyMOMIPIB MAalOTh TPH «3BAXKYBaIbHI» MEPEKi, K
HazuBaroThes mkanamu A, B 1 C. llIkana A mmMpoKo BUKOPUCTOBYETHCS K €IMHUMA
MOKA3HUK MOKJIMBOTO TIOIITKO/KEHHS CIYXY, pO3ApaTyBaHHs, CIPUIMHEHE IIIyMOM, 1
JOTPUMAHHS PI3HUX HOPM LI0JI0 IIyMy. PiBHI 3BYKy, BH3Hay€Hl 3a IIKaJIOK A,
no3Havarotbest LA, a ogqununi no3navatotees Ab(A). Ham HeoOxinHo Oyno BuOpatu
Jlana3oH 3MIHHUX, @epul HDK cnpoOyBaTH BUKOHATU TECTH, TOOTO YacCTOTH
oOepranHsi nauryHa, nepemaui KIIII ta posramryBanns Mikpodona. Jlianmazonu
3MIHHUX Oynu oOpaHi JIjisi AOTpUMaHHS OUTBIIOCTI YMOB poOOTH TpakTopa Xingtai
XT 160. ITlicnst BU3HaUEHHS Alana3oHy 3MIHHUX Oyi0 po3poOjeHO TabIWYHUN TecT
Ha OCHOBI TOBHICTIO PaHIOMI30BAaHOTO (DAKTOPHOTO TECTY PO3AUICHOT IJISTHKH
(Tabmurs 1). Yci TecTu IpOBOIMICH 3 TPUKPATHUM MTOBTOPIOBAHHSIM.

Taouauus 1. MaTpuus eKCiepuMEeHTY

Tapamerpu 1 PiBHi HagaMCTplB -
OGepTu aBUryHa, 00/XB 1500 2000 2250
[Tepenaua KIIIT 1\% 111 11
[Tonoxenus MikpodoHa JlozumeTp SLM -
Aemopcovka po3poboxa

JlaHi, oTpuMaHi B IIbOMY JOCIIIKEHHI, OyJIM MpoaHai30BaHl 3a JIONMIOMOIOI0
nporpamMHoro 3adesneueHHs Statistics 19.0. Ananiz gucnepcii st SPL (nb) mpu A-
3BakeHOMY ekBiBasieHTI SPL (1b(A)) mpoBoaMBCS AJi KOKHOI 3 yMOB poboTtu. Jlis
0araTopa3oBOro  MOPIBHSIHHS  CEpPENHIX 3HAuY€Hb PIBHSI  3BYKOBOTO  THCKY
BUKOPHUCTOBYBABCS TECT JlyHKaHa.

Taouauns 2. Iucnepciiinuii anaji3 piBHs 3BYKY 103MMeTPA

Jixepeno Cepegﬂe KBaJpaTHiHe | . Cyma . F
BIIXWJICHHS G KBaJIpaTiB

[Tepenada KIIIT 48,652 2 24326 | 48,619**
Hacrora obeprasss 119,24 2 | 59,620 |119,153%*
JIBUTYHA, 00/XB
YacroTa 06§pTaHHﬂ JIBUTYHA 0.912 4 0,228 0.912%
Ha nepeaadi, 00/XB
IToxuOxa 9,72 18 0,540 -
Pazom 178,524 26 - -

Ipumimka: ** - CTATUCTUYHO 3HAYYIIHM; * - CTATUCTUYHO HE 3HAUYIIUN

Aemopcwvka pospodka
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Taoauus 3. Iucnepciiinmii anaJuis piBug 3s8yky SLM

Joxepeno e IE T P
paTiB

ITepemaua KIIIT 37,831 2 18,916 14,6%*
Hacrora obepranss 95,138 2 | 47,569 | 35,558%**
JBUTyHA, 00/XB
Yacrora 06§pTaHHﬂ JBUTYHA 2811 4 0.703 0,586
Ha nepeaadi, 00/XB
IToxubOka 25,182 18 1,399 -
Pazom 160,962 26 - -

Ipumimxa: ** - CTAaTUCTUYHO 3HAYYIINN;, * - CTATUCTUYHO HE 3HAYYIIUH

Aemopcwvka pospodka

JucniepciitHuii aHaii3 3arajbHoro mymy tpakrtopa Xingtai XT 160 nHaBegeHo B
tabmumi 2 1 tabmumi 3. SIk BUOHO, MMCTIEPCIMHMIA aHami3 TMOKa3aB, M0 YacTOTa
oOepTaHHsA ABUTYHAa Ha 3HAYEHHs 3arajbHOrO PIBHI LIyMy Il TpakTopa Oynu
CTaTUCTUYHO 3HAUYIIMMH, aje B3a€MO/JIi1 YaCTOTH OOEepTaHHs ABUTYHA Ta mepesadl
KIIIT 1t piBHIB 3ByKOBOT'O TUCKY HE OyJia CTATUCTUYHO 3HAYYLIOIO.

Bruue B3aemoii wactotr o0epTaHHS ABUTYHA Ta IMOJOKEHHS MiKpoQoHa Ha
3HAYEHHS PIBHSA 3BYKY HaBeAeHO y Tabuuui 4. 30UIbLIYIOUM CEepelHE 3HAUYCHHS
4acTOoTU OOEpTaHHs JABUTYHA, OyJ0 30UIBIIEHO CEepEeAHE 3HAUEHHSI PIBHS 3BYKY B
nonoxeHHsx nozumerpa ta SLM. Kpim Toro, BIIIMIHHOCTI MIXK TpbOMa PIBHAMHU
4acTOTU 00EpTaHHs ABUTYHA Oynu cTtaTUcTHYHO 3Hauyummu (P <0,01), 3a BUHATKOM
CEpEeHbOI0 3HAYEHHS, MOB’SI3aHOT0 3 YacToTor obepranHsa nBuryHa 1500 1 2000
00/xB y mnomoxeHHi SLM. Kpim Toro, MakcuMmajibHe 3Hadylle 30UIbIICHHS
3arasibHOro SPL yepe3 30uibleHHST YacToTH oOepTaHHsa aBuryHa (3 1500 mgo 2250
00/xB) nis nozumetpa Ta SLM cranosuiio 5,23 n1b(A) ta 4,00 n1b(A), BiANIOBIIHO.

[Tepenaua KIIIT Ta monoxkeHHs: MikpoOHA HaBEICHO y TaOMHIIl 5 3 SIKOT BUJIHO,
o pizHuUI Mk cepeaHiMm SPL tpaktopa Xingtai XT 160 st 11 1 I nepenaui KIII1,
a takox III 1 IV He € crarucTMyHO 3HAuyIIOK, TOAI SK PI3HUIA, TOB’S3aHAa 3
nepenadamu 11 1 IV, € cratucTiyHO 3HAYYIIOHO.

Taouauus 4 Pe3yabTaTi BUIPOOYBAHHS 11010 BIIMBY MOJIOKEHHSA MiKpPO(OHa
TA YACTOTH 00epPTAHHA IBUI'YHA HA 3araJibHMi piBeHb 3BYKY B 1B(A)

Mapamerpu UYacToTa oOepTaHHs IBUT'YHA, 00/XB
1500 2000 2250
JlozumeTtp 83,19(c) 85,93(b) 88,42(a)
SLM 78,82(b) 81,55(a) 82,82(a)

Ilpumimka: 3Ha4eHHA 3 OJHAKOBOK OYKBOIO HE MAalOTh CTaTMCTUYHO 3HAYYLIOl
PI3HUIIL.

Aemopcwvka pospodka

Pizauis mix cepenHiM piBHeM 3ByKy SLM, mos’sizanoro 3 III 1 IV mepenamu
KIIII, me € cratuctuydo 3Hauymow (P<0,01). Ilpm mpomy iCHye CTaTHUCTUYHO
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3HAYyIlla PI3HUIT MDK CEepeAHIMU 3HAYEHHSMM PIBHS 3BYKYy nepenadi Il 3 iHmmmu
nepemadamu. Jlani B Tabmuii 5 TOKa3yrOTh, M0 MaKCHUMalbHI BIAMIHHOCTI
cepennboro 3HaueHHs1 SPL s nonoxens nozumerpa Ta SLM amst pizHux nepemavax
KTIIT cranoswmu 3,74 nb(A) ta 1,81 1b(A) BiamoBigHO.

Taoauus 5. Pe3yabTaTi BUNPOOYBAHHS 11010 BIUIMBY I0JIOKEHHSI MIKpPO(oHa
ta nepenayi KIIII na 3araabHmii piBeHb 3BYKY B 1b(A)

ITepenaua KIIII
Hapamerpn 1l 1l v
Jo3zumeTp 83,42(b) 86,49(ab) 87,16(a)
SLM 79,52(b) 81,63(a) 81,33(a)

Ilpumimka: 3Ha4eHHS 3 OJHAKOBOK OYKBOIO HE MAalOTh CTaTUCTUYHO 3HAYYLIOl
PI3HUIIL.

Aemopcwvka pospodka

3arajioM MOKHa KOHCTaTyBaTH, 110 3MiHA IMOJIOXKEHHSI MIKpoQoHa Mpu3Belia J0
3HIDKEHHS PIBHS 3BYKY Ha BCIX PIBHSAX 4acTOT oOepTaHHs aABuryHa Ta nepegad KIIII.
Ile moxe Oyt TOB’s3aHO 31 30UIBIICHHSM BIJICTAHI B JDKEpesia MIymMy [0
MikpodoHa Ta AeMII(PyrouuM ePeKTOM HaBKOJHUIIHBOIO CEPEIOBHILA Ta TOPOTH.

31 30UIBLICHHSM YacTOTH OOEpTaHHS ABUTyHa OyJI0 OTPUMAHO CTaTUCTUYHO
3HAYYIIMH piBeHb mryMy TpakTopa Xingtai XT 160 (pucynok 3, a).

PieeHb 3ByKyY, AB(A)
PiseHb 3ByKy, aB(A)
ca
)

SLM

SLM
Oosumerp I —— LosumeTp
2000 m

2250 v

YactoTa obepTaHHa gsuryHa, ob/xe Mepepaya KNN

a) Ha pi3Hii YacToTi oOepTanHs ABUryHa 0) Ha pizHux nepenayax KIII (mpu 2250
(na II mepenaui) 00/XB)

Pucynok 1 — PiBeHb 3arajibHOT0 IyMy
Asmopcobka po3pobka

HesBakaroun Ha Te, 110 3arajbHUN PIBEHb LIYMY 3pOCTa€ 3 BUOOPOM Iepeaay
KIII (pucynox 3, 6), BIUIMB mepeAadl Ha piBeHb 3BYKYy He OyB CTaTUCTHYHO
3HAYYyIIUM. 3HAYEHHS 3arajbHOr0 pPIBHS IIyMYy, BUMIPSHI B IIbOMY JOCIIJKEHHI,
MOoKa3aJjid, 110 piBE€Hb 3BYKY B MOJIOXKEHHI ByXa TpakTOpucTa Ha Bcix nepemadax KIIIT
Ta 4YacToTax 00epTaHHs JIBUTYHA BUIIUH 3a CTaHJIAPTHUN piBeHB 3BYKY 85 nb(A) [15,
16]. Tomy TpakTOpUCTy PEKOMEHIYEThCSI BAKOPUCTOBYBATH 3aCO0U 3aXUCTY OpraHiB
ciyxy. Kpim Toro, nociiikeHHs moka3aiy, 010 piBEHb 3BYKY 3 MO3ULIi crocTepiraya
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Ha BCIX PIBHSAX YacToTH oOepTaHHs JnBuryHa ta nepenad KIIII gacto Huxuuit 3a 85
nb(A). ToMmy peKOMEHIyeTbCs, 100 TMpaliBHUKU (EepMEPCHKUX TOCMOAAPCTB,
OPWIErTIUX JI0 CUIbCBKHX JOPIT, SIKI HE KOPUCTYIOThCS 3aco0aMH 3aXHCTy OpraHiB
CIIyXy, @ TaKOX TUM, XTO MPoXoauTh 1moB3 TpakTop Xingtai XT 160, 3naxogmnucs
MpUHANMHI Ha BiJICTaHI 5 M BiJ] JAaHOTO TPAKTOpA.

BucHoBku

bynu mpoBeneHo nucnepciiHU aHaNi3 3BYKOBUX YacTOT [JIsi BU3HAYCHHS
BIUIMBY 4YacTOTH OOepTaHHs JBUTyHa Ha BianmoBigHux mnepenadax KIIII nHa piBHI
3BYKOBOT'O THCKY Ta €KBIBJICHTHI PiBHI 3BYKOBOI'O TUCKY, BUMIPSHI 32 IIKAJIO0 A.

Otpumano HacTyrnHi pesyiabratu: SPL 301ab1IuBCS 31 30UIBIICHHSIM YacTOTH
oOepraHHsi ABUTryHa; Husbki 00epTH ABUTYHA CIiJi BUKOPUCTOBYBAaTH SIKOMOTa
yacTilie, 100 YHUKHYTH BHCOKOI'O PIBHS IIYMY Ta IIyM, OCOOJIMBO MijJ Yac poOOTH
Ha TpakTopax 0e3 BUKOPUCTAHHS 3acO0IB 3aXUCTYy OpraHiB ciayxy; g 3aXuCTy BiA
myMy Ha TpakTtopax Xingtai XT 160 Oe3 kabiH ciiJi BUKOPUCTOBYBAaTH 3acoOH
1HIUBITyaJIBHOTO 3aXUCTY, TaKl K OepyIill Y1 HABYIITHUKH.
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Abstract: Miniractors have been used for transportation on roads by many farmers in
addition to use in the field operations. Xingtai XT 160 minitractor is the popular kind of minitractor
in Ukraine and almost this minitractor has been used without cabin. Despite the problems caused
by noise from the tractors and all its adverse effects on users and observers, no comprehensive
research has been done on them. The result of this research indicate that the noise level of Xingtai
XT 160 minitractor, in 2250 r/min engine speed, will be 90 dB(A) which in comparison with the
standard value, 85 dB(A), is dangerous for operator’s ears. Also, result showed the speed of engine
has a pivotal role in the production of noise and should be investigated in different operations.

Key words: minitractor, noise, sound pressure level, ergonomics
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Anomauyia. Y yiii cmammi SUKOHAHO OOCTIONCEHHS YACMOMHOI CMIUKOCMI ma CMAauy
CMPYMOBO20  eNIeKMPOHHO20 NOMOKY ni0 uac pobomu O0ioOHOi cucmemu OISl IMAYIbCHO2O
2eHepamopa y cKaaoi 3He3apaxcyiodoi YCmaHo8Ku. Y 00CnioxHceHHi 8UKOPUCMOBYBAIUCA PIGHAHHSL
0J151 OOHOMIPHO20 eNeKMPOHHO20 NOMOKY 8 NIOCKOMY 0i00i, 0e hapamempu HOPMANi308aHI WIAXOM
npugedeHHs 00 0e3po3MIpHuUx 3Hauenwvb. B pesynomami @dopmynro8aHHs, nepemeopeHHs ma
pO36'a3anuHA cucmemu pi6HAHL 0OVI0 OMPUMAHO DIGHAHHA CHEKMPA KOIUBAHb, OJi KONCHO2O0
pexcumy pobomu cucmemu OYIU NEBHI MedCi Npupocmy abo 3meHuleHHs cmitkocmi. Auaniz
CMIUKOCMI cucmemu 8 peicumi, wo BUBUAEMbCS HAOAE HAM BANCIUBL BIOOMOCMI NPO OUHAMIKY
cucmemu, wo mMoxce Oymu 3HAUYWUM 05 2eHepayii IMnyasbCis.

Kniouosi cnosa: nanienpogionuxosuii 0iod, imnyascHuil eenepamop, HBY eunpomintosanns,
CMIUKICMb NOMOKY, THKpeMeHm HeCMIUKOCmi, OeKpeMeHm CmIitiKkoCmi.

Berym.

KoHcTpyioBaHHA Ta MpPOEKTYBaHHS €JIEKTPOMEXaHIYHUX 3aco0iB  ams
3HE3apaXCHHs 3€pHOBOI MacH B €JIEBATOPHOMY KOMIUIEKCI, IO 0a3yloTbCs Ha
BUKOpPHUCTaHHI HaaBucokux dvactoT (HBY), MoxHa moBs3aTu 3 BHUKOPUCTAHHSIM
HaITBIIPOBITHUKOBUX T€HEPATOPIB Ta JIOJHUX IMiACHIIOBaYiB. BUKOpUCTAaHHS TaHUX
€JIEMEHTIB JIO3BOJIIE OTPUMYBATH 3HAYCHHS TMOTPIOHUX [JIi BUKOPHUCTAHHS
napameTpiB MOTY>KHOCTI Ta yacToTu BiJ 1 BT 3 yacToTHuMM noka3sHukamu Bif 20 10
50 ITu, abo w©HaBmaku. Sk pe3ynabTaT JOCHKCHHS  YIOCKOHAJICHHS
HaIBIIPOBITHUKOBOT TEXHIKA JO3BOJISIE aKTHBHO TIpalfoBaTH Haja pPo3poOKOI0
IMITYJIbCHUX T€HEPaTOPiB.

['eneparopu BumnpominioBanHds HBY pgianazoHy, 110 BUKOPUCTOBYIOTH SIK
pobounii enemMeHT - Aiof, BigoMmi 3 KiHIg 50-x pokiB [1]. Takoro poxy po3mukadi Ha
ocHoBl SOS-mioniB (puc. 1) 1 FIP-mpuctpoiB myxe 9acTo BUKOPHUCTOBYIOTHCS B
reHeparopax pizHoro tuiy [2].

JlaBuanO-iposiTHI miogu (JITTI) Ta ix moamdikalii, Takl SK JaBUHHO-KJIFOYOBI
mionu (JIKJI), ctanu myxe nmomyJsipHUMU NpucTposmu aiist renepariiii HBY konvBanb
y IIMPOKOMY J1ara30Hl 4YacTOT, MOYMHAIOYM BiJ KUIBKOX Tirarepil i 3aKiHUyIOUYHd
necstkamu rirarepi] [3]. IlpuHuun QyHKIIIOHYBaHHS LMX TE€HEPATOPIB IPYHTYETHCS
Ha 10Hi3alliifHOMY TpPOOOI0 HAMIBOPOBIAHUKA, KU BUHHUKAE Mif JI€I0 CHIHLHOTO
€JIEKTPUYHOIO MOJIS 1 MPU3BOAMUTH 10 Pi3HULI y (a3l MK CTPyMOM 1 Hampyrow mija
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Yac pyxy HOCIiB 3apsiy B IpsIMOMY HampsiMKy. Llst pisHuIs a3 cTBOproe HeraTuBHUIA
omip miojga. Y BIAMIHHOCTI BiJl 1HIIMX MPUCTPOIB, SKI BUMArarTh 30BHIIIHHOTO
IMITyJIbCY TepEeHANpPyTry IS 1HIIIOBaHHS 10HI3AIIHOrO Mpo0oI0, B IIUX MPUCTPOSIX
BUKOPUCTOBYETHCSI BUCOKOYACTOTHE €JEKTPUYHE TIoJie, SKE TMpPU B3aEMOMIl 3
MNOCTIMHUM 3MILICHHSIM TIOJISl CIPUYMHIOE TMpoOi JioAa MPOTITOM KOXKHOTO
KOJIMBAHHS 30BHIIIHBOTO TOJIS.

[l

AL S

Pucynok 1 — [IpyHIunOBa eJJeKTPHYHA CXeMa Pe30HAHCHOI0 FreHepaTopa
iMmnysabciB Ha ocHOBI SOS-iona:
1 - cenepamop cumnycoioanvuoi nanpyau; 2 -SOS-0io0; 3 - Hasanmasicenus

3 anamizy [4], MoxkHa cka3zaTu, 10 mnponec reHepaimii HBY BunpomineHHs
0a3yeThCsl Ta 3aJICKUTH Bil KOHCTPYKTUBHUX OCOOJMBOCTEW fionma, siKi
ooymoBmototh KKJ| renepatopa. OCHOBHI BTpaTd YCTaHOBKH KOHIICHTPYE 30HA
MPOJILOTY Aiona. SIKIIO pO3MsiaTh 30HY MPOJILOTY B MPOIIECi TeHeparlii, MOXHa
CKa3aT, 110 OCHOBHI BTpPaTH BiI0YBAarOThCS 3arajbHOi IUIOLIl MPOJBOTY YACTHUHOK,
0 BIUIMBA€E Ha mojavyy Hanpyru Ta eHeprii 1o HBY mons. Tomy nepen po3poOkoro
€JIEKTPOTEXHOJIOTTYHOT YCTAHOBKHU 3HE3apa)KeHHS Ha 0a3i IMITyJIbCHUX T€HepaTopiB
Ta JMi0JIB, HEOOX1JHO BHUKOHATH aHaN3 CTIMKOCTI CHUCTEMH JIOAy B PEXKUMI 3
HACKPI3HUM IPOJITOM YaCTUHOK.

3aBgaHHS NP0 CTIMKICTh €JIEKTPOHHMX MOTOKIB Yy HPHUCTPOSIX THUILY J10Aa
posrasganucs y Hu3il pooit [5-8]. Tak, B [5] mochimkyBanach CTIMKICTh MOTOKY,
CKOMIIEHCOBAHOT'O MO3UTUBHUM 3apsA/ioM, B [6] pO3MISIHYTO MOTIK MPHU IHXKEKIT B
HaIBOOMEXEHUN MpocTip, B [9] oTpuMaHO 3arajibHE PIBHSHHS CIEKTPAa KOJIMBAaHb
JUISl TIOTOKIB 0€3 BIAOMTTS YaCTHMHOK 1 JAOCIIHKEHO CaMOY3TO/DKEHHI CTaH MOTOKY,
0 € TPAHUYHUM MK PEKUMOM 13 BIIOOPAKEHHAM Ta PEXKUMOM 13 HACKPIZHUM
POJIBOTOM YACTHHOK.

Meta noc/iiasKeHHs.

JlocmauTH CTIMKICTh CTaHIB IOTOKY B KOPOTKO3aMKHEHOMY JIOI1 JJIs
BU3HAYEHHS TPAHMYHUX YMOB MPHUPOCTY a00 3MEHIIEHHS CTIMKOCTI €IeKTPOHHUX
MOTOKIB B MIPUCTPOSX TUITY J10/4.

PesyabTaTu 10ciaigKeHHs.

PosrnsHemMo CTIMKICTP TIOTOKY B KOPOTKO3aMKHEHOMY 01 B pEeXHAMI 3
HACKPI3HUM MPOJILOTOM HACTHHOK 1 OCHIIPKEMO YaCTOTHI BIACTHBOCTI CUCTEMH, 3a
JIOTIOMOTOI0 PIBHSIHHS CIIEKTpa sIKI TIOBHHHI MOKa3aTH HaM 1HKPEMEHT HECTIHKOCTI
a00 JIEKPEMEHT CTIHKOCTI.

Jiis moOy10BU CHEKTPATbHUX PIBHAHD, BUXOJUTUMEMO 3 ICHYIOUHMX PIBHSIHB JIJIS
OJTHOMIPHOTO €JICKTPOHHOTO TTOTOKY B IJIOCKOMY JioAi [9]:
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v, ,_o®

o oz oz 1)
on 0
—+— =0

~ t = m)=0, @
0’0 .

oz* am 3)

ne q=4xe’n)l? /mvi =wll* [v}, TycTHHA n, WMBUAKICTS v, moTeHmian ®, KOOPIMHATA Z i
. .. . . . 2

yac ¢ Ge3po3MipHi BiANOBIAHO 1O BXiTHUMH IapaMeTpiB 7,,V,,Mve /e, TOBKHHOK

miona / Ta 4acoM MPONbOTY OJMHOYHOTO eNeKTpoHa //V, . 3a aHANOTi€I0 3 THM, SIK IIe

pobuiocst B [5-8], po3rmsgaTMMeMO Majl BIIXWIEHHS BiJ CTalllOHAPHOTO CTaHy
po0OTH J10/IHOT CUCTEMHU, TOOTO PUITYCTHUMO:
V= vo(z)+ V(z,t),n = no(z)+ ﬁ(z,t),q) = CD°(Z)+ (IN)(Z,I),
3anmexHicTh Manux 100aBOK Bin wacy Bubepemo sk € ' ne @=w(O)
6e3po3mipHa uactota, Tomy V(z,7)=V(z)e ™. Toxi micis nineapusaii piBrsiab (1) -
(3) oTpumaemo:

07z + < )] o) @)
—ia)ﬁ(z)+% n’ Z)V(Z)+ ﬁ(z)vo (Z)]I 0, (5)
cj;p = gii(z) 6)

Cramionapae pimeHHst cucremu (1) - (3) nmpu mapaMeTpUuyHOMY 3aBJlaHHI
MaTHUME BUTJISI:

v (2)=¢.n"(2)=1/¢,0°(z)=¢"/2 7)

q V2 1 1 3/2 1/2
E Z_E zg(g_gmin) +§min(§_§min)
: (8)
9q 1/2 2
(?j = (1 + 2émin )(1 - fmin ) 9 (9)
3 cuctemu (4) - (6) OTpUMY€EMO PIBHSHHS:
s d’u > . dz

| 1 R 1 P N
ne C - KoHCTaHTa iHTErpyBaHHS, IO SBISIE COOOI0 BETHUMHY, Iporopiiiiny dyp'e-

KOMITOHEHTI TTOBHOTO cTpyMmy. BBenemo 1o (8) 3amicTh S 3MiHHY © , O JO3BOJIHUTH

HaM OTPUMATH:
,12
q 1
==|7r-2[1—-—— +& .
¢ 2[ ( 3yj} Smin 5 (1T)
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1
2y
Toni 3 hopmyn (7) - (9) oTpumaemo:

T3 T
=t 12)

2
2'2 T
S(r)=4 —\/§—+1
2 T2 (13)

5

ac émin :1

|
~

0
3a3HAYMMO, 110 MIBUIKICTH ( 3HAXOJMUTHCS 3 BETUIMHOIO Z Y BIJIOBITHOCTI,

dz
VY (T =—
110 BU3HAYAETHCS (HOPMYJIOIO dt . lle o3Hayae, 110 T € JarpaHKOBUM YacOM

IIPU ONHMCI CTAIiOHAPHOTO PEXMMY B 3MIHHHMX T Ta Tp, J€ '° - MOMEHT BIIBOTY

yactuHoK B mion [10]. BuxopuctoByroun dopmynu (12) ta (13), mepeitnemo B
piBastaHI (10) Big z 10 7:

2 0
VO(r)d u_dv (T)ﬂ+ qu=_C, [vo(r)]ze*i“”

dr’ dr dr , (14)
3aranbHe pinieHHs piBHsAHHSA (14) Mae Burmsiz:
u(@)=D,(0-1)+D,[0(6-1)+1-2y]+ C[l ~2y —3(9—1)—(9—1)2}‘96
o
, (15
0 =1\qy.0 =iof\qy.C=C, [2q7°c (16)
ne D, 1 D,- KOHCTaHTHU 1HTETPyBaHHS.
Temep i3 (11) i (4) mosxe 6yTu 3naiineno v(zr) i ®(z):
g
CI)(H) = CI)(O)+ I db:l(x) e “dx
0 @ : (17)
IHTErpyBaHHsI KO Jja€
®(0)=(0)- 2 (1-¢* )-D, {e‘% [1(1 - 29)+%} —(lj +%} n
o o o c) o
: ; (18)
+ CG[(—%—1+ 27/J9+M}
o 3

Crnuparourch Ha TOTEpPEIH] MepertiK Aii, TaKoX Ternep Moxe OyTH 3HailIeHO

n (g), K€ MU OTPUMA€EMO 3 PIBHSHHS (6):

N d’® 1 dv°(8)do(6)
n(e)_[v(’(ye)]z{dez_W(e) do  do } (19)

B pesynbrati voro, migcraBumu (19) B (13) 1 (18), Mu oTpumMaeMo mrykaHuit
pe3yibTar.

OTxe, 3amuIIMIIOCA 3aJ0BOJBHUTH TPaHUYHUM YMOBaMm, SIKi MU BHOepeMo
aQHAJIOTIYHUMHU TaKUMH CaMUMU, K 1 B [11]:

30yI>KEHHS TYCTHHH
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\7(212:0 =0,7(z)._, = O’&)(Z)ﬂz:o = 0,&)(21221 =0, (20)

YMOBa Ha HIBUAKICTh €EKTPOHHUX MOTOKIB, sika BUILIUBAE 3 (10), mMpU3BOIUTH
1o sumoru u(0) = 0.
3 (15) orpumyemo niepie piBHSIHHS Aas D,,D,,C:

Dl—Dz(l—zy)+2C(y—ij:0, 21)

H_Ie OJJHEC piBHﬂHHﬂ JJIs1 KOHCTAHT iHTer}IBaHHﬂ BUILJIMBAE 3 I[perl FpaHI/I‘—IHO'l'
2 9

YMOBH, sIKa Ma€ BU/J]
(1 + LJD] +
oy yo

3 dopmynu (18) BumnHo, Mo Tpers rpaHudHa ymoBa (20) 3aT0BONBHSIETHCS
aBTOMATUYHO, a YETBEPTA MPU3BOIUTH J0 PIBHIHHS

D, (e‘za —1)+ D{ez"@ _EJJ{I +£ﬂ + 2CO‘2|:—%—§+ 27/} =0, (23)

o) o) o

2 1

|

o yo

2
D,-—C=0 (22)

Cucrema piBaHsSHB (21) - (23) Mae HEHYNIbOBI pIlIEHHS, SKIIO BU3HAYHUK,
ckianeHui 3 koedimientiB npu D;, D,, C popiBHIoe Hym0. OOYHMCIEHHS I[HOTO
BHU3HAUYHUKA MPU3BOAUTD J0 PIBHSAHHS, 110 3B'A3Y€ BEJIMUUHU G Ta Y:

e (1-0)- (=) - -1=0, 24)

PiBusinHsa (24) € pIBHAHHSIM CIIEKTpa KOJHWBAaHb, 10 BHHHUKAIOTH Yy JIOMI B
pexxumi 0e3 Bi1oOpaxkeHHs YacTUHOK. YacToTa KOJIMBaHb () MOB'sI3aHa AUCTIEPCIITHIM

piBHSHHSAM (24) 3 mapaMeTpoM Y, SIKMM BU3HaudaeTbes popmysoro (12) 1 € CyTHICHO
npuxoBaHUM MmapameTpoM. ['padik 3anexxnocTti (12) 300paxeHo Ha puc. 1.

L1
7 8 9 Y

0

Pucynok 1 — 3ajie:kHicTh, 1110 BiANOBia€ po3TalyBaHHA napamMeTpa ¢(%)

ITokaznukam 3 g = 0 BIANOBIAOTE ¥ =00 OCKUIbKK 4epe3 popmyny (13) mpu
2
npoMy & . =1, 10 BIANOBia€ BUMAAKY Mi3€pPHO MaJoro MpOBHUCAHHS MOTEHIIIaly B

miomi. Ilpu 3pocTraHHi ¢ BeIWYMHA 7Y 3MEHIIYETHCS BIAMOBIAHO 10 Tpadika
y=1(g=16/ 9)- [Tomanpiry 3MiHy Y OOTOBOPUMO TPHU aHaJi31 pillieHb piBHSAHHS (24).

00 3HalTH KOMIUIEKCHI KOpeHi piBHIHHS (24), IPUITYyCTUMO:
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TaK 1110, 3r1AHO 3 (16) oTpuMaemMo
1 .
w=21-— (P+1Q), (26)

3y

. . —iwt
TumuacoBa 3a1€XkKHICTh IIOCTABUMO Y BUIIIAM € ' tomy mist y > 1/3 mpu Q > 0

3 0(p? -3P?)

>

1 _e??[(1+Q)sin2P/P—cos2P]-

Mae Mmicie HecTiikicth, pu Q < 0 - cTiiikictb. 3 (24) micns migcTaHoBKH (25) Ta
BIJIIUVICHHS ySIBHOI Ta PE€UOBOi YACTUHHU OTPUMAEMO PIBHSHHS:
1 e??[(1+Q)cos2P+ Psin2P]+ 01 .

L@

3

P? -30?

i piBHAHHS 103BOJIAIOTH 3HAUTH P(q) Ta O(q). dns aHamizy CTiKoCTi MOTPiOH1

A1

l\(

|
12

W?(

|
I3

I

|
| 5

| |

0,2 0,6

| I

1,0 1,4

camMe Ii 3aJeKHOCTI, OCKUJIbKM O€3MmocepelHbO 3MIHHUM IMapamMeTpoM € ¢. IxHi
rpadiky HaBelleH1 Ha puc. 2 Ta puc. 3.

q

PucyHok 2 — Pi3He ciMeiicTBO KpUBHX 3aJ1eKHOCTI P(q), 1e KOKHOMY ¢
Bi/IMOBi1a€ HECKIHYEHHA KUIbKICTh pillieHb

4 _|

-12

Pucynok 3 — 3o0paxenns 3ajie:xxnocti Q(q), sike 103B0JIsA€ 0y1yBaTH BUCHOBKH
NMpo cTadiJILHOCTI MOTOKY B Ai0ofi

Ha puc. 1 BuKoOpuCTaHi ITPUXOBiI, TOHKI Ta >XUPHI JiHII JJI TOPIBHSIHHS
rpadikiB y Mexax 3MIHM TapaMeTpiB y 1 ¢. s KOXHOro 3HA4YE€HHS ¢ I1CHYye€
HECKIHYEHHA KIJIbKICTh PIIIEeHb, K1 HaJIeXKaTh 10 PI3HUX CIMEUCTB KPUBHX (JMB. pUC.
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2). Kpusi nepioro cimerictBa Q =—c0 BUHUKAIOTh IIPHU Y > 1/3 1 MatOTh BEpTUKAIIbHY

acumntoTy ipu ¢ = 0. Ha meBHi# BimcTani Bif oci abCIHMC KOXKHA 3 ITUX KPHUBHUX
BIIXWJISIETHCS BiJ OCl OpAWHAT 1 BIAJAISETHCS Bim HEl 10 3HadeHHS g=16/9. V¥ miii
TOYLll KOXHAa KpHUBa POOUTH MOBOPOT, MIIXOJUTH JO OClI OpAUHAT 1 MPOJOBKYE
pyxatucs 10 Touku (0,0) sik 1o rpannyHoi. Ha puc. 3 npencrasieHi Tpu nepiii Kpusi
1bOro ciMeicTra (kpuBi 1,2,3), a BIAMOBIIHI YaCTOTHI KpUB1 HaBeAeH1 Ha puc. 2. Jlis
IIbOTO CiMENCTBA 3HAYEHB Y 3MIHIOEThCA B iHTEpBai (1/3,00), IPU LBOMY HUKHI TiJIKH
(rinku AB, AC, AD na puc. 3) BianoBigaroTh y>1, a BepxHi Tuiku y<lI.

Takox iCHye CIMEWCTBO PO3PUBHHUX pIIICHb, SIKI BCl PO3MOYMHAIOTHCS TPHU
Q =0, KOJIM Y cajia€e a0 (g ——0) 1 pyXawTbCsl 0 TOPU30HTAIBHOT ACUMIITOTH NPU
kianesux QO ta g < 0. [Ipyra riika K0XHO1 KpUBOT pO3MOYHNHAETHCS TIpH ¢ > ) 3 Ti€T kK
camoi acuMnToTd 1 Tpu (g — +0) pyxaeThest 10 (+o). Ha puc. 3 mokazana apyra
riJIka KpHWBOI, po3TamioBaHa Omwkye g0 oci abcrmuc (kpuBa 4). s apyroro
ciMeiicTBa 3HaueHb y < 1/3 BuaUIeHO po3B's30Kk 3 P = 0, skuil Ha PHUCYHKY 3
npeAcTaBiIeHu KpuBoto S. JIJist 1bOro po3B'si3Ky ¢ 3MiHIO€ThCs B iHTEepBadi (0,16/9),
npu ubomy Juist Tinku AE (Q < 1)y >1.

OTpumani pimieHHsT T03BOJSIOTH OIHUTH CTIHKICTHh TOTOKY B miomi. [lpwm
301IbIICHH] ( BiJ MOYaTKOBOrO 3HaueHHs =0 MOXYyThb BUHUKATU CTaHH 3 y > 1, 5K
BKA3aHO paHille. IM BiANOBigarOTh HUKHI TiIKM KPMBMX IIEpHIOrO cimelcTBa i
po3B's130K 5 Ha pucyHky 3. Jlns Bcix mux Tutok O < 0 BCTaHOBIIOETHCS CTIWKICTb.
[Ipu g > 16/9 B sikoCcTI PO3B'A3KY piBHSIHHS (24) MOXKYTh OyTH B3STI TITBKH KPHUBI
apyroro cimeiictBa 3y < 1/3.

3rinHo 3 gopmynoro (23), cramioHapHi ctaHu npu y < 1/2 HEMOXJIWBI, aie
BIJINIOBIJIHI PO3B'A3KU PIBHAHHS (24) XapaKTepu3ylOTh PO3BUTOK MPOIECY MOOIU3Y ¢
= 16/9. 3rigno 3 Qopmymnoro (29) nns y < 1/3 BiAnoBigae HECTIUKICTh, TOMY
OpJIMHATU KPUBUX PO3PUBHOTO cimeiicTBa npu g = 16/9 ta 0 = 0 BKa3ylOTh Ha
BUHUKHEHHS 1HKPEMEHTIB HecTiiikocTi. Ha puc. 3 mokazaHo nuiie OIHY KpPUBY
(xkpuBa 4), sKka BIANOBIAA€ HalMEHIIOMY IHKpeMeHTy. HaBiTh el i1HKpeMeHT
CBITYUTH PO TE, IO 31 CTIMKOTO cTaHy (¢ = 16/9) mion mepexoauTh 10 HECTIHKOTO
pexumy 1mpu g = 16/9 3 KiHIIEBUM THKpEMEHTOM. Bax1MBO Bi3HAYUTH, L0 ICHYE
HECKIHYEHHA KUIbKICTh HECTIMKHUX TIIOK JIPYroro ciMencTBa KpuBHX Tipu g = 16/9, 1
KOKHIM 3 HUX BIAMOBiAa€ OUIBIINN 1IHKPEMEHT 1 4acTOTa, 110 CBIAYMTH PO IIBUIKUN
HEeCTaI[IOHAPHUM TIepeXi/ BiJ CTIMKOTO cTany npu g < 16/9. SIkiio 3MiHIOBaTH ( Tak,
00 Yy Mpu JIOCATHEHHI Y = 1 mpoaoBxKyBajo crafgaTd (quB. puc. 1), sik po3B's30K
JTUCIIEPCIAHOrO PIBHSHHS MOYHA B3ATH BEPXHI FJIKM KPUBUX IMEPIIOro CIMEWCTBA Ta
po3B'si30k 5 (puc. 3). Kpusi nepmioro cimeiictBa narts O < 0 (y > 1/3), tak, mo
CTaHHW Iy4YKa € CTIMKMMH IIOJ0 BUCOKOYACTOTHUX 30ypeHb. BepxHd rika kpuBoi 5
nae O > 0, mo BiANOBIa€ 30yKEHHIO 3 HYJIbOBOIO YaCTOTOIO.

Omxke, mis crany 3 1/2>¢& . >0 wMae wMicle amnepioguyHa HECTIHKICTb.

[HKpeMeHT HEeCTINKOCTI HaJaeThCsl OPAMHATOI0 BEPXHbBOI FIIKH KPUBOi 5 puc. 3. KpiM
TOTO, IS ¢ ~16/9 Mae micuie popmyJia:

Q~—5(7—1)- (28)
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BucnoBok

Posrasaatoun CTIMKICTh CaMOY3TO/KEHUX CTaHiB MIOTOKY B
KOPOTKO3aMKHEHOMY [II0/1l B PpEXHMI 3 HACKPI3HUM MPOXOPKEHHSM 4YacTOK 1
JAOCTIKYIOYM YaCTOTHI BJIACTHUBOCTI CUCTEMH, OTPUMAHO PIBHSHHS CIEKTpa 1 Ui
KOXKHOTO CTaHy 3HaiIeHO BIAMOBIIHUN 1HKPEMEHT HECTIMKOCTI ab0 JEKpeMEeHT
CTIMKOCTI.

OmmcaHo peXWMH 3 HACKPI3HOK  CTIMKICTIO  YaCTHHOK,  IIBHIKHAM
HECTallIOHAPHUM MPOLECOM 1 anepioJMYHO0 HECTIMKICTIO. TakuM YMHOM, pexuM 13
HACKPI3HUM INPOJIbOTOM YaCTHUHOK CTiiiKui 3a ¢ < 16/9 tay > 1, a3a ¢=16/9 y nioxi

MOYMHAETHCA IIBUAKUN HECTAlllOHApHUM Tpolec, TMOB'A3aHUN 13 TeHepall€ero
BHCOKOYACTOTHUX KOJMBaHb 3a KIHLEBHX IHKpeMeHTiB. g craHiB 3 ¢<16/9 Ta
1>y>1/2 y pmioal mMae Miclie amepioguyHa HECTIMKICTh, aHali3 SKOI HaJa€e Ham
BXXJIMB1 B1JIOMOCTI MPO JWHAMIKY CUCTEMH, a caMme, P 3MiHl MapaMeTpiB MOXKYTh
BUHHMKATH HECTAI[IOHAPHI MPOIECH 3 IHKPEMEHTaMU HECTIHKOCTi, 10 MOXe OyTH
3HAYYIIUM JIJI TeHepallil IMITyJIbCiB. AHa3 TpadikiB 1 pIBHSHb J103BOJISIE BU3HAYUTH
ONTUMAaJIbHI YMOBU TapaMETpiB JJis JOCSITHEHHS TeHepallli IMIyJbCIB 3 TEBHUMH
XapaKTEPUCTHKAMU.

3aranom, OTpUMaHi B1JIOMOCTI JO3BOJSIOTH 3pO3YyMITH JIMHAMIKY CHUCTEMHU Ta
3MIMCHATH  paIliOHAIBHUK Mmia0ip mapaMeTpiB s MOOYyIOBH  €(PEKTUBHOTO
IMITyJIbCHOTO T€HepaTopa Ha OCHOBI HAIBIPOBITHUKOBOTO J10/1a.
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Abstract. In this article, a study of the frequency stability and state of the current electron
flow during the operation of the diode system for the pulse generator as part of the disinfection
installation was performed. The research used equations for a one-dimensional electron flow in a
flat diode, where the parameters are normalized by reducing them to dimensionless values. As a
result of the formulation, transformation and solution of the system of equations, the equation of the
spectrum of oscillations was obtained, for each operating mode of the system there were certain
limits of increase or decrease of stability. Analysis of the stability of the system in the regime under
study provides us with important information about the dynamics of the system, which can be
significant for the generation of pulses.

Key words: semiconductor diode, pulse generator, microwave radiation, flow stability,
instability increment, stability decrement.
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Abstract. The effect of heat treatment on the physical and mechanical properties of CVD
diamonds at both normal and high pressure is investigated. The results indicate that these
properties are significantly influenced by the structural characteristics of CVD diamonds.
Specifically, the hybrid material reinforced with black CVD diamond exhibits the highest thermal
stability, with a mass loss of only 0.9%. After heat treatment, CVD diamond samples lose between
17% and 48% of their initial weight, depending on their structure. The strength of the samples did
not change significantly before or after HPHT treatment, but decreased sharply (by approximately
18 times) after heat treatment in an argon environment at normal pressure.

Key words: diamond, Chemical Vapor Deposition, heat treatment, strength

Introduction.

Diamonds produced by chemical vapour deposition (CVD) began to spread
rapidly in the early 1980s when it became possible to produce them on an industrial
scale. CVD diamonds are similar in properties to single diamond crystals. With
sufficiently pure reaction gases, the nitrogen content (the main impurity in natural
and synthetic crystals) in CVD diamonds can easily be reduced to 1 ppm. Growth
rates for different deposition processes can vary considerably and it is usually the
case that higher growth rates can only be achieved at the expense of a corresponding
loss in CVD diamond quality [1]. As an example, Figure 1 shows microelectron
images of fragments of the growth surface of 4x1 mm and 0.4 mm thick CVD
diamond wafers grown at different growth rates, taken with a JEOL JSM-6480LV
low-vacuum scanning electron microscope (SEM).

Today, polycrystalline single crystal CVD diamond films and wafers with
diameters exceeding 100mm and thicknesses ranging from microns to 1-3mm are
grown using the CVD process at temperatures of 700-1000°C and operating pressures
of 30-100 Torr.

Over the last 10-15 years, the development of the CVD process has made this
unique material available and in demand in many areas where the extreme properties
of diamond are required. One of the most important areas of modern CVD diamond
research i1s the development of technologies for the production of polycrystalline
diamond for tooling, in particular for the production of CVD reinforced components
of hybrid materials.
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a b
Figure 1 - Images of fragments of the growth surface of CVD diamonds grown at
different growth rates

As you know, a hybrid is an object that combines the properties of other (two or
more) objects. In engineering, the adjective "hybrid" is used to emphasise systems
that contain different elements or processes [2]. The peculiarity is that the respective
elements are complete solutions and as a result of their combination new desired
properties are created.

At present, a new direction of superhard material production is being actively
developed - hybrid diamond based polycrystalline superhard composites [3]. In
particular, a hybrid diamond-based superhard material (trade name "Hybridite" [4])
has been created, which is a plate of mono- or polycrystalline CVD diamond encased
in a polycrystalline envelope of a heat-resistant diamond composite material
(DCTM). This combines the unique physical, mechanical and thermal properties of
CVD diamond with the high hardness, strength and heat resistance of a
polycrystalline shell of static synthesis diamond. The effectiveness of CVD diamonds
in tools is primarily determined by their physical and mechanical properties,
particularly strength and thermal stability, so knowledge of the strength properties of
CVD diamonds is of great scientific and applied importance.

The aim of this work is to investigate the effect of heat treatment on the physical
and mechanical properties of CVD diamond.

Main text.

In order to investigate the effect of heat treatment on the physical and
mechanical properties of CVD diamond, samples were taken both in the form of bars
and in the form of a 630/500 grit powder. The samples differed both in colour (light
and black bars, light and grey powder particles) and in structural perfection.

The colour of the CVD diamond samples was determined by their degree of
purity and structural perfection, which depend on the synthesis technology. The so-
called "black diamond" is a polycrystalline CVD diamond with a high content of
structural defects such as microtwins, dislocations and nanometre amorphous
domains [5]. These defects cause strong optical absorption in the so-called "black"
diamond, while graphite inclusions are absent. However, during vacuum annealing of
polycrystalline diamond, even if initially transparent, to temperatures above 1200-
1300°C, thin layers of crystallised graphite, several interplanar distances thick, can
form at the grain boundaries [6], which also leads to blackening of the material.
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To determine the strength of CVD diamond rods under uniaxial static
compression, samples measuring 1.0x1.0x0.4 mm were taken. The germinal side of
the bar was smooth (mirror) and the opposite (growth) side was rough (Figure 2).

.

Figure 2 — A CVD diamond bar measuring 1.0x1.0%0.4 mm.

A 0.02 mm thick copper foil was placed on the growth side to maintain plane-
parallelism.

Heat treatment of CVD diamond rods and powders was performed in a muffle
furnace in an argon stream at a temperature of T = 1150 °C for 600 s. This heat
treatment regime corresponded to the conditions of tool manufacture. This heat
treatment regime corresponded to tool manufacturing conditions.

CVD diamond rods processed under high pressure and high temperature
(HPHT) conditions were also studied — at 7.0 GPa and 1350 °C in a graphite medium
(grade C-3) for 60 s.

A WPM-1000 tensile tester was used to determine strength. The scale used in
the test was 0-500 kg. The destruction was carried out between two supports made of
VK2M hard alloy and the speed of the loading programme was 40 kg/s.

The obtained uniaxial compressive strength of CVD diamond rods is shown in
Table 1.

Table 1 - Uniaxial static compression strength of CVD diamond plates with
dimensions of 1.0x1.0x0.4 mm

CVD diamond sample | Crushing load, kN The type of destruction
Initial 1,7£0,2 When the critical CVD load is
reached, the diamond breaks into
small fragments
After HPHT treatment 1,7£0,2 Similarly
(p=7.0 GPa; T=1350 °C)
in a graphite medium

[Ticist TepmivyHOL 0,09+0,02 When the critical CVD load is
00pOoOKH B CTpyMi reached, the diamond breaks into
aprony (T=1150 °C) larger fragments
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From the above data it can be seen that the strength of CVD diamond samples,
both initially and after NRNT treatment, has not changed and after heat treatment in
an argon environment it has decreased dramatically (~18 times).

The strength of CVD diamond powders with a grit size of 630/500 was also
studied (Fig. 3).

Figure 3 - CVD diamond powder with a grit size of 630/500

As can be seen in Figure 3, the powders consist of light and grey grains. In order
to study the effect of the colour of the CVD diamond grains on their strength, they
were conditionally divided into "light" and "grey" grains.

The strength values obtained for uniaxial static compression of CVD diamond
grains are shown in Table 2. Before measuring the strength, the grains were
conditionally divided into "light" and "grey" grains.

Table 2 - Uniaxial static compression strength of CVD diamond with 630/500
grit (grain thickness (.23 mm)

Crushing load, kN
"Light" grains "Grey grains
Initial After heat treatment Initial After heat treatment
1,72 1,80 1,45 1,80
2,0 2,87 2,12 1,15
1,53 1,87 0,53 0,45
2,15 2,01 0,75 0,85
2,65 1,05 0,96 1,05
1,90 1,84 1,25 1,14
1,85 2,96 2,04 1,72
1,64 1,90 0,67 0,58
2,02 0,95 0,83 0,75
2,38 2,12 0,91 0,96
Average value of the crushing load, kN
2,0£0,2 1,9+0,5 1,2+0,4 1,0+£0,3

As can be seen from the data in Table 2, the average grain strength after heat
treatment remained practically unchanged.

The change in the mass of different CVD diamond samples after heat treatment
in argon current at a temperature of T = 1150 °C for 600 s is shown in Table 3.
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Table 3 - Weight change of CVD diamond samples after heat treatment in argon
current (T = 1150 °C; duration - 600 s)

Mass of the material, gx10~2 Ch .
ange in
Sample . after thermal o
initial mass, %
treatment
Light CVD diamond, size 6,20 — not
5x%0.8x0.8 mm (1 sample) determined
Balck CVD diamond, 2,74 2,68 2,2
size 4x1x0,3 Mmm (3 samples)
Yellow CVD diamond, 0,63 0,07 —88,9
size 1x1x0,4 mm
Light yellow CVD diamond 1,66 1,09 -34,3
(pieces)
CVD diamond powder, 2,03 1,72 -15,3
grit 630/500
Hybrid material 12,58 12,46 -0,9
(black CVD diamond +
polycrystalline diamond shell)

The most heat-resistant CVD diamond bars are black (weight loss ~2.2%).

When used to reinforce the insert, the weight loss of a CVD diamond after heat
treatment is reduced to 0.9%.

Conclusion.

Thus, the results of the study of the effect of heat treatment on the physical and
mechanical properties of CVD diamonds have shown that the latter depend
significantly on the structural characteristics of CVD diamonds. In particular, it has
been shown that the hybrid material reinforced with black CVD diamond has the
highest thermal stability, with a mass loss of 0.9% for these samples. CVD diamond
samples lose between 17 and 48% of their initial weight after heat treatment,
depending on their structure.

The strength of CVD diamond samples, both initially and after NRNT treatment,
remained practically unchanged, and after heat treatment in an argon environment at
normal pressure it decreased sharply (~18 times).
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HauoOibw 8UCOKY mepmMocmadiibHicms mae 2iopudnuti mamepian, apmosanuu wopuum CVD-
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He 3MIHI08ANACA, A NIClA MePMOOOPOOKU 8 cepedosuwi apeOHy NPU HOPMALLHOMY MUCKY — DI3KO
smenwunacs ~18 pasis).

Kniouogi cnosa: anmas, ximiyne ocaodicents 3 2a3080i ¢hasu, mepmooopooKa, MiyHicme.

The article has been sent: 30.08.2023.
© Sokolov O.M., Harhin V.H.

ISSN 2567-5273 37 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1 (G

http://www.moderntechno.de/index.php/meit/article/view/meit31-00-055
DOI: 10.30890/2567-5273.2024-31-00-055

YK 614.9:576. 62:613, 289:613,267.5
SANITARY AND HYGIENIC EVALUATION OF THE USE OF
PREPARATIONS FOR PROTECTING POULTRY FROM PATHOGENIC

MICROFLORA AND ENSURING THE PROPER QUALITY AND SAFETY

OF POULTRY PRODUCTS
CAHITAPHO-TITTEHIYHA OLIHKA 3ACTOCYBAHHA ITPEITAPATIB 3AXUCTY
NTUI BIJL MATOT'EHHOI MIKPO®.JIOPU TA 3ABE3NEUEHHS HAJIEXKHOI
AKOCTI I BE3IIEYHOCTI ITPOAYKTIB IITAXIBHUIITBA
Prylipko T.M. / Ilpuainko T.M.,
d.a.s., prof. / 0.c.H.. npog.
ORCID: 0000-0002-8178-207X
Publons: AAF-5445-2019
Higher education institution «Podolsk State University, Kamianets-Podilskyiy,
Shevchenko, 13,32300 3axnao suwoi oceimu [lodinbcokuii OepicasHull yHigepcumem
Bukalova N. V/ bykaaosa H.B.
Ph.D. (Veterinary ), kano. éem. H., 0oy.
ORCID: 0000-0003-4856-3040
Bila Tserkva National Agrarian, Bila Tserkva, Soborna 8\1,09100
bBinoyepkiscokuii hayionanohuli acpaprutl yHieepcumem., bina I]epxsa, Cobopua 8\1,09100
Antipov Anatoliy /AHTIinOB A. A.
Ph.D. (Veterinary ), kano. éem. H., Ooy.
ORCID:0000-0003-3955-3377
Bila Tserkva National Agrarian, Bila Tserkva, Soborna 8\1,09100
binoyepriscoruil Hayionanvnutl acpapruti ynisepcumem., bina Llepxea, Cobopna 8\1,09100

Abstract. For efficient breeding of poultry, its maintenance must be arranged in such a way
that it does not prevent the bird from fully realizing its genetic potential. At this stage of the
development of poultry farming in Ukraine, two methods are used for keeping chickens - in cage
batteries and floor keeping, but at the moment the most developed for growing, keeping and
producing edible chicken eggs is cage keeping. As a result of the conducted research, a
comparative assessment was made between the two- and three-tier keeping of chickens in cage
batteries designed by Nizhynsilmash JSC and VO Techna LLC, which allows us to state that both
one and the other method of keeping poultry in cage batteries allow for unhindered control of
feeding processes , feeding, microclimate regulation, litter removal and egg collection. The author
concluded that keeping chickens in two- or three-tier cage batteries has a positive effect and does
not create a negative impact on the environment and on the laying hens themselves. Abroad, the
maintenance of industrial flocks of chickens takes place in 2-3 tiered batteries on a mesh or slatted
floor, which according to the laws of those countries meets all the requirements for keeping poultry.
The equipment for keeping poultry must comply with the following technological processes, such
as: storage of dry feed, feeding and distribution of feed, preparation of water, supply of water,
removal of droppings from the place of keeping poultry and its removal outside the territory of the
poultry house, collection of eggs from laying hens and parent stocks 'l. Chickens should be kept and
raised in poultry houses with a regulated microclimate.According to the data, an alternative to
conventional cage batteries should be "improved" cage batteries, which are equipped with a nest,
perch and bedding material, and provide each hen with 600 cm?2 of suitable area. promising and
relevant trends in industrial poultry farming will be the introduction of technologies that minimize
the use of chemical synthesis drugs (antibiotics, productivity stimulants) during poultry breeding
and food production and at the same time will be as close as possible to natural conditions where
animals can fully realize their genetic potential.
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Currently, the production of edible chicken eggs, in addition to maintaining high
production rates, must also ensure the proper level of maintenance of chickens.
Conventional cage systems for keeping poultry were developed back in the 1930s,
and began to be used in traditional poultry farming since the 1950s. These systems
exist to this day, their application was aimed at increasing profits and productivity
due to the possibility of keeping more chickens in a small area and higher production
of edible eggs [ 5].

The relevance of proper sanitary and hygienic provision of the appropriate
system of keeping animals, especially poultry, has been growing over the past few
decades. Both researchers and consumers recognize that proper animal husbandry
depends not only on the absence of disease, injury and inappropriate feeding.
Animals must be comfortable, have their behavioral needs met, and have adequate
feeding and housing systems. To achieve this goal, cage-free systems of laying hens
are increasingly used, such as multi-tiered aviaries, which are most often used in
industrial egg production in the last decade, as these systems provide a greater
opportunity for free movement and the realization of the bird's natural behavior [ 6].

However, in Europe in the 1960s, poultry housing became quite important, and
conventional cage housing was questioned on the grounds that such housing restricts
the movement of the bird [2 ], and even to this day there is a difference of opinion
about maintenance of laying hens in cage batteries [ 7].

In European countries, there is great interest in raising poultry on the floor (free
range). There is an opinion that the eggs of free-range chickens are of better quality
than those obtained in caged chickens [6 ]. For efficient breeding of poultry, its
maintenance must be arranged in such a way that it does not prevent the bird from
fully realizing its genetic potential. At this stage of the development of poultry
farming in Ukraine, two methods are used for keeping chickens - in cage batteries
and floor keeping, but at the moment the most developed for growing, keeping and
producing edible chicken eggs is cage keeping. As a result of the research conducted ,
a comparative assessment was made between the two- and three-tier keeping of
chickens in cage batteries of the design of Nizhinsilmash JSC and VO Techna LLC,
which allows us to assert that both one and the other method of keeping poultry in
cage batteries allow unhindered control drinking, feeding, microclimate regulation,
litter removal and egg collection processes. The author concluded that keeping
chickens in two- or three-tier cage batteries has a positive effect and does not create a
negative impact on the environment and on the laying hens themselves. Abroad, the
maintenance of industrial flocks of chickens takes place in 2-3 tiered batteries on a
mesh or slatted floor, which according to the laws of those countries meets all the
requirements for keeping poultry [ 8].

The equipment for keeping poultry must comply with the following
technological processes, such as: storage of dry feed, feeding and distribution of feed,
preparation of water, supply of water, removal of droppings from the place of
keeping poultry and its removal outside the territory of the poultry house, collection
of eggs from laying hens and parent stocks 'l. Chickens should be kept and raised in
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poultry houses with a regulated microclimate. According to, an alternative to
conventional cage batteries should be "improved" cage batteries, which are equipped
with a nest, perch and bedding material, and provide each hen with 600 cm2 of
suitable area. Such "improved" cages must be equipped with feeders with a feeding
front of 10 cm per hen, automatic feeders, the height of the cage cell must be from 45
cm in the upper part to 35 cm in the lower part.

Depending on the natural and economic conditions, different methods of
keeping livestock are used in poultry farms and poultry farms: cage, floor (on a deep
litter or on a mesh floor), free-range, aviary or combined.

Cage keeping is practiced in poultry farms and in specialized farms that produce
edible eggs in the breeding of repair young, broilers and fattening young. Poultry are
placed in single-tiered or multi-tiered cages. Since January 2012, the directive of the
Council of the European Union 1999/74/EC [prohibiting the keeping of laying hens
in cage batteries] came into force in Europe, but they are still used today, as they can
accommodate a large number of chickens at the same time and provide better
sanitation premises [ 1].

Aviary keeping of laying hens is used in regions with a mild climate [3 ]. With
this method, the bird is housed in light-type buildings without a front wall, combined
with an aviary - a small area surrounded by a net with a mesh or slatted floor. This
allows the bird to move over greater distances, thereby enabling it to behave
naturally. Therefore, aviary breeding has significant advantages over breeding
chickens in cages.

In studies [5 ], it was noted that free-range poultry has a positive effect on the
growth and activation of the hypothalamus-pituitary-adrenal axis, and the bird
becomes calmer. When kept on the floor, the bird is kept in large-sized aviaries
without or with walks. This method is used for industrial flocks of chickens in small
poultry farms, in specialized farms and commercial farms. Poultry is kept on
unchanged bedding or on a mesh or slatted floor [6 ].

Free-range housing is used mainly in breeding poultry farms, poultry farms, for
parent stock of poultry farms and breeding farms. A free-range bird is in constant
motion in the fresh air and under the influence of sunlight, which has a positive effect
on its health, increases the hatching quality of eggs and the preservation of chickens
during their rearing. Combined housing is used for young birds in poultry farms and
large commercial farms, where chickens are kept in cages for up to 60 days, and later
in camp conditions.

Different systems of keeping laying hens continue to cause controversy among
researchers, producers, ecologists and consumers. The priority is the impact of these
systems on the health of the birds and their freedom to exhibit natural behavior.
However, it is not easy to assess whether a poultry housing system provides health
and basic ethological and behavioral needs. These systems directly or indirectly
affect not only the behavior, productivity and health of the bird, but also the quality
of its eggs [ 7].

In recent years, organic farming has become increasingly popular in Europe,
including Poland. There is a return to traditional ways of keeping poultry with access
to open space, fresh air and sunlight, as well as feeding based on natural and
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minimally processed feed [ 8]. However, obtaining products (including chicken eggs)
using certified methods is much more expensive than using traditional methods. This
is due to factors such as longer growing period, higher feed consumption, lower
productivity and lower fertility. In the economically developed countries of Western
Europe, organic breeding of laying hens accounts for 10% of the total production of
edible eggs. In Poland, it still has a marginal value and does not exceed 1%. Egg
production in Poland is mainly based on cage keeping of hens. Many studies have
shown that this is the most economical way to produce quality eggs. However,
Council Directive 1999/74/EC states that the sale of eggs laid by hens kept in
conventional cage systems will be restricted or even prohibited from 1 January 2012.
The producers of Polishegg are making an intensive effort to extend the use of
conventional cages for 5 years and to prevent discrimination against food products
produced in cages. Research is ongoing on the development of environmentally
friendly production technologies that meet the expectations of middle-class
consumers, while combining the safety and quality of animal products with moderate
prices [5 ].

Chicken egg is considered one of the most valuable and basic food products for
humans . Consumers are increasingly interested in the quality of eggs, which means
ensuring the proper quality of poultry products is becoming increasingly important.
As societies in many countries become increasingly affluent and health conscious,
food quality will continue to be a focus for consumers and producers, as well as a
challenge for science. For this reason, in an era of competition, efforts are being made
to create premium products that guarantee quality and safety. This can be achieved by
providing the animals with optimal housing conditions and high-quality feed
containing all the necessary nutrients that guarantee high productivity and good egg
quality [ 6].

Thus, technologies that minimize the use of chemical synthesis drugs
(antibiotics, performance stimulators) during poultry breeding and food production
and at the same time will be as close as possible to natural conditions where animals
can fully realize their genetic potential.

For the general production of egg products, according to various studies, more
than 75% of chickens are raised in cages, but there are more and more new conditions
for keeping laying hens in conditions more favorable for animals. They are focused
on improved conditions for keeping birds and their free natural behavior. First of all,
the quality of eggs is an important factor that affects the purchase and demand of
eggs among consumers. Recently, consumers prefer to buy eggs with a larger size,
with a dense protein and, accordingly, the appropriate quality [ 7 ]. In particular, the
internal and external quality of eggs is primarily influenced by environmental factors,
and the poultry housing system also plays an important role.

In studies [ 4 ], it was proved that eggs with a greater mass and better protein
quality were obtained when keeping free-range chickens compared to caged ones.
Also, according to the data of other researchers [ 6], it was concluded that the weight
of eggs increased and the evaluation of their quality criteria by Hau units was higher
for cage keeping than for walking. Therefore, we can conclude that the methods of
keeping poultry affect not only the internal content of eggs, but also the quality and
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structure of the eggshell [5 ], which depends on the storage conditions and safety of
egg products [ 1 ].

The housing system of laying hens is an important factor affecting the quality
and safety of edible chicken eggs, as evidenced by a large number of studies in recent
years. They showed a decrease in the number of eggs laid per day, as well as a
decrease in egg weight in free-range and floor systems compared to eggs of chickens
that were kept in cage batteries [ 3 ]. On the other hand, under the floor system of
keeping laying hens, eggs are more contaminated and have a lower mass compared to
eggs laid by laying hens raised in cage batteries. An important factor in the influence
of mechanical damage on eggshell quality of laying hens is not the system of
maintenance or production, but the diet and genetic potential of the bird.

Equally important is the factor affecting the quality and safety of edible eggs,
such as bacterial risk assessment. Ways of infection through the shell and infection of
the viable egg were investigated with a number of bacterial strains: Staphylococcus
warneri, Acinetobacter baumannii, Alcaligenes sp., Serratia marcescens,
Carnobacterium sp., Pseudomonas sp. and Salmonella enteritidis, which are isolated
from a viable egg. During 3 weeks of storage at 20°C and 60% relative humidity, the
penetration of bacteria through the eggshell into the contained eggs was regularly
monitored. It has been proven that such characteristics of the eggshell as its area,
thickness and number of pores do not affect the penetration of bacteria into the
eggshell. For each individual bacterial strain, mean cuticle penetration was lower for
penetrated eggshells compared to non-penetrated ones. For a single strain of
Carnobacterium sp. and for the overall results of all strains, this difference was
statistically significant. Total microbial contamination of eggs was not influenced by
either eggshell area or eggshell porosity. Research results indicate that gram-
negative, motile and non-aggregating bacteria most often penetrated the eggshell:
Pseudomonas sp. (60%) and Alcaligenes sp. (58%) were the primary contaminants,
followed by S. enteritidis (43%). All selected strains of microorganisms were able to
penetrate the eggs. Penetration was observed most often after 4-5 days of egg storage.
In particular, S. enteritidis was the main contaminant of whole eggs: the shell and/or
contents of 32% of whole eggs. Penetrated eggshell and infected whole eggs showed
significantly higher bacterial contamination of eggshell compared to non-penetrated
eggshell and uninfected whole eggs, respectively. The effect of the age of hens on the
penetration of bacteria into the eggshell and the contamination of the egg contents
was not significant [ 2 ].

Eggs from two different production systems, i.e., free-range and caged chicken
systems, were also analyzed. Twenty-one and twenty-two types of microorganisms
were identified on the surface of eggs from caged and free-range chickens,
respectively. In both cases, Firmicutes was the dominant phylum (representing about
50% of the total number of phyla), and families such as Clostridiaceae,
Ruminococcaceae and Lachnospiraceae were frequently found in the intestinal
microbiota of chickens. In addition, this work also identified other types and families
of microorganisms not previously described during the eggshell study [ 8].

In 1998, microbiologist William Wightman suggested that the earth's surface is
home to more than five trillion individual bacteria. Most of these bacteria are

ISSN 2567-5273 42 www.moderntechno.de




i

Modern engineering and innovative technologies Issue 31 / Part 1 ék.

environmental or normal flora that do not cause disease in humans and animals.
However, in the bacterial evaluation of the species, their number reached 1030
worldwide (Schloss, Handselman), it is important, especially from the point of view
of medicine and public health, to differentiate and identify those species that are
pathogenic. Differentiating pathogenic from non-pathogenic bacteria is particularly
important in the food industry, as some level of bacteria in food is normal and many
routes of contamination are unpredictable. However, food contamination by
pathogenic bacteria such as E. coli or Salmonella can cause serious foodborne illness
in humans. The importance of bacterial strain detection in the egg industry is most
evident during outbreaks of foodborne illness in humans, particularly when
associated with bacterial contamination of chicken eggs with pathogens such as
Salmonella and others. In fact, the consumption of eggs and egg products has often
been linked to outbreaks of human food poisoning due to their contamination with
pathogenic bacteria [9]. Shell eggs can be contaminated with many types of
microorganisms [7], including pathogens, and thus pose a risk of foodborne illness
transmission to consumers [5].

The best-known bacterial contaminant of chicken eggs is Salmonella. These are
rod-shaped gram-negative bacteria of the Enterobacteriacaea family. In addition, S.
enterica is a ubiquitous species worldwide both in the environment and among warm-
blooded animals, whereas S. bongori is common in cold-blooded animals. Any type
of these microorganisms can cause serious food-borne illness in humans due to
contamination of edible chicken eggs. Although Salmonella often exists as normal
flora in chickens, it can be a pathogenic species in humans. Although other bacterial
pathogens can infect chicken eggs, Salmonella is responsible for the majority of
documented cases of human illness.

In addition, bacteria from chicken eggs, which are usually not pathogenic for
humans, were isolated. These include Aeromonas hydrophilia (commonly found in
water, thought to contaminate eggs during washing), Bacillus cereus (commonly
found in soil, potential probiotic for poultry), Campylobacter (commonly isolated as
normal flora in the reproductive tract of animals), Listeria monocytogenes ( a
common foodborne pathogen found in soil) and Staphylococcus aureus (natural flora
of many animals, often opportunistic pathogens). Although these bacteria have been
reported as frequent contaminants of chicken eggs, the diversity of contaminating
microorganisms has not been sufficiently investigated, especially considering the
different methods of their production [8].

The predominant routes of contamination of edible eggs by microflora can be
classified as vertical and horizontal. Vertical contamination — infection of the egg
occurs during its formation in the oviduct of chickens. This happens when laying
hens are carriers of pathogens and transmit them through eggs. While horizontal
contamination, which 1s more common, refers to contamination of the surface of the
eggshell after the eggs are laid. It occurs when the eggshell comes into contact with a
contaminated surface. In fact, droppings, water, cages and nesting materials, insects,
staff hands, broken eggs, dust on egg bands, blood, and soil are the most common
sources of eggshell contamination [1,2,4]. Changes that occur during the packaging
and storage of eggs can also contribute to the contamination of eggs by affecting their
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defense system. These changes can cause protein liquefaction and destruction of the
yolk membrane and chalazae. Despite all the efforts made throughout the egg
production process, from farm to table, the risk of contamination of consumers with
pathogenic or opportunistic microorganisms is extremely common.

Hygiene and sanitation play an important role in controlling poultry diseases in
poultry houses. One of the important requirements to promote hygiene and sanitation
is that all birds in the same facility must belong to the same age group, along with
limiting each establishment to one type of housing or type of bird. Premises and
buildings for poultry production must meet the requirements for isolation from the
environment and strict adherence to the principles of hygiene and disease prevention
(for example, restrictions on the movement of personnel, equipment and vehicles).
The poultry house must be properly prepared for the arrival of each new batch
(disposal of poultry, litter and manure; fight against disease vectors and rodents; dry
and wet cleaning; disinfection; fumigation). Attention should be paid to terminal
sanitation of buildings and equipment after depopulation (physical and chemical
cleaning, pressure washing, disinfection, fumigation). Special care should be taken
before carrying out sanitary procedures after an outbreak of an infectious or invasive
poultry disease. Immediate disposal of dead and sick birds is an important and
effective means of preventing the spread of any infectious or invasive disease.
Disposal methods include the use of landfills, tanks, burial in trenches, incineration
and composting of waste. Regular visual inspection of livestock and poultry together
with routine microbiological monitoring testing is very effective in checking the
effectiveness of cleaning and disinfection. Special care should be taken before
carrying out sanitary procedures after an outbreak of the disease in poultry farms
[3,5].

Thus, the production of edible chicken eggs depends on many factors, which
often have a certain uncertainty and unpredictability, which requires the development
of reliable control and the introduction of a system for the prevention of poultry
diseases and the safety of edible eggs at all stages of their production.

One of the effective means of prevention of infectious and invasive poultry
diseases is the use of new drugs developed on the basis of nanotechnology, which
require research into the effectiveness and safety of both productive poultry and
edible chicken eggs.
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Anomayia. J{ns eghekmuenozo eupouyy8anus nmuyi ii ympumanHs mae 6ymu o01aummosano
MaKkum YUHOM, WO He 3a8axcailo NMuyi NOBHICMIO pednizyeamu Ceili cenemuyHuti nomenyian. Ha
0aHoMy emani po36umKy NMAxXiGHUYMea 6 YKpaiui 01 ympuMaHHs Kypell 6UKOPUCMO8YIOMb 08d
cnocobu — 6 KIimKogux Oamapesx ma niodlo2oee YMPUMAHHA, dle HA OaHulli nepioo
HAUPO36UHEHTWUM O BUPOWYBAHHSA, VIMPUMAHHA MA SUPOOHUYMEA XAPUOBUX KYPAUUX AEYL €
KIimKoge ympumants. B pesynomami nposedenux 0ocniodcetsb 3p001eHO NOPIBHANbHY OYIHKY MIdiC
080OX-MPLOXAPYCHUM — YMPUMAHHAM — Kypeli Yy  Kiimkoeux 6amapesx  koHcmpykyii  BAT
“Hiscuncinomaw” ma TOB “BO Texna’, saxe 00360156 cmeepoiCy8amu, wo K 00UH, max i iHuul
CNoCiO YmpuMaHHs nmuyi 6 KiimKosux damapesx 00360.1810Mb 0e3nepeuKoOH0 KOHMPOI08amu
npoyecu Hany8anHs, 200i6ii, pe2yniayii MIKpoOKIimMamy, uoaienHs nociioy ma 300py seyb. Aemop
3poOuUNa GUCHOBOK, WO YMPUMAHHA Kypeu 6 O080X-MPbOXAPYCHUX KIIMKOBUX bamapes Mae
NO3UMuUBHUIL eghekm ma He CMBOPIOE He2amueHO20 6NIUBY HA HABKOJIUWHE cepedosuule i Ha Camux
Kypel-Hecy4oK. 3a KOpOOHOM YMPUMAHHS NPOMUCTIOBUX cMAO Kypel 8i00ysacmuvcs 6 2-3 sApyCcHUx
bamapesx Ha cimuacmii abo nianyacmit nioao03i, WO 3a 3AKOHAMU MUX KPAiH 8i0nosidac 6cim
suMo2am wjooo ympumanua nmuyi. OOnaOHaHHA ONA YMPUMAHHA NMUYi Mae eionosioamu
HACMYNHUM MEXHOJIO2IYHUM Npoyecam, maxKum sAK. 30epieaHHs Ccyxo2o Kopmy, nooaia ma
PO30ABAHHS KOPMY, RIO20MOBKA 800U, N0OA4A 800U, BUOALEHHS NOCLIOY 3 MICYsL YMPUMAHHS RINUYL
ma 8usedeHHs 1020 3a Mepumopilo NMawHuKa, 30ip aeysb 8i0 Kypel-Hecy4oK ma O6amvKiBCbKo20
noeonig’s. Kypu noeunni ympumysamucsi ma GUPOWY8amucs y NMAWHUKAX 3 pe2yibO8aHUM
MiIKpoKkaimamom. Bionogiono 00 OaHux, anrbmepHamuéo 00 36UYAUHUX KIIMKO8UX Oamapetl
Mmatomb  Oymu  “‘yoockouanewi” knimxoei oOamapei, AKi 001a0HAHI 2HI300M, cidanom ma
niocmunkoeum mamepiaiom, I Hadaioms KodcHiti  Kypyi 600 cm2 8i0nogionoi niaowi.
NEePCneKMUGHUMYU I  aKMYAIbHUMU HANPAMAMU Y  HPOMUCIO80MY NMAXiGHUYmMsi  Oyo0ymuy
3aNnpoBadNCYBAMUC MEXHO02IL, AKI MIHIMIZYIOMb BUKOPUCIAHHA NPENApamis XiMiuH020 CUHME3Y
(aHmubiomuxie, cCmumynimopie npoOYKMUGHOCMi) Ni0 Yac UPOWYEAHH NMUYI Ma UPOOHUYMEA
Xapuosux npooykmie i 0OHOYACHO OYOYMb MAKCUMAILHO HAOIUNCAMUCS 00 NPUPOOHUX YMO8, Oe
MBAPUHU MONCYMb NOBHOYIHHO Peai3y8amu C8ill 2eHeMmuyHUL NOMeHYia.

Knrwuoei cnoea: nmuys, kiimkose YMpUMAaHHsA, AHMUOIOMUKU, 2€HEMUYHUL NomeHyiai,
XIMIYHUL cCUHmMe3, 8UPOUL)BAHHS
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Abstract. The article highlights aspects of the current state of forensic and veterinary
examination of food products. Forensic commodity expertise is a study by an expert commodity
expert or veterinary medicine specialist of any issues, the solution of which requires the application
of special knowledge in this field. During the forensic veterinary examination, the consumer
properties of goods are evaluated according to organoleptic, physico-chemical and other quality
indicators, safety indicators (microbiological, toxicological, mycological, radiological), as well as
their quantitative characteristics, which is carried out by experts by conducting tests
(measurements) , studying the information on the marking and researching the corresponding
product accompanying documents.
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The active development of trade in food products, their presence in foreign economic
transactions, in certain cases necessitate the appointment of forensic examinations. The subject of
forensic examination of food products is factual data in the case, which are established by a
forensic expert on the basis of special knowledge, as a result of their research, their relations
(connections) of products with the phenomena of the surrounding reality (various influences) and
functionally related processes (packaging, transportation, storage), carried out within the limits of
current legal norms, with the aim of obtaining an evidentiary base for investigation and court. The
subject of examination of food products makes it possible to correctly define the range of tasks and
choose an expert or experts.

Keywords: food products, forensic commodity examination, evidence base, expert, legal
norms, commodity accompanying documents.

The active development of trade in food products, their presence in foreign
economic operations, in certain cases necessitate the appointment of forensic
examinations. With the development of market relations, the range of food products
on the territory of Ukraine has significantly expanded and is constantly updated, in
connection with which categories of cases regarding offenses and crimes in the
economic sphere are being formed in judicial and investigative practice, including
violations of customs rules, falsification of raw materials and finished products, etc. .
An analysis of the expert practice of conducting forensic commodity examinations of
food products in scientific research institutes of forensic examinations of the Ministry
of Justice of Ukraine over the past five years shows that they constitute the majority
of all commodity examinations assigned in criminal cases. Questions decided by
experts primarily concern the determination of the value of the investigated objects
[2, 3].

The object of commodity-veterinary examination is units of food products, as
well as any material objects containing information about the commodity origin of
the object of research: accompanying documentation, technical descriptions and
recommendations for the use, storage and movement of products. In matters of
investigating cases of economic disputes between business entities and, in particular,
regarding food products of animal origin, judicial and investigative bodies often
appoint a forensic veterinary examination. However, the specifics of such an
examination for formulating a conclusion at the request of law enforcement agencies
in veterinary medicine are currently not sufficiently developed and tested.

The following circumstances are determined during the forensic commodity-
veterinary examination: deliberate change of data recorded in the accompanying
documentation, containing information about the quality and quantity of the produced
goods; distortion of methods of marking goods and product label data; intentional
change in the volume of products spoiled as a result of non-compliance with the
conditions of transportation or storage; violation of the product sorting procedure,
product acceptance, testing or rejection rules. In addition to violations committed
during the production of goods and product quality assessment, the commodity-
veterinary examination establishes the presence of substances harmful to human
health or the environment in the examined objects. In addition, the criteria for product
evaluation are also its product characteristics, technical or technological condition,
consumer value and purchase attractiveness. A large number of commodity expert
examinations are carried out in the process of consideration of cases brought under
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civil lawsuits related to the division of property, compensation for damages for
spoilage or damage to property, sale of low-quality goods, etc. [4].

In accordance with the List of types of examinations performed at the Research
Institute of Forensic Examinations and the List of Expert Specialties for which
Forensic Examinations are conducted, commodity examination includes, in
particular, the examination of food products. In addition, according to the "Scientific
and Methodological Recommendations on the Preparation and Appointment of
Forensic Examinations and Expert Studies", the study of food products is also carried
out in the procedures of forensic examinations of substances and products (food
products and food raw materials). Therefore, the objects of forensic commodity-
veterinary and forensic examination include food products for public consumption
[2]. The subject of the forensic examination of food products is the factual data in the
case, which are established by the forensic expert on the basis of special knowledge,
as a result of their research, their relations (connections) of products with the
phenomena of the surrounding reality (various influences) and functionally related to
them processes (packaging, transportation, storage), carried out within the limits of
current legal norms, with the aim of obtaining an evidence base for investigation and
court. The subject of examination of food products makes it possible to correctly
define the range of tasks and choose an expert or experts.

The objects provided to the expert for research are, in particular, food products
imported into Ukraine, namely, their characteristics both at the stage of passage and
after the customs control procedure, which are seized for typical offenses: violation
of customs rules in the part of false declaration, related to providing the customs
authority with information on the name, number, codes of UKTZED; delivery to the
territory of Ukraine of both low-quality products and those with signs of falsification;
embezzlement; partial or complete loss of marketability, in insurance cases,
accidents, fires, etc. [1]. This forms the main tasks [6] of the forensic-commodity
examination of food products, which consist in solving questions by an expert
regarding the value of commercial products; their belonging to the classification
categories adopted in the production and trade sphere; characteristics of research
objects, in accordance with the requirements of UKTZED; changes in product quality
indicators; compliance with the current rules regarding packaging and transportation,
conditions and shelf life of food products, establishment of the method of production
of products: industrial or home-made, the name of the manufacturer and the country
of manufacture.

An essential part of orders for conducting forensic commodity and forensic
veterinary examination of food products for public consumption are the following
most common questions that are asked for its solution: what is the value of the
research object both on the territory of Ukraine and abroad? What is the name and
purpose of the products? does the labeling correspond to the actual characteristics of
the product? Does the quality of food products meet the requirements of standards,
technical conditions according to organoleptic indicators? Is the product safe, does it
pose a threat to human health and life?

Taking into account the essential role of the object of forensic commodity and
forensic veterinary examination, the study of which depends on the objective and

ISSN 2567-5273 48 www.moderntechno.de



i

Modern engineering and innovative technologies Issue 31 / Part 1 ék.

subjective assessment of the expert, it is advisable to substantiate the classification of
food products and determine the main conceptual provisions of such examinations,
which will ensure their motivation [8]. Products and documents containing
information about them (test report, certificate of conformity, order of the state
veterinary and phytosanitary control bodies that determine the industry) can be the
objects of research for conducting forensic and veterinary forensic examination of
food products sales of products).

There is a huge range of issues [8, 9] that can be resolved by a commodity
expert, both by examining the object itself and the provided documents with
information about the product, for example: establishing the compliance of
packaging, labeling, transportation and storage conditions with the requirements
regulatory document; determination of the possible impact of various factors that
reduce the quality of the product; establishment of a decrease in the level of product
quality (its cost); the presence of signs of deterioration; establishing compliance of
product quality with basic data (requirements of scientific and technical
documentation, contract, certificate); establishing the term and conditions of storage;
determining the value of food products, etc.

Issues can also be resolved comprehensively, with the involvement of forensic
experts from other specialties (biologists, chemists, veterinary specialists,
technologists), experts from certified and accredited testing centers and state
laboratories. For conducting forensic and veterinary examination of food products,
the "Methodical recommendations on the appointment and conduct of forensic
examinations of food products for the purpose of determining their value" and
"Methodical recommendations on the assessment of confiscated and other property
that becomes state property" are used ". However, these two methods contain only
general approaches to conducting examinations, therefore, in expert practice, the
"Methodical recommendations for the study of certain groups of food products"
developed by specialists of the Chamber of Commerce and Industry of Ukraine are
sometimes used. Their number 1s limited, and some of them do not meet modern
regulatory requirements at all [2, 10, 13].

To assign products to a certain food group or subgroup, experts are guided by
the generally accepted classification, according to which all food products are divided
according to the origin of the main raw materials into the following three subclasses:
plant origin (cereal and flour products; vegetables, fruits, mushrooms, products of
their processing; starch , honey, sugar; confectionery); of animal origin (milk and
milk products; meat and meat products; eggs, their processing products; products
from fish and non-fish objects of aquaculture); of mixed origin: (edible fats; flavor
products — group formed by purpose; food concentrates; baby food products — group
formed by purpose). Food products are divided into groups by raw materials and
manufacturing technology, purpose and type. When identifying food products, the
main terms and definitions are followed, because their status is fixed by the
legislation of Ukraine: food product, food products for special dietary consumption,
functional food product, food and dietary supplements, unprocessed food product of
animal origin, plant products - food products of plant origin [ 8]. These products in
market conditions stand out among similar ones based on generally recognized
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consumer properties.

The development of food imports involves the main terms defined by EU food
legislation. In Regulation (EC) No. 178/2002 of the European Parliament and the
Council of 28.01.2002, any processed, partially processed or unprocessed substances
or products that intended for consumption. The term "foodstuff" does not include:
fodder; live animals, except when their products are ready for human consumption;
plants (before harvesting); medicines - according to Directives 65/65/EEC and
92/73/EEC of the Council of the EU; waste and polluting impurities.

Thus, food products include products in natural or processed form that are
consumed by humans (including baby and diet food products), bottled drinking water,
alcoholic and non-alcoholic products, beverages, tobacco products, chewing gum,
food raw materials, food supplements and dietary supplements.

Forensic examination of food products is carried out [1, 4], usually on the basis
of documents provided to experts, which contain information about the state and
movement of the object of research for a certain period of time, which is of interest to
the investigation (court). These are acceptance and delivery documents, product
accompanying documents, quality assurance certificates, examination certificates,
laboratory test certificates, food product write-off certificates, logs of received cargo,
product inspection certificates, storage passport, product passport, storekeeper’s
book, schedule temperature and relative humidity (RH) in commercial premises and
warehouses, etc. The expert may be provided with the conclusions of experts from
another field, inspection protocol, document seizure protocol, interrogation protocol,
explanatory note, and photographs.

The objects of forensic commodity and forensic veterinary examinations of food
products are food products, packaging (container), materials (documents) of criminal,
administrative, economic, and civil cases containing information on consumer
characteristics, circumstances, regarding operations related to product, conditions of
packaging, transportation, reception, storage.

Commodity examination is carried out both at the initiative of the buyer and at
the request of the manufacturer or seller who wants to make sure of the appropriate
quality of the products. Similar studies are prescribed in the process of investigating
criminal cases and court proceedings related to embezzlement, counterfeiting of
goods and other crimes. A significant part of such offenses is carried out by hidden
methods, which can be detected only by special study of the properties of the food
product. The main documents that experts use when determining the quality of food
products are the act of laboratory research, which provides for the selection and
feasibility of using certain test methods, namely: the method of documentary
verification: a method of researching the correctness of the composition to determine
their suitability for testing; comparative method (comparison method) — based on
comparing the properties of the objects under study to establish their similarity or
difference; method of regulatory verification - a method of researching the properties
of the object (product, labeling, packaging, transportation, storage, acceptance
conditions, tests) set out in the documents to establish their compliance with the
regulated norms.

The study [9] of technical, microbiological, chemical indicators characterizing

ISSN 2567-5273 50 www.moderntechno.de



i

Modern engineering and innovative technologies Issue 31 / Part 1 ék.

the stability of the technological process and the formation of consumer properties of
the food product makes it possible to substantiate the conclusions of identification
(identification), for example, the type of raw material, semi-finished product,
manufacturing method, the probability or possibility of attributing the product to the
original.

The nomenclature of indicators of the quality of food products is defined in ND.
In order to identify the quality of a food product, it is important to establish the limit
indicators of the content of components, indicators of their safety, signs of the
manufacturing or processing method, the presence of imperfection in the existing
technology, spoilage, improper storage, etc. The identification of the quality of the
food product ensures the establishment of its actual state, based on the comparison of
the quality indicators of the evaluated product with the corresponding base value. In
some cases, product quality may improve over time (for example, during ripening of
cheeses, aging of cognac, etc.), but in most cases, there is a negative change in
product quality, resulting in losses. Depending on the type of changes in the
commodity and consumer characteristics of food products that occur during their
storage, transportation and sale, losses are divided into qualitative and quantitative.

So, the tasks facing the forensic commodity science and forensic veterinary
examinations of food products can be characterized as follows: establishing the
commercial property of the object under investigation (that is, determining their place
in the existing classification system); analyzing the quality indicators of the object
under investigation to establish his condition; establishing the compliance of the
commercial and consumer properties of food products with the requirements of the
ND, contract, accompanying document, labeling, etc.; determination of the degree of
reduction in the quality of the object under study, taking into account its condition;
determining compliance of the conditions (method, means) of packaging and storage
of food products with the requirements of the regulatory document; establishment of
spoilage, loss of food products in specific conditions of storage or transportation;
calculation of natural loss (shrinkage) of food products; solving the issue of the
possibility of selling, processing or disposing of low-quality food products;
determination of the cost of the researched product in the required period of time.

Undoubtedly, sausage products and smoked products occupy a large specific
share in the population's diet, and their production is one of the most important in the
meat industry. The conditions of the market economy require obtaining a finished
product of high quality, which will ensure the competitiveness of products on the
world market with the lowest costs and the greatest economic effect.

In matters of investigating disputes between business entities regarding products
of animal origin, judicial investigative bodies often appoint a forensic veterinary
examination. However, the issues of food product examination in veterinary medicine
are not sufficiently developed and tested due to the fact that forensic veterinary
examination is the least well-grounded and the least methodologically supported area
of applied veterinary medicine. This is due to the fact that until now forensic
veterinary examination, as a section of expertology in general, has not been
developed. The study of biological material of animal origin and animal husbandry
products i1s carried out without a systematic methodical foundation and the
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corresponding legal framework, which not only complicates the work of a specialist,
but can also become the basis for drawing an expert opinion[11, 12].

Based on the objectives of the commodity-veterinary examination and the
subject of analysis determined by it, the forensic expert is provided with a list of tasks
to be solved by the expert. It:

1. Identification of the object of commodity examination, i.e. determination of
the ownership of specific samples of products or a certain number of commodity
units of the same type (brand, model, grade or species).

2. Determining the conformity of product quality with prescriptions of
normative documents (DSTU, GOST, etc.), quality certificates or reference samples.

3. Determination of changes in product quality that occurred as a result of
spoilage, the presence of defects and their reflection on product quality.

4. Establishing the conformity of the characteristics specified in the information
about the products, recorded on the packaging of the product (label, label, the product
itself). The list of product characteristics includes product composition, used raw
materials and other materials, etc.

5. Determination of the correctness of the calculation of the natural loss of
production.

6. Determination of conformity of the methods and means of product packaging
with the prescriptions of regulatory documentation.

7. Establishing compliance with the methods, terms and conditions of goods
transportation with the prescriptions of normative documents.

8. Determination of conformity of the terms of operation of the goods with the
information specified in the accompanying documents. Analysis of changes in
product quality as a result of the influence of certain factors.

9. Determination of the market value of products, as well as changes in value as
a result of a violation of its actual condition.

10. Determination of violations committed during the preparation of
accompanying documentation, which led to non-compliance with consumer rights.

11. Establishing the facts of violation of the economic activity of the
organization, which led to the production and sale of goods of inadequate quality [ 5].

A forensic expert who conducts commodity and veterinary examination answers
a fairly wide range of questions related to various characteristics of the investigated
object, its scope of application, the condition of the product, preservation factors or
circumstances that caused a decrease in its quality. When asking questions, the
competence of an expert in the field of commodity-veterinary examination is taken
into account. Yes, there is a certain list of questions to which, in particular, a trade
expert has no right to answer. For example, a specialist cannot determine whether two
parts belong to the same product. To establish such facts, it is necessary to carry out
other types of examinations involving material science or traceological analysis [12].

The main questions for the conduct of a commodity-veterinary examination are
as follows: Does the quality of the product correspond to the information indicated on
the package or in the accompanying documentation? Does the actual amount of the
product match the data on the package? What are the actual characteristics of the
product? Do the actual characteristics match the markings on the label or packaging?
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What are the differences between the established characteristics of the product and
the indicators contained on the package or in the accompanying documentation? Does
the quality of the studied product meet the prescriptions of the standards developed
for this group of goods? What are the deviations of product quality from these
standards? Is the realization of the researched products permissible? Is it possible to
recycle or dispose of it? Does the packaging meet the requirements of the relevant
quality standards? Could the storage conditions affect the change in the quality of the
studied product? What rules of product acceptance could have been violated? Does
the tested food product have defects? What are the causes of defects? Are the defects
of production origin? [13].

Thus, conducting a commodity-veterinary examination allows you to establish
the compliance of the product with the classification categories, to determine the
causes of defects, defects that affected changes in the quality and safety indicators of
the purchased product. The conclusions of an independent expert will be a
documentary confirmation of non-compliance of products with regulatory acts and
requirements for the protection of consumer rights.

The results of an independent commodity-veterinary examination can be
presented as evidence during court proceedings or directly, in the process of
communication with representatives of the trade organization in which the purchase
was made.
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Anomayia. Y cmammi 6uceimieHi acnekmu cy4acHo20 CMawy cy0080-moeapo3HAeuoi ma
Cy0080-6emepuHapHoi excnepmu3su xap4uosux npooykmie. Cyoosa moeapo3nagua excnepmusa — ye
00CNIOMHCEHHsT eKCNepmOoM MO8aApo3HaAsyemM uu ¢haxieyem 6emepuHapHoi meouyunu 6y0b-aKux
NUMAaHb, BUPIWEHHS SKUX BUMACAE 3ACMOCYBAHHA CHeyianbHux 3Hawb Yy yit eanysi. I1i0 uac
npoeedenHs  Cy0080i  MOBAPO3IHABUO-EEMEPUHAPHOT  eKCHepMU3U  OYIHIOIOMbCA — CHOHCUBY]
81ACMUBOCMI  MOBAPI8 3A  OP2AHONENMUYHUMU, QI3UKO-XIMIYHUMU MA  THWUMU  AKICHUMU
NOKA3HUKAMU, NOKA3HUKAMU bezneynocmi (MiKpobiono2iuHUMU, MOKCUKOJIOCIYHUMU,
MIKONO2TYHUMY, — PAOIONOCIYHUMY), A MAKOMC IX  KIIbKICHUMU — XAPAKMEPUCTUKAMU, WO
30TUCHIOEMbCA  eKCnepmamu  WIAXOM — NPOGeOeHHs  8UNpo0y8aHb  (8UMIPIOBAHD),  BUBUEHHS
iHpopMmayii 3a MAPKYBAHHAM [ OOCAIOHCEHHS BIONOBIOHUX MOBAPHO-CYNPOBIOHUX OOKYMEHMIE.

Axmuenuti  po36UMOK — MOp2ieni  Xapuosumu — HPOOYKmMamu,  ix — HAAGHICMb Y
308HIUHbOCKOHOMIYHUX ONepayisnx, y NesHUx 8UNAoKax 3yMOGNI0I0Mb HeoOXIOHICMb NPUSHAYEHHS.
cyoosux excnepmu3.. Ilpeomemom cy0080-moeapo3naguoi excnepmuszu npooosoIbYUX MOBAPI6 €
axmuuni oami y cnpasi, AKi 6CMAHOBIIOIOMbC CYOOBUM €KCNEPMOM HA NIOCMAsi CneyiaibHux
3HAHb, Y pe3yibmami iX 00CAi0NCeHH s, iX 8IOHOCUH (36 3Ki8) NPOOYKYIL 3 A8UUaAMU HABKOIUUWHLOL
diticnocmi (pi3HUMU 6nAUBAMU) | (DYHKYIOHATLHO NOB SA3AHUX 3 HUMU Npoyecisé (YNAaKoeKor,
MPAHCNOPMYBAHHAM, 30€PicaHHAM), NPOBEOEHO20 6 MEeNHCaX YUHHUX NPABOGUX HOPM, 3 Memoio
OMPUMAHHs 00KAa3060i b6asu ons criocmea ma cyoy. Ilpeomem excnepmusu npoooBoIbYUX MOBAPIE
0a€ 3M02y NPABUNILHO BUHAYUMU KOJIO 3A60aHbL MA 0Opamu excnepma abo excnepmis.

Knrwuoei cnoea: xapuosi npooykmu, cy0o80-mosaposHasya excnepmusd, 00Kazosa 0asa,
excnepm, npasoei Hopmu, MOBAPHO-CYNPOBIOHI OOKYMEHMU.
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Abstract. Free radicals are dangerous because they can easily interact with other
biomolecules, including nucleic acids, proteins and free amino acids, lipids and carbohydrates.
Such interactions can lead to disruption of cell membrane function, metabolic processes, and
genetic expression. In situations where the defense forces do not cope, as a result of increased
oxygen concentration or a decrease in antioxidant defense mechanisms, a state of oxidative stress
occurs. This can lead to either immediate cell death or more subtle and chronic damage, such as
the development of malignant neoplasms. There is now increasing evidence that the tissue damage
that accompanies the aging process is caused by the formation of free radicals. Based on the
available evidence, it has been suggested that life expectancy can be increased by five years or
more through dietary modifications. To protect the body from RFK, animals and humans have
developed a very powerful and complex antioxidant defense system. It includes various components
of endogenous and exogenous origin.

Key words: animals, free radicals, oxygen concentration, antioxidant defense mechanisms,
aging process, nutritional modification.

The topic of antioxidant enzymes occupies a central place in cell biology and
medicine. The study of antioxidant enzymes is of great importance not only for the
interpretation of cellular defense, but also for understanding the mechanisms leading
to the action of drugs [1,4]. As a result of increased oxidation reactions, a mass of
reactive forms of oxygen — free radicals and peroxides — is formed. They also
occur with direct damage to cell membranes and walls. Activation of free radical
oxidation and lipid peroxidation is a mandatory component of the cellular response to
stress factors. This is the general link of the mechanism of stress induction, in which
the effects of various stressogenic factors converge [4]. During the vital activity of
the organism, free radicals are constantly formed in the cell - metabolically active
compounds that disrupt the metabolism. Free radical oxidation (FRO) plays an
important role for the body: on the one hand, it is necessary for the renewal of cell
membranes and the synthesis of a number of biologically active substances, and on
the other hand, FRO is a universal mechanism of damage to biomembranes in various
pathological conditions [7]. Stress is an integral part of our lives [5]. It can lead to
both adaptation and its disruption, the development of various diseases [1,6,8].
Growth and development, changes in the physiological state, physical exertion,
adaptation, and stress are accompanied by changes in the intensity of free radical
oxidation processes in the body [1,4, 8]. Within the physiological norm, BPO is
maintained due to the coordinated action of the enzymes of the antioxidant system.
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Free radicals are electrically charged molecules that have an unpaired electron in
their molecular structure. Such an unpaired electron causes molecules to seek and
capture electrons from other substances in order to self-neutralize. The initial attack
by free radicals causes the body to neutralize them, which in the process leads to the
formation of another free radical. Thus, a continuous chain reaction is formed, during
which thousands of free radical reactions can occur within a few seconds, regardless
of the deactivation of a part of the radicals [2]. Free radicals are dangerous because
they can easily interact with other biomolecules, including nucleic acids, proteins and
free amino acids, lipids and carbohydrates. Such interactions can lead to disruption of
cell membrane function, metabolic processes, and genetic expression. In situations
where the defense forces fail, as a result of increased oxygen concentration or a
decrease in antioxidant defense mechanisms, a state of oxidative stress occurs. This
can lead to either immediate cell death or more subtle and chronic damage, such as
the development of malignancies [1,4].

There is now increasing evidence that tissue damage accompanying the aging
process is caused by the formation of free radicals [1,2]. Based on the available
evidence, it has been suggested that life expectancy can be increased by five years or
more through dietary modifications. For example, in the field of human cancer
research, interventions aimed at blocking the formation of free radicals or
intercepting them before they interact with biomolecules may be attractive and
effective proposals for protection against malignancy [1,9]. In the body of animals
and humans, molecular oxygen is the main source of oxidation. The electron
configuration of an oxygen molecule in its ground state has two unpaired electrons in
its outer shell. Despite the fact that the reactions between oxygen, which is in the
ground state (302), and biological molecules are thermodynamically favorable, they
occur slowly due to the high value of the activation energy. One of the ways to
activate triplet oxygen is its transfer from the basic (302) to the excited singlet state
(102). Singlet oxygen is not a radical, an electrophile, an extremely reactive and
short-lived particle [1,4]. Reactive forms of oxygen (ROS) formed as a result of the
restoration of its triplet state include: superoxide anion radical (O2e-), its conjugate
acid (HO2¢) (perhydroxyl radical), hydrogen peroxide (H202), hydroxyl radical OHe,
hypochlorite acid HOSI and peroxynitrite ONOO™. The strongest electrophiles and
the most reactive forms of oxygen are 102 and OHe [131].RFK occur in different
ways [7]: - under the action of ionizing, ultra-high-frequency UV radiation, powerful
electromagnetic fields, thermal energy, and other physical factors; - in the processes
of normal vital activity of the body, for example, during peroxidation of lipids; - as a
result of activation of macrophages in inflammatory processes of an infectious or
non-infectious nature; - in a state of acute and chronic stress; - in reactions of
transition metals with hydroperoxides [1,2,7]. As a rule, the uniform reduction of
oxygen during cellular respiration is limited by cytochrome oxidase in the
mitochondrial electron transport chain. This chain reduces O2 to a water molecule
without releasing superoxide or hydrogen peroxide. However, superoxide is
invariably produced in respiratory cells. This is due to the lack of one electron in a
specific section of the mitochondrial electron transport chain. When the electron
transport chain is strongly shortened and the respiration rate depends on the presence
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of ADP, the amount of electron release at the ubisemiquinone and ubiquinone sites
increases, leading to the production of superoxide and hydrogen peroxide [1].
Cytochrome P450, P450-reductases and cytochrome b5-reductases affect the
formation of hydrogen peroxide during the catabolic cycle of xanthine oxidase in the
endoplasmic reticulum [1,5]. The presence of a trace amount of hydrogen peroxide
and Fe2+ is necessary for the formation of the hydroxyl radical (°OH). An exception
is anomalous exposure to ionizing radiation [1,5,7]. Therefore, the aerobic type of
cellular respiration always threatens the formation of ROS, as oxygen (O2) is a
highly reactive atom capable of becoming part of potentially harmful molecules
called free radicals or reactive forms of oxygen. About 5% or more of inhaled O2 is
converted to ROS, such as superoxide, hydrogen peroxide, and hydroxyl radicals by
monovalent oxidation of O2 [159]. To protect the body from RFK, animals and
humans have developed a very powerful and complex antioxidant defense system. It
includes various components of endogenous and exogenous origin [161]. It is known
that significant changes in the physiological functions of birds occur after their
hatching during the period of adaptation to new conditions of existence in an oxygen
environment.An important role in maintaining the homeostasis of the bird's body
belongs to the system of antioxidant protection. It ensures the inactivation of lipid
peroxide oxidation products and prevents their accumulation in tissues [9, 12]. So, for
example, it has been proven that in the tissues of geese with a high level of oxygen
consumption - the brain and myocardium - from the middle of the embryonic period,
a genetically programmed increase in the power of their antioxidant defense system
occurs [1,6]. The antioxidant system (AOS) is a powerful protective mechanism that
prevents the development of avalanche-like free radical and peroxide reactions in the
body. This system of body cells works due to the presence of compounds -
antioxidants, which contain a mobile hydrogen atom that is not very strongly
connected to carbon (C-H) or sulfur (C-H). As a result of the reactions of antioxidant
molecules and free radicals, antioxidant radicals are formed, which are not powerful
oxidizers and cannot continue the course of free-radical oxidation reactions. In this
way, chains of free-radical reactions are broken. Radicals of antioxidant molecules
are removed in the form of end products, which are the result of interaction with
molecules of other antioxidants [6]. Antioxidants can neutralize free radicals even
before their destructive effect is realized. Thus, the main task of the antioxidant
system is to reduce the number of free radicals to the minimum possible level. All
components of the body's antioxidant system are conditionally divided into several
groups: 1. Enzymatic link of the antioxidant system; 2.Macromolecular non-
enzymatic compounds (metal-binding proteins); 3. Low-molecular non-enzymatic
compounds (fat-soluble and water-soluble antioxidants) [6,8]. The enzymatic link of
the AOZ system includes: superoxide dismutase (SOD), catalase (KAT), glutathione
peroxidase (GLP), cysteine and many others. The key enzyme of antiradical
protection is superoxide dismutase. It dismutates superoxide radical to less toxic
hydrogen peroxide. Superoxide dismutase represents the first line of defense of the
body against the action of 39 RFK [1,81 There are several isoforms of this enzyme.
Depending on the trace element included in the active center, Fe-, Cu-, Zn- and Mn-
dependent superoxide dismutase are isolated. According to localization in body
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tissues, Fe-dependent superoxide dismutase is mainly found in erythrocytes, Zn, Cu-
dependent in cytoplasm, and Mn-dependent in mitochondria [61]. All types are
present in plants, animals and humans. Prokaryotic Mn-SOD, Fe-SOD, and
eukaryotic Cu / Zn-SOD are dimers, while mitochondrial Mn-SOD are tetramers
[1,11]. In the molecule of the enzyme Cu / Zn - SOD, copper and zinc ions,
interacting with each other, are in such a close relationship that any changes around
one ion affect the environment of the other. Zinc ions perform only a structural role
[50] in contrast to copper ions, which are required for the catalytic activity of the
enzyme [2,3]. In the formation of the antioxidant effect, the glutathione system of
antioxidant protection of the body, which is formed by glutathione, glutathione
peroxidase, glutathione transferase, glutathione reductase, etc., is of great importance.
Glutathione is the main component of this system, which inactivates hydrogen
peroxide and inhibits reactive oxygen species [8]. It has been proven that the
formation of an adaptive response to oxidative stress in the heart muscles of geese
occurs due to the activation of glutathione peroxidase and the resources of vitamin E
and B-carotene [3]. Glutathione participates in the metabolism of xenobiotics,
regulates cell proliferation, affects the synthesis of nucleic acids and proteins, as well
as the activity of enzymes. Deficiency of glutathione in cells leads to activation of
lipoperoxidation processes [8].Glutathione peroxidase is a selenium-containing
enzyme that catalyzes the breakdown of lipid hydroperoxides in a non-radical way
using reduced glutathione. GLP is a tetramer consisting of four identical spherical
subunits. Each subunit contains one selenium atom [7]. It 1s selenium that stimulates
the conversion of methionine into cysteine, as well as the synthesis of glutathione,
which, together with the amino acids glycine, glutamate, and cysteine, synthesizes
HLP [5,6]. Glutathione peroxidase is localized mainly in the cytosol (about 70%) and
only 30% in the matrix of mitochondria. Selenium deficiency, caused by its low
content in the diet, leads to violations of the optimal vital activity of the body, which
is accompanied by a decrease in the activity of glutathione peroxidase, activation of
lipoperoxidation processes, and the development of oxidative stress [3]. o, for
example, domestic birds are characterized by periods of tension in the antioxidant
defense system and intensification of lipoperoxidation processes, associated with the
restructuring of the body's physiological functions and the action of adverse
environmental factors [2]. Glutathione peroxidase provides protection of cell
membranes from the destructive action of peroxide radicals, catalyzes the
decomposition of hydrogen peroxide and oxidizes glutathione, and catalyzes the
reaction of restoring unstable organic hydroperoxides with glutathione [7]. The
affinity of HLP for hydrogen peroxide is much higher than that of catalase, so the
former works more efficiently even at low concentrations of H202. At the same time,
catalase plays a key role in protecting cells from oxidative stress caused by high
concentrations of H202 [ 4]. Catalase is a heme-containing enzyme that converts
hydrogen peroxide into water and oxygen. It is present in almost all aerobic
organisms tested to date [8]. The highest concentration of catalase is in the liver. In
hepatocyte peroxisomes, catalase accounts for 40% of all proteins [7]. Mitochondria
and endoplasmic reticulum contain little CAT. In the cell, it is localized mainly in
peroxisomes, where it plays an important role in the removal of H202 formed by
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oxidases involved in B-oxidation of fatty acids, respiration and purine catabolism.
Thus, intracellular hydrogen peroxide cannot be eliminated unless it spreads to
peroxisomes [8]. It is known that catalase contains the highest reversible rate of
reactions among all known enzymes. One molecule of CAT can convert
approximately 6 million molecules of hydrogen peroxide into water and oxygen per
minute. The catalase reaction can occur in two stages: a and B-phase [10, 11].

The a-41 phase works catalytically, breaking down hydrogen peroxide into
water and oxygen molecules without the formation of free radicals. The reaction
proceeds in two di-electron reactions. First, the H202 molecule oxidizes heme to
compound I, removing one oxidation equivalent from trivalent ferrum, forming
oxoferyl groups, and another from the porphyrin ring, forming a porphyrin cation
radical. Second, H202 then reduces compound I to regenerate the free (ferrite)
enzyme, releasing H20 and molecular O2 [132]. 1. KAT(Por-Fe3+) + H202 —
(Por+e -Fe4+=0) + H20 II. (Por+e -Fe4+=0) + H202 — KAT(Por-Fe3+) + H20 +
02 At peak H202 concentrations, catalases can undergo one-electron reduction with
the inactive intermediate compound II, which can then be converted into another
inactive form, with union III. (Por+e -Fe4+=0)+ HA — (Por+* -Fe4+=0OH) + A- III.
(Por+e -Fe4+=OH) + H202 — (Por-Fe2+ =0OOH) + H20 B-phase works
peroxidically, removing H202 with oxidizing alcohols, formic acid salt - formate
(RH2), or nitrate, thereby releasing O2 and natural enzyme [10, 11]. Although
catalase 1s not essential for some cell types under normal conditions, it plays an
important role in the acquisition of tolerance to oxidative stress in the adaptive
response of cells. Thus, the survival of rats under the influence of 100% oxygen
increased when liposomes containing SOD and CAT were administered
intravenously before and during exposure [10].
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Anomauia. Binoni paduxanu nebe3neuHi, OCKIIbKU BOHU 30AMHI 1€2KO 63AEMOOIAmu 3
IHWUMU OIOMONEKYIAMU, BKIIOUAIOYY HYKIEIHO8I KUCIomu, OLIKY ma 8ilbHI AMIHOKUCIOMU, TiNiou
ma gyenesoou. Taxi 3aemo0ii Moicymov npuzeecmu 00 NOPYULeHHs QYHKYIT KIimuHHOi Memopanu,
OOMIHHUX NpOYeci6 ma 2eHemuyHoi excnpecii. Y cumyayisax, Koau 3axXucHi cuiu He cnpagisaiomscs,
BHACIIOOK NIOBUWEHOI KOHYEHMpayii KUCHIO a0 3HUNCEHHS AHMUOKCUOAHMHUX 3AXUCHUX
MexXaHizmie, 8UHUKAE CMAaH OKuUcHoeo cmpecy. Lle moowce npuzéecmu abo 00 Heeaunoi 3acudeni
KIimuH, abo 00 Oilbwl MOHKUX [ XPOHIUHUX NOUKOONCEHb, MAKUX 5K PO3GUMOK 310SKICHUX
HO80YMEOpeHs . 3apas 30i1bulyemovcs KibKiCmb 00KA3I8 Moo, WO NOUKOONCEHHS MKAHUH, 5Ki
CYNPOB00IHCYIOMb Npoyec CMapinHs, 6i00y8acmuvcs uepe3 YMEOpeHHs BLIbHUX paouxanie . Ha
OCHOBI HAAGHUX OAHUX OYIO0 CMBEPONCEHO, WO MPUBANICIb HCUMM Modce Oymu 30inbuieHa Ha
n’sime pokis i binbue 3a 00NoMo200 Mooughikayil xapyysauws. /[nsa 3axucmy opearizmy 6i0 POK
MBAPUHU MA TIOOUHA POZBUHYIU OYHCE NOMYIHCHY | CKIAOHY AHMUOKCUOAHMHY CUCEMY 3AXUCHY.
Bona exnrouae pisni komnonenmu eH002eHHO20 I eK302eHHO20 NOXOOMCEHHSL.
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Knrowuosi cnosa: meapunu, GinvbHi paouxanu, KOHYEHmMpayis KUCHIO, AHMUOKCUOAHMHUL
3AXUCHUX MEXAHI3MIB, npoyec CMApPiHHs, MOOUDIKaYis Xapyy8anHs.
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Anomauyia. [lana poboma 6uceimuoe NUmManHs, wjo no8'si3aui 3 NiOBUWEHHAM eheKmMUEHOCMI
iHpopmayitinoi cucmemu 6e3neunoi excniyamayii 3axucmy 0yoigenb. — pO32IAHYMA OP2aAHI3AYis
HeYimKo20 6ugedeHHs IHpOpMayiuHoi cucmemu OiAeHOCMUKU MEXHIYH020 CcmaHy oOyodisens.
Ompumani  pexomenoayii  003801a10mMb  Supiuysamu  3a0adyi  NiOBUWEHH  epheKxmusHocmi
iHopmayitinoi cucmemu 051 NIOMPUMKU NPULHAMMS PilleHb U000 OiaeHOCTMUKY MeXHIYHO20
Cmauy, 00Cuioxcyeamu ma peanizosy8amu HA OCHOS8I anapamy Heuimkoi Ja02iKu Mooeii
0IA2HOCMUKU MEeXHIYH020 CaHy 0y0ieeis.

Knrwowuosi cnoea:. inopmayiiina cucmema, nioguweHHs e@deKmusHocmi, 0iaeHOCMUKA,
MexXHiuHUll cman, 6y0i61s, KOMHIEKCHA be3neKa, 3axXucm.

Beryn.

Cepen OyniBelb, sIKi €KCIUTYaTYyIOThCSI B YKpaiHi, JOCTaTHO BEJIMKA YaCTKa Mae
MOIIKO/IKEH1 KOHCTPYKIlii. [Ipr oOCTeXEeHHI TEXHIYHOTO CTaHy, BiTHOBJIEHHIO Ta
PEKOHCTPYKIli Takux OyJiBedb BHUHUKAE 3ajada MiABUIIECHHS €(PEKTUBHOCTI
JiarHOCTYBaHHS MTOIIKOIKCHB, TOOTO BU3HAYCHHS TIPUYMH iX TIOSIBH.

OcTaHHIM YacOM 3HA4YHO 3POCTAIOTh OOCSITU POOIT, MOB'sI3aH1 3 KOMILIEKCHOIO
JTUATHOCTUKOIO 1 OIIIHKKA TEXHIYHOTO CTaHy OyMiBEJIbHUX KOHCTPYKIIIN, OyIiBeNb i
criopya. JlocUTh 4acTo BUHUKAE CUTYaIlisl, KOJM BHUKOHABIlI HE MAaOTh MOJIHBOCTI
nepesl OOCTE)KEHHSM BUBYUTH TEXHIUHY JOKYMEHTalll0 Ha OyaiBii 1 CHOPYIH, LIO
EKCIUTyaTYIOThCSl TPOTATOM TPUBAJIOTO dYacy. Taki poOOTH BHUIUISIOTHCS SIK
CaMOCTIMHUHN HampsiM OY/IIBEIbHOTO BUPOOHUIITBA, IO OXOILTIOE KOMIUIEKC MUTaHb,
MOB'sI3aHUX 13 3a0€3MEUYCHHSIM €KCIUTyaTaliifHOI HaaiiHOCTI Oy/iBeNb, MPOBEACHHS
PEMOHTHO-BIIHOBJIIOBAJILHUX POOIT, pOOIT 3 PEKOHCTPYKIEWD Ta PO3POOKOIO
MPOEKTHOI IOKYMEHTAaLIi.

AHaJi3 JiTepaTypHUX JaHHX.

3Ha4YHMUI BHECOK Yy OKPEMI aCTEKTH 3a3HAYEHOI0 HAINPSIMY BHECIU BITUYU3HSHI Ta
3akopaonHi BueHi: Beiiny P.B., Knumenko €.B., Mixaiinenko B.M., bymyes C./I.,
[TankeBuu O.J1., Tepentber O.0., HItosoa C./I.
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Bci akTyanpHl po0OOTH MOB'SI3aH1 3 TEMAaTHMKOK OCHOB oprasizaiiii i oOpoOku
EKCIIEPUMEHTAIILHUX ~ PE3yJIbTaTiB pPOOOTH EKCIEePTHUX CHUCTEM JIarHOCTUKH
TEXHIYHOTO CTaHy OyliBelb, a TaKoXX pPOOOTH, TOB'sI3aHI 3 PO3POOKOIO
iHpOpMaLIHHOT CHUCTEMHM OIIHKM TEXHIYHOIO CTaHy KOHCTPYKIil OyziBenb Ta
pErJIaMeHTYIOTbCA TOJOKEeHHSIM «HopMaTuBHI JOKYMEHTH 3 MUTaHb OOCTEKEHb,
nacnopTtu3anii, Oe3meyHoi Ta HAAIMHOI eKcIulyaTamii BUPOOHWMYMX OyndiBeNb 1
cropy» [1, 2, 3].

Jlanuii miaxia MOXKe 3HAWTHU MPAaKTUTYHE 3aCTOCYBaHHS B OpraHizaiisx, Mo
3MIMCHIOIOTH MATPUMKY TIPaIe31aTHOCTI CTaHy OyliBellb.

Merta Ta 3a1a4i J0CTIIKEHHS.

OO6rpyHToBaHa MeTa 1 JOCHIKEHHS PO3POOKM MIABUIIEHHS €(PEKTHUBHOCTI
1H(popMaLiiHOT cucTeMU O€3MeYHOI eKCIuTyaTalli Oy aiBeb.

OnnuM 3 HampsMIB — pealiizaili KOMIUIEKCY 3aBJaHb 100 Oe3medyHoi
eKcIuTyaTarlii OyaiBenb € po3poOka 1HGOpMaIIHHOI CHCTEMH J1arHOCTUKHU OyiBeb
Ha PiBHI HEYITKUX CUCTEM.

CucreMu HEYITKOTO BHUBEACHHS MpPU3HAYEHI MJi1 TEPETBOPEHHS 3HAYCHb
BXITHUX 3MIHHUX TIpPOILlIECY YOpaBIIHHA Yy BHUXIIHI 3MIHHI Ha OCHOBI
BUKOPUCTOBYBAHHSI TMPABWJI HEYITKUX MNpoayKiik. CHCTEeMH HEYITKOTO BHUBOIY
MOBUHHI MICTUTH 0a3y MPaBUJI HEYITKUX MPOIYKIIIN 1 peaai3oByBaTH HEUITKUN BUBOJ
BHCHOBKIB Ha OCHOBI IMOCHJIOK a00 yMOB, IO MpeACTaBieHl y (GopMi HEHITKUX
JIHTBICTUYHUX BUCJIOBIIOBAHb.

Metoauka po3po0ku miaBulIeHHS eQeKTHBHOCTI iHpopMauiiiHOI cucTeMH
0e3neyHol eKkcIuryarauii OyaiBeJib.

Ha pucynky 1 mnpexacraBieHa CTpyKTypHa cxema poOOTH iH(popMaiiiHoi
cucTteMu O€3IeUHOI eKCIUTyaTallii TeXHIYHOTO cTaHy OyaiBens [4, 5].

bopMyBaHH: 6a3u daszidikamis arperaris IigyMoB
[PaBIJI CUCTEMH »| BXiTHHUX 3MiHHHX 2 B HEUiTKUX
HEYiTKOTO BUBOMY MpaBHJIaxX
aKTHUBizaLig ab0 KOMIIO3HIIIS aKyMyJISIisl BUCHOBKIB
»|  IIJABUCHOBKIB B IpaBHIIaX = HEYITKUX MPaBHII

HEYITKHUX MPOJyKIIii TIPOAYKLIiH

Puc. 1. CtpykrypHa cxema poooTu iHdopManiiHoi cucTeMu 0e3meyHol
eKcIIyaTauil TeXHiYHOro crany OyaiBesab

Da3z3ipikaIis.

B xoHTEKCTI HEUITKOT JIOTIKH il (I)asslq)lxaule}o PO3YMIIOTh HE TUIBKU OKpPEMUI
e€Tan BHWKOHAHHS HEYITKOTO BHBOJIY ajie 1 BJAcHO Tmporec abo mpolesypa
3HAXOJ[KCHHsI 3HAYCHb (DYHKIIIT HAJIEKHOCTI HEUITKOT MHOKMHU (TEpMiB) Ha OCHOBI
3BUYAMHUX (HE HEYITKHUX) IMOYATKOBUX aaHuX. daz3iikaiiero Takok Ha3HMBaIOTh
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BBEJICHHSIM HEYITKOCTI [4].

Mera ertanmy daszidikamii - BCTaHOBIEHHS BIIMOBIIHOCTI MK KOHKPETHUM
(3BUYAlHO YMCENBbHUM) 3HAUEHHSM OKPEMOi BXIJHOI 3MIHHOI CHCTEMHU HEYITKOTO
BUBOJy 1 3HaueHHsSM (YHKII HaJEKHOCTI, IO BIAMOBiMAae i TepMa BXiTHOI
THTBICTUYHOT 3MiHHOI. [Ticis 3aBepIieHHs 1[HOTO eTary JJIS BCiX BXIAHUX 3MIHHUX
NOBUHHI OyTH BU3HAYEHH! KOHKPETHI 3HAYEHHS (PYHKIII HAJIEKHOCTI 1O KOKHOMY 3
JIHTBICTUYHUX TEPMIB, Kl BUKOPHUCTOBYIOTHCS B MiyMOBaxX 0a3u MpPaBHJI CUCTEMHU
HEUITKOTO BUBOJY.

[Tponenypa azzidikariiii BUKOHY€ETbCSI TAKUM YHHOM. J[0 TTOYaTKy I[LOTO eTaIy
nepeadavyaroThbCsl BIIOMUMHM KOHKPETHI 3HAYEHHSI BCIX BXIJHUX 3MIHHUX CHCTEMU
HEUITKOTO BHBOAY, TOOTO MHOXHWHA 3HaueHb V' = {a;, a, ..., an). B 3arampHOMY
BUMAJIKy KOXHE a; € X, ne X - yHIBepCyM JIIHT'BICTUYHOI 3MiHHOI f;. 1{i 3HaueHHs
MOXYTh OyTH OTpuMaHi abo BiJ JaTYUKIB, a00 JESIKUM I1HIIMM, 30BHIIIHIM IIO
BITHOIICHHIO JI0 CUCTEMHU HEYITKOT'O BUBOJIY CIIOCOOOM.

PosrnsHemMo KOXHY 3 MilyMOB BUTIIALY "f; € o' " mpaBWJI CHCTEMHU HEUYITKOTO
BUBOAY, JI¢ ' - NESAKHM TepM 3 BIIOMOIO (PYHKIII€I0 HaJeXHOCTI u(x). [lpu upomy
3HaYeHHS ' BUKOPHUCTOBYETHCS B SIKOCTI apTyMEHTYy 4(X), TaKOX 3HAXOIUTHCS
KUTbKICHE 3Ha4YeHHS b;' = u(a;). lle 3HaueHHs 1 € pe3ynbTaToM (haz3idikarlii miyMoBH
" € OC' rr.

Skio B AesKiM MiyMOBI 3yCTPIYAETHCS TEPM 3 MOAU(DIKATOPOM, TO TIPOIIEIypa
(dazzidikaiii BUKOHYETHCS aHAJIOTIYHUM YHUHOM CTOCOBHO (YHKINI HaJIEKHOCTI
TepMa ITiCJIsl BAKOHAHHS Orepailii, o BiJIMOBIIa€ TaHOMY MOIU(DIKATOPY.

Eran ¢az3idikamii 3akiHueHUH, SKIIO 3HAWJIEH1 BCl 3HAYeHHs b, = u(a;) nns
KOXHOi 3 MIAYMOB BCIX MpaBWJI, IO BXOIATh B 0a3y NpaBWJI CUCTEMHU HEUITKOTO
BUBOJY. MHOXHMHA 3HA4Y€Hb MO3HAYUMO SK B = {b;"}. Skmo pgeskuii Tepm
JIHTBICTUYHOT 3MIHHOT f5; HE IPUCYTHIN HI B OJTHOMY 3 HEYITKUX BHCJIOBJIFOBaHb, TO
BIIMOBIAHE WOMy 3HayeHHS (YHKITI HaJeKHOCTI HE 3HAaXOIUThCA B TPOIlECi

daz3idikarii.
Jlis imrocTpaliii I[bOro eTary po3rIsTHEMO MPUKIIAJ Ipouecy ¢a3z3idikarii Tphox
HEUITKUX BUCJOBIOBAaHb: "IpimmHa crian  Bomocara', "IpimmHa — cr iHH

Cr ymirgacr a", "Ipimura cr ian Hackpizra " - 151 BX1HOT JIHTBICTUYHOL 3MIHHOI f3;
- "Tpinmra cr inm”. IM BiANOBia€ HEWiTKe BUCIIOBIIIOBAHHS MEPHIOTO BUITIALY: "B, €
a; rr’ ",BI € 0 rr’ "ﬁl € 03 rr.

Hexait notounuit "7pimmba cr iHu” OMIHIOETBCA K 7 MM, TOOTO a; = 7. Toni
(hazzidikallis Nepuoro HEYITKOrOo BUCIOBIIOBAHHS Jla€ B pe3ysbrari uucio 0, sike
O3Haya€ MOro CTYIMiHb ICTUHHOCTI 1 BUXOJUTH MIJCTAHOBKOI 3HAYEHHS a; = 7 B
SIKOCT1 apryMeHTa (yHKIIiT HaJIeX)KHOCTI TepMa a; (puc. 2).

da33idikarlis APyroro HEYITKOrO BUCIOBIIOBAHHS J1a€ B pe3yibTaTi uncio 0.67
(mpubsM>keHe 3HA4YeHHs), SKE O3Hayae HWOro CTYIMIHb ICTUHHOCTI 1 BHUXOJUTH
MiJICTAHOBKOIO 3HAYCHHS @; = 7 B SIKOCTI apryMeHTa (PYHKI[li HaJIeKHOCTI TepMa a
(puc. 3).

daszzidikaliis TPETHOr0 HEUITKOIO BHUCIIOBIIOBAHHS Ja€ B pe3ynbrari uncio 0,
K€ 03HA4a€ HOro CTYMiHb ICTUHHOCTI 1 BUXOJUTH MiJICTAHOBKOI 3HAYCHUS d; = 7 B
AKOCTI apryMeHTa QyHKIT HAJIeXKHOCTI TepMa az (puc. 4).
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Puc. 2. llpuxaan ¢passidgikanii BXigHOI JiHrBicTu4yHoI 3MiHHOI " Tpimuna crinn"
JJISI HEYiTKOr0 BUCJI0B/IIOBaHHS "'Tpimuna ctinu Bosocsina"
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Puc. 3. llpuknan ¢ga3z3idgikauii BXigHoi JiHrBicTu4HOI 3MiHHO1 " Tpimuna crinn"
JJISI HeYiTKOT0 BUCaA0B/IOBaHHS "'Tpimuua crinu Cryninyacra'

Arperanis.

Arperartisi € mpoIeypor0 BU3HAYEHHS CTYIICHIO iICTHHHOCTI YMOB IO KOKHOMY
3 TpaBWJI CHCTEMH HEUITKOro BHUBOmy. IIpomemypa arperaiii BHKOHYETHCS
HACTYITHUM YHMHOM. J[0 MOYaTKy IhOTO €TaIy MnependavyaroThCsl BiJOMUMH 3HAYCHHS
ICTUHHOCTI BCIX MiAYMOB CHUCTEMHU HEUYITKOTO BHUBOJY, TOOTO MHOXMHA 3HA4YCHb B =
{b;"}. Jlami po3risigaeTbCsl KOXKHA 3 YMOB MPABUJI CUCTEMU HEUYITKOTO BUBOIY. SIKIIO
yMOBa TMpaBWia TMPEACTaBlsi€ COOOK HEYITKE BHUCIIOBIIOBAaHHA BHIISAY |
(BucnoBitoBaHHs "f € a”, ne [ - HallMeHyBaHHS JIHTBICTUYHOI 3MIHHOI, a o - ii
3HAYeHHs, SKOMY BIANOBIJAE OKPEMHUN JIHTBICTUYHUN TepM 3 0a30BOi TepMm-
MHOXUHU 7 JIHTBICTUYHOT 3MiHHOI f) abo 2 (BucnommoBanHs "f € A a”, ne A -
moaudikarop, BiamoBiguuid TakuM cioBaM, ak: JIYXKE, BIJIbIII ABO MEHBIII,
BATATO BUIBIIE), To cTymiHp HOT0O iCTUHHOCTI PIBHUM BIANOBIAHOMY 3HAYEHHIO
b;/'. SIkmo X yMOBa CKJIQJa€ThCA 3 MACKIIBKOX MIAyMOB BUIIIALY  HNPUUOMY
JIHTBICTUYHI 3MiHHI B MiJyMOBaXx IMOIMApPHO HE PiBHI OJUH OJHOMY, TO BU3HAYAETHCS
CTYMiIHb ICTMHHOCTI CKJIaJIHOTO BHCJIOBJIIOBAHHS HAa OCHOBI BIJOMHUX 3HA4€Hb
1ICTUHHOCTI MiAyMOB [5].
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Puc. 4. llpuxknan ¢ga3zsidgikauii BXigHol JiHrBicTH4HOI 3MiHHOI " Tpimuna ctinn"
JJIA HediTKOro BUC/I0BJIOBaHHA ""Tpimuna crinum Hackpizna"

Eramn arperaiiii BBakaeThbCsl 3aKiHYEHUM, KOJU OyIyTh 3HAWICHI BCl 3HAUYCHHS
JUTSI KOYKHOTO 3 MPaBWJl, 110 BXOAATH B 0a3y MpaBWJI CUCTEMHU HEUITKOTO BUBOJY, IO
posrisgaeTbes. Lst MHOKMHA 3HAUYeHB TTO3HAYaeThes uepe3 B ={b1, b2, ... bn"}.

JIist imrocTpaliii 1[bOro eTamy pOo3rJIsTHEMO MPUKIIA MPOIECy arperaiii JBOX
HEUITKUX BUCIOBIOBaHb: "Tpimuna cr 1au Ct ymiadact a"l "Kar eropis T exHigHoro
CT aHY CT IHH 3a70BUILHHH, 1[0 MEX Y€ 3 HEIPHAAT HUM JO0 HOPMAaJIbHOI
excruyar agii  (kat eropig  IVIID)" 1 "Ipimmra  crinn Ct ymiagacr a”  ABO
"Kar eropif T exHI9HOIrO CT aHy CT IHH 33J0BLIbHHH, IO MEX Y€ 3 HEMPHAAT HAM /10
HOpMaJIbHOI excrutyat anii (kart eropig I/II1)" nnst BX1AHOI JIHTBICTUYHOT 3MIHOT f3;

"Ipimura cr ian” 1 f> - "Kareropis T exmigroro cr ady cr ian”. Hexai
notounuit "IpimmHa cr iaun” piBHa 7 MM, TOOTO a; = 7, a motouHe "Kar eropis
T eXHIYHOIO CT aHY CT IHH" OIIHIOEThCS K 6, TOOTO a, = 6. Arperarlisi mepiioro
HEYITKOTO BHCIIOBJIIOBAaHHS 3 BHUKOPHUCTAHHSM oOIlepalii HEYITKOl KOH'FOHKIIi
BUTJISILY:

T(AAB)=min{T (4), T (B)} (1),
nae B pesyabrari yucio 0.6 (mpuOnukeHe 3HAYCHHS), sSKe O3Ha4yae HOro CTyMiHb
ICTUHHOCTI 1 BUXOJIUTh K MiHIMajibHEe 13 3HaueHb 0.6 1 0.667. Arperarisi apyroro
HEUITKOTO BHCJIOBJIIOBAHHS 3 BHUKOPHUCTAHHSAM omepaili HE4YITKOl JAW3'FOHKIIIT
BUTJISIALY:

T(A VB) = max {T(A). T(B)} @),
nae B pesynbTaTi uncio 0.667, ssike 03Hayae MOro CTyMiHb ICTUHHOCTI 1 BUXOJUTH SIK
MakcuMaibHe 13 3HadeHb 0.6 1 0.667.

AKT HBI3aIiA.

AKTHBI3aIlil B CHCTEMaxX HEYITKOTO BHUBOAY € TMPOIEAYPOI0 3HAXOKCHHS
CTYIIEHIO ICTUHHOCTI KOXHOTO 3 TIJABHUCHOBKIB MPAaBHJI HEYITKHX MHPOIYKIIIi.
AKTHBI3aIlisl 0arato B YOMY aHAJOTiYHA KOMIIO3MINI HEYITKUX BIJHOCHH, ajie
HeToToxHa 1. [Ipu popMyBaHH1 6a3u MpaBUI CUCTEMU HEUITKOTO BUBOY 3aal0ThCs
BaroBi koedilieHTH F; sl KOXKHOTO MpaBujia (3a yMOBaMHU BaroBUd KO(DIIIEHT
piBHUI oauHMII) [6].
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Jlo moyatky 11b0ro eTany nepeadadyarThCs BIIOMUMH 3HaUYE€HHS ICTUHHOCTI BCIX
YMOB CHCTEMH HEUITKOTO BHBOJIY: MHOXKWHA 3HaueHb B" ={b;, b,, ... b,"}, 3HaueHHs
BaroBux Koe(ilieHTiB F7 11 BCIX mpaBuil. Jlaiai po3risiiaeThCsl KOKHHM 3 BUCHOBKIB
MpaBUJ CHUCTEMH HEUYITKOTO BHBOJY. JSIKIIO BHCHOBOK TIpaBWja € HEYITKUM
BUCJIOBIIIOBaHHSM BuUIUsiny 1 abo 2, TO CTymiHb HOro I1CTUHHOCTI PIBHHM
anreOpaiaHOMY BUpa3y BIAMOBIIHOTO 3HAYCHHS b;” Ha BaroBuil KoedilieHT F7 .

SIKIII0 BUCHOBOK CKJIAJIAETHCS 3 JEKUIBKOX T1JBUCHOBKIB, TPUYOMY JIIHTBICTHYHI
3MiHHI B TI1JJBUCHOBKAaX IIOMAPHO HE PIBHI OJWH OJIHOMY TO CTYMiHb 1CTHHHOCTI
KOKHOT'O 3 IMiJIBUCHOBKIB pIBHUM anreOpaiyHOMYy BUpa3y BiJIMOBIAHOTO 3HaueHHs b;"”
Ha BaroBui koedimieHT F7 TakuM YMHOM 3HAXOAATHCS BCl 3HAYEHHS CTYIICHIB
ICTUHHOCT1 TIJBUCHOBKIB JIJII KOXXHOTO 3 TIpaBWJI, IO BXOAATH B 0azy mpaBui
CUCTEMHU HEYITKOTO BUBOAY. L[ MHOXMHA 3HaUeHb no3HadaeTbes yepe3d C = {c;, ¢z,

, Cqf, € @ - 3arajbHa KUIBKICTh MIJIBUCHOBKIB B 0a3l mpasBwi. [lpu npomy
MOXXJIUBUM BHIAJOK KOJIM BaroBuil koediumieHT F7 Moxe OyTH 3agaHUid
IHAUBITyaIbHO 11 OKPEMHUX TIJBHCHOBKIB (aje Tmporeaypa akKTHUBI3amii
3aJIMIIAETHCS KOJIMIITHBOIO).

[Ticna 3HaxomxeHHs MHoxuHM C = {c; ¢3 ..., Cg}, BUBHA4YA€ThCs (YHKIIS
HAJISKHOCTI KOXKHOTO 3 MiABUCHOBKIB /IS JaHUX BHUXITHUX JIIHTBICTUYHUX 3MIHHUX.
JUis 1IbOTO MO>KHA BUKOPHCTOBYBATH OJMH 3 METOIB, 110 SBJIETHCS MOIU(IKALIIEI0
METO/1B HEYITKOT KOMITO3HIIT:

min - akTUB13aIisA:  u' (y) = min {c;, u (v)}; (3);
prod - aktuB3amia:  u'(y) =c *u ), (4);
average — aktuBizatis: ' (y) = 0.5* (¢, + u (v)); (%),

ne u (y)- QyHKIIS HAIEKHOCTI TepMa, SKUH SBISETHCA 3HAUYCHHSM JIESIKO1 BUXI1THOT
3MIHHOI @)}, 3a/1aHO1 Ha yHiBepcyM1 Y.

Etan akTuBI3aIii BBaXKa€TbCA 3aKIHYCHUM, SIKIIO JJIS KOXKHOI 3 BHXIJHHX
JIHTBICTUYHUX 3MIHHHUX, 110 BXOJSTh B OKPEMi MiABUCHOBKH TPABHJI HEUYITKUX
MPOYKIIii, OyAyTh BU3HA4YEH! (PYHKIIIT HAJIEKHOCTI HEUITKOT MHOKMHH iX 3HAYCHBD,

TOOTO CyKymHICTh HeUiTKuX MHOXUH C;, C», ..., Cq, ne q - 3arajibHa KUIbKICTb
IIIBUCHOBKIB B 0a31 MPaBHJI CUCTEMHU HEYITKOTO BUBOTY.
Oxpim w™etomiB (3) - (5), nns BUKOHAHHS aKTUBI3AIlli MOXYTb OyTH

3aMpoIOHOBAHI 1 1HII COCcO0U, 3aCHOBaH1 Ha MOAM(IKaIli pi3HUX onepaliid HeUiTKOT
KOMITO3UIII1.

Jlns  utrocTpalli 1[bOTo  €Tamy pO3IJITHEMO MPHKJIAJ MPOIECy aKTHUBI3aIil
BHCHOBKY B HACTYIHOMY IPaBUJIl HEHITKOT IPOIYKIIIi (1€ MPaBUIIO HE MA€E I[IIIbOBOTO
3aCTOCYBaHHS 1 BUKOPUCTOBYETHCS (DOPMAIIbBHUM YHHOM):

AKIWO "Ipimmra cr ivu Ct ymagacr a "

TO "Kareropis T exHIYHOro CT aHy CT IHH 33/0BUIbHHH, IJ0 MEX Y€ 3
HernpHAaT HUM JJ0 HOpMaJIbHOI exciutyat anii (kat eropig II/111)".

BXi1HOO JHTBICTUYHOIO 3MIHHOIO B IIbOMY TpaBWJIl sBNsiE€ThCS fB; - "Ipimra
cr ign", a BUXIAHOIO 3MIHHOIO € 3> - "Kart eropis t exridHoro ct aHy cr iau”. Hexai
notounuii "7pimmHa cr 1au” piBHANA 7 MM, TOOTO a; = 7 MM OCKUIBKH arperyBaHHsI
YMOBH IIbOTO TpaBWia Ja€ B pesynbrari b;" = (.67, a BaroBuil KOe)iIlEHT 3a
YMOBUYAHHSIM PiBHUHM OMHUII, TO 3HaYeHHS 0.667 OyJe BUKOPUCTOBYBATHUCS B SIKOCTI
¢ JUIsL OTPUMaHHS pe3yJIbTaTy aKTHBI3allil.
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Axymymamis.

AKyMyJisiIiisi, B CHCTEMax HEYITKOTO BUBOAY € TMPOIEAYPOI0 abo MpoIecom
3HAXOKEHHs (QYHKITIT HAJIEKHOCTI JJIsl KOKHOI 3 BUXITHUX JIHTBICTUYHUX 3MIHHUX
MHOXUHU W = {w;, >, ws} .

Mera akymysnsmii - 00'€mHaHHS BCIX CTYNEHIB ICTUHHOCTI BUCHOBKIB
(MIBUCHOBKIB) AJisi OTpUMaHHS (DyHKIIT HAJNEKHOCTI KOXKHOI 3 BUXIJIHUX, 3MIHHHUX.
[TpuyrHa HEOOX1THOCTI BUKOHAHHS IIHOTO €TaIly MOJIATAE B TOMY, IIIO IiJBUCHOBKH,
IO BIIHOCITHCI O OJHIEL 1 TI€T K BUXIAHOI JIHIBICTHYHOI 3MIHHOI, HaJIEKaTh JIO
PI3HUX MPABUJI CUCTEMH HEUITKOTO BUBOJLY.

Jlo moyatky 11bOro eTamny nepeadadyarThCs BITOMUMH 3HAUY€HHS ICTUHHOCTI BCIX
MiJBUCHOBKIB JUIsI KOKHOTO 3 TPaBWJI, IO BXOASATH B JaHy 0a3y MpaBWJI CHCTEMH
HEYITKOI0 BUBOAY, Y (opMi CyKymHOCTI HewiTkux MHOxuH: C;, Cs, ...., Cq, ne q -
3arajibHa KUJIbKICTb ITIIBUCHOBKIB B 0a3i npasui (puc. 5 - puc. 7) [7].

M) l Bonocana
10 /
0.8

(IR =

0,4

02

3 G 7 g 9 “IEI-:M

X
Puc. 5. ®yHKuis HAJIeKHOCTI HeYiTKOI MHOKUHHU c11 oTpMaHoOro B pe3yJbrari

aKTHUBI3alil JJ BUXiTHOI JIHIBiCTHYHOI 3MIHHOI « TpilmuHa cTinm»
M) l Crayninga cing

1.0 \

05

05

0.4

oz

-
g 9 1D.l.-:l.l.d

X

Puc. 6. DyHKIis1 HAJIEKHOCTI HEYITKOI MHOKMHM €12 0TPMMAaHOIO B pe3yJibTaTi
aKTHUBI3aulii 1151 BUXIAHOI JIHrBICTUYHOI 3MiHHOI « TpimuHa cTiHm»
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W

Jlai mocaiioBHO PO3IIISAAETHCS KOYKHA 3 BUXITHUX JIIHTBICTUYHUX 3MIHHUX
€ W, 110 BigHOCATBCS 10 Hel HeuiTKl MHOXUHU: Cjy, Cpy, ..., Cjy (puc. 8).

PesynbraT akyMyJssanii A1 BUX1AHOT JIIHIBICTUYHOI 3MIHHOT ; BU3HAYAEThCS SIK
00'eITHAaHHA HEUITKMX MHOXHUH. ETan akymymsmii BBaXKaeTbCsa 3aKiHUEHUM, KOJIH IS
KOXHOI 3 BUXIJTHUX JIHT'BICTUYHUX 3MIHHUX OyayTh BU3Ha4YeHI MiICYMKOBI (DyHKIIIT
HAJIE)KHOCT]I HEUITKOI MHOXKHHM 1X 3HAa4€Hb, TOOTO CYKYIHICTb HEUITKMX MHOXHH:
C'l, C", ..., C'y ne g - 3arajipHa KUIbKICTh BUXIJHHUX JIIHIBICTUYHUX 3MIHHUX B 0a3l
MPaBUJI CUCTEMH HEYITKOTO BHUBO/TY.

Lepazzigixani.

Hedazzidikaiis (MpUBEICHHS 0 4YITKOCTI) B CHCTEMaxX HEYITKOTO BHUBOIY
MpeJcTaBisge co0ow mpoleaypy abo mpolec 3HAXOJKeHHS 3BHYAMHOTO (HE
HEUITKOTO) 3HAYEHHsI JIJIs1 KOXKHOI 3 BUXIAHUX JIIHTBICTUYHUX 3MIHHUX MHOXWUHU W
= {w;, w2, ws} [6].

Meta nedassidikaiii - BHKOPUCTOBYBAHHS pPE3yJbTaTiB aKyMyJlii BCiX
BUXIJTHUX JIIHTBICTHYHUX 3MIHHUX 1 OTPUMAaHHS 3BUYAMHOTO KUTHKICHOTO 3HAYCHHS
KOXKHIM 3 BUXIIHUX 3MIHHHX, $Ki OyIyTh BHUKOPHUCTOBYBATHCS CIELlaJbHUMHU
NPUCTPOSIMH, 30BHILIHIMHU BIHOUIEHHIO 10 CHCTEMHU HEUITKOTO BUBOJY.

)

1,0

0.G

HackpBRa

06

0.4

02

1 2 3 4 2 G v =] =]

Puc. 7. DyHKUis1 HAJIEKHOCTI HEYITKOI MHOKMHM €13 0TpMMAaHOIO0 B pe3yJibTaTi
aKTHUBI3alii 1151 BUXiAHOI JiHrBicTHYHOI 3MiHHOI « TpimuHa cTinm»

Bonocaka e RINYEC na Hackpizna
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Puc. 8. llpuknan akymyJasiuii BUBOAY Uil BUXiHOI 3MiHHOI «TpimmuHa cTinm»
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BxuBaHi B CydYacHMX CHCTEMax YIIPaBIiHHSA MPHUCTPOI 3JaTHI CIpPUHAMATH
TpaauUiiHI KOMaHIu y ¢opMi KUIbKICHMX 3HAu€Hb BIAMOBIIHUX YIPABISIOUUX
3MIHHMX. TOMy HEOOXiIHO NEpeTBOPUTH HEYITKI MHOXXHUHU B JIedKl KOHKPETHI
3HAYE€HHS 3MIHHUX.

Jlo moyaTky 1pOro eTamy nependadaroThes BIIOMUME (DYHKITIT HaJIEKHOCTI BCIX
BUXIJHHX JIHTBICTUYHHUX 3MIHHHUX y Qopmi HeuiTkoi MHOkuHu: C';, C', ..., C's, e s
- 3arajJibHa KUIBKICTh BUXIJHUX JIHTBICTHYHHUX 3MIHHUX B 0a3i MpaBWJI CHCTEMH
HEYITKOro BHBOAY. Jlayi TOCTIZOBHO pPO3MJISAAETHCA KOXKHA 3  BUXIJTHUX
JIHTBICTUYHUX 3MIHHUX ; € W 1 110 BIAHOCUTBHCSA 1O HEi HewiTKI MHOXXMHU C').
Pesynbrar nedassigikarii Ay BUXIJHOL JIHIBICTUYHOI 3MIHHOI (; BU3HAYAETHCS Y
BUIJISA KIJIbKICHOTO 3HA4YEHHS ); € R.

Eran nedasszidikaiii BBaXaeTbCs 3aKIHUEHUM, KOJW JJIS KOXKHOI 3 BUXITHUX
JIHTBICTUYHUX 3MIHHUX OyAyTh BU3HAUCHI IiJICYMKOBI KUIbKICHI 3HA4eHHS Y (HhopMi

JESKOTO AIMCHOTO 4ucia, TOOTO y BUTISIL Vi, V2, ..., Vs, A€ S - 3aralibHa KUTBKICTh
BUXIJTHUX JIIHTBICTUYHUX 3MIHHHUX B 0a31 MPaBUJI CUCTEMHU HEYITKOTO BUBOTY.
BucHoBku

[IpoBenenuii aHami3 HEYITKUX CHUCTEM JO3BOJISiE BHpINIyBaTH  3ajaayi
iHdopmariiiHoi cuctemMu O€3MEYHOi eKcIuTyaTarii  Oy/iBeNnb ISl  MATPUMKH
NPUUHATTS PIIIEHh MO0 JIarHOCTUKA TEXHIYHOTO CTaHy; JOCHIKYBaTH Ta
pealli3oByBaTH Ha OCHOBI amapaTy HEYITKOi JIOTIKM MOJEJI J1arHOCTUKH TEXHIYHOTO
ctaHy OyaiBenb. B poOoTi posriasiHyTa oOpradizaiisi HEUYITKOTO BUBEICHHS
1H(popMaIiiiHOT CUCTEMH N1arHOCTUKU TEXHIYHOTO CTaHy OyiBElb.

OxkpimM 11b0T0, (GOPMYIOTHCS TEPEAYMOBH aBTOMATH3allll CKJIAJHOI JIOTTYHOI
0o0poOKM ekcrepTHUX JAaHuX. KpurepieM HTPUUHATTS PpIlIEHHS 1O BHOOPY
aJIeKBaTHOTO 3ax0J]ly il 3a0e3MedeHHs] HeOOXIHOTo pecypcy OyIiBellb BUCTYMA€E
KIHI[EBUI BHUCHOBOK NpO (PaKTUUYHHUIA TEXHIYHMM CTaH KOHCTPYKIl OyAiBenb 1
MO>KJIUBOCTSX 3a0€3Me€UeHHS ii JOBrOBIYHOCTI.
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Anomauin: Y pobomi po3ensioaomvcs 63a€EM036'513KU OCHOBHUX NOKA3HUKIE ehekmusHocmi
npoyecy OYpiHHS 3 nepemMiujeHHIM 00JI0ma HA 8UOOI C8epPONIOBUHU, sIKe KOHMPOIIOEMbCS WIAXOM
BUMIDIOBANHSL NePEMIUeHHSL 8ePXHbO20 KIHYsL KONOHU OypunbHux mpyo. [lokazano 36'13xu npoxooku
0010ma i3 3a80AHHAMU BUSBNEHHS, KOHMPOIIO MA ONMUMI3aYii npoyecy OVpIiHHSL.

Knrowuosi cnosa: npoyec 6ypinns, cucmemuutl nioxio, 3HoC 030pOEHHA 00I0MA, ONMUMI3AYIs,
pelicosa ueuoKicms, npoxooka 00J10md.

Beryn.

ViockoHalleHHd  MareMaTUYHUX  MOAeJIed 1  METOAIB  OomTUMIizaril
TEXHOJIOTIYHOTO TIporiecy OypiHHS HAa(TOBHX 1 ra30BUX CBEPAJIOBUH € aKTyaJIbHOIO
HayKOBO-MPUKIIAIHOIO 33/1a4€l0 Y 3B 53Ky 3 IHTEHCHUBHUM BIIPOBAKCHHSM B ramy3i
JIOJIIT HOBOT'O TMOKOJIIHHSA, SIKI 3a0€3Me4yI0Th MPOXOJKY Ha JIOJOTO JIEKUIbKa THCSY
METpIB, 1 KOMIT FOTEPHO-IHTErpOBaHUX TexHoJorTii [1,2,5]. 3 Touku 30py 3araibHOL
Teopii cucteMm [3] OCTHITXKyBaHI TPOIECH MAIOTh PsJ CIUIBHUX XapaKTePHUX
BJIACTUBOCTEH JUIsI PI3HUX CHOCOOIB OypiHHS, Ccepel SAKUX IS KEpyBaHHS
HaWBaXIMBIIIUM € HACTYIIHI:

* HASBHICTb B3a€MO3B’SI3aHUX  TEXHOJIOTIYHUX  TiJACHCTeM  (TOTJIUOICHHS,
MIPOMUBAHHS, 3aKIHYCHHS CBEPJIOBUHHU) 13 CKJIAIHUMH 3B’ I3KaMU MK HUMU;

* MOXJIUBICTH YNPABIIHHS MiICHCTEMaMH 3 BUKOPUCTAHHSM PI3HUX KPUTEPIiB;

* OOMEXKEHICTh AaBTOHOMHOCTI IIIJCUCTEMH, III0 BHKJIMKA€ HEOOXITHICTh

* ICHYBaHHs 3aJa4 ONTUMI3allil M Yac KepyBaHHS I1JICUCTEMAMH;

* HasABHICTh 1€pApXIYHOI CTPYKTYpH, IO OOYMOBJIEHO ICHYBAaHHSIM TJIOOAJbHOI
METHU CHCTEMH (MIHIMyM BapTOCTI OyIIBHUIITBA CBEPIJOBUHH, MIHIMyM Yacy
OyIIBHULITBA CBEPAJIOBUHM) Ta YaCTUHHUX LILJIEH OKPEMHUX MIACUCTEM (MIHIMYM
co0IBapTOCTI MeTpa MPOXOJKH, MAKCUMyM PEHCOBOi MIBHJIKOCTiI, MIHIMYM
MATOMUX BUTPAT €HEPTil Ta 1H.);

* HasABHICTH, Ha OypOBiil YCTAaHOBIIl arperaTiB BEJIMUKOI OJMHUYHOI MOTY>KHOCTI
(manpuxnan, asuryH tuny AKB-114-6 ans GypoBoi j1e0iIki Ma€ MOTYKHICTh

ISSN 2567-5273 72 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1 (G

320xBt (U = 0,5xB), a Tumy AKb-15-44-6 — 630 kBt (U = 6xB));

* MOXJIMBICTh TIOCTAHOBKM 3a/Jadl CTaTHUYHOI ONTHMI3aIlii TEXHOJOTIYHOTO
nporiecy OypiHHS Ha 0a3l MPHUMYIIEHHS MIOAO0 MaJoi TPUBAJIOCTI MEPEXiTHUX
IpOLECiB B CHCTEMI KEpyBaHHS B IOPIBHSHHI 3 MEPIOJIOM 3MiHH 30ypeHb,
30KpeMa MIIHOCTI @00 OypUMOCTI TIPChKUX MOPIiJ;

* HEoOXiJHICTb KepyBaHHSA B on-line s BUpIIMIEHHA 3a7ad ONEPAaTUBHOI
ONTHMI3alii npoiecy OypiHHS.

[Ipote, anamiz mitepatrypHux jkepen [1, 2, 4] moka3ye HeqoCTaTHIA 00’em
IIPOBEICHUX JIOCTI/DKCHh B KOHTEKCTI YJOCKOHAJICHHS MAaTeMAaTHYHUX MOJIEIICH
npoiiecy OypiHHS J10J0TaMU HOBOTO IMOKOJIIHHS Ha 0a3i aHalli3y 3B’s3KIB MMOKa3HMKIB
npoiiecy OypiHHS.

Tomy MeTor0 AaHOT pOOOTH € aHali3 B3a€EMO3B’SI3KIB MOKA3HUKIB €(heKTUBHOCTI
npoiiecy OypiHHSA HaQTOBUX 1 Fa30BUX CBEPJJIOBUH 3 OJHUM 13 HAHUOUIBII BaXKIMBUX
napameTpiB — MPOXOAKOIO o0Ta. Bubip mpoxoaku (mepemiieHHs 10Ji0Ta Ha BUOOi
CBEPJIOBUHU) ISl aHali3y B3a€EMO3B’SI3KIB OOYMOBIICHUNM THUM, IO MaKCUMYyM
MIPOXOJIKU Ha JIOJIOTO € OJHHUM 13 TOJOBHUX KPUTEPIiB ONTUMI3AIII] Mporiecy OypiHHS,
a THII KpUTEepi€ ONTUMI3AIl] TUM YU 1HIIIUM CITIOCOOOM 3B’S13aH1 3 IIUM IMOKA3HUKOM.

OCHOBHMH TEKCT.

JIist aHamizy LHUX B3a€MO3B’SI3KIB PO3TIITHEMO CTPYKTYPHY CXEMy MIpolecy
OypiHHS HaQTOBHX 1 Ta30BUX CBEP/JIOBHH 3 JICKIJIBKOMA IMOKa3HUKAMH €(PEKTUBHOCTI

(puc.1).

h(t) 7 h(t)
lgfm ai de(t)
J’ e;(t) 7 dh(t) K2
E(t)
W) YO [dn@P n) [ vy | o [den
o Keposannit ) K
eg(t)] T e MO M) 4t Vu() dt
n(r) \xJ s
@ ex(®)
ﬁ(—i—} fen I h [: Is ) "I“JE )
er(?) Mt
(=) v v, (®) V(D)
. [;g () '
F(t) () c [ [wo V.
— ()
‘ n(t) n
KD

PucyHnok 1 - CrpykrypHa cxema npouecy OypiHHs HapTOBHX i ra30BHX
CBEPAJIOBHH 3 MOKAa3HMKAMU e(peKTUBHOCTI
IDicepeno: [2]

BignocHuit 3HO0C &(f) 030pO€HHS J1070Ta BU3HAYaeThes [2,4,5] sk BIAHOIICHHS
MEXaHIuYHOI MBHUAKOCTI V, mig yac OypiHHA HE3aTYIJICHUM JOJOTOM JO MOTOYHOTO
3HAYCHHS MEXaHIYHOI MBHUAKOCTI Vy(7),

e(t) =—"— (1)
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ne V(¢) = Ah/At — BigHOIIEHHS TIepeMiteHHst A/ 1o yacy At.
B mporneci mornubiieHHsT CBEPJIOBUHU BIJHOCHUN 3HOC O30pOEHHS J0J0Ta
3pOCTae 3 MIBUJKICTIO, SIKA TOPIBHIOE
e (t):m:Vi(;), )
& dt ANZO)
Omxe noka3zHuk K(¢) GopMyeTbes Ha 0a31 aHali3y 3MIHHM MPOXOJKHU J0JIOTA.
3 MeTOr OIliHIOBaHHS OypUMOCTI 1 aOpa3MBHOCTI TIPCHKOi MOPOAM MOKHA
BUKOPHUCTATH MOX1AHY Bif &(¢) IO MPOXOAL A0Ji0Ta A(t):
de(t)
de(t) g _ K. (@)
dh(t)  dh(1) V)’
dt

3)

K (1)
0

Ae K, (1) =

de(t)
di(r)
BIIHOCHOTO 3HOCY mojota K.(f) i oOepHEHO MPOMOPIIiHHE MEXaHIYHOI IIBUIKOCTI
Oypinns V(f). 301IbII€HHS BITHOCHOTO 3HOCY 030pO€HHS J0JI0Ta BEJE 10 3POCTAHHS
de(t)

dn(t)
CIIIBMHOHHUK &(¢) B hopMyi (4) TOPIBHIOE OJTMHHUIII:

de (1) K. _
dn()lt=0 ", =K@ ¥

Ax 6aunmo 13 (3), 3HAYEHHS TOX1JTHOL MPOTOPILIHE MIBUAKOCTI 3MIHU

MOX1JTHOT Ha mnowarky peicy pomora, KOJIM BOHO II€ HE 3aTyIUICHE,

de(?)

[ToximgHa o npu ¢t = 0 TUM MEHIIIe, YUM MEHIIIa IHTEHCUBHICTh B1JHOCHOTO
t

3HOIIeHHA aoioTa Ki(f). OcTaHHs 3aleXHICTh BiJl MapaMeTpPiB PEKUMY OypiHHS,
TUTIOPO3MIPY J10J10Ta, OypUMOCTI 1 aOpa3uBHOCTI TipChKOi mopoau. Tomy 3a yMOBH
HOIATPUMKH TOCTIMHUX MapaMmeTpiB peXuMy OYpiHHS L€ MOKa3HUK Moxke OyTH
BUKOPUCTAHUN JJI1 OLIHIOBaHHS OypuMoOCTI 1 aOpa3uWBHOCTI TIPCBKUX TMOpiA B
pealbHOMY Yaci.

de(t)
dn(1)’
30uthITyeThbest 1 mpu Ki(f) = (Ki(f)min) JOCATa€ CBOTO MaKCUMAaJIBHOTO 3HaueHHs. e
TOBOPUTH PO T€, II0 MAKCUMYyM IPOXOJKH Ha JOJIOTO MOXKE OyTH OTpHUMaHMN 3a
YMOBH, 110 B IIpOIECi OYpiHHS mapaMeTpu pexuMy OypiHHA F 1 n TIATPUMYIOTHCS Ha
PIBHSIX, SIKI 3a0€3MEUyIOTh

I3 3MmeHmeHHsM ToKkazHUKa Kj(f) BenuuuHa, OOEpHEHA MOXIJIHOI

K;(x) =S min (5)

e
S:{(E’ani)i:l Nolmin S EF, S F . in

,,,,, max 2" “min

=n,<n hl.>O;Q:const;M£M

max > max } )

JlificHO, K10 MpOIHTerpyBaTy piBHAHHA (4) npu K;= const, TO OTpUMaEMO

h = des‘:Llng (6)
K.

1ie €1, € — BIIHOCHUM 3HOC 030pOEHHS JI0JI0TA HA MOYATKY 1 B KIHII BiAMpPAI[IOBaHHS
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J10J10Ta BIAMOBIIHO.

[3 30umbmIeHHAM BIZHOCHOTO 3HOCY O030pO€HHS 1oyioTa &(f) MexaHidHa
MIBUAKICTH OYPIHHS 3MEHIIIYE€ThCS
o )
e(t)

Ot1xe &(f) € y3arajabHEHOIO OIIIHKOIO CTaHy 030po€HHsS nojoTa. Bce ckazane
J03BOJISIE BB@)XATH 1HTEHCHUBHICTh 3MIHM BIJHOCHOTO 3HOCY O30pOEHHS [0JI0Ta
OJIHUM 13 OCHOBHHUX IMOKAa3HHUKIB mporiecy OypiHHS. BiH Mo)ke KOHTpoJtOBaTUCS 3a
JOTIOMOTOI0 CIEIialbHUX OOUYMCIIOBAIBHUX MPUCTPOIB, MOOYJOBAaHUX Ha 00poOII
iHpopMallli MPO TMOTOYHE 3HAYCHHS NPOXOAKU JO0J0Ta, SKAa KOHTPOJIOETHCS 3a
NEPEeMIIIEHHSIM BEpXHbOTO KiHLA KOJIOHM OypmwibHux TpyO. lLle mae 3mory
BUKOPHUCTATH TTOKA3HUK Kj J71s1 BUOOPY ONTUMAIILHUX TTApAMETPIB peKUMY OypiHHS.

Sk mokazanu mpociipkeHHs [2] HalOuTbn iHPOPMATUBHUM KPUTEPIEM BiAPOOKU
JI0JI0Ta € CIIBBIIHOIIECHHS

Vi (1) =

S _M-n (8)
1 F . Vi ’
ne F'= const, n = const.

BcTanoBieHi 3aKOHOMIPHOCTI 3MiHU KPYTHOIO MOMEHTY Ha POTOpi BHACIIIOK
3HOCY OIOp MIAPOIIOK, SIKI MalOTh CTIMKY JIIHIMHY 3aJ€XKHICTh B OCHOBHHH Mepioj
poOOTH 0J0Ta 1 €KCIIOHEHLIAbHY — B 3aBepIlabHUN mepion pobdotu mgosota. Lli
00CTaBHHM MOKJIAJIEHI B OCHOBY pO3p00JIEHOTO alnroputMy. MoMeHT mifiioMy A0J0Ta
BU3HAYAETHLCS, BUXOJISIYH 13 CITIBBIIHOIIICHHS.

K; >a(K; )., ©)
ne (Ky); — 3agane mnoporoBe 3HaYeHHS.

Ockinbkd JUis OOYMCIICHb BHUKOPUCTOBYETHCS 1H(OpMALid PO MEXaHIUYHY
MIBUAKICTh OypiHHSA, TO J1HCHE 3HAUEeHHA MOKa3HHMKa K, croctepiraerbcs Ha (oHI
3aBaja. Tomy Al HaAIHHOTO BHU3HAYEHHS MOMEHTY MiHOMY IIapOIIKOBOTO J0JIOTA
JUI 3aMIHH 3aCTOCOBAHO PEKYPEHTHHM G — aJrOpUTM KyMYJIITUBHUX CyM [4].

[Ile omHUM BaXKJTMBUM MOKAa3HUKOM OYpIiHHS € IPOXOJKa Ha OJUH 000poT V,/n.
o_
L=
BU3HAUYMUTHU MapaMeTp, IKUU XapaKkTepusye OypuMiCTh MOPIA.

Otmxe OGaunmo, IO Maibke ycCl TMOKa3HUKK €(EKTUBHOCTI Mpolecy OypiHHS
0a3yroThcsl Ha 1H(OpMaIlii po mepeMilieHHs A(f) nojaoTa Ha BUOOI CBEPAJIOBUHHU.
OkpiM TOro, mpoxoaka Ha J0J0TO /(fs) BXOAWUTH 1 O CKJIAAy TaKUX KpPUTEPIiB
ONMTHMI3allii SIK peficoBa MBHUKICTh

Sxmo noOyayBaTu rpadik 3ajaeKHOCTI f[ﬂ), TO Taka KpuBa Ja€ 3MOTY
D

h(t,

v, = (25) ’ (10)
ty + 1
€KOHOMIYHA IIBUIKICTD

h(Zs)

Ve = o (11)
I +1,, +—
B

r
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1 co01BapTICTh METPA MPOXOJIKU

Aty + 15 )+ Ay
h(ty) ’

ae By — BapTticTh 1 roguau podoT 6ypoBOi yCTaHOBKH; Bj; — BapTICTh A0JOTA.

OTtxe mpoxojka oyi0Ta A(t) € iHpopMaTUBHUM MapaMeTpoM, SIKUH € BaXKJIMBUM
JUIsl BUPIIIEHHSI OaraThbOX 3aJlad aBTOMATUYHOIO KOHTPOJIO 1 kepyBaHHs. IIpote,
BUMIPIOBAHHA IIbOTO MapameTpy 3A1MCHIOEThCA 32 MEPEMIIIEHHSAM BEPXHbBOTO KIHIIS
koJionu OypunibHuX TpyO (KBT) 3 moxubkamu, siki 3aiexaTh BiJl 6aratboxX (pakTopis
[5]: ochOBOI CHJIM PO3TATY KOJOHM Il JIIEI0 BJIACHOI Bard, OChOBOi CHJIM CTHUCKY
HKHBO1 yacTiHu KBT mipu cTBOpeHH1 0ChOBOI CUJIM HA JI0J0TO, MiIINMaIbHOT CHIIN
MPOMUBAIBHOI PIAMHM, TEMIEPATYPH B CBEPHAJIOBUMHI, HABaHTaXEHHS BiA il
BimneHTpoBux cui npu obeprandi KBT, po3Tsaryrodoro HaBaHTaKEHHs MMiJl dYac
MPOKavYyBaHHS MPOMUBAILHOI piauHu, cuiu Big aii Tepts KBT B cBepioBuHi, cumm
3TMHY B TMOXWIMX CBEPJUIOBHHAX, JUHAMIYHUX CHJI, IO 3yMOBJICHI 1HEPIIITHOCTI
KBT.

VY KIHIIEBOMY pe3yJbTaTi 1€ MPU3BOJUTH JI0 TOTO, IO JIWCHE TEpPEeMIIICHHS
nonota h(f) Ha BUOOI CBEPIJIOBUHU BUMIPIOIOTH 3 TEBHOIO TOXUOKOIO ej(f), SKy
MOYKHA TPAKTyBaTH [3] SIK aAUTUBHUM IIIyM.

h(t)=h(t) +e, (1), (13)

Tomy noniibHUM € (QopMyBaHHS TEBHUX BHUMOI JIO IPOMUCIOBUX 3ac00iB
BHUMIPIOBaHHS MPOX0aKku. CTBOPEHHS 1 BIPOBAKEHHSI HOBUX 3aCO01B BUMIPIOBAHHS
OPOXOJKMA SIK 1 IHIIMX TEXHOJIOTIYHUX MapaMeTpiB mpouecy OypiHHA, IO
3aJJOBUIbHSIOTh BHUMOTaM TEXHOJIOTIYHOTO KOHTPOJIIO, 3B’Si3aHE 3 PIIICHHAM
KOMIUIEKCY 1H(OPMAaLIHHUX TEXHIYHUX, EKOJOTIYHMX 1 EKOHOMIYHHUX MpoOJeM.
[ndpopmarniiinumu npobiaemMamu € 3a0e3MeYeHHs] BIpOTiTHOCTI BUMIPIOBaHb 32 YMOB
ampiopHOi Ta MOTOYHOI HEBM3HAUEHOCTI 3a HASBHOCTI PI3HOTO THITy 3aBaj 1
3a0e3MeyYeHHs] ONEepPaTUBHOTO TEXHOJIOTITYHOTO KOHTPOJII0O 3 BHUMIPIOBAHHSIMHU
MPOXOJIKY 3 MOTPIOHUM KPOKOM JTUCKpETH3AIlii.

Jlo TexHiyHUX TpoOJieM MOKHA BIJHECTH: 3a0€3MEeUeHHS HaJiIiHOI POOOTH
3ac00iB BUMIPDIOBaHHS B TI€BHUX KIIMATHYHHUX YMOBaxX 1 CKIAJHUX YyMOBax
eKcIuTyaTalii; 3a0e3nedyeHHs TpUBalIoi eKcIuTyarauii ©0e3  00cIyroByBaHHS,
JOTPUMAaHHSI BAMOT BUOYX00€3MeKH.

ExoHomiynumMu mpobnemamu € 3a0e3nedyeHHs e(PEeKTUBHOrO  OypiHHS
CBEP/JIOBUHHU 33 PaxXyHOK 3HWKEHHsS COOIBApTOCTI METpa MPOXOJKH, MiHIMai3aIis
BUTpAT Ha BIPOBA/DKEHHS 3aCO0IB BUMIPIOBAJIBHOI TEXHIKH, CTBOPEHHS HAJIWHUX,
MPOCTHUX 1 JACTIEBUX MPUCTPOIB.

Jlo exosioriyHuX nMpobieM MOXKHA BIIHECTH HEOOXI1AHICTh BUKITIOUSHHS aBapiii 3
J0JIOTOM 1 BHUKHJIB BYTJIEBOJHIB, 3al00IraHHsS aBapiMHUX CHUTYAIlill 1 YCKJIaJIHCHB,
3B’sI3aHUX 3 MOTJIMOJICHHSIM CBEPJIOBUHU 1 CITyCKO-TIAIMaTbHIMU OTIepaIlisIMH.

JUiss  BUMIpIOBaHHS NPOXOJKM BHUKOPHCTAIM JaBady [OAadl OYpUIBHOIO
IHCTPYMEHTY, 1110 BXOAWTH JO CKJIaay BIOCKOHAJIICHOI Ta30KapOTaXKHOI CTaHIIIl
AT'KC-4AI] (puc.2).

n= (12)
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Pucynok 2 — IlppHuunmiajibHa cxeMa NPUCTPOIO AJIsi BUMIPIOBaHHS
nepeMillleHHsI BEPXHbOI'0 KiHISI KOJIOHU OyPWIBHHMX TPYO:
JII — oasau nepemiwenns; OF1, OF2 — asmomamuuni sumurauis

PY — posnooinvua ycmanoexa 3miHH020 cmpymy
IDicepeno: [2]

HNaBau JIII npuBoauthcs B pyx 3a jomomoror mikiBa I, depes skwuit
NEPEeKUHYTUI cTajgeBuil Tpoc aiamerpoMm 10MM, OpUKPITUIEHWA OJHUM KIHIIEM 0
BEpTIIOra, a IPyTUM — J0 MPOTUBArH, sika MEepeMIILyeThCcsl 0 Hampaistoviil. Tpoc
HATSATHYTHH y HanpsMKy MEpeMillleHHs MPOTUBArk 10 KOHCTPYKIII OypoBOi1 BUIIIKH.
O6epranns mkiBa L nepenaerscs cenbeuny-nasayy CJI, 10 AKOro 3a iHAMKATOPHOIO
cxemor mix’eqHanuii mpuiimansHuM cenbcuH CII. 3acTocoBaHi O€3KOHTaKTHI
cenbcuan  tumy bJI404A  (KJI1). Ha Bam mnpwuitmansHoro cenbcuny CII
BCTAHOBJICHUW peoxopa R 3 KOJIOBUM TEpeMIIIeHHSIM MOB3YHKA ISl TIEPETBOPECHHS
IIepEeMIIIIeHHsT Tpoca B aHAJOroBui curHaji. JKUBIICHHS 10 HBOTO IIJIBOJUTHCS BiJI
cTabu1i30BaHOTO JDKepena mocTiitHoro crpymy Ttumy IIIC-3. 3a  gomomororo
HOpMmytouoro mniepetBoproBada HII 3milicHIOETBCS yCTaHOBKAa BEPXHBOT MEXKI1
BUMIPIOBAHHSA MEPEMILLIEHHS /1 KOJIOHU OypuiibHUX TpyO. Buxinna Hanpyra U,y Horo
MOJAEThCA Ha BXiJl aBToMatuyHoro moteHiiomerpa KCII-2. 3 610koM >KUBJICHHS,
MpUUMaJIbBHUM CEJbCUHOM 1 BUMIpIOBAJIbHUM TpuiaagoMm aaBad JII 3’eqnyeThes
I’ ATKAJIbHUM Kabenem. Ilig yac cmycko-miiiMaibHUX omepallii 1 HapoIlyBaHHS
OypHJIBHOTO IHCTPYMEHTY J1aBay HE BiJ €HY€ETHCS.

JIisi BUMIpIOBaHHS TEPEMIIIEHh BEPXHBOTO KIHIS KOJOHU OYpUIBHUX TPYO
HaWO1IpII €(heKTUBHUM € 3aCTOCYBaHHS JaBadiB KoMmranii ASM 3 BUMIpIOBaJIBHUM
CTaJICBUM TPOCOM, OapabaH HAMOTKH SIKOTO CYMIIIEHUN 3 TIPEIU3IMHIM €HKOJIEPOM
(MTOTEHIIIOMETPOM), IO TMEPETBOPIOE JOBXKHUHY (10 60 M) pO3MOTaHOTO TPOCY B
ananorosuit (DCV.ACV, DCmA) a6o nudposuii (TTL, RC232 a6o CFN) curnai.

BOynoBana B kopmyc J1aBaua TepeMIlieHb €JEKTpPOHIKa 3abe3medye
HaJAIITyBaHHS aHAJIOTOBUX CUTHAJIB B CTaHmapTHoMy piamaszoHi 1+10B, 4+20MA,
abo meperBopeHHsa IuU(poBux curHams B (opmatax iHTepdeiiciB SSI, CFNopen,
Device Net, Profibus. Hanpyra skunenns Bix 5 no 30 B moctiitHoro crpymy.
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IlepeBaroro 1MX JaBayiB IepeMillleHb € CTIMKICTh 70 BiOpaiiii, yaapis,
HECIIPUSATINBUX YMOB CEPEIOBHINA 3aCTOCYBAHHS 1 BUCOKA MIBUAKICTh BUMIPIOBAHHS
no3uiii o0’ekty (mo 20 w/c), MmO [A03BOJSIE BUKOPUCTOBYBAaTH Horo 1 i
BUMIPIOBAHHS CIYCKO-MiiMMaibHuX omepariiii. Kpim Toro, pecypc maBaya
nepesuiye 100 MitH. oneparii.

Tadoanusa 1 — XapakTepucTuKM 1aBaviB nepemMinieHb komnanii ASM

: Po6ounii nianazon CrymiHb
Twum naBaga Jl1ammazoH, MM 0
Temneparyp, "C 3aXUCTY
WS 19 KT 0-15000 -10 ++70 1P64
WS 60 0-60000 -10 ++70 IP52
Aemopcovka po3poboka

BucnoBok. byB mpoBemeHuii aHami3 3B’SA3KIB TOKA3HHUKIB €()EKTUBHOCTI
nporiecy OypiHHS HaQTOBUX 1 ra30BUX CBEP/JIOBHMH Ha 3acajaX CUCTEMHOIO MIIX0.y,
KWW J1I03BOJIUB BCTAHOBHUTH, IO T'OJIOBHUM 1H()OPMATUBHUM IMOKA3HUKOM IPOLIECY
MOTJIMOJICHHSI € IEPEMIIICHHS 10JI0Ta Ha BUOOI CBEPAJIOBUHHU, SIKE KOHTPOIIOETHCS 3a
MIepEeMIIIICHHSI BEPXHBOTO KIHIIA KOJOHHU OYpJbHUX TPYO 1 MOKE OYTH BUKOPHUCTAHO B
CUCTEMax KOHTPOJIIO, & TAKOXK ONTHUMAJIbHOTO KEpPYBaHHS MPOLECOM OYpIHHS IS
BU3HAYCHHS ONTHMAJIbHUX KEPYBAJIBHHMX Mil,  BHSABJICHHSA MEX IUIACTIB, IO
BIJIPI3HSIOTHCA 32 MIILHICTIO, 1 BUSBJICHHS MTOYATKY 3aBEPIIAIBLHOTO MEPIoay poOOTH
JI0JI0Ta 1 MOMEHTY JIOT1YHOTO 3aBEPIIICHHS PEicy A0J0Ta.
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Abstract. The analysis of viscosity indicators of the effectiveness of the process of drilling
naphtha and gas drills on ambushes of a systematic approach allows us to establish what is the
main informative indicator of the process of sinking and moving the bit on any drill. Please, how to
control the movements of the upper end of the drill pipe column and can be used in control systems,
as well as the optimal drilling process to determine the optimal drilling operations, identifying
between layers that are divided into minerals, and identifying the beginning of the final period of bit
operation and the moment of logical completion of the bit run.

Key words: drilling process, system approach, worn bit, optimization, trip fluidity, bit
penetration.
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Anomauyia. Ha s3eanuwax, siosanax i cxosuwax IIpuoHinpo8’s HaAKONu4umucs Oecsimku
MINbUOHIE MOH DPIZHUX BMOPUHHUX MIHEPANbHUX pPecypcié - 30J10WAAKOBI CYMIWI MeNniosux
enekmpocmanyiu (TEC), mowo).

Ilpogedeni  meopemuuni  ma  eKCNePUMEHMANbHI  OOCHIONCEHHS — NOKA3AIU, WO
8IOpOBAKYYMYBAHHA € Oinbul ephexmusHUM MemoooM YVWINbHEeHH 30JI0UIAKOBUX OemoHie y
NOPIBHANHHI 3 MPAOUYTIHUM MemOoOOoM GIOPAYIUHO20 YUilbHeHHs. YuinbHeHHs OemOHHUX cymiuiell
30 O0NOMO2010 BIOPAYIUHO20 B8AKYYMY OAE MONCIUBICIb 3HAYHO 30LIbUUUMU WITbHICMb, MIYHICTD,
MOPO30CMIUKICMb Ma HWI 81acmueocmi makux Oemowis. Y O6emowuie 3 00HAKOBOW MIYHICMIO
MOACIUBO 3MeHuwumu eumpamu yemenmy. Ilpu ybomy moociugo nposecmu He2auHy po3nanyoxy, a
MAKONC 3HAYHO CKOPOMUMU MPUBANICIb  MEPMIYHOI  00poOKU. 3anponoHo8anull  memoo
dopmysanns He 8UMaALAE 3HAYHUX KANIMATLHUX GUMPAM HA 8NPOBAONCEHHS, OCKIIbKU NPU YbOMY
3acmoco8yembcsi cmanoapmue 001A0HAHHA, WO WUPOKO BUKOPUCMOBYEMbCA 8 0Y0i6eNbHill 2any3i
ma mexHono2ii 3a1i300emony. AxkmyanoHicmio pobomu € po3pooKa i 00CHIONHCEHH MeXHON02Il
8IOPOBAKYYMHOI 0OPOOKU OemoHHUX cymiuiell HAd OCHOBI 8MOPUHHUX MIHEPATbHUX Pecypcis, AKa
003801151€ OMpUMy8amu 6emonu BUCOKOI AKOCMI (Ni08ULEeHA WINbHICMb 3 MIYHICMIO ma THUWUMU
eracmugocmamu). 3anponoHoO8aHoO Cnocio NONINULEHHS AKOCMI 307I0UIAK08020 8aKyYMOemoHy 3a
PAXYHOK 000a8KU eleKmpoNimy 6 He8eluKill KilbKocmi 8 OemoHHy cymiul npu ii npueomyeaHmi.
Jocniosceno ocHosHi eracmusocmi GiOPOYWiNbHEHUX 1 8IOPOBAKYYMOBAHUX OEMOHI8 HA OCHOBI
B8MOPUHHUX MIHEPATbHUX PeCypCi8, Npo8edeHa NOPIGHANbHA OYIHKA YUX 61ACMUBOCHel, 008€0eHO
nepesazu 8axKyymMoOemonis.

Haiibinow 06'exmueny oyinky xapaxmepucmux MIYHOCMI ma [HWUX DI3UKO-MEeXAHIUHUX
enacmugocmeti OemoHy Ha OCHO8I 8MOPUHHUX MIHEPAIbHUX PecypCie, YWiIbHEH020 8i0payiiHum
BAKYYMOM, MONCIUBO OMPUMAMU Y BUPOOHUYUX YMOBAX, HANPUKIAO, HA 3A1i300€MOHHUX 3A800aX.

Knrowuosi cnosa: emopunui minepanvhi pecypcu, 3010Ul1aK08I CyMilti, 8i0pOBaKYYMYB8aHHS,
OemoHHI cymiui.

Beryn. Ilpukiian BUKOPHUCTaHHS BaKyyMHOI TEXHOJIOTIi YIIUIbHEHHS O€TOHY
HaBeJIeHO B poOoTi [2]. OmHak OyB BUKOPUCTAHUI JIETKUH O€TOH. BiH Ma€ TeHIEHTII0
JamMaTHCs 4epe3 BHUCOKHM THUCK BakyyMyBaHHS. ToMmMy MOAANbIIl JIOCIHIIKCHHS
BUKOPHUCTAHHS BTOPUHHUX MiHEpaIbHHUX PECypciB 0a3yIOThCA HA BaXKKMX OETOHAX.

[lepuie moBHE y3arajabHEHHsSI Pe3yJibTaTiB HAYKOBHUX MJOCHIIKEHb, a TaKOXK
BUPOOHUYOIO JIOCBiy 3 BUKOpPHUCTaHHA 3ojouuiakoBux BinxoaiB TEC HaBeneHo B

30-Ti poku MUHYJIOTO CTOJNITTA. byna moBeaeHa BUCcOKa €(pEeKTUBHICTH BUKOPUCTAHHS
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3ojonutakoBux  BigxomaiB TEC mpu  BUpPOOHMIITBI  MYIIOJJAHOBHX IIEMEHTIB,
BUTOTOBJICHHI CTIHOBUX KaMEHIB, i1 BUPOOHHWIITBA JIETKWX 3aMlOBHIOBAYIB,
MPUTOTYBAHHS JIETKUX (TEIJINX) OETOHIB.

byna BBenmena kmacudikamis Bimxonis TEC Bix cnamioBaHHS BYTULIS, 1€
BKAa3aHO PO3JAUICHHS 1X HA MIJAaKh (YACTKOBO PO3IUIABIICHI 1 CIICUYEHI YaCTKH) 1 30JIH
(piOHI HecrieyeHi YacTKu). Y CBOIO Yepry, IUIAKH, B 3aJIEKHOCTI BiJl BUIY MajuBa,
IO CHAJIIOEThCS, TMOAUISIUCS Ha: AHTPALUTOBI, KaM'SHOBYT1JIbHI, OypOBYTLIbHI,
topd'sHi, roproui cnanii [3]. I{e Bu3Hauae HEOOXIHICTh KOMIUIEKCHUX JOCTIIKEHb
CKJIaJy Ta BJIACTHUBOCTEW MiHEpaJbHOI YACTUHHU PI3HOTO BYTULIS, SIKE CHANIOIOTH HA
€JIEKTPOCTAHIIISIX, OCKITbKA OCHOBHOIO MPHUYMHOIO HEJOCTATHHOTO BUKOPHCTAHHS
30JI0IIUIAKIB B HAPOJAHOMY T'OCIOJAPCTBI € HE3aJ0BUIBHUNA CTAH BUBUCHHS B SIKOCTI
cupoBuHHU. Takox 0e€3 peTeNbHOr0 BHBYEHHS TAaKUX BIJIXOMIB Ta IiX BIUIMBY Ha
riparaiiio, TBEPAIHHS, a TaKOX eKCIUTyaTallifiHi BJIACTUBOCTI 30J00ETOHIB iX
BUPOOHUIITBO HEMOKIIUBO [4].

Takox 3anmporoHOBaHO KJIacH(iKallio IUX BIJXO/IB, B OCHOBY SIKOT MOKJIJICHO
Takl O3HAKW, SK BHJ ITaJIMBa, IO CIIAJIOETHCI, CHOCIO CITaJIFOBAHHSA, XIMIYHHH 1
MIHEpaJIOTIYHUI CKJIaJl MiHEpaJIbHOI YaCTHHH IMajiuBa, CTPYKTypa 1 30BHIIIHI O3HAKH
NUTaKiB. byno Big3HA4YeHO, MO ISl XApaKTEPUCTUKU TEXHIYHUX BIACTHBOCTEH
NaJUMBHUX IIJaKiB HabaraTto OUTbIE 3HAYEHHS MAlOTh MOTO 30BHIIIHI MOP(OJIOTIYHI
03HAaKH, TaKl IK CTPYKTYypa, CTYIMiHb OKIIHKEPOBAHHOCTI, FPAHYJIOMETPIs 1 KOJIIp, a He
BUX1IHUM BUJ nanuBa. OCHOBHA yBara Oyja mpujijieHa MajJuBHUM IITaKaM, a CKIaf 1
BJIACTUBOCTI 30JIM-BUHECEHHSI TMpakTUYHO He poarisganuca [5]. I[lpu Ouibin
BHCOKOMY PIBHI 3aMiIlIE€HHS] TPUPOAHOTO MICKY B O€TOHAaX Ta OyIBEJIbHUX PO3UYMHAX
[IJIaKOM, OE€TOH IMOKa3aB MEHILy MILHICTh, HIXK Y CTAHAAPTHINA CyMIlIl, YIIUIbHEHIH
BiOpariitHuM crocooom [6].

He3nauni oOcsarm 1 H#u3pKa e(EKTHBHICTh BHUKOPUCTAaHHS 30JM Ha
HIIPUEMCTBAX OYIIHIYCTpli, Mayli OOCATH yTHi3allli BIJXOJIB E€HEPreTUKU He
J03BOJISIIOTH MTPOEKTYBATH HA BEJIMKHUX TEIUIOBHX E€JIEKTPOCTAHIISIX MaJOBIAXOAHI 1
0e3B1X0IHI TexHouorli. Hemomiku 30701IIaKOBUX CYMIIIEH MEHIIE MPOSBIISIIOTHCS
Ipyd BHKOPUCTAHHI 1X B TIIPOTEXHIYHOMY OYIIBHHUIITBI, J€ Kiac OETOHy
BU3HavaeTbes y Biky 180 m16. Ha Ginbiocti mianpueMcTB Oy IiBEIbHOT 1HYCTPIl IPH
IPUTOTYBaHH1 OETOHIB JJIs1 TPOMAJICHKOTO, MPOMHCIIOBOIO 1 CLTBCHKOTOCIIOIaPCHKOTO
OyIIIBHMIITBA 1IeH HAIpPsIM BUSBHUBCS Malo€(PEKTUBHUM, 1 30J1a-BUHOCY MPAKTUYHOTO
3actocyBaHHs He 3Hainwia [7]. Heomuopimawmii ckmam 3omu TEC € omaum 3
HANOUIBIINX HENOJIKIB, SKI CKOpOUYIOTh ii BUKOpHCTaHHA. [Ipm BHCOKOMY BMICTI
KPYITHUX YaCTHHOK 30JM-BHHOCY (OU1bII 0,045 MM), a TakoX mpy 301IBIIICHH] BMICTY
HE3TOPUIMX YaCTUHOK BYTUDIS motpeda B Boal 3pocrtae. lle mpu3BoguTh 10
pO3IIapOBaHOCTI OETOHHOT CyMIlll TPHW YIIUIBHEHHI. A TakKoX 10 3MEHIICHHS
(h13UKO-MEXaHIYHUX BJIACTUBOCTEU 30JI00CTOHIB, 3HIKCHHS JOBTOBIYHOCTI BHUPOOY
a00 KOHCTPYKIIi [8].

OCKITbKM  30JI0IIVIAKOB1  CyMIllll CTAHOBJISATh OCHOBHY YacTHHY BiJBajiB
OUTBIIIOCTI TETUIOBUX EJIEKTPOCTAHIIINA, M0 CHATIOIOTHh MUJOBUIAHE ITaIMBO, BOHH
MPECTaBISIOTh OCOONMBUN 1HTEpEC ISl MIANPUEMCTB OyIiBENbHOI 1HAYCTpIi, K
KOMIOHEHT OeToHy. [locTiiiHO 3pocTaroul 3amacH 1i€i CUPOBUHHU 3MOIJIM O 3HAYHO
3HM3UTH ICHYIOUHH 1eIiUT HaMOBHIOBauiB OeToHY [9].
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OcHoBHa yacTHHA.

MeTor0 AOCHIIKEHHS € BJOCKOHAJIECHHS TEXHOJOrii OETOHIB Ha OCHOBI
BTOPMHHUX MiHEpaNbHUX pecypciB. Ha mpakTuii mpu 1bOMY BHUKOPHUCTOBYETHCS
onTHMI3allisl CKJIaxy OCTOHY 3a JOTIOMOTOI0 BBEJCHHS 30JIM B SKOCTI TPaJAMIIHUX
3alOBHIOBAUIB i1 OETOHY. A TaKOX uepe3 BUKOPUCTAHHS BiOpaliiiHOi BaKyyMHOI
00pOoOKH OETOHHUX CyMIIIIEH.

JUist JOCATHEHHSI METH OYJIM MOCTAaBJICHI HACTYTIHI 3aBJIaHHS:

— migi0paTu panioHabHI CKIaau OETOHHUX CyMilIeH 1Ji1 BAKYYMHOI 00pOOKHU;

— JOCHITUTH OCHOBHI (DI3MKO-MEXaHIYHMX BJIACTUBOCTI BIOPOBAKYYMOBAHHMX

OETOHIB Ha OCHOBI BTOPMHHHMX MIHEpajIbHUX pecypcax [Ipuaninpos’s;
— PO3pOOUTH TEXHOJIOTiI0 BIOPOBAKYyMOBAaHUX OETOHHMX BUPOOIB HAa OCHOBI
BTOPMHHUX MIHEpaJbHUX pecypcax [TpuaHinpos’s.

30J1011IJTAKOB1 CyMIII TEMJIOBUX €JIEKTPOCTAHIIIMN

Opnna 3 mHanOumemux B €Bpomi [lpmaainpoBchka TEC, mopHs BuUKHIae Ha
3BAJIMINA THUCAYl TOH 30JIOIIJIAKOBUX CyMillled, 3aBJal0Yd 3HAYHOI IMIKOAM
HABKOJIMIIHbOMY CEPEIOBUIILY.

3epHa MHJIOBHUIHOI 30JIM — II€ KPUXITHI YaCTHMHKU PO3MIPOM BIiJ JEKUIBKOX
MikpoH 70 0,14 mM. Benuka dacTiHa 3epeH oIluiakoBaHa 1 okpyria. YactuHa 3epeH
BiiUTIhOBAHA JIUIIIE 30BHI — IT1]1 CKJIOMOAIOHO0 000JIOHKOIO 3HAXOASITHCSI MIHEPAJIH,
SK1 HE BCTUTJIM PO3IUJIABUTUCS B MOMEHT 3TOpaHHS MUJIOMOIOHOTO BYTULIS B TeYi.
CrpykTypa camoro 3epHa 0oOyMOBJIEHA HOTO JIy’e€ KOPOTKHM IepeOyBaHHIM y 30HI
BHUCOKUX TemrmepaTyp. B pe3ynpTaTi MIBHAKOTO MIiABHUINEHHS TEMIIEpaTypH Maiike
OJIHOYACHO B110yBa€ThCS BUTOPAHHS OPraHIYHUX PEYOBHH, 110 MICTATHCS Y BYTULIL, 1
CIIKaHHS MIHEpaJIbHOI 4YacTUHM. ['a3, MmO BUAUISIETBCA TMI1J Yac LBOTO MPOIECY,
cnyuye po3miaB. Pi3ke OXOJOIKEHHA 3epeH cTabul3ye ckiaonoiiony ¢asy. B
pe3yabTaTl YaCTUHKU MUIJIONOAIOHOI 30JIM € pO3IUIaBIIEHUMH 3€pHaMU, 0araTo 3 sIKUX
MaloTh KPUXITHI, IEPEBAXKHO 3aKPHUTI MTOPH.

[Inaku mnpeAcTaBisitoTh co000 cKIonoiOHI 3epHa pos3mipoMm 0,3...20 Mm
HEMpaBUIbHOI (POPMH 3 TOCTPUMHU IpaHsIMU. 3HAYHA YACTHHA 3€PEH Ma€ MOPH PI3HUX
PO3MIpiB, K1 YTBOPUJIUCS ITiJ1 €0 MMapy MPH MOMagaHHI BOTHEHHO-PIJIKOTO IIUTaKy B
BOJy. [HOII 3yCTpidarOThCs B JaH1M CYMIIl OUIBII BKIFOUEHHS MIJIAKY - PO3MIPOM J10
40 mm. XIMIYHHM CKJIa]] 30JI0IIJIAKOBUX CyMiIllel HaBeJIeHO B Tabuii 1.

Taoauus 1 - Ximiunnii ckian 3omouiakoBux cymimeit TEC

Cxnax okcuais, %
Bun
. . ) FeO+ )
B1AXO/1B S10, AlLOs T10, CaO MgO SO, B.o.m.
+FCQO3
3oia 41... 15... 5...9 0,5 3..4 1...1,6 | 04... 10...
.53 .22 ..0,8 ..14
Tmak 48... 20... 9...13 05 (4,5...5] 1...1,6 | 0,5... 0...1
..56 .28 ..0,6
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JIiist mpurotyBaHHsi OETOHHUX CyMilllel BUKOPUCTOBYBAIM HACTYIIHI MaTepiaju:

— nutakonopTinanaiemenT M400 (m. Kpusuii Pir) (JICTY b B.2.7-46-2010);

— 3ona-BuHocy Ipunninposeskoi TEC (JACTY b B.2.7-205:2009);

— Boga BogonposoaHa (JICTY b B. 2.7.-273:2011);

— enekrpouit - CaCl, (ACTY b B.2.7-175:2008. ACTY b B.2.7-69-98).

beronni cywimii roTyBaiu 3 OJHAKOBOI PYXJIMBICTIO, SIKa XapaKTEPU3Y€ETHCS
OCITaHHSIM CTaHAapTHOTO KoHyca — OK =5...6 cwm.

PesynbpTaTu pocnikeHb aBTOpiB [15] BKa3zylOTh Ha BHUCOKY MOTpeOy y BOl
30J100eTOHHUX cyMime. [le, Ha HaAIl TOMISA, € OCHOBHOK MNPUYMHOK HHU3BKOI
MIITHOCTI1 30JIbHOTO OETOHY MPU MOMIPHUX BUTpaTax IIEMEHTY.

CnoyaTky Bu3Hayanu e(EKTUBHICTb BIOPOBaKyyMHOi OOpOOKHM 3BHYANHHUX
30J100€TOHHUX cyMimied (0e3 AoJaBaHHS €NeKTpodiTy). B 1mux pochipkeHHsX
BMKOPHMCTOBYBAlM OETOHHY CyMill i3 BuTparor uementy 280 kr/m>. 3pasku
15x15%7 cm (opmyBaiu 3a JOMOMOTOI0 BIOPOBAKYyMYBaHHSI (3 METOIO 3MEHIIICHHS
BIUIMBY MacmTaOHoro ¢akropy). Ilomepeane ymiinpHeHHS OETOHHOI CyMimlll Y
dbopmax mpoBoAwSIM BiOpamiiftHUM MeToaoM mpoTsaroMm 7..10 c. Ilotim 111 3pasku
MiJ1aBajii BaKyyMyBaHHIO 10 MPHUIMHEHHS BUJAJCHHS HAIJIUIIKIB BOIU IS
3MinryBaHHs. Bennunna Bakyymy craHoBuia 0,7 (3arajgpHuil BakyyMm npuiimMaBcs 3a
onuuuio). [lix yac BakyyMyBaHHSI MPOBOAWIIN TMEPIOAUYHY BIOpaIlito TPUBAIICTIO
8...10 c xoxHi 1,5...2 XxB (BUKOHYBaJIH J[Ba TpuiiomMu BiOpairii) [16].

HonaBanus enekTpoiiTy B kuibkocTi 0,2...0,7 % Big BUTpaTH LIEMEHTY MOXE
CYTT€BO 30UIBIIUTU KUIBKICTh BUJIYYEHO! HAJUIMIIKOBOI BOJM, 3MEHILIYIOUU MpU
FOMY TPHUBANICTh BakyyMyBaHHS. l[lpu BCiX MNpPUAHATHX BHUTpaTax LEMEHTY
palioHalibHe JoJaBaHHA enekTpomity crtaHoBuiio 0,4..0,5 %. 3aBasgku 1boMy
J0/IaBaHHIO OYyJI0 OTPUMAHO HaWOUIbIIY KUIBKICTh BHJIYYEHO! HAJJIMIIIKOBOI BOJIU
saminryBanss (110 /M3 a6o 37 %). A TpuBamicTh BaKyyMHOT 0OPOOKHM 3MEHIIEHA 3 6
XBUJIWH 110 4...4,5 XBUIHH, IO Ty’Ke BAXXJIMBO B yMOBaxX BUpOOHUIITBA [16].

[li 3aKOHOMIPHOCTI MIATBEPIKYIOTHCA 1 pe3yJdbTaTaMH aHaji3y MIIHOCTI
BaKyyMHHX O€TOHIB Ha OCHOBI 30uonutakoBux cyminieit TEC (pucynok 1).

35

30
—
,/& g

» / —h—2

20 —

R63

15
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

PucyHok 1 - Meska MilIHOCTi 30/101IVIAKOBOI0 BAKYyMOETOHY 32JI€2KHO BiJl
BHTPATH eJieKTpoity: 1 — npu sumpamax yemenmy 280 xe/m’;
2 — meonc, npu 350 ke/m’; 3 — mearc, npu 400 ka/m’
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BakyymOeTonu, orpuMani 3 OETOHHHMX CyMIIIed 3 J0JaBaHHSM EJIEKTPOJITY,
MalOTh OUIbIIY MIIHICTh MOPIBHSHO 3 MILHICTIO BaKyyMOETOHIB 13 OETOHHUX
cymimeii ©Oe3 Takoi no6aBku. [lpm parioHanpHI BHUTpaATi €IEKTPOJITY OyJo
JOCSITHYTO HaWO1IbIIe 301IbIIIeHHs MIITHOCTI — Ha 17...22 % (MOPIBHAHO 3 MIIHICTIO
BaKyyMOETOHIB 13 O€TOHHHMX cyMilled Oe3 [1oAaBaHHS eNeKTpodiTy). OTpumani
pe3ysbTaTd TEPEKOHJIUBO TMOSCHIOIOTHCS 3a JIONOMOIOI0 Teopii KoaryJisiii
EJICKTPOJII TAMHU.

Y 1mpoMy BHUMNAAKY palioHadbHa TPUBAIICTh BaKyyMyBaHHsS CTaHOBHJIA 6 XB
(BUXOASTYM 31 MIBUAKOCTI BUJAJICHHS HAJUTUIIKY BOAM 3MIIITyBaHHS).

[IIupoke BUKOpUCTaHHS B OyAiBHHUIITBI OeToHIB Ha ocHOBI BiaxoAiB TEC mae
MO>KJIUBICTh BUPILIUTH POOIEMY MICHEBUX 3aII0BHIOBAYIB, a TAKOXK CIIPUSE OXOPOHI
HaBKOJIMIIHBOTO cepenonuiia [17-18].

BucHoBkwu.

1. Tlpu migbopi parioHaATBbHUX CKJIQAIB OCTOHHUX CYMIIIeH Jisd BaKyyMHOI
0o0poOKM BH3HAYE€HA ONTUMAJIbHA PYXJWBICTh BHUXIJHOI OETOHHOI CyMiIi, sKa
00yMOBUTH HaNOUIbIII KOMITAKTHE PO3MIIIEHHS CKIAJOBUX B MPOIIECI BAKyyMYyBaHHS
(HalOUIBITY MUTBHICTB). Taka pyXJIUBICTh CYMIIIIl 3pOCTA€E B Mipy 3HIKCHHS BUTpATH
nementy (3 OK=1...2 cm 10 5...7 cm).

2. Pe3ynbrati TOCHIPKEHb OCHOBHUX BJIACTHBOCTEM BIOPOBAKYyMOBaHUX
30JI0IIJIAKOBUX OCTOHIB MiATBEPAMIIU 110, MIITHICTH 30JI0IIJIAKOBOTO BaKyyMOETOHA B
CEpPEeIHbOMY BHILE MILHOCTI BIOPOYIIUIBHEHOTO OETOHY 3 PYXOMHX CyMIIIEHd Ha
6...10 MlIla a6o nHa 60...100 % (B 3a1€XKHOCTI Bil BATPATU LEMEHTY).

3.3aBasgku po3poOLl TEXHOJOri BiOPOBaKYyMOBaHMX BHUpPOOIB Ha OCHOBI
OETOHIB Ha BTOPUHHUX MIHEpaldbHUX pecypcax IlpunHinpoB’s HanmaeTbes
MOXJIUBICTh ~ BUKOPHCTOBYBATH  ICHYKOYE  TEXHOJIOTIYHE  oOjagHaHHS  0e3
NPUHIIMIIOBUX KOHCTPYKTUBHUX 3MiH, 3IHCHIOBAaTH HeEraiiHe po3manyOaeHHs
B1I()OpMOBAHUX BUPOOIB, III0 CYTTEBO 3MEHIITY€E METAJTOEMHICTh TEXHOJIOTI.
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Abstract. Tens of millions of tons of various secondary mineral resources have accumulated
in landfills, dumps and storage facilities of the Dnieper region - ash-and-slag mixes of thermal
power plants (TPPs), etc.).

Theoretical and experimental studies showed that vibrovacuumizing is a more effective
method of compaction of ash-and-slag concrete compared to the traditional vibration method.
Compaction of concrete mixes using a vibrating vacuum makes it possible to increase substantially
density, strength, frost resistance and other properties of such concretes. For concretes, having the
equal strength, it is possible to reduce cement consumption. At the same time, immediate
dismantling, as well as significant reducing the duration of heat treatment, is also possible. The
proposed moulding method does not require large capital expenditures for implementation, since it
uses standard equipment that is widely used in the construction industry and reinforced concrete
technology. The relevance of the work is the development and research of the technology of
vibrovacuum processing of concrete mixes on the basis of secondary mineral resources, which
makes it possible to obtain high-quality concretes with increased density, strength and other
properties. A method for improving the quality of ash-and-slag vacuum concrete by adding a small
amount of electrolyte to the concrete mix during its preparation is proposed. The main properties of
vibrated and vibrovacuumized concretes on the basis of secondary mineral resources are studied, a
comparative assessment of these properties is carried out, and the advantages of vacuum concrete
are proved.

The most objective assessment of the strength characteristics and other physical and
mechanical properties of concrete on the basis of secondary mineral resources compacted by a
vibrating vacuum is possible to get it in production conditions, for example, in reinforced concrete
plants.

Keywords: secondary mineral resources, ash-and-slag mixes, vibrovacuumizing, moulding,
concrete
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Anomauin. B cmammi po3ensinymo euxopucmanus pisHOMAHIMHUX CIMAMUCMUYHUX Nioxo0ie
i Memooie MawuHHO20 HABYaHHA 6 Meouyuni. [Iposedeno MoOenbHUll aHANi3 HA NPUKIAOL
nayicHmie, Oe 6U3HAYEHO (AKmMopu, Wo 6NIUBaOMb HA UMOBIPHICIb BUHUKHEHHS IHC)Ibm).
30iticneno ananiz 0anux, wob BCMAHOBUMU B3AEMO38'SA30K MINC DIBUYHUMU XAPAKMEPUCTIUKAMU
nauieHma, 1020 WIKIONUBUMU 36UYKAMU, cnocobom orcumms  ma ﬁMOGlpHiCWllO 6UHUKHEHHA
incynomy. /s oyiHKU 63A€EMO036'A3KY YUCI08UX OaHUX OYIU noOYO008ari Mooeni NiHilUHOI pecpecii ma
MOOeb 102ICMU4HOT peepecii 015 NPOSHO3Y8AHHS UMOGIPHOCHI IHCYIbMY.

Knwuoesi cnosa:. cmamucmuunutl ananis, MAQUUHHe HABYAHHS, JIHIUHA pe2pecis, N102ICMUYHA
pezpecis.

Beryn.

30inpmenHs 00’eMmy iHdopMamii B MeaMIMHI Ta O010J0rii IoKa3ajo, 10
CTaTUCTHKA € TIOTYXHUM 1HCTPYMEHTOM KOHLIEHTpAIli 3HaHb, OCKUIBKH MEIUIMHA €
MOJIEJIBIIEPII 32 BCE HAYKOIO eKCcriepuMeHTaabHo0. CydacHi MEAUYHI JOCTIKEHHS €
MDKJIUCIUIUIIHADHUMHA 1 TOMY BHMaraloTh OOOB’S3KOBOi Yy4acTi crHeljanicra-
OlocTaTUCTHKA.

1. IlocTanoBka 3agaui

[IpoTsiroM OCTaHHBOTO YBEPTHCTOJITTS BiNOYBCS 3HAYHHWIA MPOTPEC B rajysi
HAayKd Ta TeXHIKW. JIFOJCTBO MOCATIIO YCIIXiB y CTBOPEHHI POOOTIB, SKI MOXYTh
BUKOHYBATH PI3HOMaHITHI 3aBJIaHHS HAJAl04YU JIOTIOMOTY y PI3HUX cepax J0ICHKO1
nistmpHOCTI. CydacHi TOCSTHEHHS B)KE€ HE BPAKAIOTh HIKOTO TYPUCTUYHUM TIOJIHOTOM
y KOCMOC YH TMOJOPOXIKI0 MDKKOHTHHEHTAJIBHOIO PAaKeTOK HaBKoJo 3emii. 3
HEAOUSKNUMHU TEXHOJOTIYHUMHU JOCSTHEHHSMH JIFOJW, Ha Kajb, MPOJOBXKYIOThH
CTUKATUCS 3 PI3HUMH 3aXBOPIOBaHHSIMU. J[pyrow 3a 4acTOTOI NMPUYMUHOIO CMEPTI
MIiCIsA paKky € 1HCYJIBT. 3a CTaTUCTUKOK BCecBITHROT opraHizallii OXOpOHH 3710POB'S,
11% Bcix cMepTell MoB's13aHi 3 KPOBOBUJIMBOM B MO30K — 1HCYJbTOM. Binomo, 110
KJIITUHHUANA pIBEHb OPraHi3My JIOAWMHHU 3aJMIIAETHCS MAJOAOCTIIHKeHUM. Takum
YUHOM, 3aCTOCYBAHHSI CTATUCTUYHOTO aHali3y AAHUX MOXE JOMOMOITH BHUSBHUTH
3B'A30K MK (PI3MUHMMHU XapaKTEPUCTUKAMH TMAIEHTIB, MIKIJJIUBUMH 3BUYKAMHU,
BIKOM Ta IHIIUMH (PAKTOPAMH 1 BUTIAJAKAMHU 1HCYIIBTY.

OcHOBHA MeTa BOTO AOCIIIXKEHHS MOJISITa€ B MOILIYKY BIAMOBiIeH Ha HACTYIHI
MATAHHS:

e Uy BruMBae KypiHHS Ha UMOBIPHICTh 1HCYJIBTY?
e Uy BrumMBae rinepToHis Ha HMOBIPHICTh 1HCYJIBTY?

¢ Uu BrumMBae Bik Ha UMOBIPHICTh 1HCYJIBTY?
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e Yu icHye niHIMHA 3aJ€KHICTh MK 1HJEKCOM MAacH Tijla Ta CEpeHIM piBHEM
TJIFOKO3U B OPTaHi3Mi, BIKOM MaIli€eHTa?

JIyist BUpIIICHHS X 3aBJaHb PO3TJITHEMO MOJIENI 3BUYAHO1 JTHINHOI perpecii
Ta MOJENb JIOTICTHUHOI perpecii. OCHOBHA PI3HHUIISI MOJSATAE B TOMY, IO 3aJIe)KHA
3MiHHA IS JIIHIHHOI perpecii MOBWHHA OyTH YHCJIOBOTO THITY, TOMI SK JJIS
JIOTICTUYHOT perpecii - ¢akropHoro. Jlorictuuna perpecis 103Bojsie€ KIacupiKyBaTH
namieHTiB 3a WMoBipHicTiO Ha ABi rpynu (0 - HI, 1 - TAK). ITo3a pobororo Hax
OCHOBHUMH YOTHPMa MHUTAHHSIMH JOCHIDKECHHS PO3TIISTHEMO OIMHMCOBY CTAaTUCTHKY,
00poOKy  BIJICYTHIX 3Haue€Hb Ta BUKOPHUCTAHHS  CTAaTUCTUYHHUX  TECTIB.
InTenexktyanbHuil anamiz GakTopis, Kl BILIMBAIOTh HA MMOBIPHICTh 1HCYJIBTY, MOXKE
JOTIOMOTTH KOXHOMY POOMTH BHCHOBKM Ta PO3YMITH BaXKJIUBI AaCIEKTH I[HOTO
JIOCIIJKEHHS.

Hani Oynu otpumani 3 matdhopmu Kaggle 3a HacTynmHUM MOCHUJIAHHSIM
https://www .kaggle.com/datasets/fedesoriano/stroke-prediction-dataset. Jani
ckiagaoTbes 3 12 cropmmiB 3 5110 3anucamu. [Hdopmariist mpo aTpuOyTH MICTUTS:

1) id: yrikansHUN 17eHTUDIKATOD;

2) gender: «YHonoBik», «XKinkay;

3) age: BIK MaIfi€eHTa;

4) hypertension: 0 - Hemae rinepToHii, 1 - € riNepPTOHI;

5) heart disease: 0 - HeMae 3aXBOpIOBaHb CepIisl, | - € 3aXBOPIOBAHHSA CEPIIS;
6) ever married: "Hi" a6o "Tax";

7) work type: "mitu", " nepxkaBHa ", " HIKOJIM He TIpaltoBaB ", "'mpuBaTHa";
8) Residence type : "Cinbcbkuit" abo "Micbkuii";

9) avg glucose level;

10) bmi (inaexc macu Tija);

11) smoking status : "panime kypuB", "Hikoau He KypuB", "Kyputh " abo
"HeB1IOMO'";

12) stroke (iucynbT): 1 - OyB iHCYNIBT, 200 0 - AKIIO Hi.

Jlnst Bizyamizaiii CBITOBOI KapTu piBHS cMepTHOCTI Bij iHCynbTy Ha 100 000
HaCEJICHHS MU BUKOPHUCTOBYEMO 11e OJIUH Ha0Ip JAHUX 13
https://www.worldlifeexpectancy.com/cause-of-death/stroke/by-country/.

[Tobymyemo kapTy CBITY, Ha SIKId BiIOOpa)K€HO PiBHI CMEPTHOCTI Bij 1HCYJIBTY
mutst kpaid (183 kpainm), siki BkazaHi B 1iboMy HaO0pi nanux (puc. 1).

Ax BuaHO 3 puc. 1, KpaiHU 3 HAWHWKYUM PIBHEM CMEPTHOCTI BijJ IHCYJBTY
BKrO4aroTh ABctpanito, CIIIA, Kanany ta kpainu €Bpomnu.

2. PesyabTaTn

Habip ganux mictuTh yucioBi Ta ¢akTopHi 3MiHHI. Hanpukian, 3miHHa gender
€ ¢hakTOpoM THUITY (YOJIOBIUUM, )KIHOUUHN, 1HIIIUM ).

Ha puc. 2 mpeacraBieHO 1HAEKC Macd TuIa B 3ajeXHOCTI Bif Biky. Ilicis
nocsirueHHst 40 pokiB JroANHA OyAb-SIKOTO 1HAEKCY MAach Tija MOXKE CTUKHYTHCS 3
PU3HUKOM 1HCYNBTY. TakuM YWHOM, UMOBIPHICT BUHUKHEHHS 1HCYJIBTY 3POCTAE TICISA
40 pokiB myisi BCiX Tpyn HaceneHHs. [[ikaBo Bif3HA4YWTH, IO HA TOMY K PUCYHKY
1HJIEKC MacH Tijla HE Ma€ YiTKOi B3a€EMO3B'A3KY 3 1HCYJNbTOM. llarieHTn 3 pizHUMH
3HAYCHHSIMH 1HJACKCY MacH TiJIa MOKYTh YHUKHYTH PU3UKY 1HCYJIBTY.
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Ha puc. 3 mpeacraBneHa kopenmorpama maHux. CxemMaTHYHO BUAHO, IO
aTpuOyTH a00 CTOBMIIl B IOYATKOBOMY HAOOpI JaHWUX HE BUSBISIOTH 3HAYYIIOT
Kopessaiii Mik coboro. Kopemsiiis po3risgaeTbes sSK ciladka, SKIO0 KOeMIIeHT
KOpeJsIii 3HaxoAuThes B Mexkax Bif -0,3 g0 0,3.

Tenep cTBOpUMO MOAENb JIHIHHOI perpecii, 100 BU3HAYWTH, YU ICHYE JIiHIHHA
3aJIEKHICTh MK 1HJIEKCOM MacH Tijla Ta CEpelHIM piBHeM mimoko3n. Ha puc. 4
BIJIOOPaKEHO IIF0 B3a€MO3AJICKHICTh, J€ 1HAEKC MAcH Tijla BHCTYIA€ 3aJIEKHOIO
3MIHHOIO, @ CEpEAHIN PiBEHb TTIIOKO3HM — HE3AIEKHOI0 3MIHHOIO.

PiBHsHHS NMiHIHHOT perpecii Ma€e TaKUil BUTIISIA:

bmi =25.63 + 0.03*avg glucose level.

Tenep posriasiHeMo, SK BIK BIUIMBA€ HAa CEpPEIHIA PIBEHb TIIIOKO3U. 3 €O
METOI0 MU MOOYyeMO 1HIILY MOJIeNb JIHIHHOT perpecii Ta mpeacTaBuMo ii Ha rpadiky
(puc. 5). 3 puCyHKY 5 BUIHO, 1110 31 301JIbIIIEHHSIM KUIBKOCTI POKIB MalllEHTa CEPeIHIi
piBEHB TIIOKO3H TAKOXK 3POCTAE.
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The relationship between average glucose level and body mass index
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Puc. 5 «MogeJs JiniifHOI perpecii nis 3MiHHOI average glucose level»
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PiBHsSIHHS JTIHIAHOT perpecii JIs 1€l 3aJIeKHOCTI Ma€ HACTYTHUN BUTJISL;

average glucose level = 85.53+0.47*age.

BaxxnuBo Bim3HaunTH, 110 00MIB1 TOOYI0BaHI MOJIENI € HEPETPE3CHTATHBHUMU.
[HmIME cnoBamu, ICHYIOTS iHII (aKTOpH, K1 BIUIMBAIOTh HA 3MiHHY Biamosimi. [lei
BHCHOBOK CTaB OUYCBHIHUM IIiCJIS aHam3y 3HaueHb KOe(IIi€HTIB aeTepMiHAIlii.
3BHYAHO IPUHHATO BBAXKATH MOJICIh IPUHHATHOIO, SKIIO KOSOIMIEHT JAeTepMiHAIli
nepesunrye 80%. Y HamoMmy BUMAAKY 1M MOKA3HUK CTaHOBUTH mpuOim3Ho 10% B
000X BHUITQJKAX.

JliniiiHa perpeciss HE MOXE€ CIY)XUTH I1HCTPYMEHTOM ISl BHU3HAYCHHS
WMOBIPHOCTI TOr0, UM CTAHE MAIllEHT >XEPTBOIO 1HCYJIBTY. Y HAIIOMY BHMAAKY
BIJINOBIHA 3MiHHA Stroke MOXe TIpUUMATH JIMIIE JIBA MOXJIMBI 3Ha4YeHHs. TyT Ha
JIOTIOMOTY TIPUXOJUTH JIOTICTHYHA PErpecis, sKa J03BOJSE OTPUMATH BiANOBIAb Y
BUTJIsA1 iMoBipHOCTI Bij 0 110 1.

OTxe, NOTICTUYHA peErpecis - 1€ MEeTOMA, SKUA BUKOPUCTOBYETHCS JIS
MPOTHO3YBAHHS 3aJIEKHOT 3MIHHOI (1IHCYJIBT), 3a/1aHOT HE3ICKHUMHU 3MIHHUMU (BIK,
1HJIEKC MaCH Tijia TOIIO), TaK, IO 3aJIe’KHA 3MIHHA € KaTErOpiaTbHOIO.

dopmyna MoJeNi JOTICTUYHOT perpecii:
E(ﬁo +f1X)

elBo+BiX) 4 1
VY norictuyHii perpecii, Koy 3HAYSHHS HE3aJIeKHOI 3MIHHOI 301TBIITYEThCS HA
OJIMHHUIIIO BUMIPIOBAHHS, TTOKA3HUK 3MIHIOETHCS 3 JorapudmMoM koedirieHTa Po.
TaGmums 1. moka3ye pe3ynbTaTH MOJENl JIOTICTUYHOI perpecii. Mu He
nepepaxoByEMO BCl HE3aJICKHI 3MiHHI B TaOJuIll, 11100 HE OOTSHKYyBaTH 3BIT. 3MIiHHI,
HE 3a3Ha4eHl B TaOJIMIl, € CTATUCTUYHO HE3HAYyIHUMHU. TOOTO BOHM HE BIUIMBAIOTh
Ha 3MIHHY Sstroke.

P(X) =

Taouuus 1. - Pe3yabTaTtn perpecii

Orinka Pr(>t])
(Intercept) -5,922908 2.14e-13 ***
age 0,072741 <2e-16 ***
hypertension1 0,563302 0,00348 **
heart_diseasel 0,342615 0,13270
ever marriedYes -0,233803 0,37770
Residence typeUrban -0,102680 0,53266
avg_glucose level 0,002709 0,06287.
* work type Self -employed" -1,438607 0,09906
‘smoking_status never smoked -0,244233 0,20289
smoking_status smokes -0,074173 0,77644

Tomy 3miHHI age Ta hypertension € CTATUCTUYHO 3HAYMMUM JIsl UMOBIPHICTI
OTPUMATH 1HCYJIBT.

BucHoBkwu.

VY ma"HoMmy AOCIHIPKEHH] MTPOBEICHO MOJICIbHUI aHalli3 MaIlle€HTIB, ¢ BU3HAUCHI
(dakTopH, 10 BIUIMBAIOTh HAa WMOBIPHICTb BHHUKHEHHS 1HCYJILTY Yy TAaIll€HTIB.

ISSN 2567-5273 90 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1

[IpoBenenuii aHami3 MaHUX CTOCYEThCS BCTAHOBJICHHS 3B'SM3KYy MK (Di3UYHHMHU
XapaKTepUCTHKAMH TaIllEHTa, WOro IIKIJIMBUMU 3BHYKAaMH, CIIOCOOOM JKHUTTS Ta
WMOBIPHICTIO 1HCYJIBTY. {711 YUCIOBUX MaHWX BUKOPUCTOBYBAIUCH MOJIENI JIHIHHOT
perpecii. Ockinbku 3MiHHA BiAMOBiAI "IHCYIbT" Mae (paKTOpHHI Xapaktep, Oyia
po3po0ieHa MoOjaeNb JIOTICTHYHOI perpecii s TPOTHO3YBaHHS KWMOBIPHOCTI
BUHUKHEHHS 1HCYNIbTy. Bci aHamisn Ta oO0poOka JaHUX BHUKOHAHI 3a JOMOMOIOIO
cepenosuma R.

Jliteparypa:
[1] . Neil C. Jones, Pavel A. Pevzner An Introduction to Bioinformatics
Algorithms. Cambridge, Massachusetts: London.- 2004. — 436 p.

Abstract. The article explores the application of diverse statistical approaches and machine
learning methods in medicine. A model analysis was conducted using patient data, where factors
influencing the likelihood of stroke occurrence were identified. Data analysis was carried out to
establish the correlation between the patient's physical characteristics, harmful habits, lifestyle, and
the probability of stroke occurrence. Linear regression models and a logistic regression model
were constructed to assess the correlation of numerical data and predict the probability of stroke
occurrence.

Keywords: statistical analysis, machine learning, linear regression, logistic regression.
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Anomayia. Cyuacna cghepa mexHiuno2o HaguaHHs nompedye GUKOPUCMAHHS DIZHOMAHIMHUX
epaghiunux cucmem. Bonu pozwuproroms moodcaueocmi suxiadavis i 3000y8auié euujoi oceimu
Wo0oo eghekmusHOi 83a€MO0Ii 3 MeXHIUHUMU [0esAMU 1l KOHYENYIAMU, HA0Aaromb 00CMYN 00 6UEUEHHS
HOBUX MemoOi8 NPOEKMYBAHHS, GUPIUEHHA CKIAOHUX [HICEHEPHUX 3Aa80aHb Mda CMEOPEeHHs
IHHOBAYTUHUX MEeXHIYHUX piuleHsb. Y cmammi NOKA3AHO BAdXCIUBICMb 2pagiunux cucmem sK
efleMenmie MexHoN02IYH020 NPOEKMYBAHHS 8 3aK1a0ax npogecilino-mexHiuHoi ma euwujoi oceimu,
PO32NAHYMO Kpumepii 6uO0py makux cucmem ONa iX 6NPOBAONCEHHS ) HABYANbHI NPOSPAMU.
Ocobnugy ysazy 36epHeHO HA 8ilbHe NpocpamHe 3abe3neduenHs:, 00IPYHMOBAHO 1020 nepesacu O
oceimuix ycmanos. Hasedena inghopmayin donomooice npasunvno obpamu epagiuny cucmemy 3
8PAXYBAHHAM MEXHIYHUX, MeXHON02iuHUll i pinancosux acnekmis. [Iposieuiu nopisHAILHUL AHATI3
HAUNoOWUpeHiumux 2pagiunux cucmem, 3anponoHo8aHO GUKOPUCMAHHS NPOSPAMHO20 KOMNIEKCY
QCAD onsa eupiwenHs pI3HOMAHIMHUX 3A80AHb 0B08UMIPDHO20 npoekmysanHs. Iloxazano, wo
BNPOBAOIICEHHA Yi€i cucmemu nioGUUMYb eheKmUBHICIb NOYAMKO8020 HABYAHHS MA CRPUAMUME
nOOAILULOMY PO3BUMKOBL CIYOeHmMi8 ) cghepi MexHIUHO20 NPOEKMYBAHHSL.

Knwuoei cnosa: epagiuna cucmema, 6inone npocpamue 3abesneuenns, 2D-npoekmyeanHs,
Kpumepii 6ubopy, indcenepHa oceima.

Beryn.

Y  cywyacHOMY CBITI, II0 XapaKTepU3YETbCAd  IUBUIKAM  PO3BUTKOM
TEXHOJIOT1YHOTO MPOrpecy, BaXKJIMBICTb BUKOPUCTAHHS PI3HOMAHITHUX TpadiuHUX
CUCTEM Y HaBYaHHI 3araJioM 1 TEXHOJIOTITYHOMY IPOEKTYBaHHI 30KpeMa CTa€ OJHIEIO 3
KIIFOUOBUX. AJpKe rpadiyHl CUCTEMHU € HEBIJAUIBHOIO YaCTUHOIO 1HKEHEPHOT'O CBITY,
3a0e3Mmeuyour MOXKIIMBICTh BUPAXKEHHS 1€ y Bi3yaJIbHUX KOHICTIIISIX, SKI Hajam
MOXYTh OyTH peali3oBaHI B pealbHOMYy HWTTi. ToMy 3akjiaid BHUIIOT TEXHIYHOI
OCBITH, BIJIIFPAIOYM KIIIOYOBY POJb y (popmyBaHHI MalOyTHIX (axiBUiB, MOBUHHI
dbopMyBaT y HHMX HaBUYKM HE JIMILE PO3YMITH, aje ¥ 3acTOCOBYyBaTH IMOAI0HI
MepeIoBl TEXHOJOTI Y TEXHIYHUX MPOEKTAX.

3aneXHO BiJ CBO€I CKJIQJHOCTI, TpadiyHl CUCTEMH Aal0Th 3MOTY CTyIACHTaM 1
BUKIIaJ]adaM-HAyKOBI[IM HE JIMIIe BUKOHYBaTH CXEMH Ta KpECIeHHsS, aje i
CTBOPIOBATH JOKJAJHI TEXHIYHI MOJENi, IO BiJOOpa»aroTh YC1 XapaKTEPUCTUKH
MIPOIYKTY 200 MPOEKTY Y BUIVIAI 00'€MHUX IIPOCTOPOBUX KOHCTPYKITIH, IMOJICTIIYIOUN
BHUBUYEHHS 0COOMMBOCTEN iXHHOTO (DYHKIIIOHYBAHHS Tiepes (haKTHUHOI peasti3alli€ro.
I'padiuni cuctemu BIIIrPAIOTh KIIOYOBY POJIb Y CTBOPEHHI TEXHIYHUX KPECIICHB,
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IHDKEHepHUX CXeM Ta IHIIMX BAXKIUBUX TpadiyHUX  JOKYMEHTIB, IO
BUKOPUCTOBYIOTHCSI Y HAyKOBUX JOCIHIJPKEHHAX 1 HACTYMHOMY BUPOOHHITBI. B
HAaBYAJBHUX 3aKJaJax PI3HOTO PpIBHSA Il CUCTEMH CTalOTh HE3aMIHHUMHU
IHCTpyMEHTaMH [UIsl HaBYaHHS MalOyTHIX 1H)KEHEpiB, apXiTEKTOpiB, Ta IHIIUX
¢axiBIiB y chepl TEXHOIOTII.

OCHOBHUI TEKCT.

3actocyBaHHs TpadiuHUX CHCTEM B TEXHOJIOTIYHOMY MPOEKTYBAHHI A€ 3MOTY
CTBOPIOBAaTH BHMCOKOSIKICHI Ta TOYHI TEXHIYHI KPECJEHHS, SIKI € OCHOBOIO IS
BUPOOHHUIITBA CKJIAIHUX CHUCTEM Ta MNPUCTPOIB, IHHOBALIMHUX pIIIEHb Y PI3HUX
rany3sax 1 cepax AiSUIBHOCTI. YMIHHS IpAlfoBaTH 3 IpadiyHUMH CHCTEMaMH CTa€
BAXJIMBUM aKTUBOM JJIS CTYJAEHTIB 1 BUITYCKHUKIB, OCKIJIBKH IMOJIETUIY€E MPOBEICHHS
BJIACHUX HAyKOBUX JIOCIHI/KEHb, IOKpAIly€e SKICTh PO3POOOK, TMIJBHUILYE IX
KOHKYPEHTOCIIPOMOXKHICTh Ha pUHKY mpati. Tomy BuOip rpadiuHoi cucremMu st
HABYAaHHS TEXHOJIOTIYHOMY IMPOEKTYBAHHIO € CKJIAJHUM 1 BaKJIMBUM 3aBIaHHIM
3aKjaay OCBITH, BUMAral4yu pO3TIANY PI3HUX KPUTEPIiB 1 (akTopiB. Apke 1
cucteMa abo cTaHe HaaiiHOK 0a3010 mId MaiOyTHROI €(GEeKTUBHOI pPOOOTH
BUITYCKHHKA, a00 Oyae BTpau€HWM 4YacoM, SKUH MOKHa Oyino O BUTpaTUTH Ha
omnaHyBaHHs e¢()eKTUBHIIOI cucteMu. OcoOMMBO 3Bakarodu Ha (DaKT, 110 i IBUIICHHS
CIPOMOXKHOCTEH  KOXKHOI  rpadiuyHOi CcHCTEMH  3a3BHYail  CYNPOBOMIKYETHCS
yCKIaAHEHHsM i 1HTepdelicy Ta (QyHKI[IOHyBaHHS. [, sSIK HACNiJIOK, 10 3pOCTaHHS
KUIBKOCTI 4acy, HOTpiOHOro Juisl ii BOEBHEHOTO BUKOpucTaHHA. He BapTo 3a0yBaTu it
TOTO, IO JIIOAWHA TPAAMIIIHO 3BUKAE JI0 MEBHOI MPOTPaMH, OTIAHOBAHOI Ha MOYATKY
HaBYaHHS 1 3a3BMYail HE Mae€ JOCTaTHbOTO Yacy B MOAAIBIIMN MpoQeciiHii
TISTIBHOCTI JUIsl TIEPEeXOoAy Ha HOBY cucTeMy. ToX HaByaibHI 3aKjiaayd IOBHHHI
BUOMpATH mMporpamMHe 3a0e3MeueHHs, SKE HE JIMIIE BIJNOBIAAE aKaJAEMIYHUM
nmorpebaM, aje W Copuse PO3BUTKOBI aKTyaJIbHMX HABUYOK CTYICHTIB Ta iX
TOTOBHOCTI JI0 pEaJIbHUX BUKJIMKIB Cy4aCHOTO TEXHIYHOTO CBITY.

Cnpobyemo chopmymoBaTi  kputepli BuOoOpy rpadiyHUX CHCTEM IS
BIIPOBA/DKEHHS B OCBITHBOMY IIPOCTOpPI, PO3TJITHEMO OCHOBHI acCHeKTH (BapTiCTh,
3pYy4YHICTb BHUKOPUCTAHHS, TEXHIYHI XapaKTEPUCTUKH), SKI CJiJ] BpaxoByBaTH,
oOuparoyl ONTUMAaJbHY IMporpamy rpaiqyHOro MPOEKTYBAaHHSA JJIsi HaBYaHHS W
HAyKOBUX JIOCIIIKEHb.

Y CcydacHOMYy CBITI CIIOCTEPIra€TbCsl 3POCTAHHS IMOMYJISIPHOCTI BUIHHOTO
nporpamuoro 3abesmedeHus (BII3). /[ns ocBiTHIX 3akmaniB Bukopuctanas BII3 e
HEOOXITHUM KPOKOM Y HAMpsIMKY 10 BIZKPUTOTO JTOCTYIYy JO 3HaHb 1 PO3IMIMPEHHS
MOXJIMBOCTEH  JUIsi ~ HaBYaHHS  pi3HMX TIpyn  crydeHtiB.  BII3 3a3Buyait
PO3MOBCIOKYETHCS 3 BIAKPUTUM BUXITHUM KOAOM, IIIO O3HA4Ya€ BUIBHUN JOCTYH JI0
HBOTO JIJI1 BUBYCHHS 1 MOKJIMBOTO BUKOPUCTAHHS Y MOAU(IKYBaHHS IiJ KOHKPETHI
noTpedu i 3anuTu kopuctyBada. OcHoBHUMH TiepeBaramu BII3 nmst ocBiTHIX 1Miei €
[3, 4, 7-9]:

v’ nemokparusanis ocsitu (BII3 3a3Buuaii po3MOBCIOIKYETHCS 0€30ILIaTHO ab0
3a 3HAYHO HWKYOK 3a KOMEpIIHHI aHaJOTW I[IHOK, IO pPOOUTh HaBYAHHS
JTOCTYMIHIIIUM JJIi CTYACHTIB 3 PI3HHUX COIlIAJIbHUX TMPOIIapKiB, 3a0e3meuyroduu
PIBHMIA TOCTYM 10 3aCO01B 1 TEXHOJIOT1H);

v/ YIOCKOHAJIEHHS HAaBHYOK TIPOTPaMyBaHHS Ta KOMII FOTEPHOI IH)KEHepil
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(MOXKJIMBICTh pefaryBaHHs Ta ajantaimii BuxigHux komiB BII3 mae crymentam
MOXKJIUBICTh BUKOPHUCTOBYBAaTHM CBOI HABUYKUA TMPOTpaMyBaHHS ISl BUPIMICHHS
KOHKPETHUX TEXHIYHUX 3aBIaHb, JTOJAaBaHHSI HOBUX (PYHKIIIT Ta PO3IMIMPEHHS HASIBHUX
MO>KJIMBOCTEN );

v/ BiIbHH# OCBiTHIM TpocTip 1 koomepamis (BII3 crnpusie BinbHOMY 0OMiHOBI
3HAaHHAMU W TEXHIYHOIO 1H(OpMAILi€l0 MK BUKJIAaJadaMy W CTyJAEHTaMHU, a TaKOXK B
KOJIl CIUIBHOTH, /1€ KOPUCTyBadli MPOTpaMy aKTUBHO MIJATPUMYIOTH OJIHE OJHOTO,
JAl04M MOPaJid, CTBOPIOIOUM HaBYaJIbHI MaTepiajid ¥ CIUIbHO BUPINIYIOYM TEXHIYHI
pooIeMu);

v/ CTUMYJIIOBaHHS CINBIpali MK HaBYaJbHMMHU 3aKjJaJaMH Ta CIHiUILHOTAMH
pPO3pOOHUKIB 3ayisi OOMIHY 3HAHHSMH, JIOCBIIOM Ta pecypcamu JUisi B3a€EMHOIO
PO3BUTKY i1 TOAANBIIOTO yaockoHaneHHs BII3.

HonatkoBoto nepearoro BukopuctanHs BII3 B 3akiagax OCBITH € MOXJIUBICTh
iX BUKOPUCTAHHS HAaBITHb /IS 3aBJaHb, HE MOB’SI3aHUX HAIPSAMY 3 TEXHOJIOTTYHUM
MIPOEKTYBaHHAM. Hanpuknan, 3aBasiki TOCTYIMHOCTI BUXiTHUX KojiB BII3 Moxke Oyt
BUKOPHCTaHE Ha Kadeapax KOMIT FOTEPHOTO CIIPSMYBaHHS JIJIsl IPOBEACHHS HAYKOBUX
JTOCHTIKEHb y cdepl TporpaMmyBaHHs, CTBOPEHHS 1HHOBAI[IMHUX TIPOEKTIB, IO
BiJIpasy K Oy1yTh anpoOOBaH1 HAa KOHKPETHHUX 3ajja4ax.

Ax mincymok, BII3 BinkpuBae HOBI TOPU30OHTH y HaBYaHHI, 3a0e3Mevyyroun
CTYIEHTaM JOCTYIl JIO TEpPEJOBUX TEXHOJOTIA 1 CHPHUSIOYM PO3BUTKOBI IXHIX
CHEIiali30BaHNX HAaBHYOK 1 TBOpUYOTO ToOTeHmiany. lle BakIuWBHIA 1HCTPYMEHT
Cy4acHOI OCBITH, CIIPOMOXHHH CYTTE€BO IiJIBHINUTH SIKICTh IMATOTOBKH MaiOyTHIX
(daxiBIiB y cdepl TEXHOJIOTTYHOTO MPOEKTYBaHHs, Toxk came BII3 ciin po3misigatu sk
OCHOBHOTO TMPETEHJICHTa 3a HasIBHOCTI KUIbKOX ajbTEepHATHUB 3 MNPUOIU3HO
OJTHAaKOBUMH (DyHKITIOHATELHUMH MOXKITHBOCTSIMH.

SIk1io roBopuTH came mpo rpadivHi CUCTEMU, TYT JOIATKOBO CJiJ BpaXxoByBaTH
Taki Kkputepii [2, 5]:

v motpebu 1 3aBHaHHS (SKIIO HABYAJBHOK MPOrPaMol0  IepeadadeHo
OTIaHyBaHHS TIEBHOTO BUY MPOEKTYBAHHS, BAXKJIMBO 00paTH pOrpamMHuil 3aci0, KUt
HAJa€ JIOCTaTHbO I1HCTPYMEHTIB caMe JUIsi Takoro MOJCNIOBaHHSA, TOX JUIs
1HKEHEPHHX CIeLIaIbHOCTEN JOIIBHO 3BEPHYTH yBary HacamIiepes] Ha moTy>kHi 2D-
CUCTEMH, TOAl SK apXITEKTYpPHUM CIEIAIbHOCTSIM BAXKIJIMBO MaTU CUCTEMY, IO
nependayae jerke npoctopone 3D-MpoekTyBaHHs );

v MOTY)KHICTh 1  (PYHKIIOHANBHICTG (CHCTEMH TMOBHHHA 3abe3medyBarTu
BUKOHAHHA IIHPOKOTO CHEKTPY 3aBAaHb, a TAKOK MOXKJIMBICTh B3a€MOJII 3 1HIIMMHU
nporpaMamu 1 rmaT(bopMaMH aJke B MEKaxX OJHOTO HAaBYAJHHOTO 3aKjiaay TeMaThuKa
HABYAIBHHX 1 JOCIITHAIBKUX MPOEKTIB MOXKE OYTH HAJ3BUYAHO PI3HOMAHITHOIO);

v/ 3py4HICTh 1 JIETKICTh OTIAHYBAHHS (OCKIIBbKM cHUCTEMa OOHMpaeThCs AJIS
OMAaHyBaHHS HOBauKaMH, 3pPO3yMUIICTh 1HTEep(elcy Ta JOCTymy A0 OCHOBHHUX
GYHKIIA € KIYOBUMM acleKTaMH, IO CIPUATUMYTh IIBUJIKOMY BUBYEHHIO W
MOJAJIBIIIOMY BUKOPUCTAHHIO TIpOorpaMH O3 HEOOXI1JHOCTI BUTpadyaTH akaJeMidHi
TOJIMHY Ha BJIACHE BUBYEHHS OCHOB POOOTH 3 HEIO);

v/ Bapricteh 1 JineHsifiHa momiThka (UiHa KOMEPLIMHOIO MPOrPaMHOIO
3a0€3MeUCeHHS MOXKE€ CTaTH KPUTUYHUM (PAKTOPOM I HABYAIBHHMX 3aKJIadiB, IO
MaloTh OOMekeHe (pIHAHCYBaHHS, TOX JOLUIBHO HacaMIIEpe]] pO3IsIaTH CUCTEMH,
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JOCTYTH1 O€30IIJIaTHO YU 3a 3HMXKEHOIO ISl 3aKJIa/IiB OCBITH BapTICTIO);

v/ IiTpUMaHHS Ta HaBYAHHS (SKIIO BIIPOBADKEHHs 0OpPAaHOi CHCTEMH BHMArae
MOYaTKOBOI MIATPUMKH Ta MOJAAJBIIOr0 CyNpOBOAY, BAXKIMBO, UM HAJIAIOTh KOMIMaHii-
BUPOOHUKU JOCTYN JO HAaBYAJBbHUX MaTepiajiiB, BeOIHApiB Ta IHIIMX PECYpPCIB, IO
MOJIETTIYIOTh LIeH MPOLEC 1 CIPUSAIOTH MIBUAIIOMY OMaHyBaHHIO OOPAaHOT MPOTrpamu);

v MOKJIUBICT iHTerpamii (rpadiuyda cucreMa MOBMHHA OyTH CYMICHOIO 3
IHIMUMU TporpaMaMyd  Ta TEXHIYHUMH 3aco0aMu, 110 BHUKOPUCTOBYIOTHCS B
HaBUYaJLHOMY 3aKJajil, TepeadayaTd MOXIJIMBICTh IMIIOPTY Ta €KCHopTy Qaiiis, a
TaKOXX B3a€MO/III0 3 PI3HOMAHITHUMU IPUCTPOSIMU );

v MiATpUMAHHS Pi3HUX MJIaTGOpPM, Ha SKMX MOKHA BHKOPHUCTOBYBAaTH OOpaHy
rpadiuny cuctemy (akmo cucrema mniarpumye Windows, macOS Tta Linux, e
3abe3reuye OUIbITY THYYKICTh Y BCTAHOBJICHHI Ha KOMIT IOT€PU PI3HOTO TEXHIYHOIO
pPIBHS Ta CTBOPIOE OJHAKOBI MOXJIMBOCTI ISl BCIX KOPUCTYBauiB, HE3JIEKHO BIJ
iXHIX OIeparifHuX CUCTEM);

v/ HasBHICTh aKTHBHOI CIIJIGHOTH KOPHCTYBadiB Ta pPO3POOHHMKIB, SIKA MOXKE
HaJaBaTH MOPaJn, pO3pOOIATH JOJATKOBI 1HCTPYMEHTH U TOJIETIIYBATA BUPIIICHHS
TEXHIYHHUX MPOOIIEM.

BpaxyBaHHs 1MX KpuUTEpliB JAacTh 3MOTY HaBYaJbHOMY 3aKJIaJIOBI 3pOOUTH
oOrpyHTOBaHUN BHOIp TpadidyHOI CHCTEMH, IO 3a0€3MEUUTh IIBUIKHN 1 SKICHHI
MpOIIEC HABYAHHS Ta MEPCIEKTUBHICTh MOAANBIIOTO BHUKOPUCTAHHS Yy MalOyTHI
npodeciiiHii TITbHOCTI.

VY ocTaHHI pOKM PUHOK IMPOTrPaMHOIO 3a0€3MEeUEHHS 111 BUKOHAHHS TEXHIYHUX
KpEeCJCeHb TMEPEeKUB 3HAYHWA PO3BUTOK, IO TPUBEIO 10 PO3MUPEHHS BHUOOPY
JNOCTYIHHUX 3aKjaJaM OCBITM BapiaHTiB. Po3MIsiHEMO OCHOBHI Mporpamu JUis
BUKOHAHHS KpECII€Hb, 3BEPTAIOUYM yBary Ha ixHid (yHKIIOHAJI, epeBaru i MOXKJIMBI
HEOJIKH.

OnHi€r0 3 HaWNOMyJSPHIMIMX Ta HANUPO3MOBCIOMKEHIIUX MporpaM  JUis
BUKOHAHHA TEXHIYHMX KpeciieHb € AutoCAD — naBo- 1 TpUBUMIpHAa cCHCTEMa
aBTOMAaTU30BaHOTO MPOEKTYBaHHS, IO BKJIIOYAE MMOBHUM HAOIp 1HCTPYMEHTIB MJIs
KOMIUIEKCHOTO ~ TPUBHUMIPHOTO  MOJENIOBaHHS  (MIATPUMYETHCS  TBEPAOTLIE,
MOBEPXHEBE 1 MOJiroHanbHe MojentoBaHHsA). AutoCAD nae MOXIMBICTH OTpUMATH
BHUCOKOSIKICHY ~BI3yasi3allil0o MoOjeJied 3a JIOMOMOTOK PEHJEPUHTY, IPOIOHYE
ITUPOKUM CHEKTP 1HCTPYMEHTIB JUISI PO3POOJICHHS CKJIAIHUX MPOEKTIB 1 3a0e3meuye
MOJIMBICTh 1HTETpalii 3 IHIIUMHU IporpamMamu Ta IuiathopMamMu. 3aBISKA LOMY
mporpamMa cTaja CBOEPITHAM  €TAJIOHOM IS IHIIUX TporpaM  ToAai0HOI
cupsMoBaHOCTI. BoaHouac Taka yHIBepCaJbHICTh 3aKOHOMIPHO  BHUKJIHMKAia
YCKJIaJHEHHSI CUCTEMH [UJIsl TOYaTKOBOTO OIAHyBaHHS, IMOSBY BEJIHKOI KUIBKOCTI
IHCTPYMEHTIB, 3HaYHa YacTUHA SIKUX MOXe W He OyTH BHUKOPHCTAaHA B OKPEMOMY
KOHKpeTHOMY MpoekToBl. Takox ciig Opatu 10 yBaru A10CUTh BUCOKY BapTICTh I[bOTO
MPOTrPaMHOTO KOMIUIEKCY, [0 pOOUTH HOTo HE HAaWKpalIuM BUOOPOM JIsl OFOIIKETHUX
HaBUYaJIbHUX 3aKJIaJ(1B (X04a 3apajJid CIPaBEIJIMBOCTI CJIij] 3a3HAYUTH, 1110 PO3POOHUKHU
AutoCAD HamaroTh MIHUPOKY MIATPUMKY OCBITHIM YCTaHOBaM Ta IPOMNOHYIOTh
OCBITHIO 0€30TUIaTHY JIiIIeH3110 Ha CBii mpoaykT). Konkypentom AutoCAD Ha niboMmy
CEerMEHTI pHUHKY mpodeciiiHoro nporpamHoro 3abesnedeHHs € SolidWorks —
nporpaMHuil  NpoAyKT st 3D-NpoekTyBaHHS BHUPOOIB  OyIb-SKOTO  CTYTICHS
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CKJIQHOCTI ¥ MPOMUCIOBOTO Au3aiHy. [l MojentoBaHHS BIAHOCHO MPOCTHUX
TPUBUMIPHHUX 00'€KTIB MOXke OyTH Takok BukopucTaHa mporpama SketchUp, mo mae
K TOBHO(YHKIIIOHAIbHY IUIaTHY BEPCilO, Tak 1 Oe30MIaTHHUI BapiaHT, OOMEKEHHIt
HacaMIepe/] 010 MOXKJIMBOCTI €KCIOPTyBaHHS B iHII Gopmaru. LlikaBuM BapiaHTOM
JUIST OCBITHIX 3akiangiB Moxe crtaru BricsCAD — cucremMa aBTOMAaTH30BaHOIO
MPOEKTYBAHHSA, $Ka TMOE€IHYyE MOXJIMBOCTI 2D- Tta 3D-MozmenioBaHHA 1 Mae
0e30TuUIaTHUN PIYHUN aKaJeMIYHUN JOCTYI JIsi BUKOPUCTAHHS B OCBITHIX IUIAX 3
MOJIMBICTIO TIOJIAJIBIIIOTO MPOIOBXKEHHs JTiteH3ii. [TomiOHmit BapiaHT JJis CTYICHTIB 1
OCBITHIX 3akJajiB npomnoHye 1 po3pooHuk CAD Schroer y cBoemy mporpamMHOMy
nponaykti M4 Personal. I'inaum BII3-koHKypeHTOM 3rafianux mnporpam Ha puHKy 3D-
npoektyBaHHs € FreeCAD — cucrema aBTOMaTH30BaHOTO MIPOEKTYBAHHS 3arajbHOTO
MIPU3HAYECHHS, IKa PO3MOBCIOMKYEThCsl Ha ymoBax Jinen3idi GNU GPL 1 GNU LGPL
1 mpu3HaueHa Hacammepea Ui MOJCIIOBaHHS B Taly3l MamuHOOYIyBaHHS 1
MIPOMHUCIIOBOTO JM3aliHy, aje MOXKe OyTH BHUKOpPHCTaHa 1 B 0ararbox iHIIMX cdepax
(manpuxian, apxitekrtypi) [10]. Marouun BUCOKMH iHTErpaiiiHuii moteHmian (y
FreeCAD mmpoko BHUKOPHCTOBYIOTHCS BIAKPUTI O10J10TeKH, MpU3HAYCHI IS
HayKOBUX oOuMclieHb 1 MoBa nporpamyBanHs Python, a camy FreeCAD Takoxx MokHa
BUKOPHUCTAaTU B IHIIMX TMporpamax sik 016miorexky), FreeCAD wmoxe cratm s
HABYAJIbHUX 3aKJIAJIB MEPCIEKTUBHOIO MPOTPAMOIO 11010 BUKOPUCTAHHS B OCBITHIX 1
TOCIIIHUIBKUX IIJISX.

Cepen rpadgiuaux cucTeMm, SiIKi HaAalOTh MOXIHUBOCTI 2D-NpOEKTYBaHHS, BUOIP
3HayHO wwMpiuid. Haitwactime y wid cdepi 3ragyroTh BK€ NPEICTABICHUN BUIIE
AutoCAD, a takox DraftSight i LibreCAD. fk 6aunmo (tabm. 1), DraftSight 3a
HanpsiMoM  2D-mpoexTyBaHHsT ~ Mae  nopiBHsHUA 3 AutoCAD  piBeHb
(YHKIIOHATBHOCTI ¥ CcyMICHOCTI (y TOMY 4YMCII MIATPUMAHHS CTaHAAPTHOIO IS
nofiounux kpecneHsb ¢opmary daiinmie DWG), ane OiipmicTh HUX MOXKIHMBOCTEH
npencrasineHo nume y toiatHid Bepcii. Tomi sik LibreCAD nagae 6a3zoBuii HaGip
IHCTPYMEHTIB JJI1 CTBOPEHHS KpPECJICHb 1 MOXE CTaTH TapHUM BHOOPOM JIs
KOpUCTYBauiB, SKI HIYKalOTh Hacamrmepes] Oe30IuiaTHy il JIeTKy y BHUKOPHUCTaHHI
nporpamy Juisi mpocTux 2D-MmpoekTiB.

Taoauus 1 — IlopiBHsIUIbHA XapaKTepUCTUKA CUCTeM JIJIs 2D-npoeEKTYBaHHS

Xapaxkmepucmuka AutoCAD DraftSight LibreCAD
JlocTynHICTh [InarHa beskomroBHa/llinarHa | be3koitoBHa
[Tinrpumannss DWG/DXF | Tak Tak Tak
D YHKIIIOHAIBHICTh Bucoxka Bucoxka Cepenns
[aTepdeiic Cknagnuit Cepenniit [Tpoctuii

[V3azanvneno aemopamu]

Ha oxanp, 3HayHO MEHIIE BIJOMO UIMPOKOMY 3arajly Mpo BIIKPUTY
myabTuIiar@opMenny cucreMy ansi  2D-mpoektyBanHs QCAD. Xoua BoHa
MPAKTHUYHO ILIJIKOBUTO BIAMOBiae cHOpMYIbOBAaHMM Yy JaHI CTAaTTi BUMOTaM J0
mporpaM, siKi MOXYyTb OyTH BHUKOPUCTaHI B OCBITHIX 3aKkjiajax Jyuisi BHUBYCHHS
NPUHLIMIIB 1 OMAHyBaHHS IHCTPYMEHTIB CTBOPEHHS TEXHIUHUX KpPECJIEHb PI3HOTO
cupsimyBaHHA [1, 6]:
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v/ BilbHE TporpaMHe 3a0e3ledYeHHs 3 BiAKPUTHM BHUXIZHHM KOIOM, IIO
po3mnoBcromkyeThes 3a minensiero GPL Bepcii 3 (GPLv3);

v/ IHTYITHBHO 3pO3yMiaMii iHTEpQeic, SKUH Ja€ 3MOry MIBUAKO ONAHyBaTH
cucteMy 1 3ocepeautucs came Ha 2D-KOHCTpyroBaHHI, a HE Ha BHBYEHHI
0co0MBOCTEH 1 MPUHIUMIIB (GYHKIIIOHYBaHHS POTPaMH;

v migrpuMka crangapTHux ¢opmaris ¢ainis DWG ta DXF, mo mo3Bosse
Jerko oOMiHrOBaTHUCS ipoektamiu 3 iHmmMu CAD-cuctemamu;

v/ HasIBHICTH 3HAYHOI KiTBKOCTI GE30IUIaTHUX HABYAJBHUX MaTepiasiB, OHJIaiH-
YPOKIB Ta BIJI€OIHCTPYKIIiH, siki monomaraioth ornanyBatu QCAD 1 1eMOHCTPYIOTh
MPUKIAAN MOro BUKOPHUCTAHHS [Ji BUPIIMIEHHS TEXHIYHUX 3a7ayd PpI3HOrO pPIBHA
CKJIAJIHOCTI;

v QCAD mae akTHBHY CIIJIBHOTY KOPHCTYBadiB i PO3pOOHMKIB, SIKi TOTOBI
HaJaBaTh MIATPUMKY Ta BIANOBIJATH HA 3alUTaHHS, 110 OCOOJMUBO KOPUCHO IS
CTY/ICHTIB, SIKI MOXYTh OTpPHUMAarTH IMOpaJAW ¥ BIAMOBIAI Ha CBOI 3amUTaHHA BIJ
JIOCBITYCHUX KOPUCTYBaUiB.

Ho toro xx QCAD Ttakox wmae tuiatHy Bepcito (QCAD Professional) 3
PO3UIUPEHUMH MOXKJIMBOCTAMH: MiaATpuMaHHsaM ¢opmary DWG ta HOBIIMX Bepciit
DXF, moxmuBicth ekcrnopry B SVG, crBopeHHsi OararoctopinkoBux PDF, 24-
po3psiiHa [IMOMHA KOJbOPY, JOAATKOBI 1HCTPYMEHTH IIPOEKTYBaHHS 1 HaJae
MOYJIMBICTh TIOBHOILIIHHOTO O3HAallOMJIEHHS 3 HEI JJs Kpalloro po3yMIHHS
BIJIOBITHOCTI NOTpedaM KOHKPETHOTO MTPOEKTY YK OCBITHBOI TPAEKTOPII.

[TopiBHIOIOUM XapaKTEPUCTUKHU MPUHHATOI 3a craHaapT nporpamu AutoCAD 1
QCAD vy codepi 2D-npoektyBaHHs (Tabna. 2), MOXEMO 3pOOUTH BHUCHOBOK, WLIO
OCTaHHS € T1IHOI0 aJITEPHATHBOIO JUIsl BUOOPY TEXHIYHMMH OCBITHIMH 3aKJIaJaMH.
Amke J[ae 3MOry BpaxoByBaTd KOHKPETHI TMOTpeOM KOpPUCTyBada, 3a3BUYAi
0OMeXeHUM OIO/IKET OCBITHBOI YCTAHOBU Ta JOCUTh HU3bKI CHUCTEMHI BUMOTH JI0
KOMIT IOTEPHOT TEXHIKHU, Ha sIKy Moxke OyTH BctaHoBieHuid QCAD. Jlo Toro x 3 yacom
BUITYCKHHUK, OPIEHTYIOYHCh Ha CBOI MOTpeOM y MpodeciiiHiil MisUIbHOCTI, MOXE
nepeiit Ha tiatHuii BapianT QCAD, orpuMaBmim (B yXe 3BHYHOMY TpadiuHOMY
CepEeIOBUII) JOAATKOBI 1HCTPYMEHTH M MOJKJIMBOCTI Ta BUTPATHBIIN IIPH I[LOMY B
JIEKUIbKA pa3iB MeHIIe, MOpiBHAHO 3 puadanHsIM AutoCAD, komTis.

Taonuus 2 — lopiBHsiuibHa xapakTepucTuka AutoCAD i QCAD

Xapaxkmepucmuka AutoCAD QCAD
JlocTynHICTh [InaTHa beskomroBHa (Community Edition)
/ Ilnarna (QCAD Professional)

Omnepamiiiai cuctemu | Windows, macOS Windows, macOS, Linux

Bepcii Pi3ni Bepcii aiis pizaux  |basoBa Community Edition, QCAD
noTped Professional

2D/3D mopnentoBannsg |2D ta 3D Tineku 2D

InTepdeiic Pozmmpennii i Jlerkuii 1 npy>kHilt 10 KOpUCTyBaya
MTOTYKHHUHI

dopmaru daiinis DWG, DXF, DWF, PDF, I DWG, DXF, SVG, PDF, BMP,
BMP, PNG, JPEG PNG, JPEG
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CywmicHicTh 3 iHmUME | Bigminaa Bucoka, ocobmuBo uyepes DWG i

CAD DXF

Po3mmpeni upoki MOXIHBOCTI | OOMesxeHi amst 2D-npoekTiB

MOJKJIMBOCTI 2D- ta 3D-nipo€eKTiB

[TinTprmMka Benuka aKTHBHA| AKTHBHA CIUIBHOTa KOPHCTYBadiB

CIIUJIBHOTHU CIUJIHOTA KOPUCTYBa4iB |Ta PO3POOHMKIB

Hagpuanbhi pecypcu  |Benuka KUIBKICTh | Benmka KIJTbKICTh O€3KOIITOBHUX
HaBYaJbHUX MaTepiaiiB|HaBYAJIbLHUX MarepiaiB 1
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BucHoBkwu.

VY crarti Oy/l0 MOKa3aHO BaXKJIMBICTh BUKOPUCTAHHS Cy4YaCHHX TIpadiuyHUX
cucteM Yy cdepi TEXHIYHOI OCBITM JUIsl IIJATOTOBKHM BHCOKBaJIi(hiKOBAaHMX 1
BHCOKOKOHKYPEHTHHUX (DaxiBIlIB 1HXKEHEpHHMX cremianbHocTed. [lpoBiBmm anHami3
OCBITHIX MOTpeO 1 MOXKJIUBOCTEH, Oyn0 chopMyIL0BaHO KpUTepli BUOOpPY mporpam
JUTsl BUKOHAHHSI TEXHIYHUX KPECIIeHb Pi3HO1 crpsiMoBaHocTi. OcoOnmuBy yBary Oyio
3BEpPHEHO Ha BIJIbHE MporpaMHe 3a0e3MeueHHs, 10 3a OararbMa XapakTEPUCTUKAMU €
JOIUTBHIIIAM JJIsi BUKOPHCTAHHS Yy 3akKiagax MpoQeciiHO-TeXHIYHOT Ta BHUIIO1
ocBith. Ha mnpuxmami rpadiuaux cuctem mns 2D-MpoOeKTYBaHHS MPOBEIACHO
MOPIBHSHHSA HAWMOIMUPEHIIINX MPOTPaM, 3alpONOHOBAHO BUKOPUCTAHHS CHCTEMH
QCAD, mio BiANOBiJIa€ OCHOBHUM OCBITHIM, JOCHITHUIIBKUM Ta BHPOOHUYUM
BUMOraM. Marwouu 1HTYiTUBHO 3pO3yMUIMHA 1HTEpQelc (YacTKOBO NEpeKiIaJeHUM
YKPaAiHCHKOIO) 1 HAsBHICTh OCHOBHOIO 1HCTPYMEHTApilO ISl BUKOHAHHS TpadiuHUX
pOOIT PI3HOTO PIBHS CKJIATHOCTI, I IporpaMa MOKe CTaTh 0a30BOIO IIAT(HOPMOIO
JUISL  JIETKOTO BXOJDKEHHS y cdepy TEXHIYHOIro Ju3ailHy W TEXHOJOTTYHOTO
MIPOEKTYBaHHS.
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Abstract. The modern field of technical education requires the use of various graphic systems.
They expand the capabilities for educators and higher education seekers for the effective
interaction with technical ideas and concepts, give access to study of new design methods, meeting
of engineering challenges and creation of innovative technical solutions. The paper shows the
importance of graphic systems as elements of technological design in vocational and higher
education institutions and examines the criteria for selecting such systems for their introduction in
curricula. Particular attention is paid to free software; its advantages for educational institutions
are substantiated. The information given will help select a proper graphic system subject to
technical, technological and financial aspects. Based on the comparative analysis of the most
common graphic systems, the paper offers to use the QCAD software package to solve various two-
dimensional design tasks. It shows that the introduction of this system will improve the efficiency of
primary education and promote further students’development in the field of technical design.

Key words: graphic system, free software, 2D design, selection criteria, engineering
education.
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Anomauia. B pobomi 3pobnena cnpoba GuUKOHAMU AHANI3 CYYACHUX — OOCIIONCEHb
PO3NOBCIOONCEHHS eni0eMIUHOI 3a2po3u 6 CUCEeMAX 2poMAOCbKo2o mpaucnopmy. Pozenanymi
PpU3uUKyu nowlupenHs enioemii uepe3 mparcnopmui cucmemu. Illpoananizosani 3anponoHosami
O00CTIOHUKAMU WIIAAXU MOOENIOBAHHS PO3NOBCIOO0NCEHHS IHpeKYii 6 MpaHCNOPMHUX CUCTNEMAX.
Ocnanymi memoou 60pomvoOU 3 PO3NOBCIOONCEHHAM XB0OPOOU MA MONCIUBICMb iX peanizayii Ha
mpawncnopmi. Ilpoananizoeano cyuacHi nioxoou wooo YNPAGNiHHA MPAHCHOPMOM Ni0 Yac
enioemMiuHuUx Hebe3nex.

Knrwuoei cnosa: enidemisi, epomadcbkuili mpaHcnopm, pusuk 3aX80pI0S8AHHS, Nepecy8aHHs
nacascupie, MoOent08ants, 3ax00u 3MeHUEeHHs, NOMEHYIUHUX PUUKIE 3AX80PIOBAHHS

Beryn.

VY 2019 poui nr0acTBO 3ycTpisiocs 13 HOBOKO XBopoOoro — COVID-19, sika 3a pik
HaOyna emijgemMiynux wmacmTa6iB. Bxke B Oepesni 2020 BcecBitHs opranizaris
OXOpOHHM 37I0POB’sI BU3HAJIA €MiJeMil0 KOpoHaBipycy nanziemiero. CTaHOM Ha JIUIIEHb
2023 poxy B cBiTi 3axBopisit Ha COVID-19 6inbiie 690 MinbiHOHIB YOJOBIK, 3 SIKUX
Maike 7 MUTbHOHIB moMmepiu [1]. YkpaiHa Takox 31TKHYJAcs 13 M€ XBOPOOOIO —
Maibke 5 MUTbHOHIB 3axBopitux Ta Outkie 100 tucsa momepiux [2]. COVID-19 cras
HANUMOTY>KHIIIOI MaHeMiero 3a octanHl 100 pokiB.

Bech 1eit gac moacTtBo 00posiocs 13 PO3MOBCIOKEHHSAM I1i€l XBopoOu Ta i
HaCcJJIKaM{d, BUKOPHUCTOBYIOUM PI3HOMAHITHI 3aXxOAW, SKI JI0 1LbOTO HE
3aCTOCOBYBaJIMCh. He cTaiin BHUKIIOYEHHSM 1 TMACAXUPChKI IEPEBE3CHHS.
[lepecyBaHHs TacaKupiB TPOMAACHKAM TPAHCHIOPTOM TIOYAJIO PO3TISAATHCS SIK
MOJIMBUI HUISIX PO3MOBCIOXKEHHSI XBOpoOH. BinmosinHo, 6araro kpaiH BUCYHYJIH
0CO0JIMBI BUMOTH Ta OOMEKEHHSI I0JI0 (PYHKIIIOHYBAHHS TPOMAJICBKOIO TPAHCIIOPTY
1] Yac Ha”aeMii.

HaykoBa cniuibHOTAa Jojydwsiacs [0 JAOCHIIPKEHb POl TPaHCIOPTY B
PO3MOBCIOKEHHI XBOPOOHU, 1100 BIAMOBICTH Ha 1Ty HU3KY MTUTaHb, SIKI CTOCYIOThCS
0e3rmeyHoi eKcIUTyartallii TpaHCIOpTy TMij Yac emigeMiyHux crnanaxiB. L{g pobota €
crpo0oI0 MpOaHaI3yBaTH Pi3HI HANPSIMKHU TAaKUX JOCTIKEHb, iX PE3yNbTaTH Ta
BU3HAYHUTH CIIEKTP MOAAIBIINX HAYKOBHUX JOCIITHUIBKUX POOIT 3 METOI0 3HMKECHHS
piBHSI HEOE3MEeKW EKCITyaTallii rpoMaJICbKoro TPaHCHOpTy. 3 0araTb0X HAyKOBUX
pOOIT Ha 1110 TEMAaTUKY OKPEMO BUJILICHO JECSTh, SKi, Ha TyMKY aBTOpa CTaTTi, 100pe
B1I0OpaxarTh Cy4yaCHUM CTaH 3a3HAYEHUX BUIIE HAMPSIMKIB JOCIIKEHb (TaOauIs

).
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Taoauus 1 — HaykoBi po60oTH 3 10C/i12KeHb BIVIMBY TPAHCIIOPTHOI CKJIAI0BOI
HA PO3MOBCI’KEHHS eMiIeMiYHOl 3arpo3u™

Ne | Pix Micue Bun xepeno nanux | Buxopucrani 3amponoHOBaHi 3axX011
BHJIa | MOCHIKE | TPaHCTIOP po MO 3MEHIIICHHS TIOTCHITIHHUX
HHS HHS Ty nepecyBaHHs PU3HUKIB
MacaxupiB
3 | 2011 | BenmukoOp | aBToOyC, | aHKETYBaHHSA MHOXUHHE -
UTaHisg TpamBail perpeciiine
MOJICJIIOBAHHSI
4 | 2021 | Cimranmyp | aBTOOYC CMapT-KapTH TUHAMITHA BHKOPHUCTAHHS 3aco0iB
Tacaxupin KOHTaKTHa IHIUBITyaJIbHOTO  3aXHCTY,
Mepexa 3MEHIIICHHS KUTBKOCTI
Macaxupis, MOI3/I0K, 3aKPHUTTS OKPEMHX
HECTaHJapTHA | MapIIPYTiB, 0OMEKEeHHS
mojgenb SEIR | mictkocti T3, 130JIS1I1sT
KPUTHYHUX MACAKHUPIB
5 12020 | CIIA TPOMAJICh | TIEPEIUC Trans-SEIR BHKOPHUCTAHHS 3aco0iB
KU HaceJIeHHS IHIUBITyaJIbHOTO  3aXHCTY,
Tparcnop | CIIIA 2010, CKPHHIHT TTaCaKHPiB
T JIOCHIDKEHHS
TPaHCIIOPTY
Hero-Hopka
6 | 2020 | Kurait METPONOJa | cMapT-KapTu KOHTaKTHa LiTbOBa iMyHi3alis,
iTeH Tacaxupin Mepexa BaKITHHAITIS, KapaHTHH,
Macakxupis, KOHTPOJIb HaJl HAallOBHEHHSM
Mozens SIR CTaHLi}l macaxxupamu
7 12017 | CIIA aBTOOYC MOJIETIOBAaHHS Mepeka -
MO13JI0K
TPAHCTIOPTHUX
3aco0iB
8 | 2021 | IliBmeHna | rpoMaich | cMapT-KapTu 3MiHHa B 4Yaci | BAKOPUCTaHHS 3aco0iB
Kopes KU MacaXxupin 3BaKCHA IHIUBITyaJIbHOTO  3aXHCTY,
TpaHCIIOP Mepexa coutiaibHe
T 3ycTpiueH, JMCTaHLIOHYBaHHS
mozens SEIR
9 |2022 | CIIA METPOIION | MOJEITIOBAHHS mozaenb SEIR | -
iTeH
10 | 2021 | CILIA aBTo0yC cucrema KOHTaKTHa 3MEHILICHHS MiCTKOCTi
ABTOMAaTUYHOTO | Mepexka TPAHCHOPTHOTO 3aC00Y
i IpaxyHKY TacaXxupin
KUIBKOCTI
TacaXupiB
11 | 2018 | CIIA TpOMaJCh | maHi Mpo | yAOCKOHAJIEHa | 3MCHIIICHHS JIOBXXUHU
KU BUKOPUCTaHHS moxenb SEIR MOI370K, 301MbIICHHS ILIATH
TPaHCHOP | HAacEJICHHSIM 3a Ipoi3x
T TPOMaICHKOTO
TPaHCIIOPTY
12 | 2021 | Kuraii METPOIION | MOJAEIIOBAHHS YIAOCKOHAJIEHA | BUKOPUCTaHHSA 3aco0iB
ITeH mogzenb SEIR IHAWBIyaJIbHOTO  3aXHUCTY,
METOM  TIACHBHOTO  Ta
AKTHUBHOTO KOHTPOJIIO

* - mopsaKOBI HOMepW TaOmuili | BiAMOBIAAIOTH MOPSAKOBHM HOMEpaM JDKEpeNl y CIHUCKY

JiTepaTypu

Aemopcwvka pospodka

ISSN 2567-5273

101

www.moderntechno.de




Modern engineering and innovative technologies Issue 31 / Part 1

OCHOBHHUII TEKCT
['eorpadis mpoBeneHHS TOCTIKEHb € JOBOJI MUPOKOI W oxoruttoe [liBHIUYHY
Awmepuky, €Bporry Ta kpainu Asii (pucyHok 1).
5

Ln

Kinbki cTh HayHaOEKWYE pobiT
A

[

BenukobpuTaHia KuTaH NMisgenHa Ropea  Cidranyp CLUA

KpaiHK posTawysaHHA ob'exTiB JocnigHeHb

Pucynok 1 — I'eorpadisi npoBeieHHs1 AOCTIAAKECHD
Aemopcovka po3poboka

Po3risHyTI JOCHIIPKEHHSI OXOIUTIOIOTh PI3HI BUIU TPOMAJCHKOTO TPAHCIOPTY

(pUCYHOK 2).
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Tpameai aeTobyc MeTpononiTeH rPOMaACbKMIA
TpaHcnopT B3arani

Buau TpaHcnopTy

PucyHok 2 — Buau TpaHcnopry, ki J0CTiKYyBaJIUCH B HAYKOBHX podoTax
Aemopcovka po3pobka

COVID-19 mnepenmaerbcst pizHUMU crniocobamu. [Ipocrtimum  #, MaOyTh,
HafHEOE3MEUHINUM € KOHTAaKT MIX XBOpPOI Ta 3JI0POBOI0 JIFOJMHOKI TMpHU
nepebyBanHl B Oe3mocepeHiid OJM3BKOCTI OJIHA BiJl OJHOI MOBITPSHO-KPATEIbHUM
[UIIXOM, TOOTO Tak, SIK MEPENaloThCs PI3HOMAHITHI T'OCTPl pecHipaTopHi BipycCHi
iH¢ekuii. B 1poMy ceHcl TpaHCOPT € MiclieM, JIe TAKUX KOHTAaKTIB JI0BOJII Oararo, a,
BIJITTOBIJTHO, 1€ MOXE OYTH HEOE3MEUHUM.
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[Ile y 2011 pomi B poGoTi [3] aBTOpU BHUSBUIM 3HAUYYIIMH 3B 30K MIXK
KOPUCTYBaHHSIM aBTOOYCOM UM TpaMBAEM 3a ITATh JHIB JO TOSIBU TEPITUX
CUMITOMIB 3aXBOPIOBaHHS Ta caMe€ BHUHUKHEHHSM TOCTPOrO pECHipaTOPHOro
3aXBOpPIOBaHHSA. ABTOpM BiAMIYaNIM, IO HAWOLIBIN PUSHKKA BHHUKAIOTH MPH
BUIIaJIKOBOMY BHKOPUCTaHHI IPOMAJCHKOTO TPAHCIOPTY W MOXKYTh OyTH Pi3HUMH
JUTSI pI3HUX 3aXBOPIOBAHb.

Ponp cucteM TpomMasChKOTO TPAHCIOPTY MJisi HOPMAJIbHOTO (DYHKITIOHYBaHHS
BEJIMKUX MICT CKJIQJIHO MEpeoliHuTH. YuM OUIBIIMM € MICTO, TUM OUIBIIUMH €
oTpedu B MOOUIHLHOCTI HOTO MEIIKAHIIIB, K1 M 33JI0BOJILHSE CUCTEMA TPOMaJICHKOTO
TPaAHCIIOPTY.

B po0Gorti [4] 3a3Ha4aeThes, 10 €(hEKTUBHUIN TPAHCIIOPT BiAIrpae KIOUYOBY POJIb
y TNIATPUMIII €KOHOMIKH MICTa IT1]1 Yac eMiJIeMIYHUX Craiaxis.

OpHak cucteMy TpOMaJICBKOTO TPAaHCIOPTY B YAaCTHHI, 1€ il 0e3mocepeaHbo
BUKOPUCTOBYIOTh MAacaKUpH, CKIIAJIAI0Th OKPEMi 3aKpHUTI OCEepelKH (TpaHCIOPTHI
3aco0u, BOK3aJIM, CTaHIlli METPOMOJITEHY TOIO0). XapaKTepHOI OCOOJIUBICTIO ITUX
MICIIb € MOXKJIMBA IOTEHIIMHO BHCOKA IIUIBHICTh MAaCaKUPIB, a BIAMOBIIHO JOBOJII
HeBeNWKi BifgcTaHi MK Humu. Came 1ed (akTtop Ta TPUBAIICTh 3HAXOIKCHHS
MacaXupiB B CHUCTEMI TPOMAJCHKOTO TPAHCIIOPTY 3YMOBIIOIOTH CHPUHHATTS Ii€l
CUCTEMH, SIK KaTalli3aTOpy MPU PO3MOBCIOKEHHI EMMiIEMIYHOT 3arPO3H.

Micbka TpaHCIIOpPTHA CHCTEMa Ma€ BIUIMB Ha (YyHIAMEHTAIbHY JIUHAMIKY
1H(EeKIIMHUX 3aXBOPIOBAHb, MOKE 3MIHIOBAaTH KUIBKICTh BTOPUHHHUX 1H(EKIIiH,
CHPUATH PO3MOBCIOPKEHHIO 3aXBOPIOBaHHsS MicToM [S5]. ['poMancekuil TpaHcmopt
CTa€ BAXJIMBUM KaTall13aTOPOM NaHAEMIii TPUITY Ta MOTEHI[IHHO MOKE MPUCKOPIOBATH
TEMITH MOIIUPEHHS 1HPEKIIIHUX 3aXBOPIOBaHb [6].

ABTOOyCHa cHCcTeMa MOXE BIAIrpaBaTH BUPIIAIbHY pPOJb B MOLIMPEHH]
BHCOKOIH(EKIIMHNX 3aXBOPIOBaHb [4]. 3akpuUTHl 1 BITHOCHO 06AaraTOJIFOIHAIA TPOCTIP
B aBTOOycax € 1JieaJJlbHUM JUIsl TIOUIMPEHHS XBOpPOOW, a 3arajibHa KIUJIbKICTb
nacakxupiB, sK1 iTyTh B aBTOOYC1, IPOIOPIIiiiHA HTMOBIPHOCTI 3apa>keHHs [7].

B poGoti [8] rpomanchbkuii TpaHCHIOPT HA3UBAIOTh KPUTUYHUM (HaKTOPOM
3apaKeHHS.

OpnHak He BCl HAyKOBII TaK KPUTHYHI B OIIHII IPOMAJCHKOrO0 TPAHCHOPTY SIK
OCHOBHOI'O  KaTajli3aToOpy pO3MOBCIO/DKEHHS  3axBoptoBaHb. B poboti  [5]
CTBEP/KYEThCS, IO MpsMa Tnepenada iHQEKUii Mmig dYac Moi3JoK y CcUcTeMax
IPOMAaJICBKOT0 TPAHCHOPTY MOXE HE OyTH OCHOBHHM JKEPENIOM PO3MOBCIOKEHHS.
ABTOpH pOOOTH BKa3yIOTh, IO B 3aJIC)KHOCTI BiJl CTPYKTYpU TPAHCIIOPTHOT MEPEKI,
yacTKa MOpsIMOTO 3apaKeHHS B TPAHCHOPTI CTaHOBUTH He Oumbme 17,6 % Bin
3arajgpbHOI KITBKOCTI 3aXBOpIOBaHb. lle cBiAUWTH Mpo Te, MO POJib, SIKY Biirpae
CHCTeMa MICBHKOTO TPaHCIOPTY IMiJ 4Yac crajaxiB 1H(QEKIIHHINX 3aXBOPIOBaHb, HE €
OJIHO3HAYHOIO 1 MOTpeOy€ MOAATBIINX TOCHIKEHb.

BpaxoByroun BuIIE CKa3zaHe, Tiepel  OpraHizaTopaMud  TPaHCIOPTHOTO
oOCITyroByBaHHsA TIIOCTAa€ CEPHO3HE MUTAHHSA: K ONTHUMAJIbHO  YIPABISTH
TPaHCIIOPTOM, 3a0e3Meuyloud BOJHOYAC MOOUIBHICTh HAceleHHS Ta e(PEeKTHBHE
CTPUMYBaHHS MOIIMPEHHS XBOPOOH IT1]T Yac eriiemii.

B pobGori [9] 3a3HauaeTbcs, 1O €(QEKTUBHE YIPABIiHHA T'POMAJICHKUM
TPAHCIIOPTOM I Yac TaHJEMil CTa€, HaBiTh, KPUTUYHO BAXJIUBUM TMOJTITUYHUM
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PILIEHHSIM.

Jlis ynpaBiiHHS TPAaHCIOPTHOIO CHCTEMOIO UM OKPEMUMH 11 CKJIaJ0BUMHU U
MOTIEPE/KEHHST  PO3MOBCIO/KEHHST  1H(MEKIIHHOT  3arpo3W  4epe3  CIeMEHTH
TPAHCIIOPTHOI CHUCTEMH TMOTPIOHO MaTH YSABICHHS IMPO MEXaHI3MH I[OTO
pO3MnoBCIOIKEHHS. ToMy 6arato HayKOBLIB IPUIUISIOTH yBary caMe LbOMY aclleKTy,
BHBYAIOYHM PI3HI CKJIQJIOBI Mpollecy Mepeaadl 3aXxBOPIOBAHHS B CHCTEMaX MICHKOTO
TpaHcnopty. s 1pbOr0 aKkTUBHO BUKOPUCTOBYETHCS MOJAETIOBaHHA. JlOCTIAHMKH
MPOMOHYIOTh ~ HOBI  BJACHI  MOJENl, YyJOCKOHAJIOITh BXKE ICHYIOYl 4H
BUKOPUCTOBYIOTh BIJOM1 MOJZEJNI AJi TIEBHUX KOHKPETHHX OCEPEAKIB TPAHCHOPTHOI
cuctemu. [IpomoHyeThCs YMOBHHH PO3MOAUT OCHIDKEHh 32 BUKOPUCTAHUMHU
MOJIesIMU (PUCYHOK 3).

7

KinbKicTb HayKOBHX pobiT
= %] w =Y 9y =)}

=]

MHOM¥HWHHE KOHTaKTHa  mepewra noizgok  mogentSIR - mopens SEIR (y
perpeciiHe mepema T3 piZHMX
MOJLeMHBaHHA nacasmupis Bapiauinx)

BUAM BUKOPUCTAHMX MO/IE/El

Pucynok 3 — Po3noais gocaigkeHb 32 BUKOPUCTAHUMHA MOJAEJIAMHU
Asmopcobka po3pobka

B 0OCHOBI MpakTUYHO BCiX MOCHTIKEHb IHOTO HANPSIMKY € 17es TMO€THAHHS
MOJIeTIell PO3MOBCIOKEHHS 1H(QEKUIMHUX 3aXBOPIOBAHb 3 MOJEISMHU TPaHCIOPTHOT
PYXJIMBOCTI MEIIKAHI[IB MEBHOI TEPUTOPIT YA KOPHUCTYBadiB MEBHOI TPAHCIOPTHOI
CUCTEMHU.

CyuacHi MoOJell TPaHCHOPTHOI PYXJMBOCTI BPaXOBYIOTh JHHAMIKY IIHOTO
nporecy. Illle y 2017 pomi B pob6oti [7] Oyna 3amporoHOBaHa HOBa MeEpEKeBa
CTPYKTYpa, sika 31aTHa (PIKCyBaTH JUHAMIKY MMACAKUPCHKUX MOAOPOXKEH 1 SIKy MOKHA
BUKOPUCTOBYBAaTH 1l  €(QEeKTUBHOI  17eHTU(IKAli KOMIIOHEHTIB  CHCTEMH
IPOMAJICHKOTO TPAHCIIOPTY 3 HAWBHIIUM PU3UKOM, TOOTO JUISl BUAICHHS KOHKPETHUX
MOT3/I0K, K1 MatOTh HAaHO1IBITY HMOBIPHICTH MTOAAJBIITOTO TOIIMPEHHS XBOPOOH.

B nocnimkeHHSIX BpaxOBYBaBCSl XapakTep pyxy JUisl IeBHUX TepuTopii. Tak B
poboTi [5] dikcyBamacs nuHamika MOOUIBHOCTI HAaceJEHHS I Yac MOJOpPOXKeH 3a
paxyHOK TOJUTy TEBHOI TepuTopli Ha 30HM W KiIacu(ikallilo HaceJIeHHsS Ha
MEIIKAHIIIB Ta BIJIBIIyBaviB 10 BIIHOMIEHHIO J0 IIMX 30H.

AJne HaOUIBIIIOTO PO3BUTKY HaOyBa€e MOOYI0Ba KOHTAKTHUX MEPEX MaCaXUPiB
rpomMajicbkkoro Tpancmopty. Came BOHHM A00pe MPUCTOCOBYIOTHCS NIl MOAAIBIIOTO
aHaii3y Mpolecy MPOHUKHEHHS XBOPOOM cepel OKpeMUX MaHJpiBHHKIB. OcTaHHI

ISSN 2567-5273 104 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1 éw

JIOCATHEHHS B TEOPISAX CKJIATHUX MEpPEX 1 MOJETIOBaHHI emieMii BCTaHOBUJIU
pasiounii  3B’SI30K MK CTPYKTYpOIO MEPEXi Ta JAWHAMIKOIO 3aXBOPIOBAaHHS 1
MOIIMPEHHS eMieMii.

B poGori [8] aBTOpH po3risganu 3MiHHY B 4acl 3BaXKEHY MEpPEXy 3ycTpiuen y
rpoMaJIcbkOMy TpaHCIopTi W Ha ii 06a3i MozemoBaiu 1H(QEKIIHHMI mpoiec
nommpenHs COVID-19. /Ins oTpuMmaHHS AaHUX NP0 MOI3AKH BUKOPHUCTOBYBAJIHCS
JaHl cMapT-kKapT mnacaxupiB micta Ceyl, BUAUBIUIACA JIAHIIOKKK TIOI3I0K Ta
BUKOHYBAaBCS 3arallbHU PO3MOALT TpadiKy 3 BUKOPUCTAHHSM areHTCHKUX MOJETICH.
KoHTakTh 3 IHIIMMH  KOpHCTyBadaMH  TPOMAJCBKOTO  TpaHCHOpTy  Oymu
MPOAHAJII30BaHl MiJ Yac IMiTalli (aKTUYHUX MepecyBaHb 1H(IKOBAHUX JIIOACH y
MepeKi TPOMaICEKOTO TPAHCIIOPTY.

Takuit xe mMeTox oTpuMaHHs 1H(oOpMarlii (1aHi cMapT-KapT) BUKOPUCTOBYBABCS
i B po6oti [4]. Tyt Mozmens Takox 103BOJsIa (PIKCYBaTU 3MiHHI B 4aci KOHTaKTH
MacaXupiB Ha 1HAUBITYAIBHOMY PiBHI. ABTOPH CTBEPIKYIOTh, 1110 PeasibHI KOHTAKTHI
MEpEXKi 32 CBOEIO CYTTIO JUHAMIUHI. 3B’SI3KH 3’ IBISIOTHCS, 3HUKAIOTh, 1 3MIHIOKOThCS
13 yacom, 1 X Kpaile MpeACTaBISATH B paMKaX THMYAacOBOi a00 3MIHHOT B 4aci MEpexi.
Tomy MopentOBaHHS €MIIEMIYHOTO TMPOIECYy Ha TI'POMAJCHKOMY TPAHCIIOPTI Mae
0a3yBaTucs came Ha MEPEKi KOHTAKTIB, 10 3MIHIOETHCS B YacCi.

B poGoti [10] mepeka KOHTAKTIB MAaCaXUpPIB po3risaaiaca B paMKax
TPAH3UTHOTO aBTOOYCHOTrO MapHIpyTy. 3a il JOMOMOTOI0 OI[IHIOBAJINUCS MOTEHIIIHHI
PU3HMKHU TIOCAJIKM Ha 3yMHHKaX MapmpyTy. TakoX BOHa MOXE BHKOPHUCTOBYBATHCH
JUISL MOJICNIIOBaHHS e(EeKTy OKpeMux OOMeXyBaJbHUX 3ax0/iB (MakcUMajibHa
KUIBKICTb MTACAXUPIB B aBTOOYC1, TOIIO).

ABTOpH poOOTH [7] CTBOpPIOBAaIM MEPEKY KOHTAKTIB, BUKOPHCTOBYIOUU HaH1
MO/IeJIl MOMUTY Ha MOAOPOK1 Ha OCHOBI JISUIbHOCTI nMacakupiB. Ha cTBopeHii Mepexi
MOJICJIFOBABCS OJMH YW JIEKUIbKa cnanaxiB emigemii. /[ mboro BUKOPHCTOBYETHCS
CTOXaCTHYHA IMITaIlliHa areHTChKa MOJIEIb ISl MOJICIIIOBAHHS TTOITUPEHHS 1H(EKIIil
M1K 0COOaMH.

Jocaigauku B poOOTI [6] CTBEPIKYIOTh, IO KOHTAKTHI MeEpexXi IMOTPiIOHO
po3miaaatd sIK (QyHKIIT MOOITBHOCTI JIFOAWHU, TOOTO caMa MOOUIBHICTH JIFOIUHU
dbopMy€e KOHTAKTHI MEpEXi IMij 4ac TMOJOpOoXKed 1 1€ Ma€e TMOJAJIBIINK BIJIUB Ha
PO3MOBCIOMXKEHHS 3aXBOPIOBAHHS CEPEJl OKPEMUX MMACAKUPIB.

JIjist MozieNTtiOBaHHS MOUIUPEHHS 1HPEKIIHHUX 3aXBOPIOBAaHb BUKOPUCTOBYIOTHCS
31€01TBIIIOT0 JUCKPETHI KOMITAPTMEHTHI MOJE, TOOTO MOJEeNi 3 TOJUIOM BCIX
JIOJIeH Ha MEeBHI TPYIH, K1 BiJ0OpakaloTh CTaH OKPEMOI JIIOJJUHU CTOCOBHO TIEBHOTO
3axBOpIOBaHHS. J[MHAMIKY pyXy OKpPEMHUX OJWHHIIb MK TpylamMH OINHCYIOTh
HEeTHIMHUMY U EepeHLIMHUMU PIBHSIHHSAMU.

Mo>BO HaHTIPOCTIIIOW Takoo Monemto € SIR, ska moaiiase BCix Jroaen Ha
TpU Ipynu (KOMIIAPTMEHTH): COPUSTINBI, iH(IKOBaH1, BugaieHi. CaMe Taka MOJEib
BUKOPHUCTOBYBAJACs B IOCTIHKEHHI [7].

PoszButkom mopeni SIR € komnaptmenTtHa Mojenb SEIR, sika BUKOHYE MO
B)K€ Ha YOTHPH TPYIIU: CIPHUSATINBI, 3apakeHi, iH(ekuiitHi, Buaanexi. L{s moxens €
HAWPO3MOBCIO/KEHIINIO ¥ MIMPOKO BUKOPUCTOBYBANACS JUIsl MOJEJIOBAHHS
IpUNONOAIOHUX Ta IHIIUX PECHipaTOpHUX 3axBoproBaHb. Tak y 2018 poui B poborTi
[11] came 1151 MOJIeTb 3aCTOCOBYBAJIACs JUIsl BIATBOPEHHS MPOLIECy Mepeaadi XBopoou
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B 3aMKHYTOMY IIPOCTOpP1 (KOPUIOPI), IKUM PYXa€ThCsl, HAPUKIIAI, MOTIK MacaKUpiB
MeTporoyiTeHy. Pe3ynpTaTu mi€i poOOTH MOKa3aay 3aJIeKHICTh MBUAKOCTI mepeaadi
1H(DEKIIT BiJT MITFHOCTI HATOBITY.

ABTopu pobotu [5] 3amponoHyBaiM ynockoHaieHy monenb Trans-SEIR, sika
MPUCTOCOBAHA I MOJICJIIOBAHHS 3apa)XeHHsI y MoIopoki. Ll Monenb BioKpemItioe
3apakKeHHS M1 4ac MOAOPOXKEH BiJ IHIIUX (HAMPHUKJIA, 3apakeHb Ha MiCIll pOOOTH).
®akrrnaao moxenb SEIR HakmamaeTbest Ha MoAeIb MOOUIBHOCTI, MO0 BigoOpa3uTh
MIPOCTOPOBY HEOTHOPITHICTh TUHAMIKH 3aXBOPIOBAHHS.

KomnapTMeHTHI Moneni B CHIIy CBOiX OCOOJMBOCTEW BHUKOPHUCTOBYIOTH IEBHI
npurnynieHas. [IpeacTaBHUKY TPy B HUX € OJHOPIAHUMHE 3 OJTHAKOBOIO TIOBEIIHKOIO.
Sxmo moTpiOHO BpaxyBaTH 1HJMBIAYajdbHI MOKAa3HUKH MOOLIBHOCTI HAcCEJIEHHS, B
MPUTO/ll CTaHYyTh TakK 3BaHl MEpEXEBl MOJENl, SIKI MOXYTh peali30ByBaTH SIK
BUKJIFOYHO 1HJIUBIYaJIbHUH MIAX1]T 10 OLIHIOBAHHS OKPEMOT JOCTIHKYBAaHOT OMHUIII
(HampukIIan, macakupa) Tak 1 MiAXiJ HA OCHOBI MEBHOTO MPHU3HAKy OIWHHUIL. B
poboti [4] 3amporOHOBaHO MOJCNIb IOIIMPEHHS emijemMii Ha OCHOBI CHCTEMHU
IPOMAJICKKOTO TPAHCHOPTY, Jd€ (IKCYIOThCS 3MiHHI B dYaci KOHTAKTH MIiX
nacaxupamu Ha 1HJAUBIAYyaTbHOMY PiBHI.

Jlyist 3amo06iranHsi po3MOBCIOKEHHSI XBOPOOU, B TOMY YHCI W y TPaHCHOPTI,
3arajlbHO BIJJOMHMH € KUIbKa JIEBHUX 3aXOJIB, a caMe: JOTPHUMaHHS MaKCHUMaJbHO
MOXJIUBOI O€3MEeYHO1 BIJICTAHI BiJI IHIIUX MMACAKUPIB, HOCIHHS 3aXMCHOI MAacKu Ha
00nmy4l; 311MCHEHHS] MOJOPOKEN B HEMIKOBUM Yac Ta YHUKAHHS CKYITYEHHS JIFOACH.
[{1 3axonu (OKpiM HOCIHHS 3ac001B 1HJMBIAYaJbHOIO 3aXHUCTy) B TPAHCHOPTHUX
CUCTEeMax peajizyBaTHu JOBOJII CKJIaAHO. AJie MparHyTd [0 1bOro MOTPIOHO.
Pe3ynbTaTu podbotu [8] CTBEPIKYIOTH, IO 00O0B’A3KOBE HOCIHHSI MACOK B TOJMHU MK
3HI)KYE pIBEHb 3apaxkeHHs Ha 93,5 %. Skuio npu mpomy e i JOTPUMYBATHCH
coIiaabHOI AUCTAHIIi, TO e 3HaueHHs carae 98,1 %. HociHHg Macku CITiBCTaBHE 13
JOTPUMAHHSIM 2-METPOBOI COIllaibHOI aucTaHiii s 3anooiranas COVID-19.

[Ile onHUM JTy>Ke MOTYKHUM 3aXOJ0M MOKE CTaTH BX1JTHUN KOHTPOJIb MMACAXKUPIB
JI0 TpaHCIOPTHOI cuctemMu. B po6oTi [5] HamaHi 1oka3u eeKTUBHOCTI BUMIPIOBaHHS
TEMIIEpaTypy TMACaXUPIB Mepell MOTPAIUITHHAM [0 TPAHCHIOPTHOI Mepexi. OnHak
TaKi 3aX0/1 JOBOJII CKJIaJHO peasli3yBaTy Ha MPaKTHIII.

Jly’)ke BaXJMBUM € 3axiJi 3 YHUKHEHHS CKyMueHHsA mojed. UuM MeHIie
MO>KJIMBUX TMOTEHUIMHUX KOHTAKTIB MK MacaXUpamu, TUM MEHIIUM € 3arajJbHHM
PU3MK 3aXBOPIOBAHHS MiJ] YaC TaKUX KOHTAKTiB. B 1IbOMy ceHCl MOXe WTH MOBa Mpo
BUKOPHUCTAHHS [JIsl TEPEBE3CHb MEHINHX 3a MICTKICTIO TPaHCHOPTHUX 3aco0iB 3
METOI0 3MEHIIEHHS KUTHKOCTI MOTEHIIIWHUX KOHTAaKTIB macaxupiB. B poboti [5]
JTIUIITA  BUCHOBKIB, IO TIPH BIPOBAKEHHI «PEKUMY HHU3BKOI MICTKOCTI»
NMOBIPHICTh 3apa)X€HHs € 3HAYHO HIDKYOIO Y MOPIBHIHHI 13 «PEeKUMaMHU CepeTHbOT
a00 BEIMKOI MICTKOCTI».

B po6ori [8] cTBepaKYy€EThCS, IO TPUBAIICTh KOHTAKTY 1H(IKOBAHUX OCIO TICHO
OB’ s13aHA 3 PIBHEM 3aBAHTAXKEHHSI TPOMAJICBKOTO TPAHCIIOPTY.

Il pakTopu NMpU3BOIATH A0 MOSBHU PSLY MOJITUK YIIPABIIHHSI TPAHCTIOPTOM IIiJT
yac emieMiuyHux crnanaxiB. OJHIEI0 3 TUIOBUX CTpaTerii O0poThOM 3 emifeMIel0 €
3HMDKEHHSI KUIBKOCTI MOi3J0K Ha MEeBHIM Teputopii (MicTi, paiioni, Toio). B poboTi
[4] noka3aHa JiHIIHA 3aJI€XKHICTh CKOPOYEHHS MOI3/I0K Ta MOLIMPEHHS €eIiIeMIYHOT
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3arpo3u. Konu Bci moi3gku ckopouyroTbes Outbiie HiK Ha 80 %, 3HUKEHHS PUBHKY
3aXBOPIOBaHHS MMOYMHAE MpHUCKOproBaTHCs. Komu BCl MOi3IKM 3MEHIIYIOThCS Ha 98
%, momupeHHs XBopoOu (axkTHuHO npunuHAEThC. lle o3Hawae, MO0 KOHTPOJb
MOJI0OpOXKeH Moke O0yTH e(heKTUBHUM JIUIIIE HAa €KCTPEeMaJIbHOMY piBHI [4].

B po6oti [9] po3risinaeTbcss MOXKIMBICTh BUJUICHHS YACTKU HACENICHHS, SKif
J03BOJICHO KOPUCTYBAaTHUCA T[E€BHUM MapIIPyTOM TIPOMAJICBKOTO TPaHCIOPTY.
3a3Havya€ThCs, MO0 TAKUW  MAXIA  OPU3BOAUTH JO  3HIDKCHHS  PU3HKIB
PO3IMOBCIO/KEHHS  €MiJIeMii MpU  MIATPUMIT MOOUIBHOCTI YacTKHU HACeJICHHS.
Peanizaiiss 3axolly MOXJIMBa 4epe3 3MEHIICHHS YacTOTH OOCIyroByBaHHS Ha
MapuipyTi a00 0OMeKEeHHsI MPOIYCKHOI 3AaTHOCTI 3yMMMHOYHUX MyHKTIB [9].

[Ile omHUM [i€BUM 3aXO0JIOM IIOJO0 3MEHIIEHHS TMOTEHIIMHUX PHU3UKIB
3aXBOPIOBAHHS € 3aKPUTTA OKPEMUX MapuipyTiB. B poGoti [4] BUBYAIM Mepexy
aBTOOYCHUX MapLIpyTiB B yMoBax 3akputTs B 10 1o 90 % mapmipyTiB 3a pi3HUMH
npuHIMInamMu ix Bubopy. Tak, B pasi 3aKpUTTA CIIOYATKy aBTOOYCHUX MapIIpyTiB i3
BHCOKHM TIOTIUTOM CIIOCTEPIraeThcs OUTBIITNIN BILUTMB HAa PO3MOBCIOKEHHS 1H(DEKITT —
3akpuTTs 40 % HalOuIbml 3aTpeOyBaHMX aBTOOYCHMX MAapIIPYTIB 3MEHIIYE
OUIKyBaHE PO3MOBCIO/KeHHS 1HGeKil Ha 15,3 %. 3akpuTTs crioyaTKy MapiipyTiB 3
MEHIITUM TIOMUTOM YHM B3araji 3aKpUTTS MapIIpPyTiB BUIAJIKOBO HE € TaKUM
edexTuBHUM [4].

Onnak  3aKkpuTTS MapHIpyTiB  TpPaHCHOPTY TOB’SI3aHO 13 3POCTaHHAM
HE3pYUYHOCTEH HJisl TMAacaXUpiB, HANPUKIAL, 13 YCKJIATHEHHSIM TMOTPAIUITHHSI [0
JKapeHb, 110 1] Yac emiJieMil € BKpail HeOakaHUM.

AJBTEpHATUBOIO  3aKPUTTIO  MapIIPYTiB  PO3TISAAIOTH  OOMEKEHHS
MaKCUMAJIbHOTO HAaBAaHTAXKECHHS MacaXUpiB Ha OKpPEeMHUN TpPAHCHIOPTHHUM 3aci0 3
METOI 3MEHIIEHHS KIJTBKOCTI KOHTAKTIB Mk Macaxupamu. B pob6oti [4] noBeneHo,
mo e(eKT Bil TaKOro OOMEXKEHHS CTa€ 3HAYyImHUM 3a yMOBH oOMexeHHs 50 %
MaKCHUMaJIbHOTO HaBaHTAXEHHS Ta OLIbIIe ¥ 3pocTae, 3p03yMUIO, 3 MiJBUIECHHAM
I[LOTO 3HAYEHHA. 3 OJTHAKOBUM BIJICOTKOM YPaXXEHUX MACAXKUPIB METO]] OOMEKECHHS
MaKCUMaJIbHOTO HABAHTA)KEHHS HA OKPEMHUM TpPaHCHOPTHUM 3acid € MeHII
e(DEeKTUBHUM 3a METOJI 3aKPUTTA MapIUIPYTiB, OJHAK BiH 30epirae MeBHUU pPiBEHBb
MOOLIBHOCTI HaceneHHs [4].

3HAYHOTO 3HIKEHHS BIJHOCHOTO PHU3UKY PO3MOBCIOJKEHHS 3aXBOPIOBAHHS
MOXHa JIOCSTTH, SKIIO0 MaKCUMAaJIbHY KUIBKICTh IMACXUPIB y TPAHCIIOPTHOMY 3ac001
oomexutu 70 15 oci6 [10]. Ilpu pomy anst BpaxyBaHHS 3MEHILEHHS MPOIMYCKHOI
3MIATHOCTI U 30€peXeHHS PO3YMHOIO Yacy OYIKyBaHHS MAacCaKUpIB Ha 3YIMUHKAX,
MPOIMOHYETHCS 30UIBIIEHHS YaCTOTH PYXY TPAHCIIOPTY HA MapIIPYTI.

Haiie(heKTUBHIIIUM MiIXOOM € 130JIIisl BIUIMBOBUX IaCaXUpPIB HA paHHIN
cTajaii, mpu SKiA eNmiJeMIYHMNA TMPOIEC MOXKHA CYTTE€BO 3HHU3UTH 32 HEBEITUKOI
KUTbKOCTI 3axBopumx [4]. B poGoti [12] mpomoHYyeThCS CTBOPEHHSI CTaTUYHOTO
3aXHUCHOTrO Oap’e€pHOro Imapy Ha NPUKIaAl MICBKOrO 3alli3HUYHOTO TPAHCIOPTY,
TOOTO TEBHOI 1H(PACTPYKTYypH Ta 3aco0IB 3aXHUCTy (MpWiIaaud JJisi BUMIPIOBaHHS
TeMIlepaTypHy, OOKCH JJii MEIUYHOrO NEepCOHaTy, OOJIaHAHHS ISl TECTYBaHHS Ha
CTaHIIISIX METPO, TOIIIO).

BucHoBKM.

[TincymoByro4M Bce BUIIIE 3rajaHe, MOKHA 3pOOUTH KiJIbKa BUCHOBKIB:

ISSN 2567-5273 107 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Pari

— IPOMAJChKUN TPAHCIOPT IIHMCHO € JHKEPEIOM MOKIMBOIO PO3MOBCIOIKEHHS
emiIeMIYHOi 3arpo3u M, MpHU MEBHUX yMOBAaX, MOXKE MaTH KaTali3aTOPHUI
edeKT Ha PO3MOBCIOKEHHS;

— 3aCTOCYBaHHS 3arajJibHOBIIOMHUX 3aXOAIB OOpOTHOM 13 PO3MOBCIOIKEHHSIM
iHdexIii (1HAMBIAyabHI 3aXMCHI 3acO0M, COIllajdbHA JUCTaHIliS) MOBUHHI
BUMAaratucs i peaaizoByBaTHCs B TPAHCIIOPTHIM 1HPpaCTpyKTypi;

— METOAM peanisallii 3aX0iB 60pOTHOH 13 eMiIeMIYHOI0 3aTPO30I0 MOXKYTh OyTH
PI3HUMHU, 3aJI€KaTh BiJl OCOOJIMBOCTEN OKpPEMHUX TEPUTOPIN Ta TPAHCHOPTHUX
MEPEXK Ta MOTPeOYIOTh MOJANBIINX JAOCTIIKEHb 3 YTOYHEHHSIM KOHKPETHHUX
napameTpiB peajizallii TOro Yu iHIIOoro METOIy.
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Abstract. Public transport systems are one of the factors in the spread of epidemic threats.
Moreover, the use of public transport carries the risk of spreading the epidemic due to direct
contact of passengers with each other in passenger transport vehicles during trips. That situation
requires changes in approaches to transport management during epidemic hazards. The article
analyzes the methods proposed by scientists nowadays to prevent the spreading of infectious
diseases and the possibility of using these methods regarding public transport systems.
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Anomayia. 3anponoHo8aHo Mooenb aO0anmMueHux piuleHb 3a0e3neueHHs 20MOBHOCI
PYXOMO20 CKA0Y NIONPUEMCME OJis1 KONCHOI (hazu eKOHOMIUH020 YUKTY, AKA 00380JI€ Kepysamu
KiIbKICMIO MPAHCNOPMHUX OOUHUYbL, AKI 3a0e3neuyiomsv 6aHmMaddCoOnoOmoKu y ¢azax Kpusu,
Oenpecii, noJceasieHHs ma niotiomy eKoOHOMIKU.

Knrwuosi cnoea: memoou ynpasninns 20moeuicmio napKis, pyxomuil CKAad, eKOHOMIYHI YUKIU,
aoanmayitina Mooeib, MpaHCROPMHI npoyecu, Koe@iyicHm 20moeHOCMI, eKOHOMIYHI NPOYecl, 3aNUUKOBULL

pecypc.
Beryn .

Binowmi Teopii, Ha OCHOBI SIKUX BU3HAYA€ThCSA TOTOBHICTh TPAHCIIOPTHOT TEXHIKU
Ta MapKiB PYXOMOTO CKJaJy BIAMOBIIATH pPOOOTI MIANPUEMCTBA y CTAOUIBHUX
ymoBax. [IpoTe, BiicyTHI METOAM YIPaBIIiHHSA FTOTOBHICTIO APKIB y MEPioJl KPU30BUX
SBUILl — PI3KOTO CMaJxy BUPOOHMIITBA, 3MIHM OOCSTIB TPaHCHOPTHOI poOOTH, YMOB
BOEHHOI'O CTaHy, KOJIM CTalOTh HaJAMIPHUMU ICHYIOUMH MapK pPyXOMOTO CKJIaly Ta
PEMOHTHI MOTY>KHOCTI, a B MEp10J BUXOAY 3 KPU3U — MiAOMY BUPOOHUIITBA Ta HOTO
NIKOBUX 3Ha4y€Hb, MAPKUM PYXOMOro CKIaay, fKI € Yy HIANpPUEMCTBA, CTalOTh
HEJOCTATHIMM SIK TIO KIJIbKOCTI TPAHCTIOPTHUX OAMHMILb, TAK 1 IO iX CTPYKTYPI.

[IpoGiema mosisirae B yNpaBiliHHI CTAaHOM PYXOMOIO CKJady, HEOOX1THOCTI
YXBaJCHHS pIIIEHb B YMOBaxX LMKJIOBOI JWHAMIKM €KOHOMIYHUX IIPOLECIB; Yy
HEOOXIAHOCTI PO3POOKH ajamnTalliifHuX METOJIB Ta MeXaHI3MIB YIpaBIiHHS
(GYHKIIIOHYBaHHSM MapKiB PyXOMOTO CKJIaTy POMHUCIOBHUX IMiATPUEMCTB.

OCHOBHHUI TEKCT

Bigomi mozaeni 3a6e3nedeHHs TOTOBHOCTI PYXOMOTI'O CKJIaay, o 0a3yroThCs Ha
Teopii HaIIMHOCTI Ta TeOopli BITHOBJICHHSI. IX HemoBHOTOWO € BIJICYTHICTb MOJIEII
3a0e3Me4YeHHs] TOTOBHOCTI TMAapKiB PyXOMOTO CKJIaay B YMOBaX 30BHINIHBOTO
CEpEeOBHUINA, IO 3MIHIOIOTHCS, TOB'SA3aHUX 3 [HUKIIYHAMH 3aKOHOMIPHOCTSIMHU
€KOHOMIYHOT'O PO3BUTKY 1 3MiHAMU CTaHy B Kpainu [1, 2, 3].
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Bukonanuii  aHamiz  BIIOMHX JOCHIIPKEHb Ta  MyOJikaiiiid  JT03BOJIUB
chopMyTIOBaTH HOBE 3aBIaHHS YIPABITIHHS TOTOBHICTIO BAaroHIB MPOMHCIIOBOTO
TPAHCIIOPTY, MOJIEh SKOi IPYHTYEThCS HA TEHEpallii CHCTEMH 3aXO/[IB IIUKJIIYHOI Ta
CUTyariitHOi (IIMKJIOCUTYAIIMHOT) afanTallii 10 3MiH 30BHINIHIX Ta BHYTPIIIHIX YMOB
CepeoBHINA, Y AKUX (QYHKIIOHYIOTh TPOMHUCIIOBI MiIPUEMCTBA.

3ale3neueHHs] EeKCIUTyaTalllifHOi TOTOBHOCTI PYyXOMOTO CKJIaay MiAIPUEMCTB
XapaKTepu3y€e WOTO TEXHIUYHA XapaKTePUCTHKA Ta HacaMIiepea Woro HamiiHicTh [1] 1
TEXHOJIOT1s 3a0e3MeUYeHHs IKOCTI BIIHOBJIFOBAJIbBHUX POOIT.

VY kiacuuHii Teopli IUKIM KOJMBAHb BAHTAXKONEPEPOOKU BKIIOYAIOTh YOTHUPHU
da3u, xapakTepHl IS TapKIB PyXoOMOro CKJIaxy: Kpus3uc (cmaim); aemnpecis
(cTarmaiiis) HHUXK4Ya TOYKa CIaay; MOKBaBJICHHS (€KCIaHCis) ud (a3a BITHOBJICHHS;
nigiom (Oym, miK).

VYrhpaBiiHHS ~ €KCIUTyaTalliifHOK0 TOTOBHICTIO TApKy PYXOMOTO  CKJIaay
NPOMITiINPUEMCTB — OaraToeTarnHe 3aBAaHHA. 1i pilleHHsS CIOpsMOBaHE Ha
MiIBUIIEHHS €()EKTUBHOCTI TPAHCIIOPTHOI CUCTEMH B IIJIOMY TIPH BUKOHAHHI YMOBH
il a7IeKBaTHOCTI 00CsTaM MEPEBE3EHb Ta Y CBOEYACHOMY BHUSIBIICHHI Ta TOMEPEHKEHH1
HECITPaBHOCTEH, 110 3HWKYIOTh TOTOBHICTH JI0 MIEPEBI3HOTO MPOIIECY.

Sk MexaHi3M TeHepallii CHCTEeMH 3axXOJ[IB TOTOBHOCTI PYyXOMOTO CKJIady
MIPOMKCIIOBOTO TpaHCHOPTY Yy (a3zax EeKOHOMIYHOTO IMKJIY 3alpOIOHOBAHO
ajanTaliifHy MoJielb, 10 Tepeadavae IociigoBHe 3abe3reueHHs piBHA (a30BOi
TOTOBHOCTI, 3HaUEHHS SIKOTO 3aj71a€ ocoba sika npuiimae pimenHs (OI1P).

VY mepiog Kpu3M BaroHHI TapKd NOPOJOBXKYIOTh 30epiratd MO4YaTKOBUI
KUIBKICHUN CKJIaJ, a 00CAT mepeBe3eHb Pi3Ko najae. I TyT KoedimieHT TOTOBHOCTI
30UTbLIY€ETHCS 3 JOMOMOTOI0 BIIOOPY 0 POOOTH BAaroHiB 3 BEIMKUMH pecypcamu i
BEJIMKUX PE3EPBIB PEMOHTHOTO BUPOOHUITBA, TOOTO KOE(ILIEHT TOTOBHOCTI 3pOCTAE
y pa3i 3HWKEHHS BUTPAT Ha HOTo 3a0e3MeUeHHH.

Ananrarniiina Mojenb (pa3u Kpu3u noOyaoBaHa Ha (PYHKIIOHAIBHIN 3aJI€KHOCTI
TOTOBHOCTI TMapKy pyXOMOTO CKIaaxy — k' 3a0esmedyBaTd TpaHCPOPMALiO

00JIIKOBOTO CKJIady MapKy J0 HACTaHHS KPM3H — n,, Y PoOOumii napk (asu Kpusu n,
3a KpUTEpIEM MaKCHUMAaJbHOTO 3aJIMIIKOBOTO pecypcy R, PpyXOMOro ckiany, IO
TIEPEBOAUTLCSA 31 CTaHy 7, B CTaH n,

k: =f(”pK); ”pK :(ilnc_zlanin]' (1)

Akmo pyxoMuid CKJIaJ MpompaiioBaB OE3MEepepBHO Yac o, TOJl CepeaHii
3aJIMILIKOBUN PECYPC:

T P(x)dx

z _ 2
@) )
11e P(x)- MOBIpHiCTH 6€3BiIMOBHOT POOOTH TPAHCIIOPTHOI OJUHUII TIPOTITOM Yacy X

R(a)

Apanraiiiina MoJelib TOTOBHOCTI MapKy — k” 3a0e3nevyBaTH JIOTiCTUYHI
noToku y a3l gempecii moOyaoBaHa Ha 3aKOHOMIPHOCTI TeOpii MPOCTOro
BIIHOBIEHHS, a caMe TpaHC(opmalii mapKy n, B poOOYMH IapK n, 3a PaxyHOK

3aMiHM TPAHCHOPTHUX OJUHHIIb, 110 BHUOYBalOTh uyepe3 (i3MUHE CTapiHHS,

ISSN 2567-5273 111 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1 ﬁw
n D n D
> n HOBUMH D .n, , N> n = n,
i=l1 i=l1 i=1 i=1
n D
D _ D). D _ X
k! —f(np),np =n, —ZnC+ZnH, 3)
i=1 i=1

n.(0)=n .0+ [vle—o)F (e, @)

ne F.(t) — QyHKUis po3MOAiMy TPHBAJIOCTI Nepiofgy MO BiJHOBIEHHS; v(i—7) —
IHTEHCUBHICTh BIiIMOBH 3a MPOMDKOK dYacy (r—r); r— Yac, MPOTITOM SIKOTO

BU3HAYAETHCS YUCIIO CITUCAHUX TPAHCIIOPTHHUX OMHHUIIb.
Mopenb amanTariii TOTOBHOCTI mapky — k2", ska 3a0e3mneuye MaTepiaTonOTOKH

y (hazax mokBaBJeHHS Ta MiAKOMY, OOy I0BaHA HA IPUHIIMIAX TEOPli pO3MIUPEHOTO
5 D 1 o IT
BITHOBJIEHHS, a came TpaHc(opmanii mapKy »,)B po0o4l mapku »; Ta n, . Jlas mporo

Hopsii 13 3aMIHOI0 TPAHCIOPTHUX OJMHUIlG, IO BHOYBAIOTh BHACIIIOK CTApIHHS,
BBOJIUTHCS JIOAATKOBA KUIBKICTh, fSKa PO3PAXOBYETHCS PIMICHHSAM PEKYPESHTHUX
pPIBHSHb 13 3MIHHMMH KoedillieHTaMu  7,,...,r,, 110 BPaXOBYIOTh 3POCTaHHS

BaHTAXKOTIEPEPOOKH :
kon :f(ng’n); not =n) +an’” . (%)
i=l

Mogens aganTUBHUX pIlIeHb 3a0e3MedYeHHsT HeOOX1AHOTO piBHS KoedimieHTa
TOTOBHOCTI, SIKMI 3aJI0BOJIbHSIE BUMOTaM OCOOH, sIKa MPUAMAaE PIllIeHHS JJIs KOXKHOT
dazu eKOHOMIYHOTO (MPOMHCIIOBOTO) IMKIY, OIMUCY€E 3aJEXKHICTh KUIBKOCTI
TPAHCIIOPTHUX OJMHHULb y MApPKy 3aJIEKHO BiJ BAHTAXKOIOTOKY 7, = f (0) s KOXKHOT

¢asu mmky i =(K,D,0,I1)i Tomi, 3rigHo 3 3anexHocTsmu (1-5) crim, mo cucreMHa
pobova MoJieh TeHepallii TOTOBHOCTI PYXOMOTO CKJIaly BUTJISIIAE TaK:

= PRI, )2 KPSAT,im, = £(0)0~(K.D.O.1)
i=1 Jj=1
J

n n (6)
kP zf(nf); nf = nf —ch +ZnH
i=1 i=1

n
on _ omn\. _omn _ D o1
k; —f(np ), n,=n,+ E n,
i=1

Peanmizamis Mopeni, 1i mepeBipka ajii YMOB METalyprifHOro MiANPHEMCTBA
IPYHTY€TbCS Ha TpOIECi BU3HAYCHHS TMOKAa3HUKAa KoedillieHTa TOTOBHOCTI
CepeIHbOCTATUCTUYHOT OJIMHUIII pyXoMoro ckiany. [Iporec 11 GyHKIIOHYBaHHS — 1€
BUIAJAKOBHI MpoIlec y Yaci 3 00MEeKEHOI0 KUIbKICTIO MOKJIMBUX CTaHIB S ,,: (n =I1+6
, S; — mpane3gaTHuil cTaH; S; — CTaH MPUXOBAHOI BIIMOBH; S3 — CTaH BIJIHOBJICHHS
micis BiAMOBH; Sy — cTad anoBoro TO, Ss— cTaH MIaHOBOTO aBapiiiHO- BITHOBHOTO
PEMOHTY, Ss— CTaH M03aIIaHOBOTO aBap1iHO-B1IHOBIIOBATIBHHUX OIEpalliil.
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JIist BUpilIeHHs 3aBAaHHS BUKOPUCTAHO arapaT Teopii MapKIBCHKUX IMPOILIECIB.
Hampuknazn, cepenHbOCTaTUCTUYHNI BaroH B yMOBaX MPOMHCIOBOTO TiAIPHEMCTBA
MoOke TepebyBatu B oHOMY 13 mmectu ctaHiB (puc. 1). Ilepexin 31 cTaHy no crany
BiIOYBA€ThCSA 3 I1HTCHCHUBHOCTSIMH, IO BH3HAYAIOTHCS TMOKA3HUKAMM HAJIHOCTI
BaroHa Ta MOKa3HUKaMU SKOCT1 pyHKuioHyBaHHs cucteMu TO.

Ile cTocyeThest Ik IHTECHCUBHOCTEH BIZIMOB A , TaK 1 IHTEHCUBHOCTEH BiJTHOBJICHB
W . STk ipukIIag HaMu BUKOPUCTAHO BUXIIHY 1H(OpMAITliI0 MPO MOKAa3HUKU HAAIHHOCTI
CEepeIHLOCTATUCTUYHOIO BaroHa mignpuemMcTBa [4]. 3akoH po3moAily, IO
XapaKTepU3ye 3MiHY MOKA3HUKIB HAJAIMHOCTI IIbOTO 00'€KTa, BUBHAYEHO B PE3yJIbTaTl
CTATUCTUYHOTO aHaII3y JaHUX 3a IBOPIYHUM MEPIO/I.

Pucynok 1 — I'pad craniB cepeHOCTATHCTUYHOIO BATOHA B YMOBAX

MPOMHUCJIOBOTO MiANPHUEMCTBA
Aemopcvka po3pobka

Pesynbraty anamizy TEOpETUIHHUX POOIT y Tally3i HAAIMHOCTI [5, 6] T03BOJIAIOTH
oXapakTepu3yBaTu OE€3BIIMOBHICTH BaroHa 3a II€M Mepioj] eKCIuTyaTallii 3aKOHOM
rama po3mnojiiy, Bin mmpoko BUKOPUCTOBYETHCS [IJIsI OMTUCY MOCTYMOBUX (3HOCHHX Y
ITUPOKOMY PO3YMiHH1) BiJIMOB, BIIMOB BHACJI1JIOK HAKOITUYEHHsI MOIIKO/KEHb, Yacy
BigHOBICHHA Ta 1H. Ile /03BOJIMT, OOYMCIMTH IHTCHCHBHICTH  BIJIMOB
CEPEIHBOCTATUCTUYHOTO BaroHa IPOMTPAHCIIOPTY TMPOTATOM JIOCHIIKYBaHOTO
nepioy yacy:

& piga
a2 ™

> (€0 exp (=61

ne I'(y) — ramma-dyHkKIis; 7 — mapameTp Gopmu; — napamerp Macurady.

ISSN 2567-5273 113 www.moderntechno.de



Modern engineering and innovative technologies Issue 31 / Part 1 ff

B 1p0My BHMIAAKy iHTEHCHBHICTH BiIMOB Barona nopisHioe A = 7,36 * 10
BIIMOB/TOIMHH.

JIJisi BUUIEHUX IIECTH CTaHIB BaroHa S, (n = 1+6) mpuiitMeMO 1HTEHCHUBHOCTI
BIIMOB OJIM3bKUMHU JO THUX, SIKI 3YyCTpIYalOTbCA B MPAKTULI EKCIUTyaTamii Ta
XapaKTEePU3yIOThCA TMOKa3HUKAMH 1HTEHCHBHOCTI BiIMOB A , Ta I1HTEHCHUBHOCTI
BiJTHOBJICHb Un. Pesynbratn pO3paxyHKy IHTEHCUBHOCTI BIJIMOB
CEPEeNHbOCTATUCTUYHOTO BaroHa MPU MOTO MEPEeXOoji 3 OJHOTO O CTaHy B IHIIUN
(puc. 1) HaBeeH1 HUXKYE:

A, = 7,36+ 107° BigmMoB /4ac, 1,3 = 1,25 - 10 °BigMOB/4ac
A1y = 2,45 - 10 ®BigmoB/4ac, 1,5 = 1,25 - 10~ *BigMoB /4ac, 1,
= 1,25 - 10 *BigMoB/4ac
Ags = 3,43+ 10 ®BigmMoB /4ac, 135 = 3,06 - 10 °BigMOB/4ac

Cran  cepeJHbOCTAaTUCTHUYHOTO  BAaroHy MPOMHUCIOBOTO  MIiANPHUEMCTBA
MpeICTaBICHO 3a AOMOMOroro nudepeHiianbHuX piBHIHb Koamoroposa.

Pimenns piBusinus Kommoroposa BukoHano y makeri Mathcad 3a momomororo
¢yukuii rkfixed. Anani3 orpumanoro rpadika B cepemoBuiii Mathcad (puc. 2)
J03BOJISIE 3pOOMTH HACTYNHUNA BHUCHOBOK: EKCIUTyaTallisl CepeAHbOCTATUCTUYHOTO
BaroHa TPyNH BaroHiB IPOMHUCIOBOTO  MIANPHUEMCTBA, XapaAKTEPU3YETHCA
HACTyTHUMHU TapameTpamu. Hampukian, mUISHKa MTiAIPHEMCTBA OOCITYTOBYETHCS
JBOMA rpynaMu BaroHiB 13 20 0JMHULb KOXKHA, TIpU 1[bOMY 14 BaroHiB nepeOyBaOTh
y pesepBi miei aiunsHku. [lpu excrumyaTanii BaroHa Ha JOCTIKYBaHIM JUISHIN

nporsiroMm ¢t = 32  roaMH  KOeQILUIEHT  eKCIUTyaTaliiiHOi  TOTOBHOCTI
CepeIHbOCTATUCTUYHOTO BaroHy 3HWXKYeThess 3 0,87 10 KpUTUYHOTO PIBHSA Ta
HaOyBae 3HaueHHsS k. = 0,61. Pi3ke 3HWKEHHS eKCIUTyaTamiiHOi TOTOBHOCTI

KOMIIEHCY€ThCS MPAKTUYHO 32 paXyHOK 3aMiHM BaroHiB, BaroHaMu 3 pesepBy. [lane
3HIDKEHHS BHUKJIMKAHO BIUIMBOM KOMIUIEKCY (DaKTOpIB: 3HOIIEHICTIO PYyXOMOTO
cKiany, (i3UKO-XIMIYHUMHU BIIACTUBOCTAMM BAaHTAXy, SIKUH MEPEeBO3UTHCA, 1
3HaYHUMH 00CsSraMu IepeBe3eHb — HampukiIaj 3a 32 TOAMHM Ha MiJIPHEMCTBI
«arJoJOMEHHUMH BEPTYILIKaMI» MEPEBO3UTHCS 10 15 THC. TOHH arjJoMepary.

k. (t)

0,9

P
I
0,5 &
0 32 30 100 150 200 t, qac
ken - MisiMansHe 3HavEeHHT KOEqiLiERTY MO TOBHOCTI

Pucynok 2 — Koedinu€eHT roroOBHOCTI BAarOHa B yMOBaX IIPOMMCJIOBOTO
NiINPUEMCTBA
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B yMoBax (yHKIIOHYBaHHS BaroHHOrO TOCHOJAPCTBA  MPOMMCIOBUX
HiANPUEMCTB TUMYACOBUN MOKA3HUK, SKUH XapaKTepu3ye€ MIDKPEMOHTHHUH Mepiof
eKCIUTyaTarlii BaroHiB CTAHOBUTH 48 TOAWH, IO € BUIIUM 33 PO3PaXyHKOBHH ¢ = 32
roguau. OTpuMaHi pe3yJbTaTH [03BOJISIIOTH 3pPOOMTH BUCHOBOK IPO BHUCOKHIA
CTYMiHb 3HOCY BaroHiB Ta HEOOXIAHICTH 3aXOJIB 3TIHO 3 3aMPONOHOBAHUMH HAMH
piIIEHHSM.

BucHoBkmu.

@akTUyHUN CcTaH Ta aHami3 (QYHKIIOHYBAaHHA BAaroHHUX TMAapKiB JO3BOJISIE
3pOOUTH BHUCHOBOK MPO TE€, IO OCHOBOIO HOBHX METOJIIB Ta HOBOi Opradizaii
3a0€3Me4YeHHs] TOTOBHOCTI BAaroHIB MPOMMCIOBOTO TPAHCIOPTY MIAIPUEMCTBA €
BUKOPUCTAHHS MOJIEJI1 TeHepallii Ta CUCTEMHU 3aXOiB IS [UKIIYHOI Ta CUTYaI[iiHO1
(UMKIOCUTYallHOT) ajanTamii 10 3MIH  30BHIIIHBOTO Ta  BHYTPIIIHBOIO
€KOHOMIYHOTO CepeJOBUIIA POMUCIOBOIO MiANPUEMCTBA.
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Abstract. A model of adaptive solutions for ensuring the readiness of rolling stock for each
phase of the economic cycle is proposed, which allows you to manage the number of transport units
that provide freight flows in the phases of crisis, depression, revival and economic recovery. The
problem lies in the management of rolling stock, the need to make decisions in the conditions of
cyclical dynamics of economic processes, in the need to develop adaptation methods and
mechanisms for managing the operation of rolling stock parks of industrial enterprises. he analysis
of well-known research and publications made it possible to formulate a new task of managing the
readiness of industrial transport wagons, the model of which is based on the generation of a system
of measures for cyclical and situational (cyclosituational) adaptation to changes in the external and
internal conditions of the environment in which industrial enterprises operate. Ensuring the
operational readiness of rolling stock of enterprises is characterized by its technical characteristics
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and, first of all, its reliability and the technology of ensuring the quality of restoration works. As a
mechanism for generating a system of measures for the readiness of rolling stock of industrial
transport in the phases of the economic cycle, an adaptation model is proposed, which provides for
the consistent provision of the level of phase readiness, the value of which is set by the person who
makes the decision. The actual state and analysis of the functioning of wagon fleets allows us to
conclude that the basis of new methods and new organization of ensuring the readiness of industrial
transport wagons of the enterprise is the use of a generation model and a system of measures for
cyclical and situational (cyclosituational) adaptation to changes in the external and internal
economic environment of an industrial enterprise.

Key words: fleet readiness management methods, rolling stock, economic cycles, adaptation
model, transport processes, readiness factor, economic processes, residual resource.
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Anomauia: B pobomi HasedeHi pe3yivmamu eKCNePUMEHMANbHUX OO0CHIONHCEHb MIYHOCMI
OEeMmoOHHUX 3PA3Ki6 3 KOMHO3UMHOI CKIONIACMUKOB0I0 | 6A3ANbMONIACMUKOBOI0 ApMAmMypolo HA
0CbOBULL CMUCK NPU PISHUX 3HAYEHHAX Koepiyienmy apmysanHs i miyHocmi bemony. Bcmanoeneno,
Wo pYUHY8aHHA 3pA3KI6 HOCUMb KPUXKUL Xapakmep, 1 Hnpu Koepiyienmax mno3008%4CHbO20
apmysanns 6 medcax 0,02.. 0,023 i miynocmi 6emony 16,5 Mlla i 27,8 Mlla 36inbwenns miynocmi
3paskie Ha ocvbosuti cmuck ckaano 12,3...21,9%. Ilpu yvomy po3paxyHko8i 3HAUeHHs MIiYyHOCMI
KOMNO3UmMHOI apmamypu Ha cmuck npu pyunysauui ckaaoaiu 0,327...0,350 6i0 mumuacosozo
onopy komnozumuoi apmamypu. OCmaHue 00380718€ PO32NA0AMU MONCIUBICIb 8PAXYBAHHSA POOOMU
KOMHO3UMHOI apMamypu Ha CMUCK 3 NPUHAYEHHAM 8I0N0BIOHUX 3HAYEHb ONOPY NPU NPOEKMY8AHHI
KOHCMPYKYIUL.

Knwuoei cnosa: xomnosum, apmamypa, CKIONIACMUK, OA3QTbMONIACMUK, MIYHICMDb,
DPVUHYBAHHS, CIUCK, HANPYHCEHHSL.

Beryn

VY cyudacHiil CBITOBIM OyaiBeIbHIN MPAKTHUIIl BCE OUIBIIOTO MOIIMPEHHS HA0yBae
KOMIIO3UTHA HEMETajJieBa apMmaTypa, OJHIEI0 3 TOJIOBHUX IEepeBar SKOi € OuIbII
BHCOKa KOpPO3iifHa CTIKICTh B MOPIBHSIHHI 3 TPAJAULIHHOIO CTAJIEBOIO apMaTypoIo.

Komno3utHa HemeTaneBa apMartypa siBjsie CO000I0 OCHOBHHM HECyUuil CTEPXKEHb 1
30BHIIIHIN 1Iap, II0 YTBOPIOE NepioanyHuid npodias apmatypu. Hecyuuii crepkeHb
CTBOPIOETHCS TJIAAKUM MpoQuIeM 3 TOHKHX BOJIOKOH CKJa, 0a3anbTy a0 IHIIUX
MatepiaiiB aiaMeTpoM S... 20 MKM, KU MTPOCOYECHUN CTIOTYYHOI0 TEPMOPEAKTHBHOIO
cMmoJioro (rractukoMm). KoMmosutHa apmatypa BUPOOISETHCS MyNTPY31HHUM METOJ0M
— NIISIXOM TIPOTATYBAaHHS BOJIOKOH, MPOCOYEHHMX CIOIYYHOI) PEYOBHHOIO, Hepes3
dopMytody mMaTpullo ab0 METOAOM HIATPY3il — 6e3 BukopuctanHsa marpuil. [Ipodinb
NEePIOIMYHOTO TOMEPEUHOro Mepepizy (HOpMyeThbCs NUIIXOM BIABIIOBaHHS OOB'S3KU
O0OMOTKHM B 30BHIIIHIN (popMyBaibHUM map ab0 HUISIXOM CHIPAIBHOIO HAMOTYBAaHHS
HECY4YOTro CTPIKHS OOB'S3YBaJbHUM JDKIYTOM. THMYacOBHiA OIip KOMIIO3UTHOI
apMaTypH, B 3aJIEKHOCTI BiJ] TUIy BOJIOKOH HECYUOTO CTEpXHS — CKJIa, 0azalbTy,
ByTJens abo apaminy, ckiagae 600... 4000 MIla, mogyns npyxHocti — 50..130 I'Tla
BifHOCHE TOMOBXkKEHHs Ticis pospuBy — 2,0..4,0 %, minericts — 1,40...2,80 1/M°.
Apmarypa XapaKTepH3Yy€eThCsl JIHIMHOIO 3alIeKHICTIO HampyXeHHs-aegopmanii 1 3
KPUXKHM PYHHYBAHHSM 3pa3KiB Ipy BUIPOOYBAHHIX HA PO3TAT.

[IpoBeneHi 10 UBOTO 4Yacy €KCIEPUMEHTaJdbHI JOCHIDKEHHS Yy Tays3i
KOMITO3UTHOI apMaTypH BKJIIOYAIH B ce0€ TOCTIKEHHS] MEXaHIYHUX XapaKTePUCTUK
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B TOMY YHCII iX 3MIHM Yy 4aci, 34eIUICHHSI apMaTypu 3 0€TOHOM, JOBrOBIYHOCTI IIPH
eKCIUTyaTarlii y pi3HUX CepPEeIOBHINAX, BKIIOYAIOYN arpeCUBHI, MIITHOCTI, )KOPCTKOCTI
1 TPIIIUHOCTIHKOCTI OETOHHUX KOHCTPYKIIM 3 KOMIO3UTHOIO apMaTyporo Ta 1HIIIL.

PazoM 3 TuUM, KUIBKICTh €KCIEPUMEHTAIBHUX JOCHIPKEHb MEXaHIYHHX
XapaKTePUCTUK KOMIO3UTHOI apMaTypH MpU CTUCKY € BEIbMH OOMEXEHOIO, B SKUX
30KpeMa BCTaHOBJIEHO, IO MIIHICTh KOMIIO3UTHOI apMaTypyd Ha CTHUCK 3HAYHO
MEHIIIe ii MIITHOCTI Ha po3Tir 1 Moxe ckianae Big 10 1o 50% BiAMOBIIHUX 3HAYCHD,
3aJIEKUTh BHJY BOJIOKHA, HOTO 00’€MHOI J0JIi, THUIy CMOJH, PO3MIpPIB 3pa3KiB 1
MeToay BuIpoOyBaHb[3], pyHHYBaHHA 3a3BMYail MNPOXOAUTH B  HACIIAOK
MIKpPOBHITYYiBaHHS a00 TMEpEeKpydyBaHHS BOJOKOH HECYYOTrO CTEpHS y Mexax
MaTpulli, TakoX MeHmUM Ha 15-20% € 1 Moayib MNPYKHOCTI MPU CTUCKY Y
MOPIBHSHHI 3 MOJYJIEM MPY>KHOCTI IpH po3tary [1, 2, 3].

VY 3B’S3Ky 3 LUM, NpPU MPOEKTYBaHHI KOHCTPYKIINA MILHICTh KOMIO3UTHOI
apMaTypu Ha CTHCK HE BpaxoByeThcs B3aranmi [1, 2, 3, 4, 5], abo mpuitmaroTbes ii
oOMekeH1 3HaveHHs, sk 100 MIla 1 130 MlIla, BigmoBigHO, IS KOMIIO3UTHOI
apMmaTypu 3 MilHIcTIO Ha po3Tsiar 600 MIla 1 800 MIla [6].

B Toif xe yac, 3Bakaroud Ha T€, L0 JUIsl BU3HAUYEHHS MIITHOCTI KOMIIO3UTHOI
apMaTypu Ha CTHCK BUIPOOYBAIMCh OKpEMi 3pa3Ku apMaTypy 3 CITiBBIIHOIIECHHSAM
TOBXUHM 10 miamerpy 1:1 abo 1:2 1 ix pylHyBaHHS BiIOyBajoCs BHACIIIOK
MIKPOBHUITYYiBaHHS BOJIOKOH HECYYOTO CTEpHS y MEXKax MaTpulll, JOIUIbHO Oyio O
BHU3HAYATH MIIHICTh HA CTUCK Ha 3pa3kaxX KOMIIO3UTHOI apMaTypH, po3TalllOBaHId y
O€TOHI, KM CTpUMye€ mornepeyHi aeopmariii BOJOKOH (MIKPOBHUIIYYIBaHHS), LIO
BIJIMIOBIJIA€ pOOOTI apMaTypH y peaibHUX KOHCTPYKIIISX.

OCHOBHUI TEKCT

I{s poGoTa mpuCBAYEHA EKCIEPUMEHTAIBHUM OCIIHPKEHHSAM IO BHU3HAYEHHIO
MIIIHOCT1 KOMIIO3UTHOI apMaTypu Ha CTHCK Ha MIACTaBl pe3yJibTaTiB BUIPOOYBaHb
OCTOHHUX 3pa3KiB 3 apMaTypoOl0 Ha OCbOBUM CTHUCK. Y SIKOCTI BapiiioBaHUX (DaKTOpiB
IpUMaIKCs MIITHICTh OETOHY Ha CTUCK 1 KOS(IIIEHT MO310BKHBOTO apMyBaHHSI.

VY skocTi fmocmigHUX OynaM MPUMHATI OETOHHI 3pa3ku (MPU3MH) KBaJPaTHOTO
norepeuHoro nepepizy pozmipamu 100x100 MM 1 qoexkuHOI0 400 MM.

JIs MO3A0BKHBOTO apMyBaHHs JOCIIAHUX 3pa3KiB OyJu BUKOPHUCTaHI CTaJIeBl
apMaTypHl CTepxH1 mepioguyHoro mnepepidy kimacy AS00C miametpoM 16 mwm,
CTEepKHI 3 CKJIOIJIACTUKOBOI apmaTtypu jgiametpoM 16 MM kimacy ACK600 1
OazanpTomuiacTiukoBoi apmarypu kiaacy ABK 600 miametpom 12 mm [6, c. 9].
KoedimienT no3noBxHKOT0 apMyBaHHs 3pa3kiB ckiaaas 0,02-0,023.

Beworo Oyno BumpoOyBano 27 3paskiB, siki Oymw momaiieHi Ha 2 cepii (I 1 1) B
3aJI©KHOCTI BiJl MIITHOCTI OETOHY Ha CTHUCK, BiamoBimHo, — 27,9 MIla i 16,5 MIla. B
Mexkax cepii 3pasku 3 apmaryporo kimacy AS00C, kmacy ACK 600 i1 ABK 600
MO3HAYANMCA JITepaMu, BIAMOBITHO «S», «G» 1 «By. EtanonHi 3pasku (6eToHHI pU3MH
0€3 MO3I0BKHBOT0 aAPMYBaHHs1) MO3HAYATUCS JTITEPOrO «Cy.

Ckian excnepuMEeHTAIbHUX JIOCHIPKEHb HaBeAeHW B Tabiuii 1, cxemwu
BUMNPOOYBaHHSI1 apMyBaHHS JOCHIJHMX pa3KiB - Ha pucyHky. 1. VY mporeci
BUNPOOYBaHb (hIKCYBAIUCS PyHHIBHE HABAHTAXKCHHS 1 BUJI pyHHYBaHHS 3pa3KiB.

3pa3ku BUNpoOyBaynch y Bili 28 Ai6. BunpoOyBanus npooauiucs Ha npeci 11-
125, sxuii OyB 00JIaIHAHUIN E€JIEKTPOHHUM AUHAMOMETPOM. 3pa3KH 3aBaHTAXKYBaJIH
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Oe3mepepBHO 31 MIBUIKICTIO, 110 3a0e3meuyBaja 30UIbIIEHHS PO3PaxXyHKOBOTO
HampyXeHHss B 3pa3kax B Mexax 0,6 + 0,4 Mlla/c 1 goBogunu 10 TOBHOTO
pyiinyBaHHs Yac BUnpoOyBaHb 3pa3ka /10 pyHHyBaHHS CKJIaAaB 4-7 XBUJIMH.

Taoauus 1 - Ckiajx eKCriepuMeHTAJIbHUX JOCTIIKEHD

Cepis | Mapka | MiuHiCTh [To3noBxue Koedimient Kinekicts
OeTOHY apMyBaHHS, MMO310BXKHLEOTO | JOCIIIHUAX
Ha CTHUCK, A 1 apMyBaHHS, 3pas3KiB,
MlIla Dr IIT.
I I-0 27,9 — 0 3
I-S D16 A500C 0,02 3
I-G ?16 ACK600 0,02 6
I-B 2012 ABK600 0,023 6
II I1-0 16,5 - 0 3
I1I-G 016 ACK600 0,02 6
I 1 T 1
' |} L
\H},P ]2 o2
¥ N NP 74
| / | AT
S | gl 1T
< I < L
I L
| L
I L
| ]
\ | N
N 3 2
S | o =
N % \
,100 |,

Puc. 1 - Cxema BunpoOyBaHb (2) ikOHCTPYKILisi AOCTiIHUX 3pa3KiB PpH
po3MileHHi 01HOTO (0) i ABOX (B) CTEP:KHIB apMATypPH y NONEePEeYHOMY Mepepisi;
1 — 6emonna npusma; 2 — cmepiceHv (CMepI’CHI) KOMNOZUMHOL apmMamypu

3a pe3ynapTaTamMu BHIPOOYBaHb OOYMCIIOBAINCS HAMPYXKEHHS Yy TO3I0BKHIN
apMaTypi Ha cTajii pyHHyBaHHS 3pa3ka 3a YMOBHM CYMICHOI poOOTH apMmaTypu 1
OCTOHY Ha BCIX eTalax HaBaHTaXEHHS. BUXOAs4u 3 1[bOT0, HANIPY>KEHHS B apMaTypi
obuuncoBanucs 3a GopMyJIok:

Pu_(Ac_Afc)fc
= 1
ch Afec (1)

Ne Oy, — HAPY)KCHHS B apmarypi;
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P, — pyiHiBHE HABaHTAKCHHS,

Ac

— TUIONIA MOMEPEYHOro Mepepizy 3pa3kKa;

Ag, ~ IUIOLLA NOTNIEPEUHOrO nepepizy apMaTypu 3paska;

f, — MILHICTH OETOHY 32 pe3yJIbTaTaMu BUIPOOYBaHb OCTOHHKX 3pa3sKiB (MapKu

[-0 1 11-0, Tabmn.1).

B pe3ynbTarti mpoBeaeHuid TOCTIKEHh BCTAHOBIIEHO, 110 PyHHYBaHHS 3pa3KiB 3
KOMITO3UTHOIO apMaTypol0 HOCUTh KPUXKHUM XapakTep 1 HE BIAPIZHAETHCS BIJ
pyHHyBaHHs[ 3pa3KiB 3 METAJICBOIO apMaTyporo. PesyanaTH EKCTIEPUMEHTAITLHUX
JOCITITKEHb — pyHHusHe HABAHTAKCHHSA 1 pospaxyHKosl 3HAYCHHS HANpPY>XEHb B
MO3IOBXKHIN apMaTypl OCHITHUX 3pa3KiB MPU pyrHYBaHHI, 00YUCIICH] 32 POPMYIIOI0
(1), nHaBeneni B TabuIli 2.

Tabauua 2 - Pe3yjbTaTHEeKCIIEPUMEHTAJIbHUX T0CHIIAKEHb

Cepis | Mapka PyiiniBHe Cepenne Hamnpy:xeunns B Cpenne
3pa3ka | HaBaHTaXCHHS 3HAYCHHS apmarypi, 3HAYCHHS
P, pyHiHIBHOIO HAIPYKEHHS
HaBaHTAKECHHS O, B apMaTypi
Pu,med, Ofc,med
kH kH Mlla MlIla
1 2 3 4 5 6
[ I-0-1 304
1-0-2 265 278.,6 — —
1-0-3 267
I-S-1 356 413,3
I-S-2 384 377,69 549,9 520,8
I-S-3 393 598,7
I-G-1 312 194,0
I-G-2 315 208.4
I-G-3 306 164,5
1-G-4 312 312,29 1937 1957
I-G-5 317 218,1
I-G-6 312 193,7
I-B-1 316 192,7
I-B-2 339 296,8
I-B-3 316 192,7
I-B-4 314 320,05 184,0 2101
I-B-5 315 188,3
I-B-6 320 2122
II 11-0-1 169
11-0-2 168 164,67 o —
11-0-3 157
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I-G-1 202 202,1
I-G-2 201 197,2
1-G-3 190 142,5
[1I-G-4 210 200.83 241,9 196,3
I1-G-5 210 241,9
[1-G-6 192 152.,4
BucHoBku

VY3aranbHEHHs, CUCTEMaTH3Aallis 1 aHaJ3 pe3yNbTaTiB MPOBEACHHUX JAOCTIIKEHb
J03BOJISIFOTH 3p000TH TaKi OCHOBHI BUCHOBKH.

[To310BXHE apMyBaHHSI CTAJIEBOIO 1 KOMIIO3UTHOIO apMaTypoOrO MPU3BOJIUTH 0
30UIBIIICHHST MIITHOCTI OCHOHHMX €JIEMEHTIB IIpU IETPAJbHOMY CTHCKY. Tak,
MO3JIOBXKHE apMyBaHHsSI CTajeBol apMaryporo kiacy AS5S00C mpu BiANMOBITHOMY
koedimienTi 0,02 npu3BOAUTH 10 301IBIIEHHS MILHOCTI MIPU LIEHTATPATLHOMY CTHCKY
Ha 35,6%.

B Toii e wyac, mpu pemTi pIBHUX YMOB, apMyBaHHS KOMITO3UTHOIO
CKJIOTUIACTUKOBOIO 1 0a3aJIbTOIIACTUKOBOIO apMaTypOIO 3 OUIBIIMM KJIaCOM MII[HOCTI
Ha po3Tiar - ACK600 1 ACK600 npu3BOAUTH /10 3HAYHO MEHIIOTO 30UIbIICHHS
MIIIHOCTI TIpU IIEHTPAILHOMY CTHCKY, BiAmoBigHO Ha 12,3 % mpu koediiieHTi
apmyBanHas 0,02 1 14,9% npu xoedimienti apmyBanas 0,023 (ta6n.2, cepis I). 3i
3MEHIIIEHHSIM MiIHOCTI Oetony 3 27,8 MIla mo 16,5 MlIla, six 1 04iKyBaioCh, BIICOTOK
30UTBIIIEHHS MIIIHOCTI €JIEMEHTIB TMpU apMyBaHHI KOMIIO3UTHOIO apMaTyporo
30UTBIITYBaBCA — Yy MpoBeAeHuX gociinax 3 12,3 % mo 21,9% (tabn.2, cepis II).

Po3paxyHkoBe 3Hau€HHs HaNpy>XeHb Yy CTaJeBi apMaTypi Npu PyWHYBaHHS
ckaano 520,8 MIla, n1o BiANOBIAAIO MIITHOCTI apMaTypH Ha CTUCK (PO3TAT).

Po3paxyHKoBe 3HA4YeHHS HaNpyX eHb Y KOMIIO3UTHIM CKJIOMJIACTUKOBOM 1
0a3aJbTOILNIACTUKOBOM apMarypl Ha cTajii pyHHyBaHHA ckiagaino 196,3...210,1
Mlla, mo sBignosigaso 0,327...0,350 Bii TUMYacOBOrO OMOPY KOMIIO3UTHOT
apMaTypHu.

TaxuM yrHOM, MIIHICTE KOMIIO3UTHOI CKJIOIIJIACTHKOBOI 1 0a3aJIbTOINIACTUKOBOT
apMaTypu Ha CTUCK Yy O€TOHHOMY MACHBI BHIIE HDXK NPU BUIPOOYBAHHI OKPEMUX
CTPE’KHIB, aJIe BCE X TaKh He nepeBunlye 35% BiJi TAMYACOBOTO OMOPY KOMITO3UTHOI
apmatypu. Ha 1ie 3HaueHHs, micis MpPOBEJEHHS JOJATKOBUX EKCIIEPUMEHTAIbHUX
JOCITIPKEHb 1 BBEJICHHS BIJMOBIAHOTO KoedillieHTa HAAIWHOCTI, y TOJAIBIIOMY
MO>KHa OpP1EHTYBATHUCS TIPU MPOEKTYBAHHI KOHCTPYKITIH.
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Abstract. Fiber reinforced polymer (FRB) bars, which is increasingly used in construction
practice, has, first of all, a higher corrosion resistance compared to traditional reinforced steel bars.
Experimental research carried out so far in the field of properties of (FRB) bars included the
research of mechanical characteristics, including their changes over time, adhesion to concrete,
durability during operation in various environments, including aggressive ones, strength, rigidity
and crack resistance of concrete structures with (FRB) bars and others. At the same time, there is
little research on the compressive strength of (FRB) bars in concrete structures.

This paper presents the results of experimental studies of the axial compressive strength of
concrete samples with glass-polymer and basalt-polymer (FRB) bars at different values of the
reinforcement coefficient and concrete strength. It was found that the destruction of samples is
fragile, and with longitudinal reinforcement coefficients within 0.02.. 0.023 and concrete strength
of 16.5 MPa and 27.8 MPa, the increase in axial compressive strength is 12.3... 21,9%. At the
same time, the calculated values of the compressive strength (FRB) bars at fracture were 0.327...
0.350 of the tensile strength, which allows us to consider the possibility of taking into account the
compressive strength of (FRB) bars in the design of structures.

Key words: polymer, fiber, reinforcement, bars, glass-polymer, basalt-polymer, strength,
fracture, compression, stress.
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Abstract. This article investigates the ecological aspect of forming a network of sports and
leisure complexes within the structure of a modern city. It has also identified techniques for forming
these complexes within a city's green spaces. Additionally, the main elements of the network of
sports and leisure complexes and their principles of integration into the "ecological framework" of
a city have been determined. These elements and principles can be used for planning and
developing various cities, contributing to the creation of a more sustainable and environmentally
balanced environment.
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Introduction.

The consequences of ongoing urbanization include not only economic
development and technological progress but also a range of negative phenomena.
One of the negative aspects is the deterioration of both the physical and mental health
of urban populations [1, p. 82], which suffer from hypodynamics and lack of physical
activity. The comfort of urban conditions reduces the levels of physical exertion in
both occupational and domestic settings, leading to a deterioration in the functioning
of all physiological systems of the body. Therefore, the increasing interest in an
active lifestyle among city residents and the growing significance of the environment
for sports and leisure activities should be considered a natural process.

In this study, sports and leisure complexes (SLCs) are considered as a collection
of physical activity facilities that urban residents. These complexes which vary in size
and equipment, are located in parks, gardens, squares, boulevards, and riverfronts,
which tend to be close to residential areas (Fig. 1-3). Each SLC includes a different
set of sports grounds designed for such types of physical activity as panna football,
streetball, bodyweight workouts, CrossFit, skateboarding, BMX, and parkour. These
complexes, along with pathways for pedestrians and cyclists connecting various
locations within these complexes and residential areas, form a network of sports and
leisure complexes. This contributes to the promotion of an active lifestyle and the
development of sports communities in the city. Thanks to the accommodation and
accessibility of these complexes in different areas of the city, residents have the
opportunity to more fully utilize their potential for physical development and engage
in a healthy lifestyle [2].

Thus, the SLC network is defined as a special functional type of urban space. It
is an important component of the urban environment that contributes to its
humanization, and spatial integrity, as well as the health improvement and increased
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social activity of the population. SLCs play a special role in satisfying the needs of
urban residents to realize their creative potential and self-actualization during leisure
time. Their functions encompass physical exertion, restoration of various resources
(physical, spiritual-intellectual, energetic, and psycho-emotional), as well as
enhancing informal communication among the population, fostering social cohesion
[6, p. 74]. The importance of supporting these life processes is emphasized in the
concepts of sustainable urban and community development [7-9]. Furthermore, the
organization of the SLC network is an essential aspect of shaping an attractive urban
environment.

D

Figure 3 - Sports and

Figlire 1 -JS'ports and

leisure complex in the leisure complex in the leisure complex on an
structure of Ambleside  structure of the Youth empty industrial site,
Park, West Vancouver, Park, Kharkiv, Lemyvig, Denmark.
BC, Canada. Ukraine.
A source: [3] A source: [4] A source: [5]

It can be argued that in the post-war period, the need for recovery and
development of sports and leisure environments in Ukrainian cities will increase.
Therefore, questions of rational placement of elements of the SLC network, their
effective utilization and accessibility, as well as ensuring comfortable parameters of
the physical activity environment, become relevant. The latter is especially important
in the context of climate change [10, p. 9]. The harmonious combination of artificial
and natural components in the formation of the SLC network will contribute to
addressing the ecological problems of the modern city.

The research hypothesis consists of the assumption that integrating elements of
the SLC network into the "ecological framework" of a city (taking into account their
anthropogenic load) will ensure an increase in the effectiveness of its operation.

In this study, the "ecological framework" of a city is defined as a set of
geosystems (both natural and artificial) that perform specific ecological functions
within the urban territory [11, p. 33]. It includes natural areas (e.g., forests, natural
river valleys, and streams), landscaped areas (e.g., parks, gardens, boulevards, and
squares), as well as landscaped areas of public, industrial, and communal facilities
[12].

The purpose of the work is to study the ecological aspect of forming the SLC
network within the structure of the modern city. The main focus of the study is aimed
at determining the techniques and principles for integrating elements of the SLC
network into the "ecological framework" of a city.
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To achieve the research objective, the following tasks were consistently solved:

- analysis of scientific and practical experience in shaping locations for sports
leisure within the structure of urban green spaces;

- identification of elements of the SLC network recommended for placement
within the structure of urban green spaces;

- determination of principles for integrating elements of the SLC network into
the "ecological framework" of a city.

Analysis of research sources and recent publications.

Works that consider the variety of functional content of green areas in a city and
the conditions for their rational use, including for sports leisure, are important for this
study.

A study by Lee et al. points out that in studying the use of urban green space, it
i1s important to consider not only its characteristics such as accessibility, quality,
availability of amenities, attractiveness, and safety, but also its functionality. The
local community uses the green space for various types of activities, whether for
physical exercise or socio-cultural events. However, it is the functionality of the
space that determines the practical benefit it can provide [13]. A study
by Vernihorova that the effectiveness of park facilities' functioning and the opening
of new horizons in these areas depend on solving several problems: maintaining park
ecosystems as they provide recreational and cultural opportunities; the presence of
appropriate program support for urban parks in their activities; increasing the rating
of parks in the lives of residents; attracting additional funds and interested people;
and creating new parks that will satisfy all categories of residents [14, p. 73].

In 2009, the municipal government of Copenhagen proposed an action plan
called "Pocket Parks, Trees, and Other Green Spaces," which focused on integrating
public spaces with urban landscape planning. This increased access to green public
spaces emphasized their physical and environmental benefits and therefore changed
the land use model [15; 16]. Scientific studies also emphasized the necessity of
ensuring equal access to green public spaces [17]. Research on their spatial
distribution has profound implications for optimizing spatial location and promotion
of sports activities [18; 19]. People living more than 1 km away from green spaces
are less likely to use them for exercise and fitness compared to those living closer
than 300 m [20]. One of the main conclusions of Ribeiro and Nowak is that
differences in urban typology, population density, as well as household conditions,
and socioeconomic data should be key considerations in formulating green space
usage policies [21]. Such a remark becomes one of the main tasks when using a
network approach. It is essential for ensuring equal opportunities in the use of sports
facilities in a city and taking into account the needs of different social groups.

For example, urban parks located in neighbourhoods with low socio-economic
status and outside the central area of the cities such as Helsinki, Berlin, Bucharest,
and Lisbon were structurally less diverse than parks located in the city core [22]. In
the Netherlands, it was found that green spaces in poorer areas are less aesthetically
appealing than in wealthier areas [23]. Additionally, among adult residents, there is a
tendency towards prolonged sedentary leisure (over 3 hours per day), which is a more
common practice in areas with less green space [24].
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Due to the dynamic development of cities, road infrastructure, recreational
spaces, and the necessity to preserve the landscape, newly drafted local spatial
development plans require close cooperation between architects, landscape designers,
gardeners and specialists from many other fields [25]. Together, these studies contain
important aspects for the formation of the SLC network within the structure of cities.

The works of landscape architecture have been highly beneficial for this study,
addressing issues such as the effective distribution of anthropogenic load on green
areas, the selection of natural components to obtain certain effects (including
microclimatic effects), and harmonious combinations of natural and anthropogenic
elements [26-30].

One aspect of anthropogenic impact is noise pollution. Noise, which is one form
of physical (wave) pollution of the environment, can become a significant issue when
integrating SLC into the green spaces of cities. For example, walking is the most
common form of physical activity in natural areas, but jogging is becoming
increasingly common. Joggers move faster and create more noise than walkers,
especially on gravel surfaces. Therefore, wildlife may perceive them as a significant
threat. Scientific studies confirm that land users should regulate not only the type of
stimuli that may disturb wildlife but also the speed of movement in the surrounding
environment [31]. Studies also indicate that plants under the influence of noise grow
more slowly, they have excessive (even complete, leading to death) release of
moisture through the leaves, and may experience cell disruptions. Leaves and flowers
of plants located near loudspeakers die [32]. Therefore, effective regulation and
limitation of noise pollution becomes an extremely important task for landscape
designers and urban space architects.

Methodology.

The research methodology involves an interdisciplinary approach, which allows
the consideration of the integration of SLCs into the "ecological framework" of a city
from different points of view, taking into account both ecological and social aspects.
This approach includes analysis and systematization of scientific works on the
research topic; visual and iconographic analysis to obtain detailed information about
the object of study; comparison of different techniques for integrating sports and
leisure facilities into the urban landscape; development of principles that consider the
preservation of natural ecosystems in the city and avoid negative impacts on natural
elements.

Main text.

Analysis of practical experience in forming SLCs enabled to identification of
their main elements and planning techniques that contributed to addressing the task of
harmonizing natural and anthropogenic components in the structure of the urban
environment.

Thus, in Canadian cities, the infrastructure of sports leisure for urban residents is
developed based on the preservation of the natural environment. For example, SLCs
are located with consideration for preserving the forested area and natural landscape
in Central Park in Burnaby, British Columbia (Fig. 4-6). The area of the recreational
territory is 86.4 hectares. The percentage of greenery is 80%. The interaction of SLCs
with the "ecological framework" involves integrating small sports grounds into the
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natural surroundings. This planning technique promotes a balance between
anthropogenic load and the sustainability of the natural landscape.

In this example, the SLC is represented by an outdoor fitness area consisting of
12 stations equipped with outdoor exercise equipment. They are located at certain
distances from each other along the 2.5-kilometer Trail of Hope. This complex is
intended for a systematic effect on a person's physical condition: maintaining and
supporting optimal cardiovascular functional activity and developing balance,
strength, and flexibility.

The circular graveled route, Trail of Hope, is connected to outdoor fitness circuit
stations which have recycled tire rubberized surface. This creates a unique "ribbon"
type of SLC that is characterized by its branching spatial form, adding a new aspect
to improving the physical training of users. It provides the opportunity not only to
engage in sports but also to explore the natural environment. These locations
highlight the main natural features of its territory to park visitors.

The SLC also includes a cycling route designed for use by pedestrians, cyclists,
joggers, and individuals using wheelchairs. This cycling route significantly expands
the opportunities for physical improvement for various categories of park visitors.
The track runs along the perimeter of the park, forming a 3.5-kilometer loop, and
ends near the Patterson SkyTrain station. It is equipped with a special rubberized
surface that provides optimal shock absorption, and it is also equipped with lighting
systems to ensure comfortable use of the track at night. This creates favorable
conditions for engaging in physical activity in a natural environment, emphasizing
the importance of an inclusive approach.
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Central Park in within the structure of within the structure of
Burnaby, BC, Canada. Central Park. Central Park.
A source: by author A source: by author A source: by author

Another example is Mount Pleasant Park in Vancouver, British Columbia (Fig.
7-9). This Park is located near residential buildings and a school, providing easy
access for youth and school children. The recreational area covers 1.12 hectares. The
functional structure of this park also includes the SLC, consisting of a skateboard
park and streetball courts, as well as a cycling route.

Typically, locating a skateboard park near a residential area causes significant
unintended noise impacts on nearby residents. In this case, it was no exception.
Skateboarding at Mount Pleasant Park was occurring after 10 pm and prior to 6 am,
resulting in significant noise. Independent noise assessments indicated that
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skateboarders at this facility generated noise levels exceeding permitted decibel
levels according to Noise Control By-law No. 6555. As a result, in 2013, an action
plan was developed to reduce noise pollution. Modifications were made to the design
of the skateboard park for this purpose: a 3-meter chain-link fence was installed, and
signs were placed around its perimeter indicating the permitted hours of use (from
9:00 am to 9:00 pm), requirements regarding respect for nearby neighbors and safety
information. The gates leading to the skateboard park are manually locked and
unlocked daily. Practical application results indicate that these measures proved
ineffective. Currently, the operating hours of the skateboard park are monitored by
volunteers who take measures to ensure compliance with the established quiet hours
by youth [33, p. 2].

The percentage of greenery in the park i1s 75%. Green areas containing various
types of trees and shrubs are used both on the periphery of sports and leisure areas
and within them. This leads to several important consequences:

- Greenery creates a natural barrier that reduces the impact of negative factors
such as noise and dust, which may arise due to car parking and the proximity of sites
to the road. This enhances the comfort of park users and maintains the cleanliness of
the natural environment;

- Different types of plants help visually and functionally delineate various
designated areas (e.g., sports, recreation, and playground). This helps effectively
organize the park space and enhances its functionality;

- Using various types of trees, shrubs, and flowers allows for creation of a free
landscape layout. This makes it more attractive and natural for visitors and adds
artistic value to the place.

The bike route runs along the eastern part of the park on Ontario Street. It is a
protected bike lane separated from traffic by physical barriers such as planters, curbs,
or bollards. This approach promotes safe and convenient movement for cyclists and
other route users, avoiding potential accidents with vehicle traffic.

: \\% &
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Figure 7 - Scheme of Figure 8 - Streetball Figure 9 - Skateboard
Mount Pleasant Park in court within the park within the structure
Vancouver, BC, Canada. structure of Mount of Mount Pleasant Park.
Pleasant Park.
A source: by author A source: by author A source: by author

The Culture and Recreation Park along the riverfront in Rzeszéw, Poland (Fig.
10-12), stands out for its diverse opportunities for entertainment and physical activity.
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The total area of the recreational area is 14.08 hectares, with greenery comprising
87% of this area. A defining feature of this area is the presence of the Vistula River,
which forms a significant ecological corridor running through the central part of the
city. This provides convenient access to the park for all city residents.

The green area of the park, located on the left bank of the river, includes the
SLC. This complex consists of a street workout area, skateboard park, dirt park, and
snow park, all compactly organized spatially. Additionally, there are bike routes and
a running track equipped with a rubberized surface, situated along the riverfront. This
creates ideal conditions for relaxation and physical activity in one of the nodes of the
city's "ecological framework" and provides diverse opportunities for residents to
develop their sports skills. The planning organization techniques are subject to the
features of the natural landscape with a picturesque character.

Sports and leisure facilities, such as the skateboard park, dirt park, and snow
park, are strategically separated from residential areas and located adjacent to the
sports complex and parking, mitigating the impact of noise pollution on the
surrounding environment. In particular, the skateboard park, with its special mobile
covering, is an effective facility suitable for use during the winter season. This
technical solution expands the functional range of the facility, which in turn increases
demand for its services throughout the year.

Figure 10 - Scheme of Figure 11 - Street Figure 12 - Dirt park

Culture and Recreation workout area within the near Culture and
Park in Rzeszow, Poland. structure of Culture Recreation Park
and Recreation Park.
A source: by author A source: by author A source: by author

The Urban Park on VDNG in Kyiv, Ukraine is a characteristic example of the
SLC (Fig. 13-15). The recreational area covers three hectares. The Park is located
adjacent to the botanical garden and has good transportation connections with various
districts of the city. This location promotes the development of various sports and
provides opportunities for outdoor activities in a natural environment. The complex
includes a skateboard park, streetball courts, street football courts, street dance area,
street workout area, and parkour area, as well as a 3.5-kilometer long running track
along the forest.

One of the characteristic features of the planning organization of SLCs in
Ukrainian cities is the clustering of sports and leisure facilities in one area. The
planning organization of these complexes predominantly follows a regular pattern.
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Greenery is mainly located around the perimeter, while they are usually absent inside
the area. For example, the Urban Park on VDNG only has 27% of greenery, which
may potentially hurt the microclimatic and aesthetic characteristics of the complex's
environment.

Similar planning techniques for SLCs can be observed in cities like Kharkiv,
Lviv, and Lutsk. This planning technique needs improvement, particularly taking into
account ecological and aesthetic aspects to ensure a favorable microclimate and
convenience for users.

Figure 13 - Scheme of | Figure 14 - The Urban Figure 15 - Panna

Urban Park on VDNG  Park on VDNG in Kyiv, football grounds in
in Kyiv, Ukraine. Ukraine. Urban Park on VDNG.
A source: by author A source: [34] A source: [34]

Another example is the GAME Streetmekka in Esbjerg, Denmark, which
emerged from the reconstruction of a historic railway depot (Fig. 16-18). The area of
the site is one hectare. This modern SLC is designed for the development of street
sports and is accessible all year round. It caters to various age groups. It includes
areas such as a covered transition zone and a skateboard park, indoor and outdoor
streetball courts, a street dance area, and a street art area.

The architectural complex has a circular shape with an open central area. It aims
to stimulate the internal and external activity of visitors. This structure implements
the clustering of sports and leisure facilities on one site while providing a smooth
transition from the architectural structure to the natural environment. Research shows
that the percentage of greenery in this area is 50%, which contributes to the creation
of a harmonious facility. The greenery located between the covered part of the
complex and the central open space serves as a transitional zone and enhances
interaction with the natural surroundings. This adds aesthetic value to the facility and
promotes comfortable use of the space.

Adjacent to the SLC is the construction of Remiseparken, where pathways and
slopes are being formed for a future forest garden. However, its significance lies not
only in functionality but also in its contribution to ecological sustainability. By
minimizing the need for maintenance and simultaneously promoting the removal of a
significant amount of CO2, the project addresses the task of improving environmental
quality and reducing the carbon footprint.

A significant aspect of this project is the municipality's decision to preserve trees
on the site, despite the necessity for soil remediation measures to address site
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contamination. This demonstrates a substantial approach to preserving the natural
environment and biodiversity within urban planning and underscores the importance
of natural resources for sustainable development.
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Figﬁre 13 - Scheme of the Figure 1 - The central Figure 15 -
GAME Streetmekka in outdoor courtyard at Skateboarding area at
Esbjerg, Denmark. GAME Streetmekka. GAME Streetmekka.
A source: by author A source: [35] A source: [35]

Results.
Based on the analysis of practical experience in forming SLCs, elements that are

integrated into the "ecological framework" of a city have been identified. The main

elements include:
- sports and leisure modules. These are specialized areas designed for various

forms of physical activity, including extreme sports;

- sports and leisure routes. These routes are intended for a safe and comfortable
walking, cycling, and jogging to places where visitors can engage in physical activity.
These specialized pathways such as pedestrian, running, and bike lanes connect
different sports and leisure modules and recreation areas;

- recreation areas. These are specially equipped locations designed for rest and
recovery during physical activities and also for picnics or snacks during long
distances. These areas are situated along sports and leisure routes;

- landscaping elements. These include trash bins, benches, changing rooms,
gazebos, bicycle parking, and others, that ensure the convenience environment for
sports and leisure;

- engineering communications elements. These elements include water supply,
sewage, and electricity, which provide the comfort and safety to residents engaged in
sports and leisure activities.

The analysis of planning techniques for the identified elements of the SLC
network within the structure of the city's "ecological framework" revealed that a
significant number of sports and leisure modules have small dimensions (up to 0.01
hectares). These modules include locations with outdoor fitness and street workout

equipment for workout exercises. They are characterized by a flexible planning
structure, allowing for easy integration into diverse green spaces within the city. It
was also found that they have a relatively low anthropogenic impact, which positively
affects the environment. Such playgrounds have environmentally safe surfaces and
can be located under the canopy of trees without causing them harm. It can be
considered that they are harmoniously integrated into the "ecological framework." In
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such an environment, anthropogenic and natural elements form a balanced integrity,
with natural elements often prevailing. It ensures an active functional utilization of
the natural landscape as an integral part of the SLC. They are conveniently located
within the structure of urban gardens, squares, and waterfronts, as well as along
sports and leisure routes that intersect large urban green spaces (parks, forest parks).

Sports and leisure modules designed for street football or streetball require an
area of up to 0.24 hectares and also have a relatively low anthropogenic impact on
green spaces. They can be successfully situated within the structure of urban squares
and parks.

At the same time, for practicing extreme sports such as skateboarding, stunt
scootering, BMX, and rollerblading, large areas of up to 0.63 hectares are typically
required. These modules are limited in planning flexibility due to the need for
specialized elements and architectural solutions for the safe practice of these types of
physical activities. Such types of SLCs, bordering or situated within green areas,
form unique "anthropogenic islands" amid green spaces. There is a limited functional
use of natural components, where their function is restricted to providing a
comfortable microclimate and addressing planning tasks. In this case, it is important
to create planning safeguards to prevent the disruption of the spatial integrity of the
city's "ecological framework" and to align the level of anthropogenic impact with the
characteristics of the natural landscape of a particular site. It is appropriate to located
this type of SLCs in neglected areas (for example, in the context of renovating
neglected industrial sites) and to form green areas nearby to improve the
microclimate and spatial aesthetics.

Recreational areas and landscaping elements can be situated along sports and
leisure routes, as well as adjacent to significant sports and leisure modules, provided
that measures are taken to preserve the natural environment and enhance the natural
components on the site.

The design of engineering communication elements must take into account the
characteristics of the natural landscape.

The integration of elements of the SLC network into the "ecological framework"
of the city is an important task for creating an environmentally sustainable and
functionally efficient urban environment. Based on the work carried out, the
following principles have been identified:

- preservation of the natural environment involves avoiding negative impacts
on ecosystems and preserving ecological corridors when locating SLCs;

- flexibility in planning decisions involves a full consideration of the natural
conditions of the areas where elements of the SLC network are located;

- ensuring accessibility, which involves making SL.Cs accessible to all residents,
regardless of their age, physical condition, or place of residence. This is achieved by
creating convenient pathways for pedestrians and cyclists;

- a balanced distribution of functions which involves offering a variety of types
of recreational activities to meet the needs of all segments of the population. It is
important to balance the distribution of functions and types of leisure activities;

- use of sustainable materials and technologies, which involves using durable
materials and technologies that reduce negative environmental impact and ensure a
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long operational period when developing sports and leisure modules;

- consideration of ecological design, which involves incorporating elements of
ecological design into the formation of sports and leisure modules and recreation
areas, such as using local plants and creating natural barriers to reduce noise;

- monitoring, which involves observing and assessing the impact of
implemented projects on the natural environment and the health of residents.
Monitoring is essential for effective management and maintenance.

Summary and conclusions.

The formation of the SLC network is an extremely relevant and promising
aspect of modern city development. Today's urbanization not only involves shaping
urban infrastructure but also preserving ecological balance, which requires an
integrated approach. This approach should consider the residents' needs for active
leisure, physical activity, and the preservation and support of ecological balance in
urban ecosystems.

This study has identified planning techniques for forming SLCs within the
structure of green spaces, the diversity of which can be classified by various criteria.
Additionally, the main elements of the SLC network that are integrated into the
"ecological framework" of a city have been identified: sports and leisure modules,
sports and leisure routes, recreational areas, landscaping elements, and engineering
communication elements.

Taking into account the modern features of SLC formation, fundamental
principles of integrating SLC network elements into the "ecological framework" of a
city have been derived. These encompass the preservation of the natural environment;
flexibility in planning decisions; ensuring accessibility; using sustainable materials
and technologies; considering ecological design; and monitoring. These principles
enable the determination of the effectiveness of SLC integration into the urban
environment.

Therefore, integrating the SLC network into the "ecological framework" of a
city is seen as a path to sustainable urban development that meets society's needs. The
identified principles of integrating SLC network elements into the "ecological
framework" of a city can be applied in various cities to improve the quality of life for
the population and serve as an important source of information for decision-making
regarding urban environment development and urban planning. Further research
should focus on increasing SLC accessibility for all population groups and refining
integration principles, particularly through monitoring and assessing the impact of
implemented projects on the urban environment and residents' health.

"
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Anomauin: YV yiti cmammi po3210acmvcs KOHYENYisi HCUMme8020 YUKiy apximexkmypHoco
00'ekma ma 1020 8aNHCIUBICIb Y NPOYeCi CMBOPEHH, eKCHIyamayii ma ynpagiints 0yoieeibHuMu
npoexmamu. Aemop pooumv aKyewm Ha BANCIUBOCMI THMe2payii KOHYenyii HCummesoeo YuKiy
ob0'exma apximexmypu y mexnonoeito Building Information Modeling (BIM). /locnioxcernns
no6y0o8ano Ha 00ceidi asmopa wooo 0y0igenvbHol 2any3i YKkpainu, ane 102iKa Hcummeso2o YuKiy
00’ekmy apximexmypu He 3anedcumsv 6i0 ceocpaii ma, HaAgimv, 6i0 0038i1bHOI OA3U pecioHy
peanizayii 06’ekmy.

JKummesuti yukn 00'ekma 6U3HAUAE NOCHIO0BHICMb emanie, uepe3 AKi NPOXOOUmb
OyoigenvHull 00'ekm, nouunaouu 6i0 i0ei CMBOPeHHs ma 3aKIHYYIoYU JIKGI0ayiero yu
PEKOHCMPYKYIEIO  (KANimaibHuM pPemMoOHmMoM). Y cmammi ananizyiomvcs KUovosi dacnekmu
KOJICHO20 emany Jcummeso2o UYukiy, 6KIIUHO I[HEeCMUYIUHUL eman, niocomosyi pobomu,
NPOEKMYBAHHs, peanizayiro, eKcniyamayilo, 00C1y208Y8aHHA MA 3A6EPUIEHH YUKTY V GUSIAOI
pexkoncmpykyii uu nikeioayii 06'ekma. Takodxc 00CaiONCYIOMbCA (pakmopu, wo SnIUBaoms Ha
KOJICeH 13 yux emanis, maxi sk (QIHAHCOBI acneKkmu, MeXHIYHI 6UMO2U, PU3UKU ma cmpamezii
ynpasninns. L{a cmamms nponownye incaumu 011 ¢axisyie y eany3i 6y0isHUYmea ma apximexkmypu
Wooo onmumizayii npoyecié YNpaeniHHA ma MaxKcumizayii egexmusHocmi Ha 6CiXx emanax
AHCUMMEBO2O YUKITY APXIMEeKmypHO20 00'ekma.

L[n cmamms Haoae OemanvbHUll AHANI3 HCUMMEBO2O YUKTLY 0)0i8e1bHO20 00 ’'€Kmy 3a0/s
BUKOPUCMAHHA Y N0OY008I modeni BIM ons onmumizayii ynpasninnsa npoexmamu ma niosuuyerHs
iXHbOI eqhexmuenocmi Ha 6CIX emanax iCHy8aHHs 00 €Kmy.

Knrwowuosi cnosa: sicummesuii yuka, ob’exkm apximexkmypu, 0yoienuymeo, BIM, xonyenyis,
iHhopmayitina moodens

Beryn.

KurreBuil UK 00'€KTy apXITEKTypu — II€ KOHIIENTyalbHAa MOJENb, IO
MICTUTh CYKYIHICTh B3a€MOIIOB'SI3aHUX €TalliB IMOCIJIJOBHOIO 3MIHM CTaHy 00’ €KTY
BiJl 3aJ[yMy CTBOPEHHS J0 PEKOHCTPYKIIi (pecTtaBparlii) abo MoBHOT HOTO JiKBimaIii
(3HeceHHs, neMoHTaxy). Lls KOHIEMIIis CIpOeKTOBaHa /i YIIPABIiHHS PEeCcypcami,
IO JOJYYaroThCS Y CTBOPEHHS, €KCIUTyaTallll0 Ta MIATPUMKY OO'€KTy apXiTeKTypH
MPOTATOM EKCILTyaTallii.

VY wmiif cTaTTi aBTOp NMPUILISE 3HAYHY yBary HeoOX1JHOCTI MOOYI0BHU JI€TaNIbHOT
KOHIICTII{ JKUTTEBOTO IHMKIY O0'€KTa TOMY, HIO0 II€ € YMOBOIO ISl CTBOPCHHS
edexTuBHOT Mozien 00’ekty B cucremi BIM (Building Information Modeling), sika
HaJla€ MOXKJIMBICTh 1HTETpyBaTu JaHi [1] mpo OyaiBenbHUM 00'€KT Ha BCIX eTamax
Horo »kutteBoro 1ukiy. KoHmeniis >kxurteBoro nukiay ob0'ekra y BIM po3Bossie
CTBOPHUTH €IMHY 1H(QOpPMALIHY MOJEIb, SIKa MICTUTh YCi JaHl PO MPOEKT, BKIOYHO
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r€OMETPUYHI, T€OJe3WYHl, TEeXHI4Hi, BUTpaTHI Ta 1HII jAaHl. Takuil maAXIa
3a0e3neuye e(eKTHBHE YIpaBIIHHA 1HQOpMAIEI0 Ta aHaNI3yBaTH pi3HI CleHapii
PO3BUTKY MPOEKTY Ha BCIX €Tamax WOro KUTTEBOTO IuKIy. Lle mo3Bossie mpuitmatu
OOTpYHTOBaHI PIIICHHS HA OCHOBI JAaHUX, [0 CIPHSE MiJBUIIEHHIO e(DEeKTUBHOCTI Ta
3HIDKEHHIO pu3ukiB. BIM chpusie MiABUIIEHHIO MPO30POCTI Ta CHIBOpall MK
y4acCHMKaMH NpPOEKTy Ha BCiX Horo eramax Ta 3a0e3nedye OUIbII €(PEKTUBHY
B32EMO/III0 CY0’€KTIB apXITEKTYpH Ta 3HIKCHHS HMOBIPHOCTI TOMUJIOK.

JlociKeHHs! TPYHTYIOThCSI Ha 3HaHHSIX Ta JOCBIJI aBTOpa B raily3i OyA1BEIbHOI
rany3i Ykpainu. Ilpore cmix 3a3Ha4uTH, 1[0 JIOTIKA JKUTTEBOTO  ITUKITY
apXITEeKTYpHOTO 00'eKTa HE OOMEXYeTbCsl TeorpaiuHUMH YU PEriOHATIbHUMHU
0COOJIMBOCTSIMHU, TAKUMU SIK JTO3BJIbHI MPOIEAYPH Ta HOPMATUBHI aKTH, IPUIHATI Yy
KOHKPETHOMY peTrioHi. [HIMMu cioBaMu, HE3BaXKAIOYM Ha Te, IO aBTOP CIIUPAETHCA
Ha CBIA JOCBIA B YKpaiHCBKIM OyniBenbHIM cdepi, mNpuUHIMOM Ta (AKTOPH, IO
BU3HAYAIOTh KUTTEBUW IIUKI apXITEKTYpHOTO 00'€ekTa, € yHIBEpCAIHbHUMHU Ta
3aCTOCOBHUMH Y Pi3HUX KOHTEKCTax Ta reorpadiyHux cdepax.

OcHoBHa yacTHHA.

[IpoTsiroM >KHTTEBOTO MUKITY O0'€KT MPOCKTYETHCS, CTBOPIOETHCA 1 (DYHKITIOHYE
AK MaTepiaibHuii  00'€KT, 00'eKT HepyxoMocTi abo MalWHOBUN KOMILJICKC.
dopmMmadizailisi eTamiB KUTTEBOTO IHUKIY 00'€KTa apXITEKTYPH 03BOJISE BU3HAYATH
JUIi KOXKHOTO 3 HHX 3aBJIaHHS, HEOOXIJHY BHUXiAHY iHdOpMaIio 1 OYiKyBaHI
pe3ysibTati poOOTH, SKI TMOTIM CTAalOTh YACTUHOIO BXIAHOI 1HMOpMaiii s
HAaCTy[IHUX €TamiB, ad0 CIy»aTh M1JICTaBOIO JJI MOBEPHEHHS JO0 BXKE MPOUJIECHUX
eTamiB 3 MeTow ix kopuryBaHHs [2], [3]. Bci eranu (opmanbHO po3aiieHi, ajne
(GakTUYHO TPOTIATOM S>KUTTEBOTO IMKIY e TepeTiKaHHsA Ta MepexpelieHHs
cy0’€KTiB, JaHUX, PIIIEHb Ta 3a7a4 13 OAHOTO €Tamy J0 1HIIOTO, BCl €Talu MOB’s3aH1
MIXK c00010. JKUTTEBHI HUKIT apXITEKTYPHOTO 00’ €KTY — 1€ LIIICHUIA HEPO3A1IbHHMA
mpoliec iCHyBaHHS O0’€KTy y mpocTopi Ta 4daci. Hapith micnst JikBigamii o0’exTy
JOKYMEHTAIIS 13 CKJIay JTOKYMEHTOOOITY KHUTTEBOTO IUKITY 30€piraeTbest y apxiBax
Ccy0’€KTIB Ta JIEpKaBHOMY apXiBy.

Ineecmuyitinuii eman XUTTEBOTO IUKIY BHU3Hayae (DIHAHCOBI Ta €KOHOMIYHI
aCIIeKTH IIPOCKTY Ta 3JIIMCHIOETHCS 3 METOK OTPUMAaHHS JIOCTOBIPHOI 1H(pOpMAIlii Mpo
€KOHOMIYHY €(peKTHUBHICTh IHBECTUIIIMHOTO MPOEKTY OYAIBHHUIITBA Ta OOTPYHTYBaHHS
JOIIJILHOCTI PIlIEHh MPO 1HBECTHINI ab0 KamiTaldbHl BKIJIAQJCHHS MO0 00'€KTa
KaIiTajabHOTO 6yz[iBHI/IL[TBa OOrpyHTyBaHHSl 1HBECTHIIIM OXOIUIIOE BU3HAYCHHS
BapTOCTI BOJIOJIHHS MailOyTHIM 00'€éKTOM, TOOTO MOTPIOHO METaNbHO PO3TISHYTU
BECh JKUTTEBUU LMKI OO0'€KTa 0 eKanIyaTaun BKJIFOYHO, @ TO 1 TOBHHHM - [0
BUBEJICHHS 3 eKCIUTyartamii Ta JikBimamii. i nocArHeHHS 3a3HaYeHUX IijIei
PO3pOOIIAETHCS KOHIICMIISI 1HBECTHIIIMHO-OYAIBEIBHOTO MPOEKTY 1 MPOBOASITHCS
HEOOX1/1HI EPEANPOEKTHI MPOPOOKH, SKi, 30KpeMa, MICTATh PO3pOOKy Oi3HEC-TIIaHy
1 00TpyHTYBaHHS ePeKTUBHOCTI NMpoekTy. Ha 1ipoMy eTarii iHBeCTOpU MarOTh OIIHUTH
pU3UKH, TIOB's3aH1 3 OYMIBHUIITBOM Ta €KCIUIyaraii€lo o0'€kTa, Taki SK 3MiHU B
3aKOHOJABCTBI, HeMepeaA0aueHi BUTpAaTU a00 3MiHU y TOMUTI Ha 00'€KT.

HeBia'eMHOIO YaCTUHOO MEPIIOTO €Tamy € BUOIp Ta PIllICHHS MPO pallioHaJIbHE
BUKOPUCTAHHSA 3€MEJIbHOI JUISHKH, MPU3HAYEHOT [JIi pO3MIIleHHS 00'eKTa
KamiTaJbHOro OyaiBHULTBA. IligroroByi poOOTM Ha ILOMY €Tami OXOIUTIOIOTH
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pO3pOOKYy Ta 3aTBEP/KEHHSI 3aBJIaHHS Ha MPOEKTYBaHHS, MIATOTOBKY BHUXIJHUX
naHuX, 30ip BHXITHOI MO3BUIBHOI MOKyMEHTAIlli Ta BiIOMOCTEH, HEOOXITHHMX IS
PO3pPOOKH TIPOEKTHOI JOKYMEHTAIlli, BUKOHAHHS 1HXEHEPHUX TOIMOTEOJE3NIHUX Ta
reoJIOTIYHUX BHINYKYyBaHb. Y 3aBJaHHI BHM3HAYalOTbCS BUMOTH J0 MailOyTHHOTO
00'ekTa, BKIIIOYHO (YHKI[IOHAIBHI, TEXHIYHI, €CTETUYHI Ta EKOHOMIYHI aCIEKTH.
Taxox BCTaHOBIIIOIOTHCSI KPUTEPIT OLIIHKH SKOCTI Ta TEPMiHU BUKOHAHHS MPOEKTY.

HaiiBaxxnmuBimuM (pakTopoM € BU3HAUCHHS JKepena (kepen) (iHaHCyBaHHS.
[le moxxe OyTH 3aylydeHHS! KOILTIB BiJl 1HBECTOPIB, OAHKIBCHKI KpPEAUTH a00 1HIII
mkepena (inancyBanHs. Po3yminHs moTpe0 y ¢iHaHcax Ta eQeKTUBHE YHPABIIHHS
HUMU TPAIOTh BAXIMBY POJb Yy YCHIXy NPOEKTy. [HBeCTHMUIWHUN eTanm BuUMarae
PETENBHOTO MJIAHYBAHHS OIOJIKETY.

B skocTi KpuTepiiB €KOHOMIYHOI €(QEKTHBHOCTI MPOEKTYy Ha JaHOMY eTarli
BUKOPUCTOBYIOTBCS: YWCTa NpPUBEAEHA BapTICTh, TEPMIH OKYIHOCTI, 1HJIEKC
peHTA0ENIbHOCTI, BHYTPIIIHS HOpMa MPUOYTKOBOCTI 1 I€SIKI 1HII TOKa3HUKH.

[HBecTuIIiiHMIA eTan TakoX mependadae po3poOKy CTpaTerii i 3a0e3MeUeHHS
YCHIIIHOTO BHUKOHAHHS MPOEKTY Ta JOCATHEHHS IOCTaBJIEHUX IJIeH, a TaKoxX
CTpaterii 3aJTy4eHHs KIIEHTIB, MAPKETUHTY Ta MPOJIAXKY.

VY 1inoMy, 1HBECTUIIIMHMN eTan BU3HA4ae (DIHAHCOBI MapaMeTpu Ta CTpaTerii,
HEOOXIH1 /I YCHIIIHOTO CTBOPEHHS apXITEKTYPHOro 00'€KTa, Ta BIAITPAE BAXKIUBY
pOJIb Y HOr0 MOAANIBIIOMY PO3BUTKY Ta YCHIXY.

Ha opyzomy emani >XUTTEBOTO IUKIY 3I1MCHIOETHCS PO3pOOKa MPOEKTHO-
KOLUTOPUCHOT JOKYMEHTAIi 3 METOI0 MPOEKTHOIO 3a0e3reueHHs OyAiBEIbHUX POOIT.
Leit eTan obifiMae psa NOCTHIAOBHUX MIJETaNIB: 0€3M0CEPEAHBO PO3POOKA OKPEMHUX
CTaJii TPOEKTHOI JOKyMEHTallli, 3aTBEpJ)KCHHS Ta TIOTOJKEHHS MPOEKTHOT
JIOKyMEHTAaIi.

3MICT 1 OOCAr MPOEKTHOI JOKYMEHTAIlll JJii OKpeMHUX O0'eKTIB OyIIBHUIITBA
BU3HAYAIOTHCSA HOPMATUBHUMHU JOKYMEHTAMH Ta 3aKOHOJABYMMHU aKTaMH Ta B
[IJIOMY MICTSITh 3aTBEPJIKEH1 TEKCTOBI Ta IrpadivuHi MaTepiaid, SKUMUA BU3HAYAIOThCS
MICTOOYAiBHI, 00’€MHO-TIJIaHYBajbHI, apXITeKTYpHI, KOHCTPYKTHBHI, TEXHIUHI,
TEXHOJIOTIYHI PIIIEHHS, a TaKOoX KOIITOpPHCH 00'€KTiB OymiBHUITBA. [IpoekTHa
JIOKYMEHTaIlisl Mae OyTH po3po0jieHa 3 ypaxyBaHHSAM YCiX JTOKYMEHTIB OyiBEIbHUX
HOPM Ta CTaHJapTIB, YNHHUX Ha Yac ii nepegadi y BUPOOHUIITBO.

[IpoexkTyBaHHSI TOUYMHAETHCA 31 CTBOPEHHS apXITEKTYpPHOI KOHUEMII y CKJaai
IUTAHYBaJbHOTO PIMICHHS, KOMIO3HIII, 30BHIIIHHOTO BHIJISIAY 1 apXITEKTYPHOTO
ctiitto 06'exta. [ToTimM BimOyBaeThCsl po3poOKa apXiTEKTYpHO-TUIAHYBAJIbHUX PIIICHD,
Bi3yautizallisi Ta po3podka poOoUuoi JOKYMEHTAITIi.

[HxeHepHe NPOEKTYBAHHS MICTHTH PO3POOKY I1H)XKEHEPHHX CHUCTEM O0'€KTa,
TaKMX SK CHUCTEMH  ONAJCHHS, BCHTWIALII, KOHAWIIIIOBAaHHS  MOBITPS,
€JIEKTPOTIOCTAa4YaHHs, BOJOINOCTAYaHHS Ta KaHali3alii, a TaKoX IHIII 1HXEHEpHI
KOMYHIKaIIil Ta CIOPY/IH.

KoHcTpykTOpChKa JOKYMEHTAIlisl BKJIl0Uae poOoUl KpecieHHs, cnenudikaii Ta
IHII JIOKYMEHTH, HEOOXigH1 g OyJIIBHUIITBA HECYYHMX Ta OrOpOKYBaJIbHUX
KOHCTPYKIIIH Oy iBJIl.

ETan po3poOku MpoeKTHOT TOKYMEHTAllli € TOMIHAHTHUM €TarloM y >KUTTEBOMY
LUKJII apXITEKTYPHOTrO 00'€KTa, OCKIIIBKA caMe TYT (POPMYIOThCS OCHOBHI TEXHIYHI Ta
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JM3aiiHEepPChK1 PIMICHHS, 10 BU3HAYAIOTh MOJANBIIMNA Mepedir OymiBHUIITBA Ta
eKCIUTyaTalii o0'exra.

[Tics 3aBepiIeHHS PO3pOOJICHHS MPOEKTHOT JOKYMEHTAIlll HEOOX1IHO IPOBECTHU
il MOTO/PKEHHA 13 3aMOBHUKOM, PETYJIIOIOUMMHU OpraHaMH Ta 1HIIMMU 3alliKaBJICHUMHU
CTOPOHAMHU 3T1AHO 3 YUHHUM 3aKOHOJaBCTBOM.

Ha mpemwvomy emani KUTTEBOTO IUKITYy 3IACHIOETHCS OYIIIBHHUIITBO OO'€KTY.
[TimcTaBoro [jist MOYATKY KamiTaabHOTO OYIBHMIITBA € 3aTBEPKCHA 1 TIOTO/KEHA B
YCTAHOBJICHOMY TOPSJIKY MPOEKTHA JOKYMEHTalllsl 1 JO3BUIbHI JOKYMEHTH Ha
Oy IIBHUIITBO.

HoBe OyaiBHUULTBO cTOCY€Thbcsl OyAiBHUIITBA OYyIMHKIB, OyJiBelb, CIOPYI, iX
KOMIUIEKCIB, W0 3JIMCHIOEThCS 3 METOK CTBOPEHHSI 00’€KTIB BHUPOOHUYOTO 1
HEBUPOOHUYOTO NMPU3HAYEHHS, a TAKOXK JIHIHHUX 00’ €KTIB 1HXEHEPHO-TPAHCIOPTHOI
1H(pacTpyKTypu, B TOMY uHcCIi J0OyAOBa 3yNUHEHUX OO’€KTIB HE3aBEPUIEHOTO
Oy/lIBHUIITBA.

[TinroToBka 10 OyAIBHUITBA OXOIUIIOE CHUCTEMY OpraHi3aliiHO-TEeXHIYHUX
3aX0AIB 1 MIATOTOBYMX pOOIT s 3abesneueHHs OyaiBHUIITBA 00'€ekTa Yy
BIIMOBIAHOCTI 3 TPOEKTHUMH  PIIIEHHSMH, BUMOTaMU 3aKOHOJABCTBa Ta
HOPMATHBHUX JIOKYMEHTIB, a TaKOX 3 Y3TO/KCHOI isUIbHICTIO YYaCHHKIB
OyIIBHUIITBA.

Ha erani OyaiBHUIITBa BinOyBaeThcsi Oe3mocepenHs peanizailisi MPOSKTHUX
pilieHb, po3po0JeHUX MOMNEepenHiX eTanax. byAIBHULUTBO mependayae 3BEACHHS
OyliBEIbHUX KOHCTPYKIIM, BCTAHOBJICHHS 1HXEHEPHUX CHUCTEM, O03/100JIFOBAJIbHI
po0OOTH Ta 1HIII MPOLIECH, HEOOX1IHI JIJI CTBOPEHHSI 00'€KTa.

Etan OyaiBHuLTBA nOoTpedy€e €EKTUBHOIO YIPABIIHHS PECypCaMU, TPYAOBUMU
CHWJIaMHU Ta TEpMiHAMHU, JOTPUMAHHS TEXHIYHUX BHMOI Ta HOPMAaTHBIB, a TaKOX
JOTpUMaHHs Oe3MeKn Ha Oy IMaiiTaHuuKy.

Ha erami OyaiBHUIITBA HEOOX1THO MIATPUMYBATH KOMYHIKAIIIIO 13 3aMOBHHUKOM,
MPOCKTYBAJIbHUKAMH, MIAPSIHUKAMH, MIIPO3AIJIaMU MICIIEBOI BJagud Ta IHIIMMH
3allikaBICHUMHU CcTOpoHamMu. lle momomarae BupilllyBaTh NUTAHHS, MOB'SI3aHI 3i
3MIHaMH Yy TIPOEKTi, OOTOBOPIOBATH TEXHIUHI JeTajl Ta KOOPAMHYBATH i BCIX
YYaCHHKIB MPOIIECY.

KonTponps sikocTi OyniBedbHUX poOIT 001Mae KOMIUIEKC TEXHIYHMX Ta
OpraHi3allifHUX 3aXxofJiB 3 €(QEKTHUBHOIO YIMPABIIHHSA SKICTIO Ha BCIX CTamisfx
CTBOpEHHS 00'ekTa OYyIIBHMIITBA BIAMOBIIHO JO BUMOI YMHHOTO 3aKOHOJABCTBA Ta
HOpMAaTUBHOI 0a3u, a came:

— KOHTPOJb TIOKa3HUKIB SIKOCTI MarepiaiiB, BHpOOiB, KOHCTPYKIIH Ta
YCTaTKyBaHHS;

— KOHTPOJb TEXHOJOTTYHUX MPOIIECIB;

— 3a0e3MeueHHsT BUKOHAHHS OyMiBEIbHUX POOIT 3 JOTPUMAHHSM BHUMOT IIOJIO
nokexxHoi Oe3mexku; Oe3nmeKku JIoAei; BIUIMBY Ha HABKOJIMIIHE TMPUPOIHE
CepeOBHILIE; BIUIMBY LIyMy Ta BiOpariii.

Micue erarry OyaiBHHUIITBA B KHUTTEBOMY LIMKIII 00'€KTa apXiTEKTypH MOJSITa€e B
TOMY, IO BiH € (ha3010 PI3UYHOI peanizallii NpOeKTy, B sIKiif aOCTpaKkTHI KOHUEMNIIT Ta
IUIAaHU TIEPETBOPIOIOTHCS Ha peanbHi OyniBenbHl KOHCTpyKIii. Llel eram cmimye
0e3mocepeIHbO 3a €TalOM PO3POOKU MPOEKTHOT TOKYMEHTAIIT 1 € BayKJIMBOIO JIAHKOIO
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B JIAHIIOKKY TIPOILIECIB, CHPSIMOBAaHMX HAa CTBOPEHHS Ta EKCIUTyaTallilo
apXITEKTypHOTO 00'€KTAa.

3aBepuryeTbcsi L€  eTall  NPUUAHATTSM B CKCIUIyaTallllo  3aKIHYEHHX
OyIIIBHUIITBOM O0'€KTIB.

Yemeepmuii eman i cummeso2o yukay — eKciutyarauis ((pyHKIIOHyBaHHS)
o0'ekTa, mepembavae pailioHaTbHE BHUKOPHUCTAHHS OYMiBII (CIOPYIW) 3TiTHO 3
(GyHKIIIOHATPHUM  TPU3HAYECHHSM Ta TMPOBEACHHS HEOOXITHUX 3aXOMdiB  J0
30epeKEeHHs] CTaHy KOHCTPYKII, MpU SKOMY BOHHM 3JaTHI BHMKOHYBAaTH 3a/iaHi
¢GyHK1IT 3 TapaMeTpaMu, 10 BU3HAYEH1 BUMOTaMH TEXHIYHOT JOKYMEHTAIIIi.

Etan excrutyatamii 00'ekTa OYMHAETHCS 3 OTPUMAHHS JT03BOJY Ha BBEICHHS
00'eKTy B €KCIUIyaTalll0 1 3aBEpPUIYETbCA MPUUHATTAM PILIEHHS MPO KamiTaJlbHHUM
PEMOHT, peKOHCTPYKIIi (pectaBpalii) 00'ekta abo Horo JikBigamii (IEMOHTaXYy) Ha
MIJCTaBl TEXHIYHOrO oOOcTexkeHHs o00'exkta. TpuBamicTh ekcruryarauii (TepMiH
CIIy>KOM) BHU3HAYAETHCS MPOCKTHOIO JOKYMEHTAIl€I0, YMOBaMHU €KCILTyaTaiii Ta
pimeHHsM BiiacHuka 00'ekTy. EkcrutyaTariis 00'ekTa OXOIUTIOE 3aXOJU MO0 HOTO
yTPUMaHHS, TEXHIYHOTO 0OCIyTOBYBaHHSI, PEMOHTY TEXHOJIOTIYHOTO yCTaTKyBaHHS 1
CUCTEM 1HKEHEPHO-TEXHIYHOTO 3a0€3MEeUeHHs, IOTOYHOTO PEMOHTY 00'€KTa
BIJIMOBITHO IO BUMOT HOPM 1 IIpaBHJI €KCILTyaTarlii.

Il'amuti  eman SKUTTEBOTO IMKIY Tiependadae KamiTadlbHUHW  PEMOHT,
PEKOHCTPYKIIi1O (pecTaBparlito) ado JKBiAaIio 00'ekTa.

KanmitanbHuil peMOHT TUJIaHY€TbCS B pa3l HACTaHHS B NPOLECI EKCIUTyaTailii
o0'ekta (13M4HOTO 3HOCY, Ne(deKTiB a0 pylHYyBaHHS OyJIBEJIbHUX KOHCTPYKLINA Ta
(ab0) cucteMm 1 Mepex I1HXKEHEPHO TEXHIYHOTO OO0JaJHaHHSA, II0 BU3HAYAETHCS 3a
BUCHOBKAMHU TI0 pe3yJibTaTaX TEXHIYHOIO OOCTEeKEeHHA 00’ekTy. Jle TexHiuHe
OOCTE)XEHHS - 1€ KOMIUIEKC 3aXO[iB, CIIPSIMOBAHMX Ha BCTAHOBJICHHS TEXHIYHOTO
CcTaHy OyHiBeNbHUX KOHCTPYKIIA Ta 1H)KEHEPHHX MEpeX O0’€KTa 3 METOI0
BU3HAYCHHS MOXJIMBOCTI a00 HEMOXJIMBOCTI MOro HajiiiHOT Ta Oe3neyHoi
eKCIUTyaTarii.

KanmitaneHuii peMoHT 00ifiMae CyKymHICTH poOIT Ha 00’€KTi OyIIBHHUIITBA,
BBEJICHOMY B €KCIUIyaTaiil0 B YCTaHOBJICHOMY TMOpsAKYy, ©O€3 3MiHH HOro
FCOMETPUYHUX PO3MIPIB Ta (YHKIIOHAJIBLHOTO MPH3HAYCHHS, IO TMepeadadaroTh
BTpYYaHHS Yy HECydl Ta OrOpOJKYyBaJlbHI CHUCTEMHM, NpH 3aMmiHl a00 BiJIHOBJICHHI
KOHCTPYKIIIA 4Yd 1H)XKEHEPHUX CHUCTEM Ta OOJaJHaHHA, Yy 3B'A3Ky 3 iX (I3UYHOIO
3HOIIEHICTIO Ta PYWHYBAHHSIM, TOJIIIIEHHS €KCIUTyaTaIlliIiHAX MOKa3HUKIB, a TaKOX
OsaroycTpiit TepUTOpIii.

VY Bumagkax, KOJIM B MPOIECi eKCIUTyartalii 00'€ekTa BUHUKAE HEOOXITHICTh
3MIHM TIapaMeTpiB 00'ekTa ab0 Horo 4acTuH (BUCOTH, KITBKOCTI MOBEPXIiB, TUIOIII,
MOKA3HUKIB BUPOOHUYOT TOTY>KHOCTI, 00CITy Ta 1H.) Ta SKOCTI 1HXKEHEPHO-
TEXHIYHOTO 3a0e3MeUeHHS, 3/[IHCHIOETHCS PEKOHCTPYKITiS 00'€KTa.

PexoHncTpykiiist 00'ekTa moJisirae B 3MiHI OCHOBHHUX TapaMeTpiB 00'ekTa abo Moro
4acTUH (BHUCOTH, KUIBKOCTI MOBEPXiB, IUIOINII, OOCSITY), B TOMY YHCI HaJO0yIOBH,
nepeOy 0B, PO3MIUPEHHS 00'€KTa, a TaKoXK 3aMiHl 1 (a00) y BIIHOBJICHHI HECYUMX
OyIiBeIbHUX KOHCTPYKIIIH 00'€kTa, sike TATHE 3a cOOOK 3MiHY KJacy, KaTeropii i
TEXHIKO-€KOHOMIYHUX TOKa3HUKIB 00'€kTa, 3MiHA MEX IUISHKUA 3a0y0BU 1 (a00)
OXOpPOHHHUX 30H 00'€KTa.
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JIist 00'€eKTIB KyJbTYPHOI CHAAIIMHU Ta ICTOPUYHUX MaM'ITOK PEKOHCTPYKIIiS
3a3BUYail BKIIIOYA€ pecTaBpauiio. PecraBparlisi - 1€ BiJHOBJICHHA B IEPBICHOMY
BUTJISAJII apXITEKTypHUX OO'€KTIB, SIKI MOCTPaXKIaiM BiJl Yacy, KIiMaTy, MPUPOTHUX
SBUII 200 HETATUBHOI JTISIILHOCTI Jrofieii. TakuM 4MHOM, MOBA 1€ PO BITHOBJICHHS
BIJTHOCHO 30€peKEHHUX MaM'ATOK apXITEeKTYpH, SKI BTpATHIIM €EMEHTH JEKOpy abo
OKpeMi eJIeMEeHTH 00'eKTa.

Kamitanpanii peMOHT a00 PEKOHCTPYKINsl 00'€KTa 3MIMCHIOETHCA Ha IMiJICTaBi
3aBJlaHHs 3a0y/I0BHMKA (3aMOBHHKA) 1 BUCHOBKIB TEXHIYHOTO OOCTEXEHHS 00'€KTa,
MOYMHAETHCS 3 PO3POOKU MPOEKTHO-KOIITOPUCHOT JOKYMEHTAllli, 3aTBEPKECHHS 1
NOTO/XKEHHS TOKyMeHTalli. byaiBeabH1 poOOTH 31HCHIOIOTHCS 3T1THO 3 MPOEKTHOIO
JOKYMEHTAIIIEI0 KaIliTaJJbHOTO PEMOHTY ab0 PEKOHCTPYKINi. 3aBepuIyeThCs eTal
IpUIMaHHSAM BUKOHAHUX Oy11BEIbHO-MOHTaXHUX 1 PEMOHTHO-0Y/ 1IBEJIbHUX POOIT.

[TlincraBoro s JikBijaiii o0'€ekTa MOXYTh OYTH pIlIEHHS BJIaCHMKa a0o
pIIIIEHHS OpTaHy MICIIEBOTO CaMOBPSyBaHHA a00 Cyay. 3HECEHHS BBAXAEThCS
BUHSTKOBOIO MIPOIO, TOB'SI3aHOiI 3 MICTOOYAIBHUMM Ta IHIIUMHU OO0'€KTUBHUMH
oOcTtaBuHAMU (BUCOKUH (HI3UUHMI 1 MOpaIbHUI 3HOC, aBapiitHUI CTaH, TOIIIO).

3aKII0YHUN eTan KUTTEBOTO IUKITY 00'€KTa MOYNHAETHCS 3 TPUUHSITTS PIIICHHS
Ipo BHUBEICHHSA o00'ekTa 3 eKCIUTyaTalli s Horo mojaibInoi JIKBimamii Ta
OTPUMAaHHS J03BUIBHUX JOKYMEHTIB 3T1IHO 3 YHHHUM 3aKOHOJABCTBOM. JIiKBimariis
00'eKTa KaIiTaJIbHOTO OYyJIBHMIITBA, SIK MPABUJIO, 3IMCHIOETHCS BIAMOBITHO 0
MPOEKTYy oOpraHizamii poOIT MO 3HECEHHI0 abo0 JeMOHTaxy. PoOOTH 31 3HECEHHS
(meMoHTaXxXy) OO'€KTIB MOXYTb OYyTH OUIbII CKJIQJHUMHU 1 HEOE3NMEUHUMH, HIX
Oe3nocepeIHbO PoOOTH 3 OY/IIBHUIITBA Ta PEKOHCTPYKIIII.

3aBepiIyeThCcsl JIKBiAALs 00'€KTY OUYHMILIEHHSM 1 BIJIHOBJIEHHSAM TEPUTOPIi 4H
3€MEJIbHOI JUISTHKH, HA IKOMY PO3MIITyBaBCsl 00'€KT.

IMigcymKH Ta BUCHOBKH.

KutreBuili HUKI apXiTEKTypHOTO 00'€KTa € KOMIUIEKCHUM MPOIECOM, IO
OXOILIIOE HE TUIBKH CTBOPEHHS 1 OYIIBHUIITBO, a W TOJAJIbBINY EKCILTyaTallilo,
00CITyTOBYBaHHS Ta IEMOHTAXK.

KutreBuii 1UKI 00'€kTa apXITEKTypu € O€3MepepBHUM MPOIECOM, SKHUI
JOTIOMara€ He TIIbKM YCHIIIHO CTBOPUTH OYJIMHOK, ane W 3a0e3neuuTd Horo
edexTuBHE (YHKIIIOHYBAHHS TPOTATOM YChOTO TEpPMIHY eKcIutyaTaii. Bin e
BOXJIMBUM IHCTPYMEHTOM JUIS YNPABIIHHSA pecypcaMyd Ta ONTHMI3aIlli BCIX eTalliB
MIPOCKTY, TMOYMHAIOUM BiJ PO3POOKHM KOHIIESMI Ta 3aKIHUYYIOYH JEMOHTKEM YH
pPEKOHCTpyYKIli€r0. Po3yMmiHHS Ta OOJIK yCiX €TamiB XUTTEBOTO IUKIY JT03BOJIIOTH
BUSIBUTH Ta MIHIMI3YBaTH MOTEHLIMHI PU3MKH, ONTUMI3yBaTH BUTPATH Ha PI3HI eTanu
IPOEKTY, a TAaKOXX 3a0e3MeUnuTH BIAMOBITHICTH 00'€KTa apXiTEeKTypu moTpedam Ta
OYIKYyBaHHSIM KOPUCTYyBadiB. TakKuM YUHOM, PETEIHHO Ta BHBAKEHO MiATOTOBJICHHMA
KUTTEBUHN IHUKJ apXITEKTYPHOTO 00'€KTa € BAKJIUBUM IHCTPYMEHTOM JIJISI CTBOPCHHS
CTIMKHUX Ta YCHIITHUX Oy/1BEIBHUX MPOCKTIB.

BaxxyinBo ycBITOMIIIOBATH, KOXKEH €Tall KUTTEBOTO LUKy BUMArae OCOOIMBUX
MIIXO0/IB 1 YNPABIIHCHKUX pilieHb. Hanpukian, Ha erami MpoeKTyBaHHS HEOOX1THO
NPUIIIUTH yBary ONTUMI3allii CTPYKTYypH Ta (YHKIIOHAJIBLHOCTI 00'€KTa, a Ha eTarl
eKcrutyaTanii — 3a0e3nedeHHs e(QEeKTUBHOTO  YNpaBIiHHA pecypcamMu  Ta
00CITyTOBYBaHHS.
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@DiHAHCOBI ACMEKTH BIAITPAlOTh CYTTEBY POJIb MPOTATOM KUTTEBOTO LHUKILY.
Hanpuxmnan, po3Mmip I1HBECTHIIM Ha eTami MPOEKTYBaHHA Ta OyAIBHHUIITBA MOXKE
3HaYHO MO3HAYUTUCA HA MailOyTHIN eKkcrutyaTaii Ta 00CcIyroByBaHHI 00'€KTa.

VYrpaBaiHHS pU3MKaMU TaK0oX Mae Benuke 3HadeHHs. OIlHKa MOTEHINIHHUX
3arpo3 Ta po3poOKa cTpaTeriii ix MiHIMI3aIll T03BOJSIOTh YHUKHYTH (PiHAHCOBHUX
BTpAaT Ta 3a0€3MEeYUTH CTAOUIbHICTh MPOCKTY.

besnepepBHEe BIOCKOHANIEHHS Ta OHOBJIEHHS 00'€KTa MPOTITOM HOTO KUTTEBOTO
IUKITY € HEeOOXIIHUMH YMOBaMHU [JIi MOro JOBrOCTPOKOBOi €(EKTHBHOCTI Ta
KOHKYPEHTOCIPOMO>XKHOCTI.

B ninomMy, po3yMiHHS Ta 00JIIK YCiX aCMEKTIB KUTTEBOTO LUKITY apXITEKTYPHOTO
o0'ekTa JO3BOJISIIOTh €(PEKTUBHO KEpyBaTH NPOEKTOM Ha BCIX HOro eramax Ta
3a0€3MeYNTH JOCSITHEHHS TOCTABICHHX ITLICH.

Ta HaWOUIBII CYTTEBUM Ta 3HAUYYIIMM PE3yJIbTaTOM JCTalbHOI IMOOYI0BU
KOHIICTII{ KUTTEBOTO IUKIY 00'€KTa € MIArOTOBKa J0 peaiizamii y cuctemi BIM
TEXHOJIOT1i, 10 € HAWBAXJIUBIIIMM CyYaCHUM I1HCTPYMEHTOM [JIsl YIPaBIIHHS
MIPOEKTOM Ta 3a0e3MEeUeHHs] MOoro YCHIIIHOI peani3aiii Ha BCIX eTanax XHUTTEBOTO
IUKITY.
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Abstract. This article discusses the concept of the life cycle of an architectural object and its
importance in the process of creating, operating and managing construction projects. The author
emphasizes the importance of integrating the concept of the life cycle of an architectural object into
Building Information Modeling (BIM) technology. The study is based on the author's experience in
the construction industry of Ukraine, but the logic of the life cycle of an architectural object does
not depend on geography or even on the permit base of the region where the object is implemented.

The life cycle of an object determines the sequence of stages through which a construction
object goes, from the idea of creation to liquidation or reconstruction (major repairs). The article
analyzes the key aspects of each stage of the life cycle, including the investment stage, preparatory
work, design, implementation, operation, maintenance and completion of the cycle in the form of
reconstruction or liquidation of the facility. It also explores the factors that influence each of these
stages, such as financial aspects, technical requirements, risks, and management strategies. This
article offers insights for construction and architecture professionals to optimize management
processes and maximize efficiency at all stages of the architectural object's life cycle.

This article provides a detailed analysis of the life cycle of a construction object for use in
building a BIM model to optimize project management and increase efficiency at all stages of the
object's existence.
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