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The article considers the possibility of using 6G mobile communication technology for
unmanned aerial vehicles, which is at the stage of active development. However, there is a
problem of limited energy reserves in UAV batteries, which limits their effectiveness. This
results in the need for regular charging stops, reducing the duration of their missions. The paper
proposes a new approach to this problem using tethered unmanned aerial vehicles (UAVs). The
basic idea is to create a network where tethered unmanned aerial vehicles (tUAVs) will maintain
constant power and data transmission through a tether that connects them to a ground station
(GN). This approach will avoid losing communication with the tUAV during recharging, ensuring
continuous monitoring and control. The article examines in detail the concept of connecting a
tUAV to the emergency department using a special cable that supplies electricity and transmits
data at the same time. This approach makes it possible to constantly feed tUAVs and receive
important information from them without the need for their severe limitation due to the need for
recharging. A cable connection that supplies power and transmits data allows tethered unmanned
aerial vehicles (UAVs) to leave the network coverage area only for short periods of time, such
as during maintenance and repair. The article provides a comparative analysis between tUAVs
and unmanned aerial vehicles (UAVs) that operate without tethering to a cable. The advantages
and disadvantages of each approach are evaluated, taking into account their performance and
the ability to maintain continuous communication in conditions of limited energy. Simulation
results demonstrating the possibility of achieving up to a 30% increase in coverage probability
using a tethered unmanned aerial vehicle (tUAV) with a cable length of 120 meters compared
to an untethered unmanned aerial vehicle (UAV) demonstrate the potential effectiveness of this
technology. The article also considers the challenges that may arise when implementing the
proposed model in practice, and questions the tasks for further research that can contribute
to the development of this innovative technology. Ways to further improve the technology may
include improving cable length, optimizing energy efficiency and reducing maintenance costs.
The research can contribute to the development of more advanced and productive unmanned
aerial vehicle systems and open new opportunities for their application in various fields, from
military applications to commercial and civilian purposes.

Key words: unmanned untethered aerial vehicle, tethered unmanned aerial vehicle, unmanned
aerial vehicle, base stations, macro base stations, ground station.

Anmonenko A. B., Bypak M. C., I[eux O. C., Bypauuncokuii A. IO., bansax A. A.,
3anghipoe P. P. Ocobnusocmi pozzopmanns mepeic MooiibHo20 368°a3Ky 3a 0onomozoro BI1/IA

B cmammi pozensoaemuvcs modciugicmes 3acmocy8ants mexHonozii Mooinenoeo 36'a3ky 6G
07151 6E3NINOMHUX IIMATBHUX ANApamis, sIKa 3Hax00Umvcst Ha cmaoii akmuenoi pospooku. [lpome,
BUHUKAE npobiema obmedceHo2o 3anacy eHepeii 6 akymyasimopax BIIJIA, wo oomedxcye ixuwo
epexmusnicmo. Lle npuzeodums 00 nompebu peeyiapHoi 3ynuHKu Ol 3apsoKu, WO 3MEHULYE
mpusanicms ixuix micii. Y cmammi npononyemuca Hosuil nioxio 00 yiei npobnemu 3a 00nomo-
2010 mpocosux besninomuux timanshux anapamie (mbI1J/I4). Ocnosna idest nonseac 8 cmeopenHi
Mepedici, 0e mpocosi 6esninomui aimanvri anapamu (mBII/IA) niompumysamumyms nocmitine
JHCUBTICHHST MA nepeoayy OaHUX uepes mpoc, sKkuil 3'eonye ix 3 nazemnoro cmanyiero (HC). [ei
nioxio dozsonumy YHUKHymu empamu 36's13xy 3 mbI1JIA nio uac niosapsaoku, 3abesneuyrouu Hene-
PepeHutl MOHIMopuHe ma KOHmpoas. Y cmammi 0emanbho po3anadacmvpes KoHyenyis niokano-
uennsa mbIIJIA oo HC 3a 0onomozcorn cneyianvHo2o mpocy, SKUll nOCMavae enekmpoeHepeio
i nepedae dani oonouacHo. Lletl nioxio doseonse nocmitino scusumu mbIIJIA ma ompumyeamu
8I0 HUX 8adXdCIUBY IHopmayito 6e3 HeoOXIOHOCMI IXHbOI CUNLHOI 0OMeNceHOCmi Yepes nompeody
y niosapsaoyi. ITIOKI0UeHHs mpocom, Wo NOCMAYae elekKmpoeHepeito ma nepeoac 0ami, 0036011€
mpocosum be3ninomuum aimanenum anapamam (mbIIJIA) 3anuwamu 301y nokpumms mepexci
Juue Ha KOpOMKULL 4ac, Hanpukiao, nio 4ac mexHiuHo2o 00C1Y208y8anHts ma pemoumy. Y cmammi
npoeooumbCst NopieHANLHUU ananiz misic mbIIJIA ma besninomnumu nimanrbHumMu anapamamu
(PmIIJIA), siki npaytoroms Oe3 npug'szku 0o mpocy. Oyinomscs nepesazu ma HedoNiKu Koic-
HO20 NiOX00y 3 YPAXyeaHHAM iXHbOI NPOOYKMUGHOCMI Ma MOJNCIUGOCHEU NIOMPUMANHsL De3ne-
PEPBHO20 36'A3KY 8 YMO8ax oomediceHol enepeii. Pe3ynomamu mo0eniogans, wo 0emMoHCmpyoms
Mookcnugicms docsaenenns 00 30% 30inbuients UMosIiPHOCII OXONAEHHS 3a 00NOMO2010 MPOCOo-
6020 besninomuoeo nimanvHo2o anapama (mbIIJIA) 3 doexcunoro mpoca 120 mempis 6 nopie-
HAHHI 3 Oe3npug'sisnum besninomuum nimanvhum anapamom (BIIJIA), céiouams npo nomenyiiiny
epexmuesHicmo yiei mexnonozii. Cmamms makosic po3eniode UKIUKU, SKI MONCYMb GUHUKHY MU
npuU 8NPOBAOICEHHI 3aNPONOHOBAHOI MOOEL Yy NPaKmuyi, i cmasumse nio CymMHie Ha 3a80aHHs1 OJis
HOOANBULUX OOCTIONCEHD, KT MONCYMb CAPUSMU PO3BUMKY Yi€l iHHosayitiHoi mexnonoeii. LLnsxu
07151 NOOANLULO2O YOOCKOHALEHHS MEXHONO02I] MOJMCYMb GKAIOUAMU 8 cebe NOTNUEHHS O0BHCUHIL
mpoca, OnmuMizayito enepeoeQexmusHoCmi ma 3MeHWen s sumpam na 0ociyeogyeanns. Jlocui-
OICEHHs1 MODICe CRPUSIIU PO3GUMK) OLTbUL NePedosUx ma NPOOYKMUGHUX CUCHeM 0e3NiIOMmHUX
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JIMANbHUX anapamie i 8IOKpUMuU HO8I MONCIUBOCII OIS IX 3ACMOCYBAHHS Y PISHUX 2ALY35X, 6i0
BILICLKOBO2O 3ACMOCY8AHHS 00 KOMEPYIUHUX T YUBITLHUX YiTell.

Knrwuosi cnosa: 6esninomuuil Henpug a3anutl 1imanbHutl anapam, mpocosuii 6e3niiomHuil
aimanbHull anapam, 6e3niomHuil 1imanbhull anapam, 6a306i cmanyii, Makpobazoei cmanyii,
HA3eMHA CMAHYIs.

Introduction. The use of unmanned aerial vehicles (UAVs) becomes extremely
useful with the introduction of sixth generation (6G) mobile communications. First of
all, it allows you to deploy a communication network in a country where the construction
of traditional infrastructure was difficult or impractical. UAVs can fly at high altitudes
and cover large widths, making them ideal for covering large areas and regions with
difficult terrain. This is especially important for communication in sparsely populated
or mountainous areas.

The use of BPLA in 6G networks can provide fast Internet access and communication
in emergency situations, such as natural disasters or accidents, where existing
infrastructure may be damaged or unavailable. UAVs can be used to provide network
coverage in densely populated urban areas where large network capacity is required.
They can provide additional bandwidth and improve communication quality, reducing
the load on existing infrastructure. In general, the use of BPLA in the implementation of
6G mobile communication expands the network capabilities and enables communication
in various conditions, including hard-to-reach areas and emergency status.

The aim of the study. The purpose of implementing a 6G mobile communication
technology network based on UAVs is to provide reliable, extremely high-speed and
effective communication coverage in various conditions and regions, including hard-to-
reach areas, emergency situations and densely populated urban areas.

The objects of research are unmanned aerial vehicles and various possibilities of
ensuring the duration of their operation.

The subject of research dedicated to the implementation of a network based on 6G
mobile communication technology based on UAVs is the development and optimization
of the infrastructure, the identification of potential applications in various fields,
including transport, communications and emergency situations, as well as the study of
the impact of this technology on society and technical aspects its implementation.

Analysis of recent research and publications. Current terrestrial network
capabilities are still far from meeting the 6G requirements for global coverage. A large-
scale network is required that can also integrate non-terrestrial networks to support a
variety of applications such as aviation and navigation. The 6G architecture will be
cellular, large and four-layer. Network levels include space, air, ground and underwater
[1]. For example, with the space network layer, space internet services (which can be
critical for space travel) will be in the coverage area thanks to satellites [2]. For the ground
level, terabit speed data transmission will be provided to increase the 6G coverage area
using terahertz frequency bands. Thus, the frequency will increase, causing an increase
in path loss. The range of 6G will be less than that of current generations. In this case,
it will be necessary to use a larger number of base stations, which will make the 6G
network significantly more crowded and dense.

With the use of 5G, the concept of IoT networks refers to the billions of intelligent
devices that connect systems, people and other applications to collect and share data.
With 6G, this concept will expand and evolve to real-time monitoring and response, not
limited to connection and communication detection. The "Tactile Internet" describes the
real-time discovery, control, access, and operation of virtual objects as defined by the
IEEE 1918.1 standard [3].
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Due to current resource and detector limitations, the terahertz spectral range is not
fully utilized. Photonic solutions have been an advanced technology that is expected to
enable this frequency range to be used in a variety of ways. Photonic methods are the
preferred solution for millimeter wave and THz generation in terms of energy efficiency,
bandwidth, and control range. Terahertz frequency generation techniques based on
photonic heterodyne mixing techniques can overcome the bandwidth limitations of
electrical components and effectively contribute to the seamless integration of fiber
optic and wireless networking. This will make the fiber-terahertz-fiber streaming
system a promising choice [4], [5]. Visible Light Communication (VLC) systems
are important for 6G. VLC works in the frequency range from 400 THz to 800 THz.
Unlike RF technologies, which use antennas in the low terahertz range, visible light
communication relies on light sources (such as LEDs, image sensors, or photodiode
arrays) to communicate with transceivers. In several non-terrestrial scenarios, such
as aviation or maritime applications, visible light communication outperforms RF
technology in terms of propagation performance.

Presentation of the main research material. It is believed that UAV base stations
(UAS) are an integral part of the 6G cellular architecture [6], [7]. The inherent mobility
flexibility and relative ease of deployment can be useful for many requirements of next-
generation cellular networks, such as providing coverage in hotspots and areas with
scarce infrastructure, such as disaster recovery environments or rural areas. The high
probability of establishing line-of-sight (LOS) with ground users due to high altitude
leads to more reliable communication channels and a wider coverage area [8], [9].
Potential use cases for airborne BSs include offloading macro base stations (MBSs) in
urban and densely populated areas and providing coverage to rural areas that typically
suffer from low cellular coverage due to lack of operator incentives.

These potential advantages of airborne BSs have prompted the research community
to study many aspects of UAV-enabled cellular networks, such as air-to-ground (AG)
channel characteristics, optimal UAV placement, and trajectory optimization [10]. In
addition, there are two key challenges in designing UAV-enabled systems, which will be
discussed in more detail in this article. The first is the limited energy resources available
on board, which makes the flight time less than one hour in most commercially available
UAVs [11], [12]. The second key design issue is wireless backhaul [13].

Generally, the energy consumption of a UAV is twofold: propulsion energy, which
is the energy consumed by the UAV for flight and hovering, and payload energy, which
captures the energy consumption for communication and on-board processing. Many
research works were aimed at developing energy-efficient communication schemes for
UAVs in order to extend their service life. However, since the propulsion energy is much
greater than the payload energy, energy-efficient communication will not greatly affect
flight time. This short flight duration may not be a problem for some use cases, such as
delivery by drones between nearby locations or the distribution and collection of data
from sensor networks. however, when it comes to UAV installations, longer flight time
is vital to ensure stable and uninterrupted cellular communications.

Unlike ground base stations, which have wired communication channels (usually
using fiber optic cables), UAVs rely on wireless communication channels. Compared
to wired connections, wireless reverse connections are susceptible to higher latency,
interference, and lower achievable data rates. Therefore, it is important to find the best
technology for establishing wireless feedback on UAVs [14]. The available solutions in
the article include: satellite communication, millimeter wave communication, optical
communication in free space (OZVP) and in-band transit communication. Each of these
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four solutions has its advantages and disadvantages. For example, satellite communication
provides a more reliable transit link, but suffers from higher latency. On the other hand,
millimeter waves and OZVP provide a much higher data transfer rate compared to
in-band communication. However, both solutions are highly vulnerable to jamming and
are only reliable over short distances. In modern literature, the most attention is paid to
the use of intraband transit communication. This solution has lower latency compared
to satellite backhouse. It does not require a PvP channel for effective communication,
like millimeter waves or OZVP. However, due to the high flight altitude of the UAV, it
suffers from higher levels of interference, which can significantly reduce the achievable
rate of transit feedback. This paper proposes a system setup based on tethered UAVs
(tUAVs). The proposed technology solves the two technical problems described above:
short flight time due to limited on-board power and establishing reliable feedback. The
interface between the BS and the UAV consists of two components: power supply and
data transmission channel. The power supply is carried out from the BS to the tUAV
through a wired connection, which allows the tUAV to maintain a much longer flight
time. Similarly, the data transmission channel between the UA and the tUAV is also
physical through fiber optic communication, which provides reliable high-speed data
communication between the tUAV and the base station. Both the power and data wires
are bundled inside the binding. Currently commercially available UAVs can stay in
the air continuously for several days, with a proven ability to withstand harsh weather
conditions. Due to its weight, the length of the cable is usually limited and ranges from
80 m to 150 m [14]. In a recent case, Puerto Rico deployed UAVs to provide cellular
coverage to affected areas after Hurricane Maria [15].

The main disadvantage of tUAV is the limited length of the cable, which limits the
mobility and flexibility of movement of the drone. Thus, a compromise between UAVs
and UAVs naturally arises, which looks as follows. On the one hand, the tUAV has a
much longer flight time compared to the UAV due to the stable power supply via the
cable. However, it can hover or move only in a limited space defined by the length of the
cable and the surroundings of the object of observation. On the other hand, the UAV has
complete freedom to move anywhere to maximize network performance. However, due
to the limited capacity of the on-board battery, it is forced to regularly interrupt its work
to recharge or replace the battery. Unfortunately, today we do not have the technology
that can provide a long flight time while maintaining free mobility.

The proposed system consists of three main components:

- UAV;

— rope;

— NS.

The UAV is placed in a carefully selected location that satisfies two conditions: it
has a reliable connection to the main grid and it has a stable power source, such as a
grid connection or a generator. These two connections (power supply and mains) extend
to the UAV using a cable. Thus, the cable provides uninterrupted power supply to the
UAV, which allows it to remain operational with a significantly longer flight time. In
addition, the cable also connects the UAV to the main network via a wired connection,
providing stable, reliable and secure feedback. The UAV can hover only within a certain
range, which mainly depends on the length of the cable. If we assume that the NS,
which is the launch point of the tUAYV, is placed on the roof, then the tUAV can hover
around the roof within a truncated hemisphere with a radius equivalent to the length of
the cable, centered on the roof. The general area in which the UAV can hover is limited
by the height of nearby buildings. Motion planning methods can be used to determine
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achievable three-dimensional (3D) locations for a given environment [16]. This area
will be referred to as the hang area later in this article. The UAV carries antennas and
a set of computing units. These computing units are connected to the NS through an
optical fiber that transmits data along the cable. Although antennas and processor units
are considered heavy components for typical UAVs, modern commercial systems are
capable of carrying up to 60 kg of additional payload [17]. The UAV must hover within
the hover area and find an optimal 3D location that maximizes cellular coverage for
ground users. In addition to its main task — ensuring the connection with the main
network and energy resource, NS is responsible for cable control. In particular, the
emergency operator must monitor the tension of the cable and ensure that it is always
taut. During the movement of the tUAV, the EMS should sense whether the tUAV needs
to release a longer cable to reach the destination, or retract an additional length to ensure
the tension of the cable [18], [19]. From the above considerations, it is clear that a
reasonable selection of the location of the emergency vehicle is of great importance
for the performance of the tUAV system. For example, placing an emergency vehicle
on a roof surrounded on all sides by tall buildings will reduce its hovering area almost
to the area above its own roof. A smaller hover zone leads to a more complex UAV
3D placement problem and limits the UAV's mobility. The process of choosing the
location of an emergency station must take into account many aspects, such as the
spatial distribution of traffic demand and the availability of the necessary infrastructure.
In addition to productivity, economic efficiency should be considered when designing
a UAV system. There are certain differences in terms of capital expenditure (CA) and
operating costs (OS) between tUAVs and UAVs. The capital investment that exists only
in tUAV systems is mainly related to the cable and its mechanical controller and ground
station. At the same time, the capital investment that exists only in UAVs is related to
the charging stations required for recharging/replacing the UAV batteries. On the other
hand, the operating costs that exist only in tUAV systems are mainly related to the rental
of the roofs that are used to host the ground station.

Monte Carlo simulations will show the trade-off between tUAVs and UAVs in terms
of unlimited mobility with limited flight time for UAVs and limited mobility with
unlimited flight time for tUAVs. First, the setup of a system consisting of an MBS, a
cluster of users and a UAV deployed to serve this user cluster and offload the MBS will
be considered. User locations are evenly distributed within the cluster with a radius of
100 m. In case of UAV, we assume that it hovers in the center of the cluster for maximum
coverage. However, due to battery limitations, the UAV must leave its location in the air
and fly back to the charging station to charge/replace the battery. During this time, users
are served only by MBS. Hence, we present the availability of the UAV as the fraction
of time it is actually operational. On the other hand, in the case of using a tUAV, we
assume that it has an unlimited flight time. However, its mobility is limited by a cable
connecting it to the MBS with a length of 120 m, similar to the specifications of the
UAV [20]. So, here we assume that the tUBLA is an MBS.

In this simulation, one circular cluster of users is considered, and the users are evenly
distributed inside a disk with a radius of 100 m. The availability of the UAV determines
part of the time during which the UAV is working, and the rest of the time it is charging/
replacing the battery. The UAV is connected to the MBS via a cable 120 m long [20].
3 scenarios are compared: scenario 1, when an UAV is used and the main limitation
is its availability, scenario 2, when a tUAV is used and placed in the optimal place in
the hover area, and scenario 3, when the UAV is placed directly above its NS (optimal
placement is not considered).
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In this simulation, the coverage of uniformly distributed users within a disk with
a radius of 100 m is studied. The MBS is located 160 m from the disk center. The
tUBLA base station is placed on the nearest available roof to the center of the disk. The
availability of roofs determines the share of buildings where emergency deployment is
allowed. The building density is 500 buildings/km2. 2 scenarios are compared: scenario
1, when an UAV is used and the main limitation is its availability, scenario 2, when a
tUAV is used, and the BS is placed on the closest available roof to the center of the
cluster [21].

In case of readiness, 0.8 tUAV outperforms UAYV if the distance between the MBS
and the center of the cluster is less than 193 m. This threshold increases when UAV
availability decreases.

The performance of the tUAV is compared for two deployment scenarios: the tUAV
hovers exactly over the NS with the cable stretched to the maximum and the tUAV is
placed in an optimal location within its hover zone that maximizes the coverage prob-
ability. The results show the importance of optimal placement of the tUAV. The prob-
lem of optimizing the placement of tUBAS differs from the typical problems of 3D
placement of UAVs, which are described in the article. This is mainly due to the lim-
ited mobility of the tUAV, which reduces its availability in 3D locations. Note that this
deployment problem is different from the scenario of setting the maximum allowable
altitude for UAVs. For the latter, a UAV can hover anywhere as long as it maintains its
altitude below a set value, which cannot be said for a tUAV.

As mentioned earlier, the NS does not necessarily have to be the MBS. It can be the
roof of any building, as long as it has access to a stable energy resource and a reliable
connection to the main grid. Obviously, these conditions are not always satisfied by any
randomly selected building. Additionally, not every building that meets these conditions
will provide an operator with access to deploy their EMS on the roof. Hence, for a given
building density, rooftop accessibility is introduced as the ratio of buildings that meet
the above conditions and are willing to provide access to their rooftops. A similar setup
is considered, with the deployment of the NS on the nearest available roof to the center
of the cluster, instead of deploying it on the MBS. In addition, the distance between the
MBS and the center of the cluster is fixed at 160 m. The location of buildings is modeled
using the Poisson point process (PTP) with a density of 500 buildings/km2, which is
a typical building density in urban areas. The characteristics of tUAVs and UAVs for
different values of roof accessibility are compared. It is observed that the minimum
required rooftop accessibility for a tUAV to outperform an UAV decreases as the cable
length increases. For example, when the availability is 0.9, the required roof availability
decreases from 0.25 to 0.05 as the maximum cable length increases from 80 m to 120 m.
This result shows the effect of the maximum cable length on system performance. Given
that the availability of rooftops is a significant part of the capital cost of the system,
these results show that increasing the maximum cable length is indeed important for a
cost-effective tUAV deployment.

The complications with the tUAV deployment model are as follows. First, aerial
communication systems in general require new regulatory policies, then tUAV systems
may require some special considerations. For example, new safety regulations must be
implemented for areas where ropes are allowed. Safety margin around buildings and
above ground around buildings and above ground to avoid accidents due to entangle-
ment or any malicious attempts to entangle the cable.

Secondly, in contrast to typical studies on the optimization of UAV deployment,
the problem of tUAV deployment is different. During operation, each tUAV must be
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physically connected to the emergency room on the roof by means of a cable. Therefore,
the problem is more limited and needs careful study. The problem of choosing a roof
can be solved using different approaches, depending on the main goals of the operator
in terms of quality of service. In addition to cellular coverage considerations, cost-effec-
tiveness should also be considered during the roof selection process.

Third, with regard to the location chosen for the deployment of the emergency vehi-
cle, it is important to know exactly what the hover area looks like. Given the constraints
of not impinging on neighboring buildings, providing sufficient distance from public
access, and creating a buffer over all surrounding buildings for safety, the hang zone on
each roof is truly unique. For example, if the roof is surrounded on all sides by lower
buildings, it will have a larger flight area and therefore more freedom of movement for
the tUAV. The hovering zone depends on the distance to the surrounding buildings and
their relative height. In order to solve the problem of 3D optimization of the placement
of the UAY, it is first necessary to obtain an analytical model for the hovering area. first
you need to get an analytical model of the hover region.

Conclusions. The paper considered the potential of tUAVs for cellular coverage
and increasing capacity. The proposed setup can be seen as a compromise that aims to
replace the current performance limitations of UAVs due to limited on-board energy
with mobility limitations due to tethering. tUAV systems have been shown to have
promising advantages over UAVs despite tethered mobility limitations. Some potential
use cases and applications were described where a tUAV-mounted BS would be of great
benefit, such as increasing bandwidth in urban areas, expanding coverage in rural areas,
and densifying the network. Finally, some open issues and research problems have been
described that need to be thoroughly investigated to better understand the performance
limitations of the proposed setup.
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Y ecmammi posensioaemucsi 3acmocysants memooie 00CaioNcen s onepayiil 0isk NPOSHO3Y-
8aHMA MeMnepamypu HAGKOIUUHBO20 CepedosUlya 3a 00NOMO02010 HeupoHnux mepedc. Ocrnosna
Mema 00CHiONCeHHsL NONALAE Y NIOBULEHHI MOYHOCTIT MeMnepamypHux npocHo3i8, o € 8aic-
JUBUM 6 YMOBAX 2N0OANbHUX KAIMAMUYHUX 3MiH Ma 30iNbUeHHs 4acmomu eKCmpemManibHux
n0200HUX AeuUW. [ 00CACHEeHHS Yic€i Memu GUKOPUCTHOBYIOMbCSA KOMOIHAYIS peKYDEeHMHUX
Hetporuux mepedic (RNN) ma koneontoyitinux netiponuux mepesc (CNN), ujo doszeonse eghek-
MUGHO 0OPOOIAMU K NPOCMOPOSI, MaK i wacosi 3anexcHocmi 8 oanux. OCHOBHI pe3yibmamu
nOKA3aNY, Wo 3anponoHO8aAN] MO0l 3HAYHO nepesepuLyioms mpaouyiini Memoou npo2Ho3y-
BaHMA MemMnepamypu 3a mounicmio. Buxopucmanmns maxux aKiCHUX MempUx, sk cepeoHboKaa-
opamuuna nomunka (MSE) ma cepeous abconromua nomuika (MAE), 0o3601uno 0b'ekmusno
oyiHumuU nPodyKmusHicms mooeneil. Lle ceiouume npo nomenyian 3anponoHO8aH020 nioxooy
0714 3ACMOCYBAHHA Y PealbHUX yMogax. 3acmocy8ants MOYHUX MEMNEePamypHux npocHo3ieé
Mae€ enuKe 3HAYeHHA 0N MAKUX 2axy3ell, K eHepeemuKka ma cilbcobke 20cnooapcmeo. Y enep-
2EMUYHOMY CeKMOPI MOYHI NPOSHO3U 00380AI0Mb eheKmueHiuLe YAPAGIIMU CONCUSAHHAM
eHepeii, 3MeHwYI04U umpamu Ha GUPOOHUYMBEO Ma MPAHCHOPMYSAHHA. Y CilbcbKomy 2oc-
nooapcmei mouni NPocHO3U OONOMA2AOMb ONMUMIZY8AMU YAPAGIIHHA PeCypcamu, MmaKumu
K 800a [ 000pUBA, Ma 3HUNCYBAMU PUSUKU BI0 HECHPUSIMIUBUX NOSOOHUX YMOS, MAKUX K
3amMopo3ky yu xeuni cneku. Cmamms makoxc NIOKPeciioe 8a3CIUBIiCms NOOAILUWUX OOCI-
02iCeHb Y HANPAMKY 800CKOHANEHHS MOOelell HelPOHHUX Mepedic Ol NPOSHO3Y8AHHS KliMa-
MuYHUX napamempis. BuxopucmanHs cydacHux memooieé MAuUHHO20 HABYAMHA, MAKUX SAK
2nuboKe HABUAHMSA, MOJICe CHPUAMU NOOANLULOMY NIOBUWEHHIO MOYHOCMI ma HAOdiliHoCmI
npoenosis. [locaiodcents makodic 6Kasye Ha HeoOXiOHicmb iHmezpayii pisHUX Mmunieé OaHux,
BKAIOUAIOUY CYNYIMHUKOBI CNOCMEPEJICeHHS Mda OaHi HA3EMHUX MEMeopoNo2iuHuX CmaHyil,
071 NOKpawentsi MOOen08aAnHs Mma NPOcHO3y8anHs. Takum YuHoM, 6UKOPUCMAHHS MemOoOi8
00CAI0dCeHHs onepayill y NOEOHAHHI 3 HEUPOHHUMU Mepencamu 8IOKPUBAE HOBL MONCIUBOCTE
07151 NOKPAWeHHs MOYHOCII NPOSHO3VEAHH MEeMNePamypu, Wo Mac 8axdcauee 3nadents Ois
bacamvox canyzeti ma chep OisnbHocmi. Lle niokpeciroe akmyanbHicmes ma nepcneKmuHicmsy
NOOATLULUX OOCTIOINCEHD Y YbOMY HANPIAMKY, WO MOACE MAMU 3HAYHUL 6NAUE HA A0ANMAYII0 00
3MIH KIiMamy ma eghekmuere YnpasiiHHs pecypcamu.

Kntouoei cnosa: npocrosysanns memnepamypu, KOMOIHAYis HEUPOHHUX MEPENC, PEKYPEHIMHI
HeUpoHHi Mepedici, MempUKU AKOCMI.
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Getman 1. A., Derzhevetska M. A., Solod Yu. A. Application of Operations Research
Methods for Predicting Ambient Temperature Using Neural Networks

The article considers the application of operations research methods for forecasting the
ambient temperature using neural networks. The main goal of the research is to increase the
accuracy of temperature forecasts, which is important in the context of global climate changes
and an increase in the frequency of extreme weather events. To achieve this goal, a combination
of recurrent neural networks (RNN) and convolutional neural networks (CNN) are used, which
allows for efficient processing of both spatial and temporal dependencies in the data. The
main results showed that the proposed models significantly outperform traditional temperature
forecasting methods in terms of accuracy. The use of such qualitative metrics as the mean squared
error (MSE) and the mean absolute error (MAE) made it possible to objectively assess the
performance of the models. This indicates the potential of the proposed approach for application
in real conditions. The application of accurate temperature forecasts is of great importance for
such industries as energy and agriculture. In the energy sector, accurate forecasts allow more
efficient management of energy consumption, reducing production and transportation costs. In
agriculture, accurate forecasts help optimize the management of resources such as water and
fertilizers and reduce risks from adverse weather conditions such as frost or heat waves. The
article also emphasizes the importance of further research in the direction of improving neural
network models for forecasting climate parameters. The use of modern machine learning methods,
such as deep learning, can help further increase the accuracy and reliability of predictions. The
study also points to the need to integrate different types of data, including satellite observations
and data from ground weather stations, to improve modeling and forecasting. Thus, the use of
operations research methods in combination with neural networks opens up new opportunities
to improve the accuracy of temperature forecasting, which is important for many industries
and fields of activity. This emphasizes the relevance and perspective of further research in this
direction, which can have a significant impact on adaptation to climate change and effective
resource management.

Key words: temperature prediction, neural network combination, recurrent neural networks,
quality metrics.

Beryn. ¥V cyyacHoMy CBITi, € 3MiHH KJTIMaTy i eKCTpeMasIbHi IOTOHI YMOBH CTa-
I0Tb BCE OUIBII YaCTHMHU, TOYHI MPOTHO3M TEMIEPaTypH MalOTh KPUTHYHE 3HAYCHHS.
BoHu 103BOJISIOTE CBOEYACHO pearyBaTH Ha MOTEHILINHI 3arpo3u i MIaHyBaTH JisUlb-
HICTB 3 ypaxyBaHHSM MOXJIHUBHX ITOTOTHUX 3MiH. J[JIs1 €HepreTHYHNX KOMITaHii TOYHi
TeMIIepaTypHi MPOTHO3M JOTOMAraroTh YIPaBIATH CHOKHBAHHAM €HEpril, OCKIJIbKH
CHOKMBAHHS €NIEKTPOEHePrii MoXKe 3MiHIOBAaTHCS 3aJIe)KHO BiJ Temmeparypu. Lle no3-
BOJISIE €(PEKTUBHIIIE PO3MOAIISITH PECYpCH Ta 3MEHIITYBAaTH BHTPATH Ha BUPOOHHIITBO
Ta TPAHCIIOPTYBAaHHS €Heprii. Y CIIbCHKOMY TOCIIOAAPCTBI NPAaBWIIBHE TUIAHYBAaHHS
1 ynpaBIiHHS pecypcaMu, TaKUMH sIK BojAa 1 J0OpHBa, 0E3M0CEPETHbO 3aJICKUTH Bil
HOroAHUX yMOB. TOYHI IIPOTHO3M TEMIIEpaTypH AONOMAararTh (epMepaM YHHKATH
30UTKIB BiJl HECIIOZIBAHUX 3aMOPO3KiB a00 XBIJIb CIIEKH, & TAKOXK ONTHUMI3yBaTH dac
MOCiBYy 1 300py BpOXkaro, 0 MOKE CYTTEBO BIUIMHYTH Ha BPOXKAWHICTh 1 €EKOHOMIYHY
e(heKTUBHICTh arpOBUPOOHUIITBA. ABIiallisi TAKOXX € KPUTHYHO BaXKIUBOKO cepoto, e
TOYHICTh ITOTOJTHUX ITPOTHO3IB Ma€ BEJIHMKE 3HAUCHHS. 3HAHHS Mpo MaiOyTHI Temrepa-
TYpHI YMOBHU J03BOJISI€ aBIaKOMIIAHISM IJIAHYBAaTH MApIIPyTH MOJILOTIB, BPAXOBYBATH
MOYKJIMBI 3aTPUMKH 4epe3 MOraHi MOro/{Hi YMOBH Ta 3a0e31euyBaTy Oe3IeKy MOJIbOTIB.
Lle Takoxx moromarae B ONTHMI3allil BUTpaT MaJbHOTO 1 3a0e3nedeHHi e(heKTHBHOCTI
omepariif. ¥ OyIiBHHITBI MPOTHO3YBAHHS TEMIIEPATypH MOXE BIUIMHYTH Ha IIaHY-
BaHHS POOIT, 30KpeMa Ha Yac MPOBEJCHHS OCTOHYBAaHHS, SKe MOXKe OYTH UyTIIMBUM
J0 TeMrieparypu. HenpaBuibHe 1IaHyBaHHS MOXKEe TIPH3BECTH JIO MOTIPIICHHS SKOCTI
OyniBeNbHUX MaTepialiB a00 3aTPUMKHU B IPOEKTI.

IMocranoBka npodsemu. TouHi MPOTHO3MW TEMIEPATypH JONOMAraroTh YHHKHYTH
HEraTHMBHUX HACIIIKIB HECTIPUATIIMBUX MOTOAHUX YMOB, IUIAaHYBAaTH PECYpPCH Ta 3MEH-
nryBati BUTpaTd. OHAK TpaguLiifHi METOIM IPOTHO3YBaHHS TEMIIepaTypH, 3aCHOBaHI
Ha (I3WYHUX Ta CTATUCTHUYHUX MOJCIAX, MAlOTh CBOI oOMekeHHs. Di3uuHi Mojeni




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|15

MOXYTh OyTH HAaJATO CKJIAJHHUMH 1 BUMAaraTd 3HAUYHMX OOUHCIIOBAJBHHMX PECYpCIB,
a TaKOXX HE 3aBKIU BPAaXOBYIOTh BCI JIOKAJIbHI HIOAHCH KJITIMAaTHYHUX yMOB. CraTHc-
TUYHI MOJIeJNI, TaKi K aBTOrPECUBHI MOJieli pyxoMoro cepenHboro (ARIMA), MOXKYTb
OyTu HE 3JaTHUMHU BIOPATHUCS 3 HENIHIMHUMM Ta CKJIAQJAHUMM MaTepHAMH, IO XapaK-
TEpHI I TOTOJHAX JaHUX.

B ocTanHi poku 3'sBUIMCSA HOBI METOIM NMPOTHO3YBaHHSA, 30KpeMa Ha OCHOBI Hell-
POHHHMX MEpeX, SIKi MaloTh BUCOKMI MOTEHIliald IS MOKPAIICHHS TOYHOCTI MPOTHO-
3iB. HelipoHHi Mepexi, 0coOnuBO pekypeHTHI HelpoHHi Mepexi (RNN) Ta ix mokpa-
meni Bepcii, Taki ik LSTM (Long Short-Term Memory), 31aTHi €(eKTUBHO BUBYATH
CKJIJIHI 3aJICKHOCT] y JaHWX 1 BUKOPHUCTOBYBATH 1H(OPMAIIIO PO TOIECPEIH] CTaHU
IUTSL TIPOTHO3YBAaHHS MalOyTHIX 3HaueHb. BOHM MalOTh 3[aTHICTH 3aXOIUTIOBATH IOB-
TOCTPOKOBI 3aJI€KHOCTI Ta HEJNiHIMHI marepHH, MO0 POOUTH iX OCOOIMBO KOPUCHUMH
JUIS TIPOTHO3YBAHHS YacOBOTO PsAY, SK-OT Temmeparypa. Lli mMomeni AeMOHCTPYIOTH
BUCOKY €()eKTHBHICTH y 3aBIAHHSIX MPOTHO3YBAHHSI, OCKUTBKMA MOXKYTh HABUATHCS HA
BEJIMKHUX 00CSTrax JaHuX 1 aJanTyBaTUCs 10 3MiHIOBaHMX YMOB. BoHu 3abe3neuyrorh
TOYHIII MPOTHO3H, IO A03BOJISIE KPaIle IUTaHyBaTH AisUTBHICTD 1 SMCHIITYBaTH PU3UKH,
OB’ sI3aHi 3 HerepeadadyBaHUMH TIOTOAHUME YMOBaMH. BBeIeHHS HEHPOHHUX MEpex
y cdepy IpOrHO3yBaHHS TeMIIEpaTypH BiJKPUBA€ HOBI MOXIIMBOCTI Uil TiABHILIECHHS
TOYHOCTI 1 HaAIHHOCTI MPOTHO31B, IO € BAKINBUM JUIA 0araTb0X KPUTHIHUX CEKTOPIB
E€KOHOMIKH 1 CYCIIJIbCTBA.

Merta pocaimkents. MeToro J0CTIKEHHS € po3poOKka MaTeMaTHYHOI MOJIeNTi TIPo-
THO3YBaHHS TEMIEpaTypH HAaBKOJHITHHOTO CEPEIOBHINA 3a JOTOMOTOI0 HEHPOHHOI
Mepexi. Y cTarTi po3nIIIaloThCS Pi3HI METOAM MPOTHO3YBAHHSI, BKIIOUAIOYH TPaIH-
LiiHI METOJIM Ta METO/IM, 3aCHOBaH1 Ha IITYYHUX HEUPOHHUX Mepexax, OPIBHIOEThCS
X e(peKTUBHICTE Ta BU3HAYAETHCS HAIKpaIia MOENb JUIsl IPOTHO3YBAaHHS TEMIIEPATYpH.
Takox yBara npuIII€ThCS YKPATHCHKUM Ta 3apyOiKHUM JOCITIIKSHHAM Y IiH ramysi.

AmHaJi3 ocTanHix gociaizkensb i myoaikaniii. YkpaiHCbKi BU€H1 aKTUBHO JTOCITIDKY-
I0Th 3aCTOCYBaHHS HEHPOHHUX MEpEeX IUIS MIPOTHO3YyBAaHHS TeMmeparypHu. JlopouieHko
A.1O. ta Hlmur B.M. y cBoiif po0OTi 3aliponoHyBalli apXiTEeKTypy HEHPOHHOT MEepexi,
sKa JI03BOJISIE KOPUIYBaTH MPOTHO3M YHCENIBHOI PErioHaIbHOI MOJENi 332 JOIMOMOIO0
aHaJTi3y IOMWJIOK ITUX MPOTHO31B [1, 2]. IxHs Momens mokasana MTOKPAIICHHS TOYHOCTI
nporuo3iB y 50% Bumnaakis. BoHH BUKOPHCTOBYBaJIM MiAXiJ 3BOPOTHOIO MOIIWPEHHS
MOMWJIKM Ta aJallTUBHOTO HABYaHHSA JUIs MOJIMNIIEHHs pe3ynbTariB. Kymnuipenko P.B.
JIOCTIKYBaB BUKOPUCTAHHS HEHPOHHIX MEPEX [UIS TOBTOCTPOKOBOTO MPOTHO3YBAHHSI
temrepatypu [3]. ¥ cBoix poboTax BiH aHaIi3yBaB pi3Hi apXiTEKTypU MEPEXK Ta MOPIB-
HIOBAB iX €()EKTHUBHICTH y MPOTHO3YBaHHI TEMIIEPAaTypHHUX PSAIB HA PI3HUX YAaCOBUX
iHTepBaiax. BiH 3p0OMB BHCHOBOK, 110 KOMOIHOBaHI MOJIEINI, SIKi BHKOPUCTOBYIOTh SIK
JiHIIHI, Tak 1 HEeJiHIHHI KOMIIOHEHTH, MOKa3yloTh HaWKkpaiui pe3ynbratu. lllepemer
I.C. y cBOiX ZOCIIIKEHHIX 30CEPEINBCS HA YOCKOHAICHHI MOJICNICH YHCEIBHOTO MPo-
THO3YBaHHS MOrou [4]. BiH BUBYaB MOKIIMBOCTI IMiIBUIIICHHS TOYHOCTI MIPOTHO3IB Ta
301IbLIEHHS IXHBOT Iepe0auyBaHOCT1, aHAII3YIOUH Pi3HI METOAU 0OPOOKH METEOPOIIO-
TYHHUX JaHUX Ta IHTETPYBAaHHS iX y HEHPOHHI Mepexi.

3apyOikHI BYCHI TAKOXK aKTHBHO JOCIIKYIOTh 3aCTOCYBAaHHS HEHMPOHHUX MEPEK
JUIsL IPOTHO3YBaHHS MOTOJHMX YMOB. 3iccepman A., mpodecop Okchopacbkoro yHi-
BEPCUTETY, B CBOI POOOTI 30cepeMBCsl HA BUKOPUCTAHHI TNTMOMHHOTO HABYAHHS ISt
aHaTI3y KIIMaTHYHUX JaHux [5]. Bin 3anpomonyBaB mozens Ha ocHoBi LSTM (Long
Short-Term Memory), sika 34aTHa 3amaM'asTOBYBAaTH JIOBI1 YacOBi iHTEpBalIM Ta BUSB-
JSTH CKJIAJIHI 3aleXHOCTI B naHux. Xoxpentep C. ta Lminxyoep 1O., Bimomi nociin-
HHUKH B 00JIacTi HEHPOHHUX MEpex, 3armponoHyBanu apxitektypy LSTM, sxa crama




| Taspiliceknit HaykoBui BicHHK Ne 3

16|

OCHOBOIO JIJIsl 0araTb0X Cy4acHUX MOJieNiell porHo3yBaHHs [6]. BoHu mokazamnu, 1o
LSTM 3HavyHO TiepeBepIye TpaauIiiiiHi peKypeHTHI HEMPOHHI MepeXki B 3a/1auax mpo-
THO3YBaHHA YaCOBUX PAJiB, BKIIOYat0uM TemneparypHi aadi. Yen K., nocnianuk 3 YHi-
BepcuteTy [lekiHa, 3anmponoHyBaB KOMOIHOBaHY MOJEIb, 10 BUKOPHUCTOBY€E 3TOPTKOBI
HeliporHi Mepexi (CNN) pazom 3 LSTM s 06poOku kimiMaTHuHUX daHuX [7]. Bin
MoKa3aB, L0 Taka KOMOiHawifg J03BOJIsIE €()EKTUBHO BHUIUIATH MPOCTOPOBO-YACOBI
3aJISKHOCTI Ta MOKPAIIyBAaTH TOUHICTh IIPOTHO31B.

Bukiaan ocHoBHoro marepiamy. Ilicins aHamizy MeromiB, Monened MpeaMETHOT
00acTi, MPOrHO3yBaHHA TEMIIEpaTypy HABKOJIMIIHBOTO CEPEIOBHILA, SIKE MOXKE MPO-
BOJUTHCS 3aBISKA TPHOM METOJAM: YHCEIBHOMY, CTATUCTUYHOMY Ta CHHOITHYHOMY,
OyJ10 BHpINICHO BHKOPHCTOBYBATH CaM€ CTATUCTUYHHHA METOI, IO MOJATAE Y BHKO-
pPUCTaHHI HEUPOHHUX Mepex. Takox Mmicis aHamizy JiTeparypu Oysi0 BUPILIEHO BHKO-
PHCTOBYBaTH TakKi HCHPOHHI Mepexki SK peKypeHTHY Ta 3ropTkoBy. [Ipore 3roprkoBa
HEeWpOHHA Mepeka OyZe BHKOPHCTOBYBATUCS Y KOMOIHAII{ 3 iHITMMH, TAKAMH SIK ITOBHO-
3B’s3HA Ta peKypeHTHa HelpoHHI Mepexi. 11lo 703BONINTh BUKOHYBATH MIPOTHO3YBAHHS
Oubin TowHO. TakoXk JUIsi MPOTHO3YBaHHS TEMIIEpaTypy HABKOJHUIIHBOTO CEPEeIOBHINA
Oyze BuKopucToByBatucs Moaenb SARIMA, o 6a3yeTbest Ha IPOrHO3YBaHHI aCOBUX
psniB [8].

Pexypentna neiiponna mepexa (RNN) moke mMatu mpodieMy 3 TOBFOCTPOKOBOIO
3aJISKHICTIO, BOHA MOYXe BUHHKATH IMPU TPEHYBaHHI MEpEKi Ha JOBIHX ITOCIIIOBHO-
CTSIX JaHuX. Y MPOTHO3YBaHHI TEMIIEpaTypy HAaBKOJHUIIHBOTO CEpEeIOBHUINA 1€ BEJIHKa
npob6nema. Tomy i Hamroi 3aa4i OyJieMO BUKOPUCTOBYBATH OUIBII CKIIQIHY apXiTeK-
Typy HelipoHHOI Mepexi, a came, LSTM. lle 103BONHTH 3MEHIIUTH BILTHB MPOOIEMH
3aTyXaHHS TPaJi€HTY 1 MONIMIIUTH 3AaTHICTh PEKYPEHTHUX HEHPOHHHX MEpEex po3y-
MITH JIOBTOCTPOKOBI 3QJIEKHOCTI B JIaHUX.

1 mporHO3yBaHHS TEMIIEPATYPH 3a JOTIOMOTOI0 HEHPOHHUX MEPEK HaM IOTPiOHI
JaHi, 110 30Mpaucs Ha METEOCTAHIIi1 BIPOJIOBXK JOBrOro MPOMIKKY dacy. UuM Oinbliie
JIAaHWX, THM Kparie Oyje mporHo3. bakaHo 30upatu mMeteonaHi BIPOIOBXK POKY Ta
Oimpime. B 11i MeTeonaHi BXOAUTH TEMITEpaTypa Ta BOJIOTICTh MOBITPS, IIBUIKICTD BITPY
Ta aTMOC(EPHUH THCK.

Temmeparypa moBiTps BuMIipreTbes y °C. MakcumanbHa TeMmIiepaTypa IOBi-
Tps +42,0 °C Oyna 3adikcoBana 12 cepnus 2010 poxy Ha MereocrtaHuii Jlyrancek;
AOcomoTHIH MiHIMyM TeMneparypu noBiTps -41,9 °C OyB cnocTepeskeHUN § CiuHs
1935 poky Ha meTeocTanii JIyrancek [25]. ToOTO [utst IIHOTO TApaMETPy JTOITYCTHMHMHA
OynyTh 3HaueHHs [-42,42].

Bonoricts noBiTps BuMiproeTses y %. Ha opmyBanHs 6amaHCy BOJIOTH Ta 3BOJIO-
JKEHOCTI TepUTOPil Oe3mocepeIHhO BILIMBAE BiIHOCHA BOJIOTICTH TOBITps. Ilepeciuni
piuHI 3HAYEHHS LBOTO MOKa3HUKA CTAaHOBIATH 65-70%, MprUuOMy B JITHI MICSI BOHH
3HIDKYROTBCSA 10 55-60 % [26]. Maemo Takuii niamazon [55,70].

[IBHUAKICTh BITPY BUMIPIOETBCS Y KM/TOJI. MakcuMalibHa IBUIKICTH BITPY 50 M/c
(180 xm/roxm) Oyna 3apeectpoBaHa 24 rpynus 1947 poky Ha mereoctanuii Ai-Iletpi
y Kpumy [25]. HaiimeHIMM 3Ha4E€HHSIM MIBUAKOCTI BITPY € HOTO BiICYTHiCTB. ToOTO
MIBUIKICTB BITPY A0piBHIOE 0 KM/TONI. OTXHE MaeMO, 1110 MIBUJIKICTh BITPY MOBHHHA 3Ha-
xoautucs y aianasoni [0, 180]

ATtMmochepHH TUCK — CHITA, 3 SIKOIO JIABUTH HA OJJUHHMIIIO 3¢MHO1 ITOBEPXHI CTOBITYHUK
TOBITPS, SIKUI MMPOCTUPAETHCSI BiJl TIOBEPXHI 3eMIIi JI0 BEPXHBOI TPaHHMIIl aTMOCHEpH.
SIKII0 KiJIBKICTH MOBITPSA y CTOBIYHKY 30UIBLIYETHCS — aTMOC(EpHHI THCK 301bIIIY-
€THCSI, SIKIIO 3MEHIIYETHCS — TUCK 3MEHIITYEThCs. [IpoTsATroM 100M THCK MOKE 3MIHIOBA-
THCS 1 IIUM CIIPUYUHSTH 3MIHY 1HIINX [TapaMeTpiB — TeMIepaTypH, BOJIOTOCTI MOBITPS,
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XMapHOCTI 1 T.7. s moauHn KoM(pOpTHUM 3Ha4eHHIM € Bix 750 1o 760 MM pTyTHOTO
CTOBITYMKA (MM PT. cT.) [27]. HaitHmkuuii TuCK Oyno 3apeectpoBano y 1997 pomi —
717 mm pr. ct. HaiiBuie 3HaueHHst atMoc(epHOro THCKY Yy CBITI ckiiagae 812,4 MM. pT.
TobOto Maemo jiana3on 3Havens [717, 813].

Takox JUIsS IPOTHO3Y HaM 3HAJ00UTHCS KUIBKICTH JIHIB HA SIKY BiH Oyae poOUTHCS.
IIporuosu noroau NpuitHATO KiIacU(piKyBaTH 3a CTYIIEHEM 3aBYaCHOCTI Ha TPU OCHOBHI
TPYIH: KOPOTKOCTPOKOBI, TOBFOCTPOKOBI i HAYKACTHHT (IIPOTHO3M «HA 3apas»). Cepen
HUX BHJUISIOTH 1€ CePEeTHhOCTPOKOBI (KOHCYIBTATHBHI, Bif 4 10 10 1i0) 1 KiiMaTHIHI
MIPOTrHO3M (Ha TepMiH MoHaA 2-X pokiB) [9]. ¥V mocnimkeHH] OyaemMo poOUTH MPOrHO3
ma l,3 ta5 mi6.

LSTM —1ie Tun pexypeHTHOT HeliporHoT Mepesxi (RNN), sika Ma€e 31aTHICTh 3amam's-
TOBYBaTHu iH(OpMallilo Ha JOBIHX YacoBUX iHTepBasax. Lle poOuts ii ocobmuBo edex-
TUBHOKO JUIs 3a/1ad MPOTHO3YBAHHS YaCOBHX PsJIiB, TAKHX SK Temreparypa. Monenb
LSTM ckiagaerhbes 3 crierialibHuX OJIOKIB Tam'sITi, sIKi I0O3BOJISFOTH 30epiratu ta oopo-
OnsTH 1H(OpPMALIiIO TPOTATOM TPUBAJIOTO Yacy, U0 pOOUTH ii i1eaIbHO0 TS TPOTHO3Y-
BaHHS TEMIIEPaTYPHUX JIAHHX.

V nocmipkenHi Oyito Bukopuctano Monesib LSTM 3 nBoma mmapamu, koxked 3 100
HelpoHaMHu, 1 KibKicTio enox HaB4aHHs — 10. [ani s HaB4aHHS OyJM MiATOTOBIEHI
IIJISIXOM HOpMalTi3alii Ta MOy Ha TPeHyBaJIbHI Ta TeCTOBI BUOipKu. st onrumisanii
MOZIETi BHKOPHCTOBYBAIU anroput™ Adam, skuii 3a0e3nedye mBUIKe Ta e(GeKTHBHE
HaBuaHHs. [ToxuOka mporHo3y monenmi cranoBuia 18.53% mpu mporHo3yBaHHi Ha 1
JICHb.

Kombinaliss HeMpOHHUX MepexX, HaNpHKIa, 3ropTkoBi HeiiporHi Mepexi (CNN)
y noeaHaHHi 3 LSTM, Moe 3Ha4HO MOKPAIUTH TOYHICTh IporHo3yBaHHs. CNN Buko-
PHUCTOBYIOTHCSI JJIsl BHJIIJICHHSI IPOCTOPOBHX O3HAK 3 MaHWX, Tofl sk LSTM 06pobmse
4yacoBi 3ajekHOCTI. Takui miaxix 103Boiisse eheKTUBHO aHATI3yBaTH CKJIaIHI JIaHi Ta
MOKpAIyBaT! TOYHICTh MIPOTHO3IB.

VY nocmimkeHHi OyJio CTBOPEHO MOJICIb, KA CKJIAJAEThCS 3 Iapy 3TOPTKOBHUX HEH-
poHHHX Mepex 3 64 ¢imsrpamu, mapy LSTM 3 50 meiiponamu ta 50 emoxamu HaB-
yaHHA. [t miABUIEHHS TPOLYKTHBHOCTI MOJIENi BUKOPUCTOBYBAIUCS METOM PETYIIS-
pu3anii, Taki sik Dropout. I[Toxn6xa miei momeni cranoBuia 16.14% mpu nporHo3yBaHHI
Ha 1 nenb Ta 33.5% npu nporuo3yBaHHi Ha 3 JHI.

Monens SARIMA (Seasonal Autoregressive Integrated Moving Average) BHKO-
PHCTOBYETHCS IS IIPOTHO3YBAHHS YaCOBHX PSIB, SIKi MAIOTh CE30HHI KOMIOHEHTH. LIst
MOJIeJIb JIO3BOJISIE BPAXOBYBATH SIK KOPOTKOCTPOKOBI, TaK 1 JOBIOCTPOKOBI 3aJI€KHOCTI
y JaHUX, 1[0 POOUTH ii KOPUCHOIO IS 33/1a4 IMPOTHO3YBaHHS TEMIIEPaTypH.

VY nocnipkeHHi Oyiio BUkoprctano Moaesibs SARIMA i iporHo3yBaHHS TeMIIepa-
TypH HABKOJMIIHBOIO CEpPENOBUIIIA. HapaMeTpH Mojeli Oynu oOpaHi IUIIXOM aHali3y
aBTOKopeJ'IHI_III/IHOI Ta 4aCTKOBOT aBTOKOPEIALIHHOT (yHKIINH. Mojiens moka3aia J0CUTh
BHCOKY TOYHICTB JIJISI KOPOTKOCTPOKOBHX nporH03lB OIIHAK ITOCTYTIaJacsi MOICISIM Ha
OCHOBI HEPOHHUX MEPEXK Y JOBrOCTPOKOBIN IEPCIIEKTHBI.

Jns mopiBHSHHA €(EKTUBHOCTI PI3HUX MOJENEH BHKOPHCTOBYBAINCS HACTYIIHI
MeTpUKH: cepenHs abcomroTHa moxubOka (MAE); cepemHs kBaaparnyHa IOXHOKa
(MSE); cepennst abcomtorHa BifgcorkoBa noxudka (MAPE).

Byno BusHaueHo, mo monens LSTM 3 nBoma mapamu nokasaina HaiMEHIITY TOXHOKY
cepell HEUpOHHUX Mepex. KoMOiHaliss HEHpOHHHX Mepek TaKoX IOoKasanaa XOpOIli
pe3ynbTatd, 0coONMUBO JIJIsl KOPOTKOCTPOKOBHUX NporHo3iB. Moaens SARIMA noxka3zana
BUCOKY €()eKTHBHICTH IS KOPOTKOCTPOKOBHX IPOTHO3IB, ajle MOCTyHajaacs MOACIIIM
Ha OCHOBI HEHPOHHUX MEPEXK Y TOBIOCTPOKOBIH TIEPCIIEKTHBI.
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BucHoBku. Y nociipkeHHI OyJI0 3aCTOCOBAHO METO/IU JOCIIDKSHHS OTIepariii Jist
MPOTHO3YBaHHs TEMIIEPaTyPH HABKOJIHUIITHFOTO CEPEIOBHIIA 32 JOIIOMOTOI0 HEHPOHHUX
Mepex. OCHOBHOIO METOI0 pOOOTH Oyi0 MiJBHIEHHS TOYHOCTI MPOTHO3YBaHHS TEM-
neparypH, Mo € KPUTUIHO BXXIIMBIM B YMOBAX KIIMaTHIHUX 3MiH Ta EKCTPEMaTbHUX
MOTOTHHUX YMOB. J{J1sl IbOTO OyJI0 BUKOPUCTAHO KOMOIHAIIIO PEKYPEHTHHX HEHPOHHUX
Mmepex (RNN) ta koBomoninHux HelpoHHNX Mepex (CNN).

OCHOBHI pe3yJIbTaTh JOCITIJDKCHHS CBIIYaTh MPO Te, MO 3allpONOHOBAHI MOJENi
MOKAa3aJIi BUCOKY TOYHICTh MPOTHO3YBaHHs B TOPIBHSAHHI 3 TPAAUIITHIMHI METOIAMHU.
3okpema, komOiHaniss CNN ta RNN no3Bonmna eeKTHBHO 0OpOOIISTH SIK TPOCTOPOBI,
TaK 1 4acoBi 3aJIGKHOCTI B JAHHX, IO MPU3BEJIO O 3HAYHOTO MOKPAIICHHS TOYHOCTI
MPOTHO3iB. BUKOpUCTAaHHS SIKICHUX METPHK OILIIHIOBaHHS, TAKUX SIK CEPeIHBOKBAIpa-
tnyHa nomwika (MSE) ta cepenns abcomrorHa nomuika (MAE), mo3zsonuino 06’ ek-
THUBHO OI[IHUTH TPOIYKTUBHICTh MOJICIICH.

OKpiM TEXHIYHUX ACIEKTIiB, JOCTIKEHHS MiIKPECIIOE BAXKIUBICTh TOYHOIO MPO-
THO3YBaHHS TEMIIEPATYpU JUIA PI3HUX Taly3edl eKOHOMIKH, TaKUX SIK CHEpreTHKa Ta
CLIbCBKE TOCIONapcTBO. TOYHI MPOTHO3M JOMOMArarTh €(QEKTHBHINIEC PO3MOILISATH
pecypcH, 3MEHIIIYBaTH BUTPATU HA BAPOOHHIITBO Ta TPAHCIIOPTYBAHHS CHEPTl, a TAKOXK
OTITHUMI3yBaTH IUIaHYBAaHHS CUTECHKOTOCIONAPCHKUX POOIT.
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ua:8080/jspui/handle/DSEA/730
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Pozsumox inghopmayitinux mexnonoziti 8 MOPCbKUX NOPMAx 6 OCMAHHI OeKilbKa Oecamiu-
JMb CAPUYUHUE MAKONC [ PO3BUMOK PIBHOMAHIMHUX CROCODI6 HE3AKOHHOMY SNAUSY HA Yi iHpop-
MayitiHl MexHono2ii 3a 00NoMo2010 Kibepamak, KilbKiCmb SKUX cmae ce OLIbULOI0 3 KOJMCHUM
pokom. [l npomucmosuus yum 3a2po3am nompioHo oyce 0obpe 3namu akomoza Oinviie npo
Kibepamaxu. ¥ 0auitl cmammi nposooumsbCs ananis Kibepamax, AKUX 3a3HABANU MOPCbKI NOPMU
6 ocmaHui poku no écvomy ceimy. Ilpedcmasnena cmamucmuka 30ibuleHHs KilbKocmi Kioep-
amak 3a HedasHitl Kopomxutl nepioo y muryiomy (2017-2020 pp). Bynu poszenanymi ocHO8HI npo-
bremu epaznusocmi nopmie neped Kibepamaxamu. Taxosic Oynu npusedeni 0CHO8HI 6udu Kibep-
amax: DDoS-amaxu, amaxu na cucmemu SCADA, Hauibinbw KOHKpemHo 6yia 36epHeHa yeaca
HA WKIOIUGe npocpamue 3a0e3nedeHnss ma eipycu i ha Qiuune ma coyianbhy iHyiceHepilo, Hage-
OeHi npuknaou 3 ix onucamu ma vacaiokamu. Iicis ybo2o Oynu ueedeni OCHOBHI HACIIOKU 60
noOdibHUX Kibepamak, i Ha OCHOBI BCIX YUX OAHUX, NPUBLOCHUX Guwye, OVIU UBCOCH] HALOLTbUL
diesi 3acobu 01 npomudii’ Kibepamakam Ha MOPCbKI NOpmMuU, 0coonugy yeazy 0yno npuoiieHo
KOMNOHEeHmam, sKi CIanogsamy Kibepoe3neky MOPCoKuxX nopmis, HageoeHi onucu ma icHyoui
npuKknaou. B KiHyi, Ha OCHOGI 6CIX NPOAHANIZ08AHUX MA NIONOPAOKOBAHUX OAHUX CMOCOBHO
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Kibepamax, Oyna po3poonena KOMNIeKCHa cxema Kibepoesnexu MopcoKux nopmis, aka Micmumay
¥ €00I 0e6 'snb OCHOGHUX KOMNOHEHM, 5IKI nPe0Cmasisions KIow06i acnekmu Kibepoesnexu, ujo,
y 8010 yepey, 06 €OHyomb y cobi 0eKinbKa 3acobis no npomudii kibepamaxam. Bee ye npedcmas-
J15€ c0D0I0 KOMIIIEKC N0 3A2aNbHOMY KiOep3axucniy MOPCLKUX NOPMIG, NOYUHAIOUU 3 QI3UUH020
3axucmy 00 KOMIIAAEHCY Ma YRPAGNIHHA pusuKkamu. Buxooauu 3 ybo2o, Modicra 3pobumu 6UcHo-
60K, WO MALLOYMHE NOPMOBOL IHDPACMPYKIMYPU 3ANENHCUMb 810 MONCTUBOCE AOANMYBAMUCIL 00
HOBUX 8UKIUKIG KiDepnpocmopy. Tinbku 00 €OHaHi 3ycuia ma nocmitine 600CKOHAIEHHS 3aX00i8
3AXUCHY 3MOXCYMb 2aAPANNTY8AMU CIMILKICMb Ma Oe3NeKy MOPCLKUX NOPmMie 6 ymogax yugpo-
6020 C8IMY, WO WBUOKO 3MIHIOEMBCSL.

Knrouogi cnosa: inghopmayiiini mexnonozii, MOpcyKi nopmu, Kibepamaku, npoepamue 3a6e3-
neuenns, gipycu, DDoS-amaxku, giwune, kibepbesnexa, HacIioKU, pusuku, Kibepzaxucm.

Konovalov S. M., Chumak O. A., Tuzova I. A., Tuzov O. V., Panchenko T. D., Khotin S. Yu.
Analysis of cyber attacks on information systems of seaports and methods of countering them

The development of information technologies in seaports in the last few decades has also
led to the development of various ways to illegally influence these information technologies
with the help of cyber attacks, the number of which is increasing every year. To counter these
threats, you need to know as much as possible about cyber attacks. This article analyzes the
cyber attacks experienced by seaports around the world in recent years. The statistics of the
increase in the number of cyber attacks for a recent short period in the past (2017-2020) are
presented. The main problems of port vulnerability to cyber attacks were considered. The main
types of cyber attacks were also presented: DDoS attacks, attacks on SCADA systems, the most
specific attention was paid to malicious software and viruses, and to phishing and social engi-
neering, examples with their descriptions and consequences were given. After that, the main
consequences of such cyber attacks were deduced, and based on all these data given above,
the most effective means to counter cyber attacks on seaports were deduced, special attention
was paid to the components that make up the cyber security of seaports, descriptions and exist-
ing examples were given. In the end, on the basis of all the analyzed and subordinated data
regarding cyber attacks, a comprehensive scheme of cyber security of seaports was developed,
which contains nine main components that represent key aspects of cyber security, which,
in turn, combine several means of countering cyber attacks. All this represents a complex of
general cyber protection of seaports, starting from physical protection to compliance and risk
management. Based on this, we can conclude that the future of the port infrastructure depends
on the ability to adapt to the new challenges of cyberspace. Only joint efforts and continuous
improvement of security measures can guarantee the sustainability and security of seaports in
the rapidly changing digital world.

Key words: information technology, seaports, cyber attacks, software, viruses, DDoS attacks,
phishing, cyber security, consequences, risks, cyber protection.

Beryn. B ocranHI IecATHIITTS MOPCHKI IMOPTH €BOJIOIIOHYBAJIM, CTABIIN IICH-
TpaMH BHCOKOTEXHOJIOTIYHOI JIOTICTHKM Ta YHpAaBIIHHSI BaHTa)XormoTokaMu. IHbop-
MaliifHi CHUCTeMH, IO YHPaBJSAIOTH MPOLECAaMH HaBiraiii, KOHTPOIIO BaHTaXiB Ta
Oe3mekn, CTAlOTh HEBiJ €MHOIO YaCTHHOIO TMOBCSKAEHHOI poOoTH mopTiB. OpHak i3
3pOoCTaHHSIM U(POBI3allii Ta IHTErpallii CydacHUX TEXHOJIOTIH B omepalliiiHi mporecu
3pocTae 1 3arpo3a kibeparax [1, 2]. Lli aTaxku 31aTHI TOpyIHUTH (DYHKIIOHYBaHHS MOP-
TiB, BUKJIMKATH CEPHO3HI EKOHOMIYHI Ta €KOJIOT14HI HACHiAKH. B yMOBax, KOJIU MOPTOBi
CUCTEMHU 0OpOOJISIOTH MUTLHOHH JTAHUX Y peaIbHOMY Yaci, 3aXUCT Bijl Kibep3arpos crae
KPUTUYHO BaKJIMBUM 3aBIAHHSIM JJIsI 3a0€3MeUeHHS CTaOUILHOCTI Ta 6e3MeKu Iooab-
HOi TpaHcTopTHOI iH(pacTpykTypH [3, 4, 5]. ¥V miid cTaTTi MU PO3NITHEMO TIPOOIEMHU
BPA3JIMBOCTI MOPTIB Mepe/ KibeparakaMu, OCHOBHI BUJIM KiOeparak, HaCTiIKH JJ11 MOP-
CBKHUX IOPTIB, TAa HA OCHOBI IIUX JaHUX MPOAHAJI3ye€MO TOJIOBHI 3aXOMHM, SIKi MOTPiOHO
BKMBATH JUIS 3aXUCTY BiJl WX 3arpo3.

IIpo6aemu BpazmuBocTi mopTiB nmepen kideparakamu. OcTaHHIM 9acOM KUTBKICTh
KibepaTak Ha MOPCBHKilf ramy3i cuiabHO 301mbImIoch. Kibeparaku B cucteMi MOPCHKOi
ramy3i 3pociu Ha 900 % 3 2017 mo 2020 poxu. Sxmo y 2017 porii 6ymno mOBiOMICHO
npo 50 arak, y 2018 pomi KinmbKicTh arak 3pocia g0 120, to y 2019 pomi Oymo 3apee-
ctpoBano 310 arak, y 2020 porii KiIbKicTh arak Bxe nepesumimia 500 (puc. 1) [2, 4].
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Ki6eparaxu Ha MopchbKi mopTu
(2017-2020 pp.)
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Puc. 1. Kibepamaxu na mopcoki nopmu (2017-2020 pp.)

Po3riisiHeMo ocHOBHI po0ieMu Bpa3IUBOCTI OPTiB nepes Kibeparakamu [1]:

— CKJIaJHAa 1 pi3HOpiaHA IHOPACTPYKTYpa — TIOPTH BKIIFOYAIOTH OE3111U PI3HUX CUCTEM
1 IPUCTPOIB: BiJ] CYJHOIJIABHUX CUCTEM 1 KpaHiB J10 [T-Mepesx 1 cucTeM ynpaBiiHHs JIOTiC-
THKOI0. HenpasmiibHa iHTEerpanis abo HeOCTATHIH 3aXHUCT OKPEMUX KOMIIOHEHTIB MOXKYTh
CTBOPHTH BPA3JIMBOCTI, SIKi MOXKYTh BUKOPHCTOBYBAaTH XaKepH IUIsl IPOBEICHHS aTakK;

— HeAOCTaTHA OO0I3HAHICTh Ta HaBYaHHS MEPCOHANY — CHIBPOOITHUKH MOPTIB
MOXXYTh OyTH HEZJOCTaTHRO 00i3HAHI PO METOM Kibeparak Ta 3aco0H 3aXUCTY Bif HUX,
10 TPU3BOAMTH JO TOTO, IO BOHU MOXYTh CTaTH XEPTBAaMH (IIIMHTOBHX aTak abo
HEHaBMHCHO HAJaTH JOCTYI 3I0BMUCHUKAM;

— BIJICYTHICTh CBOE€YaCHOTO OHOBJICHHS Ta MaT4iB — 0arato CUCTeM y MOpTax mpa-
IIIOIOTH Ha 3acTapiioMy MPOTpaMHOMY 3a0e3IeUeHHi, SIKe HE OHOBIIOETHCS BUACHO.
Henarueni ypa3nuBocTi MOXXyTh OyTH JIETKO BUKOPUCTAHI 3JIOBMHUCHUKAMH JJISI TIPO-
HUKHEHHSI B CHCTEMU;

— HeaJIeKBaTHE YIPABIIHHSI JOCTYIIOM — HE BCI IMOPTH MalOTh CYBOpI IONITHKH
YIpPaBIIiHHSA JOCTYIOM Ta KOHTPOJIIO IPUBLIEIB, 116 MOXE MPU3BECTH JI0 HECAHKIIIOHO-
BaHOTO JIOCTYIY JI0 KDUTUYHHUX CHCTEM Ta JaHUX;

— BIJACYTHICTh CErMEHTAIll Mepexi — y JESIKHUX TOpTax BIJICYTHS CErMEHTa-
Iis1 MEpexk, 10 J03BOJISIE 3I0BMUCHUKAM IOLIMPIOBATH aTaKd IO BCil Mepexi micns
MOYaTKOBOTO IMPOHUKHEHHsI. BiICYTHICTh cerMeHTallil 301JIbIITy€e MacIITaOl MOKITHBHX
TIOIIKO/KEHB 1 YCKIIIHIOE JIOKATI3alliio Ta yCYHEHHS 3arpo3;

— BpaznuBocTi [oT (Internet of Things)-mpuctpoiB — 6arato NpUCTPOiB B MOPTaX,
TaKi SIK CEHCOpPHW Ta KaMEpH, ITiIKIFOUeHI 0 IHTEPHETY 1 MOXYTh OyTH Bpa3lUBi IO
arak. Hemocrarhiit 3axuct npuctpoi loT Moxe HagaTH 3JIOBMHUCHUKAM BXIJHY TOYKY
B MEpexki Mopry;

— HeJOCTaTHA yBara J1o Qpi3n4Ho1 6e31neku — GizudHa Oe31eKa 4acTo po3riisaaeThCs
okpeMo Bin kibepOesmeku. KoMOiHOBaHI araky, M0 BUKOPUCTOBYIOTH SIK (Di3HUHI, TaK
1 KibepMeToaH, MOXKYTh OyTH OUTBINI YCHIIIHUMU Ta PyHHIBHUMU;

—  BIJICYTHICTh IIOCTIHHOTO MOHITOPHHTY Ta pearyBaHHs Ha IHITMJICHTH — Opak pecyp-
CIB TS TOCTIMHOTO MOHITOPUHTY MEPEX Ta CHCTEM MopTy. Lle npr3BoauTh 10 3aTpUMKH
y BUSIBJICHHI Ta pearyBaHHi Ha KiOEpIHIIMACHTH, 1110 301IbIIy€e TOTEHIIiiHI 30UTKH.

Buan kideparak. Ha migcraBi nperneneHTiB pisHux Kibeparak [1, 4, 6] Ha iHdOp-
MaliiiHi CUCTEMH MOPTOBOI 1HPPACTPYKTYpPH IO BCHOMY CBITY, MOXKHA BUIUIMTH
KiJIbKa OCHOBHHUX BH/iB KiOepaTak, 3aJe>KHO BiJl MONIMPEHHS Ta HAMPSIMY MIKiAIHBO]
JISUTBHOCTI:
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— mkigmuee [13 (mporpaMue 3abe3neueHHs) Ta BipycH — 6arato kibeparak mouu-
HAIOThCSI 13 3apa)KCHHSI CHCTEM IIKIJIMBUM IPOTpaMHUM 3abesrneueHHsM. [IIkimmuBi
IpOrpaMy MOXYTh BIIPOBAIDKYBATHCh Yepe3 €ICKTPOHHY MOMITY, (IIIWHT, 3apaKeHi
BeO-caiiti a0o HaBiTh (i3W4HI MPUCTPOT, Taki AK ¢remku. [licns npoHUKHEHHS Bipyc
MO’KE IIIHATYBATH, KPAaCcTH JIaHi a00 BUBOJUTH CUCTEMH 3 JaLIy;

[Tpuxnaau neskux noAiOHux Bipycis [4]:

— Stuxnet (2010) — mir 6u OyTH aganToOBaHWIl JUIS aTak Ha CUCTEMH KepyBaHHS
HaBiramie ado 00JaJHAHHs TTOPTOBUX TEPMIHATIB, MOPYIIYOUH X pOOOTY Ta BUKJIH-
Karouu 3001 B yNpaBIliHHi;

— Emotet (2014) — Moxe BUKOPHUCTOBYBATHCS JIJIsl aTAKH HA TIEPCOHAI ITOPTY, 37I0MY
POOOYMX CTaHIIIH Ta PO3MOBCIOKEHHSI K1 THBOTO [13 110 BCii Mepeski mopTy, 10 MpH-
3BOJIUTB JIO BUTOKY JIAHUX Ta MOPYIIEHHS POOOTH CUCTEM;

— Triton (2017) — Moxe OyTH BUKOPUCTAHUH IS aTaKk Ha CHCTEMH YNPaBIIiHHS
MOpPTaMH, 10 MOXKE TPU3BECTH IO MOPYIICHHS POOOTH OONaTHAHHS Ta 3arpo3JINBUX
€KOJIOTTYHUX HACIIIIKIB;

— NotPetya (2017) — mir 6u arakyBaTH iH(pOPMAIiifHI CHCTEMH MOPTIB, 3amUpPO-
BYFOUHM JIaHI Ta apaii3ytoun iX poOoTy, o MPU3BOIMIO O /10 3yIMHEHHSI BCIX ONepamini
Ta 3HaYHUX (PIHAHCOBUX BTPAT.

Brparu Bin mkigmusoro [13 omiHIOIOTECS SK CymMa BapTOCTI MPOCTOI Ta BiJHOB-
JICHHS, @ TAKO)K BAPTOCTI BTPAUCHHUX JaHUX.

— DDoS-araku (po3nonisieHi aTaki Ha BiIMOBY B 00ciayroByBanHi) — DDoS-ataku
CIpPSIMOBaHI Ha MMEPEBAHTAKEHHS CHCTEM TPaQikoM, IO MPU3BOIUTH 10 IX HEIOCTYII-
HOCTi. Y KOHTEKCTI MOPCHKUX ITOPTIB TaKi aTaKH MOXKYTh HapallizyBaTH poOOTY CHCTEM
YIpaBJIiHHS Ta MOHITOPHHTY, III0 CTBOPIOE Cepiio3Hi mepedoi B JIOTICTHIL, [0 CHPUYH-
HsI€ BEJTUKI EKOHOMIYHI BTPATH;

— araku Ha cuctemu SCADA — SCADA (Supervisory Control and Data Acquisition)
BUKOPUCTOBYIOTHCS [UIs KOHTPOJIIO Ta YIIPABIIHHS TEXHOJIOTTYHUMH MPOIIECAMU B MOP-
Tax. ATakd Ha Il CHCTEMH MOXKYTh TIPU3BECTH JIO BIIKITIOUCHHS 001aTHaHHS, aBapiii Ta
IHIINX HeOe3MeYHnX HACIIKIB;

— (imumHr Ta coliagbHA 1HXKECHEPiS — XaKepH YacTO BUKOPHUCTOBYIOTH METOAU
COIIaNbHOI 1HXEHePil, 100 0OMaHHUM IUITXOM OTPUMATH JOCTYII 10 KOH(1ICHIIHHOT
iHpopmarii ado cucrem [7]. Y Tabmumi 1 mpencrapieHi pi3Hi BUAH QIIIUHTY, SKi 3aCTO-
COBYIOThCS B aTakax Ha MOPTH, IX KOPOTKUI OMMC Ta HACTIIKU Bi pOOOTH.

Tabmus 1
Metonu ¢imunry

Meton ¢imuHry Omnuc Hacuigku
Haycnmanas MacoBHX JIUCTIB 13 HIKIJIMBUMU
MTOCHJIAaHHAMH 200 BKJIAJICHHIMHU, SIKi
BUIVISLIAIOTH SIK JIEMITHMHI ITOB1IOMIIEHHS Bif
BiZIOMUX KOMITIaHi# 4 0cCi0.
[iecnpsiMOBaHi aTaku Ha OKPEMHX
CHIBPOOITHUKIB Y IPYITH, JIC JTUCTH Y1
MOBIJIOMJICHHSI MICTSITh 1H(OpMaILito, 1110
IMITYe€ JICTITUMHI 3aITUTH KOJIET YK TTAPTHEPIB.

Brpara gaHuX, 3apaKeHHs
CUCTEeM, KpaJiiKKa
00JIIKOBUX JaHUX.

E-mail ¢immur

Kpapixxka 00iKOBHX JaHUX,
JOCTYTI 710 KOH(1IeHIIHOT
iH(pOpMallii, BUTIK JaHHX.

Spear ¢immHr

CtBOpeHHS MiApoOIeHUX BeO-CalTiB, 10
IMITYIOTb JIETITUMHI CTOPiHKH, AJI1 30UpaHHs
ocobucroi iH(opmarlii kKopuctyBadiB (JIOTiHH,

mapoJti, 0aHKIBCHKI JIaHi).

Kpapixxka 00iKoOBHX JJaHUX,
(inaHCOBI BTpaTH, BUTIK
ocobuctoi iHpopmaii.

Be0-dimunr
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[TponorxeHHst TadbmuIi 1

Hancunansst GpagblnBUX TEKCTOBHX

SMS-¢imuar | noBinomieHb (SMS), 0 MICTSTh MOCHIAHHS
(Smishing) Ha IIKIJUTHBI BeO-caiTu abo 3annTu Ha

HaJIaHHS 0COOMCTOT IH(OpMAITil.

Bukopucranss Teine(OHHUX I3BIHKIB IS
OTpUMaHHs KOHQ1IeHIiiHOT iHopMallil,

HOJaHHS IIaXxpaiB JK CIiIBPOOITHUKIB OAaHKIB

Y1 {HIIUX OpraHi3awii.

Brpara ganux, ¢inaHcosi
BTPATH, 3apaKCHHS
MOOUTBHUX TIPUCTPOTB.

Kpamixxka ocodbuctnx
JIaHuX, (DIHAHCOBI BTpATH,
COLliaJIbHA 1HXKEHEPisL.

Bimmnr (Vishing)

Hancunanust 1ucCTiB, sIKi € KOIISIMU paHiiie 3apaskeHHs CUCTEM,
. HaJIiCJIAHUX JIETITUMHMX JIUCTIB, aJi€e 13 KpaJiKKa JaHuX,
Clone ¢immnr . .
3MIHEHUMH MTOCUJIAHHAME 200 BKJIJICHHSIMHU | TTOMIMPEHHS MIKIIIUBOTO
Ha LIKIINBI. I13.
IMepenanpaBiieHHs KOPUCTYBayiB Ha . .
. . peraripase pucty Kpanixkka 0OTIKOBUX JaHHX,
dapmiHT miipoOseHi BeO-caiitn 6e3 X BioMa MUIIXOM . . .
. . . (hiHaHCOBI BTpaTH, BUTIK
(Pharming) 3minr DNS-3anuciB ab0 BUKOPHCTaHHS

ocobucToi iHpopmarii.

3JI0BMHCHOTO POTrPAMHOT0 3a0€3IICYCHHSL.

Hacninku kideparak. Hacnigky Big BIUTHBIB KibepaTak MOXKHA YMOBHO MOAITHTH
Ha TaKi KaTeropii:

— CKOHOMIYHI BTPaTH — MOPTH € BKJIMBUMHU CIEMEHTaMH TNIO0ATbHUX JIAHIFOKKIB
nocTadaHHs. 3601 y poOOTi MOKYTh BUKJIMKATH 3HAYHI €KOHOMIUHI BTpaTH JUIS MiAIpPH-
eMcTB 1 kpaiH. [IpocToi, BUKIHMKaHI KibepaTakaMu, MOXKYTh TIPU3BECTH JIO 3HAUHHUX 30UT-
KiB 4epe3 3aTPUMKH y JIOCTaBIII BAHTAXKIB Ta JI0J[ATKOBI BUTPATH Ha BiJJHOBJICHHS pOOOTH;

— BUTIK AaHUX — KOH(DiAeHIIiITHI 1aHi, Taki 1K iH(opMallis Mpo BaHTaXi, KOHTPAKTH
Ta (PIHAHCOBI JIaH1, MOXKYTh CTaTH METOIO Kibeparak. BUTIK TaKMX TaHUX MOXKE 3aBJIaTH
IITKO/IM SIK OKPEMUM KOMITaHisIM, TaK 1 HalllOHAJIbHIN Oe3rerli;

— TOpyIIeHHs Oe3MeKH — aTaku Ha iH(OpMaIliiiHi CHCTEeMHU MOPTIB MOXYTh CTBO-
pUTH 3arpo3y A Oe3MeKH, OCKUIPKH BOHH MOXKYTh BUBECTH 3 JIaAy CHCTEMH MOHITO-
PHHTY Ta YIPaBIiHHI, [0 MOXE IPU3BECTH JIO aBapiil Ta eKOJOTTYHHUX KaTacTpod.

3axoau 3axucTy. 3 pO3BUTKOM Kibeparak Tako pPO3BUBAINCS 1 3aXOH IOJI0 3aXH-
cTy Bij HUX [1, 4], moaiOHI 3aX0IM YMOBHO 00’ €JHAEMO B HACTYIIHI TPYIIH:

— TOCHJICHHS KiOepOesIeKu — MOPTH [TOBUHHI aKTHBHO 1HBECTYBATH B KiOepOesIeKy,
BITPOBA/DKYFOYH CYYaCHI CHCTEMH 3aXHCTy Ta MOHITOPUHTY. Ba)JIMBO perynspHO OHOB-
JIFOBATH NIpOrpaMHe 3a0e3MeUCHHS Ta CUCTEMH Oe3IeKH, 100 MPOTHCTOSTH HOBUM 3arpo-
3amM. Y Tabmwi 2 mpe/cTaBieHl OCHOBHI KOMIIOHEHTH KiOepOe3IeKu MmopTiB Ta iX omuc;

— HaBYAHHS NEpCOHANy — HaBYaHHS CHIBPOOITHHMKIB OCHOBaM KibepOes3meku
Ta METO/IaM 3aro0iraHHs aTakaM € KITIOYOBHM €JIEMEHTOM 3axucTy. CIiBpOOiTHHKH
MOBHHHI OyTH MOiH(GOPMOBaHi PO MOKIIUBI 3arpO3HU Ta CIIOCOOM iX pO3Mi3HABAHHA Ta
3am00iraHHs;

— CIIiJIbHA po0OOTa — MOPTH IMOBUHHI aKTHBHO CITIBIIPALFOBATH 3 1HIIIMMHU OpraHi3a-
LisIMU, ypsAaMU Ta MDKHAPOAHUMHU CTPYKTypaMHU AJsl 0OMiHy iH(opMaliero mpo Kidep-
3arpo3u Ta CIJIbHOT pO3pOOKH e(DEeKTUBHUX 3aXO0JIiB 3aXHCTY;

— IHOUJCHT-MEHE/DKMEHT — Po3po0Ka Ta BIPOBAKCHHS TUIaHy NIl y pa3si kibepa-
TaKM € BXKJIMBUM KPOKOM JIJIsl MiHiIMi3allii HacaiaKiB. [1aH MOBHHEH BKIIOYATH 3aXOH
I0/I0 IIBUIKOTO BiTHOBJICHHS POOOTH CUCTEM Ta MiHiMi3aii 30UTKiB.

KommuekcHa cxema kidepOe3nexun Mopcbkux mopTiB. Ha ocHOBI aHamizy kiOe-
parak Ha MOPCBKi TOPTH, OYyJI0 CKJIQJIEHO KOMIUICKCHY CXeMy KibepOe3nekn MOPChbKUX
nopTiB (puc. 2).
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Ta0mwuist 2
OcHOBHi KOMNIOHEHTH Ki0epOe3nekn NMOpTiB
KommnoneHnrt Onuc Hpuxsiaamn

AmnTuBIpyCcH Ta TIporpamue 3a0e3reueHHs], MPU3HAYCHE Symantec Endpoint
aHTHIINHUTYHCBKE [13 JUIsl BUSIBIICHHSI, OJIOKYBAaHHSI Ta BUIAJICHHS Protection, McAfee
LIKIZUTMBHX TIPOTPaM, IIMUATYHCBKHX Endpoint Security.

IpoOrpam Ta BipyciB.

®Daepaorbl (Firewall)

Cucremy, SIKi KOHTPOJIIOIOTH Ta (DUIBTPYIOTH
MepexeBHit Tpadik, 3armodiraoun
HECAHKIIIOHOBAaHOMY JIOCTYITy Ta aTaKaM.

Cisco ASA, Fortinet
FortiGate.

CucreMu BUSIBIICHHS

Cucremu, SIKi MOHITOPSATB Tpadik Mepexi

Snort, Suricata, Palo

Ta 3aro0iraHHs Ta CUCTEMH Ha HasBHICTB ITII03PLUTHX Alto Networks.
BropraeHHsiM (IDS/ AKTUBHOCTEH, 3ar100iraro4n BTOPrHEHHSAM Ta
1PS) aTakam.
TudpyBanHs qaHUX TexHoJI0TIi, SIKI IEPETBOPIOIOTH JaHi Ha AES (Advanced
HeunTadenpHuH (hopmat, qocTymHuM juie 3a | Encryption Standard),
HAasBHOCTI BiJNOBIJHOTO KITFOYA. RSA.

CucreMu KepyBaHHs
nocrynom (IAM)

Pitenns, 110 3a0€31e4y0Th KOHTPOJIb HaJl
JOCTYIIOM KOPHUCTYBaUiB JI0 PECYpCiB Ta
JIAHMX Ha OCHOBI iX poJiei Ta mpas.

Okta, Microsoft Active
Directory, IBM Security
Identity Governance.

CucteMH MOHITOPUHTY

TacTpymenTn 1utst 300py, aHaIT3y Ta

Splunk, LogRhythm,

Ta neryBanss (SIEM) | Bi3yauizartii >KypHatiB Mol Ta MEpPEKEBOTO IBM QRadar.
TpadiKy JUis BUSBICHHS Ta pearyBaHHS Ha
IHIMAEHTU OE3MEKN.
CucreMu yrpaBITiHHSL IHCTpYMEHTH [T CKaHYBaHHS Ta OLIHKH Nessus, Qualys, Rapid7.
BPA3JIMBICTIO BpPa3JIMBOCTEH y cHCTEMax Ta Iporpamax, a
(Vulnerability TAKOX YIPABIIIHHS MaTYaMH.
Management)
Pe3epBHe komitoBaHHA | PirlleHHS 111 CTBOPEHHS PE3EPBHUX KOIIii Veeam Backup &
Ta BIJHOBJIEHHS JaHUX JIAHUX Ta 3a0€3MeYeHHs iX BiHOBIICHHS Y Replication, Acronis
pasi BTpaTH 4u MONIKOKCHHSL. Backup.
Hapuannst Ta ITporpamu HaB4aHHsI Ta TPEHIHTH, KnowBe4, Cofense,
T IBHIIICHHS CIPSIMOBAHI Ha ITiIBUIIICHHSI 0013HAHOCTI SANS Security
00I3HaHOCTI epcoHaly | CriBpOOITHUKIB PO Kibep3arpo3u Ta METOIH Awareness Training.
3aXHCTY.
IImanu pearyBaHHs Ha JloKkyMeHTOBaHi IPOLeIypH Ta TUTaH! i Buznauenns
irpaeHt (IRP) JUTSL IIIBUJIKOTO Ta €(pEKTUBHOTO pearyBaHHsI IHIM/IEHTIB, KOMaHIA

Ha KiOepiHIUICHTH.

pearyBaHHs, IPOLETypr
CITOBIIIIEHHS Ta
BIJIHOBJICHHSI.

CucTeMu BUSIBJICHHS Ta

Pimennst, npu3HadeHi A 3aXUCTy

Arbor Networks, F5

3aro0iraHHs MepeeBol IHPPacTPyKTypH Bil BIG-IP, Radware.
DDoS-arak PO3IOIJICHNX aTaK Ha BiZIMOBY B
o0ciyroByBsanHi (DDoS).
Bararodakropna TexHoIoris, 1110 BUMarae J0CTyILy JI0 Google Authenticator,
apreHTUdiKawis (MFA) CHUCTEMHU JEKLIbKOX (hopM ineHTudikarii Microsoft Authenticator,
(HaTpHKIIa, TapOITh, OIOMETPIs, TOKEH). Duo Security.
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. 3axMCT KiHIIEBUX
®disnyna Oe3nexa » MepexeBa Oe3reka > besneka 1aHnx ..
HPHUCTPOIB
Kommnnaenc Ta . . MoHiTopHHT Ta Hapuanns ta
. 3axucT Bif Ynpapninus . .
YIOpPaBIiHHS € le— . “— pearyBaHHs HA <— O0OI3HaHICTb
DDoS-atax BPa3/IMBICTIO .
PUBUKaAMHU THIOUACHTH nepcoHainy

Puc. 2. Komnaexcrua cxema Kibepbesneku MoOpcbKux nopmie

L1 cxema OXOIUTIOE KJTIOYOBi ACTEKTH KiOepOe3neK: MOPChKUX TOPTIiB Ta JOMOMa-
ra€ CTPYKTYpyBaTH ITiJIXi]T 10 3aXUCTy IHOPACTPYKTYPH BiJl pi3HUX 3arpo3. Po3misHeMo
OCHOBHI KOMIIOHEHTH €1 CXeMHU:

1. ®i3uyna Oe3mnexa:

— KOHTPOJb NOCTYIY: BUKOPHUCTAHHS CHCTEM KOHTPOIIO JOCTYIy (3aMKH, KapTH,
Oiomerpis);

— BIZICOCTIOCTEPEIKCHHS: KaMEPH Ta CUCTEMH CHOCTEPEKCHHS JUII MOHITOPUHTY
KJIFOUOBHX 00'€KTIB;

OXOpOHA: MATPYIIOBAHHS Ta (BI3UYHUI 3aXUCT KPUTUIHO BOKIUBUX 30H.
2. MepexeBa Oe3meka:
(daepBoy: 3a00iraHHs HECaHKIIOHOBAHOMY JOCTYIIY;

— CHCTEeMHM BUsBIIEHHs Ta 3ano0Oiranus BropraeHusM (IDS/IPS): moniTOpuHT Tpa-
(hbiky Ta BUSBICHHS ITiO3PIJINX aKTUBHOCTCH;

— VPN: 3axwuIeHi KaHaiu 3B'S13Ky [UIS BIAJAICHOTO JOCTYILY.

3. besneka naHux:

— mm¢pyBaHHS JaHUX: 3aXUCT JAHUX Y IPOLEC] epeaadi Ta 30epiranss;

— pe3epBHE KOMIIOBAHHS Ta BIIHOBICHHS: PETYSIPHE CTBOPEHHS PE3CPBHIX KOIIiH
Ta IJIAHU BiIHOBJICHHS JaHUX;

— ympasiiHHS npaBamu AocTyny (IAM): KOHTPOJIs Ta MOHITOPHHT JOCTYIY 10
JAHUX Ta CUCTEM.

4. 3axMCT KiHLIEBUX MPHUCTPOIB:

— anTuBipycHe [13: 3axuct Bij BipyciB Ta mkimgmsoro [13;

— aHTUcnaM: (IIBTpaLlis NIKIITUBUX Ta (PIIIHHTOBHUX IMOBIJJOMJICHb;

OHOBJICHHSI Ta MaT4i: PEryJspHE OHOBICHHS MPOIPAMHOIO 3a0e3MEUeHHS IS
YCYHEHHS BPa3NUBOCTEH.

5. HaBuanHs Ta 00i3HaHICTh IEPCOHAIY:

— peryJsipHi TPEHIHI'M: HaBYaHHS CMiBPOOITHUKIB OCHOBaM KibepOe3reku Ta JisiMm
y pasi iHIUJICHTIB;

—  (hIIIUHT-TECTH: IPOBEICHHS PETYIIPHIX TECTIB HA BUSBICHHS (DIIIHTOBUX aTaK.

6. MOHITOpUHT Ta pearyBaHHS Ha iHIUACHTH:

— CHCTEeMH yTpaBJIiHHS NOAISIME Ta iHIMIeHTaMu Oe3reku (SIEM): 30ip Ta aHami3
JIOTIB JIJIsI BUSIBJICHHS 1HIIUICHTIB;

— IeHTpH pearyBaHHs Ha iHIAeHTH (SOC): koManau (axiBIiB, sSKi TOTOBI onepa-
THUBHO pearyBaTH Ha iHIIUICHTH;

— IUIaHW pearyBaHHS Ha IHIUACHTH: JOKYMCHTOBAaHI MPOLEAYPH LIS IMIBUAKOTO Ta
e(heKTUBHOTO pearyBaHHs.

7. YrpaBitiHHS BPa3JIMBICTIO:

— CKaHyBaHHS yPa3lUBOCTCH: PETYISIPHE CKAaHYBaHHS CHCTEM Ha HAsIBHICThH ypas3-
JIMBOCTE;
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— yIOpaBJIiHHA NaTYaMH: OTIEpaTHBHE BIPOBAKCHHS MaTYiB Ta OHOBJICHB.

8. 3axuct Bigx DDoS-arak:

— antu-DDoS cucremu: Bukopuctanus creriaiizoBanoro [13 ta obnagHaHHs 1is
3axXHCTy BiJl PO3IOJIIICHUX aTaK;

— MOHITOPHHT TpadiKy: aHalli3 MEPEKEBOTO TpadiKy /I BUSBICHHS aHOMAIH.

9. KoMIutaeHc Ta yrpaBiiHHSI pU3HKAMHU:

— BIAMOBIAHICTh CTAHAApPTaM: BUKOHAHHS BUMOT MIKHAPOJIHHUX Ta HAI[lOHAJIHHHUX
CTaHJAPTIB MI0JI0 KibepOe3neKku;

— YOpaBIiHHA PU3HKAMU: PETYNIApHa OIIHKa PHU3MKIB Ta po3poOka cTpareriil ix
MiHiMizarii.

BucHoBkM. 3 pO3BUTKOM TEXHOJOTIH 1 30inmblieHHSM IudpoBizalii MOpChKi
MOPTH CTAIOTh JAenalli Bpa3lMBIIMMH A0 Kibeparak, siki CTalOTh BCE OLIbII pi3HO-
MaHITHUMH 1 HeOe3neuHUMH. EKOHOMIYHI BTpaTH, BUTIK JaHHUX Ta MOPYUICHHS 0e3-
MEeKW € OCHOBHMMH HETaTMBHUMH HaCiJKaMu KibepaTak Ha mopTH. Lli iHIHIEeHTH
MOXYTbh CHPUYMHUTH 3HA4YHI1 (hiHAHCOB1 30MTKH, MiAipBaTH IOBIpYy 10 iHPpacTpyK-
TypH Ta 3aBJaTH IIKOJU HABKOJMIIHBOMY cepenoBuily. [Ipukiianu peanbHUX aTak
i ITBEP/KYIOTh HEOOX1IHICTh BXKUTTS 3aX01B 100 MOCUICHHS KibepOesneku. Jis
e(heKTUBHOTO 3aXUCTY MOPTIB HEOOXIJHO 1HBECTYBAaTH B Cy4acHi CUCTEMH 3aXHUCTY,
HaBYATH [IEPCOHAI OCHOB KiOepOe3MeKn, aKTHBHO CITIBIPAIIOBATH 3 IHITMMH OpTaHi-
3aIlisIMH Ta PO3POOJIATH MJIAHU pearyBaHHs Ha 1HIUACHTH. KOMITJICKCHUN MiaAXia 10
KibepOe3Ieku, 0 BKIIIOYaE TeXHIYHI, OpraHisamiiHi Ta OCBITHI 3aX0/1H, JO3BOJIUTh
3HAYHO 3HU3WUTH PHU3UKH Ta 3a0e3rneduTH OesnepediliHy poOoTy mopTiB. Baxinso
nam'statu, 1o Kidepoesneka — 1e 0e3nepepBHUM MpoIiec, MO MOTPedy€e MOCTIHHOT
yBard Ta MOKpPAaIIeHHs.
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E®EKTUBHICTb PO3MISHABAHHSA TEKCTY B ABTOMATU3ALII
MPDKHAPOAOHUX MOPCbKUX NMEPEBE3EHb 3A ONMOMOIoKo
WTYYHOr O IHTENEKTY
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Cyuacni mexnonoeii onmuunoeo posniznaganus cumeonie (OCR) na ocnosi wimyunoeo inme-
JIeKMy 3HAYHO NOKPAWUNU MOJCIUGOCMI A8MOMAMU3ayii oOpoOKu MmeKcmosux OOKYMeHMmIg.
Bonu 3abesneyyiomv @ucoxy mounicms ma yHigepcanbHicmb, 00360JAI0YU ePeKMUsHO 00po-
bnamu OoKymenmu pisHux munie ma mos. Bubip xonkpemnoi OCR-mexnonozii' sanexcums 6io
cneyu@iku 3a80anHs Ma 6UMO2 00 MOYHOCHI, WEUOKOCI Ul IHme2payii 3 ICHYIOYUMU Cucme-
mamu.

Y ecmammi posensioaemocs eghexmugnicms mexnono2iti ONMUYHO20 PO3NIZHABAHHS CUMBOIB
HA OCHOGI WMYYHO20 [HMENeKmy y KOHMeKCmi agmomamu3ayii MidicHapoOHUx MOPCbKUX nepe-
sesennb. [llopas Oinbuia ckiadHicms i 00csie QOKYMeHmIs, K CYRPOBOOACYIONb TOLICIMUYHI NPO-
yecu, GUMAa2alomb 6NPOBAOICEHH S THHOBAYILINUX PiuleHb O NOKPAWEHHS Pe3VIbmamueHOCH
00pOOKU OAHUX MA 3HUICEHHS. ONEPAYILIHUX GUMPAN.

Memoto odocnioxncenns € eusyenHs modxcausocmeti ma nepesae euxopucmanns OCR na
ocnosi LI 0ns niosuwenns epekmusHocnmi 06poOKU MeKCMOBUX OaHUX y 102icmuyi. 3a80aHHs
oocriodcents ekouaoms ananiz cyvacnux mexuonoeiti OCR, eusnauenns npunyunie pobomu
OCR-cucmem, oyinKy iXHix nepegaz ma 06MelHcetb, a MAKONC HAOAHHS PEKOMEHOAaYitl ooo nio-
BULYEHHL e(heKMUBHOCMI IX UKOPUCTNANHSL.

Hocriooicenns noxasano, wo enposaodcenns OCR-cucmem y nozicmuuni npoyecu 3abesne-
YY€ BUCOKY MOYHICIb PO3NIZHABAHHI EKCMY, 3HAYHE CKOPOYEHHS Yacy 0OpoOKu OOKyMenmie ma
SHUIICEHHs KLIbKocmi noMunok. Peanvui npuxnaou ycniwnozo euxopucmanns OCR-mexnonozii
V npogionux nocicmuunux Komnauisax, maxux sk DHL, Maersk, Amazon, FedEx ma UPS, nio-
MEepOACYIOMb 3HAUHI nepesasu agmomamusayii 00poOKY MPaAHCnOPMHUX HAKAAOHUX, MUMHO20
oghopmnenns, ynpasninus CKaa0amu ma paxyHKie-gaxmyp.

OCR-mexnonoeii na ocnosi Il maioms eeruxuil nomenyianr 0is asmomamusayii ma
onmumizayii 102icmuynux npoyecis. s 00cseHens MakCUMAailbHUX pe3yibmamis peKomeH-
0yE€mMbCs NOKPAWYS8AMU AKICMb 8XIOHUX 300padicenb, BUKOPUCMOBYBAMU CYYACHT anN20pUmmu
ma moodeni, adanmysamu ix 00 KOHKPEMHUX 3a60aHb, 3abesneuysamu 6e3nexky ma KoHQi-
Oenyitinicms danux, inmeepysamu OCR-cucmemu 3 iHWUMU IHOOPMAYTIHUMY CUCTHEMAMU,
PpecyIApHO MOHIMOpUmMuU ma ONMUMi3yeamu pooomy cucmem, a maxKodxic HAGYAaAmu NepcoHal.
Bukopucmannua OCR y nocicmuyi cnpusie niosuujeHH0 epexmusHocmi, mouHocmi ma weuo-
KoCcmi 00poOKU OOKYMEHMIB, W0 € KIIOUOBUM OJisl YCNIUHO20 YHKYIOHYBAHHS MINCHAPOOHUX
MOPCbKUX nepese3eHd.

Kniouoei cnosa: posniznasanns mexcmy, OCR, wmyunuii inmenexm (Al), nocicmuxa, agmo-
Mamu3zayis, MiXCHAPOOHI nepese3ents, 0OPOOKA OOKYMeHmie, iHmezpayis Cucmenm.

Korostin O. O. Efficiency of Text Recognition in the Automation of International Maritime
Transport with the Help of Artificial Intelligence

Modern technologies of optical character recognition (OCR) based on artificial intelligence
have significantly improved the possibilities of automating the processing of text documents. They
provide high accuracy and versatility, allowing efficient processing of documents of various types
and languages. The choice of a specific OCR technology depends on the specifics of the task and
requirements for accuracy, speed and integration with existing systems.

The article examines the effectiveness of optical character recognition technologies based
on artificial intelligence in the context of automation of international maritime transport. The
growing complexity and volume of documents that accompany logistics processes require the
implementation of innovative solutions to increase the efficiency of data processing and reduce
operational costs.
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The purpose of the study is to study the possibilities and advantages of using AI-based OCR
to improve the efficiency of text data processing in logistics. The tasks of the research include
the analysis of modern OCR technologies, determination of the principles of operation of OCR
systems, evaluation of their advantages and limitations, as well as providing recommendations
for increasing the efficiency of their use.

The study showed that the implementation of OCR systems in logistics processes ensures
high accuracy of text recognition, a significant reduction in document processing time, and a
reduction in the number of errors. Real-life examples of successful use of OCR technologies
by leading logistics companies such as DHL, Maersk, Amazon, FedEx and UPS demonstrate
the significant benefits of automating the processing of waybills, customs clearance, warehouse
management and invoices.

Al-based OCR technologies have great potential for automating and optimizing logistics
processes. To achieve maximum results, it is recommended to improve the quality of input
images, use modern algorithms and models, adapt them to specific tasks, ensure data security
and confidentiality, integrate OCR systems with other information systems, regularly monitor
and optimize the operation of systems, as well as train personnel. The use of OCR in logistics
improves the efficiency, accuracy and speed of document processing, which is key to the successful
functioning of international maritime transport.

Key words: text recognition, OCR, artificial intelligence (Al), logistics, automation,
international transportation, document processing, system integration.

Beryn. ABToMarm3zariisi MKHApOIHIX MOPCHKHX HEPEBE3CHB € BAKIMBHM HaIpsi-
MOM PO3BUTKY CYYaCHOI JOTiCTHKH, OCKLILKU BOHA JIO3BOJISE MiJBUIIUTH €(PEKTUBHICTh
Ta TOYHICTh YIPABIiHHSA BaHTQKHUMHU MOTOKaMu. OHI€I0 3 KIIOUOBHX 33]a4 y IIbOMY
MpoIieci € pOo3Mi3HABaHHS TEKCTY, IO MICTHUThCS B PI3HUX JTOKYMEHTaX, TaKUX SK
HaKJIaJH1, MUTHI JAekapalii, BaHTaxHi MaHipectu Tomo. Tpanuniitni metonn o6podku
UX JIOKYMEHTIB BUMAraroTh BUKOPHUCTAHHs 3HAYHHX JFOJICBKUX PECYpCiB 1 4acy, 1o
HEPIJIKO IPU3BOJIUTH JIO IIOMHJIOK Ta 3aTPUMOK Y poOOTI.

3acrocyBaHHs IUTYy4yHOro iHTenekTy (mami — LHI) Ta TexHomorii po3mizHaBaHHS
tekcTy (mani — OCR) BigkprBa€e HOB1 MOXKIIMBOCTI JIJIsi aBTOMATHU3aIlii IIbOTO TPOIIECy.
[TpoTe eheKTUBHICTH 3aCTOCYBAHHS TAKUX TEXHOJIOTIH Y KOHTEKCTI MIXKHAPOTHUX MOP-
CBKHUX IepeBe3eHb MOTPedye AeTaIbHOTO JOCIiIKEHHs Ta aHaizy. Lle 3yMmoBieHo cre-
I (IKOIO0 TOKYMEHTIB, SIKi MOXYTh MICTHTH Pi3HOMaHITHI (popMaTH, MOBH, MIPU(TH Ta
iHII (HaKTOpH, IO YCKIIAJIHIOITh TPOIIEC PO3Ii3HABAHHS TEKCTY.

IHocTanoBka npodsiaemu. OCHOBHUMH aclieKTaMH BU3HAYEHOI MPOOJIEMATHKH €:

— BHCOKHH piBeHb BapiaTHBHOCTI TEKCTOBHX JIOKYMEHTIB, IO YCKJIAIHIOE iXHIO
00po0ky crangapraumMu OCR-anropurmamu;

— HeoOXiJHiCTh 3a0€3MeYeHHs] BUCOKOI TOYHOCTI pO3Mi3HABAHHS TEKCTY ISl YHHK-
HEHHsI TOMUJIOK y Mpolieci 00poOKH BaHTaXIB;

— IHTerpaiis CUCTEM pO3Ii3HABAHHS TEKCTY 3 ICHYIOUHUMH 1H(GOpMAIIHHUMHU CHC-
TeMaMH yIPaBIiHHSA MOPCHKUMH MEPEBE3CHHAMU;

— BpaxyBaHHs 0araTOMOBHOCTI JOKyMEHTIB, 110 moTpedye aganTanii OCR-cuctem
JIO PI3HUX MOB 1 andaBiTiB.

Po3B’s13aHHs 1UX MpoOJeM € BayKJIMBUM JJIs 3a0e3redeHHsl e()eKTUBHOI Ta Haii-
HO{ aBTOMAaTH3aIlil MPOIECiB MIKHAPOIHUX MOPCHKHX IepeBe3eHb. Tomy, HeOOXiTHO
JIOCTITUTH Ta OIIHUTH MOXKJIMBOCTI BHKOPHCTAHHS CyYacHHUX TEXHOJOTiH MITy4HOTO
IHTEJIEKTY /ISl PO3Mi3HABaHHS TEKCTY B IIbOMY KOHTEKCTI, a TAKOX PO3POOUTH METOMI0-
JIOT1YHI TIXOMHU JITIS X BIPOBAJKCHHSI.

AHaJi3 ocTaHHIX JocaizKeHb i myoaikamiii. BrnipoBa/ykeHHsS ONTHYHOTO PO3Mi3-
HaBaHHS CHUMBOJIIIB Ha OCHOBI IITYYHOTO 1HTEJIEKTY Yy JIOTICTHYHI MPOIECH CTaE Jaeaai
aKTYaJIBHIIIUM 3aBJaHHSIM B cyd4acHOMY CBiTi. OCTaHHI JOCTI/DKCHHS Ta ITyOikarii
B il Taiy3i 3acBiAUYIOTh 3HAYHHI Mporpec y po3BUTKY TexHomoriii OCR, a takox
MAKPECTIOITh BAXKIUBICT IXHBOT iHTErpaii y 0i3Hec-IpoIecH.
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OnHIM 3 KITIOUOBUX HANpsMiB JOCIIIKEHS € mokpanieHHs anroputmis OCR 3a fomo-
MOTOIO0 METOJIIB ITHOOKOTO HaBYaHHSA. 3TiTHO 3 JAOCHIDKEHHSIM, nipoBeeHnM Tang Q.,
Lee Y. Jung H. [1], mm0oxki HeP“IpOHHi Mepexi, 30Kpema KOHBOJTIOLII{HI HEHPOHHI Mepexi
(CNN), 3Ha4HO MOKpAIIYIOTh TOYHICTh p03H13HaBaHHH Tekcty. BoHn JISMOHCTPYIOTh
BHCOKY C(i)eKTI/IBHICTB y po3m3HaBaHH1 CKJIQJHUX 1 TOIIKOIKCHUX IIOKyMCHTlB o
€ BOKJIMBUM JIJIs JIOTICTHYHUX TIPOLECIB, Ie TOKYMEHTH YaCcTO MAIOTh HU3bKY SKICTb.

IITy4nuii iHTENEKT Bixirpae BUpimanbHy pois y cydyacHux OCR-cucremax. Jlocmi-
JokeHHs1 aBTopiB Haseeb M., Hussain H.I., Slusarczyk B., Jermsittiparsert K. [2], mia-
KPECIIOE BaXKITMBICTh BUKOPUCTAHHS PEKYPEHTHUX HelpoHHux Mepex (RNN) ta ixHix
BapiaHTiB, Takux sk LSTM (oBroctpokoBa mam’siTh), AJisi 0OpOOKH MOCIiAOBHOCTEH
cumBodiB. 111 meromu no3Boisitore OCR-crucTemMaM OULTBIN TI€BO CHPABIATUCS 3 TEK-
CTaMu, 0 MalOTh CKJIAJHY CTPYKTYpY a00 MICTATh PYKOIIMCHI €JIeMEHTH.

barato HaykoBux po0iT mpucssueHo interparii OCR-cucteM y soricTuuHi mpo-
necu. Hanpuknan, y my6mikarii Woschank M. Ta criBaBTopiB [3] po3misigaeThes BIPO-
BajpkeHHst OCR y cucTemu yrnpaBiiHHA CKJIalaMu Ta 0OpOOKH TPAHCIIOPTHUX HAKIIAI-
Hux. JlocmipkeHHs MmoKasye, 10 aBToMarH3ailis Iux mporeciB 3a jgonomororo OCR
3HAYHO 3HWKYE KIJIBKICTh TIOMHIIOK Ta MIBHINYE ¢(hEeKTUBHICTh OOPOOKH JIOKYMEHTIB.
3okpema, Woschank M. Ta ioro xoneru BiA3Ha4arTh, 110 Bukopuctanus OCR 1o3-
BOJIMJIO CKOPOTHTH 4ac 0OpoOKH JoKyMmeHTIB Ha 30%, a 1e € CyTTEBUM TOKa3HUKOM
y cepi JIOTICTHKH.

PGSyJ'ILTaTI/I JOCTIJKEHHSI MOXKYTb OyTu LIIKaBUMH HE JIMIIIE JUIs HayKOBuiB 1 po3po0-
HuKiB TexHoorid OCR, ane i as IIMpoKoTo KoJa (I)aXIBI_IlB y cepi JIOTiCTHKH, yTIpaB-
JIHHS JIAHIFOTAMA TIOCTa9aHHs, a TaKOXK IUISl KPIBHUKIB IMIAPHEMCTB, SIKi nparHyTh
BIOCKOHAJICHHs CBOiX Oi3Hec-mporeciB. BrnpoBamkenHs OCR-TexHomoOriii Ha OCHOBI
MITYYHOTO IHTEJIEKTY JTACTh 3MOT'Y CyTTEBO 3MIHHUTH MiXOAN 10 0OPOOKH JJOKYMEHTIB,
YHpaBIiHHS 1HOPMAILIi€0 Ta ONTHMI3AIlil JOTICTHYHHUX OTepallii.

MeTo10 JaHOTO JOCHIKEHHS € OlliHKa €()eKTUBHOCTI TEXHOJOTIH po3Mi3HABaHHS
TEKCTY Ha OCHOBI IITYYHOTO IHTEJIEKTY B aBTOMATH3AIlil IPOIIECIB MIXKHAPOIHUX MOP-
CBKHUX IIepeBe3eHb. Lle BKITlouae aHaji3 MOXIIMBOCTEH 3aCTOCYBAHHS TaKHX TEXHOJO-
¥ JUIs TABHUIIEHHS TOYHOCTI Ta MBUIKOCTI 00pOOKH TEKCTOBUX JOKYMEHTIB, 8 TAKOXK
po3poOKy pexomennaniit st interpamii OCR-crucTeM y JOTICTHYHI MPoOLIeCH.

[t MOCSTHEHHSI TOCTABJICHOI METH Oy/IM BU3HAYCHI HACTYIIHI 3aBAAHHSI:

— aHaJi3 iICHyIOYMX TEXHOJIOT1H PO3Ii3HaBAHHS TEKCTY HA OCHOBI IITYYHOTO 1HTe-
JCKTY;

— ouinka epexruBHOCTI OCR-CHCTEM CTOCOBHO Pi3HOMaHITHUX TEKCTOBHUX JIOKY-
MEHTIB;

— po3pobka pekoMmeHmarii it BupoBapkeHHs OCR-TexHONOTIH y JOTiCTHYHI
MIPOLIECH MIKHAPOJHUX MOPCHKHX IIepEBE3EHb.

BukoHaHHS WX 3aBIaHb JI03BOJUTH KOMIUIEKCHO OLIHUTH MOKJIUBOCTI Ta €()ESKTHB-
HICTh 3aCTOCYBaHHS TEXHOJIOT1H PO3ITi3HABAHHS TEKCTY Ha OCHOBI IITYYHOTO IHTECIICKTY
B MIDKHAPOJHUX MOPCHKHX MEPEBE3CHHSX, IO CIIPUATHUME IiIBUIICHHIO e()eKTHBHOCTI
JIOTiCTUYHHX MPOIIECIB.

BukJian ocHoBHOro marepiasy. TexHOIOTI] ONTHYHOTO PO3ITI3HABAHHS CHMBOJIIB
€ KJIIOYOBHMHM 1HCTPYMEHTaMH y Tpolieci aBroMaTu3aiii 00poOku TekcToBoi iHpopma-
11ii. BoHN 103BOMAIOTH IEPETBOPIOBATH 300paKEHHS TEKCTY, TAKUX SIK CKAHOBAHI JTOKY-
MeHTH, ¢ortorpadii a6o PDF-daiinu, y MammHouuTHAR Gopmat. MOXKIUBOCTI cydac-
Hux OCR-cHcTeM 3HAYHO MOKPAIIMIKNCH 3aBASKH PO3BHUTKY IITYYHOIO IHTEJCKTY Ta
MAaIIMHHOTO HaBYaHHs. Hikue HaBeJIeHO omis]T OCHOBHHX cydacHUX TexHosorid OCR,
iXHI IPUHIXTHN POOOTH Ta 00JIACTI 3aCTOCYBaHHS.
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1. Tpapumiini anroputmMu OCR 6a3yroThcst Ha METOAAX PO3Mi3HABAHHA IIAOIOHIB.
BoHu ckiagaroThCs 3 KIJIbKOX OCHOBHHUX eTarmiB [4-7]:

— moneperHs 00poOKa 300paKeHHs — HOpMaJli3allist ICKPaBOCTI, BUIAICHHS IIyMY,
OiHapu3aris (mepeTBOPEHHS 300pakeHHS Ha YOpHO-0iie);

— CeTrMEHTAaIlis — ITOJILT 300pakeHHs Ha OKpeMi CUMBOJIA 200 OJIOKH TEKCTY;

— PO3Mi3HAaBaHHS CHUMBOIIIB — MOPIBHSAHHS KOXKHOTO CerMeHTa 3 0a3010 I1a0J0HIB
CHMBOIIIB;

—  micIsI00po0Ka — KOPEKIIisl IOMUIIOK Ta PEKOHCTPYKITiS TEKCTY.

L1i anropuT™Mu MarOTh OOMEKEHHS y BHIAIKAX, KOJIU TEKCTOBUI TOKYMEHT MICTHTh
cKiIaaHi mpHudTH, pi3HI MOBH a00 HU3BKY SIKICTh 300paskCHHS.

2. Cyuachi metonu OCR Ha ocHoBi I1II. 3aBasku po3BUTKY TIMOOKOTO HaBYAHHS
(deep learning) Ta HelipoHHUX Mepex, cyyacHi OCR-cucTeMu 3Ha4HO NEpeBEPIIYIOTh
TpaauLiiiHI METOM 32 TOYHICTIO Ta yHiBepcanbHicTIo. Cepesl HaMOMy IsIpHIIINX METO-
niB €:

— koHBomouiiHi HelipoHHi Mepexi (CNN). CNN mupoko BUKOPUCTOBYIOTHCS JIS
00po0KHM 300pakeHb Yepe3 CBOIO 3[aTHICTh aBTOMAaTHYHO BHUTSATYBATH O3HAKU 300pa-
seHb. Y koHTeKeTi OCR, CNN 3acTOCOBYIOTBCS LTS pO3ITiZHABAHHS OKPEMUX CHMBOJIB
a00 HaBiTh HMX ciiB. LI Mepexi nobpe crpaBifiOThCS 3 BapiaTMBHICTIO MIPU(TIB,
KyTiB HaXMIy Ta iIHIIUMH CKJIQTHOIIAMU;

— pekypenTHi HerpoHHi Mepexi (RNN). RNN, ocoGmuBo BapiaHTH 3 JIOBrOO
kopoTkodacHoo mam’aTTio (LSTM), e(ekTUBHO NPaIIOI0Th 3 HOCTITOBHOCTSIMHE JIaHUX,
takumu K TekcT. B OCR-cuctemax RNN BHKOPHCTOBYIOTBCS ISt po3n13HaBaHH;1
MOCIIIOBHOCTEH CHMBOJIB, IO JO3BOJISIE MOMIMIIATH TOYHICTh PO3II3HABAHHS CIIiB Ta
pEUCHB.

— komOinoBani Mozeiai (CRNN), sk-or: Convolutional Recurrent Neural
Network (CRNN), 06'exnytots mepeBar CNN Ta RNN, 1m0 yMOXIIUBIIOE BHCOKY
TOYHICTh B MPOIECI pO3Mi3HABAHHS TEKCTY 13 300paskeHb. CNN BUTATYIOTh 03HAKH
300paxeHHs, a RNN oOpoOIIstoTh 11i 03HAKHU ISl OTPUMAaHHS MOCIIIOBHOCTEH CHM-
BOJIIB.

3. Xmapui OCR-cepgich, koTpi 6a3yroTecst Ha cydacHux llII-texnomnorisx. Cepen
HUX:

— Google Cloud Vision OCR — 3a0e3nedye BHCOKY TOYHICTb PO3Ii3HABAHHS Ta
HiATpUMye 0arato Mos;

— Microsoft Azure OCR — iHTerpy€eThcs 3 IHIIUMH cepBicamu Azure, MITPHMYE
0araroMOBHICTb Ta 3a0e3Me4ye BUCOKY IIBUAKICTb 00pOOKH;

— Amazon Textract — 103B0OJsiE HE TUIBKH PO3II3HABATH TEKCT, aliec ¥ BUTATYBaTH
CTPYKTYpPY TOKYMEHTA, TaKy K TaOJIHIll Ta POpPMHU.

4. Binkputi npoextu Ta iHcTpyMeHTH Ui OCR, siki MOXyTh OyTH BUKOPUCTaHI1 IS
PO3pOOKH Crieliali3oBaHUX PillleHb:

— Tesseract OCR — oaue 3 HavnonysipHimuix Binkputux OCR — miarpumye 6araro
MOB 1 Ma€ akKTUBHY CIIBHOTY PO3POOHUKIB;

— OCRopy — iHCTpyMeHT, 10 0a3yeThcsl HA TIMOOKOMY HaBYaHHI Ta 3abesnedye
BHCOKY TOUHICTh PO3ITi3HABAHHSI.

TexHoJoTii ONTUYHOTO PO3Mi3HABaHHA CHUMBOJIIB HA OCHOBI IITYYHOTO iHTEJIEKTY
3HAYHO TOKPAIIMIN MOKIMBOCTI aBToMaru3aiii o0poOKH TEKCTOBHX JaHWX. Bukopu-
CTaHHS TIMOOKOTO HABYAHHS Ta HEHPOHHUX MEPEX JO3BOJSIE MOCATTH BHCOKOi TOU-
HOCTI Ta aJIalTUBHOCTI J0 Pi3HMUX THIIIB JOKYMEHTiB. [IpuHIMIM poOOTH TaKUX CHC-
TeM 0a3yThCs Ha CKIIATHUX aIrOpuTMax 00pOOKH 300paKeHb Ta TEKCTY, 10 BKITFOYAE
KUTbKa OCHOBHHMX eTarliB (Tadi. 1).
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Tabmuis 1
OcHOBHI eTanu aJroputMmy 00pooKu 300pakeHb Ta TEKCTY 32 I0MOMOI0I0
IITYYHOIO iHTeJNeKTy

Haspa Cxuajosi
INonepenns o6podxa Hopmaui3arist sckpaBoCTi Ta KOHTPACTHOCT] — KOPUTYBaHHS
300pa>keHHS OCBITJIECHHS JUIs 3a0€311eUeHHs] PIBHOMIPHOT SICKPAaBOCTI.

Binapu3zaniis — nmepeTBopeHHs 300pa)KeHHsI Ha YOPHO-Oilie, Mo
CITPOIIIYE MOJATBITY 00POOKY.
Bunanenns mymy — insrpaiis apre)akTiB Ta SMECHIICHHS
LIyMY JUTS TIOKPAIIEHHS SIKOCTI pO3ITi3HABAHHSI.
Kopex11ist BUKpHUBIEHb — BUIIPABJICHHS IIEPEKOCIB Ta
BUKPHUBIICHD, BUKITMKAHUX HEPIBHOMIPHUM CKaHYBaHHSIM 200
(otorpadyBaHHsIM.
CermenTalis 300pakeHHss | Po3nizHaBaHHS GI0KIB TEKCTY — BUIUICHHs a03alliB, 3ar0JI0BKIB
Ta IHIIMX CTPYKTYPHUX CIIEMEHTIB.
[Tozin Ha PSIKK Ta CUMBOJIM — BU3HAYEHHS MEK PSJIKIB, CIIIB 1
CUMBOJTIB JUIS TIOIAJIBIIOT OOPOOKH.
BuTsiryBaHHs 03HaK Ha upoMy eTarti BAKOPHCTOBYIOTHCS KOHBOJIOIIHHI
(Feature Extraction) HeriponHi Mepexi (CNN) [yt aBTOMaTHYHOTO BUTSTYBaHHSI
o3Hak 300paxkeHHs. CNN CKIafaoThes 3 IapiB 3ropTKU
(convolutional layers), siki BUTAT'YIOTb JOKaJIbHI IaTEPHU Ta
O3HaKH, 10 € BKIMBUMH JUTsl PO3ITi3HABaHHS CUMBOJIB. Takuit
IT1/IX1]] JO3BOJISIE CHCTEMI HaBUATHCS BKIIMBUM O3HAaKaM 0e3
HEOOXITHOCTI PyYHOTO MPOrpaMyBaHHSI.
Po3ni3HaBaHHS CUMBOIIB Po3mi3HaBaHHS CUMBOJIIB — KOXKEH CUMBOJT 00POOIISIETHCS
Ta CIiB OKPEMO 3 ypaxyBaHHSM HOTO KOHTEKCTY.
PosmiznaBanHs ciB Ta (hpa3 — BpaxyBaHHS MONEPEAHIX 1
HACTYITHUX CHMBOJIIB JUISl TOYHIIIOr0 BU3HAYCHHS CJIiB Ta (pas.
IMocTobpobxa Kopekiiisi TOMUIIOK — BUKOPHCTAHHS JICKCUYHUX Ta
rpaMaTHYHUX TPABUI [UIS1 BUTIPABJICHHS TOMIIIOK
pO3Ii3HABaHHSI.
PexoHCTpyKIist TeKCTy — 00’ €THAHHS PO3IMI3HAHMX CHMBOJIB Y
cioBa, pas3u Ta pedeHHs 3 ypaxyBaHHSAM CTPYKTYPH TOKyMEHTA.
dopmaryBaHHs — 30epekeHHs (OpMaTyBaHHs Ta CTPYKTYPH
BUXIZIHOTO JIOKYMEHTa, a came: ad3aly, 3arojloBKH, TaOIuIi

TOIIIO.
Hapuanns ta AHOTAaIis JaHUX — 30UpaHHs Ta aHOTAaLlisl BEIMKUX HAOOpiB
BJIOCKOHAJIEHHS MoJesei 300pakeHb 3 TEKCTOM UL HABYAHHS MOJIENeil.

HapuaHHs Mozienieil — BAKOPUCTAHHS alTOPHTMIB TITHOOKOTO
HABYAHHS JUIS ONITHMI3aIil HEHPOHHUX MEPEK.
[MokpariieHHs aIrOPUTMIB — IHTErpallisi HOBUX METO/IIB
Ta TEXHOIOTIN JUIS MIABUILIEHHS TOYHOCTI M IIBUIKOCTI
pO3Mi3HABaHHS.

IDicepeno: cknaoeno asmopom Ha ocrosi [5-8]

Cuctemu OCR Ha OCHOBI HMITYYHOTO iHTEJEKTY CYTT€BO MiABUIIYIOTH €(EKTUB-
HICTh Ta TOYHICTh aBTOMATH3aIlii 0OPOOKU TEKCTOBUX JaHUX. BUKOpUCTaHHS IITHOOKHX
HEHPOHHUX MEPEK Ta aANTOPUTMIB MAIIMHHOTO HABYAHHS JIO3BOJISIE HOCSITTH BUCOKUX
pe3ynbTariB HaBiTh Mijg 4ac 0OPOOKM CKIaTHUX Ta PI3HOMAaHITHUX JOKYMEHTiB. IHTe-
rpaiis TaKuX CHUCTEM Y JIOTICTHYHI Ta 1HIIN Oi3HEC-TIPOIECH CIPHSE IIiIBHUIICHHIO
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MPOAYKTHBHOCTI Ta 3HI)KCHHIO BUTPAT, 110 POOUTH 1X BaXIIMBUM 1HCTPYMEHTOM Cydac-

HOT aBTOMAaTU3allii.

3acTocyBaHHS IITYYHOTO IHTEJIEKTY B TEXHOJIOTISIX ONTHYHOTO PO3ITi3HABAHHS CHM-
BOJIB MPH3BEJO 10 BarOMUX MOKPAIIEHb Y TOYHOCTI, MBUAKOCTI Ta YHIBEPCAIBHOCTI
00po0OKu TekcToBHX JaHuX. OMHaK, 5K 1 Oynb-sika TexHosoriss, OCR Ha ocHoBi LI mae
CBOI TIepeBaryu Ta OOMeXeHHs. Y TaOnuIll 2 HaBEJICHO OCHOBHI aCMEKTH BUKOPUCTAHHS
I B OCR, 110 BIuIMBarOTh Ha HOTO €()EKTHBHICTh Ta 3aCTOCOBHICTD y PI3HUX Tally3sX.

Tabmnurs 2

IlepeBaru Ta HegoJsliku Bukopucranus LI nnsa po3nizHaBaHHA TekcTiB

IlepeBarn

Henoaixku

1. Bucoka TOYHICTb pO3ITi3HABAHHS:
3aB9YI0YN BUKOPHCTAHHIO NTMOOKUX
HEIPOHHUX MEPEeX Ta METOJIIB MAIlIMHHOTO
HapyaHHs, cydacHi OCR-cucremu Ha ocHoBi L1
JIOCSITAIOTh BHCOKOT TOYHOCTI PO3ITi3HABAHHS
TEKCTY HaBITb y CKJIJHIX YMOBAX, TAKHX
SIK PI3HOMaHITHI IIPUQTH Ta CTHITI TEKCTY,
BUKPHBIICHI 200 MOIIKO/DKEHI JJOKyMEHTH,
HM3bKA SIKICTh 300pa)KeHb

1. 3a1eKHICTD BiJl IKOCTI JaHUX: HE3BAYKAIOUU
Ha BUCOKY To4HicTh, OCR-cHCTEMH Ha OCHOBI
I 3aMIar0ThCs 4y TVIMBUMH JIO SIKOCTI
BXIIHMX JlaHuX. Hu3bKa sIKicTh 300pa<eHb,
3HA4HI BUKPUBJIEHHS 200 MOIIKO/PKEHHS
JIOKYMEHTIB MOXKYTh HETaTUBHO BILUTHHYTH Ha
pe3yJIbTaTH pO3IMi3HABAHHS

2. AnantuBHicTh Ta HaBp4aHHs: OCR-
cuctemu Ha 0cHOBI [T MOXKYTh HaBYATHCS
Ha BEJTMKUX HAOOpax JaHUX, IO JI03BOJISE

M aJIanTyBaTHCs IO HOBUX MOB, IIPHU(TIB Ta
(opmaris gokymeHTiB. [e 3a0e3mneuye mmpoxKy
YHIBEpCAJIbHICTh Ta MOYKIIBICTh BHKOPHCTAHHS

B PI3HHX TaTy3sX Ta pErioHax

2. Bucoki 00uHCITroOBaIbHI BUTPATH: HABYaHHS
Ta BUKOPUCTAHHS IIMOOKUX HEHPOHHUX
MEepeXK BUMara€e 3Ha4HUX 00UMCITIOBATBHIX
pecypciB. Lle Moxxe OyTH IpoOIeMoro U
MaJIMX Ta CEPEIHIX MiIPUEMCTB, SKi HE MatOTh
JIOCTYIIy JIO TIOTY)KHHX CepBepiB a00 XMapHUX
00YHCITIOBAJIBHUX PECypCiB

3. llIBuakicTh 0OPOOKH: 3aBISIKM ONTHMI3AIIT
QJITOPUTMIB Ta BUKOPUCTAHHIO MOTY KHUX
004HCIIOBANILHUX pecypciB, cydacHi OCR-
CHUCTEMH 3/1aTHI MIBUAKO OOPOOIIATH BEJIUKI
00CSTH TEKCTOBHX JAHHX, III0 € BOKIHBHUM IS
MacIITaOHHX TPOEKTIB Ta aBTOMATH3ALliT Oi3HEC-
TPOIIECIB

3. HeoOXiiHICTb BEJTMKUX HABYAJIBHIX HAOOPIB
JIAHUX: 3]s IOCSATHEHHST BUCOKOI TOYHOCTI
PpO3Mi3HaBaHHs HEOOXi HI BENMKI HABYAJIbHI
Ha0OpH IaHUX, 110 BKIIIOYAIOTh Pi3HOMaHITHI

TIPHKJIA]IN TEKCTIB Ta 300pakeHb. 30ip Ta
QHOTAIIisI TAKMX HAOOPIB JAHUX MOXKeE OyTH
JIOPOTHM Ta TPYAOMICTKHM TIPOLIECOM

4. Tarerpaitist 3 iHIIUMA CHCTEMaMU:
cydacHi OCR-pitienns Ha ocHosi LI nerko
IHTErpyIOThCs 3 IHIIMMH IPOrPaMHUMU
cucremMamu Ta 1argopmamu yepe3 API, 1o
JI03BOJISI€ CTBOPIOBATH KOMILIEKCHI PIILICHHS UL
aBTOMATH3allii JOKYMEHTIB, aHAJTi3y JIAaHUX Ta
IHIIINX 3aBIaHb

4. OOMexeHHSI B PO3ITi3HABaHHI CICIIaIbHIX
CHMBOJIIB Ta PYKOITCHOTO TEKCTY: HE3BKAIOUH
Ha 3HauHi nokpaieHHs, OCR-cucremu Ha
ocnoBi 1111 Bce 111e MOXXYTb MaTH TPYIHOLL
3 PO3Mi3HABAHHSM CIIELIAIbHUX CUMBOJIIB,
(hopmyi, iarpaM Ta pyKOIHMCHOTO TEKCTY,
0COOJTMBO SIKIIIO BOHH TPE/ICTABIICHI Y
HE3BUYHIN (POpMi a00 3 HU3BKOKO SIKICTIO

5. Tligrpumka 6aratb0X MOB: 3 OIVISITY Ha
MOJXJIMBICTH HABYAHHS Ha PI3HUX MOBHHX
Habopax, OCR-cucremu Ha ocHoBi LT
HiATPUMYIOTh PO3IIi3HABAHHS TEKCTY OararbMa
MOBaMH, BKITFOYAI0YH MOBH 3 PI3HIMH
an(aBiTaMK Ta CKJIAJIHOKO IPAMATHKOO

5. be3rneka Ta KOH(MIICHIIHHICTD JaHNX:
00poOKa KOH(IICHIIIIHIX JJOKYMEHTIB, SIK-TO:
FOpUIYHI 200 MEIMYHI, BUMarae BUCOKOTO
PpiBHA Oe3MeKU Ta 3aXUCTy JaHuX. [HTerpartis
OCR-cucTeM 3 iHIUMY iHGOpMALTHHUMU
CHCTEMaMU MOYKE CTBOPIOBATH PH3UKH TSI
KOH(IICHITIHHOCTI Ta OE3MEeKH JaHNX

Ircepeno: cknaderno agmopom Ha ocHosi [2-6]




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|35

Bukopuctanns mry4Horo intenekty B OCR BigkpuBae IIMPOKI MOMJIMBOCTI IS
aBTOMaTHu3aIlii 00OpOOKH TEKCTOBUX JAaHWX, IIIBUIIYIOYHA TOYHICTH, IIBUAKICTH Ta yHI-
BepcaNbHICTh 1HX cucteM. [Ipore mis edexruBroro Bukopuctanus OCR-texHoONOTINH
Ha ocHOBI 1III HeoOXinHO BpaxoByBaTH iXHI OOMEXEHHS Ta CIEIU(IKy 3aCTOCYBaHHS
B PI3HUX Tally3sX. PO3BUTOK TEXHOJNOTIH Ta BIOCKOHAJICHHS AJTOPUTMIB J03BOJIATH
3MEHIINUTH ICHYI04l 0OMEKEHHS Ta pO3MUPHUTH NoTeHIian Bukopuctanus OCR y maii-
OyTHBOMY. PO3mIstHEMO KiNbKa MPUKIIALIB ycminrHoro BupoBamkeHHss OCR-TexHoIOTH
y cepy JOTiCTHKH.

Kommnaniss DHL, oaus 3 Haif01IbIIMX CBITOBHX JIOTICTUYHUX MPOBaliepiB, BIIPOBa-
muna OCR-texHomorii 1711 aBToMaru3anii 0OpoOKH TPaHCIIOPTHUX HaKIagHUX. Buko-
puctanns OCR-crcTeM 1aiio 3Mory aBTOMAaTHYHO 3YUTYBATH 1H(OPMAIIIO 3 TIAITePOBUX
HaKJIaJHUX Ta BBOAUTH i1 y BHYTpILIHIO cucTeMy ynpasiinHs. Lle 3a0e3neuye [3]:

— CKOpOYEHHS 4acy Ha 00poOKy TOKyMEHTIB;

— 3MCHIICHHS KUTBKOCTI IOMIUIOK, TIOB’SI3aHUX 3 PyYHHM BBEICHHSIM aHUX;

— MiABHUILEHHS MPO30POCTi Ta KOHTPOJIBOBAHOCTI JIOTICTUYHUX MPOIIECIB.

Kommaniss Maersk, mpoBigHmii omeparop KOHTEHHEPHHX NEpPEBE3CHb, 3aBISKU
OCR-TexHOJOTIAM 3IiiicHMIAa aBTOMaTn3alito MuTHOro odopmireHas. OCR-cucremn
ABTOMATUYHO PO3IMI3HAIOTH Ta 0OPOOIIAIOTH JOKYMEHTH, HEOOXiAHI I TMPOXOIKESHHS
MUTHUX TPOIETYP, IO A03BOJISIE [4]:

— CKOpOTHUTH Yac 0(pOPMIICHHS BaHTaXKIB;

— 3HU3WUTHU PUHUKH TOMUJIOK Ta 3aTPUMOK Yepe3 HEKOPEKTHI1 J1aHi;

— MABUIIUTH e(PEKTHUBHICTh pOOOTH MUTHHX arcHTIB Ta 3MEHIINTU aaMiHICTpa-
THUBHI BUTPATH.

Amazon, rmo6anbHuil Iifep B ramysi e1ekTpoHHOI koMeplii, inTerpysas OCR-Tex-
HOJIOTIi y CBOI cucTeMu yrpasiiHasg ckinagaMu. OCR-cucTteMn aBTOMaTHYHO 3UUTYIOTH
iH(OpMALIiFO 3 €THKETOK Ta YIAKOBOK TOBApIB, IO J03BOJISIE [5]:

— MiABUIIUTH TOYHICTH OOJIIKY TOBapiB Ha CKIIAAaX;

— TIPUCKOPHTH IIPOIIECH MPUIMaHHS Ta BiIBaHTAKCHHS TOBAPIB;

— 3MCHIIUTH KiUTBKICT Py4HOI pOOOTH Ta MIABUIINTH C€(PEKTUBHICTH POOOTH
CKJIaTy.

Kommnanis FedEx BukopucroBye OCR-cucTemu 11t aBTOMaTH3aIii 00poOKH paxyH-
KiB-¢aktyp. OCR-TexHONOrIi JO3BOJSIOTh ABTOMATUYHO 3YUTYBATH T4 BBOIUTU JaHi
3 paxyHKiB y (piHaHCOBY cHCTeMy KOMIIaHii, 1m0 3abe3neuye [3]:

— TIBHIKY 00pOOKY BEJIHMKOT KUTBKOCTI JOKYMEHTIB;

— TIIBUINEHHS TOYHOCTI BBEACHHS JAHUX Ta 3MEHILICHHS TIOMHJIOK;

— ONTHMIi3allio (piHAHCOBHUX MPOIECIB Ta CKOPOUCHHS Yacy Ha OILIATy PaxyHKIiB.

Kommanis UPS interpyBana OCR-cuctemun mjis aBTomMarusaiii oOpoOKH MiKHa-
POAHMX JOKYMEHTIB, TAKUX K MHUTHI JieKjapalii Ta ceprudikaTi noxomkeHHs. Yepes
3anpoBajpkeHHsT OCR-TeXHOOTIH cTano MOXKIMBUM:

— MIBUJKE Ta TOYHE PO3IMI3HABAHHS JIAHUX 3 MIXKHAPOIHUX JIOKYMCHTIB;

— MiJBHIIEHHS €(DeKTUBHOCTI Ta MIBUAKOCTI 0OPOOKH BaHTaXiB;

— 3HIDKCHHS BUTPAT Ha py4YHY 0OpOOKY JOKYMEHTIB Ta CKOPOYCHHS 4acy JOCTABKH.

PeanpHi mpuximagu BnpoBakeHHss OCR-TexHONOrH TOKa3yrOTh, SK KOMITaHIi
MOXYTh ONTHUMI3yBaTH CBOi Oi3HEC-NPOLIECH, 3HU3UTU ONEpalliifHi BUTpaTh Ta Mij-
BUIIATH KOHKYPEHTOCIPOMOXKHICTh. 3 OIVISIy HAa BHU3HAY€HI BUTOJM, BUKOPUCTAHHS
OCR-cucTeM CcTa€ HEBIAIUTFHOIO YaCTHHOIO CyYacHOI JIOTICTHKH, CIIPUSIOUN MTOHAIh-
LIOMY PO3BUTKY Ta BIOCKOHAJICHHIO I€T ramysi.

OnTryHe pO3Mi3HABAHHSA CHMBONIB HAa OCHOBI INTYYHOTO IHTENEKTY BiJIKpH-
Ba€ MIMPOKI MOXKIMBOCTI JIJISI aBTOMATH3aIlii 0OpOOKH TEKCTOBUX JaHuX. OJHAK s
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JOCATHEHHsSI MaKCUMAJIBHUX PE3YyJbTaTiB HEOOXiAHO BPAaxXOBYBATH IIEBHI ACHEKTH Ta
pEKOMEHJAIIIT 100 MiaBUIIEeHHS edekTuBHOCTI BukopuctanHs OCR. PosmisHemo
JIEeSIK1 3 HUX OLIBII AETaIbHO.

1. IloxpameHHs AKOCTi BXiTHUX 300pa)KeHb Ma€ 3HAUHUH BIUIMB HA TOUHICTH PO3-
mi3HaBaHHs TekcTy. [l ii migBumenss cmin [9]:

— BHUKOPHUCTOBYBaTH BHCOKOSIKICHE OOJIQJIHAHHS IUTS CKaHyBaHHS Ta (otorpady-
BaHHS JIOKYMEHTIB;

— 3a0e3rneyyBaTH ONTUMAalIbHI YMOBU OCBITJCHHS JUUIsl YHUKHEHHS BIJOJHCKIB Ta
TIHCH;

— KOPHCTYBAaTHCh NpOTrpaMaMy IS MONEpeaHboi 00poOKn 300paskeHb, 30KpeMa
KOPEKIIii ICKPAaBOCTi, KOHTPACTHOCTI, BUJAJICHHS IIyMY Ta BUNIPABICHHS BUKPUBIICHb.

2. BuxopucTaHHs Cy4yacHUX ajJrOpPUTMIB Ta MOJENCH Ha OCHOBI IIMOOKOrO HaB-
JaHHs 3a0e3Meuye BUCOKY TOUHICTh Ta MIBUAKICTE 00poOKH. Pexomennyerses [10]:

— perymipHo oHoBmoBatd OCR-cHcTeMH 1O HOBHX BEpCiif, MO MICTATH MOKpa-
IICH] AJITOPUTMH Ta MOJIEII;

— BHUKOPHCTOBYBATH ITIMOOKI HEHPOHHI MEpeXi, Taki SK KOHBOJIOIIHHI Ta peKy-
pertHi HelipoHHi Mepeki (CNN ta RNN), mist BUTATYBaHHS 03HAK Ta PO3Mi3HABAHHS
CUMBOJIB.

3. Ananraiiis Mozieseii 10 KOHKPETHUX 3aBJIaHb. [JJist TOCATHEHHS BUCOKOT TOYHOCTI
PO3ITi3HABAHHS TEKCTY B CHEHU(IYHIX YMOBAX BapPTO aalTyBaTH MOJEINI O KOHKPET-
HUX 3aBJIaHb:

— HaBYATH MOJEJI Ha CHelialli3oBaHUX HA0Opax JaHMX, 10 BKIOYAIOTH 3Pa3KH
JIOKYMEHTIB, 5IKi OyZyTh OOPOOJISATHCS CHCTEMOIO;

— BHUKOPUCTOBYBAaTH MeToAM TpaHchepHoro HapuaHHs (transfer learning) s
TIOKPAIICHHS MOJIENICH Ha OCHOBI MOTIEPEAHBO HATPEHOBAHMX MEPEXK.

4. 3abe3nedeHHs Oe3neku Ta KoHQiAeHIIHHOCTI JaHuX. O0poOKa KOHDIASHIIIIHHIX
JOKyMEHTIB BHMarae 3a0e3MeueHHs BUCOKOTO PiBHA Oe3NeKu Ta KOH(iAEHIIHHOCTI.
Hanexuts:

— BIPOBADKYBATH MEXaHi3MU MIH(pyBaHHS TAHUX ITi]] Yac repeaadi Ta 30epiratHs;

— 3abe3mneuyBaTd KOHTPOJb foctymy 10 OCR-cucteM Ta 00poOIIOBaHKX JaHUX;

— BUKOPHCTOBYBATH XMapHI PIllICHHS, 1110 BiIIMOBIIAIOTH CTaHIAApTaM OE3ICKH Ta
KOH(1ACHIIIIHOCTI.

5. InTerpariist 3 iCHyIOUMMH CHCTEMaMH Ta IpoliecaMu 3a0e3mnedye Oe3nepepBHICTh
Ta e()eKTUBHICTh OOPOOKH JaHuX. bakaHo:

— BUKOpHUCTOBYBaru cranjgapru3oBani APl ais B3aemonii OCR-cucrem 3 iHIIMMA
POTrPaMHHUMH MPOIYKTAMH;

— inTerpyBarn OCR-cucTtemMu 3 cucTeMaMu yHpaBiiHHA JoKyMeHTamu (DMS),
ERP ta CRM 151 aBTOMaru3aiiii pooo4nx nporecis;

— 3AIHCHIOBATH aBTOMATHYHY MAapIIPyTH3allil0 JOKYMEHTIB AJs 3a0e3NeucHHs
MIBUJIKOTO T4 TOYHOTO 0OpOOIICHHS.

6. PerynspHuii MOHITOPHHT Ta ONTUMI3allisl JO3BOJISIE BUSBIATU IPOOIEMHU Ta Mij-
BUIIYBaTH €()EeKTUBHICTh 0OPOOKH NaHuX. JOMiTBbHO:

— 3IIHCHIOBATH MOCTIMHMI aHaIi3 TOYHOCTI Ta MIBUJKOCTI PO3Ii3HABAHHS TEKCTY;

— BIPOBAKYBATH MEXaHI3MH 3BOPOTHOTO 3B’S3KY JUIS MOKPAIICHHS MOJENei Ta
ANTOPUTMIB;

— TIepiOIUYHO OHOBIIOBATH HaBYAJIbHI HAOOPHU JaHUX, 00 320€3MEUNTH aKTyallh-
HICTbh MOJIENIEH.

JloTpuMaHHs 3a3HAYEHUX PEKOMEHMAIlINd JO03BOJIMTH MIABUIIMTU €()EKTUBHICTD
BukopuctanHs OCR-TexHomorii, 3a0e3meYnTH BHCOKY TOYHICTh Ta IIBHIKICTH
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PO3IIi3HABAaHHS, & TAKOXX 3HU3UTH OIEpAIlifiHI BUTPATH Ta MOKPAIIUTH 3arajbHy Mpo-
JyKTHBHICTh OpraHi3aliii.

BucHoBku. TexHOMOr1i ONTHYHOTO PO3Ii3HABaHHS CUMBOJIIB Ha OCHOBI IUTYYHOTO
IHTENIEKTY BiJIKPUBAIOTh HOBI MOKIIMBOCTI JIJIsi aBTOMATH3allii Ta MigBUIICHHS edek-
THUBHOCTI JIOTiCTUYHUX TiporieciB. 3actocyBanHs OCR-cucTeM y JIOTICTHIN JTO3BOJISE
CYTTEBO 3MEHILIUTH Yac Ta 3yCHIUIS, HEOOX1IHI /Ui 0OpOOKH JTOKYMEHTIB, 3HUKYIOUN
KUTBKICTh TIOMIJIOK Ta TiABHIIYFOYH TOYHICTh JaHUX.

BukoprcTtaHHs MHOOKHX HEHPOHHUX MEPEX Ta METO/(IB MAIIMHHOTO HABYAHHS 1a€
3mory OCR-cuctemam jgocsrarv BUCOKOi TOYHOCTI HaBITh y CKJIAJHUX YMOBAaX, TaKUX
SIK TTOTIKO/PKEH]1 a00 HU3BKOSAKICHI JOKYMEHTH.

CyuacHi OCR-pilIeHHs JIETKO THTETpYOThCS 3 THIIMMHU iH(QOpMAIifHUMHU CcHCTe-
MaMH, TAaKUMH K CUCTeMH ynpaBiiHHA gokymeHTamu, ERP Ta CRM, mo 3abe3neuye
Oe3nepepBHICTh Ta e(heKTUBHICTH Oi3HEC-TIPOIIECCIB.

Peanpni npukiragn Bukopuctanast OCR-cucteM y 6ararb0ox KOMITaHIsIX, HAIPHUKIIA,
DHL, Maersk, Amazon, FedEx ta UPS, neMOoHCTpYyIOTh CyTT€BI IIepeBaru B aBTOMAaTH-
3amii 00poOKK TPAHCTIOPTHUX HAKJIAJHUX, MHUTHOTO O(OPMIICHHS, YIPABIIHHS CKJIa-
JIaMH Ta paxyHKiB-(QaKkTyp.

g nocsiTHeHHS] MaKCUMaJIbHUX PE3YJIbTaTiB PEKOMEH Y €ThCS MOKPAIyBaTH SIKiCTh
BXITHUX 300pakeHb, BHKOPHCTOBYBAaTH CyJacHI aJTOPHUTMH Ta MOJIEINi, aJamnTyBaTH
MOJICITi 0O KOHKPETHHUX 3aBJaHb, 3a0e3euyBaTi 0e3rneKy Ta KOH(QIACHIIHHICTh TaHuX,
inTerpyBaru OCR-cucTeMH 3 iCHyIOUMMU MPOLIECAMH, PETYIIIPHO MOHITOPUTHU Ta ONTH-
Mi3yBaTu poOOTy CUCTEM, a TAKOK HABYATH ITEPCOHAL.

Brposamxennss OCR-cuctem Ha ochosi Il y yoricTuuHi MpolecH Hajmae HOBi
BUTOJIU JIJIs1 MiJIBUILIEHHS €()EKTUBHOCTI, TOYHOCTI Ta MIBUIKOCTI 0OpPOOKH JJOKYMEHTIB.
3acTocyBaHHS IIMX TEXHOJOTIH CIIPHUSE ONTHMI3aIli] O13HEC-TTPOIECiB, 3HWKESHHIO OTIe-
pauiifHUX BUTpPAT Ta MiABUIICHHIO KOHKYPEHTOCIIPOMOKHOCTI KOMIIaHIH Ha CydaCHOMY
quHamiuHOMY puHKY. Ilomanbmmit po3BuTok Ta BaockoHaneHHs OCR-texHomoriid Ha
ocHogi Il BinmkpuBae e OUTbIIE MOXKIMBOCTEH Il aBTOMATH3aIlil Ta MOKPAIICHHS
JOTiCTHYHHX MPOIIECIB y MAaOyTHEOMY.
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Y emammi oocnioscyemoca eghexmusnicmov 3acmocysanns memoois iMimayitino2o mooento-
6aHHA Ol NPUTHAMMA YNPAGNIHCOKUX piwens ¢ IT-cghepi, 30kpema y npoexmHomy meHeodlc-
menmi. IIpoananizoeano ocmanui Haykosi po3pooKku 3 0cobausocmelt UKOPUCHAHHA iMimayi-
11020 MOOeNo8anHs y npoekmuomy meneoxcmenmi ¢ IT ma y mooenioganmi Oisnec npoyecis.
Pozenaoaromvca nepesacu ma oobmedcenHs SUKOPUCMAHHA IMIMAYIUHO20 MOOen08aHHs OJis
gizyanizayii ma amanizy CKAAOHUX CUCMEM, NPOSHO3VB8AHHS HACTIOKI8 YNPAGIIHCHKUX DIlleHb,
onmumizayii pecypcie ma ynpasninHa pusukamu. AHanizyiomoca meopemudni OCHO8U iMimayiii-
HO20 MOOENIO8AHHA, 1020 6NIUB HA NPOYECU NIAHYBANHSA, GUKOHAHHA A MOHIMOPUHZY NPOEKMIS.
Jloseoeno, wo suxopucmants memooie iMimayiiho2co MOOen08AHHs Y NPOEKMHOMY MeHeOlC-
menmi 6 IT 0036015€ KepigHukam nputimamu Oilbul OOIPYHMOBAHI DIieHHS, ONMUMIZYyeamu
pecypcu ma minimizyeamu pusuku. Lle 3a6e3neuye ycniwne 6UKOHAHNS RPOEKMIE 8 YMOBAX HeGU-
SHAYEHOCMI Ma WEUOKUX 3MiH, Xapakmepuux 015 IT-cghepu.

Y emammi nasedeno npaxmuuni 3a60anus 015 popmysanus y maubymuix gaxieyie iz komn '1o-
MEPHUX HAYK, Ni0 YAC HABUAHHA Y 3AKIA0AX U0 OCBIMU, HABUYOK BUKOPUCIAHHS IMIMayiii-
H020 Mooemosans. Poszensanymo npuxnadu po3e’s3ysanns memooamu iMImayiiho2o Mooeno-
BAHHS NPAKMUYHUX OI3HeC cumyayit NPULHAMMS piueHb MeHeONCePaMU PISHUX PIGHIE 8 YMO8aX
HEeBU3HAYEeHOCMI Ma PUSUKY; 3A0ady MOOENI08AHH NONUMY, NPUKIAO MOOENIOBAHHS YNPAGIIHH
3anacamu 3 ypaxyeaHHaMm eUmpam ma 3a0ayy GUKOPUCHAHH Ma 3aMiHu 001aOHaHHA.

Cmammsi makoxc Ha0ae pekomenoayii oo NPaKmuyHUX WISXI6 i3 GNPOBAONCEHHSL IMI-
Mmayiiino20 MoOeno8anHs y npakmuxy npoekmnoeo meneoxcmenmy IT-opeanizayii, oonomaza-
1YL KePIGHUKAM NPULLMamu 0OILpYHMOBAHI PIULEHHS, ONMUMIZY8amu pecypcu ma MiHimMizyeamu
pusuxu. Tlooanvuii 0ocuiodcents y yoomy HANPAMKY MOACYMb 3HAYHO NOKPAWUMU POZYMIHHS
1 3acmocy8anHs IMimayitino2o MOOent08aHHs OJist DI3HEC AHANI3Y MA NPOCKMHO20 MEHEONCMEHNTY
6 IT ma mooenioganHsa eKOHOMIUHUX NPOYeCI.

Knrwwuosi cnosa: imimayiiine MoOeno8ants, NpuiiHAmms Ynpaeiincokux piwens, 1T npo-
eKxmu, KomMn tomepHi HayKu, Oi3HeC aHali3 Ma NPOEeKMHUL MEHEOHCMEHM, MOOENIOBAHHS eKOHO-
MIYHUX NPOYECIB.

Koshova O. P, Olkhovska O. V., Brazhnichenko A. O. Improving the efficiency of making
management decisions in IT projects using of simulation modeling methods

The article examines the effectiveness of the application of simulation modeling methods for
making managerial decisions in the IT sphere, in particular in project management. The latest
scientific developments on the features of the use of simulation modeling in project management
in IT and business process modeling are analyzed. Advantages and limitations of using simulation
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modeling for visualization and analysis of complex systems, forecasting the consequences of
management decisions, optimization of resources and risk management are considered. The
theoretical foundations of simulation modeling, its influence on the processes of planning,
execution and monitoring of projects are analyzed. It has been proven that the use of simulation
modeling methods in project management in IT allows managers to make more informed
decisions, optimize resources and minimize risks. This ensures the successful implementation of
projects in conditions of uncertainty and rapid changes characteristic of the IT sphere.

The article presents practical tasks for the formation of future computer science specialists
in the use of simulation modeling during their studies at higher education institutions. Examples
of solving practical business making-decision situations by managers of different levels in
conditions of uncertainty and risk are considered using simulation modeling methods, demand
modeling task; an example of cost-based inventory management modeling and the task of using
and replacing equipment.

The article also provides recommendations on practical ways to implement simulation
modeling in the practice of project management of IT organizations, helping managers to make
informed decisions, optimize resources and minimize risks. Further research in this direction
could significantly improve the understanding and application of simulation modeling for
business analysis and project management in IT and modeling of economic processes.

Key words: simulation modeling, making a management decision, IT projects, computer
science, business analysis and project management, modeling of economic processes.

ocranoBka npodaemu. [IpuiHATTS ypaBIiHCEKUX PIIIEHb € KPUTUIHO BasKIH-
BUM MPOLECOM IS Oyab-sKoi opraizaiii, OCKUIbKH BiJl SKOCTI NPUUHATUX PIillIEeHb
3aJIEXKUTh ycmx KOMIaHii, i KOHKYpPEeHTOCIPOMOXHICTh Ta 31aTHICTh aAANTYBATHCS 10
3MiH 30BHIIIHBOTO CEepeloBHUIIa. B yMoBax MBHAKHUX 3MiH, TI00ami3alii Ta TeXHOIO-
TIYHOTO MPOTpecy, MEHEDKEPU PI3HOTO PIBHS CTUKAIOTHCS 3 HEOOXiJHICTIO MPUHAMATH
CKJIJIHI PIIICHHS B YMOBaX HEBU3HAYCHOCTI Ta pU3UKY. Lle BUMarae He JuIIIe BUHCOKOTO
PIiBHS KOMITETESHIIIH, aJie i BUKOPUCTAHHS CYYaCHHUX IHCTPYMEHTIB Ta METOIUK JIJIS aHa-
73y cuTyalii Ta NpOrHO3yBaHHs HACIHIKIB PI3HUX BapiaHTIB Jdil.

B cyuacHnx ymoBax iMiTarjiifHe MOJCTIOBAHHS CTa€ HEBiJ €MHOIO YaCTHHOIO TPO-
1[eCy MPUUHATTS PINICHb B TAKHUX Tay3sX, SIK BAPOOHHUIITBO, JIOTICTHKA, (PIHAHCH, 0XO-
poOHa 310poB’s Ta Oararo iHIIMX. BUKOPUCTAHHS LBOTO MIAXOAY JO3BOJISE HE JIMIIE
HiABUIINTH AKICTh NMPUHHATHX PilICHb, aie # 3a0e3MeunTH OUIBII CTIHKUII PO3BUTOK
oprasizailii B JJOBrOCTPOKOBIi MEPCIICKTHBI.

AHaJi3 ocTaHHIX T0CTiTKeHb i1 my0Jikamiii. Pe3ynbsraTi YucieHHuX 10CIiHKCHb
HayKoBIIiB [1, 7-15] cBiguaTh mpo Te, 10 iMiTalliifHe MOJICIIIOBaHHS 3HAYHO IMOKPAIIy€e
IpoIec MPUHHATTS DIlIeHb Yy CKIAJHUX CHCTeMaX. 30KpeMa, IOCIiKEHHS ITOKa3y-
10T, 11I0 BUKOPUCTAHHS IMITalliiHUX MoJiesiell 103BOJIsi€ 3SMEHIIIUTH HEBU3HAYEHICTh Ta
PH3HKH, TIOB’s[3aHi 3 YNPAaBIIHCEKUMHE PIMICHHAMH, a TaKOX IIABHINYE e(hEeKTHBHICTH
CTPATETiYHOTO TUIAaHYBaHHSI.

OCHOBHI BHCHOBKH TOIEPEIHIX AOCHiKeHb [1-15] miakpecioTh BaKIUBICTh
IMITaifHOr0 MOJETIOBAHHS SIK IHCTPYMEHTY UIS NPUHHATTS yNPaBIiHCHKUX PIllICHb
Ta BUKOPHUCTaHHsS HAOyTHX HABUYOK y Oi3HEC aHami3i Ta MPOCKTHOMY MEHEIKMEHTI
B IT. Bonu cBiguaTh mpo HOro 3JaTHICTh MiIBUIIMTH €(PEKTUBHICTh ynpaBniHHﬂ 3HH-
3UTH BUTDATH Ta TOKPAIHTH PE3YIILTATH B pi3HHX ramy3sx. 30KpeMa y JOCIiKCHHI
[4] mpencraBineHo HOBUI MiAXim 10 ynpaBmHH;[ (1)1HaHCOBI/IM CTaHOM MajHx Oi3HeciB
4yepe3 CTBOPEHHs MEXaHI3MiB Ta IHCTPYMEHTIB JJISl MATPUMKH MPOLECY NPUHHATTS
IHBECTHUIIHUX PIllIEHb, 3 BAKOPUCTAHHSM TPOIICIYPH CUTYAIIHHOTO aHAIII3Yy PUHKY 5K
CKJIaJIHOT COLIANEHO-CKOHOMIYHOT CHCTEMH B YMOBaX HEBU3HAYCHOCTI. Y poOOTax Hay-
KoBIIB [4-7, 9, 12, 15] nocnimKyrOThcs 0COOIMBOCTI MOJIENIOBaHHS Oi3HEC MPOIECiB
Ta poOOTH MIANMPUEMCTB Pi3HHUX PiBHIB. 3HaUHA YacTHHA pooit [2, 5, 7, 11, 13] npuces-
yeHa BUKopucTaHHIO [T TeXHOTOTil Ta MaTeMaTHKO-CTaTHCTHYHHX IiIXOMIIB 0 MOJe-
JIOBaHHS Oi3Hec mpoleciB. He MeHI BaxXIIMBUM JJIS1 HAIIOTO JOCHI/DKEHHS € 1 poOOTH
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HayKoBIIiB [1-3, 6, 8, 14] i3 aHami3y epeKTHBHOCTI Ta HEOOXiTHOCTI BIPOBAKECHHS
MOJICITIOBaHHS y MPOEKTHOMY MeHepkMeHT! y [T ramysi. [Ipore, icHYyIOTh TIEBHI 00Me-
JKEHHS Ta BUKJIMKH, TIOB’s3aH1 3 BIPOBAPKEHHSIM IMITAI[IHHOTO MOJICITIOBAHHS, TaKi SIK
CKJIQJIHICTh MOJICITIOBAHHS Ta Bi3yallizallii CKIIaJHUX CUCTEM Ta HasBHICTh BUCOKOKBAIi-
(hikoBaHUX (haxiBIIiB, IO B CBOIO YEPry BUMArae ya0CKOHAJICHHS TpoIiiecy mpodeciiHoi
M1ATOTOBKH CIIELaIiCTiB 13 KOMII' FOTEPHUX HayK y 3aKjiafiax BUILOI OCBITH.

IHocTranoBka 3aBaaHHs. OCHOBHOIO METOK JAHOI CTATTi € JNOCIHiKEHHS edek-
THUBHOCTI 3aCTOCYBaHHS METOJIB IMITAI[ITHOrO MOJICIFOBAHHS JUISl TIPUHHSTTS yIpaB-
JIHCBKUX pilleHb B cyyacHuxX opranizauigax IT cdepu, 30kpema 1 mpu ympaiiHHI
npoektamu. CTarTs crpsMOBaHa Ha BUSBJICHHS IepeBar Ta OOMEXEHb IMITaliiHOTO
MOJICITIOBaHHS, a TAKOXK MPAKTUYHI IUISIXH ITiIBUIIICHHS PIBHS BIAMOBIIHUX TPOdeciii-
HUX YMiHb Y MaiiOyTHiX (axiBLiB i3 KOMIT IOTEPHHUX HAYK I1i]] YaC HAaBUYAHHS y 3aKi1agax
BUINIOT OCBITH Ta OPMYBaHHS HABUYOK IIIOJ0 {X BUKOPUCTAHHS B yNPABIIHCHKIN Mpak-
THUII B Ma0yTHBOMY.

BukJjag ocHoBHOro marepiasay. Imitaiiiine MoaenOBaHHsS € TOTYKHUM 1HCTpY-
MEHTOM, SIKUI J03BOJIsIE KEPIBHUKAM Bi3yalli3yBaTh Ta aHAII3yBaTH CKJIQJHI CHCTEMH,
MPOTHO3YBaTH MOBENIHKY CHCTEMH IPH PI3HUX YMOBaX Ta MpUHMaTH OOTPYHTOBaHI
pimenHs. IMitamniitni Moaeni MOXyTh OyTH BUKOPHCTaHi JJisl Bisyalli3awii MPOEKTHUX
MIPOIIECIB, 1[0 CIPHUSE KPAIOMY PO3YMIHHIO Ta KOMYHIKaIlii MiX 4JICHAMUA KOMaH/IH Ta
3aIliKaBICHUMH CTOPOHAMHM. 3aCTOCYBaHHS IMITAllIHHOTO MOJIEIIOBAHHS B YIIPaBIIiH-
CBKHUX IPOLIECaX Ma€ psiji MepeBar, cepesl AKX MOXKHA BUIIJTUTH HACTYIIHI:

1) Bizyadmi3alisi CKJIQJIHAX CHCTEM, aJ)K€ MOJICITFOBaHHS 13 BUKOPUCTAHHSM IPUKIIAI-
HUX KOMII FOTEPHHX ITPOTPaM Pi3HOTO PiBHS JTO3BOJIIOTH HAOYHO MPEICTABUTH CKIIATHI
B3a€MO3B’SI3KU Ta MPOLIECH, 1110 BiIOYBAIOThCS B OpraHi3allil, 110 MOJETIIye PO3yMiHHS
Ta aHais3;

2) MPOTrHO3YBaHHS, TaK sIK IMIiTalilfHE MOJIEITIOBAHHS TaKOX A€ MOMJIUBICTH IIPO-
THO3YBAaTH HACTIKU YIPABIiHCHKUX PIIIEHb 32 PI3HUX CIIEHAPIiB, 110 JOMOMArae yHHUK-
HYTH TIOMHUJIOK Ta MIHIMI3yBaTH PU3HKH;

3) mpoBEICHHS CEKCIICPUMEHTIB — MOJEII JO3BOJIIIOTH MPOBOAUTH JIOCIIIKECHHS
3 BUKOPHUCTAHHAM PI3HUX CTpaTerii 6e3 pu3uKy /I peanbHOl opraHizaliii, o crpuse
3HAXOKCHHIO ONTHMAIIFHUX PilllCHb;

4) omTuMizallisi pecypciB, ajpKe 3aBISKH MOJCIIOBAHHIO MOXXHA BU3HAUWUTH Haii-
O1bII e(heKTHBHI CITOCOOM BUKOPUCTAHHS PECYPCiB, 110 B CBOIO YEPry 3HAYHO ITiJBH-
niye eeKTUBHICTh MisIIbHOCTI Oyb sikoi opranizamii 1y IT chepi y Tomy uucii.

ImiTaniine MOJIEIIOBAaHHSI — MPOIIEC CTBOPEHHS MOJIENI, sIka BifoOpakae peanbHy
JKUTTEBY, BAPOOHNTY 200 TOCHOAAPCHKY CUTYaIlif0. MeToIu MOJETIIOBAaHHS BUKOPHUCTO-
BYIOTB JUIS IPUHHSATTSI YIIPABITHCHKUX PIIICHb, SIKIIO aHATITHYHI METOIN HE TIPUHHSITHI,
abo 1X HE MOXKHA 3aCTOCYBaTH

Imitamiiine MonemoBaHHS €(DEKTHBHO MpPU PO3B’SA3aHHI 3a7ad: YHpaBIiHHS 3ara-
caMu; poOOTH CHCTEM MacOBOTO OOCITyTOBYBaHHS; BAPOOHHUOTO IIJIAHYBaHHS;, aHAI3Y
PU3UKIB Ta NPUHHATTA pillIeHb B YMOBAaX HEBU3HAUEHOCTI; BUKOPUCTAHHS PECypCiB Ta
in. Tomy imiTariiiiHe MOJETIOBAHHS CTAJIO BAKJIMBHUM IHCTPYMEHTOM B YIIPABIIHCHKUX
HayKaX, JIO3BOJISIOUN KepiBHUKaM TMpUAMAaTH OiIbIll OOTPYHTOBAHI PIllICHHS.

Po3risiHeMo Jexinbka NpUKIaAiB 3ajad MPUUHATTS PillleHb, SKI PO3B’A3YIOThCS
METOJaMH IMITaI[ifHOTO MOJIC/TIOBAaHHA Ta OyAyTh e(heKTUBHUMHM IpH (POpPMYBaHHI Bif-
MOB1THUX KOMIIETCHTHOCTEH Y (DaxiBIIiB 13 KOMIT IOTCPHUX HayK.

[puknazg 1. BusHauuTy onTHMaIbHY CTPATETiI0 3aMiHHM HasIBHOT TBOPIYHOT KOMIT 1O~
TEpHOI TEXHIKH AESKOI (hipMH IPOTITOM HACTYITHUX YOTUPHOX POKiB. TexHIKy, sSIKe eKc-
TuTyatyBajacs 6 pokiB, 000B’I3KOBO 3MiHIOIOTh. BapTicTh HOBOT KOMIT FOTEPHOT TEXHIKH
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$100400. Y xiHIll Y4eTBEpPTOro POKYy KOMII'IOTEpHA TEXHiKa 00OOB’SI3KOBO MPOIAETHCA.
Jlani 3aa4ui HaBeACH] B TaOMHMIII:

Bik, IIpuéyrox, USD BapricTn 3ajuuKoBa BapTicTh,
pokiB ob6cayropyBanusi, USD USD
t r(t) () s(t)
0 19800 250 100400
1 18600 650 80400
2 18100 1300 60800
3 16600 1600 50800
4 14900 1850 31200
5 13200 1950 11200
6 11200 2400 6600

[Tix wac po3B’s3yBaHHs 3a/1a4i BUKOPMCTOBYEMO [IBI CTPATETii: U, — NPOIOBKUTH
BHKOPUCTOBYBATH TEXHIKY Ta U, — 3AMIHHTH TEXHIKY Ha HOBY

Hns pimenns u, QyHKuis epeKTMBHOCTI NOPIBHIOE Pi3HMINI MiK HPUOYTKOM Ta
BUTparamu: f{t,u,)=r(t)—c(1).

Jlnst pilleHHs u, i/l ypaxyBaTH BUTPATH HA MOKYIKY HOBOI TEXHIKM Ta JIOXi BiJl
npozpaxy crapoi: f(t,u,)=r(0)—c(0)=s(0)+s(1):

t Jtu)=r@®)—c@®) Stu)=r0)—c(0)—s(0)+s()
0 19550 19550

1 17950 -450

2 16800 -20050

3 15000 -30050

4 13050 -49650

5 11250 -69650

6 8800 -74250

Ha uerBepromy erarmi:

t Stu )tst+1) fttu,)+s(1) W (1) Xx,(1)
1 78750 79950 79950 U,
2 67600 60350 67600 U,
3 46200 50350 50350 U,
5 17850 10750 17850 U,
Ha tpersomy erami:

t | fou)gtWarD) | fleu) W0 W x,(0)
1 85550 79500 85550 U,
2 67150 59900 67150 U,
4 30900 30300 30900 U,

Ha npyromy erami:

t | fitu)tW at) ftu ) W1 AU x,(1)
1 85100 85100 85100 u,U,
3 45900 55500 55500 8]

2
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Ha neprmomy erari:
t | fitu)rW () Su)rW(1) W9 x,(9)
2 72300 65050 72300 U,

Ha nepruomy erani onTuManbHUM pilleHHM Oy/ie CTPATETis 4, — IPOJXOBKEHHS €KC-
TuTyararlii KOMIl FOTepPHOT TEXHIKH.

Ha apyromy erami texHiui Oyae BxKe OJUH piK 1 ONTUMAJIbHUMU BUSBIATHCS OOU/IBI
cTparterii u, i u,, TOOTO MU MOXEMO E€KCILTyaTyBaTH TEXHIKYy Hanami abo 3aMiHuTH ii
HOBOIO.

Ha tpetbomy erami xomn t0TepHIl TexHili Oyae ABa pokwH, ii ciif OyAe 3aJuIIuTH
me Ha pik. Ha gerBepToMy ertami 1miif TexHimi Oyzae Tpu pokH i ii Tpeba Oyae 3aMiHUTH
Ha HOBY.

ATNbTepHAaTUBHUM OINTUMAJIbHUM PO3B’A3KOM Oyle HACTyIHa CTpaTeris 3aMiHH
KOMIT'IOTePHOI TEeXHIKH. SIKII0 Ha Ipyromy erami 3aMiHUTH TEXHIKY, TO Ha TPETHOMY
eTari il OyJe OJMH piK, 1 TeXHIKY NOTpiOHO 3anumuTH. Ha geTBepTOMy eTarni TeXHilli
Oyle nBa POKM 1 ONTHMAJIbHOIO CTPATETIEI0 € 30epeKEeHHS KOMIT IOTEPHOI TEXHIKH.
TakuM YMHOM Ma€eMO TaKi JIBi ONTUMAJIBbHI CTpaTeril:

Ilepmia crpareris: u,, u,, u,, u,.

Hpyra cTparerisi: u, u,, u,, u,.

[Mpukrang 2. 3a DOMOMOTOI0 BHUITAIKOBHX YHCEN 3MOJICIIOBATH ITONMUT Ha TOBap
y OHJIaliH MarasuHi KOMIT'IOTepHOi TexHikW mpoTsiroM 10 AHIB A HACTYMHOI cTpa-
Terii PO3MINICHHS 3aMOBICHB: 3aMOBJISITH TApTii 3 7 OAMHHUIL TOBapy HpH TOYIi
3aMoBJeHHS 7. PiBeHb 3amaciB mepeBipsS€eThCsl Ha IOYATKy KOKHOTO JHS. Y MHHYIOMY
POIL PO3MOLT IEHHOTO TIONUTY Ha el ToBap MaB BUIVIS

JlenHuit monut 2 4 5 6 7
BincoTtkoBa yacTka 8 27 30 32 3

Lina ToBapy ckmamae 170 $, BuTparu Ha miArOTOBKY 3aMoBIIeHHS — 32 §, BTparn
BHACHiIOK gedinury — 43 $ Ha 100y 3a ONMHMINO TOBAapy, a BUTPATH HA 30epiraHHs
3amacy — 17 $ Ha nenp 3a oguHuUIO ToBapy. [TocTtaBka BigOyBaeThCs Ha MOYATKy Tpe-
THOTO JIHS BiJl 1aTH pO3MIIIEHHsI 3aMOBJIEHHsL. PiBeHb 3amaciB Ha MOUaTKy NEPILOTO JHS
cknagae 10 onuHUIB TOBApY.

3a pe3yybTaraMu MOJICIFOBAHHS JaTH BIAMOBIAb HA HACTYITHI TUTAHHS.

1) Sxwuii 3aransHUil 00’ €M BUPYUKH Bij peanizalii 3a 1eii Tepmin?

2) SIki 3aranbHi BUTPATH HA 30epiraHHs TOBapy?

3) SIki 3araybHi 30UTKKM BHACTIIOK IedinuTy?

4) SIkiit 3aranpbHUNA IPUOYTOK?

CkopucTaeMocsi Il PO3IVISy HACTYIHUX MUTaHb TeperikoM 20 MOCIiJOBHUX
BHUITIaJIKOBUX YHCEJI, SIK1 B3ATI 13 cTaTucTU4HO1 Tadaumi: 89 07 37 29 28 08 75 01 21 63
346511 8034149248 8391

[TocTaBuMO y BiJOBITHICT JI0 KOYKHOT BIJICOTKOBOI YaCTKH TaKy X caMmy KiJIbKICTh
BUMAAKOBUX uncen. OOupaeMo MOCHiIOBHI BUMAAKOBI 4uciaa. OTpUMAEMO TaOIHUIIO
BIZITOBIHOCTI MIX ITOITMTOM Ta BUMAIKOBUMH YHCIAMHU:

O06’em mmonuty

4

Burmnaakosi yucia

00-07

08-34

35-64

65-96

97-99
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3MO/EeMI0EMO MTONUT HA TOBAP, BUKOPUCTOBYIOUHM BUXIJIHI IaHi Ta BUMAAKOBI YHCHIA.
[epmie BurmaaKoBe Yncio 89 HaJSKUTH IHTEPBATY [65-96], TOMY BBaXXa€EMO, 1110 B IIEp-
W JICHB TIOMUT JIOPIBHIOE 6; Apyre Bumaakose yrciio 07 Hanexuts iHTepBany [00-07],
BBA)KAEMO, ITI0 TTONUT JOPiBHIOE 2 1 Tak Aami. OTpEMaEMO MOJICTb MOUTY.

Jlenn 1 2 3 4 5 6 7 8 9 10
Bumnankose 89 07 37 29 28 08 475 01 21 63
YUCIIO
TTomnut 6 2 5 4 4 4 6 2 4 5
Jaui OyayemMo po3paxyHKOBY TAOJIHIIIO JUIS OIIHKH yCiX TTapaMeTpiB.

2 & L A g s = | E

E % g = ) ‘g g B % ;’ §

w1 SR 2 |2E|EE| B 2| 2 |5E | :%|z3| &

g° E e YR EO|E%|gg)| ¢

: £ |3 i |5 |88| B

@ E Z

1 10 6 0 0 0 6 1020 | 170 0 0 4

2 4 2 7 0 0 2 340 68 0 32 2

3 2 5 0 0 3 2 340 34 129 0 0

4 0 4 0 7 0 4 680 0 0 0 3

5 3 4 7 0 1 3 510 51 43 32 0

6 0 4 0 0 4 0 0 0 172 0 0

7 0 6 0 7 0 6 1020 0 0 0 1

8 1 2 7 0 1 1 170 17 43 32 0

9 0 4 0 0 4 0 0 0 172 0 0

10 0 5 0 7 0 5 850 0 0 0 2
Cyma 4930 | 340 | 559 96

VY niif TabauNi 3HAYSHHS y BiAMOBITHUX CTOBIIAX OTPHMAHI B TaKUH CIOCi0:

Buxionuii pisenv 3anacie. Y JjeHb | BHUXIAHMWA pIBEHb 3araciB BiJOMHH 1
piBHuit 10. ¥V HacTynHi AHI BUXiZHUH piBeHb 3amaciB JOPIBHIOE PIBHIO 3amaciB Mo
3aKPUTTIO TIONEPEAHBOTO JTHSL.

Posmiwenns 3amosnens. 3aMOBIEHHS Ha 7 TOBapiB PO3MILIAETHCS B TOH AE€HB, KON
piBeHb 3amnaciB crae piBHUHN 7 a0o MeHIue. /1o ofgep:kaHHs MOTOYHOTO 3aMOBJICHHS 1HIII
3aMOBJICHHSI HE PO3MIIIAIOTLCS (TOOTO SIK MiHIMYyM B 2 TIONIEPEIHIX JIHS HE Oyio 3po-
0JICHO 3aMOBJICHB ).

Ooeporcanns 3amosnens. JlocTaBka 7-MHU TOBapiB 3aiiMe JBa JTHI MicCIs PO3MILICHHS
3aMOBJICHHSI, TOOTO TIOCTaBKa BiIOYBAETHCS HA MOYATKY TPETHOTO JHS Bifl JaTH pPO3Mi-
IICHHST 3aMOBJICHHS.

Pigenv 3anacie npu 3akpummi. PiBeHb 3amaciB HAMpUKIHII KOXHOTO JHs PO3paxo-
BYETHCS B TaKUil crocio:

PiBenp 3amaciB nipu 3akputTi = Buximauii piBeHp 3amnaciB — [lomut + Otpumani
3aMOBJICHHSI.

3a pe3ysbTaraMu MOJICITFOBAHHS O0UHCIIIOEMO B OCTAHHBOMY PSIKY:

1) 3aranpHuit 06’eM BUpyUKH Bia peamizamii — 4930 $.

2) 3arajibHi BUTpaTH Ha 30epirants ToBapy — 340 $.
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3) 3araipHi 30UTKU BHACTIIOK nedinuty — 559 $.

4) zarajpHuit mpubyTok: 4930 — 340 — 559 — 96 = 3935 §.

Bucnosku: 3a 10 qHIB 3aMOBIIEHHST pO3MIIIIANIMCS 3 pa3u, 3arajbHi BUTPATH Ha Tij-
TOTOBKY PO3MIIIIEHHs 3aMOBJIeHb ckiianu 96 $.; nediuut crocrepirases 5 pasis, ToMy
gepe3 JeiuT, TOMUT Oy/Je 3aJI0BOJICHO YacTKOBO; 3arajbHi BUTPATH Bix jaedinuty
cknanu 559 $; 3aranbuuii npubyTok ckias 3935 §.

Jns yHukHeHHS AedinuTy HeoOXigHO 301MbINYBaTH BHXITHHH piBEHb 3amacis,
301IbIITYBATH PO3MIp 3aMOBJICHHS a TAKOXK CKOPOYYBATH TEPMiH JOCTABKH 3aMOBIICHHSI.

KpiMm TOrO, METOIM IMITAIlifHOTO MOJEIIOBAHHS MOXYTh OyTH TICHO TOB’sI3aH1
3 mpoekTHUM MeHekMeHToM B [T [1, 4, 6, 14]. L{i MeToau MOXYTh 3HAYHO TOKPAITUTH
TUTAHYBAaHHS, BUKOHAHHS Ta MOHITOpHHT IT-mipoekTiB, 3a0e3mnedyroun OLTbIT 00IpyH-
TOBaHI PIlIEHHS Ta MiJBUILYIOYM e(PEeKTHBHICTh yNpaBliHHS NpoekTamu. HaBenemo
KUTbKa MPHUKIIAJIB, SK IMITAIlIiHE MOJICITIOBAaHHS MOKE OyTH KOPHCHUM y TIPOSKTHOMY
menemxMenTi B IT.

BaxuBuMm etanom y po3po6bui IT mpoekty € mianyBanns. Came Ha [[bOMY eTarri
MO’KE 1 3aCTOCOBY€THCS CLICHAPHE MOACTIOBAHHS — IMiTaIliiHi MOZIEII MOXKYTh BUKOPHC-
TOBYBAaTHCH ISl CTBOPEHHS Pi3HUX CIIEHAPIIB PO3BUTKY IPOEKTY, IO JO3BOJISIE OI[IHUTH
MOTEHIIMHI pU3UKHU Ta Hachiaku. Lle nqomoMarae Kpaie miAroTyBaTHCS 10 MOXKIUBUX
po0JIeM Ta ONTUMI3yBaTH PECYPCH.

Takok, 3a JIOITOMOTOX0 IMITALIHHOTO MOJIEIFOBAHHS MOKHA TOYHIIIE OI[IHUTH YacOBI
paMKU BUKOHAHHS MTPOEKTY, BPaXOBYIOUN B3a€MO3aJISKHOCTI MIXK 3aBJIaHHSIMHU Ta MOXK-
TIUBI 3aTPUMKH.

YnpasiiHHs pecypcaMu — e BaXKJIHBa CKIIQJI0Ba e(EKTHBHOI peaizamii Oymb sSIKoro
npoekTy. ImiTaiiiiHe MOJENIOBaHHS JONOMAara€ BU3HAYUTH ONTUMAJIBHHH PO3MOALT
pecypciB (IFOIChKUX, (PIHAHCOBHX, TEXHIYHHMX) JIIi BUKOHAHHS 3aBlaHb NpoekTy. Lle
JIO3BOJISIE SMCHIITUTH BUTPATH Ta I IBUIIUTH IIPOAYKTUBHICTH TOOTO MMPOBECTH ONTHUMi-
3aIil0 pecypciB, TOOTO BUSIBUTH Ta BUPILIMTH KOH(IIKTU MK pecypcaMu, 110 MOXYTh
BUHHUKHYTHU B MPOIIECI BUKOHAHHS MTPOCKTY.

Mertoau iMiTaifHOTO MOJICTIOBAHHS BILTHBAIOTH HA pEaIbHE YaCOBE MOJICITFOBAHHS.
Imitariiiai Mozeni MOXXyTh BUKOPHUCTOBYBATHUCH JUII MOHITOPUHTY HPOTPECy HMPOEKTY
B pPeaJbHOMY Yaci, TO3BOJISTIOUN BYACHO BYSIBILITH BiAXFJICHHS BiJ IUIAHY Ta MpUIMaTH
KOpUTyroyi 1ii.

3a J0MOMOTOI0 iMITAI[ifHOrO MOJEMIOBAaHHS MOKHA IPOBOJUTU aHAMi3 e(EKTHUB-
HOCTI PI3HHX IiJIXOIB T4 METOJWK, III0 BHKOPHUCTOBYIOTHCS B MPOEKTI, BU3HAYAIOUN
HaOIIbII Pe3yabTaTUBHI 3 HUX.

[Tpornec ynpaBniHHS pU3HKAMH TAKOXK MOKHA MOJICITFOBATH IT1IX01aMU IMITaI[IITHOTO
MOJICITIOBAaHHS, a caMe Yepe3 OIIHKY PU3HKIB Ta MIPOTHO3yBaHHs HACHIIKIB. IMiTariiiHe
MOJICJIIOBAHHS JI03BOJISIE MPOBECTU NIMOOKHUN aHalli3 PU3UKIB, MOB’S3aHUX 3 MPOEK-
TOM, Ta po3poOuTH cTparerii X MiHiMi3anii. MoaemoBaHHs JonoMarae MporHO3yBaTH
HACJTIJTKA MOYIIMBUX PU3HKIB Ta PO3POOUTH TUIAHH JIiH TSl SMEHILICHHSI IXHBOTO BILTUBY
HA MIPOCKT.

Posrnsinemo mpukiian Takoro 3apaaHHA. HacTymHe 3aBIaHHS € MPHUKIAAOM TIPH-
HHSITTS pilIcHh MEHEKEPaMU B YMOBaX HEBU3HAYCHOCTI Ta PU3HKY.

[Mpuknazg 3. @ipma NOBUHHA BU3HAYNTH PIBEHb MPOIMO3ULIT MOCIYT TaK, 100U 3a/10-
BOJILHUTH MOTpeOu Oi3Hec ¢ipM (KIIE€HTIB) MiJl 9ac PO3pOOKH MEBHOTO MPOTPAMHOTO
3a0e3rmedeHHs. ToYHa KiJIbKICTh KIIIEHTIB HEBIZIOMA, aJie OYiKYIOTh, IO BOHA MOXKE TPH-
HHSITH OJHE 3 YOTHPHOX 3HaueHb. [IJIs KOXKHOTO 3 [[MX MOXIMBHX 3HAYCHb iCHY€ Haii-
Kpaluii piBeHb MPOIO3MIIT (3 TOUKH 30py MOXKIMBUX BHUTpAT). BiAXWIIeHHS BiJ IUX
PIBHIB IPUBOJIATH JI0 JIOJAATKOBUX BUTpAT. BuTpatu (B THC. IpH.) HaBeICHI B TaOmmili 1.
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Tabmums 1
Marpuus BUTpaT
S, S, S, S,
a, 33 38 41 45
a, 42 40 47 52
a, 62 57 53 63
a, 75 67 63 60

BusHaunty Halikpammii piBeHb NPOIMO3MLIi MOCHyr 3a Kkputepismu Jlammaca,
Bansna, Cesimka Ta 3a kputepieM ['ypBima 11 3aJaHOTO TTOKa3HUKA ONTHUMI3MY piB-
Homy a=0,03.

[Tpu mpuifHATTI pillleHb B yMOBaX PU3UKY BapTiCHI aJbTEpPHATUBU PILLIEHb OMHCY-
I0ThCS PO3MOALIOM HMOBipHOCTEH. AJIBTEpPHATHBU MOPIBHIOIOTHCS 32 MaKCHMaJIbHUM
Oo4iKyBaHUM (cepenHiM) MpuOyTKOM a00 MiHIMaJbHHUMH OYIKYBaHUMH (CEpEIHIMH)
BUTpaTaMu

Haiikparmiit piBeHs nporo3utiii 3a kpurepieM Jlamnaca, Oyae TakuM (1uB. Tabmumio 2):

Tabnurs 2
O0uyuc/ieHHs1 HAKpaLIOro piBHs nNpono3uuii 3a kputepiem Jlanaca
. 4 4
AubTep- CrnioxxuBaui: V(as)) %Z V(a.5) min{M(a;)}
HATHBA S, 1S, S, ]S, = =1
a, 33 |38 | 41 |45 157 39,25
a, 42 140 | 47 | 52 181 45,25 395
a 62 | 57 | 53 | 63 235 58,75 ’
a, 75 | 67 | 63 | 60 265 66,25

3riguo 3 npunuunom Jlammaca, moxmii S, S, S,, S, piBHOHMOBipHI — TOOTO
1 . —
p(Ssz):Z,jzlA.
MareMaTHuHi CHOAIBaHHS BHTpAT JUIS KOXXHOI aJIbTepHATHUBH, OyIyTh TaKUMH:
M(a,)=39,25; M(a,)=45,25; M(a,)=58,75; M(a,)=66,25.
Toni: R, = m_in{M(ai )} = {39,25;45,25;58,75; 66,25} =39,25.
Takum ymHOM, 3a KpuTepiem Jlammaca HalKpaiow MPOIOo3UIlicro Oyne anbTepHa-

TUBA Q,.
1
Po3paxyHok Halikpaioro piBHs MPOMO3HULIii TOCTYT 3a KpuTepiem Banbaa.
4

OcKiJbKH ZV (a,. , S j) BiJoOpakae BTpaTH, BUKOPUCTOBYIO MiHIMAKCHHIA KPUTEPii.
j=1 . .
14 3HaXO/KEHHS HAWKpaIoi albTepHaTUBH OylyeMO TaOIHIIO 3.

Tabmuis 3
O04uuciieHHs HAKpaLIOro piBHs Npono3uuii 3a kpurepiem Banbaa
CnoxuBaui: max{V(a;,S; min
AJIbTepHATHBA S, ]S, [s. s, : {v (a5} f
a 33 | 38 | 41 | 45 45
a, 42 | 40 | 47 | 52 52 45
a, 62 | 57 | 53 | 63 63
a, 75 | 67 | 63 | 60 75
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R, =min{M(a,)} ={45,52,63,75} = 45.
MiHiMaKCHOIO alTbTEPHATHBOIO OyJIe a. 71 OTPHUMAaHUH PE3yIbTAaT CIIIBIAIAE 3 PE3YIIb-

TaToM 3a kputepieM Jlamnaca.

OO0unCIIeHHS HAWKPANOTro PiBHS MPOIO3HKIIii TOCIYT 3a kpuTepiem CeBimxka.
3HAXOIUMO YHCIIOBI 3HAYCHHS: min {V(ai, S, )} = 33nc.rpu.; min {V(a,. .S, )} =38tuc.rpu,;

min {V(ai ,S, )} = 4ltuc.rps.; min {V(a,. .S, )} = 45Tuc.IpH.

Toni Bennunna pusuxy W(a, Sj) MaTuMe BUTIIS (IUB. TaOMUIO 4):

Tabnuns 4
O0uuc/ieHHs HallKpaloro piBHg npono3uuii 3a kputepiem Cesizxa
AJILTep- CnoxuBaui: m,aX{W(ai,Sj)} min
HATHBA S, S, S, S, ) !
W, | a 0 0 0 0 0
S) a, 9 2 6 7 9 0
a 29 19 12 18 29
a, 42 29 22 15 42

R, =min{M(a,)} ={0;9;29;42} =0.

OTxe, HalKpaIIOKO IIPONO3UIIIEI0 3HOBY BUSIBHIIACS aJIbTEPHATHBA .
OO0uncIIeHHs HAWKPANIOro PiBHS MPOIO3HKIIi OCIYT 3a KpuTepieMm ['ypBsina.
J1g 3HaXO/KEHHS ONTHUMATILHOTO PillIeHHs Oy/1yeMO TaOIuIlo 5.

Tabmnuis 5
O6uncieHHs Halikpamoro piBHsi mpono3umii 3a kpurepiem I'ypsina

Aubrep- min{V(a”S )} maX{V(aI,S )} 0t><mj1n{V(a,,Sj )} +(1-0)x .
HATHUBA j ! j ] max{V(a,,Sj)} :
a 33 45 44,64
a 40 52 51,64
a: 53 63 62.7 44,64
4 60 75 74,55

I 3a xpurepiem [I'ypBima, HaiikpamuMm piBHEM MNPOMO3UIII MOCIYTH MpU
nmokasHuky ontuMizmy 0,03, moOu 3aJ0BOJILHUTH TOTPEeOW KITi€HTIB, Oyne:

R, = m_in{M(ai )} ={44,64;51,64;62,70,74,55} = 44,64 — ansrepHaruBa a,.

Ockinekn 1 3a kpurtepieMm Jlammaca, 1 3a kxputepieM Bambna, i 3a kpurepiem
CeBimka, 1 3a kpurepieM [ypBima, HaWKpamiow albTEpPHATHBOIO € PIBEHb IPO-
MO3MIIT TMOCHyr, IO BIAMOBIAA€ aJbTepHATHBI al, TO ONTUMAIBHUM PIillICHHAM
Oyze a,.

Taki Mmoseni 6i3Hec cuTyaIiit MOXKyTh BAKOPHUCTOBYBATHCH JUIS TPCHYBaHHS KOMaHIH
MIPOEKTY 1 TAKOXK JIJIS ITIITOTOBKHM CTY/ICHTIB ITiJl YaC HABYaHHS Y 3aKJIaJax BUIIOT OCBITH,
JOTIoMararody iM Kparie MiJroTyBaTuCh 10 PEalbHUX BUKJIUKIB, SIKI MOXYTbh BUHUK-
HYTH B XOJI1 TPOEKTY.
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Sk BUIHO 13 HaBeIEeHUX NPHUKIAJIB, IMiTalliiHE MOJEIIOBaHHS 3abe3rneuye MOXK-
JIMBICTh CTBOPEHHS PI3HUX CIIEHAPIiB PO3BUTKY MPOECKTY, IO JO3BOJISE MEHEIDKEpam
OLIHIOBATH MOTEHIIMHI PU3MKH Ta HACIIAKU NPUHHATHX PillIeHb, ONTUMI3yBaTH BUKO-
PHCTaHHS PECypciB, a TAKOXK TOUHIIIE IIAHYBaTH YacOBI PaMKH BUKOHAHHS IPOCKTY.
Ile momomarae miArOTYBaTHCS 10 MOKIHUBHX MpoOIeM 1 3HAWTH HaWOUTBII eeKTHBHI
LUIAXH X BUPILIEHHS 0e3 pU3HUKY IJIs peajbHOI OpraHizarii.

OnHMUM i3 KITFOYOBHX ACTIEKTIB 3aCTOCYBAHHS IMITAIIfHOTO MOJGNIOBAHHS y MPOEK-
THOMY MeHe/KMeHTI B I T € ynpasiinHs pecypcaMu. MoJIeTFoBaHHS TO3BOJISIE BU3HAYUTH
ONTUMAJILHUH PO3IIOALT PECYPCIB Ta BUSABUTH KOH(IIIKTH, AKi MOXKYTh BAHUKHYTH B TIPO-
I1eci BUKOHAHHS IPOCKTY, 1110 3HIDKYE BUTPATH Ta IiABHIIY€E MPOTYKTUBHICTE. Kpim Toro,
iMiTaliiHe MOJICITIOBAHHS CIIPHSIE PEalbHOMY YacOBOMY MOHITOPHHTY IMPOTpecy Mpo-
€KTY, TO3BOJISFOYN BUACHO BHUSBIISITH BIIXWJICHHS BiJl IUIAHY Ta MPUHMATH KOPUTYIOUI JIii.

Imitarifine MOnIENIOBaHHSA TaKOX € C(EKTUBHUM IHCTPYMECHTOM JUIS YIIPABIiHHS
pr3uKaMu. BoHO 103BOIIsIE TPOBECTH IITHOOKHI aHAaJIi3 PH3HKIB, PO3POOHTH CTpaTeTii iX
MiHiMi3allii Ta IPOrHO3yBaTH HACIIIKA MOXIIMBUX pU3UKiB. Lle nonomarae po3poburu
TUTAHU JTi{ 17151 3MCHIIICHHSI IXHBOTO BILTUBY Ha MTPOEKT.

BaxTMBUM acrieKTOM € TaKOX Bi3yaJi3allis mporeciB. IMiTamiiHi MOaeNi CIPHUSIOTh
KpallloMy PO3YMIHHIO MPOEKTHHUX IMPOLECIB Ta MOKPAILYIOTh KOMYHIKAIi0 MK 4je-
HAaMH KOMaHJIM Ta 3alliKaBICHUMH CTOPOHAMH. BOHU MOXyTh OyTH BUKOPHCTaHI JJist
TpEeHyBaHHsI KOMaHIH, 1[0 JOTIOMOKE iM Kpallle IiroTyBaTUCs O PeaTbHUX BHKIIUKIB.

BucHoBkH. Y cTaTTi 6yn0 HOCIIAXKEHO 3aCTOCYBAaHHS METO/IB iMiTaliitHOro Moze-
JIOBaHHSI JUIA TPUKXHATTS YNPaBIIHCHKUX PillleHb Y cdepi MPOSKTHOTO MEHEHKMEHTY
B IT. AHami3 TeOpeTHYHUX OCHOB 1 MPAKTHUYHUX MPHUKIAJIB MOKa3aB, 110 IMiTalliiiHe
MOJZICTIOBAHHSI € MOTYKHUM IHCTPYMEHTOM, SIKUH J03BOJIsIE 3HAYHO MiJBUILUTU €(EK-
THUBHICTh YIIPaBIIHHS ITPOEKTaAMH.

TakuM YMHOM, BUKOPUCTAHHS METOMIB IMITAI[IIfHOrO MOJCIIOBAHHS y TIPOCKTHOMY
meHemkMeHTi B IT no3Bonse kepiBHMKaM HpuilMaTu Oifbll OOIPYHTOBaHI PIillICHHS,
ONTUMI3YBaTH PECYPCH Ta MiHIMI3yBaTu pu3nku. Lle 3abe3mneuye ycrilHe BUKOHAHHS
MPOCKTIB B YMOBaX HEBU3HAYCHOCTI Ta INBHUAKHX 3MiH, XapakrepHux it 1T-chepu.
BrpoBakeHHsT iMITAIITHOTO MOJICNIOBAHHS Y MPAKTUKY NMPOEKTHOTO MEHEIKMEHTY
MOKE€ CTaTH BaYKJIMBIM KPOKOM Ha MUISAXY 10 MiBUIIECHHS €(heKTUBHOCTI Ta KOHKYPEH-
TocpoMoXKHOCTI cydacHux [T-opranizauiii. [loganpuii OCHiIKEHHS MOXKYTh 30cepe-
JUTHCS HA YIOCKOHAJICHHI Bidyami3allii, po3po0oui HOBUX mixxoxis Ta IT mpoayKTiB mst
BUKOPUCTAHHS IMITAIIfHOTO MOJICIIOBaHHS y Oi3HeC aHalli3i, MPOEKTHOMY MEHE[K-
MEHTI Ta MOAEIOBaHHI €EKOHOMIYHUX MPOIIECIB.
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Kombinamopni onmumizayiiini 3a0aui i2po8o2o mumny € 00HIEN 3 HAUBANCIUBIUUX KAMe20Pill
3aday 6 oonacmi meopii ieop i onmumizayii. Bonu oxonnowoms wupoxuil cnekmp npoonem, 8io
PO3RO0INY pecypcie 00 cmpameiuHo2o NIaHy8anHs 8 ymoeax Kongaikmy. Imepayiini memoou,
30Kkpema memoo bpayna-Pobincon, € Kiacuunumu nioxooamu 00 po3e sa3aHHs MaKux 3a0ay.

Tlompeba 6 po3g'sazyeanni KOMOTHAMOPHUX ONMUMI3AYIUHUX 3A0aY 12D0802O MUNY HA MHO-
HCUHAX NEPeCcmAaHO80K MA PO3MIUeHb NIOKPECIIOE 8ANCIUBICIb OOCTIONCEHHA MONCIUBOCTI
MoOouikayii ichyrouux memooie ma OYiHKU IXHbOI CKIaOHOCMI. BuKoHano poswupenns imepa-
YitiHo20 Memody 0.1 3a0ay KOMOIHAMOPHOI onmumizayii ipo6o2o muny 3 pisHuMu KOMOIHAMop-
HUMU KOHGpieypayismu.

Cmamms noyunacmscs 3 onucy ancopummie memooie muny bpayna-Pobincon, wo euko-
PUCMOBYIOMBCA 01 PO36 A3VEAHHS KOMOTHAMOPHUX ONMUMIZAYIIUHUX 3004 i2p08020 MUNY HA
MHOJICUHAX Nepecmano8oK ma posmiujens. [ani ocHOGHUIl akyenm pooumvcs Ha meopemuy-
HUX OYIHKAX CKAAOHOCMI yux aneopummis. Pozensdaemuvcs kinbkicmo imepayiil, He0OXiOHUX Ot
00Cs2HeH Sl ONMUMANLHO20 PO36 A3AHHSA, A MAKOJHC ACUMNMOMUYHA CKAAOHICMb AN20PUMMIG
y 3anedxicHocmi 8i0 posmipHocmi 3a0ayi ma napamempie. JJoCciioncyromscs ymosu 30i4cHoCcmi
aneopummie. Busnauaromvca medci cknaomocmi 0as Haueipwux cyenapiis, oe ancopummu
MOJCYMb 0EMOHCMPY8AMU MAKCUMATLHY CKAAOHICcmYy. s imepayitinux memoodie muny bpay-
Ha-Pobincon, wo pose'sazye kombinamopui onmumizayiuni 3a0a4i i2po6o2o muny 3 oomexiceH-
HAMU Y 8UTA0T NePeCcman080K, HAKLAOEHUMU Ha cmpamezii 000X 2pasyis, ma 0ist pO38 ‘a3Y6AaHHS
iepogux 3a0au 3 OOMENCEHHAMU-POIMIU eHHAMU HA CmMpamezii 00H020 2pagyst. OMpUMaHo meope-
MUYHI OYIHKU CKIAOHOCMI, COPMYTIbOBAHT Y 6U2NIADI MeopeM.

Pezynomamu docnidoicennsn niomeepoicyromo, wo imepayitini memoou muny bpayna-Pobincon
€ eqhekmuHUMU THCMPYMEHMAMU 0I5l PO368 A3AHHS KOMOIHAMOPHUX ONMUMIZAYIUHUX 300aY I2P0B02O
muny. IIpome ix 0OUUCTIOBATLHA CKAAOHICb 3HAYHOIO MIPOIO 3ANeHCUMb 610 CheyuiKu 3a0aui.
Tooanvuii 00CHiOJNCEHHA Y YbOMY HANPAMKY MOICYMb 3HAYHO NOKPAWUMU PO3YMIHHA | 3ACMOCY-
BAHHSL YUX MeMOOI8 Y NPaKMuyi, CRPUSIOUU PO3GUMKY Meopii i20p i KOMOIHAMOPHOT onmumizayi.

Knrwwuosi cnosa: minimanohul npoepawt, cmpamezii epasyie, 0OMeiceHHs-nepecmaHosKi,
MAKCUMATbHUU BUSDALU.
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Olkhovska O. V., Koshova O. P, Harkusha S. V., Tour V. M. Theoretical assessments of
the complexity of algorithms of iterative methods of the Brown-Robinson type for solving
combinatory optimization problems of the game type

Game-type combinatorial optimization problems are one of the most important categories
of problems in the field of game theory and optimization. They cover a wide range of issues,
from resource allocation to strategic planning in conflict. Iterative methods, in particular the
Brown-Robinson method, are classic approaches to solving such problems.

The need to solve game-type combinatorial optimization problems with multiple permuta-
tions and placements emphasizes the importance of studying the possibility of modifying existing
methods and assessing their complexity. An extension of the iterative method for game-type com-
binatorial optimization problems with various combinatorial configurations is performed.

The article begins with a description of algorithms of Brown-Robinson type methods used
to solve combinatorial optimization problems of game type on sets of permutations and place-
ments. Further, the main emphasis is placed on theoretical estimates of the complexity of these
algorithms. The number of iterations required to achieve the optimal solution is considered,
as well as the asymptotic complexity of algorithms depending on the dimension of the problem
and parameters. The conditions of convergence of algorithms are studied. Complexity bounds
are defined for worst-case scenarios, where algorithms can exhibit maximum complexity. For
iterative methods of the Brown-Robinson type, which solve combinatorial optimization problems
of the game type with permutation constraints imposed on the strategies of both players, and
for solving game problems with placement constraints on the strategies of one player. obtained
theoretical estimates of complexity, formulated in the form of theorems.

The research results confirm that iterative methods of the Brown-Robinson type are effective
tools for solving combinatorial game-type optimization problems. However, their computational
complexity largely depends on the specifics of the problem. Further research in this direction can
significantly improve the understanding and application of these methods in practice, contribut-
ing to the development of game theory and combinatorial optimization.

Key words: minimum loss, player strategies, permutation restrictions, maximum winning.

IMocranoBka mpoodaemu. Teopis irop € BaXKIHBOIO TaTy33[0 MaTEeMaTHKH, 10 3Ha-
XOJUTh IIMPOKE 3aCTOCYBAaHHS B €KOHOMIlli, BIHCHKOBUX CTpaTerifx, 010J0rii, coii-
aJbHUX Haykax Ta iHmuX chepax [1-11]. Itepamiitanii meton tuy bpayHa-PoGincon
€ OJHUM 3 KJIIACHYHUX MIAXO/1B A0 PO3B'sI3aHH IMPOBUX 3a/1a4, 10 103BOJISIE 3HAXOAUTH
PIBHOBaXKHI cTpaTerii y JBOX0COOOBUX irpax 3 HYITbOBOIO CyMOIO.

bararo peanbHUX 3a/1a4 MOYKHA MOJICTIOBATH SIK irpoBi 3aJladi 3 KOMOIHATOPHUMHM
obmexeHHsiMH. Lle cTocyeThest Takux cdep, K ONTUMI3alis BUPOOHUYUX IPOIECIB,
PO3MOIIN pecypciB, yIpaBIiHHS IPOESKTAMHU, JIe OJIMH 13 TPABIIIB MOXKE MaTH OOMEKEHHS
Ha cTparerii yepe3 $izuuni abo iHII pakropu.

ITepaniitni Mmetoau, Taki sk meton bpayHa-PoOiHCOH, MarOTh mepeBard y BHUIVISAL
BITHOCHOI MPOCTOTH peaiizamii Ta 37aTHOCTI 10 OOpOOKM BETUKHX OOCATIB JaHMX.
BuBYeHHS €()EKTHBHOCTI WX METO/IIB Y KOHTEKCTI 3a/71a4 3 KOMOTHATOPHUMHU OOMEIKCH-
HSMU € BXJIMBUM JJIsl TOKPAIICHHS aJITOPUTMIB Ta PO3POOKU HOBUX, OLIbII eeKTHUB-
HHX IIXOIIB.

AHaJi3 iTepalliftHUX METOIB JTO3BOJISIE MOTITIHOUTH PO3YMIHHS TEOPETHUHUX ACTICK-
TiB 301’KHOCTI aJIFOPUTMIB, TXHBOI CTIMKOCTI Ta TouHOCTIi. Lle, B CBOIO uepry, crpusie
PO3BUTKY MaTE€MaTUYHOTO anapary Ta METOJIiB PO3B'S3aHHS CKJIaIHUX iTPOBHX 3a/1a4.

B cywacHHX yMOBax po3BUTKY TEXHOJIOTiH, aITOPUTMH UIS PO3B’SI3YBaHHS IrPOBHIX
3aJa4 3HaXOASATh HOBI 00JacTi 3aCTOCYBaHHA, 30KpeMa B c(epi MITYYHOTO IHTEJICKTY,
MAIIMHHOTO HABYaHHS Ta aHAJ3y BEJMKHUX JaHWX. BUBYCHHS alTOPUTMIB, IO Bpaxo-
BYIOTh crieniuiuHi 0OMEKeHHsI, JJO3BOJISIE CTBOPIOBATH OUIBIIN aJalTHBHI Ta MOTYXHI
CUCTEMH.

Bukiaan ocHoBHoro marepiamy. PosrisHemo itepaniiinuii meton THiy bpay-
Ha-Pobincon (IMTBP) ans po3B’s3yBaHHs IMpOBHX 3aJ1ad 3 00MEKEHHSIMH-PO3MIIICH-
HSIMU Ha cTpaterii onHoro rpasig. B [1] po3pobneno nabmkenuit IMTBP s 3Ha-
XOIDKCHHSI ONTHUMAaIIbHOI cTparerii rpaBiiB. B ocHosi inei IMTBP nexuts npuHImm
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MOETAMHOTO PO3IrPyBaHHS T'PH, B AKIH TpaBIli BBAXAIOTHCS PO3YMHHUMH CTOPOHAMH,
1, Ip¥ BUOOPI BIACHOT CTpaTerii, poOJATh XOIH 3a MPUHIIMIIOM «MaiOyTHE CXOXe Ha
MUHYJIE», BPaxOBYIOUH BCi MPOBeeH] paHile xoau. Takuil crocid € MoaesIo peaib-
HOTO TMPAaKTUYHOTO «B3a€EMHOTO HABUAHHS» TPABIIiB, KOJIM KOKEH 3 HUX Ha JOCBiJi
JIOCITIJKY€E CIOCiO TTOBEMIHKY CYTPOTHBHUKA 1 BAUTHCS HA HOTO 1 CBOIX ITOMMUJIKAX.

Po3ristHeMo anropuT™ 3apoIIOHOBAHOTO METOLY.

3ayBaskuMoO, IO MPOIIEC OOUHNCICHB 3pYIHO 0(hOPMITIOBATH Y BUTTISAI TaONNUI, KyIu
3aHOCATHCS BCI PE3YJILTATH MPOBEJCHUX O0YHCIICHD.

V nepummii crosbens ) TabnuIli 3aHOCUTBHCS HOMEP IOTOYHOIO €Tally posirpamnry
TpH, Ha IKOMY KOKEH 3 TPaBIIiB MO uep3i poOUTH CBiil Kpok (0O0MPaAIOTH O OMHOMY pa3y
cBO1 cTparerii).

Kpok 0. Bcranosmoerscst Homep N itepauii piBHuit 1: N =1.

Kpoxk 1. [lepmry crparerito i mepuuii rpaBelib 00Mpae BUMAIKOBUM YHHOM 3 MHO-
KUHU po3Mimens Ej " (P

3anucyemo ii TOKOOPIUHATHO B CTOBICIb X TaONIHUII.

Kpoxk 2. O0uncmiooThest CKasipHi T0OyTKH BEKTOPIB CTpaTeriif Ipyroro rpasIist HA
BEKTOp 00paHOi CTpaTerii MepIoro rpaBIs.

Y TabnuIo 1e 3py4HO BHOCHTH, BBiBIIK cTonui: B, (b, VjeJ,)— BeKkTop cTpare-
rii / apyroro rpasus 3 marpuui 4; ; B;X — sextop, IJ.IO CKJIAZIA€THCS 3 TIOCIIEMEHTHHUX
noOyTKiB BEKTOpiB X Ta B,, je€ Jn. LIl BekTopu (X , B, , B, X' ) 3aiimMaiots 1 psjkis
Tabnuii. B HacTymHOMY PSIKY SUM B CTOBIILSAX B X 3ammucyeMo CKaJsIpHi TOOYTKH

BekTOpiB B; Ta X (fK cyma enemeHTiB cToBMIA B, X Ta0IHII).

KpOK 3 3unaxomatecst SUM L — HakomudeHi CyMI/I CKaJIIPHUX JTOOYTKIB (B JiBii
YaCTHHI TaOJHIII).

V macrynsomy pamxy SUM_L taGnuni 3anmcyeTscs cyma 3HAueHb elEMEHTIB
psanka sum_| tapanka SUM_L 3 nonepenuboro (( N —1)-ro) eramy. Ha nepuuiit ite-
pauii anropurmy ( N =1 ) panok SUM L 30ira€Tbes 3 paakoM sum_[ 1IbOTO eTarry.

Kpoxk 4. OGupaeTbcs cTpateris Apyroro rpaBls 3a KPUTEPieEM OTPUMaHHS MaKCH-
MaJIbHOTO BUTpally (CTpaTerilo 3 MaKCHMAaJIbHOIO HAKOMHMYEHOI CyMOIO), 3HAXOISUU
Nv.

OO0upaeTbesi MaKCHMaNbHE 3HaUeHHS 3 psinka SUM L, sike 3alUCyeThCsl B IIbOMY
K panky B croii Nv . Crparerist B, sKiil BIANOBiIa€ 3Hal/ICHE MAKCHMAIIbHE 3Ha-
YeHHS 3 PAOKY SUM € CTpaTeri€ro Ipyroro TPaBIls TIPH HACTYTTHOMY BHOOpi. Y cTOB-
nenp j TaOJHIli 3aIUCYEThCST HOMEp CTparerii B, , AKiii BIANOBi/a€ MAKCHMATIbHE 3HA-
4yeHHs 3 psaaka SUM L.

Bubpanwuii croBnenp B]_ MTOKOOJIMHATHO 3aHOCHTHLCS B PSJIOK Y BIATIOBIIHI CTOBIIII
A

Ha nmepmiit itepanii (N =1) pagok SUM R mpaBoi 4aCTUHU TaOJIUIi 30ira€Thes
3 TIOTIEPEHIM PSIKOM ITi€l (ITpaBoi) YaCTHHM TAOJUII, JIe 3allucaHa CTparerisi IPyroro
rpaBIsl, TOOTO 3HAYCHHSIMHU EJIEMEHTIB CTOBNLIB 4, . Ha HacTymHHX eTamax B psIoK
SUM R mTpaBoi YacTHHM TaOJMII 3alUCY€THCS CyMa 3HAYCHb CJIEMEHTIB psaKa
SUM R 3 monepenuporo ((N —1)-ro) eramy Ta psjaka crparerii Apyroro rpasiis
(monepenwiii nepen SUM R psioK IpaBOi YaCTUHU TAOMIHII ).

Kpok 5. Crparteris NextX nepuioro rpaBlisi 0OMpaeThes 3 yMOBH OTPHMaHHS HUM
MIHIMQJIBHOTO CyMapHOTO 32 N eTaIliB IIaTexy (Hporpamy) [Ipu 1boMy Ha KO)KHOMY
eTarli po3B’s3y€ThCS TaKa J'IlHlI/IHa YMOBHA 3aj1a4a Ha p03M1]J.[eHH${X

¢’ =min cx, x-argmchx ()

xeR" = i xeR"
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3a 0OMEKEHb:
xeE! ( P") , )

S =1, ®

I=

ne ¢ =(Cl,...,cm) — Bextop SUM L ; Ej, (Px) — MHOXHMHA M -pO3MILICHD 3 M
eneMeHTiB BekTopa P .

3ayBaxxumo, mo NextX —1eie€ x'3 (1).

3HavueHHss Nv — MiHIMaIbHUI HAKOTIMYCHWH MPOrpamni — [e CKaJsApHUH J0O0yTOK
eneMeHTiB BekTopiB HakormueHoi cymu SUM _R mnarexis (mporpamii) i o6paHoi
crparerii NextX mnepmioro rpapis. 3ayBaKuMo, o NV 3HAXOIMTHCS MPH PO3B’I3aHHI
3anadi Ty (1)-(3).

OtpuMaHe 3HaYCHHS " 3aHOCHThCS y CTOBIENb Tabmuui NV .

Kpoxk 6. 3a dopmynamu v = &, Y= Ny , U = L 00UHCITIOITBCA V , ¥V Ta
o N N 2

OGuuCcneni 3HaYEHHS 3aHOCATHCS Y CTOBIII v, ¥ Ta v Tabmuii BiAnosigHoO.

Kpoxk 7. [lepeBipsieTbest KpuTepiil 3aBEpIICHHS POOOTH AITOPUTMY: PIBHICTH MiHi-
MaJIBHOTO 31 3HaMIeHNX 3HaueHb V (MO3HAYKa miny ) MaKCUMaJIbHOMY 31 3HalIeHUX
3Ha4eHb Y (TI03Hauka Maxy):

minv = maxy.

SIKkmio meit KpuTepit BUKOHYETHCS, TO POOOTY aJITOPUTMY 3aBEpIIEHO. 3a LiHy TpU
npuiiMaiots ¥ =y = v . [HaKIe BUKOHY€EThCS TEPeXi/l Ha MyHKT 2 aArOpUTMY, 0OpaBIIH
3a CTpATETriio MepIioro rpapis crpareriro NextX | Ta 30GinbIuBIIN HOMEp N iTepartii
Hal: N=N+1.

PoGora anroputmy Takox Moxe OyTH 3aBepIlIeHa, SKIO MPOBECHA TIEBHA KIIBKICTh
iTepaliii, abo y pasi, KO JOCSITHEHA 3aJjaHa TOYHICTh!

:|min\7—max1_1| <g,

JIe ¢ > () — 3aJaHa BeJM4rnHa abo MpH

A
o= <eg.

E(mini +maxy)

Ilpn 1mpOMYy 3a pO3B’S30K 3amadi NPHUHMAETBCS: IiHA TPH — 3HAYCHHS

1 . * o
* . —_
V= E(mmv + max ‘_,) , ONITHUMaJjIbHA CTPATETIEIO TEPILIOTO IpaBlst X — MOro crpare-

risi 3 MAKCUMAJILHOIO 9aCTOTOK), ONTUMAJIbHA CTPATEri€l0 APYTOro rpasis Y — MillaHa
CTPATETis-BEKTOP, IO CKIANAETHCS 3 YACTOT 3aCTOCYBAHHS YHCTHX CTpATETill IPyroro
rpaBIIsL.

Jl1st BUKOHAHHSI OLIHKU CKJIQJHOCTI aJrOPUTMY iTepamiiHoro MeTony Tuiy bpay-
Ha-POOIHCOH IyIs1 PO3B’sI3yBaHHS IrPOBHX 3amad 3 06MC)KCHH}IMI/I-p03M1H_IeHH§IMI/I Ha
cTparerii OAHOTO TpaBLs CKIAJEMO TaOMULIO 1, y AKil 3TiHO 10 aNropuTMy METOLY
HaBeJICHI OCHOBHI eTanu (y CTOBMIN «AIITOPUTM»), YaC BHUKOHAHHS KOXXHOTO €TaIy
(croBrenp «Yac ¢, ») Ta KilbKiCTh MOBTOPEHb KOXKHOTO €TaIly alropuTMy (CTOBIEID
«KinbKicTb pas»).

IIpn po3paxyHKYy CKIJIQJHOCTI anropuTMy MOTPIOHO BHM3HAYUTH ACHMITOTHYHY
BEPXHIO TPAHUIIO 3 TOYHICTIO 10 mocTiiHOro MHoxHuka [11]. Jnsa dynkuii g(n)
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no3Hauka O(g(n))= f(n) [11] o3Hauae MHOXHHY (DYHKIIIH TaKuX, 0 ICHYE JOIaTHA
KOHCTaHTa ¢ 1 HarypanbHe n, Taki, mo 0< f(n) <cg(n) mus Beix 271, .
I[nﬂ BU3HAUEHHS CKJIAJTHOCTI alrOPUTMY 3TiIHO TaOmuii 1 HEOOXiHO OOYMCITUTH

T =1(c, +c; +c,)+nc, + O(n-m)+ O(m)+ O(m) + S(m,n) -

Tabmuis 1
OuiHka CKJIATHOCTI aaropuT™My iTepauiinoro Mmerony
(3 00Me:KeHHSIMU-PO3MillleHSIMH Ha cTpaTerii 0JHOro rpaBIsi)

Ne KinbkicTs pa3
AJITOpUTM Yac ¢ T
KPOKY j
0 BeranoBnenHs Homepy itepanii N ¢ 1
1 BusnaueHHs nepIiioi crparerii mepIiuM rpaBiuemM [ n

O0OuKCIICHHS CKASIPHUX JI00YTKIB BEKTOPIB
2 CTparteriil Apyroro rpaBLs Ha BEKTOpP CTpaTerii 1 O(n-m)
HEpPIIOro IPaBIs

OOuncIeHHsI HAKOITMYSHUX CYM CKaJISIPHUX

3 JNOOYyTKIB ! Olm)
4 Bubip crparerii 1pyroro rpasit 1 O(m)
5 Bubip crparerii nepiuoro rpasus 1 S(m,n)
6 OO0uuciIeHHs 3Ha4enHb v , Y ta v G 1
7 [epeBipka KpUTEPitO 3aBEPIICHHS pOOOTH c |

4

AITOPUTMY

Bpaxoytoun, mo V¢ >0:cO(f(n))=0(f(n)),T0
T =0(n-m)+O0(m)+ S(m,n).

Binomo [11], mo skmro 11rn fé ; =00, T0 O(f(n))+0(g(n))=0(f(n)).3 omsany

Ha IIe, CKJIAJIHICTh aITOPUTMY HaOy/Ie BUIJISLY:
T=0n -m)+S(m,n) 4)

V Bupasi (4) pynkuis S(m,n) HabyBae pi3HOTO BUIISIY B 3aI€KHOCTI BiJl MOYATKO-
BUX YMOB 3aj1a4i. JIOIIBHO pO3TIISAaTH TaKi BUITAIKH:

1. V¥ pasi, KoMK KUTBKICTh €IEMEHTIB, 3 SIKHX OOMPAIOTHCS CNEMEHTH PO3MIIICHHS
CTaHOBUTH n = M —1, TO 3HAXO)KEHHsI PO3B’SI3Ky MOJIATA€ B PO3B’SI3yBaHHI 3aa4i HA
MepecTaHOBKaXx, JIJIsl 4OTo, K BiIOMO [3], I0CTaTHHO BUKOHATH COPTYBAHHS €JICMCHTIB
MHOKMHH, T00TO S(m,n)=n-logn [11].

2. V iHIIOMY BHMAJIKY, IUIA 3HAXOMKCHHS ONTUMAJIBHOTO PO3B’SI3KY 3ajadi HeoO-
X1JIHO BUKOHATH HAIPaBICHHUN Tepedip po3MillleHb, mo BAMAaraTiuMe B HaﬁrimeMy

!
BUIIAIKY _n orieparliii, 1o Bifnosigae owinui — : S(m,n) =
ml(n—m)! m!

TakuM 4MHOM, TOBEACHO TEOPEMHU.
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Teopema 1. Yac pobotu itepamiiiHoro Mmeroqy tumy bpayna-Pobincon mms
PO3B’sI3yBaHHS IrPOBUX 3aJlad 3 OOMEKCHHSIMHU-PO3MIIICHHSIMH Ha CTpaTerii OJHOTO

rpaBus Mae ouiHky 7 = O(n-logn+n-m) y pasi, KOIH KUIBKICTb €JIEMEHTIB, 3 SIKUX

00HPAIOTHCS ETIEMEHTH PO3MIIICHHS, CTAHOBUTh n= M —1.

Teopema 2. Yac pobGotm itepariiiHoro Mmertomy tumny bpayna-PobiHCOH uist
PO3B’sI3yBaHHs IrpoOBUX 3aJay 3 OOMEKEHHAMHU-PO3MIIIEHHSIMH Ha CTpaTerii OAHOTO
rpaBLs Ma€ OLIHKY: T = OLH—‘J y pasi, KOJH KiJIbKICTh €JIE€MEHTIB, 3 IKUX 00UPaIOThCs

m!
€JIEMEHTH PO3MIIEHHS, CTaHOBUTL 1 # M —1

ITepamiitanii Meton Tuny bpayHa-PoOiHCOH i po3B’s3yBaHHS IrpOBHX 3a1ad4
3 00MeKEeHHSAMU-TIEPECTAHOBKaMH y 000X TpaBLiB

Onumemo nanuwii IMTBP. 3a ananoriero 3 momnepeaHiM MeTOJO0M, OOYMCICHHS
3pyYHO 3aHOCHUTH B TAOJIHITIO.

Kpok 0. BcranoBmoerscst Homep N itepauii piBHuit 1: N =1.

Kpok 1. [lepma cTpareris (mepecTaHOBKH X ) IEPILIOTO IPaBIst OOMPAETHCS BUIIA -
KOBHM YHHOM 3 MHO>KHHH TT€PECTaHOBOK £ (P"3 . Bona 3ammcyeTtbcst mokoopauHaTHO
B CcTOBIEIb X TaONHII.

Kpok 2. V Tabnuui B crosnui B, 3 enementamu b, Vj€.J, 3amucyeThcs Bek-
TOP-CTOBIIEH 3 HOMepoM j 3 MaTpuili A . OGUHCITIOIOTHCS CKATSIPHi TOOYTKH BEK-
TOpiB-CTpATerii B; Apyroro rpasiit i BEKTOpa 0OPaHOT CTpaTerii mepiioro rpabis.
V tabnuui ue 3py4Ho ohopMIOBaTH, BBiBIIM cTONLi: B, X — BekTOp, 1O CKiIaja-
€TbCsl 3 TIOETEMEHTHUX JI00YTKiB BekTopiB X Ta B,, jeJ,. Li Bexropu (X, B;,
B, X ) zaiimators M psjkiB Ta0nuui. Y HACTYIIHOMY PAAKY sum_[ B CTOBIUSX B, X
3aMHCyeMO CKajApHi 100yTkH BekTopiB B, Ta X (K cyma eneMeHTiB CTOBIISA
BjX Tabuuii).

Kpoxk 3. 3naxoastbes 3HaueHHs: SUM L — HakoNM4eHi CYMU CKaJIIPHUX TOOYTKiB
(B niBiii yactuHi Tabmuii). Y paaky SUM L Tabnuili 3aUCyeThCs CyMa 3HAYCHb eJie-
MEHTIB psnka sum [ Ta pagka SUM _L 3 nonepennboro ((N —1) -ro) eramy. ITepmmit
pa3 (N =1) pagoxk SUM L 306iraerbcs 3 psiakoM sum_[ 1bOTO erarty.

Kpox 4. Crpareriss NextY pnpyroro rpasiisi 0OHpaeThCsi 3 YMOBH OTPUMAHHS
HUM MaKCHMaJBHOTO CyMapHOTo 3a N eTaIiB IIaTexXy, SIK PO3B’ 30K 3a7adi MaKCH-
Mi3amii nikpoBoi (PYHKINT HA MHOXKHHI TiepecTaHoBoK [14]. [IpaktuuHo 1e o3Havae
BIIOPSZIKYBaHHS €JIEMEHTIB BeKTopa P* BiJINOBIJHO JI0 TOPSIIKY €JIEMEHTIB psJiKa
SUM L.

Kpok 5. OOYMCIIOETHCS 3HAYEHHS )y — MaKCHUMaJbHUH HAKOMMYEHUH
BUIpall JPYTroro TIpaBld sK CKalspHud 100yTok psjaka SUM R Ta crparerii
NextY , BOHO 3aIHCY€ThCS B IIBOMY XK PSJIKY B CTOBIII NV . v

Kpox 6. OGuucnroetscsi 3HaueHHS v 32 (OPMYNIOI0 V =—— Ta 3alUCYETHCS
B I[OMY X PSIKY B CTOBIIII V . N

Kpok 7. V croBmenps Y 3ammcyeThcs 3HAUCHHS CTpAaTerii IPyroro TpaBIIf.
VY croBreup Yy MOOKOPAMHATHO 3aHOCUTHCS 3HAUEHHA psnka NextY IiBoi 4aCTHHH
TabIuIi.

Kpok 8. V npasy wactuny Tabnuui y croBnui 4, VieJ, , 3aIUCYEThCA BEKTOP
CTparTerii mepIIoro rpaBis — POk i 3 MaTpulli A . OOUUCITIOETHCS CKAJSIPHI OOy TKA
BEKTOPA-CTPATETii APYroro rpaBls Ha BEKTOPU CTPATETiil MepIIoro rpaBls — CTOBIMI
A VieJ, .Y tabmumi ne 3pydHO opOpMITIOBATH, BBIBIIN cTONMi: 4} — BEKTOp, 10
CKJIQIa€ThCA 3 TOEJEMEHTHUX N00yTKIB BeKTopiB Y Ta 4, i€J, . Bektopu Y, 4,
AY 3aiiMaloTh n pAAKIB TaOIMII.
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Kpox 9. OGuucnrororsesi 3HadeHHA sum_r 1a SUM R. Y HacCTynHOMY PSIKY
Sum_r B CTOBIISAX AY 3alUCYyIOTbCS CKaApHI 100YTKM BeKTopiB 4, Ta Y (ik cyma
€JIEMEHTIB CTOBILS A4 Y Tabnuui). ¥ HactynHomy psaky SUM R tabmuui 3anucy-
€ThCSI CyMa 3HA4€Hb €JIEMEHTIB psika SUM_1 ta psaka SUM R 3 momnepenuboro ((
N —1)-r0) eramy.

Kpoxk 10. Crpareriss Next X (nmpaBa yacTHHa TaOIIMII) NEPIIOro I'paBls oOHpa-
€THCSI 3 YMOBH OTPUMAaHHSI HUIM MIHIMQJIBHOTO CYMapHOTO 32 J/ €TaIiB Iiarexy (mpo-
rpariy), TOOTO po3B’ 30K 3a7a4i MiHIMI3allii [TbOBOT (PYHKIIIT HA MHOXKHHI IepeCTaHO-
BOK [3] aHasoriuHo 10 kKpoky 4. OOpaHa cTpaTeris 3anucyeThes B paaok NextX mpaBoi
YaCTUHU TaONUIl Ta CTOBIEb X .

Kpok 11. 3Haxoautbes 3HaueHHS NV — MiHIMaJbHUM HAKOTUICHUH mporpail Jpy-
roro rpasus. MiniMansHe 3HaueHHs VY 1paBoi 4acTMHM TabIHI OOUMCIIOETBCS K
ckassipHUit 1o0yTOK psaka SUM R Ta ctparerii NextX (mpaBoi 9acTHHH TaOIHIN) Ta
3aIUCyeThes Y IIOMY K PAAKY B cToBmmi VY.

Kpoxk 12. 3a popmynoro v = =X oGumCTIoETECA V Ta 3aHOCHTBCS y CTOBICIb V
TadmuI. N

Kpox 13. 3a ¢dopmynolo o0O0YHCIIIOETBCS Ta 3aHOCHUTBHCS Yy  CTOBIICIH
TaOIuIILI.

Kpox 14. I[lepeBipseTbcs KpUTepii 3aBepiieHHs] poOOTH aJrOPUTMY — MiHi-
MajbHE 31 3HAWIEHUX 3HAYCHb V [OPIBHIOE MaKCHMaJIbHOMY 31 3HAWICHUX 3HA-
4eHb Y : minv =maxy (piBHICTP MaKCHMaJIbHOT'O BHTpAIly MEPIIOro IpaBIs
MIHIMAJIBHOMY TPOTpamly JAPyroro rpaBiisd). SKIIO meil KpuTepiii BAKOHYETHCS, TO
3yNUHKA alTOpPUTMY, IHAaKIIe — MepexXiJ Ha KPOK 2 airoputrmy, oOpaBIId 3a CTpa-
TETil0 MepuIoro rpasis crpareriio NextX . 3a 1iHy I'pu IpUHMAeThCS 3HAUCHHS
vV =v=v.

[HITMMU KPUTEPIsIMU 3YITHUHKY aJITOPUTMY MOXKYTh OyTH: TIPOBEACHHS 33aHO1 KiJlb-
KOCTI iTepalliif ab0 JOCArHEHHs 3a/laHOi TOYHOCTI A =minVv —max v <g, e >0 —
3a/1aHa BEIMYUHA, miny — MIHIMYM 31 3HAJEHUX 3 , max y —MaKCHUMYM 31 3HalIeHnX

A .
v ,abompu 6= . Ilpu upoMy 3HaUEHHS LIIHK TPH OOUUCIIOETHCS K

5(|min 17| + |max y|)

v =%(min\7+maxy)

HaGmikeHi 3HaueHHs p , ¢ (ONTMMAajbHi MilIaHi cTpaTerii meprmoro Ta apy-
TOTO IpaBIliB) — [1€ BEKTOPU YACTOT 3aCTOCYBAHHS YHCTHX CTpATETiH—IIepeCcTaHOBOK
rpaBusiMu. JIOTi4HO BBaXkaTH, 10 AJIs 3a0€3MeUCHHSI OLTBIIOT TOYHOCTI 3HAXOIKCHHSI
YUCTUX CTPATETiil rpaBUsAMHU, HEOOXiTHO MIPOBOJUTH SIKOMOTA OUIBIIY KUIBKICTb iTe-
pariu.

Jliis po3paxyHKy ckinaaHOCTi [11] anroputmy ckiiajiemMo Tabiuito (tadm. 2), B AKii
B CTOBIIII «AJTOPUTM» 3aliCaHa MporpaMHa peatizaiis iTepaiiiHoro Metony (omaHa
iTepartisi) s po3B’si3yBaHHS KOMOIHATOPHHMX ONTHUMI3allifHUX 3a/ad irpoBOTO THITY,
Jie HaKJIaJar0ThCss 0OMEKEHHSI, 1110 BU3HAYAFOTHCS MIEPEeCTaHOBKAMHM, Ha CTparerii 000X
rpaBiiB. Yac BUKOHAHHS PI3HUX PSJKIB alTOPUTMY PI3HHM, aie OJUH 1 TOH PSJIOK i
BUKOHYETHCS 3a 4ac ¢, e ¢, — KoHcTaHTa. [lo3Haunmo uepe3 T, KUIBKICTh pa3 BHKO-
HaHHS YMOBH.
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Ta0mwuist 2
Ouinka CKJIaHOCTi aJITOPUTMY
Ne AJITOpUTM Yac ¢, KinbkicTs pa3 T,
1 inc(clterNum); G 1
2 for i:=1 to ¢cN do e n
begin R
3 s :=0; ¢ n
4 for j:==1 to cM do c, nm
begin -
5 s :=s + cBx[j, i]; Cs nm
end; _
6 cSumX([i] :=s; Co n
7 cSumXn[i] := cSumXn[i] +s; ¢ n
end; -
8 SetLength(IndArr, max(cN, cM) + 1); Cq 1
9 for i:=1 to cN do Cy n
10 IndArr[i] :=1; C n
11 MakeInd(IndArr, cSumXn, cN, 1); 1 O(nlogn) [1]
12 CNV_ = 0, (&1 1
13 for i:=1 to c¢N do Cy n
begin
14 cNextY[IndArr[i]] := cPy[i]; ¢ n
15 cNv_:=cNv_ + cNextY[IndArr[i]]*SumXn][I c n
ndArr[i]]; 1
end; -
16 cv_:=cNv_/clterNum; Cis 1
17 cminv_ = min(cv_, cminv_); Cis 1
18 for i:=1 to cM do Cy m
begin -
19 s:=0; Cpg m
20 for j:=1 to cN do Cpy nm
begin R
21 s :=s+ cAy[j, i]; Cyp nm
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Ne AJTOpUTM Yac ¢, KiabkicTs pa3 T,
end; _

22 cSumY[i] ==s; Cy m

23 cSumYn[i] := cSumYn[i] +s; Cy m
end; _

24 for i:=1 to cM do Cys m

25 IndArr[i] :=1; Cyy m

26 MakeInd(IndArr, cSumYn, cM, 0); 1 O(mlogm) [1]

27 cN v :=0; Cys 1

28 for i:=1to cM do Cys m
begin -

29 cNextXpl[i] := cNextX[i]; (o m

30 cNextX[IndArr[i]] := cPx[i]; Cyg m

3] cN_v :: cN v+ cNextX['IndArr[i]] ¢ m

cSumYn[IndArr[i]];

end; _

32 ¢ v:=cN_v/clterNum; C3 1

33 cmax_v :=max(c_v, cmax_Vv); Gy 1

34 cv_s:=(cv_+c v)/2; Cs, 1

35 CheckStrat(0); 1 T,(m) (1]

36 CheckStrat(1); 1 T, (n) [1]

37 Result := CheckEval(aBreakType, aMaxlter); C3 1

39
[Migpaxyemo: T = chfj :

abo
T =0() +O(n) + O(m) + O(nm) + O(nlogn) + O(mlogm) + T, (m) + T, (m) ;
SAxmo 7, (m)=0(m) , T,(n) = O(n), TO

i=1

T=1(c, +cg+c +05+C5+Cps +Cy + 05+ +055) +

+n(c, + ¢, +cg+c, +cy+cy+c, 5+t

Fm(Cp; + g+ Cyy FCpy oy FCyy FCog F oy FCog +Copg ) F

+nm(c, + ¢ ++c¢,y + ¢y ) + O(nlogn) + O(mlogm) + T, (m) + T, (n);
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T =01)+ O(n) + O(m) + O(nm) + O(nlogn) + O(mlogm) + O(m) + O(n) .
Bpaxosytouu, o Ve >0:cO(f(n))=O0(f(n)), 10
T =0O(n) + O(m) + O(nm) + O(nlogn) + O(mlogm) .
S (n)

SKWO lim>—— =¢ <o , TO

n= g(n)

O(f(m) +0(g(n) =0(f(n) +g(n)),
OTXKeE
T =O(n+m)+ O(nm)+ O(nlogn) + O(mlogm) ;

SIKIIIO limM =00, TO

noe g(n)

O(f(n)+0(g(n) = O(f(n)).

Orxe:

T =O0(nm+ nlogn+mlogm)

TakuM YMHOM, CKJIaIHICTh AIITOPUTMY PO3B’sI3yBaHHSI KOMOIHATOPHUX ONTUMIi3alliii-
HHX 337129 irPOBOTO THITY Ha KOMOIHATOPHHUX KOH(DIryparisx, y pasi, KOIu 0OMEKEHHS
HAKJIQJAIOThCS Ha CTpaTerii IBOX TPAaBIIB 1 BH3HAYCHI MEPECTaHOBKAMH, CTAHOBHUTH:
T =O(nm+nlogn+mlogm) .

BucHoBku. HeoOxigHicTh poO3B’s3yBaHHS KOMOIHATOPHHUX ONTHUMIi3aliHHUX
3a/1a4 irpoBOTO TUITy Ha MHO)KHHAX IIEPECTAaHOBOK Ta PO3MIIIEHb 3yMOBIIOE aKTy-
aJbHICTh JOCHIJPKEHHSI MOXJIMBOCTI Monu(ikamii iCHYIOYHX METOJIB PO3B’A3Y-
BaHHSI IIMX 33/1a4 Ta BUSHAYEHHS OI[IHKH 1X CKJIaJHOCTI. 3A1CHEHO TOMUPEHHS iTe-
paliifHOro METOY Ha 3aJiayi KOMOIHATOPHOT OMTHUMI3AIlii IrPOBOTO THITY 3 PI3HUMH
KOMOiHATOpHUMHU KOHirypanismu. J{ns itepaniitHoro metony tuny bpayna-Po6in-
COH, SIKUH pO3B’si3ye KOMOIHATOPHI ONTUMI3alliifHI 3a/1a4i irpoBOTO TUIY 3 0OMe-
JKCHHSI-TIEpECTaHOBKAaMH, [0 HAKJIAJal0ThCs Ha cTparerii 000X IpaBIiB, OTPUMAHO
TEOPETUYHY OLIHKY ckiaaHocTi. [loganbini HOCHiTKeHHS MOXYTh 30CEPEIUTUCS
Ha YJIOCKOHAJICHHI aJITOPUTMIB 1 pO3pOOIIi HOBUX IMiIXOMIB JUJIS MiABUIICHHS iIXHBOT
e(eKTUBHOCTI.
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Momusayis € pywitinoio cunor 6azamvox udie 100CbKOI OiSLIbHOCMI, 30KpeMd HAGUAHHSL.
Byomueoeani yuni 20mosi 0okaadamu 3HAUHUX PO3YMOBUX 3VCUL | GUKOPUCOBY8amu OiNbil
CKAAOHI ma eghekmueni cmpamezii Haguanus. B cyuacHomy oceimubomy cepedosuuyi i2posi mex-
HONOZIT cmanu Hegio '€EMHOI0 4aCMUHOI Nedazo2idHux mexuonoein. Ix inmeepayis 6 oceimHitl
npoyec — ye He NPOCMO MeHOCHYIsl, A CYMMEBUIL KPOK 00 NOKPAUWEHHS HABUATLHO2O NPOYecy
ma gopmysanHs HAGUHOK, AKMYATbHUX 0151 YuPposoi enoxu. 3acmocy8ants maxKux mexHono2it
6 0C8IMI BUXOOUMb 30 PAMKU NPOCMOL epu. BoHo nepedbauac UKOPUCIAHHS i2DOBUX MEXAHIK,
ecmemuky ma i2p08o2o MUcienHs 015 3any4eHHs YUHie, MOmueayii 00 Oill, CNPUAHHA HAGUANHIO
ma eupiwennio npooem.

Ookiero 3 20106HUX NEepesaz 6NPOBAOIICEHHS i2DOGUX MEXHON02I 6 OCBIMHIL npoyec € 3HAUHe
NIOBUWEHHSI PIGHS 3ATYYEHOCMI MA MOMUSayii yuHia. Iepu npupooHuM YUHOM NPUSEPMAIOMb
yeazy YuHie 3a605KU MAKUM eleMeHmam, AK petimuney, oanu i Hazopoou. Li enemenmu € ne nuuie
MomugayiuHuMy iHCmpymenmamu, aie il 3a6e3neuyioms 360pOMmHill 36'A30K, 6CIAHOBI0I0MD
YimKi yini ma oemMoHcmpyiome npozpec yuwie. Bci yi acnexmu maioms eupiuianibue 3HaA4eHHs
nio uac ypoxie, 0e nOCMIlHA 3aYIKABIEHICMb, 3ATYYeHICIb | MOMUBAYIS YACMO € HAUOLTbUUM
BUKTIUKOM, 3 SIKUM CIUKAIOMbCA 64UMEI.

leposi mexnonoeii cnpusOms CMEOPENHIO IHMEPAKIMUBHO20 HABYANLHO20 CEPeO0sUYd, AKe
3A0X0UY€E AKMUBHY YUACMb | NPAKMUYHE HABUAHHA. 3A80AKU CUMYNAYIAM Ma PONbOGUM [epdM
VUHT MOICYMb 00CAIONCYBAMU CKAAOHT CUCTNEMU A NPOYECU 8 KOHMPONbOBAHOMY CepeoosUyi,
6e3 puzuxy ons cebe. Taxke HABUAHHS HA OCHOBI DOCBIOY OONOMA2AE YUHAM 3PO3YMIMU AOCMpPaK-
MHI NOHAMMS OiIbW KOHKPEMHO ma eekmueHiule 3anam'smogysamu ingopmayiro.

Iepu maxow € ROMy*HcHUM IHCMPYMEHMOM KOZHIMUBHO20 PO36UMKY. BoHU cnonyKaromy yuHie
KPUMUYHO MUCTUMU, BUPIULYBAMU NPOOIeMU, NPUUMAMU PIUEHH Md po3poonsmu cmpamezii —
6CI Yi HABUYKU € BANCIUBUMU AK 6 HABUAILHOMY, MAK i 8 peanbHoMy Konmekcmi. Aoanmusna
npupooa ieposux MmexmHoN02iil O3HAUAE, WO OHU MOICYMb OYMuU po3poOaeHi maKum YuHOM, Woo
niosUWY8amu CKIAOHICMb 6 MIpy 3pOCMAHHS 6MIiHb VUHSL, NIOMPUMYIOHU ONMUMATbHULL PIGeHb
BUKTIUKIE.

Iepu 0o3601510mb 30iCHIOBAMU OUDEPEeHYIl0BAHE HABUAHHS, 0€ YUHI MONCYIb PO3GUSAMUCS
YV BLACHOMY MeMNni ma OMpUMYEaAmMU HAGYALbHUL 00C8I0, NPUCMOCOBAHULL 00 IXHIX THOUGIOYAlb-
Hux nompe6. Ilpocynymi icpo6i nasuanvhi cucmemu MOoNCYmMsb A0ANMy8amucs 00 YCniHoCcmi
VUHSA, NPONOHYIOUU UOMY Dinbute abo MeHue NIOKA30K 3a NompedoIo | 2eHepyIodl 3a60AHHS, Ki
nioibpani 8i0N0BIOHO 00 PIBHS 11020 3HAHb | 6MIHb.

B cmammi oxapaxmepuzoeano 0cHO8HI i2p08i MeXHONO2IL, WO BUKOPUCTIOBYIOMbCA 8 NOEO-
nanni 3 IKT ons nokpawenns naguanivnoeo npoyecy. [lpoananizoeano suKopucmanHs cneyiaii-
308aHUX NAAMOOPM OJiA HAGUAHHA NPOSPAMYBAHHIO, GIPMYATLHUX CUMYIAMOPIS, IHMEPAKMUGHUX
ieposux cepedosuly, IHCMpYyMenmis 0151 CMEoPeHHsL HAGUATLHUX [20p, POOOTMOMEXHIKU, a MAKOJIC
MexHON02Il 8IpMYanbHOI ma 00N0eHe ol pedanvHocmi. Busnaueno, wo maka inmezpayis cnpuse
CMBOPEHHIO IMEPCUBHUX MA THMEPAKMUBHUX HABYATLHUX cepedosuly. Taxodic po3enaHymo npu-
Kaou 8UKOPUCTMAHHA YUPDPOBUX 3acobie peanizayii icposux mexnHonozit npu euedeHHi iHghop-
mamuxu. 3okpema, npoananizosano niampopmy Scratch, axa 0036015€ YUHAM CIMEOPIOGAU
6I1ACHI IHMEPAKMUBHI NPOEKmMu yepes izyaivHe npoepamysanis. Jociioxceno epy Interland 6io
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Google, sixa cnpuse po3gumky yugposozo epomadaHcmea ma oHAAH-0e3neKu yepe3 iHmepax-
mueni modyni ma gikmopunu. Bemanogneno, wo niamepopma Educaplay nadae incmpymenmu
0715 CMBOPEHHS Ma NOWUPEHHS HABYAIbHUX GNPAG I i20p, W0 MONCYMb OYMU IHMe2po8aHi 8 pizHi
cucmemuy ynpaeuiHts Ha8YAHHAM.

Knrwuosi cnosa: inghopmayitino-yugdhposi sacobdu, icposi mexHonoeii, yugposi komnemenn-
HOCMI, IHMEePAKMUEHI MemMoOU HAGUAHHSL, NeOA202IUHI MeXHONO02II.

Sikora O. V., Pazyuk R. I. Formation of positive motivation for learning by the means of
game receipts

Motivation is the driving force behind many types of human activity, including learning.
Motivated learners are willing to exert significant mental effort and use more complex and
effective learning strategies. In the modern educational environment, game technologies have
become an integral part of pedagogical technologies. Their integration into the educational
process is not just a trend, but a significant step towards improving the educational process and
forming skills relevant for the digital age. The application of such technologies in education goes
beyond a simple game. It involves the use of game mechanics, aesthetics and game thinking to
engage students, motivate action, promote learning and problem solving.

One of the main advantages of introducing game technologies into the educational process is
a significant increase in the level of student involvement and motivation. Games naturally attract
students' attention thanks to elements such as ratings, points and rewards. These elements are
not only motivational tools, but also provide feedback, set clear goals and demonstrate student
progress. All these aspects are crucial in the classroom, where maintaining interest, engagement
and motivation is often the biggest challenge teachers face.

Game technologies contribute to the creation of an interactive learning environment that
encourages active participation and hands-on learning. Through simulations and role-playing,
students can explore complex systems and processes in a controlled environment, without risk
to themselves. Such experiential learning helps students understand abstract concepts more
concretely and remember information more effectively.

Games are also a powerful tool for cognitive development. They encourage students to think
critically, solve problems, make decisions and develop strategies — all skills that are important in
both academic and real-world contexts. The adaptive nature of gaming technologies means that
they can be designed to increase in complexity as the learner's skills increase, while maintaining
an optimal level of challenge.

Games allow for differentiated learning, where students can develop at their own pace and
receive a learning experience tailored to their individual needs. Advanced game-based learning
systems can adapt to the student's performance, offering more or less prompts as needed and
generating tasks that are tailored to the student's level of knowledge and skill.

The article describes the main game technologies used in combination with ICT to improve
the educational process. The use of specialized platforms for teaching programming, virtual
simulators, interactive game environments, tools for creating educational games, robotics, as
well as virtual and augmented reality technologies is analyzed. It was determined that such
integration contributes to the creation of immersive and interactive learning environments.
Examples of the use of digital means of implementing game technologies in the study of computer
science are also considered. In particular, the Scratch platform was analyzed, which allows
students to create their own interactive projects through visual programming. Explored Google's
Interland game, which promotes digital citizenship and online safety through interactive modules
and quizzes. It has been established that the Educaplay platform provides tools for creating
and distributing educational exercises and games that can be integrated into various learning
management systems.

Key words: information and digital means, game technologies, information competences,
interactive learning methods, pedagogical technologies.

IMocranoBka mpo6iaemMu. Y KOHTEKCTI MEPEXOny IO iHPOPMAIIHHOTO CYCIITBECTBA
mepesl OCBITHBOIO CHCTEMOIO IOCTAIOTh HOBI 3aBHaHHS. IIpiopHTeT 3MILIyeThCS BiX
MPOCTOTO HAKOMMYCHHS 3HAHB 10 (POPMYBaHHS KOMIIETCHTHOCTEH €(heKTUBHOI B3aEMO-
Iii 3 iHpopMaiHHIMU TOTOKAMH, KPUTHIHOTO MUCIICHHS Ta aKTUBHOTO 3aCTOCYBaHHSI
cydacHux IKT y pisHOMaHITHUX cepax MisnbHOCTI. YpOKH iHPOPMATHKH CTBOPIOIOTH
MOYJIMBOCTI JIJISL pealtizallii uX 3aBIaHb [UITXOM ITOE€THAHHS IHTEPAKTHBHUX METOIIB
HaBUaHH: Ta 1HPOPMaLIHHO-KOMYHIKaLIHHUX 3ac00iB. [HTEpaKTUBHI METOIU HABYAHHS
3 eJeMEHTaMH T'pU MPOIMOHYIOTh 1HHOBAIIIHI CIIOCOOH 3aJy4eHHs YUHIB 0 MpOIECy
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HaB4yaHHS. [Ipn eexTUBHOMY BIPOBAKEHHI LI METOAM MOXKYTh 3HAYHO MOKPAIIUTH
MOTHBAIIIIO, 3ATyUCHICTh Ta Pe3yNIbTaTH HaBUaHH. OIHAK JINIIIE peTeNIbHE TUIaHyBaHHS,
MPOAYMaHUH MU3alH 1 BITIyTTs MOTPeO YUHIB CTBOPIOIOTH MEPEIYMOBH JJIsl TOTO, 100
reiiMudikaris TOKPAIIBAJIa, & HE 3aBAkKAIA HABYAILHOMY MPOIIECY.

B cyugacHOMy OCBITHLOMy cepe;lomxum 1rp0131 TEXHOJOTIi CTall HEBiI €MHOIO
YaCTUHOIO TIEJaroTi9HUX TEXHOJIOTIH. IX iHTerpamis B OCBiTHii IIpolec — Iie He MPOCTO
TEHJICHIIIS, & CYTTEBUH KPOK J0 MOKPAIICHHS HABYAILHOTO MpOIecy Ta (GOpMyBaHHS
HABUYOK, aKTyaJIbHUX JUIsl IM(DPOBOT enoxu. 3acTOCYBaHHS TaKUX TEXHOJIOT1H B OCBITI
BUXOJUTH 32 PaMKH MpocToi rpu. BoHo mependauae BUKOPUCTAHHS IrpOBUX MEXaHiK,
€CTETHKH Ta irpOBOTO MHCJICHHS JUIs 3alyYCHHS y4YHIB, MOTHBAIi 10 JiH, CIPUSHHS
HABUAHHIO Ta BUPIIICHHIO MPOOIIeM.

AHaJTi3 oCcTaHHIX J0CTiKeHb i my0sikaniii. BukopuctanHst irpoBUX TEXHOJIOT1i
B OCBITHbOMY IIPOIIECi PO3KPHIIN B CBOIX MpAIsX Taki BueHi: A.MakapeHKO BBaXaB, 1[0
KOJIEKTHBHA JisUIGHICTh Ma€ BEJUKE 3HAUYCHHS TSI BUXOBAaHHS 0coOucToCTi. ['pa B #oro
cucTeMi Oyna iHCTpyMEHTOM Jjisi (OpMYBaHHs KOJIEKTUBY, PO3BUTKY HABHYOK CITiBII-
pai, BiAmoBigampHOCTI 1 B3aemomonoMoru. ['pa, 3a MakapeHKOM, CHpusiia PO3BHTKY
TaKHUX SKOCTEH, SIK IHIIaTUBHICTh, TBOPUICTh, BIICBHEHICTh Y COO1 Ta JIiIePChKi HABH-
yku. Bin BBaxaB, 110 Tpa JJO3BOJISE AITAM MPOSBUTH CBOT HAWKpaIlll IKOCTI 1 pO3BUBATH
iX y CIpUSATINBOMY CEPEIOBHIIL;

I"CxoBopona BBaxaB, IO T'pa, K (l)opMa TISUTBHOCTI, IO CTUMYITIOE eraTI/IBHiCTL
Ta aKTHBHY Y4aCTh, MOJKE OyTH BayKJIMBUM IHCprMeHTOM JUISL PO3BUTKY TBOPYMX 31Ii-
OHOCTEH y4HIB, MOXKE CHPHUATH CAMOBHPAKEHHIO 1 CaMOITi3HAHHIO, T03BOJISIOUH YIHAM
Kpamie 3po3yMiTH CBOI CHIIbHI Ta CITa0Ki CTOPOHH, iHTepecH Ta 3Mi0HOCTI. Buxopu-
CTaHHS IrPOBHUX TEXHOJOTIM Y HABYaHHI I03BOJISIE BUUTEIIO CTATH MOCEPETHUKOM MiXK
3HAaHHSMU Ta YY9HEM, CTBOPIOIOYH CEPEIOBHUINE, A€ YIHI MOXKYTh BUUTHCS Uepe3 B3ae-
MOJIIIO Ta JIOCBII;

XK.-XK. Pycco miakpeciroBaB BaXJIMBICTh HaBYaHHS 4yepe3 Oe3rnocepenHiid JOCBif,
a He yepe3 MacHBHE 3aCBOEHHS 3HaHb. [ pa € oHUM 3 Halle(DeKTUBHIIINX CIIOCOOIB 3/10-
OyBaTH 3HAHHS Ta HABUYKH Yepe3 MPaKTHYHHUN JOCBIM 1 aKTUBHY y4acTb. BiH Haromo-
IIyBaB Ha BOKJIMBOCTI TPU B PAHHBOMY Billi, OCKIJBKH I'Pa € MPUPOJHOIO TiSUIBHICTIO
JUTSL JIITEH, sika Crpusie iXHbOMY (Di3HUYHOMY, PO3yMOBOMY 1 COIIaJbHOMY PO3BHTKY.
Pycco BBaxaB, 110 irpoBi CUTyalil 4acTO BUMararoTh BiJ JiTe mpuilMaTH pillleHHs,
OLIIHIOBAaTH CUTYallii i BUPINTyBaTH MPOOIEMH, IO CIIPUSE PO3BUTKY IIMX HABHUOK.

B VkpaiHi Takox € YMMaao BUEHHX, SKi JOCIIIKYIOTh 1 pO3BUBAIOTH 1711 BUKOPH-
CTaHHs iIrpoBUX TexHouorii y HapdyanHi: O. Jlepes'suko, JI. [Taganka, O. KpamapeHnko,
I. Tonuapyxk Ta iHII. YKpaiHCBKI BUCHI aKTHBHO MPALIOIOTH HAJl BIPOBAIKCHHSM 1rpo-
BHX TEXHOJIOTIH Yy HaBYAIBHUH TIpoIiec, PO3pPOOISIOUN METOIUKH, MPOTpaMH 1 KypCH,
SIK1 pOOJISITH HABYAHHS O1TBIIT 3aXOILTIOI0YNM, €(DEKTHBHUM 1 BiITOBIIHUM JI0 Cy4aCHUX
notped yuHiB

IMocTaHoBKA 3aBIaAHHS — BAKOPUCTAHHS IrPOBHX Ta iH(QOpMAIIiitHO IM(PPOBUX TEX-
HOJIOT1H JIsI MOKpAIeHHs HAaBYaJIbHOTO MIPOIIECY.

Buxknan ocHoBHOro Martepianay. Bukopructanus nuiie TpaauIifHUX METOMIB HaB-
YaHHs B CYy4YacHIW IIKOJII BCE YacCTillle BBAXKAEThCs HemocTarHIM. 1100 3am0BobHUTH
pi3HOMaHITHI MOTpeOr YUHIB Ta MiATPUMYBATH BUCOKUI piBEHb IXHBOT 3alliKaBIEHOCTI,
BUNTEIII BUKOPUCTOBYIOTh TPy SIK KJIIOYOBY OCBITHIO CTpaTerito. 3mimeHHs B Oik irpo-
BOTO HABYAHHS CTUMYITIOETHCS 3pOCTAI0UO0I0 KUTBKICTIO IOCIIIKEHB, SIKi T IKPECITIOIOTh
Horo epeKTUBHICTh y MOKPAIIEHH1 PO3YMiHHS Ta 3anaM'siTOBYBaHHs yYHSIMH Marepiany.

IrpoBe HaBUaHHS BHKOPHCTOBYE NPHBAOIMBICTH irop IS MiACHICHHS CIPHiA-
HSTTS HaBYAILHOTO KOHTCHTY Yepe3 3alydeHICTh, HEraliHy BHHAropoay Ta 3I0pPOBY
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KOHKYpeHIIito. Lleit MeTon Mae 0coOnMBY mepeBary, OCKiIbKH BiH J0OpE y3romKy€eThCs
3 HaBUYKaMHU U(POBOT TPAMOTHOCTI, SIKHX y4HI HAOyBarOTh 3 PAHHBOTO BIKY 3aBJISKH
MONIMPEHHIO TEXHOMOTiH. [IMHAMIUHMI XapaKTep irpOBOr0 HABYAIBHOTO CEPEIOBHIIA
JIO3BOJISIE 3aKPIIUTIOBATH CTAPi KOHIEMIIi Ta BIPOBAIXKYBaTH HOBI B IHTEPAKTUBHUI Ta
edextuBHU croci6. Kpim Toro, irpoBi MeToIu MOKHA aJIaliTyBaTH Ha BCIX OCBITHIX
PIBHSIX — BiJ{ IOMIKITHHOI OCBITH JIO BUIIIOT OCBITH 1 JaJli — HE3JIEIKHO BiJl HABYAILHOTO
cepenoBuia. Jle i ik BUNTHCS TAaKOK HE Ma€ 3HAYCHHS: YYHI MOXKYTh BUUTHCS 32 JIOTIO-
MOTO0 OHJIAHH-ITOp, 0COOHCTO 3 (DI3MUYHUMH 00'€KTaMH, CAMOCTIHHO a00 B KOMaH/Ii.

JunakTu4Hi irpy BIIITPaOTh BaXJIMBY POJIb Y CY4acHid OCBITI, IPOMOHYIOUH YHi-
KaJIbH1 MOKITMBOCTI JIJIsl aKTUBHOTO HABUAHHS Ta PO3BUTKY HABUYOK y4HiB. Lli irpu ciry-
JKaTh HE POCTO 3aCO00aMH PO3Bary, a MalOTh BU3HAYCHY HABYAIBHY METY, JJO3BOJISIOUH
YYHSIM 3aCBOIOBATH HOBI 3HAHHS Ta HABUYKH Yepe3 MPAKTHYHHUN JTOCBIM Ta B3aEMO/IIIO.

PonboBi irpu 3aiiMaioTh 0cOONMBE MicIe Y AUIAKTHIHOMY MPOIEC 3aBISKH CBOIN
3IATHOCTI MOJICITIOBATH COIiajbHI B3a€MOIIT Ta JOPMYBATH €MIIATIFO 1 KOMYHIKATHBHI
HaBUYKH. BOHM JO3BONSIOTH YUHAM MPUMIPATH Ha cebe podii, sKi IMITYIOTh peaibHi
crieHapii abo aOCTpaKTHI MOHATTSA, CHPUIIOUN IIHOLIIOMY PO3YMIHHIO Ta 3aCBOEHHIO
Marepiany. PoiboBi irpu SIBISIIOTH COOOFO TPYIIOBY OCBITHIO JIISUTBHICTB, B PAMKax SKOi
YYaCHUKHU 3aHATTA JOTPUMYIOTHCS BU3HAYEHOT POJIbOBOI CTPYKTYypHU. Taka CTpyKTypa
nependadae BUKOHAHHS BU3HAYCHUX POJICH, IO PETrYIIOIOTH MOBEMIHKY 1 il y4HIB.
B nemarorimi npuidHATO TUTMTH POJILOBI IrpH, HA HABYAIBLHO-POJILOBI Ta J1i710Bi. OCHOB-
HOI0 METOI HaBYAJIBHO-POJILOBUX irop € 3a0e3MedeHHs] NIMOOKOTo aHallizy MEBHOI
poOJIeMH 3a JOTIOMOTOI0 HaBYaIILHUX pojiei. [[imoBa rpa, B CBOIO 4epry, Mae Ha MeTi
BIITBOPEHHSI PEabHUX MIJIOBUX Ta IMOBCAKICHHUX CHUTYallil, ¢ y4YHI BHCTYIAIOTh
y poJIsiX, 10 BiJOOpakaroTh AIHCHICTh, @ HE HaBYAIbHI YMOBHOCTI. [[inOBi irpu 3aHy-
PIOIOTh YYACHUKIB Y KOHTEKCT PO EeCiiiHOT TiSITBHOCTI, JIe BOHH MOXKYTh BUIIPOOYBaTH
cebe B poJIsiX MEHEKEpiB, MIAMPUEMIIIB, aHATITHKIB Ta 1HIIKX (axiBiiB. BoHn 3natHi
BiZIIrpaTH KJIIOYOBY POJIb y (POPMYBaHHI NPAKTUYHUX YMiHb 1 HABUUOK, HEOOXITHUX IS
YCHIIIHOT Kap'epH, JO3BOJISIOUH YUHIM Kpallle po3yMiTH crierudiky poOOTH B TICBHIH
npodeciiiHiii cdepi i po3BUBATH BiANOBIIHI KommeTeHIii. [Ipu BuBYeHHI iH(pOpMa-
TUKH PONBOBI IrpH MOXYTh IMITYBaTH MPOIIECH PO3POOKH MPOrPaMHOTO 3a0€e3EeUCHHS,
crieHapii kibepOe3rneku, mpoOIeMy yIpaBIIiHHS JaHUMHU Ta 0araro 1HIWX Tpodeciii-
HUX cuTyallii. BukoHyoun 1i poi, y4Hi MOXKYTh €(DEKTHBHIIIE 3aCBOIOBATU CKIIAIHI
MOHSATTS, TaKi SK JU3aiH alrOpUTMIB, JOTiKa MPOTrpaMyBaHHA, apXiTEKTypa CHCTEMHU
Ta iH.

HaBeneMo Jnexinbka NMPUKIAAIB POIBOBUX 1rop, sIKi MOXKYTbh OyTH BIPOBaXKEHHI
B HaBYAJBHUI ITpOIIeC Ha ypOKaxX iHPOPMAaTHKH:

Jinosa epa "Code Quest". Y4aHi 6epyTb Ha ceOe poITi MEHEKEPIB IIPOEKTIB, pO3p00-
HUKIB Ta TECTYBAJIBHUKIB JUIsI pO3pOOKH MTporpaMHoro 3adesnedeHns. Ls rpa Biodae
eTaIy TUTaHyBaHHS, KOJyBaHHs1, TECTYBaHHS Ta HAJIATOJKCHHS, 110 BiZJ0Opaxae sKUTTeE-
BHH IIMKJI PO3POOKH MPOrpaMHOTO 3a0e3MeueHHs. [ pa 1ae po3yMiHHS yIpaBIJIiHHS PO-
€KTaMH, BaXKIJIMBOCTI KOXKHOTO €Taly po3poOKH Ta iHTerpaiii poOOTH B KOMaHIi.

Ponvosa epa "3axucnuxu mepexci”. Y4Hi rparloTh poili eKCIEpTiB 3 KibepOesmnekH,
nepen SKUMH CTOITh 3aBIaHHs 3aXUCTUTH MEPEXKY BiJl 3MOAEIHOBaHNX Kibeparak. Born
MOBHHHI PO3POOUTH CTpaTerito 3axucTy kKoH(ineHuiitHoi indopmarii, 30epiraroun npu
IbOMY (DYHKIIOHAJTBHICTh CUCTEMH. [pa Jjae ysBICHHS MPO CKIAIHOIII KibepOesnekH,
320X0UYI0YH KPUTHIHE MUCIICHHS Ta HABWYIKH BUPILICHHS MPo0iIeM, MMOB'I3aHUX 3 pea-
TYBaHHSM Ha 3arPO3U B PEIKMMI PEATBHOTO Yacy Ta YIPaBIiHHIM OC3MEKOI0 CUCTEMHU.

Ponvosa epa "Koponiecmeo danux". KoxxeH ydeHb ab0 rpyna ydHIB IpEICTaBIIs-
I0Th Pi3HI CTPYKTYpH JNaHUX (HAIpPUKJIAJI, MACHUBH, 3B'13aHI CIUCKH, JiepeBa, rpadiku)
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1 MOBMHHI BUpPINIyBaTH MpOOJeMH, MOB'S3aHi 3 BXIAHUMH JaHUMH, BUKOPHUCTOBYIOUU
VHIKaJIbHI BIIACTUBOCTI CBO€T CTPYKTYPH.

PonboBi irpu — 1e Oinblie, HK IPOCTO OCBITHI IHCTPYMEHTH; [Ie TPaHCHOPMAIliii-
HHUH JTOCBiJ, SIKMH IOTye y4YHIB A0 MalOyTHIX BHUKJIHKIB y CBiTi, KEPOBAaHOMY TEXHO-
JoristMi. MoZIeTIOI0un pealibHi CIICHapii, CIIPHUSIOYN KOMaHIHIH poOOTi, 320X0UyHOYH
TBOPYI PILIEHHS Ta IHTErPyIOYN HaWCy4acHILIl TEXHOJOril, i irpu poOiaTh BUBYCHHS
iH(OpPMaTHKH LIKaBUM Ta €()EKTHBHNM.

JloBeIeHO, 1110 3aCTOCYBAaHHS ITPOBUX €IIEMEHTIB B OCBITHROMY CEpPEIOBHIII JIOTIO-
Marae 3MEHIIUTH TPUBOXKHICTD 1 3HU3UTH CIIPUNHSTTS CKJIQJHOCTI KOHTCHTY, poOIIsTIn
HaBYaHHS OUTBII JOCTYITHUM 1 MEHII CKJIaJHUM JUIs y4yHiB. Take 3HHMKEHHS CTpEecCy
MOYE TPU3BECTH J0 KpaIoi YCIHIIIHOCTI Ta OiJbII MO3UTHBHOTO CTABJICHHS JI0 HaB-
YaHHSL.

3aranom, CTpaTeridHa iHTEeTpallis irpoBOTO HABYAaHHS Ta reimmuikariii B OCBiTHI
MporpamMu He JIMIe poOUTh HABUAHHS OUTBIN IHTEPAKTUBHUM 1 TIPUEMHHM, ajie W Bij-
MOBiIa€ MOTpedaM CyyaCHHMX YYHIB, L0 MOCTIHHO 3MiHIOKOThCA. L1 miIxoau He TPOCTo
POOISITE HABUAHHS IIKaBUM, BOHH POOIIATH Horo 01k eheKTHBHNM, iHIMBITyasTi30Ba-
HUM 1 TaKuM, 1[0 pearye Ha BUKJIMKH, IOB'sS13aHl 3 HABYAHHSM Y4YHIB Y 21-My CTOJITTI.
[Tonsarts «reiiMudikalis» Ta «irpoBe HaBUAHHS» € CXO)KUMHU, aJieé BOHU MAalOTh CyTTEBI
BiIMiHHOCTi. B irpoBoMy HaBuaHHI BUMTEJ MPOBAAATH HABYAIBHY AISUIBHICTH Yepe3
irpy, MO0 OCBDKHUTH cTapi KOHIEMII a00 3aKpilUTH HOBI. BHKOpPHCTOBYIOUH irpoBi
HABUYKH CyYaCHMX JIITEH, BUUTEN] MOKYTh CTBOPIOBATH 3aXOILTIOIOUE HABYAJIbHE Cepe-
JIOBHIIIE, sIKE TJIBUIIYE 3aTy4eHICTh yuHIB. [elimudikaris x nependayae BKIFOUCHHS
CIIEMEHTIB IrPOBOTO ITU3aifHy B HEIrPOBUH KOHTEKCT, Yepe3 BIPOBAKECHHS OaTbHUX
CHCTEM, PEHTHHTIB Ta HAarOPOJ AJISl 3A0XOUCHHS.

Po3misiHeMo HalmomyisipHinI irpoBi TEXHOJIOTil HaBYaHHS, SIKI BUKOPHCTOBYIOTh
IKT.

Ilnamgpopmu ona nasuanna npozpamyeanuro. CreuianizoBaHi miaardhopmMu ams
HaBYAHHS MPOTPaMYBaHHIO B irpoBiii ()OpMi BiirparOTh KIOYOBY POJb B 3HAHOMCTBI
IiTel 31 CBITOM IpOrpaMyBaHHs, 3a0€3MEUyI0UN CTPYKTYPOBAHE CEPEIOBHUIIIE, B SIKOMY
yYHI MOXXYTh BUBYATH MOBH IIPOTPaMyBaHHs Ta PO3BUBATH aJTOPUTMIUHE MUCICHHS.
Haiiginomimmoro cepen Hux € Scratch (https://scratch.mit.edu). Bona 3natiomuts Mooz-
IIMX IIKOJISPIB 3 MPOrpaMyBaHHSAM udepe3 iHTep¢eic KoIyBaHHS Ha OCHOBI OJIOKIB,
pOOIISTYH CTBOPEHHSI MTPOCTHUX irOp Ta aHIMAIlil MAKCHMAJIBHO MPOCTUM 1 IIKaBHUM.

Ile omuiero moxioHo TuTaTdopmoro € CodeCombat (https://codecombat.com), sika
JIO3BOJISIE BUBYATH IIPOTPAMYBaHHS Yepe3 MPOXOMKCHHS MPUTOIHUIBKIX ITPOBUX PiB-
HiB, Ha SIKUX JUIs1 BUPILIICHHS 3aBAaHb NOTPIOHO MUCATH pealbHUN KOJ| PI3HUMH MOBaMHU
nporpamyBaHHs. [ pa MpornoHye pi3Hi PiBHI CKIaTHOCTI, KOOTIEPATHBHHUN Ta KOHKYPEHT-
HUI PEeXKHUMHU, & TAKOXK CTPYKTYPOBAHI HABYAJIbHI TUIAHH JJIsI BAUTEIIB.

Bipmyansni  cumynamopu. BipTyalbHi CUMYISTOPH JIO3BOJISIFOTH  BiITBOPIO-
BaTH peayibHI CUTYyaIlil Ta NpoIecH y 0e3MeYHOMY BIPTYaJIbHOMY CEpEOBHIIN, Hasa-
04U YYHSIM MOXKJIMBICTH 3aHYPUTHCS! Y BIpTyaJbHUH CBIT, JI¢ BOHU MOXKYTh BHUPIIIY-
BaTW 3a71adi, TOCIIKyBaTH Pi3HOMAHITHI CLieHapil Ta MPOBOIUTH EKCIIEPUMEHTH 0e3
Oy/b-SIKOTO PH3HKY IUIS PEalIbHOTO CBITY. SICKpaBHM IMPUKIAI0OM TaKOTO CHMYISATOPA
e incrpyment Cisco Packet Tracer (https://www.netacad.com/courses/packet-tracer),
SKUH TO3BOJISIE YUHSIM BipTyalbHO PO3POOISITH Ta YCyBaTH HECTIPABHOCTI MEPEKEBUX
Mozesel, o € OS3IIHANM sl BUBYCHHS CKIIQTHUX MEPEKEeBUX KOHIETIIN 0e3 BHKO-
PUCTaHHS PEaTbHOTO OOIaTHAHHSL.

VRobotSim (https://vrobotsim.com) — miaTgopma BipTyaJlbHOTO MOMACTIOBAHHS
POOOTOTEXHIKH, sIKa JO3BOILIE YUHIM CEPETHBOI Ta CTApIIO] IIKOJIHM MpOrpaMyBaTH Ta
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TECTyBaTH poOOTiB O6e3 BUKOpUCTAaHHS (izudyHoro odnagHanus. [Inardopma minrpumye
MpoTrpaMyBaHHs K OJOKaMH|, Tak 1 Ha Java, 1 BKJIIFOYa€e Taki (PyHKIIIT, sIK 3aBaHTa)KCHHS
BJIACHUX POOOTIB, peaslicTUYHI (i3uUHI CUMYIIALIT, a TAKOXK HU3KY HaBUAJIbHUX PECYPCIB.

Inmepaxmueni izposi cepedosunya. THTEpaKTHBHI irPOBi CEpPEIOBHIINA TTOETHYIOTh
MeXaHIKy irpOBOTO MPOIIECy 3 OCBITHIM KOHTEHTOM, MPOITOHYIOUN MPAKTHYHHH ITiJIX1]T
JI0 6araThoX WIKUIBHUX MpeaMeTiB. YacTo Taki cepeoBuila 0a3yroTbes Ha MOMYISPHUX
koM toTepHuX irpax. Education Edition (https://education.minecraft.net) e cremiasns-
HOIO Bepciero rpu Minecraft, sika ajantoBaHa Jijisi HABYaIbHUX IIeld. BoHa Haae Bum-
TEJISIM Ta YYHSIM IHCTPYMEHTH ISl KOHCTPYIOBAHHS T TOCIIIKEHHSI CBITiB, IO MOXYTh
OyTy BUKOPUCTAaHi JJIs1 BUBYCHHS PI3HOMAHITHUX MIPEAMETIB, BKIIOUAIOUH iHYOPMATHKY,
MaTeMaTHKYy, iCTOPItO TOIIIO.

IHTepaxTuBHI irpoBi cepenoBuina, Taki sk Roblox Education (https://education.rob-
lox.com) ta Unity (https //unlty com), MPOIMOHYIOTh YYHSM KOMIUIEKCHY €KOCHUCTEMY
IUTSL PO3pOOKHM BIIACHHX ir0p i JO3BOJIIE iM 3aCTOCOBYBATH CBOT HABMUKH KOJyBaHHS Ta
CHIBIIPALIOBATY 3 HIIMMH Y BIpTYaJIbHOMY CBITI.

[Tnardopmu a1t CTBOPEHHS IHTEPAKTHBHUX HABYAIBHUX irop Ta BIIPaB.

B Mepexi [HTepHET MOXKHA BIAMIYKAaTH 0arato mofAiOHUX OHJIAHH-IHCTPYMEHTIB, 110
JIO3BOJISIIOTH BUUTENSIM CTBOPIOBATH IHTCPAKTUBHHN HABYAIBHUI KOHTCHT y BUINIMI
irop, BIKTOpHH, TOJIOBOJIOMOK, CUMYJISIIIIN Ta MyJABTUMEAIHHIX Mpe3eHTariil 6e3 Heoo-
X1IHOCTI MIMOOKUX 3HaHb nporpamysanHs. [Tnargopma Educaplay (https://educaplay.
com) J103BOJISIE CTBOPIOBATH pi3HOMaHiTHi MYJIBTUME/iiHI irpy, BIKTOPHHHU, TOJIOBO-
JIOMKH, BIIPaBU Ha BiJIOBIHICTh 0e3 HEOOXiMHOCTI TPOrpaMyBaHHs;. Cepgic Kahoot!
(https://kahoot.com) cremiani3yeThcsl HA CTBOPEHHI BIKTOPHH Ta IHTEPAKTHBHUX OIH-
TYBaHb 3 €lIeMEHTaMH reitmudikarii.

Pobomomexnika. Pobotu Bxke cami 1o co0i acOIIOIOTECS 3 TPOIO 1 TEXHOJIOTISIMH.
PoGoToTexHika € TymoBUM 3aCO00M ISl BUBYCHHS KOMIUICKCHUX TEXHIYHUX Ta IH)Ke-
HEpHUX KOHLEMIINH Yy 3aXOIIMBUI Ta IHTEpPaKTUBHMU crocid. UyaoBuM NpHKIagIoM
MOXYTb OyTH poOoTn30oBaHi KoHCTpYyKTOopr LEGO Mindstorms: 11i Habopu 103BOJISIOTH
YUHSIM OyIyBaTH 1 IPOTrpaMyBaTH poOOTIB 3a goromMororo koHcTpykropa LEGO, narau-
KiB 1 JBUTYHIB, CHPUSIIOUN PO3YMIHHIO POOOTOTEXHIKH, IHXKEHepil Ta MporpaMyBaHHs.
[Tonioro o LEGO, VEX Robotics mpornonye Habopu poOOTOTEXHIKH, ajie 3 aKIICHTOM
Ha CTaplIUX IIKOJISAPIB, Y TOMY YHUCII CTApILIOKIACHUKIB 1 CTY/IEHTIB, MPONOHYIOUH iM
CKJIQJIHIII KOHCTPYKIIiT Ta 3MaraHHs.

Bipmyansna i 0onosnena peanvricms. OCTaHHIMHA POKaMH 3POCTAE 3aCTOCYBaHHS
BipTyanbHOi peanbHocTi (VR) 1 tonoBHeHO1 peanbHOCTI (AR) B HaBUasIbHOMY NpoLeci,
MIPONIOHYFOUYH JIOCBIJl 3aHYPEHHS, SKM HEMOXKJIMBO BiITBOPUTH B TPAIUIITHOMY HaB-
YaHHI.

BipryanbHa peanbHiCTh Hajae Y4YHSIM MOBHICTIO iMepcuBHe 3D-cepenoBuiie, 110
JI03BOJISIE M Bi3yali3yBaTH Ta B3a€EMOMISITH 31 CKIAJHUMH HOHSTTSMH Y CIIOCIO, IO
Kpalle BijuyBaeThcs. Hanpukia, 1o1aTky BipTyaibHOT pealbHOCTI MOXKYTh IMITYBaTH
ApXITEKTYpy KOMI'IOTEPHUX MEPEXK, JO3BOJISAIOUM YUHAM JIOCIIPKYBATH 1 MaHIIyIo-
BaTH BipTyaJbHUMH 00pa3aMH MapIIpyTH3aTOPiB, KOMYTaTOpPiB i CepBepiB, OTPUMYIOUH
IHOIIe PO3YMIHHS IPUHITUITIB MTOOYTOBH MEPEK.

JloroBHeHa peanbHICTh, HakIanae nudpoBy iHPOpMaIio Ha (i3UYHUHN CBIT, MiJICH-
JIFOIOYM HAaBYAIBHUH MPOIEC iHTEPaKTHBHUMHE Ta KOHTEKCTHUMH eleMeHTaMH. OTHUM
13 I[IKaBUX MPHUKJIA]IIB MOXKE Oy TH BUKOPUCTAHHS JJOTTOBHEHOT PeaibHOCTI IIPH BUBYCHHI
KOMIT'IOTEpHOTO OOJIaZIHAHHS Ta apXiTeKTypH. Y4HI MOXXYTb HAaBECTH Kamepy CBOTO
IPUCTPOIO Ha (Pi3MUHMI KOMIIOHEHT KOMMI'IOTEpPa, a JOAATOK JOIOBHEHOI PeaIbHOCTI
HaKJIaJie IOJATKOBY 1H(OpPMAITITO.
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Hudgposi incmpymenmu zeitmugpixayii. ITactpymeHTH reiimudikamii BKIrOYa-
I0Th €JIEMCHTH ITPOBOTO MH3aiiHy B HEIrPOBUI KOHTEKCT, ITiIBUIYIOYA MOTHBAILIIIO Ta
3ally4eHiCTh, BUKOPUCTOBYIOUM PEUTUHTH, Oalli, HATOPOJIN Ta 3HAYKU JOCATHEHb ISt
320XOYCHHS JI0 HaBYaHHA. SICKpaBUM MpHKiIagoM ciayrye aoxatok Duolingo (https://
uk.duolingo.com). I xo4 BiH mpU3HAYEHUII U1 BUBYCHHS MOB, HOTO MOJEIh TeiMudi-
KaIlil € YyI0BUM IIPUKIIAIOM, KU MOXKHA aalTyBaTH [Tl BABYCHHSI IPAKTHYHO Oy/Ib-
sixoro ipeamety. [Inargopma Classcraft (https://www.classcraft.com) nepeTBoproe Has-
YaHHS Ha POJIbOBY I'PY, J€ YUHI OTPUMYIOTh TOCBIJ], HATOPOIY Ta MPOXOAATH KBECTH.

Ccdepa OCBITHIX IrpOBHX TEXHOJOTIH MOCTIIfHO PO3BHBAETHCS, PETYISPHO 3'AB-
JISTFOTHCSI HOBI JTOJATKK 1 TeXHONIOTIi. L[i TeXHOMOTIT BiIKPHBAIOTh 3aXOIUTFOOUl MOXK-
JUBOCTI JUIsI MailOyTHHOTO OCBITH, OOILAIOYM 3pOOMTH HAaBYAaHHS OULIbLI iHTEPAKTHB-
HHUM, I[IKaBUM 1 MPUCTOCOBAHUM JI0 IHAMBIAyaJbHUX MOTped. OCKINBKN OCBITSHH Ta
PO3POOHUKH MPOAOBKYIOTh JOCIIKYBATH MOTEHITIAN [IUX IHCTPYMEHTIB, MU MOXEMO
OUiKyBaTH Ha MOAAJIBIII iIHHOBAIII1, SIKI B MAOYTHEOMY 3MIHSTH CIIOCIO BHKIIaIaHHS Ta
BUBUCHHS iH()OPMATHKH Ta IHIINX MPEAMETIB.

BucHoBku. B cTarTi po3mISTHYTO iHTEpaKTHBHI METOIM HAaBYAHHS 3 €JICMEHTAMHU
IpH Ta MPOAHAaTi30BaHO POJIb IrPOBUX TEXHOJIOTIH SK CKJIAI0BOI YACTUHH NEJArOr i 9HUX
texHonorii. [IpoaHaizoBaHO 3HAYEHHSI TUIAKTUYHUX ITOP y Cy4acHii OCBITi, 30KpeMa
POJIBOBHUX 1 IIJIOBHX irOp, SIKi CIIPUSIOTh AKTHBHOMY HaBUaHHIO. BUsBIICHO, 110 pOITHOBI
irpu e()eKTUBHO MOJIEINIIOIOTH COLliajibHI B3aeMOii Ta (hOpMyIOTh KOMYHIKATUBHI HaBH-
YKH, a JUIOB1 iIrpy JONOMAararoTh 3aCBOITH NMPAKTUYHI YMIHHS IS TPOQeciiHol qisTb-
HOCTI.

BcraHoBneHo, 110 BUKOPHCTAHHS TPH SIK METOAY HABYAHHS MiITPUMYE BUCOKUMN
PiBEHB 3aIliKaBICHOCTI YUHIB Ta crpusie eeKTHBHOMY 3aCBOEHHIO MaTepiaimy. IIpoa-
HaJII30BaHO BIAMIHHOCTI MK TeHMH(IKAII€I0 Ta IrPOBUM HABYAHHSM, ITOKA3aHO TXHIO
pOJIb y TIOKpallleHHI MOTHBAIli1, 3HWKEHH] CTpeCy Ta ajanTallii HaB4aJIbHOTO MPOIECY
JI0 1HIWBIAYaIbHUX TOTPeO yuHiB. BHABICHO 3HAYHWU MOTEHINAN WX TAXOMIB JUIS
TpaHchopMallii TpaJauIiHHIX METOIIB BUKJIAaHHS Ta MiJArOTOBKH YUYHIB JI0 BUKJIUKIB
CYJaCHOTO CBITY.

B crarTi oxapakTepu3oBaHO OCHOBHI IrPOBI TEXHOJIOTII, 0 BUKOPHCTOBYIOTHCS
B moexHanHi 3 IKT s mokpamieHHsT HaBYaiabHOTO Iporiecy. [IpoaHanizoBaHO BHKO-
PUCTaHHS CIHeliali3oBaHuX IIaT(opM JUIsi HaBYaHHS NPOTPAMyBaHHIO, BipTyalib-
HUX CUMYIISTOPIB, IHTEPAKTUBHUX ITPOBHX CEPEIOBHII, IHCTPYMEHTIB I CTBOPCHHS
HABYAIBHHUX irOp, pOOOTOTEXHIKU, a TaKOX TEXHOJOTIH BIpTyaJdbHOI Ta JOIMOBHEHOI
peanbHOCTI. BusHaueHo, 110 Taka iHTErpallist CIpusie CTBOPEHHIO IMEPCUBHUX Ta iHTe-
PaAKTUBHHUX HABYAIBHUX CEPEIOBHIIL.
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In the evolving landscape of digital libraries, the integration of Open-Source Software (OSS)
presents a compelling avenue for enhancing service efficiency while curbing operational costs.
This paper delves into the alignment of open-source principles with the foundational goals of
libraries, underscoring the pivotal role of OSS in democratizing access to information and
safeguarding intellectual property. Amidst the plethora of software options available for library
management, the paper emphasizes the necessity of discerning the suitability of OSS for digital
library applications, a decision critical to the continued growth and success of the open-source
paradigm. The research extends beyond previous studies by offering a nuanced exploration of the
functional and commercial benefits and drawbacks of OSS as perceived by management within
the ESSS sector. It highlights the technical merits of OSS, such as enhanced reliability, security,
and performance, attributed to the ability to scrutinize and modify the source code—advantages
that notably surpass those offered by proprietary counterparts. The study also identifies parallel
gains in the business domain, including the avoidance of vendor lock-in and the fostering of
collaboration and innovation, which resonate with the technical benefits. The investigation
reveals that certain technical challenges previously associated with OSS, such as compatibility
issues and user-friendliness, do not pose significant obstacles for practitioners. Conversely, the
study uncovers that the business disadvantages linked to OSS, although mirroring the technical
concerns, present more substantial hurdles. In conclusion, the paper contributes a comprehensive
assessment of the advantages and risks associated with the adoption of OSS in commercial
development, offering valuable insights for practitioners and decision-makers in the realm of
digital library services. It underscores the importance of balancing the technical and commercial
considerations to harness the full potential of OSS, thereby shaping a future where open-source
solutions are integral to the infrastructure of information access and preservation.
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Management.

Xamoip B. P. Ilepesacu ma puzuku 6uKopucmanusa 0ioniomex i3 iOKpumum 6UXiOHUM
KoOom (open-source) y Komepyinii po3pooui

B esonoyii yughposux bibniomex inmeepayis npoepamno2o 3abesnedenHs 3 BIOKPUMUM 8UXio-
Hum kooom (OSS) npedcmasisie nepekoHiusuti uiisx 0Jis Ni08UUEHHsL eheKMUBHOCI 00C1Y208)-
6aHHs NPU CKOPOUEHHI onepayiinux eumpam. Y yiti cmammi po32ns10acmucsi y320094CeHHsL NPUH-
yunie GIOKpUMO20 KOOy 3 OCHOBHUMU YLIAMU Oibriomek, niokpecaoemovcs kiouosa pois OSS
v 0emoxkpamusayii oocmyny 0o ingopmayii ma 3axucmi inmenekmyanvhoi eénacnocmi. Ceped
BENUKOL KIILKOCTI 6APIAHMIE NPOSPAMHO0 3a0e3nedeH s, OOCIYNHUX OJis YNPAeliHHs Oibniome-
Kamu, y cmammi Ha2onouyEmovcs Ha HeoOXionocmi usnavenns npuoamuocmi OSS 0ns npoepam
yugposux Oibniomex, piuleHHs, AKe MAE BUPIUAIbHE 3HAYEHHS O/ NOOANbULOZ0 3POCHIAHHS
ma ycnixy napaouemu 8i0Kpumozo ko0y. JJocuioxceHHs UX00umy 3d paMKU NONEpPeoHix 00Ci-
0dicerb, NPONOHYIOUU OemaibHe Q0CHIONCEHHS (DYHKYIOHANbHUX | KOMEPYITIHUX nepesae i Hedo-
nixie OSS, sk ix cnputimae xepisnuymeo 6 cexmopi ESSS. V nvomy euceimnioromvcs mexmiuni
nepesazu OSS, maki sk nioguuyena Haditkicmy, beznexa ma nPOOYKMUBHICIb, U0 NOSCHIOEMbCS
MOJICIUBICIIO PEMENbHO2O GUSUEHHSI Ma MOOUDIKayii 6UXiOH020 KOJy — nepesaeit, SIKi 3HAYHO
nepesepuyioms mi, Wo NPoONOHYIOMbCA 3anameHmoganumu anaioeamu. Jocuiodcents maxooic
BU3HAUAC Napanenvbui nepeeasu @ OizHec-chepi, 6KIOUAIOYU YHUKHEHHS. NPUG SI3KU 00 Nocma-
YQIbHUKA Ma CNPUAHHA CNigNpayi ma iHHOGAYIAM, AKI Nepe2yKyombcs 3 MeXHIYHUMU nepesa-
eamu. Poscrioyeanns noxazye, wjo nesHi mexuiuni npoonemu, saxi paniwe 6yiu nog szami 3 OSS,
MaxKi AK npooaemMu CyMiCHOCIi ma 3py4HOCIi KOPUCHY8aud, He CMAaHOGIAMb 3HAYHUX NEPEUKOO
onst npakmuxie. Hasnaku, docniosicenns nokasye, wo nedoniku 6iznecy, nos’sasaui 3 OSS, xoua
1 6i0oOpascaroms MexHiuHi npodiemu, nPeocmasiAomy Oiibul 3HAUHI nepewkoou. Iliocymogy-
10YU, Yy cmammi Micmumscsi 6Ce6iuHa OYIHKA nepesaes i pusuKie, no8 A3aHux i3 6NPO8AO0NCEHHAM
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OSS'y Kkomepyitiny po3poOKy, nponoHyrouu yinHy iHpopmayito Ons npakmuxie i ocio, ski npu-
umaioms piwents y cgepi yughposux dioniomeunux nocaye. Le niokpecuioe saxcnusicms 30a-
JIAHCYB8ANHS TNEXHIUHUX | KOMEPYIIIHUX MIDKY8AHb OIS BUKOPUCMAaHHA noéHo2o nomenyiany OSS,
mum camum Gopmyiouu Maiubymue, 0e piienHst 3 GIOKPUMUM KOOOM € He8i0 €MHOIO 4aCmUHOIO
iHgppacmpyxmypu docmyny 00 iHgopmayii ma ii 30epexceHHs..

Knwwuosi cnosa: npocpamme 3abesneuenus 3 IOKpUmMuM GUXIOHUM KOOOM, Oibriomexu,
KoMepyitina po3pooKa, YNpasgiinHs NPocPAMHUM 3A0e3NeUeHHSM.

Introduction. Open-Source Software (OSS) gives libraries efficient solutions to
reduce the cost of their services. The remarkable similarities between the goals of open-
source and libraries highlight the significance of using free and OSS in libraries. The
libraries provides free services to all community members; it does not seek financial gain
but rather to protect the intellectual property of literature owners and grant new rights to
deserving authors. Additionally, it seeks to help people access information that is beyond
their reach and that they would not otherwise be able to obtain. It is currently impossible
to ignore the use of OSS in libraries. With so many software programs available to handle
every aspect of libraries operations, it is important to determine which of these programs
are appropriate for usage in digital libraries. Determining early success is critical to the
open-source movement's sustained development and expansion [1].

Definitions. Let's define the terms for the discussion as follows:

"Open Source" refers to a style of software licensing in which the program's source code
is usually made accessible to users free of charge, with conditions that permit addition,
modification, and redistribution—though sometimes with certain limitations. A variety of
organizations may offer the software's support, training, upgrades, and other services,
increasingly through commercial agreements. Open-source software is frequently, though
not always, created via teamwork, with several people contributing different parts of the
finished product. Software companies are increasingly donating in-house projects and
compensated programming time to the free software community [2].

"Commercial Software" refers to the paradigm in which software created by a business
is normally licensed in object, binary, or executable code to a client (either personally
or via channels) for a charge. The business frequently offers consumers the assistance,
instruction, upgrades, and other services of a similar kind that they require in order to
utilize the program effectively. The software's source code is typically not disseminated
to everybody and may only be replicated or modified in accordance with the procedures
specified in such agreements. However, it could be made readily accessible to specific
users of the application under special licenses or other arrangements [3].

Every one of these software models has the potential to become a successful business
plan for software firms and provide tangible benefits to clients. Businesses are rapidly
figuring out how to accept both models and let them coexist as they are not mutually
exclusive. Some proprietary operating systems platforms, for instance, have profited
from open-source development by embracing an open-source strategy for the system's
lower tiers (like device drivers) while maintaining private features for the higher tiers
(like the user interface). With this strategy, more attention can be paid to the design
of the more advanced elements, where innovation may benefit clients more broadly.
On the other hand, some software developers have given their commercially produced
software to the open-source industry so that open-source solutions may run across
more platforms. The IT ecosystem has benefited greatly from increased rivalry and a
greater variety of competitively priced servers and desktop platform options. Software
companies concentrate on and significantly improve on new challenges such resolving
security and dependability concerns, as software solutions continue to advance [4].
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Understanding open-source and commercial software. Both commercial and
OSS techniques have advantages and disadvantages of their own, and depending on the
context in which they are used, they may provide users a variety of benefits with trade-
offs. Commercial off-the-shelf software products have been on the market for a long
time, providing users with a large range of computer features and enormous productivity
improvements. Larger enterprises' complicated business running requirements, which
generic off-the-shelf products might not be able to sufficiently fulfill, have also been
satisfied by customized commercial software solutions. Commercial software providers
are always working to create products that are user-friendly, highly functional, and
responsive to client requests, Value for funds and reinforced by a services ecosystem in
response to the needs of clients who might not be technologically inclined and prefer
hassle-free problem solving. For many years, open-source license has been around,
mostly at academic and research institutions. Due to the commercial support or corporate
backing of OSS in the market, it has garnered more attention in the recent past [5].

Customers now have access to a large variety of software options and providers,
even in markets where there have historically been few rival solutions. Because it
permits them to freely copy, alter, and subsequently redistribute the source code, some
people choose open source. People who desire to change the program source code
are drawn to features like these, for instance, in environments where a great level of
customization can be necessary or in educational environments where experimenting
is the main goal [5].

Being involved in a software development community may help members form
collaborations and exchange ideas, which can help them forge important connections
with developers outside of their own organizations. Through official and informal
sharing, developers of both commercial and open-source software strive to establish
these communities. Open standards, which are not to be confused with open-source
software, are adopted by both user and developer communities because they may
quickly improve interoperability [3, 4].

Users of software today have more alternatives at their disposal. User settings
frequently employ a combination of commercial and open-source software platforms
and apps to satisfy various needs. The rivalry amongst software suppliers has increased
the software industry's responsiveness to customer requirements, which ultimately
benefits customers by offering them more alternatives and more affordable solutions.
We will study commercial and OSS from three angles: development, licensing, and
business in order to gain a deeper understanding of both models [4].

Business. Businesses are able to continue because they make money from what
they do. Profit margins are the main metric used by shareholders to assess company
success. Although the business strategies of companies that sell commercial and open-
source software differ somewhat, both types of companies need to figure out how to
generate steady income. The economic viability of developing software only for its own
sake is questionable. Since commercial software companies rely on customers licensing
their product, they concentrate on the features, functionality, and innovation of their
software in order to fulfill the demands of their clients. When new software releases
offer enhanced features, functionality, and value, customers buy the updated versions.
This incentive creates a huge flow of funding for research and development into new
software, which leads to increased productivity, decreased operating costs, and new
learning resources [6].

The hardware and support services that open-source manufacturers bundle around
open-source software and charge for are how they make money. For example, several
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businesses sell OSS packaged with their server or personal computer hardware. The
businesses offer this hardware and charge extra for the services they render to make their
hardware and software compatible. A further illustration would be a system integrator
that generates income by developing unique solutions for clients with pre-existing OSS
as a foundation, and billing the clients for the time and materials needed to make the
adjustments required to satisfy the particular needs of the user. An alternative business
strategy involves making an open-source program available for free download and
turning the user base into paying clients for a fully functional version. In some cases,
combining development resources to support an emerging technology may offer an OSS
provider rigid indirect revenue or advantages, such as through the sale of their hardware
and/or commercial software that is offered in addition to the OSS [7].

Development. The methodology used in software development is another element
that has historically set open-source and commercial software apart. This is accelerating
in evolution and convergence as elements of one model are incorporated into the other.
Traditionally, the major code development utilized by commercial software development
teams has taken place inside the boundaries of a single business or unit. When it comes
to open-source development, there is usually a framework in place to allow for the
participation of several stakeholders. This duality is merging into a single developmental
model. Commercial teams of software developers nowadays have created frameworks
for working together to produce software with teams located all over the world.

Additionally, there are OSS solutions developed by a single business or programmers
supported by for-profit companies. Only one or two major contributors keep these
open-source systems up to date. The fundamental development process shared by
both commercial and open-source development methodologies is iteration—design,
standards, coding, testing, release, and feedback. A core group of programmers creates
the application and distributes it to the community for early testing. After using the
application, the beta testers notify the programmers of any flaws and suggested fixes.
Before the application is made publicly available, the programmers make changes to the
source code to address the issues found [8].

A suitable framework that supports the creation of software by several teams or
contributors and their varied viewpoints can speed up innovation, optimization,
vulnerability-fixing, and time to market, according to years of experience in the field.
Such frameworks are used in many of today's software development projects by both
commercial and open-source software development teams. Both the open-source
and commercial development platforms help programmers advance their personal
development and skill sets. For many years, fundamental ideas in computer science
have been presented in textbooks. Since these texts are regularly updated, students have
access to an abundance of published material.

Over a long time since applications was first written, traditional education techniques
based on such literature have created proficient developers. The secret is not that students
have access to source code that they can simply copy from, but rather that professors and
educators are good in imparting significant concepts to students in a way that teaches
them how to develop their own code to implement those concepts. When they tackle
challenging or complicated challenges, skilled programmers can become recognized
for their personal contribution to software development, regardless of whether they are
using commercial or open-source software models [9].

Licensing. The licensing of software is the most fundamental distinction between
both the open-source and commercial software models. Commercial software providers
usually follow the conventional software licensing model, in which a consumer pays
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a price to use the program. Generally, the license only allows the consumer to use,
copy, or modify the program in accordance with its conditions. The freedom to alter and
redistribute the program are among the common characteristics of OSS, which is made
accessible under a range of license schemes. As with commercial software, the license
agreement is based on the copyright included in the software. Permissions and rights are
given with certain restrictions.

Generally speaking, these terms limit the software's future modifications and
distribution options rather than demanding payment for the program. The Berkeley
Software Distribution (BSD) License7 and the GNU General Public License (GPL)6
are the two main methods of licensing open-source software. All software derivatives
and later iterations must be licensed and distributed under the same conditions as the
original program under the GPL. The GPL-covered source code is perpetually covered
by the GPL. The creators of the GPL intended for it to be perpetual, which limits the
ways in which developers working on GPL software can create, distribute, or market
goods utilizing GPL source code. Developers may also encounter other difficulties,
such as figuring out if software created on a GPL platform for software qualifies as a
derivative work covered by the GPL [10].

Open-source Digital libraries Software. "Linux is a cancer that adheres itself
to anything it touches in the sense of intellectual property." Ballmer cited Linux as
an example of a program that makes use of the GNU General Public License (GPL),
which is owned by the Free Software Foundation. His major "issue" was that, if
open-source software is utilized in the creation of new software, the GPL requires
the software developer to make their code publicly available as well. Not to add that
the GPL went into effect in 2007, which allayed Ballmer's worries about the updated
version. Microsoft's aversion to open-source software reversed course in the 2010s
and they began to support this new strategy. This is just one example, but since it
concerns Microsoft's perspective, it's an important one. Further details on the increasing
popularity of open-source software will be provided in the paper's following part.
This will lead to a detailed explanation of the numerous benefits and drawbacks of
adopting OSS at a business level. The firms that utilize open-source software and the
circumstances in which using OSS makes sense are covered in the subsequent sections.
The businesses included in this section are essential to the creation and upkeep of the
OSS that drives modern commerce [11, 12].

Microsoft. As was previously indicated in the report, Microsoft was the firm that
resisted open-source software the most, but they have now changed their stance and
begun to support it. Microsoft had the most workers that contributed to GitHub projects
compared to other companies in 2016. It now collaborates with other top open-source
businesses like Red Hat. Several of its most well-known programs, such as the CNTK
deep learning toolkit, TypeScript, Redis, Visual Studio Code, PowerShell Code, and
NET development tools, were also made available as open-source projects. Along
with supporting Linux on its web-based computing service, it develops software across
several platforms [13].

IBM. One of the main companies that contributed to the Linux kernel was IBM.
It also established and contributed to several other open-source projects, including
OpenWhisk, Project Intu, and LoopBack. Most recently, it published the WebSphere
Liberty project under the Eclipse Public License. Additionally, IBM sponsors or is
a member of several prominent open-source foundations, such as the OpenStack
Foundation, the Apache Software Foundation, the Eclipse Foundation, and the Linux
Foundation [14].




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|75

Intel. With a 12.9% contribution percentage to the Linux kernel in 2016, Intel
was the corporation most actively involved in kernel development. It also sponsors
and participates in a number of open-source foundations, including as the OpenStack
Foundation, the Eclipse Foundation, and the Linux Foundation, just like IBM does [15].

Google has published more than 2000 open-source projects and made contributions
to them. On the list of the top GitHub contributors in 2016, it was ranked sixth. Angular,
which ranked fourth on the same list, is also owned by Google. Google has several
well-known open-source projects, including TensorFlow, Android, Kubernetes, Dart,
and Chromium [16].

Facebook. In 2016, Facebook rose to prominence as a provider of open-source
hardware and software, with the second-highest GitHub contributor count. Its most well-
known open-source initiatives are Relay, Flow, HHVM, and the JavaScript development
tools for React and React-native. [8] 4.6 Docker with over 8 billion downloads, the Docker
containerization technology has become one of the most popular open-source projects for
business customers and has emerged as one of GitHub's most downloaded repositories.
Docker software is particularly popular among firms employing agile and DevOps
methodologies, and the company states, "On average, companies utilizing Docker report a
7X boost in the number of times they're capable of shipping software [17].”

Adobe. With more than 250 publicly accessible repositories on the GitHub site,
Adobe has demonstrated its strong dedication to open-source. Developer tools such
as the PhoneGap web design structure, the Brackets text editor, and the Topcoat CSS
libraries are among its most well-known open-source products. Additionally, members
of the Adobe team frequently contribute to several other open-source projects, including
Flex, Felix, Apache Cordova, Gecko, Blink, and WebKit [12].

Formulation of the problem. In the field of developing commercial software, the
linkage to open-source libraries is commonly performed. This approach provides scores
of advantages for depending on it, including, but not limited to: The reduction of the
costs required for successful development; The ability to speed the development process;
The availability of a remarkable number of innovations created by the community. But
it came with a new set of problems such as security problems, license problems, and
problem of dependency. This paper discusses that currently there is the problem of
a lack of a clear understanding of the extent of using open-source components and
corresponding opportunities and threats in various commercial projects.

This research aims at providing a critical review and assessment of the consequences
associated with the implementation of open-source libraries in developing and creating
business-oriented software products. The study thus seeks to embrace not only the
advantages of adopting open-source libraries but also the disadvantages where by this
detailed investigation will enhance the perception developers, project managers and
decision makers will enjoy as they make decisions on the necessity of integration of
open-source libraries into decisions. Therefore, the findings of the research will help in
advancing the current knowledge on how to optimally implement open-source software
without the bearing the negative consequences of free software, thus improving on the
usage of open-source solutions by the commercial world.

Purpose of the study. Open-source libraries have been employed in commercial
software development and this study aims at ascertaining the benefits realized together
with the danger of engaging in such practices. It is supposed to evaluate advantages,
like the lower cost of manufacturing and getting access to modern technologies, and
threats, like the compromising of security and the violation of the licensing agreement.
Thus, this study aims at looking at the effects on the development processes in order to
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understand the recommendations and procedures for integration. These results will be
of great value for the developers and managers who will be able to improve the strategic
application of open-source resources. It is thus safe to say that this research benefits the
existing literature on open-source software by being one of the few that links theory to
practice within the commercial realm.

Research analysis. While earlier developers considered OSS elements to be a
non-cost delivery method, it gradually evolved to the proposition where business
organizations have to invest time into using them. Thus, it made the ease of software
customization and the possibility of turning to community/commercial sources as a
priority when it comes to comparing different software [18]. The routine scanning for
license compliance with the SBoM for software is being integrated by the use of SPDX;
instance, by Siemens AG [19], OSTG [20], the Linux Foundation [21]. Most studies that
have been conducted in the last few years have addressed various phases in the adoption
of OSS components.

On the other hand, the usage and the degree of companies’ engagement with OSS
components have grown higher, however, there are limited sources available describing
the practices follow in companies to support the OSS components’ adoption. Some of
the more formalized schemes for evaluating OSS software described 10 years ago by
Yilmaz et.al (2022), their contemporaries have now disappeared from the academic
and practitioner discussion and more recent studies have revealed that trends regarding
the attitudes of the businesses toward the OSS components are evolving [22]. The
most important factors for developers were the flexibility of software modification,
the presence of available support from either the community or from a paying source;
the most important factor for their managers was commercial support. As for the other
elements, which were considered less but still relevant important, these were quality,
flexibility, maturity and reliability [18].

The idea of OSS component adoption is not as straightforward as looking for
functionally suitable software as the case might imply [23]. Companies have to make
additional decisions, for instance, the software licence of the component taking into
account the licensing strategy of the business [23]. A current initiative to create such
structure is the Linux Foundation’s Open Chain project [24], which has developed some
standard, including SPDX , which does allow for automated compliance checking, for
instance [25].

Fendt and Jaeger (2019) and Harutyunyan et al. (2019) discuss the issue of the
extensive large software product containing OSS licensed components. Fendt and
Jaeger (2019) explain the case of Siemens AG in terms of integrating the tool chains for
the license compliance checking into CI/CD. One consideration is that the procedure for
clearances of the license or the determination of the licensing of source code rather than
accepting the word of the packager is costly and in a rich SBoM has to be carried out
only once per package [19, 26]. Following are the summaries of the problem by Richle
and Harutyunyan (2019), some solutions and some of the research questions that remain
unanswered. Yes, automation can be used but solutions now are constrained hence more
tools need to be created [26].

Main presentation: Advantages and Disadvantages of Open-source libraries

Both the advantages and disadvantages of OSSs are many. However, the benefits
outweigh the disadvantages. The next sections address the advantages and disadvantages.

Advantages of OSS

0OSS’s have more benefits over proprietary software’s. Some of the advantages are
as follows:
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* Error free software: Like in computational programming there are multiple
chances that the software might crash or any other bugs that occur, it is always preferred
to be given the source code of the program so that anyone can handle the occurrence of
the errors. This is an advantage against the commercial software’s where modifications
are done by either only professional and we have to wait until they resolve the issue and
come with a solution. The only course of action that a user can take here is to inform
the developer about the problem, for these reasons OSS are more flexible and errors are
more quickly handled than in Commercial software’s [27].

* Availability of source code: One of the major components of the current procedure
is the source code, and it cannot be utilized for commercial software’s. In open-source,
codes of source are available to all users by viewing while in the other types of software,
it is only visible to a developer or a programmer [28].

e Modification and Redistribution: The most noticeable characteristic is, that not
only the source code is delivered, but the source code can even be modified regarding
our specifications. They can even be redistributed under the same conditions, and this
would favor the future users [29].

*  Security purposes: Even if these people do not know fundamental facts about
software, they try to convince people that closed software are safer than OSS which
is not true for people who know about OSS and its advantages over closed software.
For security and merely for maintenance of the OSS it is mandatory to state your OSS
with the license terms. And the same terms of usage and rules are provided if the given
software is altered and redistributed [30].

* Customization: However, when it comes to active usage of software in an
institutional framework, there is always a requirement of a person having a copy of a
particular software. This is due to the fact that whenever we are handling commercial
software we are at a disadvantage of having no individual modeling of the particular
software. As with a point of view, we are always expected to call to the developer any
time we want to make any changes to the software, which is time consuming and costly
each and every time we get to consult the programmer. The advantage of OSS is that in
utilizing OSS we are able to incorporate any language that we like which is not possible
in commercial software [30].

* Avoiding Lock-in: It becomes costly high in any time when that organization is
already using software then every time if it wants to opt for software then it becomes
high cost and the organization is bounded or we can also say locked. To get bounded
to software which was adopted for doing a job is not a deal of being satisfied with, in
regards an institute. Software have their lifespan unless there is another one with some
new flexibility feature in the market. OSSs do not contain such types of locks and the
user can use any particular software when they desire [31].

* Costs: Normally OSS is free and in case of sometime training, support or
maintenance charge is very minimal, in fact which is also incomprehensible by any
small institute [32].

Disadvantages of OSS

There are very less disadvantages of OSS’s. Some of them are mentioned as follows:

e Warranty validity: The warranty clauses are as follows but they are valid for
certain conditions. For instance, if the customer experiences a problem with the code
during modification, then what he or she is experiencing disqualifies the warranty
sentences [33].

*  No development guarantees: An element of uncertainty is the fact that in a
given period there might not be any development at all. If the code is not in action,
implementations of the software on the other hand will be primitive. As far as any user
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does not compile the source codes and does not make any changes in it, no growth of a
software can be seen [34].

*  Performance: The commercial software’s may be faster than the OSS’s, because
its is receiving more traffic than the commercial software’s. Thus, the highly profiled
companies give preferences to the commercial software’s rather than the OSS’s [34].

*  Maintenance costs: As it mentioned always it is free software most of the time
90% of the cost shows that it is just for the Maintenance [35].

* Trademarks: As for the OSSs developed by a given company, there are some of
them do not desire to eradicate their trademark. This is a sort of deceptive Danish end
user who needs to alter it, and once more resell it without trademarks [36].

»  Certifications: The clients nowadays are in a position to pay for brands instead
of choosing things that may be cheap, because the focus is on quality not the price. That
is a known fact that commercial software’s are very costly ones, but they may contain
more efficiency than free software’s [37].

Many of the advantages are the same as those reported in the literature, but some new
information also emerged, such as the additional business functionality provided by OSS
and the creation of de facto standards. Only two of the technical disadvantages of OSS that
have been documented in the literature—compatibility problems and a lack of experience—
are supported by the study's findings. It was shown, therefore, that the issue of lack of
competence is typically more closely linked to an absence of knowledge about OSS. The
main perceived disadvantages were found to be inadequate documentation, an excessive
number of interfaces, limited functionality, and a deficiency of roadmaps (Tables 1-3).

Table 1
Technical Benefits of OSS
Reliability The majority of literature listed reliability as one of the primary
technological advantages in terms of high application availability
and dependability.
Security The majority of literature felt that OSS offers superior security since it is

readily available, poses less of a risk from viruses, and prioritizes security
during the product design process. Two businesses believed that OSS
would not improve security
Quality Regarding improved quality from peer reviews and the caliber of
developers and testers, the majority of literature said that quality was
beneficial. According to two companies, this was limited to high-end,
established OSS programs like Linux.

Performance Literature mentioned having good capacity and fast performance. Three
have not yet seen more proof of OSS's effectiveness, and two were unsure
if OSS outperformed proprietary.

Flexibility of Use | Advantageous to the majority of literature because it permits flexibility,

personalization, experimentation, and alteration

Developer & Very advantageous for the majority since it guarantees that OSS is current
Tester Base and of high-quality software.

Compatibility | Many stated that because OSS is very interested in preserving formats for
improved interoperability, it helps to ensure compatibility. The remainder
had not observed any proof of this or thought it was not worthwhile.
Harmonization Enhanced standardization of procedures and activities related to

interoperability
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Table 2
Business Benefits of OSS

Low Cost

When it came to lower license costs, software upgrades, virus
protection, and the overall cost of the package — that is, the software
plus service — half of the literature thought this was advantageous. The
other half believed there was no advantage at cheap cost.

Flexibility by licenses

Most people believe to have a major influence on lowering capital
expenditure in businesses

Escapes vendor
lock-in

Extremely advantageous for the majority since it allows for
independence from commercial sellers, a sense of control, and freedom
of choice. Two businesses believed that OSS may also be affected by
vendor lock-in.

Increases
collaboration

Increased cooperation is advantageous to most parties since OSS makes
it easier to develop new products, cooperate and share expertise, creates
new avenues for collaboration, and allows businesses to share costs.

Encourages
innovation

The majority concluded that having access to the source code promotes
more creativity by generating ideas and technical innovation while also
expanding avenues for innovation.

Extra business
functionality

Advantageous as it makes it possible to maintain small teams, which
enhances output and communication

De facto standards

Not the only business taking action. It would be advantageous to
create a standard that enables the business to concentrate on its core

competencies.
Table 3
Technical Drawbacks of OSS
Compatibility Issues Not implicitly disadvantageous but some businesses involvement
compatibility difficulties with present technology, skills and tasks
Lack of Expertise While it's true that the typical lay employee lacks experience, this

might also be due to a lack of knowledge of OSS.

Poor documentation

Outdated documentation or maybe lost during development

Proliferation of

Various builds frequently make it difficult to decide which one to use.

Interfaces
Less Functionality Integration level inferior to that of Microsoft
Lack of Roadmaps Makes it challenging for businesses to identify a strategic direction
for the great majority of their goods. The majority of items lack a
strategic purpose.
Table 4
Business Drawbacks of OSS
Lack of support The majority said there was not any security since there was no

organization to support it or any kind of help

Lack of ownership

It is impossible to hold someone accountable or liable for issues

Access to the source
code

The possibility that certain employees would feel uneasy about
disclosing source code. Lack of understanding on this matter

Insufficient marketing

OSS is not owned by a single entity, nor is there a marketing
budget, therefore word-of-mouth advertising is the main
source of OSS.




| Taspiliceknit HaykoBui BicHHK Ne 3

80|

Continuation of table 4

Investments for training Four businesses stated that Linux required more training
expenditures than Windows. On the other hand, it was discovered
that e obtains superior quality OSS training.

Finding the right staff/ | Finding employees and developing their skills to work using OSS
competencies apps may be challenging.

It was discovered that managers face more difficulties dealing with the commercial
disadvantages listed in Table 4 than they do with their technical equivalents. For
instance, the bulk of the enterprises regarded a lack of help as a serious disadvantage.
Teams of technicians from a few of the businesses are available for internal support. But
for many smaller companies, this isn't always an option.

The research paper under consideration presents the reader with information on how
artificial intelligence and computer programs have affected translation. It poses a question
of whether any of the existing traditional approaches to the translation could be substituted
with the machine-aided method and underline the importance of further analyzing and
sharing the experiences of employing the new technologies in the field of translation.
Machines, especially neural networks, are considered in the context of the translation,
education, and work with the mention of the outcomes. Different authors pointed out
that using machine translation it is possible to improve the educational process, but at the
same time, the activity of a human translator should have to be preserved.

It also presents a brief on competencies necessary for translators in the new
world and an acknowledgment of post-editing in machine translation. Machine and
automated translations are discussed and weighed and the most common programs used
for translation such as DeepL, Google Translate, and Microsoft Bing Translator are
discussed. The features of such programs are:

— the languages the programs support,

— various translation limits,

— an overview of other functions.

The analysis results that have been underlined are the further discussion regarding
the effects of Al and computer programs in translation, the future research and
generalization of the application of the technological advancement in translation, the
importance of the MT as an add-on for learning particularly in the classroom setting, the
shift of competencies of translators in the new technological environment, the necessity
of post-editing of the MT and the distinction between MA and automatic translation
[38].

Conclusions. Finally, this paper has expanded on the former existing research reviews
on OSS advantages and disadvantage for practitioners by discussing the functional and
commercial advantages and disadvantages done by the managers in the firms in the
ESSS. Whereas the features like having the source code and being able to modify it has
contributed in defining many technical advantages such as reliability, security, flexibility
of use and performance. Within it, it was also established that such benefits were far
superior to those of proprietary software. The business gains established in the research
were also equal to the interviewees’ gains equivalent to technical gains particularly the
vendor locking avoidance, collaboration, and innovation gains. Nonetheless the user
support from a community is very advantageous to OSS as whoever is employing the
software is served by a proactive community of believers ready to assist with queries.
Out of the identified firms, only one considered possible business advantage of adopting
OSS as user support from the community.
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The remaining companies indicated that support from the third party such as consultants,
professional software houses were more appealing. Some technical disadvantages
discovered in prior studies; for instance: different versions, installation issues, security
issues, OSS is not as friendly and getting support and updating of OSS were not found
to be serious limitations by the subjects, unlike proprietary software, OSS is less user-
friendly and there was little evidence of companies having installation issues. Last but not
the least, the business impacts discovered into the study reveal a similar picture as seen in
the research findings of previous studies. Nonetheless, these disadvantages seemed to be a
higher thorn in the flesh according to OSS than with their technical counterparts.
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conditions of critical and general cases. The influence of economic forces, such as prices, sales
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considered. The purpose of the work is to study the stability of the market equilibrium of two
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ential equations is introduced that describes the dynamics of the market for two interchangeable
goods. It is shown that the stability of the market equilibrium of two interchangeable goods
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first-order model of two interchangeable goods in the general and critical cases are obtained.
The stability of the equilibrium of a first-order model of two interchangeable goods is studied
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Examples of stable and unstable equilibria of a first-order model of two interchangeable goods
are given. In particular, it was found that: if the prices for both goods are low enough, then the
market equilibrium is stable; if the prices for both goods are high enough, then the market equi-
librium is unstable; If the price of one good is low enough and the price of another good is high
enough, then the market equilibrium can be either stable or unstable, depending on the values
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binoycosa T. I1. /locnioxncenns punKy 080X 63aEMO3AMIHHUX HMO6API6 HA CMITIKICD

Y yiti pobomi oocnioxcyemucs pienosaca mooeni puHKY 080X 63AEMO3AMIHHUX MOBAPI6
8 YMOBAX KPUIMUYHO20 MA 3A2aNbHO20 GUNAOKIE. Po3enadacmvcs niue eKOHOMIUHUX CUTl, AKUX
AK Yinu, odca2u npooaxcy, iHmeHCUsHICMy KOHKYPeHYii ma napamempu mMooeni Ha CmilKicmo
pisHosazu. Memorw pobomu € 00CHIONCEHHS CMIUKOCMI PIBHOBASU PUHKY 080X 83AEMO3AMIH-
HUX MOBAPI8 3aNeHCHO 8I0 eKOHOMIYHUX CUNl ma napamempie mooent. Ilpu 0ocnioxcenHi uko-
PUCMOBYIOMBCS MEMOOU MAMEMAMUYUHO20 MOOENIOBAHHS, OUpepeHyiabHUX PIBHAHb ma meopii
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cmitikocmi. 3anposadacyemupcs cucmema OupepeHyianoHux pieHsaHb, W0 GUSHAYAE OUHAMIKY
PUHKY 080X 83acmo3aminnux mosapie. Iloxkazano, wo cmiikicmy pieHosacu puHKy 080X 63A€MO-
SAMIHHUX MOBAPIB 3aNeHCumyb 810 3HAUEeHb eKOHOMIYHUX CUlL ma napamempie mooeii. Ompumano
PIGHANHSA pIgHOBAcU MOOeNl Nepuioco NOpsoKy 080X G3ACMO3AMIHHUX MOBAPIE V 302ATbHOMY
ma KpumuyHoMy 6unaoxy. Jocniodceno cmiikicms pieHoazu Mooeni nepuiozo nopsaoky 080x
63AEMO3AMIHHUX MOBAPIB 3ANENHCHO 8I0 eKOHOMIUHUX CUTL NPOOABYIE, MOP2OBYLE, Oepicasu ma
napamempie KouKypeHyii. Haeeoeno npuxiaou cmitikux ma Hecmitikux pieHoeae mooeni nep-
1020 NOPAOKY 080X 83AEMO3AMIHHUX Mosapis. 30kpema, OYI0 6CMAHOBNIEHO, WO: AKWO YiHU HA
06u08a Mosapu € 0OCUMb HUZLKUMU, MO PIBHO6A2A PUHKY € CMILKON, AKWO YIHU HA 00U08a
mosapiu 00Cumb 8UCOKI, MO PIBHOB8A2A PUHKY € HECMIUKOIO, AKULO YIHA 00HO20 MO8apy 00CUmMb
HU3bKA, a YiHa iHWOo20 Mogapy 00CUMb GUCOKA, MO PIGHOBA2A PUHKY MOdice OYmu K CMIKoIo,
Max i HeCMIUKO0, 3ANIeHCHO 810 3HAUCHb THUUX eKOHOMIYHUX cull i napamempie mooeni. Cyuachi
Mamemamudri Memoou eparoms 0edani Oiibuly ponb 6 ekonomiyi. Pesyiomamu 0ocniodcenHs
MOJICHA BUKOPUCIOBYBAMU 011 NPOSHO3YBAHHS NOBCOTHKU PUHKY 080X 63AEMO3AMIHHUX MOBADIE
3A1EHCHO 8i0 3MIHU eKOHOMIYHUX YMOB. A MaKoxHc Moxcyms Oymu 6UKOPUCMAHI O pO3POOKU
pexomenoayiti w000 Ynpasiintsa PUHKOM 080X 63AEMO3AMIHHUX TOBAPI6 3 Memoio 3abe3neyenns
11020 cmitkocmi.

Knrouosi cnosa: punok 060x mosapie, 63a4€MO3aMIHHI Mosapu, pieHosaza, cmitkicms, ouge-
PEHYIANbHI PIBHAHHA, YIHO6A e1ACMUYHICTb.

Introduction. The study of market equilibrium, in particular the equilibrium of
the first-order model of two interchangeable goods, has a rich history that goes back
to the early stages of the development of economic theory. L. Walras is considered
one of the founders of neoclassical economics. He developed a general equilibrium
model that describes how prices and volumes are determined in all markets of the
economy simultaneously. His work paved the way for further studies of equilibrium
in the markets of individual goods [1]. D. Marshall expanded the Walras model,
including the analysis of supply and demand, as well as the behavior of firms. He also
investigated the effect of time on market equilibrium [2]. F. Knight investigated the
dynamics of markets for two interchangeable goods, focusing on the role of uncertainty
and expectations. He also analyzed the influence of information and institutional
structures on equilibrium [3]. R. Solow developed a model of economic growth that
describes how factors of production, such as capital and labor, affect the long-term
growth of the economy. P. Krugman, explored various aspects of market equilibrium,
including international trade theory, macroeconomics, and public sector economics.
The study of market equilibrium remains a relevant topic. Increasing globalization has
led to increased competition in world markets, which makes understanding the factors
that determine market equilibrium even more important. Rapid technological progress
leads to constant changes in the structure of the economy, which makes it necessary to
constantly update market equilibrium models [4]. The economy faces many sources
of uncertainty and risk, such as changes in commodity prices, political instability and
natural disasters. Understanding how markets adapt to these changes is important for
designing effective policies [5]. Researching the stability of substitute goods markets
is an urgent task in the modern economy. In the conditions of globalization and the
development of e-commerce, competition between goods is increasing, which leads
to changes in their prices and sales volumes. Understanding the factors affecting the
stability of markets of substitute goods allows us to predict their behavior and develop
effective measures of state regulation [6]. The study of market equilibrium allows us
to better understand how economies function, predict the behavior of markets, and
develop effective policies.

Formulation of the problem. Let's consider a market model of two substitute goods
[7]. Let us introduce the following notation: p, () is the price of a unit of the jth product
at time t; p‘? is the equilibrium price of the j-th product; ¢, (t) is the number of units
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of the jth product sold at time t; q - equ1hbr1um number of units of the j-th product
at price p] P, — lower threshold value of the price of the j-th product associated with
the seller’s costs incurred; p is the upper ceiling value of the price of the j-th product,
above which buyers refuse o purchase this product. Let ¢, (p) be a function of sales
volumes of the jth goods at market prices p = ( D Pz) The mathematical model of the
market is presented in the form of a system of differential equations [8]

. wle-p')p di(p-p)p
p= PV PO () o ()i,

w0 dy(p-pi )P
pr=- 2(;2_;;) - z(pf*_pzz) 2—Cz((Pz—pS)—(pl—pf))+%(pzqz(p)—p343),(1)

where p; <p;< pj-*, j=12, and, v,, d i, €, I; are positive parameters of the
model that characterize the intensity of economic forces.
Let us assume that the functions of sales volumes are specified linearly according to

the formulas q,(p)=q,?£1—%(p, —P‘?)‘F%(Pi —P?)], Ji=12,j#1i,
I i

where e, is the price elasticity of demand, and €¢; is the cross price elasticity [8].
These quantities are determined by the formulas:

v 0q,(p’ 0 oq; (P’
ej:_p_é ‘/( )’ ejk:p_g j( ),j,k=1,2,j¢k, atpOint poz(plo’pg)
q;, Op, q;, Op;

Presenting main material. /. Stability of balance. Note that model (1) has an
economic equilibrium p = p0  p, = ps. To study the stability of this equilibrium, we
will make a change of variables in system (1) y, = p, — p_(;, j =1,2, having previously
substituted expressions for functions of sales volumes, and use the following notation:
p;= P? - P; — seller’s surplus price, p7 = pj - p? —consumer price surplus. Then we
obtain a system of differential equations for the components of the vector ¥ = ( Wi yz)
in the following form:

) vply, dply e e
W= - e (v ) [(1—6.)% +enpnY, ——5 Vi +%y1yzj,
W+tb b= 2 b,

. oy, d,ply e e
b :_#_%_Q (yz —yl)+r2 ((l_ez)yz +621p21y1 _720)’22 +2(1)y1y2j5 2)
W*tDP, DPy— ) )2 2

where, p/ <y, < pj 7 =1,2 . Here, the economic equilibrium corresponds to the ori-
gin of coordinates y, =y, =0.
Let us select the linear and nonlinear parts of the equations of system (2) by writing

»==S»+Ry, +1 (yl,yz), =Ry -85y, +Y, (ylsyz)' (3)
Here for the linear part it is assumed

0 0 0 ..
S,=v,+d, +c,~r(1-¢)), R =c +r,ple,. pj=p/[p], ji=12. @
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where S, is the safety margin of the market for the jth product. The nonlinear part
is determined by the expression

r.e i
Y, (y00) =M,y +-
Py
where o S" y||3 ) means at y — 0 a value of the order of smallness above the third, and
it is assume

Vi —szyj +0(||yj||3), Jk=12j#r,

v, d. 7.

H,=——-— M =H e H,

J ' "’ 1 lj_ [
/ J

Vi J
= T + n2 5
pjz p,z )

J

The first approximation model of system (3) takes the form of system

{J'/l ==S» +RYy,,

. 6
=Ry, = 8,55, ©

whose characteristic equation is given by the equality
Kz—k(Sl +8,)+5,S, -RR, =0. (7

According to the Rouse—Hurwitz criterion and the first approximation stability the-
orem, the conditions for the asymptotic stability of the equilibrium of system (3) are
determined by the inequalities 1) S, >0, S, >0; 2) S,S, —R R, >0.

These conditions suggest the following economic conclusions:

1. The safety margin of each of the products of market competitors must be strictly
positive (vj +d, +c; -, (1 - ej) >0,j= 1,2). In particular, it follows that the intensity
of competitive forces plays a stabilizing role in the sustainable development of the mar-
ket. The same positive role is played by the property of price elasticity of competing
goods(e1 >1, e, 2 1) .

2. The product of safety margins of both goods must be strictly separated from zero
by an amount no less than the product of the intensity of the forces of competition, since
RR>cpc,.

Further study of the stability of the economic equilibrium of the model is primarily
related to critical cases when one of the roots of equation (7) has a zero real part. It is
easy to verify that, taking into account the inequalities R; >0, =1,2, the model is only
possible in the critical case of one zero root, for which the problem of stability is studied
below. Consequently, in all other situations the equilibrium is unstable, which follows
from Lyapunov’s theorem on instability to the first approximation.

2. The critical case of one zero root. From equation (7) it is clear that such a case
occurs when

S.S, =R R, (®)
end

S, >0,8, >0. ©)
To study the stability of economic equilibrium, we make a change of variables in

system (6)
X, =y, Y=antan,, (10)
where the coefficients @, and a, are to be determined, and the non-degeneracy
of the proposed transformation means that @, # 0 .We require that, as a result of such
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a replacement, x =0. In this case, the coefficients ¢;, j =1,2, satisfy the following
system of equations:

{Slal—Rzaz =0 an

Ra, —S,a,=0.

Based on requirement (8), the determinant of such a system is equal to zero. Therefore,

to find coefficients g, and @, we can take, for example, the first of the equations
S\a, —R,a, =0 (12)

Taking into account (8), solution (12), which meets the requirement a, # 0, exists
only for R, #0, Sa #0. Consequently, equation (12) has the family of solutions
a, =R, b/S,, a,=b#0, where the parameter b will be refined further in order to
simplify cumbersome expressions.

Thus, the desired change of variables (10) has the form

x=R,by, /S, +by,, x,=y,b#0. (13)
This implies feedback between the variables
Y=x,y,=x/b—R,x,/S,,b#0. (14)

As a result, linear system (6) is transformed to the desired form

x=0,
X, =—(8,+S,)x, +R x/b, b=0.
Replacing variables (13) of the system under study (3) results in the nonlinear part of

the second equation to the form X (x,x,)=R,bY, (y,,3,)/ S, +bY,(,,¥,), in which the
variables (y1 » Vs ) should be replaced by the formulas (14). The nonlinear part X, ( X, X, )
is similarly transformed. As a result of such transformations we obtain the system

)'ch(x,xl),
X =—(8,+8,)x +Rx/b+ X (x,x,), b#0 15

where, taking into account notation (5), we can write the nonlinear terms in the form

M S? S S, re re, |S
X(x,xl):fx2 +[M12R—22+M11 Fz—(fﬁ+%l—zjbﬁ +
1 1 1 2 1 1

0 0 22 p3
b R, R; 1 1

M 3
+ iﬁ+—rze‘” —27‘25‘2 xx, +| H 5, —iH21 bx} —széx3 —i—?;szlixlx2 -
R P’ R b bR

2

S
-3H,, R—zlezx + 0(||(x,x1 )”3 );
1

S
o) = M e o)
271 2

Putting X’ (x)=X(x,0) and X,°(x)=X,(x,0), we are convinced that for the
smallest powers in the variable x the following relations hold:

min deg(X]O (x)) = min deg(X]O (x,O)) > min deg(Xo (x)) = min deg (X (x,0)).
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Therefore, we can move on to the next stage of studying the critical case. Bearing in
mind that in equations (3) the variables were replaced according to formulas (13), we
equate to zero the right-hand side of the non-critical (second) equation of system (15):
—(S,+8,)x, +Rx/b+ X, (x,x,)=0.

Let us find the solution x, = /(x) of this equation in implicit functions using the
method of undetermined coefficients, putting f (x) =ox + sz + yx3 +.... When finding
the coefficients of a power series f (x) , one should take into account the fact that the
minimum degree with which x, enters the expression X (x,x,) is degree two. Note
that the parameter 3 after the replacement x, = f (x) is included in the nonlinear part
X (x, X, ) , starting with the coefficients of the third power of x ; subsequent parameters —vy,
etc. are included in the expressions for X (x,x, ), starting from higher powers of x,
therefore, if we limit ourselves to only the coefficients of the first and second powers,
such terms will not be included in the consideration. Equating the coefficients at the
same powers, we find o and B from the system of equations

(—Sl—Sz)oH%:O,

[M“—rlelzﬁjau”‘;nba (-5, - S,)B=0.

2

Let us set here h=1/(S, + 5, )2 , then taking into account inequality (9) we obtain a
solution to this system:

=(S,+8,)R, s B=(S,+S,)R ( ,pzM”+rlele)/pg. (16)

Thus, taking into account formulas (16), the right-hand side of the first equation
of system (15) is transformed to the following form: X (x,x,)=Fx* + Gx’ + 0(||x||3),
where using the equality R, = S,S, / R, (critical case condition) we will have

0

R p, p

re R, re re
) ! ézj(ZM“SZ —-2M,R, +[?21—(')2+ 2 21](S -8 )J

2 1 P P

F=M,S?+M,5,R, +£S B4 rZeleSR

G= (RfM“ +RS

_(Sl +S2)(H22513+S2R12H21)- (17

Note 1. If in our studies we use not the first of equalities (11), but the second, we will
obtain formulas for £ and G similar to formulas (17), but with the replacement of the
indices 1 by 2 and 2 by 1, namely, we will have the expressions

o

S,
F=M,S>+M,SR, J{ Ll re”js R,
R, p P

G:(RZZM]2+R252FZ—8021J 2M1251—21\4,1RI+(5V2621 reu](s e
S, p y 2

P !

_(Sz +Sl)(H21S23 +SIR22H22)' (17*)
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Thus, the conducted studies of the model lead to the following statement.

Statement 1. The economic equilibrium p;, = PIO , Dy = pg of the market of two inter-
changeable goods is asymptotically stable if the margin of safety of each of the compet-
ing goods is strictly positive, i.e. i + ¢ +¢ =7, (1-¢)>0  Vatdy e, - (l-¢)>0,
and one of the following two conditions is met:

0 0
1) (vl +d +¢ —rl(l—e]))(v2+d2+c2—r2(1—ez))>[cl +;f1§‘0€12J(c2+r21;(2)e21j, or

2 1

0 0
2) (v1 +d, +¢ —rl(l—el))(v2 +d,+c,-r, (l—ez)):[c1 +”1§10612J[C2 +r22(2)e21}

2 1

F =0, G<0,where the values of F and G are determined by formulas (5), (17).

In all other cases, except ' =0, G =0, the equilibrium is unstable.

In the case of /=0, G =0, further research is needed.

Note 2. It is easy to show that with appropriate values of the model parameters,
the quantities F* and G can take on values of different signs, including vanishing.
Therefore, each of the options for the signs of the quantities /' and G indicated in the
statement can be implemented.

Note 3. In the critical case, in contrast to the study of the stability of economic equi-
librium using the first approximation system, the conditions of stability or instability are
cumbersome expressions that include all the parameters of the mathematical model. To
explain these conditions based on the expressions F and G , let us consider the so-called
absolutely symmetric case. We are talking about a situation where both competing prod-
ucts correspond to completely matching values of” the n”lodel parameters, namely, v=v,,
d=d;, c=c;, r=r, P=P2, pi=p, Pi=P | j=12 e=¢=¢, ¢,=¢,,
In this case we have R=Sand then F =25’ [l_i_r_e_’_re_,z

pr pﬂ pO pO
the conditions that FF=0 or F #0 are respectively equivalent to the relations:

v d_ r(e—e,) oV d r(e—e,)
PP A

From an economic point of view, the first of these equalities means a certain parity
between producers, consumers and the state, taking into account the properties of price
elasticity of demand and cross-price elasticity. Therefore, it follows from the theorem
that if this parity is violated, i.e. F' #0, the model is unstable. In the case of =0,
the expression for G is simplified and takes the form G =—-4S*H, <0 . Therefore, we
obtain the asymptotic stability of economic equilibrium.

3. Constant sales volume. For a special case with a constant sales volume ¢ (P) = 61_(; ,
j=1,2, the model is described by a system of differential equations

_wle=p')p d(p-p)p!
bi=- '(pll_p}) - 1(p11*_];1) ~eni(p-pl)-e((p—p))-(p. - 1)),
v,(p=p5)ps dy(pr—p3)PS

R (=) =a((p-p2)=(m-l)).

J. Consequently,
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The conditions for asymptotic stability in the first approximation for such a system
are given by the inequalities 1) S, >0,S, >0;2) §,5, — ¢, >0, where the safety mar-
gin of competing goods is determined by the formula S, =v, +d +c, j=12.
For the critical case, when S5, =cc, formulas (17) respectlvely take the form
}7_1_]12‘5'12 +H11S2R1 ° G_2H11R1 (HHSZ HIZRZ) (Sl —i_‘SVZ)(PIZZ‘SI3 +H21S2R12)'

Formulas (17*) are transformed in a similar way. In this case, the conclusions of
an economic nature noted in Note 3 are formally obtained under the condition that
price elasticity (e =0) and cross-price elasticity (e, =0) are equal to zero. At F =0,
ie.H,=-H,S,c /S, and S,S, =cc, (the condition for the critical case of one zero
root), the expression (; is transformed to the form

G=(S,+8,)(2H},c]S, — H,,S! - H,,S,S,¢ )/ S,.

Therefore, here the conditions forasymptotic stability and instability, respectively, take
the form of inequalities ¢S, (2H;, = H,,S,) < H,S} end ¢S, (2H}, — H,,S,) > H,,S;.

3.1. The case of identical parameters of competitors. If, as above, we assume that the
goods are competitors are equal, i.e. their parameters completely coincide, then

F =SH (S+c). Provided that F=0(i.e. H,=0) and S=R=c (the condition
for the critical case of one zero root), the expression G is transformed to the form
G =—4c*H,. Therefore, the following statement follows from Statement 1.

Statement 2. Let the following conditions hold for a market of two interchangeable
goods:

) v=v,,d=d,, c=c;, r=r,, p= p.p=p ., pi=p", j=12, e=¢=e¢,
€ =€

2) sales volumes are constant ¢, (p)=q ;. =1, 2

Then the economic equilibrium p, = 28 Pz Py is asymptotically stable if one of
the following two conditions is satisfied: 1) v+d >7 or2) v+d=r, l{ = i” .

In all other cases, the equilibrium is unstable. PP

BIBLIOGRAPHY:

1. Walras L. Elements d'Economie Politique Pure. Revue de Théologie et de Philoso-
phie et Compte-rendu des Principales Publications Scientifiques. 1874. Vol. 7. P. 628—632.
URL: https://www.jstor.org/stable/443464567seq =1#metadata_info tab contents

2. Arrow K. J., Debreu G. Existence of an Equilibrium for a Competitive Economy.
Econometrica. 1954. Vol. 22. Issue 3. P. 265-290.

3. Risk, Uncertainty, and Profit (Boston MA: Hart, Schaffner and Marx; Houghton
Mifflin), 1921. 381 p.

4. AupapeitunkoBa A. M. EBourollis ODISIiB Ha PoOJIEMy PU3HKY B CKOHOMIYHIH
Hay1i. ExonoMiunmii BicHuk HartionansHOro TipHHUOoro yHiBepcuteT. 2014. Ne 1. (45).
C.38-49.

5. He6ena I. M. Knacudikanisi craHiB CUCTEMH 3a BEKTOpOM HapameTpiB. TaBpiii-
cpkuii HaykoBHH BicHUK. Cepist: Ekonomika. 2022, Nell. C.114-119.

6. lumosa I.O., Jlapuenko O.B. Mozeni i MeTOM IHTENIEKTYAIBHOTO aHATI3Y TaHWX:
HaBYaJIbHUHN MociOHMK. XepcoH : Kumkkose BunaBHunTBO @OIT Bumemupeskuii B. C.,
2021. 142 c.

7. Binoycosa, T. (2021). MaremMaTiuHa MOJICNIb ONTHMAJIBHOIO PHHKY OaraTbox
toBapiB. TaBpilickkuil HaykoBUi BicHUK. Cepisi: Ekonomika .2021. Ne10. C. 135-142.

8. Podlubny I. Fractional Differential Equtions. Mathematics in Science and Engi-
neearing / I. Podlubny — Academic Press, San Diego, Calif, USA, 1993.




| Taspiliceknit HaykoBui BicHHK Ne 3

94|

REFERENCES:

1. Walras L. Elements d'Economie Politique Pure. Revue de Théologie et de
Philosophie et Compte-rendu des Principales Publications Scientifiques. 1874. Vol. 7.
P. 628-632. URL: https://www.jstor.org/stable/44346456?seq =1#metadata_info tab
contents

2. Arrow K. J., Debreu G. Existence of an Equilibrium for a Competitive Economy.
Econometrica. 1954. Vol. 22. Issue 3. P. 265-290.

3. Risk, Uncertainty, and Profit (Boston MA: Hart, Schaffner and Marx; Houghton
Mifflin), 1921. 381 p.

4. Andreichykova A. M. (2014) Evoliutsiia pohliadiv na problemu ryzyku v
ekonomichnii nautsi [Evolution of views on the problem of risk in economic science].
Ekonomichnyi visnyk Natsionalnoho hirnychoho universytet — Economic Bulletin of
the National Mining University, 1(45), 38-49 [in Ukrainian].

5. Debela 1. M. (2022) Klasy fikaciya staniv sy stemy’ za vektorom parametriv
[Classification of system states by parameter vector]. Tavriiskyi naukovyi visnyk. Seriia:
Ekonomika — Taurian Scientific Bulletin. Series: Economics, 10, 114-119 [in Ukrain-
ian].

6. Dymova H.O. & Larchenko O.V. (2021) Modeli i metody intelektual'noho ana-
lizu danykh: navchalnyy posibnyk [Models and Methods of Data Mining: Tutorial].
Publishing house FOP Vyshemyrskyy V.S. [in Ukrainian].

7. Bilousova T.P. (2021) Matematychna model optymalnoho rynku bahatokh
tovariv [Mathematical model of the optimal market of many goods]. Tavriiskyi nau-
kovyi visnyk. Seriia: Ekonomika — Taurian Scientific Bulletin. Series: Economics, 10,
135-142 [in Ukrainian].

8. Podlubny I. Fractional Differential Equtions. Mathematics in Science and Engi-
neearing / I. Podlubny — Academic Press, San Diego, Calif, USA, 1993.




XAPYOBI TEXHOAOTI

FOOD TECHNOLOGY

YOK 664.8/9-021.4
DOI https://doi.org/10.32782/tnv-tech.2024.3.10

OLUIHKA AKICHUX XAPAKTEPUCTUK nnonoBoOi CUPOBUHU
Y BE3BIAXOOHOMY JIAHUIOTY Il NEPEPOBKWU 3A BMICTOM
TUTPOBAHUX KUCIOT

leaHoesa I. €. — kaHOUAam cinbcbKko20crnodapChKuXx HayK,

doueHm kaghedpu pocnuHHUUMea ma cadisHuymea imeHi npoghecopa B. B. Kanumku
Taspilicbkoeo dep)kagHO20 a2poMmexHOo2iYHO20 yHigepcumemy

imeHi imumpa MomopHo2o

ORCID ID: 0000-0003-2711-2021

Scopus-Author ID: 57217024041

KpueoHoc I. A. — cmapwul suknadad kaghedpu iHO3eMHUX MO8
Taspilicbkoeo dep)xagHO20 a2poMmexHOo2iYHO20 yHigepcumemy
imeHi imumpa MomopHo2o

ORCID ID: 0000-0001-7079-5150

Scopus-Author ID: 57216844469

BacaHeub C. B. — acnipaHm crieyiarnibHOCcmi « AepOHOMIs»
Taspilicbkoeo dep)kagHO20 a2poMmexHOo2iYHO20 yHigepcumemy
imeHi imumpa MomopHo2o

ORCID ID: 0009-0004-6158-7367

Busnaueno ennug abiomuunHux YuHHUKIG HA HAKONUYEHHS 6MICTIY MUMPOBAHUX KUCTOM ) NILO-
0ax uepewni 3 Memoio opmysantst 6€3610X00H020 IAHYI02A GUKOPUCTNANHS NI000BOI CUPOGUHU.
B ymosax eymanimapHo2o KOHmeKkcmy ma po3oyo0osu nepepooHoi ma xapuoseoi 2any3i nNi60eHH020
Pe2iony Y nicasA80€HHUIL Nepioo NUMAaHHs HA0YI0 HA036UYANIHOL AKMYATbHOCTI.

Jocnioscenns ghopmyeants hpoHOY Mumposanux KUCIOM 8 NI0OAX YePeuHi MOOEIbHUX COp-
mie nposoounu 12 poxie. /s docnioxcennst Oyau oopani nioou yepewiri 33 MoOenbHux copmie.
IIpoepamoro docniodxnceHs nepeddaueHo SUOLIUMU MOOEIbHI COPMU YepeuHi Mmpbox MmepMiHie
00Cmueants 3 BUCOKUM ROKAZHUKOM MUMPOGAHUX KUCAOM O NOOAIbol 30epedcenocmi ix
AKocmi ma 6ioN02TUHON0 YIHHICIIO NL00I6 01 NepPepOOHO20 YUKITL).

B x00i nposedenns excnepumenmy usHaueHo, Wo MAKCUMATbHI NOKAZHUKU BMICIY MUmpo-
sanux kuciom 6i0 0,53% 0o 1,00% eiomiuene y copmise «Banepiti Uxanosy, «/inemar, « Yoisi-
menvHay. OnmumManrbii napamempu yyKposo-KUciomHuo2o iHoexcy eusnaveno y 31 mooenvhoeo
copmy uepewti 6cix mepminie docmueanHs. /s 6Cix epyn MOOEIbHUX COPMIB, HEe3ANeHCHO Gi0
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mepmiHy 00CMUeaHHs, OOMIHYIOUUL 6NIUE HA (POPMYBAHHS (POHOY MUMPOBAHUX KUCIOM MAU
AGIOMUYHI YMOBU, WO CKIAIUCS NPOMS2OM POKIE Q0CLIOMNCeHb (hakmop A).

Busnauena cunvna ma cepeows xopenayiuna 3anedxicnicms migxe 11 nocoonumu gaxmopamu
ma eMicmom mumpo8anux KUCI0m 0I5l MOOETbHUX COPMIB Yepeulti paHHb020, Cepeonbo2o, Niz-
Hb020 MmepMiHie docmueanHs . Bemanosneno dianazonu ooni yuacmi no2ooHux axmopis, uo
Marmes MAKCUMAIbHULL 6NIAUE HA (DOPMYBAHHS QOHOY MUMPOBAHUX KUCIOM 6 NI00AX HYepeuiHi
A, 6i0 10,37% 0o 34,06%.

Pandicysanns abiomuunux napamempis 3a cmynenem ix 6naugy Ha HAKONUYEHHsI MUmMposa-
HUX KUCTOM 6 NI00AX 4epeuiHi MOOeIbHUX COPMie mpboxX CHMPOKI8 O0CMUSAHHS GUABULO, WO
07151 6CIX MEPMIHIE OOCMUSAHHI MAKCUMATbHUL 6naue ma 1 pane mac paxmop cepednbomicsuna
cyma onadie 6 mpasni (X,); 013 copmie cepednb020 CMpPOKY O0CMUAHHSA Cepeots MIHIMATbHA
6ionocna éonozicme nosimps 6 mpaehi (X).

IIpocno3ysanns AKICHUX Xapakmepucimux niodie Ha emani ix Qopmyeanus 003601UMb 3a3-
daneziob npogecmu po3nooil cuposutu 0ist 0e36I0X00H020 IAHYI02Ad GUKOPUCTNAHHS (PpYKmie
i 8 NOOANLULOMY 3ANPONOHYBAMU COPMU YEPEUHI K 05 30epieanHs, Max i 015 nepepooKu.

Kntouosi cnosa: nioou uepewini, opeaniuni Kuciomu, adiomuyni paxmopu, Mamemamuyti
Mooeni, CMamucmuyHul ananis, 6e36i0X00HUIl TaAHYI02 PO3NOOILY NI00IS.

Ivanova L. Ye., Kryvonos I. A., Basanets S. V. Quality characteristics evaluation of fruit raw
materials in the waste-firee chain of its processing by titrated acids content

The influence of abiotic factors on the accumulation of titratable acids in sweet cherry fruits
has been determined in order to form a waste-free chain of fruit raw materials use. In the context
of the humanitarian context and the development of the processing and food industry in the south-
ern region in the post-war period, the issue has become extremely relevant.

The study of titratable acids in sweet cherry fruits of model varieties was carried out for 12
years. Sweet cherry fruits of 33 model varieties were selected for the study. The research pro-
gramme provides for the selection of model sweet cherry varieties of three ripening periods with
a high level of titratable acids for further preservation of their quality and biological value for
the processing cycle.

During the experiment, it was determined that the maximum titratable acids content from
0,53% to 1,00% was observed in the varieties “Valerii Chkalov”, “Dilema”, “Udivitelna”. The
optimal parameters of sugar-acid index were determined in 31 model sweet cherry varieties of
all ripening periods. For all groups of model varieties, regardless of the ripening period, the
dominant influence on the formation of the titratable acid fund was exerted by abiotic conditions
that developed during the years of research (factor A).

A strong and medium correlation between 11 weather factors and the content of titratable
acids for model varieties of sweet cherries of early, medium, and late ripening was determined.
The ranges of participation of weather factors that have the maximum influence on the formation
of the fund of titrated acids in sweet cherry fruits A, from 10,37% to 34,06% were determined.

The ranking of abiotic parameters by the degree of their influence on the accumulation of
titratable acids in sweet cherry fruits of model varieties of three ripening periods revealed that
for all ripening periods the maximum influence and rank 1 has the factor of average monthly
precipitation in May (X)), for varieties of medium ripening period the average minimum relative
humidity in May (X,).

Predicting the quality characteristics of the fruits at the stage of its formation will allow us to
distribute raw materials in advance for a waste-free fruit use chain and to offer cherry varieties
for both storage and processing.

Key words: sweet cherry fruit, organic acids, abiotic factors, mathematical models, statistical
analysis, waste-free fruit distribution chain.

IMocranoBka mpodiemu. [Ipobnemam Ta mepcrekTiBaM (GOPMYBaHHS SIKOCTI, 30epi-
TaHHS Ta MOJAJIBIIOT TePepOOKH YepellIHi Pi3HUX COPTIB Ta TEPMIiHIB JOCTUTAHHS 1i IJIO/IB
TIPUIUISTIOTE 3HAYHY YBAry y CBOIX JOCII/PKEHHSIX BUeHI Oarathox kpaiH [1-3]. 3a mannmu
KaHAJICbKUX, OONrapchKHX Ta YTOPCHKUX HAYKOBLIB Ha 3MiHY 0OCATIB BUPOOHHMIITBA Ta ITOKa3-
HMKH BaJIOBOTO 300py IUIOAIB YCPEIlHI BIUIMBAIOTH 00 €KTHBHI Ta Cy0 €KTHBHI NMPHUNMHU.
3arabHOCBITOBHI BAJIOBHI 301p TUIONIB YEPEIITHI 32 OCTaHHI 2 POKU B CEPEIHBOMY CTAHOBHB
2563,6 tuc. ToH. O0CsT BUpOOHHUIITBA IIONIB YeperiHi B YkpaiHi 84,6 THC. TOH, 11e CTAHOBUTh
3,3% Bijx 3arapHOCBITOBOTO [4; 5. Ilpn cnpusmMBrX a0l0TMYHUX YMOBaX IUIOW YCPEIHi
Ha0yBarOTh FapHY TPaHCIOPTAOCIIBHICTh, BHCOKY TOBapHICTh Ta BIMMIHHHUIA cMaK [6)].
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OnHaxk, psiji TOKa3HUKIB SKOCTI, 30KpeMa, BMICT TUTPOBAHHUX KUCIIOT IUIO/IB YEPEIIHi
€ MIHJIMBYM IOKA3HUKOM. BiH Mae iCTOTHI 3MiHM IiJ BIUIMBOM 30BHIILIHIX a0l0TUYHUX
cTpecopiB. BpaxoByloui BUILlEHaBeJCHE, B 3aBIaHHS HAIIUX JOCIHIIKEHb BXOAMJIO Ha
IpUKIaal OpeHmI0BO1 KyIbTypH MiBICHHOTO PErioHy YKpaiHH, IO, Ha Kajb, MA€ CTUC-
JUA TepMiH 30epiraHHs Ta CIIOXKHUBAETHCS MEPEBAKHO B CBIKOMY BHIVISIL, JOCITIIUTH
MexaHi3M popMyBaHHs (POHLY TUTPOBAHUX KUCIIOT ITiJl BIULTMBOM a0l0THYHUX CTPECOBUX
nmapaMeTpiB. B mogansimomy oTpuMaHi pe3ynbTaTH AOCIIKEHb JOMOMOXYTh 3pOOUTH
MPOTHO3 MOTEHIIIHHOT 30€PEKEHOCTI TUIOJIB YepelHi B 0€3BiIXOMHOMY JIAHIII031 Tepe-
POOKH TUIOJJOBOI CUPOBHHHU, IO € aKTyaJIbHUM B T'YMaHITapHOMY KOHTEKCTI Ta Ha eTari
po30ynoBu nepepodHoi ramysi IliBnas CtenoBoi 30H1 YKpaiHu B MiCIIBOEHHHHN MTEPiOA.

AHaji3 ocTaHHiX aociimkenb i mydaikanmiii. JlocmikeHHsS poOIT HAyKOBIIIB
MiBACHHUX PerioHiB YkpaiHu Oyji0 MPOBEACHO 1 BU3HAYEHO ONTUMAIIbHUN KOMILIEKC
MOKA3HUKIB SIKOCTI IJIOIB YepPEITHi 32 OararbMa mapameTpamMu. BUKOpUCTaHHS METOTY
OaraTokpuTepialbHOI ONTHMI3aIlil MUIIXOM T'€OMETPHYHOI 3TOPTKH KPUTEPIiB T03BO-
JIUJIO BU3HAYUTH Kpallii 3 6 COPTiB, IO OLIIHIOBAJIUCH 3a O10XIMIYHUMH MapamMeTpamMu
Ta OPraHOJETITHYHOIO OIIHKOIO SIK B CBIKOMY, TaK 1 3aMOPO’KEHOMY BUIIIAL. Metonu
MaTeMaTHYHOI CTATUCTUKU TOTIOMOIIH BUAUIHTH Ta OTPUMATH PAH)KOBAHHU PSI COp-
TiB YepellIHi 3a MOKa3HUKaMHU, 110 MaJIM HECYMICHI OJJMHHULI BUMIpy 1 Oyinu nepeBesieHi
B €IMHI KpUTepii OLIHKH. 3a BMICTOM pEIyKOBaHUX I[yKPiB, THTPOBAHUX KUCIIOT, BiTa-
MiHy C, (eHOIBbHUX PEUYOBHH Ta JETyCTAIMHUMK OajlaMHi KpalluMHu OyJad BHUIUICHI 3
coptu uepeHi — «Mipax», «IIpa3znniunay, «Menitononscbka YopHay [5; 7].

3a JaHMMHU JETYCTAIitHOT KOMICIT 3 HayKOBIIB MiBIHS YKpaiHu Oyso mpoaHalizo-
BaHO OKPEMO CMaK 53 coprTo3paskiB uepeliHi Ta BuaiieHo coptu — «Hosuuka Typo-
BlEeBa», «birapo Typosuesa», «YHopHa TypoBuesa», «BumyckHuisy, «IMmymabey,
«CnaBsHOBKa», «CymepHuiss», «Bizitka» [8]. Illomo ¢opMyBaHHS ONTUMaLHOTO
CMaKy, TO B IUIOJaX YEPEIIHI TApPMOHIHHO TOETHYIOTHCS IYKPOBICTH 3 IIPHEMHOIO KHC-
nototo. [lmoau yeperHi MiCTUTB s BiTaMiHiB, (PEPMEHTIB Ta MiHEpaJIbHUX COJIEH, 1110
JTy’Ke KOPHCHO JIJISl OPTaHi3My JIFOMHA. B CBIKMX TUTOaX YepeliHi KUTbKICTh BUTBHUX
OpTaHIYHUX KHCIIOT, 8 TAKOXK X BMICT KUCIIHX Ta CEPEIHIX CONEH CKIIaae B CEPEAHEOMY
0,43-1,00%, ne s6ayuyHa Kuciota ckiangae moHaa 90% 3araabHOi KUCIOTHOCTI TUIOMIB
[9; 10].

TakuM YHHOM, MACOBY YacTKy SIK IIyKpiB, TaK 1 KUCIIOT y IUIOAX YSPEIIHI MOXKHA
BITHECTH JI0 IHTETPAJIbHUX IMOKA3HUKIB, 110 BU3HAYAIOTH il MPHUJIATHICTH JO OXOJIO-
JOKCHHS, TPAHCIIOPTYBaHHS, XOJOMIBLHOTO 30epiraHHs Ta Pi3HUX CIIOCOOIB T0Aalhb-
moi nepepoOku. BuzHaueHHs LbOro mapaMeTpy Ma€ BeJIMKE HAyKOBE Ta NMPaKTUYHE
3HadeHHs. [IporHo3yBaHHsl BMiCTY TUTPOBaHUX KUCIIOT JO3BOJINTH TOYHO BCTAHOBHUTHU
TEPMIiHHU 30MpaHHS TUTOJIIB, 3aBYACHO BU3HAYUTH 00 €MU Ta HANIPSIMKH ii TEXHOJIOT19HOT
00po0OKu. ['apMOHIHICTh CMaKy IJI0AIB KYJIBTYPH MOKa3ye LyKPOBO-KUCIOTHHHA 1HAEKC
(LIKT). Bin Bu3Ha4a€eThCs SIK CIIBBIIHOMIECHHSI BiJICOTKOBOTO BMICTY IIYKpiB JIO BiJICO-
TKOBOTO BMICTy KHCIIOT. Ha yMKy OaraTbox aBTOpPiB, HAWOUIBII TApMOHIMHAM CMaKOM
BizpizHsroThes oy 3 [IKT 15-30 B.o. [11].

AJke, Ha (OHI YCKIaJHEHHs 3araJlbHOCKOHOMIYHOT, €KOJIOTIYHOI CHTYyallii, sika
CKJIaJIacsli OCTaHHIM YacoM ITI0 BChOMY CBITY Bce OIJBIIOTO 3HAYCHHS HAa POCIHHU
HaOyBalOTh a010THYHI MOTO/HI CTPECOBI YMHHUKU. bararopa3oBuii BIJIMB KOMIUIEKCY
HECTIPUATIINBUX CTPECOBUX (hakTopiB NpH HopMyBaHHI (POHAY IyKPiB, KUCIOT, BiTaMi-
HIB YepelIHi MPU3BOAUTH JI0 BTPATH MMOTCHIIIHHOT CTPECOBOT CTIHKOCTI Ta MPOSBISETHCS
y 3HIDKEHH] AK0CTi mioais [12 - 15].

Jlis aHani3y BIDIMBY (haKTOPiB 30BHINTHIX CTPECOBUX YMOB Ha HAKOITUYCHHS SIKICHUX
napaMeTpiB IJIOMIB (CYX1 pO3UMHHI PEUOBHHH, I[yKPH, TUTPOBAHI KUCIIOTH) B ILIOAO0BIN
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CUPOBUHI 3allPOMIOHOBAHO BHKOPUCTATH METOJM PErpeciiiHO-KOPENALiHHOTO aHaTi3y,
a TaKoXK, METOJM (PAKTOPIaIbHOTO aHAI3y - METOJ TOJIOBHUX KOMIOHEHT. OCHOBHUM
MUTaHHAM NpU NOOYAOBI Ta aHali3l perpeciiiHoi Moxeni € (akt, 1Mo KUIbKICTh A0CITi-
JUKyBaHUX (DAKTOPIB MEPEBHIIYE KiIbKICTh €KCHEPHUMEHTAIBHUX 3HAYCHb JIOCIIIKY-
BAHOTO TTOKa3HMKa 3a 12 pOKiB HOCHIIKeHb. ToMy, 3aCTOCOBYBAaTH METON HAIMEHIINX
KBaJIparTiB Juld NOOyNOBU perpeciiiHoi Mozeni He MOXIMBO. HaykoBLSIMU 3aIpONIOHO-
BaHO JJIs1 HOOYIOBH perpeciifHOl 3aJeXKHOCTI Ha MEPIIOMY eTarli MoOyTyBaTH CUCTEMY
TOJIOBHUX KOMIIOHEHT, SIKi ITOTIM BHCTYIIAIOTh B SIKOCTI (PaKTOPIB perpeciiiHoi Momeni
[16].

Ha ocHOBI HaBeeHHX JIITEPATYPHUX JDKEPEII, MOXKHA MIAKPECIUTH TE, IO MUTAHHS
MPOTHO3YBAaHHS BMICTy TUTPOBAaHHX OPTaHIYHUX KHCIIOT Yy IUIOAAX YSpEIlHi 3aJeKHO
BiJl YACTKM Y4acTi CTPECOBUX aOiOTMYHMX YMHHUKIB METOJIOM TOJOBHUX KOMIIOHEHT
€ aKTyaJbHUM JUTS TIOANBIIOTO BIOCKOHAICHHS TEXHOJOTI TPaHCTIOPTYBaHHS, 30epi-
TaHHS Ta TIePePOOKH IUIOJOBOI CHPOBHHH.

TakuM 4YMHOM, METOK POOOTH € BU3HAYEHHS BIUTUBY CTPECOBUX a010TUYHUX MOTOA-
HUX (DaKTOPIB Ha HAKONHMYCHHS TUTPOBAHHMX OPTAHIUYHUX KHCIOT y IUIOJAaX YEpelIHi
3aJIeKHO BiJl TPHOX TEPMIHIB JTOCTUTAHHS Ta CTBOPCHHS MAaTEeMAaTHIHUX MOIEICH Ipo-
THO3YBaHHSA X BMICTY JJIsl 3a0€3MeYeHHS TIOAAIIBIIOr0 30epeKeHHs 610JI0T1YHOT IIIHHO-
CTi ITOJI0BOT CHPOBHHY y O€3BiIXOJHOMY IIUKJIi BUKOPHUCTAHHSL.

Buknax ocHoBHOro wmarepiamy. Jlochmi/pkeHHS TPOBOIWINCH  BIIPOTOBK
2008-2019 pp. [17]. Ans mocnimkeHHs: Oynu oOpaHi IIOAM YeperiHi 33 MoaelabHUX
COPTIB TPHOX TEPMIHIB AOCTUTAHHS (TAOIHII 1):

Tabmuis 1
IlepeJiik MoaeILHUX COPTIB YepellHi, 110 B3ATI A5 pocaigxenns, 2008-2019 pp.
I rpyna copris II rpyna copris III rpyna copriB
PAHHBLOI'O TePMiHY cepeiHbOro TepMiHy Ni3HbOI0 TePMiHY
JAOCTHTAHHS JOCTHTAHHS JIOCTHTAHHS
Cgir Epmnis, Mepuanr, birapo Koppisi, Oxrais, Bunka, Kapina, Perina, Mipax,
Bypnar, Py6inoBa panHs, Ilepsucrok, Temm, Kpynaormuninza, YaiBitenbHa,
Banepiit Ukanos, Kaska, Vmobnenunus TypoBesa, 3opniak, Cropripus,
3a0yTa Tamicman, [izema, Konxosuuist, Kocmiuna,
MeniTonoibchbka 4opHa, [pa3aniuHa, AHOHC,
Opion, YepBHeBa paHHS, Temnopion, Meotua
Jaunuus, [pocrip

MacoBy koHueHtpauito tutpoBaHux Kuciaor (TK) BuzHauanu TUTpOMETpUYHHM

metoznoM [20] — tutpyBarnsam 0,1 H pozunnom NaOH. 3a ¢popmynoro 1:
X=(M-K-O#n-100)/(MHu-Op) 1)

Je X — 3arajnbHa KucioTHicTh,% (100r ); M — kinbkicts 0,1 H po3uuHy Jyry, BUTpa-
YEHOTO Ha TUTPYBaHH:, cM>; K — koedilieHT nepepaxyHky Ha s01yuny kuciaoty 0,0067;
OH — 00’eM, 10 SIKOTO JIOBEICHA HAaBa)KKa, MJI; MH — HaBa)kKKa IOCIHIIKyBaHOI pPedo-
BUHHU, T'; Op — 00’ €M PO34MHY, B3ATUHN AJIs1 TUTPYBaHHS, MIL

JlocmimkeHHs 3aJIeKHOCTI THTPOBAHUX KHCIIOT YepeIHi Bix abioTHIHHUX (haKToOpiB
TIPOBOIMITN 32 HACTYITHOIO CXeMO¥o [9]:

1. BuszHaueHHs BMICTY TUTPOBAHHUX KHUCJIOT 32 HABEJCHOIO BHILE METOAUKOO IIJIs-
XOM IPOBEICHHS €KCTIEPUMEHTAIBHHX JIOCITIHKEHb.

2. Cucremarm3anisi iH(OpMAaIlil Ta CTBOPEHHS CTPYKTYPH JaHHUX ITOTOIHHX YMOB
Y POKH JTOCITi/KEHb.
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3. Ha ocHOBI JaHHX MOTOAHUX YMOB Y POKH JOCIIIKEHb OylIM pO3paxoBaHi MOKa3-
HUKU: TIAPOTEPMIYHHN KOS(IIIEHT, pI3HUII TEMITeparyp 3a IIeBHI IePioJIH, CYMH aKTHB-
HHX TeMIeparyp, CyM1 e(beKTHBHHx TEMIEparTyp.

4. Ha ocHOBI KopemsuiifHOro aHajily BH3HA4Y€HI MOTOAHI q)aKTopH 1[0 CYTTEBO
BILTMBAIOTH HA HAKOMHMYCHHS THTPOBAHHMX KHCIIOT YeperiHi I IUIOAIB COPTIB paH-
HBOT'0, CEPEIHBOIO Ta Mi3HOIO TEPMiHIB JOCTUTaHHS.

5. IlpoBeneno aHami3 BU3HAYCHUX y MyHKTI 4 (DaKTOpPiB METOIAMH perpeciifHoro
aHaNi3y 3 METOI0 BU3HAYEHHs CTYIICHS BIUTHBY KO)KHOTO (DaKTOPY Ha MOKa3HUK THTPO-
BaHUX KUCJIOT JUIA TPYII COPTIB 3-X TEPMiHIB TOCTUTaHHS.

BusHaueHHS 4acTKH IUIMBY KOJKHOTO 3 IMOTOJHUX (haKkTOpiB, 1m0 Oyiau BimiOpani
Ha MiJCTaBl MOOYI0BU perpeciiiHol MoJIeli MPOBOAMIA METOIOM TOJOBHUX KOMIIO-
HEHT.

BukopucTaHHS METORY TOJTOBHUX KOMIOHCHT MOB’SI3aHO 3 HASIBHICTIO MYJIBTHKOJIE-
HIApPHOCTI Ta NOPYIICHHIO YMOB TeopeMu ['ayca-Mapkosa [19].

Tomy, nst moOya0BU perpeciiiHoi Mojesni CyTTEBOTrO MEPEBUIIEHHS KITBKOCTI He3a-
JISKHUX NEPEeMiHHUX HaJ KUIBKICTIO €KCTIEPUMEHTIB HAaMH 3aCTOCOBAHO METO TOJIOB-
HHUX KOMITOHEHT.

ANTOpUTM MPOBEJCHHS JOCTIKEHb:

1. Po3paxyHOK HaOOpY TOJIOBHUX KOMITOHEHT:

1%3:Zkfxwi=L“n )

2. bynyemo perpeciiiHe piBHSHHS 3aJIe)KHOCTI MK MOKa3HUKOM IO JOCTiIKY€EMO
Y (BMICT ITyKpiB B IUTOJJaX YCPEIIHi) ¥ TOJIOBHUMH KOMIIOHCHTaMH:

k
A
Y=b,+>h-PC, )
i=1
Monens epeTBOPIOEMO MIUISIXOM ITiICTAHOBKH y (hopMyity 2 yepe3 BUXiAHUI HAOIp
(hakTOpiB Ta OTPUMYEMO BiJ] MOKA3HUKIB MMOTOAHO-KIIMATHYHHUX (PAKTOPIB:

?=%+§nyﬂ 3)
j=1

A

ne X, —dakropu; a; — mapamMeTpu MOJIENi; Y — MOKa3HUKH BMICTY LyKPiB Y€PELIHi.

[TpoBoaumo ananiz Ta Oyayemo 3a hopmynoro (3) perpecii.

3. ]I BU3HAUCHHS CTYIICHIO BILIMBY KOXKHOTO 3 (haKTOPiB HA JOCHIPKyBaHi MOKa3-
HUKH BUKOPHCTOBYEMO JICJIETa-KOC(IIIEHTH A], .

AI. _ al l;vx, , (4)
R

Je a, — mapaMeTpH perpeciifHol Mojielli B CTaHAApTH30BaHUX (haKTOpax X .

7, — MapHi KoedilieHTH Kopesiuii

R*— Koe(iIieHT TeTepMiHalii

J171s1 BUKOHAHHS CTaTHCTHYHOTO aHaJIi3y 3aCTOCOBAHI 3aCO0M CyJacCHNX KOMIT I0Tep-
HUX TexHojorii DataMining — nporpamue cepenosuiie RStudio.

JocnimxeHHs BIPOIOBXK 12 poKiB BU3HAYMIIH, IO CEPEIHIN BMICT TATPOBAHUX KHUC-
not (TK) y momax yepenini 3HaxonuBcst Ha piBHI 0,61% (tabmuug 2). MoaensHUMH
COpTaMH PaHHBOTO TEPMiHY IOCTHTAHHS, SIKi, 32 Pe3yJAbTaTaMH IOCHiPKEeHb, HAKOIIH-
qyBaJId MAKCUMAJIbHY KiNbKICTh TUTPOBAHUX KHCIOT, € «3abyTa», «Bamnepiit Ukanosy,
«Cait Epnisy, a HaiimeHmo — «MepuaHTy», «PyOiHOBa PanHS».
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Ta0mwuist 2
Bwmict TurpoBanux kucjaor (TK) Ta nykpoBo-kuciaornuii inaexc (L{KI) y nnogax
YyepelHi COPTiB PAHHBOI0 TEPMiHY AOCTUTIAHHA, %o
(2008-2019 pp.), x £sx,n=5

. . Cepenniii BmMicT TK, | Bapianist 3a pokamu.
Tlomonoriunuii copt P % ’ P Vp, (;: ’ | LKL, B.o.
PyOinoBa panHst 0,38+0,08 20,7 32,5
Bauepiit Ukanos 0,53+0,10 19,7 23,6

Cait Epni3 0,53+0,11 21,6 242

Mepuant 0,37+0,07 20,1 28,5

Kazka 0,49+0,10 21,4 23,7

Birapo Bypnar 0,47+0,09 20,5 23,6

3alyTa 0,53+0,11 20,3 23,5

Cepenne 3HaUCHHS 0,47+0,11 243 25,4
HIP . 0,029 —

V rpymi copTiB cepeHbOro TEpMiHy JOCTUTaHH: MiHIMalbHOO (copT TeMmi) Ta Mak-
cumainbHO ([linema,YepBHeBa paHHs) KIIbKICTIO TATPOBAHNUX KHUCJIOT XapaKTepu3yBa-
JIUCSI TIJIO/IM 3a3Haueux copTiB (Tadmwmis 3).

Ta0numst 3
Bwmict turpoBanux kucjaor (TK) Ta nykpoBo-kuciaornuii ingexc (L{KI) y miogax
YyepelHi COPTiB cepeIHBOr0 TePMiHY J0CTUTaHHSH, Yo
(2008-2019 pp.), x £sx,n=5

TlomoutoriuHuii copt Cepenml{’/lewT . Baplam\s]lpia(;: oleanit, HKI, B.o.
Bunka 0,67+0,13 19,7 18,3
IlepBucTok 0,64+0,13 20,1 19,4
Temn 0,57+0,12 21,3 23,9
Vrroonenunst TyposieBa 0,70+0,15 22,0 15,5
Tanmicman 0,70+0,13 19,7 20,8
Hinema 0,72+0,14 20,0 17,9
MeniTononbChbka YopHa 0,63+0,13 20,6 17,7
Kopnist 0,63+0,14 22,5 20,9
OkTaBist 0,66+0,13 19,7 20,9
Opion 0,61+0,13 22,6 22,0
UepBHEBa paHHS 0,71+0,20 29,3 15,5
Jlaunamnist 0,69+0,14 20,3 22,6
TIpocTip 0,66+0,13 19,74 19,2
CepenHe 3HaUEHHS 0,66+0,14 20,7 19,5
HIP 0,038 -

MaxcumanbpHa MacoBa dactka TK y rpymi cOpTiB Mi3HBOTO CTPOKY HOCTHI'AHHS
3aikcoBaHa y IIofax copty «YaiBiTerabHa» (Ta0muis 4).
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Tabnuis 4
Bwmict TurpoBanux kucjaor (TK) Ta nykpoBo-kuciaornuii inaexc (L{KI) y nnogax
YyepelHi COPTiB Ni3HHOr0 TEPMiHy A0CTUTAHHA, %o
(2008-2019 pp.), x £sx,n=5

Momotoriunmii Cepenniii BmicT TK, % Bapiauis 3a poxamu, IKI, B.0.

coprt Vp, %

Kpynrormtigna 0,72+0,139 19,2 19,9
Kapina 0,65+0,116 17,7 18,9
Perina 0,67+0,134 20,1 17,3
Mipax 0,68+0,132 19,3 20,1

VniBiTenbHa 1,00+0,201 20,0 13,0
3omiak 0,65+0,129 19,8 20,2
Cropripus 0,62+0,117 18,7 21,3
Konxo3zuuns 0,74+0,149 20,0 16,9
Kocmiuna 0,63+0,123 19,4 21,2
TIpaznHivna 0,59+0,114 19,2 21,6
AHOHC 0,66+0,138 20,7 18,5
Temnopion 0,63+0,092 14,5 20,4
Meotuaa 0,70+0,149 21,2 20,1
CepenHe 3HauEHHS 0,69+0,163 23,6 19,0
HIP 0,025 -

Cepen COpTiB rpylH cepeHhOTO Ta Mi3HHOTO TEPMiHIB IOCTUTAHHS MAKCUMAIIbHUH
cepennii BmicT TK 3adikcoBano y tuionax copri «/linemay, «HepBHeBa PanHs», « Yii-
BiTenbHaY, «Konxo3uuis» ta « KpynHorutigHa» (tabmumi 3, 4).

3HaueHHs1 Koe]illieHTiB Bapiallii J03BOJMUIN KOHCTATyBaTH, IO HaWOiIbIIHA
BIUTMB ITOTOJHUX YMUHHHKIB Ha BMICT TUTPOBAHUX KHCIIOT BHSBICHO IJISI COPTIB
«Cgit Epmiz» (Vp=21,6 %) ta «Kazka» (Vp=21,4 %). MiniMmanbHuii KoedilieHT
Bapiamii 3a¢ikcoBaHo y copty «Banepiit Ukamnos» - 19,7 %. Y copTiB cepeaHboro
TepMiHy JJOCTUTAHHS MiHIMaJIbHI Koe(iI[i€eHTH Bapialii BU3HAYCHI JUIS IIJI0/iB COPTIB
«Bunkay, «Tamicman», «OkraBisy», «IIpoctip» (Vp =19,7 %). Y rpyni MoaenbHUX
COpPTIB Mi3HBOTO TepMiHy AocTuraHHsg 3a BMicToM TK Haitbimem ctabinmeHuUM OyB
copt «Kapina» (Vp=17,7 %).

3a gaHumu Tabnuip 2—4 niana3zoH cepeHiX 3HaYCHb IIyKPOBO-KUCIOTHOTO 1HACKCY
(LIKI) y mmomax wepemHi Tppox rpyn ckiagae 13,0-25,4 B.o. 3 onTumMansHAMH Hapa-
meTpamu LIKI Bu3HaueHo 31 MoaesIbHUI COPT YepelHi BCiX TepMiHiB qocTuranns. [lia-
Ma30H MOKA3HUKA CTAaHOBUB B iHTepBaii 16,9-28,5 B.0. Bunarkom Oynu copti « YaiBi-
tenbHay (LIKI — 13,0 B.0.) Ta «Py6inoBa panus» (LIKI — 32,5 B.0.).

Ha popmyBanHs GoHIY TUTPOBAHHX KUCIIOT Y IUTOJAX MOJAEITBHUX COPTIB BCIX TPHOX
TpyI JOMIHYIOUHH BILUTUB Majay abi0THYHI TOTOHI MapaMeTpU POKiB AOCIiIXKeHb ((ak-
Top A) 3 wacTkoro BIuuBy 70,3% Ui rpymu JOCTHTaHHS PaHHBOTO TepMiny, 44,5% —
UL TPYIH CEPeNHBOTO TEPMIHY MOCTUTaHHA 1 45,8% — Ui TpymH Mi3HBOTO TEPMiHY
JocTUraHHA (Tabnuugs 5).
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Tabmnurs 5

Pe3ysbTaTn 1BO(aKTOPHOIO AMcHIePCiiiHOro aHa i3y BILIUBY a0i0THYHOTO
MOToAHOr0 (hakTOPy Ta cOPTy HA GopMyBaHHS (OHIY THTPOBAHUX KHCJIOT
JJIS1 TPHOX IPYN MOJeJIbHUX COPTiB

JKepesio Cyma Cryninb . Bruns
)i[;apil;uii' KBa)j)[’paTiB cmfﬁo;m Aucnepcin hakr Fag00s % ’
CopTH YepeniHi pAHHBOT0 TePMiHY JOCTHT AHHS
dakrop A (pik) 2,020 11 0,184 594,0 1,8 70,3
®daxrop B (copr) 1,070 6 0,178 576,8 2,2 8,3
Bzaemonist AB 0,253 66 0,004 12,4 1,4 19,5
CopTH YepeniHi cepeIHbOro0 TePMiHy TOCTHTAHHS
dakrop A (pik) 6,955 11 0,632 1159,9 1,8 44,5
®daxrop B (copr) 0,823 12 0,069 125.,8 1,8 25,1
Bsaemonist AB 1,934 132 0,015 26,9 1,3 27,9
CopTH YepeuiHi Mi3HLOr0 TEPMiHYy JOCTHT AHHS
dakrop A (pik) 5,738 11 0,522 2129,7 1,8 45,8
®axrop B (copr) 4,504 12 0,375 1532,3 1,8 35,9
Bzaemonist AB 2,166 132 0,016 66,9 1,3 17,3

g rpynu copTiB cepegHbOro Ta Mi3HBOTO TEPMiHIB AOCTUTAaHHS iICTOTHUM OyB

1 BIUIUB (hakTOpy COPTOBUX ocodnmuBocTei (haktop B) 3 wactkoro BrmuBy 25,1 1 35,9%,
BiINOBiTHO. )i TUTOIB COPTIB IpyIH PaHHLOTO TEPMIHY JAOCTUTAHHS BIUIMB I[LOTO
(baxTOpy OyB HU3BKUM, 3 HACTKOIO 8,3 %.

PerpeciitHa Mojenb 3a1€KHOCTI HAKOTTMUYSHHSI ITOKa3HUKA TUTPOBAHUX KHUCIIOT Bij
a0i0THYHUX TTapaMeTpax y CTaHAAPTU30BAaHOMY BHUIVIS/II MAa€ HACTYITHUHN BUTIISL;

— JUISL paHHIX COPTIB:

Y1 =0,62875.%, +0,1820.%, +0,2612.%, +0,13290.X, +0,490352.%, -

~0,17954X, —0,0456.X, +0,19142.X, +0,062705X, +0,267523X,, +0,12964.X,,

— JUISL CepeNIHIX COPTIB:

Y> =0,489599.%, +0,312162.%, +0,335628%, — 0,036 1%, +0,335628.%, —

~0,19027 X, +0,066303.X, +0,2263X, —0,22744 X, +0,347166.X,, +0,30343.X,,

— JIJIS1 T3HIX COPTIB:

Ys =0,445998.%, +0,121565%, +0,217837.%, +0,28610.%, +0,428744.X, —

~0,26322.X, —0,26471X, +0,099087 X, +0,063256 X, +0,180767 X, +0,053937 X,,

Ha mingcraBi moOynoBaHuX MofeneH It KOKHOTO (aKTOpy po3paxoBaHi Koedimi-

entu A ,i=1..14 3a popmymnoro 4.

PamxyBaHHs TIOroIHUX (aKTOPIB 32 CTYIICHEM iX BIUIMBY HA HAKOIIHMYCHHS TUTPO-
BaHUX KHCJIOT B TUIOJaX YEpeIlHi TPhOX CTPOKIB JOCTUTAHHS BUSBUIIO, IO JJIS COP-
TiB YepElIHi paHHBOTO, CEPEIHBOTO T M3HHOTO TEPMIHIB JOCTUTAHHS MAKCUMAIbLHUH
BILUIMB Ta | paHr Mae (pakTop cepeHbOMicsSIHa Cyma onajis B TpasHi (X ); 11s COPTiB
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CEPeIHhOTO CTPOKY JIOCTHTaHHsS CepelHs MiHIMallbHa BiTHOCHA BOJIOTICTH TMOBITPS
B TpaBHi (X,).

3riIHO 3 JaHUMU TaOIuIl 6, 10 APYrol rPyIU BIAHOCATHCSA (AKTOPH, IO MAIOTh
Cepe/IHIi BIUIMB HA HAKOMMYCHHS TUTPOBAHUX KUCJIOT B IJIOJAX YEPEIHI PaHHBOTO,
CepeaHBOr0 TEPMIHIB JOCTUTAHHS 31 3HaUeHHAM A, Bif 3,26% 10 9,31% . Jlo moroa-
HUX (haKTOpiB, MIO MAIOTh CEPEOHIN BIUIMB HA HAKOIHMYEHHS THTPOBAHUX KHUCIOT
BH/IIJICHI:

— JUTSL TPYITH COPTIB PAHHBOTO TEPMIiHY JOCTUTAHHS: CEPEIHLOMICSIYHA BIJHOCHA
BOJIOTICTb TOBITPs (X,) Ta PI3HULA MIXK CEPEHIMU MAKCUMAJIbHUMHU T MIHIMaIbHUMH
Temneparypamu (X,)B TpaBHi; CEpeHs MiHIMaIbHa BiIHOCHA BOJIOTICTh MOBITPs (X,)
B YEPBHi; CyMa OMAaiB B MEPIOJ MICHIs UBITIHHA JI0 JOCTUraHHA OB (X,); cepeans
MiHIMaIIbHa BI/IHOCHA BOJIOTICTh MOBITPs B epiox 300py mioxis (X );

— JUISL TPYNH COPTIB CEPEHBOTO TEPMIHY JOCTUTaHHS: CepellHsl MiHIMalbHa BiJl-
HOCHA BOJIOTiCTh MOBITPs (X,) Ta Pi3HMIA MK CEPEIHIMH MaKCHMAJIbHUMHU Ta MiHi-
MaJIbHUMH TEMIIEparypamu nositps (X,) B 4€pBHi, CymMa OmajiB B MEPIOA MiCis 1Bi-
TIHHS [0 JOCTUTaHHS IUIOIIB (Xg) , Cepe/iHsA MiHIMalbHa (Xlo) Ta cepeHs BiJIHOCHA
(X,,) BOJIOTICTB MOBITPs B TIEPi0A 300py MIIOIB.

— JUI TPYIU COPTIB Mi3HBOIO TEPMiHY JOCTHTaHH:: CEpeAHbOMICSYHA BiJHOCHA
BOJIOTICTh MOBITPs (X,) Ta cepenHs MiHIMalbHa BiIHOCHA BOJIOTICTH TOBITPA (X))
B TPaBHi, CymMa ONaJiB B MEPIOM MicNIs UBITIHHA JO HOCTUraHHsA IIoAis (X,), cepeans
MiHIMaIIbHa BI/IHOCHA BOJIOTICTh NOBITPs (X, ) B mepio 300py OB,

B npyriit rpymi ¢hakTopiB U1 MI0AIB YEPEIHi TPhOX CTPOKIB JOCTUTAHHS BUSBICHO
2 CHiJbHI MOTOMHI (aKTOPH, IO MAFOTh BIUIMB Ha HAKOIWYCHHS THTPOBAHUX KHUCIIOT
B IJIOZaX PAHHBOT'O, CEPEIHBOT0, TI3HBOTO TEPMiHIB 30epiraHHs — cymMa Omna/iB B [epio
IICJIs UBITIHHS 10 TOCTUraHHs IIoAiB (X,) Ta cepeHs MiHIMaJIbHa BiJIHOCHA BOJIOTICTh
nositps (X, ) B nepion 300py IIIOMIB.

AHai3 MOKa3HMKIB Pslly PaHKyBaHHS MOroIHUX (PakTopiB Ipyroi rpymu om0
iX BIJIMBY Ha JOCTI/UKyBaHUH NMOKAa3HUK MiATBEPAXKYE MOMIpHUI BIIMB (DAKTOPIB HA
HAKOTIMYEHHS TUTPOBAHUX KHCJIOT B IUIOAAxX depernHi. Tak, B rpymi COpTiB paHHBOTO
Tepminy nocturanns Qaxropu (X,,X,,X X, X ) 3aiiMaiors 4-8 paur; B rpymi copris
cepenHboro TepMiny nocturanns s gaxropis (X, X, X, X, X, ) xapakrepuuii 5-9
paHr; B rpyIi COPTIB Mi3HBOTO TEPMIHY JOCTUTAHHS MOTOAHI (aKTOpU OPYyroi rpymH
(X,,.X,, X, X,,) 3aiiMatoTh 3-9 paHru 3a CTYNIEHEM X BILIHBY.

Jlo TpeThoi rpynu BiAHOCATHCS 1HIII MOTOAHI (GaKTOPH, IO MAIOTh CIA0KUI BIUIMB
Ha HaKONMYEHHS TUTPOBAHMX KHUCJIOT. 3Ti/IHO 3 TaHUMH TaOmulli 6, 3HaYeHHS A, s
COPTIB paHHBOTO CcTpOoKy Hocturanus Big 0,90% no 2,56%; mis rpynu copriB cepen-
HBOTO TepMiHy focturanns A, 0,75% —0,85% ; misHporo tepminy nocturanns 0,88%.
CyMapHH{ BiJICOTOK IO BIUIMBY (DakTOpiB Ii€i rpynu [Jis TPYyHH COPTIB PAaHHLOTO
TEepPMiHY JOCTUTAaHHS CTaHOBUTHb — 4,57% , IUId COPTIB CEPEIHBOrO TEPMiHY AOCTH-
ranas —1,60%, i rpymu COpTiB Mi3HBOTO TepMiHy mocturanus — 1,76%. [lns Bcix
TpyI COPTIB BU3HAYCHO CITUILHUMA MOTOMHUN (PaKTop, 110 3aiMae y psi paHKyBaHHS
11 micTo Ta 32 OTPUMAHMMHU JAHUMH HE CYTTE€BO BIUIMBA€ HA HAKONMYEHHS (OHIY
TUTPOBAHUX KHUCJIOT TPHOX TEPMiHIB JOCTHTAHHS II€ PI3HUII MK CepeTHIMU MaKCH-
MaJbHAMH Ta MiHIMAILHUMHU TEMIIEPATYPaMH B Nepiofl 300py miofis (X,).

TakuM YMHOM, Ha HAKOTIMYEHHS TUTPOBAHUX KUCIIOT y MJIOAAX YEPEeLIH] He3aIeKHO
BiJl TEPMiHYy JOCTUTaHHS HAOLTbIIMI BIUIMB MarOTh MOTOJIHI YMOBHU TPaBHS, a caMe —
cepeaHpoMicsigHa cyma onaiB (1 paHr), sl COPTIB PAHHBOTO TEPMIHY JOCTHUTAHHS
BUPIILIATBHUMU € MTOTOJHI YMOBHU TPaBHA, CEPEAHBOTO Ta MI3HBOTO CTPOKY JOCTUTAHHS
TpaBHs Ta YESPBHSI.
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Tabauus koedinienTis napHoi kopessiuii Mixk norognumu paxropamu (X))
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Tabmnurs 6

Ta BMICTOM THTPOBAHHUX KHCJIOT Yy IUTOAX MePelIHi PAHHBOIO (1, ), CEPEHBOTO

( T ), Mi3HBOTO (r, . ) TEPMiHiB JOCTHTAHHS

®axrop (X)

YMoBHi
NMo3HaYeHHs pakTopy
X)

IapHi koedinienTn kopesiuii ’y,x, 11s1 rpyn copris

panHi

cepeHi

mi3Hi

r
Nixi

A%

paur

r.Vl i

A%

paHr

r.Vl i

A%

paHr

>

CepeaHbpoMicsIYHa CymMa
OMajiB y TpaBHi, MM

0,962

34,06

—_

0,856

11,52

N

0,802

23,99

—_

>

CepenHbomicayHa
BIJTHOCHA BOJIOTICTh
IIOBITPs Y TpaBHi,%

0,677

6,94

0,702

18,33

0,635

5,18

CepenHs MiHIMaNbHA
BIJTHOCHA BOJIOTICTh
MIOBITPs Y TpaBHi, %

0,710

10,44

0,760

19,12

0,636

9,31

Cepetst MiHIMalIbHA
BIJTHOCHA BOJIOTICTh
MIOBITPs B YEPBHI, %

0,435

3,26

0,305

591

0,569

10,93

3arajibHa KiIbKiCTh JHIB
3 omazamu Oubiie 1 MM y
TpaBHi,%

0,797

22,02

0,724

15,07

0,672

19,33

PiznuIs Mixk cepenHiMu
MaKCUMAaJIbHUMU
Ta MiHIMaJbHUMU
TeMITepaTypaMu TPaBHS,
°C

-0,551

5,57

-0,609

0,85

10

-0,587

10,37

PizHuLs Mk cepenHiMu
MaKCHMaJIbHUMHU
Ta MiHIMaJbHUMU

TeMIlepaTypaMHu YepBH,
°C

-0,430

1,11

>

10

-0,284

548

-0,649

11,54

Cyma onazis B nepioz
IicJIs 1BITIHHS 10
JIOCTHTAHHS III0/1B,%

0,569

6,13

0,524

7,15

0,503

3,35

PisHULS MiX cepenHiMu
MaKCHMaJIbHUMHU
Ta MiHIMaJILHUMHA
TeMIeparypamMu B epioj
300py mioxis, °C

0,255

0,90

11

0,571

0,75

11

0,207

0,88

11

Cepensst MiHIMalIbHA
BiJTHOCHA BOJIOTICTb
MOBITPs B nepiof] 300py
TI0/1iB, %

0,464

7,00

0,656

742

0,349

424

CepeHst BiTHOCHA
BOJIOTICTb MOBITPS B
niepioz 300py 1mIoniB,%

0,351

2,56

0,620

8,40

0,243

0,88

10
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BucHoBkmu.

1. MakcuManbHi TOKa3HUKH BMICTY THUTPOBAaHHX KHCIOT BH3HAUCHO y COPTIB
«Banepiit Ukanosy, «inemay, «Yuisirensaa» (0,53, 0,72 ta 1,00%, BiAmoBigHO) npu
Vp=19,7-20,0%.

2. OnTuMaibHi mapaMeTpu IyKpOBO-KHCIOTHOTO 1HAEKCY BH3HAUEHO Y IUIogaxX
31 copTo3paskiB YepelIHi BCiX TEPMiHiB TOCTUTAHHS 3 A1ala30HOM ITOKAa3HUKA B iHTEp-
Bai 16,9-28.5 B.0.

3. Jlns BCiX rpyn COPTiB, HE3AIEKHO BiJl TEPMiHY JOCTUTAHHS, JIOMIHYIOUUI BIUIUB
Ha (opMyBaHHS (OHIY TUTPOBAHMX KHCIOT MAJIM MOTOIHI YMOBH, IO CKJIAIHCS MPO-
TATOM POKIB JIOCITI/PKEHb.

4. BUKOHAHO KOpEJSUIMHUN aHali3 BIUIMBY MOTOJHUX (DaKTOpiB HAa BMICT THUTPO-
BaHMX KHUCJIOT B IUIOAAX YEPEIIHI PaHHBOTO, CEPEAHBOTO Ta Mi3HBOTO TEPMiHIB JOCTH-
raHHs. BusHaueHa cepeHs Ta CHJIbHA KOpeJsIiiHa 3a]eKHICTh MK 11 TOromHUMH
(hakropamu (X i=1..11) Ta BMiCTOM TUTPOBaHIX KUCIIOT JJIsI COPTIB UEPEIIHI PAHHBOTO,
CEepeHBOTr0, Mi3HHOTO TeleHlB JOCTUT'aHHS (‘r” ‘20 55, i=1..11j=1.3).

5. Ha ocHOBi MeTOIIB TOJOBHUX KOMIIOHEHT Ta METONy HAaWMCHIINX KBaIpaTiB
OOYIOBaHO MOJIEII 3aJIC)KHOCTI HAKOIIMYCHHS (DOHTYy TUTPOBAHUX KUCIIOT BiJl BIUTHBY
MOTOTHMUX (HaKTOPIiB AL TPYN COPTIB PaHHBOTO, CEPEAHBOTO Ta Mi3HBOTO TEPMiHIB
JOCTUTAHHS.

6. Ha ocHoBi nmoOynoBaHUX perpeciiHuX Mojesell BUKOHAHO aHaji3 Joji BIUIMBY
KOKHOTO 3 MOTOHUX (haKTOPiB HA MOKA3HHUK 3MICTy TUTPOBAHUX KUCJIOT. Po3paxoBaHi
KOe(DILi€HTH BiIHOCHOTO BIUIMBY (hakTopiB A,,% MOKa3any, 1o HanOiNbIWKK BIIMB
BCTAHOBIICHUH [UIS TPYIIH TEMIIEPATYPHUX ITIOKa3HHUKIB Ta MOKA3HUKIB BOJIOTOCTI 3 MaK-
CHMAaIIbHOIO J1071€10 ydacTi A, >10,37% B 3aranbHOMY BIUIMBI (DaKTOPIiB HA MOKA3HUX
3MICTY TUTPOBAHUX KUCJIOT B TUIOAAX YCPEIITHI.

7. BcTaHOBICHO [iama3oHM JOJNI YYacTi MOTOAHUX (HaKTOPIiB, MO0 MAIOTh Mak-
CUMallbHUI BIUIMB Ha (opMyBaHHS (OHIY THUTPOBAHHMX KHCIOT B IUIOJAX YepelIHi
(A, 10,37% 00 34,06%).

8. JIIst copTiB TPHOX TEPMIHIB JOCTHTAHHS BH3HAUCHO IOTOIHI MapaMeTpH, IO
MalOTh MaKCUMAaJIbHUI BIUTUB Ha MPOIEC HAKOMMYEHHS TUTPOBAHUX KHCIOT B TLIO-
JlaX 4epellrHi: JUisi paHHIX ,CePEIHIX COPTIB BUSBHBCS CITUTLHUH IUTHB TPHOX MOTOIHUX
(hakTOpiB 1IE CepeAHbOMICAYHA CyMa ONaliB, CepeHs MiHIMalbHa BiIHOCHA BOJIOIICTh
MOBITPS , 3arajibHa KiJIBKICTh JHIB 3 onajaMu Ounbine 1 MM B TpaBHi; AJIs MI3HIX COp-
TIB CepeIHhOMICSIYHA CyMa OMaJiB, 3arajibHa KiJIbKICTh JHIB 3 ONajaMu Outbmie 1 M,
PI3HUI MK CepelHIMU MAaKCHMaJbHUMHU Ta MiHIMAJIbHUMH TeMIIepaTypaMu MOBITPS
TpaBHs Ta CepeIHs MiHIMaIbHa BiIHOCHA BOJIOTICTh MOBITPS Ta PI3HUL MK CEPEAHIMU
MaKCUMAaJIbHIMH Ta MiHIMaJIbHHMHA TEMITEpaTypaMH MOBITPs YePBHSL.

9. PamxyBaHHs OToAHUX (DaKTOPIB 3a CTYIEHEM X BILUIMBY HA HAKOITMYEHHS TUTPO-
BaHMX KHCJOT B IUIOJAX YEPEIIHI TPhOX CTPOKIB JOCTUTAHHS BHUSBWIIO, IIO JUIS COp-
TiB YepElIHl paHHBOTO, CEPEIHBOTO T MI3HHOTO TEPMIHIB JOCTUTAHHS MAKCUMAJIbHUHA
BIUIMB Ta | panr mae (GakTop cepenHbOMICAYHa CyMa OmaiaiB B TpasHi (X); U1 COp-
TiB CEPEHBOTO CTPOKY JOCTHTAHHS CEpelHs MiHIMaJbHA BiIHOCHA BOJIOTICTH MOBITPSI
B TpaBHi (X,).

10. Ha ocHOBI perpeciiiHoro aHajuizy OOIpyHTOBaHO, II0 Ha HAKOMHUYEHHS TUTPO-
BaHMX KHUCJIOT Yy IJIOJAX YepelrHi He3aJeKHO BiJ| TePMiHy JOCTUTAHHS HaHOIIbIIHHA
BILJIMB MAIOTh MTOTOIHI YMOBH TPaBHS, a caMe - cepeHboMIcsTuHa cyma ornafiB (1 paHr),
IUTSL COPTIB PAaHHBOTO TEPMIiHY JOCTHT'AHHS BHPIMIAIBHAMHU € TIOTOJHI YMOBH TPaBHS,
CEpEeHBOrO0 Ta Mi3HBOTO CTPOKY AOCTUT'AHHS TPABHS Ta YEPBHI.
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The article describes the features of thermal cooking technological equipment. The paper
examines the peculiarities of the interaction of thermal cooking equipment with food raw materials
and food products and gives an overview of the application for various technological processes
in the food industry and restaurant establishments. Despite the large number of scientific works
devoted to the topic of technological equipment, in particular cooking equipment, in Ukraine
this is an insufficiently covered topic that needs research, given the current conditions in the
national economy. The structure and principles of operation of digestive boilers with direct and
indirect heating in catering establishments are considered. The use of boilers makes it possible to
speed up the cooking process; specific energy consumption and heat loss are lower compared to
stoves. During cooking in modern pans, heat losses exceed 50% of the used power of the burner.
The working chamber of the boiler is surrounded by a steam-water shell, where superheated
steam under pressure effectively transfers the heat of the contents of the cooking vessel through
the entire surface of the wall. The tight lid on the cooking container prevents heat loss from
above. Cooking boilers are installed in canteens, restaurants, and other food outlets with a large
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number of visitors. Electric boilers with indirect heating are equipped with a steam generator
to produce steam from distilled water. The heating elements are TENs, which are fixed on the
flange with a common block. The block is attached to the steam generator body using screws.
In restaurants, mostly electric and gas boilers are used, less often — steam boilers. Performance
indicators of boilers depend on the mode of operation and correct operation. All performance
indicators affect the efficiency of the boiler or depend on it. The operational characteristics of
the boilers are improved if the cooking vessel is heated by two groups of heaters located near
the bottom and walls, and if the thermostats are correctly set, which prevent violent boiling of
the liquid, including when the working chamber is not completely filled. The coefficient of useful
action increases with an increase in the load factor of the cooking vessel during heating of the
contents of the boiler to boiling, as the specific heat exchange surface decreases.

Key words: technological equipment, cooking equipment, TEN, digestion boiler, turbine
valve, steam valve, vacuum valve, restaurant establishments.

Kpueopyuxo M. IO., Aumonenko A. B., Pacynoe¢ P. A., Pamywenko A. T., Iopkyn A. O.,
Toukux O. I. Ocobnuseocmi cmpasoeapunbHux Komie y pecmopannomy GizHeci ma xap4osii
npomucnosocmi

Y emammi onucano ocobrusocmi mennogoco 6apuibHO20 MeEXHONOSIUHO20 YCINAMKY8AHHS.
Y pobomi posensnymo ocobnueocmi 63aemoO0ii menyiogoco 8apuIbHOZ0 YCMAMKY8AHHA 3 NPO-
0060ILYOK) CUPOBUHOK) MA XAPHOBUMU NPOOYKMAMU MA OAHO 02150 3ACMOCYBAHHS O/ PI3HUX
MEXHON02IUHUX NPOYECI8 Y XAPUOBIll NPOMUCTIOBOCI MA 3aKAA0AX PECMOPAHHO20 20CNO0APCMEA.
Hesgaoicarouu na 6enuxy KitbKicmv HAyKOGUX Npayb, NPUCGAUEHUX meMi MexXHON02IUH020 001a0-
HAHH3l, 30KpeMa 8apuiibHO20 YCMAamKy8ants, 6 YKpaiui ye HeOoCmamHtvo 8UCSImieHa memd, sKa
nompebye 00CNIONCEHHS, 8PAXOBYIOUU CYUACHI YMOBU 6 HAYIOHANbHIU eKOHomiyi. Posensnymo
6y008y ma npunyunu Oii cmpagosapuIbHUX KON 3 NPSAMUM I HENPAMUM HASPIBOM Y 3aKAA0AX
Xapyyeanns. Buxopucmanus xomuie oac 3mMo2y npUCKopumu npoyec 6apinus, numomi eumpamu
eHepeii ma empamu meniomu Meni, nopieHsHo 3 naumamu. Iio uac 6apinus y cyuacnux kacmpy-
15X mennogi empamu nepesuwyroms 50 % 6i0 suxopucmarnoi nomyxcrhocmi kongopku. Poboua
Kamepa Komia omouena napogoosHol 000I0HKOI0, 0e nepeepima napa nio muckom eqhekmugHo
nepeoae meniomy Micny 6apunbHoi EMHOCMI Kpi3b ycio hosepxio cminku. Llinbna kpuwika na
sapunvbHill emMHocmi 3anobicac empamam meniomu 3eopu. CmpagosapuibHi KOmMiu 6CMaHo6mio-
HOMbCsl 8 [0ANbHAX, PECIOPAHAX, THULUX NYHKMAX XAPYYBAHHS 3 8EIUKOK KIILKICMIO 8i08i0Y8aYI6.
Enexmpuuni xomnu 3 Henpsimum HA2piGaHHAM OCHAWEHI NAPO2EHePamopoMm 05l GUPOOHUYMEA
napu 3 oucmunvosanoi 6oou. Haepieanonumu enemenmamu € TEHu, sixi 3akpinaoroms Ha ¢ranyi
cninvhum 610kom. bnok npueonyiomes 0o xopnycy napocenepamopa 3a 0ONOMO20I0 26UHMIS.
B 3axnadax pecmopannozo 20cno0apcmea nepeadlctHo GUKOPUCIMOBYIOMb eleKMpUdHi i 2a306i
Komau, piowe — naposi. Toxkasuuku podomu KOmiie 3aneicams 6i0 pexcumy pobomu ma npa-
BUIbHOI excnyamayii. Yci nokasHuku pobomu enaueaoms Ha KoeQiyicum KopucHoi 0ii komna
abo 3anexcamuv 6i0 Hb020. Excniyamayitini xapaxmepucmuky KOMi8 NOKPAWyIOmvcs, AKUO
BAPUNILHA EMHICMb HASPIBAEMbCA 080MA SPYNAMU HASPIBAYIE, PO3MIWEHUMU DL OHUWA ma cmi-
HOK, ma 3a YMOBU NPABUTLHO20 HALAUIMYBAHHS MEPMOpeYIamopis, AKi 3anobieaioms Oypxiu-
60MY KUNIHHIO PIOUHU, 8 MOMY YUCTI NI 4ac HENOBHO20 3aN08HeHH s poooyoi kamepu. Koeghiyicum
KOpUCHOT O1i 3pocmac 3i 30iIbUWeHHAM KOeIYIEHMa 3a6aHmaddcet s 8apuibHOL EMHOCHI nid yac
Hazpieants emicmy Komua 00 KUNiHHA, OCKITbKU 3HUIICYEMbCS NUMOMA NOSEPXH MENNI000MIHY.

Knrouoei cnosa: mexnonociune ycmamkysanns, eapuivie ycmamxyeanns, TEH, cmpasoea-
PUnbHUL Komei, K1anax-mypOoinka, naposeull KNanaw, aKyyMHULl K1anaH, 3ak1aou pecmopau-
HO20 20Ccnodapcmaea.

Introduction. Cooking is a process of hydrothermal processing of products in
order to bring them to culinary readiness. During cooking, proteins are denatured and
coagulated, the collagen of the connective tissue of meat and fish raw materials is
transformed into gluten, the majority of vegetative microorganisms die, and enzymes
are inactivated.

The medium for cooking is water, broth, milk, sauce, juice, syrup, moisture and
saturated steam. Regardless of the intensity of the heat flow during cooking, overheating
of the product surface does not occur, semi-finished products are gradually heated evenly
throughout the entire volume to the state of culinary readiness.

The cooking process can be accelerated by increasing the temperature and pressure
in the cooking vessel. The disadvantage is the increased thermal destruction of the
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product components, which worsens the quality of culinary products. The rate of
nutrient transition into cooking water depends on the difference in their concentrations
in the environment and near the surface of the product. Thus, cooking is not only a heat
exchange process, but also a complex mass exchange process.

Cooking can be done in the main way and in steam. Cooking in a large amount of
liquid is characterized by a significant concentration difference between the product and
the medium. If the products are immersed in boiling water, the output of the culinary
product increases, since a smaller amount of extractive substances passes into the water.
For the preparation of broths, on the contrary, they seek to transfer more nutrients into
the environment, so the raw materials are put in cold water, and then brought to a boil.
During steam cooking, the surface layer of the product is dehydrated, which reduces the
loss of mass of finished products.

Formulation of the problem. Let's consider the dynamics of temperatures during
the cooking of products in a digestive cauldron or in kitchen utensils. During heating
of the cooking medium, its temperature rises to 100 °C. Next, the product is fed into
the cooking container and the temperature of the cooking medium drops rapidly. The
heating device must have sufficient power to quickly restore the temperature, otherwise
the productivity of the equipment decreases, and the quality of culinary products
deteriorates.

After restoring the cooking temperature, the intensity of heat supply to the cooking
medium is reduced. In specialized cooking devices, this happens by automatically
adjusting the power of the heaters. During cooking in a plate dish, the power of the
heating elements is changed manually. After the heaters are completely turned off, the
product is brought to readiness using the accumulated heat. In this way, for example,
porridge is prepared in the conditions of restaurants.

Cooking boilers are designed for cooking food products in a large amount of liquid;
sometimes used for steaming. The design of the boilers should ensure that the product is
heated to no higher than 100 °C and ensure the regulation of the cooking mode within
the limits of the boiling temperature. The technological environment of food boiling
boilers is water or broth with a temperature of 100 °C.

The aim of the study. The purpose of the work is a scientific study of the principles
of operation of thermal cooking equipment in restaurants and the food industry.

The object of the research is thermal cooking equipment and the principles of its
operation.

The subject of the study is digester boilers with direct and indirect heating.

Analysis of recent research and publications. Scientific substantiation and
development of competitive technological equipment is an urgent task, the solution of
which will allow expanding the range of food products and obtaining products with
specified properties.

The research of the following domestic and foreign scientists made a significant
contribution to the solution of fundamental issues of technological equipment for the
creation of food products: O.0. Grinchenko, A.B. Horalchuk, A.M. Dorokhovych,
I.Yu. Zhigalenko, A.V. Ziolkovska, M.B. Kolesnykova, H.M. Lysyuk, L.P. Malyuk,
L.M. Mostovoy, N.Ya. Orlova, M.I. Peresichny, P.P. Pivovarova, N.V. Prytulska,
G.B. Rudavska, M.R. Ennis, J.C.F. Murray, G.O. Phillips, W.C. Weling, P.A. Williams
et al. [1-10].

Presentation of the main research material. Cooking pots are used to prepare
soups (first dishes), main hot dishes (second dishes), side dishes; cooking hot drinks,
sweet dishes; boiling products for further use in the production of cold dishes and
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snacks; boiling large amounts of water or milk; preparation of some universal semi-
finished products (broths, sauces, etc.). With the help of special perforated inserts, it is
possible to cook with steam. The technological medium of boilers is water or broth with
a temperature of 100 °C.

The use of boilers makes it possible to speed up the cooking process; specific energy
consumption and heat loss are lower compared to stoves. Yes, even during cooking in
modern pans, heat losses exceed 50% of the used power of the burner. The working
chamber of the boiler is surrounded by a steam-water shell, where superheated steam
under pressure effectively transfers the heat of the contents of the cooking vessel through
the entire surface of the wall. The tight lid on the cooking container prevents heat loss
from above. Cooking boilers are installed in canteens, restaurants, and other food outlets
with a large number of visitors.

The most widespread universal boilers, in which to cook any food products, prepare
broths, soups, heat milk, prepare dairy culinary products, boil meat, fish, vegetables,
prepare compotes, etc. Specialized devices designed for the preparation of certain types
of food products (pasta products, sausages, etc.) have a simpler design — these devices
are also classified as digestive boilers.

In restaurants, mostly electric and gas boilers are used, less often — steam boilers.
Solid-fuel and liquid-fuel boilers are in demand in army and field conditions, as well as
high-altitude hotels. According to the structural feature, such boilers are also modular
and non-modular (island). The most common are boilers with a cylindrical cooking
vessel or with a cooking vessel in the form of a parallelepiped. Boiling containers are
stationary and tiltable (with the help of a worm mechanism, the cooking container
rotates around a horizontal axis). Boilers with a cooking capacity of up to 250 dm® are
in demand in the restaurant industry.

A design feature of boilers with direct heating is direct contact of the heating
element or combustion products with the wall of the working chamber or the working
environment. It is advisable to use such boilers at those enterprises where the cooking
processes are auxiliary and short-term.

Cooking boilers with direct heating are electric, gas and solid fuel. They are simple
in design and operation, but have significant disadvantages:

— uneven temperature distribution on the working surface;

— there must be local overheating of the surface and a high probability of the
product burning;

— low efficiency;

— the thermal regime is difficult to regulate;

— due to unevenness of the temperature field on the surface of the working chamber,
it is difficult to automate the brewing process;

— during work, constant monitoring of personnel and periodic mixing of the product
in the working chamber is required.

Electric boilers with direct heating are divided into four groups according to the type
of heater. The first group includes boilers with a closed-type electric heater installed in
the bottom of the cooking vessel. With this way of placing heating elements, there is
a high probability of products burning: power regulation in electric boilers with direct
heating is carried out in a discrete way, that is, by turning off or turning on a certain
number of heaters, which creates zones of local overheating of the working surface.

Equalization of the temperature field is possible by increasing the contact area of the
heating elements with the working surface. This makes it possible to reduce the specific
power of heating elements and reduce the probability of product burning. The named
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structural solution is used in boilers of the second group, in which flexible tape heaters
are used.

In boilers with band heaters, it is difficult to heat the bottom of the cooking vessel.
When the working chamber is incompletely filled, a large part of it heats up without
contact with the product. It is possible to effectively distribute the heat in the cooking
vessel in boilers of the third group, in which the technology of sprayed semiconductor
resistive layer is applied.

The electrical resistance of the resistive layer increases rapidly in a narrow
temperature range and stabilizes at a certain level. The use of a resistive layer facilitates
the automation of the apparatus, as the system becomes self-regulating.

Devices with a semiconductor resistive layer exist only as experimental samples.
Mass distribution is hindered by the technical complications of uniform sputtering of
the resistive layer and application of electrical insulation. The fourth group includes
specialized cooking devices, where the heating element is immersed in the cooking
medium inside the cooking container. Boilers with an immersed heater are mass-
produced in the form of highly specialized small-sized devices for cooking sausages,
dumplings, and pasta. To avoid contact of the product with the heating element and
to reduce the possibility of product burning, the raw materials are placed in special
perforated containers or mesh baskets. During the operation of such boilers, the cooking
liquid should be changed in time to avoid thermal destruction of extractive water-soluble
substances.

Fire boilers with direct heating work on gas, solid and liquid fuel. In these boilers,
it is difficult to achieve uniform heating of the wall of the cooking vessel, so there is a
high probability of products burning. During fuel burning, combustion products heat the
outer wall of the cooking vessel. Combustion products have a maximum temperature
(about 1000...2000 °C), which decreases during movement in gas ducts and at the exit
is at least 300 °C. This leads to overheating of the working chamber.

There are ways to soften heat exchange:

— dilution of fuel combustion products with air, but this leads to a decrease in
efficiency);

— use of a cooking vessel made of materials with a high coefficient of thermal
conductivity and an increase in the wall thickness to 10...15 mm;

— use of a multi-layer structure with an aluminum layer. Operation of fire boilers
with direct heating is possible only with constant monitoring of the cooking process by
personnel.

In steam boilers with direct heating, the energy carrier is moist saturated steam
that moves inside the steam heat exchanger located directly in the cooking vessel.
The cooking vessel is not in direct contact with the heater. The wall of the steam heat
exchanger is in direct contact with the cooking medium. Similarly to electric boilers,
products are placed in mesh baskets. Thus, steam digester boilers with direct heating of
the medium are used in restaurants as highly specialized heating devices.

Most of the digester boilers offered on the market today have indirect heating of
the working chamber with the help of a steam-water jacket. The intermediate coolant
between the heat generator and the wall of the cooking vessel is saturated steam with
a temperature of up to 110 °C. Under conditions of constant pressure in the steam
envelope on the wall of the cooking vessel, an isothermal field is formed, since the
isobaric process is simultaneously isothermal for moist saturated steam. The use of an
intermediate coolant in cooking devices with a shell creates a uniform temperature field
on the wall of the cooking container.
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Electric boilers with indirect heating are equipped with a steam generator to produce
steam from distilled water. The heating elements are TENs, which are fixed on the flange
with a common block. The block is attached to the steam generator body using screws.

The lampshades must be completely submerged in water. In the air, they overheat
and quickly fail. The operation of heating elements in air is called "dry running". To
avoid this phenomenon, it is impossible to allow the water level in the steam generator
to decrease. The water level in the steam generator is regulated using a level tap.

An additional wall is placed around the cooking vessel of the boiler at a distance of
10...40 mm. It is hermetically connected to the cooking vessel by welding. The closed
space formed is a vapor envelope. A steam generator is located below the shell. A drain
tap is mounted from the bottom of the cooking vessel. The unit "cooking container-steam
shell" is covered with thermal insulation and a decorative casing. In small-capacity
boilers, this unit is placed on a fork-shaped bed, which makes it possible to rotate the
cooking vessel around a horizontal axis using a worm gear or drive. This facilitates and
accelerates the unloading of the finished product.

The steam generator with heating elements is filled with water to the required level
through the filling funnel. The water level is regulated by the level tap. Measurement
of pressure in the steam envelope and control of the technological process is carried
out using an electric contact manometer or pressure switch. A double safety valve is
provided to protect the shell from bursting under high pressure or crumpling during
pressure reduction.

When the heaters are turned on, the water in the steam generator heats up and boils.
Moist saturated steam moves up in the steam jacket, gives the latent heat of steam
formation to the wall of the cooking vessel and condenses. The temperature of the
cooking vessel increases and as it approaches the boiling point, the vapor pressure in
the shell increases.

During the boiling of water in the working chamber, the pressure in the shell increases
to such a level that the needle of the electrocontact manometer reaches the upper fixed
contact needle. This leads to a short circuit in the electrical contact relay and the boiler
power is automatically reduced. Relays are also provided in the steam generator. They
turn off the heating elements when the water level in the steam generator drops below
the permissible level.

Consider steam boilers with indirect heating. There are two design options for these
digester boilers. Both designs involve the use of centralized steam supply. In the first
version, the wall of the working chamber is heated by primary steam coming from the
boiler room. The formed condensate from the shirt flows through the non-return valve
to a special pipeline. A purge valve is provided to remove air from the shirt.

In the second version of the design, secondary steam is used, which is generated in a
built-in steam generator using a steam tube heat exchanger. The primary steam moves in
the heat exchanger, heats the water in the steam generator. Secondary steam is formed,
which enters the steam-water jacket of the boiler.

Condensate from the jacket enters the steam generator, and from the heat exchanger —
into a separate pipeline. Air is removed from the shirt and the heat exchanger in separate
ways: a blow-off valve is provided for the heat exchanger, and air is removed from the
shirt through a filling funnel. The main purpose of the watering can is to fill the steam
generator with water.

The design using primary steam is more reliable than with a heat exchanger. A scheme
with a steam-immersed heat exchanger that generates secondary steam is advisable if
the primary steam is supplied with a pressure of at least 500 kPa, otherwise the surface
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of the steam heat exchanger will not be sufficient. Technical means for the operation of
safety systems and regulation of equipment are called fittings. Safety fittings include:
double safety valve, turbine valve, safety explosion membrane. regulating fittings —
electric contact manometer, pressure switch, devices for draining condensate. The safety
valve includes a pressure gauge and a level control valve. For shut-off valves — water
drain valves, steam valves, non-return valves, purge and air valves.

The turbine valve is installed on the hermetically sealed covers of the working
chambers. The device prevents the pressure in the cooking vessel from increasing by
more than 2.5 kPa (0.025 atm) above atmospheric. As a result of an increase in the
pressure in the working chamber above the atmospheric pressure, the steam-air mixture
from the cooking vessel comes out. The steam enters the spiral grooves of the turbine,
where the force of the steam is divided into two components: horizontal and vertical.
The horizontal component determines the rotational movement of the turbine. The
vertical component of the force lifts the valve. Raising the valve reduces the working
length of the turbine groove and the steam output increases. In an extreme situation, the
turbine lifts and rotates the cargo sleeve. The sleeve pushes the upper valve up; due to
this, the size of the opening for the release of steam into the atmosphere increases.

Even rotation of the ring on the rod indicates the proper operation of the valve. Too
high a speed of rotation of the ring means a critical increase in pressure. It is necessary
to reduce the intensity of heating.

A strong release of steam behind a stationary ring indicates sticking of the turbine
to the valve body. This is an emergency that means the valve is malfunctioning. It is
necessary to completely stop the cooking process. In some designs, it is possible to
manually lift the turbine with a special lever if the turbine is stuck to the housing. This
technique is also used to equalize the pressure in the working chamber with atmospheric
pressure before opening the lid.

The electric contact manometer is designed to regulate the pressure level in the
boiler shell and the cooking mode. A movable pointer (manometric) arrow indicates
the amount of pressure in the shirt, two fixed arrows are set on the minimum and
maximum pressure marks. During the operation of the boiler, the manometric needle
moves and when in contact with the needles or the electrical circuit is closed. This
causes the heaters to turn on or off (or supply gas to the burner) To prevent deformation
of the outer wall of the boiler shell as a result of pressure changes during steam
heating or cooling, the shell is equipped with a double safety valve, which includes
steam and vacuum valves.

A steam valve prevents the shell from bursting as a result of increased pressure.
When the critical pressure is reached, the steam lifts the spool with the cargo sleeve
and escapes to the atmosphere. The vacuum valve is designed to equalize the pressure
inside the shell with atmospheric pressure after the boiler is turned off, which prevents
the shell from crumpling. When the pressure decreases, a vacuum is created in the shell,
the spool of the vacuum valve rises and air enters the shell from the outside. The double
safety valve is designed for the safe operation of the "boiler-steam jacket" unit under
excess pressure up to 50 kPa. Some valves of this type are additionally equipped with a
lever for manual lifting of the steam valve with a cargo sleeve. This makes it possible to
remove air from the steam jacket, that is, to carry out blowing.

Conclusions. Performance indicators of boilers depend on the mode of operation
and correct operation. All performance indicators affect the efficiency of the boiler
or depend on it. The operational characteristics of the boilers are improved if the
cooking vessel is heated by two groups of heaters located near the bottom and walls,
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and if the thermostats are correctly set, which prevent violent boiling of the liquid,
including when the working chamber is not completely filled. The coefficient of
effectiveness increases with the increase in the load factor of the cooking vessel
during heating of the boiler contents to boiling, as the specific heat exchange surface
(ratio between the heating surface and the useful volume of the boiler working
chamber) decreases. And vice versa, the efficiency of the boiler decreases under
operating conditions with an incompletely filled cooking tank: reducing the boiler
content by 1 dm’ reduces the efficiency by 0.5%. In modern models of boilers,
a mode of softened heat treatment of raw materials at temperatures of 75...80 °C
is provided. As a result, 50% more ascorbic acid and other biologically active
substances are stored in vegetables. Generalized information about modern
innovative constructive solutions of digester boilers indicate a significant expansion
of the scope of application of these thermal devices.
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BMEHWYIOMb 8I0X00U MA eHepeemUYHI BUMPAMU, d MAKONC THHOBAYIUHI NiOX00U 00 YNAKOBKU,
AKI 6i0ON0BIOAI0OMb CYUACHUM CIAHOAPMAM CIAN020 PO3GUMKY MA eeKmusHoCni.
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B cmammi onucarno pesynomamu 00CHioNCceHb 8NAUGY PIZHUX MUNIE YNAKOBKU HA (i3uKo-Xi-
MIUHI gnacmusocmi HACiHHs 2apOy3a npomsicom nepiody 3oepicanns. Pezyivmamu 00CaioxicenHs.
nokazyroms, wo ynakosxka IIJIA-TIKJI (80-20 mac. %)-Ag euseunacs Haubinbul eghexmugHor
07151 30epedicents IKOCi HACIHHA 2apby3a, 3a6e3neuyouu cmadiibHicmy Qi3uKo-XiIMIYHUX napa-
Mempig npomscom mpusanoco nepiody. Jocuiodceno maxkoxic emicm onii ma 60102iCms HACIHHA
2apoysa ma 3poOreHO 8UCHOBOK NPO iXHIO CMABINbHICMb He3ANeAHCHO 610 muny ynakogku. LJi
PE3VILIMAMU MAOMb 6ANCIUBE SHAUEHHS Ol NPOMUCTIOBUX BUPOOHUKIE MA CLIbCLKO20CNO0ap-
CHKUX NIONpUEMCMS, 5KI 30IUCHIOIOMb YNAKOBKY Ma 30epieanisi HACIHHS 2apoy3d.

3 ompumanux pe3ynomamis izuKo-XiMiuHUX NOKA3HUKIE HACIHHSA 2ap0y3a 6CMAHOBIEHO, WO
6ci ompumani nokasnuku eionogioaroms sumozam JJCTY 5046:2008 «Hacinus xagyna, OuHi,
eapoysa. Texnonoeis supowsysanus. OCHOBHI NONONCEHHY.

Knrwuosi cnosa: nacinmns 2capbysa, ynakoska, Qisuko-ximiuki NOKA3HUKL, MepMIiH 30epieanhs,
biononimepua niiexka, HaHocpiono.

Marynin A. L., Svyatnenko R. S., Shevchenko O. Yu., Harmash D. V., Demchenko V. L.,
Rybalchenko N. P. The use of antimicrobial packaging for storing pumpkin seeds

Social and economic evolution, including changes in consumer demand, improved living
standards, increased industrial production, evolving retail practices, new marketing objectives
and changes in consumer lifestyles, are the main forces driving the evolution of new and innovative
packaging methods. These factors lead to the need to develop packaging that not only meets
current requirements, but also takes into account future trends. The main goals of packaging
are to ensure the safety and quality of food products, as well as to extend their shelf life. Modern
packaging has evolved from simple storage methods to complex aspects such as convenience for
the consumer, ensuring the integrity of the package during transportation and storage, effective
marketing at the point of sale, reducing the consumption of materials and resources, improving
food safety and taking into account environmental issues. This includes the introduction of new
materials that are more environmentally friendly, technologies that reduce waste and energy
costié agd innovative approaches to packaging that meet today's sustainability and efficiency
standards.

The article describes the results of research on the influence of different types of packaging
on the physical and chemical properties of pumpkin seeds during storage. The results of the
study show that PLA-PCL (80/20)Ag packaging was the most effective for preserving the quality
of pumpkin seeds, ensuring the stability of physicochemical parameters over a long period. The
oil content and moisture content of pumpkin seeds were also studied and a conclusion was made
about their stability regardless of the type of packaging. These results are important for industrial
producers and agricultural enterprises that pack and store pumpkin seeds.

From the obtained results of the physical and chemical indicators of pumpkin seeds, it was
established that all the obtained indicators meet the requirements of DSTU 5046.2008 «Seeds of
watermelon, melon, pumpkin. Cultivation technology. Substantive provisionsy.

Key words: pumpkin solution, packaging, physical and chemical parameters, shelf life,
biopolymer film, nanosilver.

IMocranoBka mpodaemu. 30epeKeHHsS] MOKUBHUX SIKOCTEH rapOy30BOr0 HACIHHS
BXXIIMBO TIATPUMYBATH 32 JONOMOTOIO BIAMOBIAHUX METOJMIB TMAaKyBaHHS, a TaKOX
MaKyBaJIbHUX MaTepiajiB Ta yMOB 30epiraHHsi B pO3ApiOHIA TOProBii mepexi. Yma-
KOBKa Biirpae KIIOUOBY pOJib Y 30€peKeHH1 Ta 3aXUCTi MPOAYKLIi BiJl IICYBaHHS 10
MOMEHTY iX BUKOPHUCTaHHS CIIOKHBadaMH. BaxiiBo, o6 cami makyBajibHI Marepianu
Oyau CIPOEKTOBaHI TaKUM YMHOM, MO0 3aXHINATH MPOIYKT BiJl OKUCHOTO TICYBaHHS,
riapomi3y, 3a0pyJHEHHSs MUJIOM, TIOIIMHAHHS 30BHIIIHIX 3aMaxiB i MPUCMaKiB, TEpPMid-
HOTO PO3KJIaIaHHS Ta MIKPOOHOTO 3apaskCHHSI.

OfHAM 13 HAWBAKJIMBIINIUX ACTEKTIB 30epiraHHs HACIHHS € HOro 3aXHUCT BiJl Hera-
TUBHUX 30BHIIHIX BIUIMBIB, TAaKUX SK BOJIOTA, CBITJIO, TeMIEpaTypHi KOJMBaHHS Ta
MIKiTHUKA. TpaguniiiHi makyBajabHI MaTepiaid, Taki sK Mamip Ta MOJMieTHJICH, 3[aTHI
3a0e3IedyBary MIeBHUN PiBEHb 3aXHCTY, aJile BOHH MarOTh CBOi oOMexkeHHs [1, ¢. 149].

Binomo [2, c. 98] 0, oaHa 3 mpobiaeM BUPOOHUIITBA Ta 30epiraHHs HaCiHHS OB’ -
3aHa 31 MIBHJKICTIO TICYBaHHS, OCKUIbKH XIMi4Ha HECTAOUIBHICTH JIMIIB € OJHUM i3
TOJIOBHUX (haKTOPIB 3HMKCHHS IPOIYKTUBHOCTI HACIHHS PI3HUX BHJIIB OJIHHUX ITiJ] Yac
30epiranHs.
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ABTOPH CTBEPKYIOTb, 1110 THIT YITAKOBKH, SIKUH BUKOPUCTOBYETHCS IS 30€piraHHs,
Ma€e BEJIMKE 3HAUCHHSI [T 30epeKeHHS KUTTE3aTHOCTI Ta MIIHOCTI HaciHHs [3, ¢. 70].
A TaxkoX yINakoBKa, sika BUKOPHUCTOBYETbCA JJIsl 30epiraHHs, OBUHHA CIIOBUILHIOBATH
IpoIec MCYBaHHS 3 METOIO 3MEHIICHHS JUXaHHS, TAKMM YHHOM 30epiraioun mo4aTko-
BHI BMICT BOJIOTH B HaCiHHI, 10 30epiraethes [4, c. 29].

OpHuM 3 pillleHb BUIIE3raaHoi npodneMu € Moau(dikoBaHa yMaKoOBKa, siIKa BHKO-
PHCTOBYBaNacs B KiJIbKOX HMPOAyKTax xapdyBaHHs [5, c. 108]. Tepmin «moaudixoBana
YIAKOBKa» CTOCYEThCS 1HHOBAI[IMHKUX PIllICHb PO3POOKU YIAKOBKH, SIKi JIOTIOMAraroTh
30UIBIIUTH TEPMiH MPUIATHOCTI, MiABUIIUTH O€3IeKy, Moka3aTtu iHpopMalilo IMpo
SKICTB 1 KOHTPOJIIOBATH CBIKICTh XapuOBHX MPOAYKTIB, PPYKTIB, papMaIieBTHUHHX Hpe-
napartiB 1 6araTbOX THIIB 1HITHX MPOIYKTIB [6, . 78].

AHaJi3 ocTaHHiX AocTiKeHb i myOuaikaniil. Y neskux mnomepenHix I0CIiKeH-
HSIX BHBYABCS BIUIMB YIAaKOBKM HA TEPMiH 30epiraHHs Ta SIKICTh XapuOBHUX HMPOAYKTIB.
Agtopu [7, c. 488] MOBIIOMHIN TIPO HAHECCHHS HA YIAKOBKY 3 M’SICHUX TPOIYKTIiB
MOKPUTTS 3 OKCUAY TUTaHY, IKe BKpUTE HaHOCPiOaoM. OTpUMaHi pe3ysbTaTi MoKa3aiu,
110 YIIAKOBKA MA€ PsiJ] IepeBar MOpiBHSIHO 3 TPAAUIIIHHO yIaKoBKOK. BueHi [8, ¢. 412]
HAHOCHJIN HAHOYACTUHKHY Cpibia Ta OKCUJ IIMHKY Ha YIIAKOBKY alleJIbCHHOBOTO COKY Ta
OTPUMAITU TTO3UTUBHUI Pe3ysbTar. YIaKkoBKa 3 HAHOKOMITO3UTHOI TUTIBKH, 110 MICTHTh
HAHOCPIOI0, MPOAEMOHCTpYBasia OITBII BHPAKEHY AHTUMIKPOOHY Jif0, HMOPIBHSHO
3 OKCHJI IMHKY TpoTsroM 112 qHIB 30epiraHHs aneabCHHOBOTO COKy. ABTopH [9, c. 8]
JOCHIJKYBaJIU BIUIMB MOAM(DIKOBAHOT YMAKOBKH Ha 30epiraHHS (DiCTAIIOK, a TaKOXK
JIOIaBaHHS HAHOYACTHHOK OKCHAY IUHKY 10 YIIAKOBKH JUIS I ABUIICHHS €(DeKTHBHOCTI
3aXHUCTY Bijl MiIKpOGHOTO 3a0pyIHEHHS Ta TICYBaHHA MPOIYKTY. IXHi pe3ynbsTaTh J0CIi-
JOKEHHS BKa3yIOTh HA 3HAYHE 3017bLICHHS TEPMiHY MPHUIATHOCTI (hiCTAIIOK 32 YMOBH
3aCTOCYBaHHSA MOAN(IKOBAHOI YITAKOBKH 3 HAHOYACTHHKAMH IIHKY OKCHTY.

Agtopu [10, c. 4] gocaimKyBaau 3aCTOCYBaHHS 0lOHAHOKOMITO3UTHHX ILTIBOK Ha
OCHOBI arapy, B iK1 BKJIFOUEHO HAHOYaCTHHKH OKCUY IIUHKY, SIK aKTUBHUH TTaKyBaIbHUN
Marepial Juis IPOIOBKEHHS TEPMiHy 30epiraHHs 3eJICHOTO BUHOTPAJTy Ta BCTAHOBHWIIH,
10 po3po0iieHi 3pa3ku 31aTHI e(pEeKTUBHO 30epiraté 3eJeHH BUHOTPA, iIBUIIYIOUH
fioro TepMiH 30epiraHHs Ta 3a0€3MeUy0YH 3aXUCT BiJ] MIKPOOHOTO 3a0pyHEHHS.

Agtopu [11, c. 745] npoBoIsYM OIIHKY YIAKOBKH, siKa MicTHIIA cpiOio (Ag) 1 OKCHT
UuHKY (ZnO) Ha TepMiH 30epiraHHs CBKOIO anelbCHMHOBOIO COKY BCTAHOBHIIU, LIO
BUKOPUCTAaHHS TNakyBanbHUX MatepianiB LDPE (momieTwineH HM3bKOI INITBHOCTI),
SIK1 MICTATh HaHOYACTUHKU Ag 1 ZnO, € TepCreKTUBHUM TTIXOI0M IS 30€peKeHHS
Ta MOJOBXKEHHS TEPMiHy 30epiraHHs CBIKOTO amesIbCHHOBOTO COKY IIPH TeMIepaTypi
4 °C. Takoxx BOHH 3’sICYBaJIH, IO SIKICTb MAaKyBaJbHOI ILUTIBKH, 30KpEMa, AUCHEPCIs
HAHOYACTUHOK Y ITOJIIMEPHIN MaTpHili Oe3 1X arioMepallii, Ma€ 3HaYHUH BIIMB HA aHTH-
MIKpOOHY AiI0 LIMX MaKyBaJIbHUX MaTepialib.

Astopu [12] mocnimKyBanu aHTUMIKPOOHY aKTHBHICTh MAaKyBalbHUX Oiomorimep-
HUX MarepialliB 3 HAHOYACTUHKAMH CpiOia i JOBrOTPUBAIOTO 30epiraHHsS Xapuo-
BUX MPORYyKTiB. byno Bcranosneno, mo marepianu [IJIA-TTKJI 3 HaHouacTUHKaMu Ag
JEMOHCTPYBAJIM aHTUMIKPOOHHUH edekT mono S. aureus Ta E. coli. Pozpobneni 6iomo-
JIMEpHI MaTepialin € TepCIeKTHBHUMU JUTS 3aCTOCYBaHHS B XapyoOBii MPOMHUCIOBOCTI
JUIS TaKyBaHHS XapuoOBHUX MPOAYKTIB, 110 J03BOJUTH 301IbIIYBaTH TEpMiH 30epiraHHs
PI3HHX T'PYI IPOAYKTIB, 6€3 3MiHH MOKA3HUKIB SIKOCTI Ta OE3MEYHOCTI.

IMocTanoBka 3aBaaHHsA. MeTOrO TOCIHIHKEHHS OyB aHali3 (Di3HKO-XIMIYHUX MOKAa3-
HUKIB HAaCiHHA rapOy3a NpoTsAroM 30epiraHHs B pi3HUX BHJIAX YIIAKOBKH.

JlocmimpkeHHs TPOBOANINCS HACTYIHUM YHHOM. [IpoiimoBmmm TepMiuHy 0OpoOKy
B enekTporneydi mpu temieparypi 120 °C npotsirom 40 xB, 3pa3ku Macoro 30 T JIyIIeHoro
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HaciHHS rapOy3a 3aKpHBAJIH IIiJ BAKyyMOM Yy pi3Hi Tunu ymnakoBok. Ilicims voro yma-
KOBaHI 3pa3Ky HACiHHS rapOy3a pO3MIIIyBaM Ha IOJUIX MPHU TONAIaHHI HEIps-
MOTO COHSIYHOTO CBITJIa Ta 3a KiMHATHOI Temreparypu. CHOCTepe:KeHHS 3a 3MiHAMHU
CKi1ay rapOy30BOTO HACiHHS B Pi3HUX BHAAX YIAKOBKH TPHBAJIO MPOTITOM 3 MICSIIIB.
Jliis TecTyBaHHS BUKOPHCTOBYBAJIMCS HACTYITHI BHJIM YITAaKOBKU (KOHTpomb), [TA/TIE,
TUTA-TTIKJT (80:20 mac.%) ta ITJIA-TTIKJI (80:20 mac.%)-Ag.

IToka3HUKH SKOCTI BU3HAYAIM 32 CTAHAAPTHIMHU METOANKAMHU: MPO30PIiCTh, CMAK Ta
3anax 3rigHo 3 TOCT 5472-50 [13, c. 4].

Busnauenns kucnorHoro yucna, 3rigao 3 JICTY 4350:2004, 3ailicHioBamu 3a JI010-
MOTOI0 METOMY, SKUH IMOJISIra€ B PO3YMHEHHI BH3HAUYCHO! MAcH OMii y CyMillll po3unH-
HUKIB 13 TIOaJIbIIIUM TUTPYBAHHSM BUTBHUX XKHUPHUX KUCIIOT BOJHHM a00 CITUPTOBUM
PO3YMHOM Kallito abo HaTpito riapokcuny [14, c. §].

[Toka3HMKM MEpeKHCHOro uWciaa BU3Hadalnu 3a jgonomoroio Merony JICTY
4570:2006, sxuii TPYHTYEThCS HA peakilii B3a€MOJil MPOAYKTIB OKHCHEHHS OJii Ta
JKUPIB (IIEPOKCUIB Ta TiPONEPOKCUIIB) 13 Kamii HOAUIOM Y pO34MHi OLITOBOI KUCIOTH
i xyopohopMy Ta TONANBIIOMY KiTbKICHOMY BH3HAUCHHI HOMY, IO BUILINUBCS, PO3UH-
HOM HaTpill TIOCYNIB(aTy THTPOMETPHYHUM METOIOM, Ta BUPAKAETHCS K 2 O MMOJIB/KT
omii [15, ¢. 5].

BusnadeHns omiffHOCTI ONHOTO MaTepiaqy NPOBOAWIM METOAOM CKCTpPAKIIT
B anapari Cokciera NZ 45/40 3 BUKOPUCTaHHSAM NETPOJCHHOTO eipy mpu TPUBAIOCTI
eKCTpaKiii 8 rox.

BukJian ocHoBHOro marepiasy. Pesynbrarn nociimpkeHsb Gpi3uKo-XiMIYHUX MOKa3-
HUKIB HAciHHsA rapOy3a MpOTATOM BIAMOBITHOTO Tepiony 30epiraHHs MpeIcTaBiIeHi
B Tabiuui | Ta Ha puc. 1-4.

Tabmums 1
Di3uKo-XiMiuHi NOKA3HUKH SIKOCTi HACIHHSA rap0y3a (KOHTPOJIb)
Ioxa3Hnku Kontpoas | ICTY 5046:2008
Macosa yactka BojI0rH, %, HE OiIbIe 11 12,0
MacoBa 4acTka MopoXKHBOTO 1 MOIIKOKEHOTO HACIHHS, Yo, 2.0 2.0

He OipIme

MacoBa 4acTka CTOPOHHIX JOMIIIOK POCIMHHOTO MTOXODKEHHS
(YaCTUHM HABKOJIOILTIAHUKA Y BUIISII TUTIBKH, 3aJIUILIKH CYXOi 1,8 2,0
M’SIKOTi), %o, HE OLIbIIIE
MacoBa 4acTKa CTOPOHHIX JOMIIIOK OPraHi9HOTO TIOXOKEHHS

(mnonu ab0 POCIMHM IHIIMX HEOTPYHHUX PEUOBUH), Yo, 1,2 2,0
He OlTbIe
MacoBa 4acTka HaciHHs 3 IUIIMaMH CipOro KOJIbOPY
(He3anexHo Bia GpopMH, po3MipiB 1 IHTEHCUBHOCTI), %o, 4,0 5,0
He Olblie

MacoBa yacTka HaCiHHS 3 IUISIMAMH BiJ] TEMHO-’KOBTOTO
JI0 TEMHO-KOPHYHEBOTO KOJIbOPY (HE3aJIeKHO BiJ| (hopMHu, 5,0 8,0
PO3MIpIB i IHTEHCUBHOCTI), %, He OiJble

He

3apakeHICTh IIKITHUKAMH 0
JIOMYCKA€ETHCS

MacoBa YacTka MeTaJOMAarHiTHOI JOMIIIKH (YaCTOK He Oiibiie
0,3 MM y HalOLIBIIOMY JIIHIHHOMY PO3Mipi, a Maca OKpeMHX ii 3-10* 3-10*
YacTOK He NOBHHHA epeBuiyBatu 0,4 mr), %, He Oiblre
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[MponowxeHnst Tadbmumi 1

OnnitiHicTh, % 48,2 He mentre 40
Kucnorne uncno, mr KOH/r 0,8 4
TlepexucHe uncno, Y2 O MMOIB/KT 23 10
AHIBHMHOBE YHUCIIO, Y.O. 1,2 He nopmyetncs

3 orpumanux pesynbTariB (Tabmuusg 1) (i3uKo-XIMIYHMX TMOKA3HUKIB HACIHHS
rapOy3a BCTaHOBJICHO, IO BC1 OTpUMaHi MOKA3HUKHU BijanoBigawTs Bumoram JCTY
5046:2008 «Hacinus xaByHa, nuHi, rapOy3a. TexHomoris BupomryBanHs. OCHOBHI
MIOJIOXKCHHSI.

HactynHuM ertamom JOCHIDKEHHS OyJIo JTOCHI/DKEHHS 3MiHH (Di3HKO-XIMIYHUX
MOKa3HUKIB HACIHHS rapOy3a B Pi3HUX BUIAX YIIAKOBKH IIPOTATOM BH3HAUCHOTO IIEPiOIy
30epiraHHs.
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RO NNA-NKI (80/20 mac.%) MMA-MKI (80/20 mac.%)- Ag

Puc. 1. Ilepexucne uucno nacinusa eapdysa 6 npoyeci 36epicanms

ITepexucHe uncio abo MOKA3HUK, HAMPUKIAJ, IPU KOHTPOII SIKOCTI 0l Ta XKUpiB
Y XapuoBiil IPOMHUCIOBOCTI, JIe¢ BUCOKUH PIBEHb MEPEKUCHHUX CIIOJIYK MOXKE BKa3yBaTH
Ha MOTIPIICHHS SIKOCTI MPOAYKTY Yepe3 oKucieHHs [16, c. 45].

3 pesyabTaTiB gociijkeHHs (puc. 1) BCTaHOBIEHO, L0 MEPEKHUCHE YHUCIIO
y HaciHHI rapOy3a 3MIHIOBAJIOCS MPOTSATOM TPHOX MICSIIB 30epiraHHs MpH MaKy-
BaHHI y PI3HHX YIaKoBKaX. Y MEpIIUN Micsib 30epiraHHs, KOHTPOJIh Ta HACIHHS
B ynakoB1i [TJIA-TTKJT (80-20 mac.%)-Ag noka3aiau HalWHMKY1 PiBHI IEPEKUCHOTO
gucna (2,3 ta 2,4 %2 O MMOJIB/KT BiTTOBIHO), B TOH Yac sIK 3alIaKOBaHi 3pa3KH B yma-
koBKy ITA/ITE Ta ITJIA-TIKJI moka3anu oxnakoBi 3HaueHHs (2,3 Y2 O MMOIB/KT).
[TpoTsiroM HAaCTyHMHHUX ABOX MiCAIIB, piBEHb NEPEKUCHOTO YHCIA 3pic y BCiX 3pas-
kax, npore B ymakoBmi [TA/IIE Ta IIJIA-IIKJI (80-20 mac.%)-Ag cmocrtepiraBcs
MEHILIUN 3pICT MOPIBHAHO 3 3amakoBaHUM 3pa3koM B ynakoBky ITJIA-ITKJI. Ha
TpeTiit Mics1b, pIBEHb NEPEKUCHOTO YUCIIA 3HOBY 3pPiC ¥ BCiX 3pa3Kax, 3a BUHATKOM
ynakoBku [TJIA-ITKJI (80-20 mac.%)-Ag, 0 MOXKe CBITIUTH PO NEBHY €(EKTHUB-
HICTh i€] YIaKOBKH.
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Puc. 2. Kuchomue uucno nacinmns eapbysa npu soepieani

KucnoTrHe yncio € oqHUM 13 OCHOBHUX SIKICHUX MOKa3HHKIB, SKi XapaKTepU3yIOTh
CTYMiHb CBXXOCTI JXKHPY, Ta PEIIAMEHTYETHCSl CTaHAApTaMHM Ha BCi BHAN XapdOBUX
JKupiB. B pasi HeNmpaBHIBHOTO 30€piraHHs KUIbKICTh BUTBHUX YKUPHHUX KHCJIOT 3pOCTAE
1 TIoIambIle X OKMCHEHHs MPU3BOAMTH JI0 MOSIBH JAS(PEKTIB CMaKy Ta 3amaxy, a y pasi
OLITBII TIMOOKKX MPOIIECIB — 10 HEMTPUIATHOCTI XKHUPY JJIS XapuoBHX 1ineit [17, c. 257].

AHai3 OTpUMaHUX Pe3yNbTaTiB BKa3ye Ha Te, 0 KUCIOTHE YUCIIO HaCIHHS rapOy3a
3MIHIOBAJIOCA TPOTATOM Yacy Ta B 3aJIEXKHOCTI BiJl TUIY ynakoBkH (puc. 2). Beranos-
JICHO, 110 Ha TPETii MicsIlb 30epiraHHs CIIOCTEPIraBcsi He3HAYHUN TTiIBUILICHUHA PIBSHb
KHCIIOTHOTO YHMCIa ISt Beix 3paskiB. [Ipote, ymakoka [TJIA-ITKJT (80-20 mac. %)-Ag
nposiBuiIa cebe sk OIbl cTabiibHA 3 HAWMEHIIMMH 3MiHAMH KUCJIIOTHOTO YHCa TPO-
TATOM Yacy 30epiraHHsl.
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Puc. 3. Onitinicme Hacinna 2apoysa npu 30epieanmi
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BumiproBaHHS BMICTY 0Iii B HACIHHI € BaXKJIMBUM ITOKa3HUKOM JUIS BU3HAUCHHS HOTO
omiiiaocti [18, ¢. 100].

OTtpuMaHi 3Ha4eHHs BMICTy oiiii B HaciHHI rapOy3a (puc. 3) 3a nepioz 30epiraHHs
3aJMIIAINCs CTAOIIBbHUMH Ta HEe3MiHHMMH. KOHTpPONBHUH 3pa3ok Ta TpU BUAM yma-
xoBkH (ITA/TIE, ITJIA-TIKJI (80:20 mac.%) ta ITJIA-ITKJI (80:20 mac. %)-Ag) Bin3Ha-
qanucsi cTabUIbHICTIO BMIcTy ouii Ha piBHI 48,2%. Lle Moke CBIIYUTH NPO €PEeKTHUB-
HICTb 0OpaHMUX yMOB 30epiraHHs Ta BUKOPUCTAHOI YITAKOBKH.

12

N e TN

10 4

Bonorictb, %

0

30 60 920 ni6

[ ]Kontpons 7”71 naAme
ESN] MNA-MNKI (80/20 mac.%) BRI MNA-MKJ (80/20 mac.%)- Ag

Puc. 4. Bonocicme Hacinua 2apdysa npu 36epieanmi

3 pe3ynbratiB IociipKeHHs (puc. 4) BCTaHOBJICHO, IO BOJIOTICTh HACiHHA TrapOy3a
3aITUINANTACS CTAOUTHLHOIO MPOTSITOM IEPioy 30epiraHHs He3aJIe)KHO BiJ] THITY YITAKOBKH.
HagiTh npu BUKOpUCTaHHI Pi3HUX MarepiaiB ynakoBku, Takux sk [TA/I1E, TIJIA-TTKJI,
ta ITJTA-TTKJI (80-20 mac.%), BOJIOTiCTh 3aiuianacs Ha cTabinbHOMY piBHI 6€3 3HAUHHX
BIJIMIHHOCTEH MPOTSITOM Tiepioxy 30epiranss. [le cBiIuuTh Mpo ePeKTUBHICTD YITAKOBKA
y 30epexeHH1 BOJIOroCTi HaCiHHs rapOy3a MpOTATrOM TPUBAJIOrO Mepioay 30epiraHHs.

Pobora BuKoHaHa 4acTKOBO 3a (hiHAHCOBOI MIATPUMKH TpaHTy HartionansHoro Gpongy
JIOCHIDKeHb Yipaiau (Po3poOka aHTUMIKpOOHMX MTaKyBaJIbHUX O10MOIMEPHUX MaTepiaiB
karop mporpamu 2022.01/0019) ta HaykoBoro npoektry MOH VYkpainu (HaykoBo-mpak-
THYHI 3aca]Jli IAKyBAJIbHUX CHCTEM JUTS XapuOBUX TMPOIYKTIB 3 PErYJISIIE0 e(heKTUBHOCTI
30epiraHHs B yMOBax MPOJIOBOJIBYOT KpU3H), HoMep aepkpeectpauii 0123U102059.

BucHoBku. BcTaHOBIIEHO, IO TPOTATOM TPHOX MICSIIIB 30epiraHHs HACiHHs rapOy3a
B ymakoBkax [TA/ITE, TTIJIA-ITKJI (80:20 mac.%) ta [TJIA-TIKJI (80:20 mac.%)-Ag BUsIB-
JICHO 3MiHM MEPEKUCHOI0 YuClia y HAaciHHI rapOy3a B 3aJIe)KHOCTI BiJ THILy yNAKOBKU.
Ynaxoska [TJIA-TITKJI (80-20 mac.%)-Ag Ta KOHTPOIBHUH 3pa30K MPOAECMOHCTPYBAIIH
HaWHIKYI PIBHI MMEPEKUCHOTO YHCIIa Y MEPIIuil Micsib 30epiranns. Ha tpetii micsib
30epiranns, ynakoBka ITJIA-TIKJI (80-20 mac.%)-Ag BusiBunacs Hailie(heKTUBHIIIO
3 TOUKH 30pYy 30€peKeHHs IKOCTI HaciHHA rapOy3a.

KuciorHe unciio HaciHHs rapOy3a 3MIHIOBAJOCS 3 4acOM B 3aJIEKHOCTI BiJl THITY
ynakoBku. [Ipu naxyBanHi HaciHHs B ynakoBii [TJIA-TTKJI (80-20)-Ag Oyino BUSBICHO
MEHIII 3MiHU KUCIIOTHOTO YHCIIa TIPOTATOM BiAMOBITHOTO TEpMiHY 30epiraHHsI.
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JlocmimpkeHo BMICT o1ii B HaciHHI rapOy3a Ta BCTAaHOBIICHO, 1110 3a epiof] 30epiranHs
B ynakoBkax [TA/ITE, ITJTA-ITKJI (80:20 mac.%) Ta ITJIA-IIKJI (80:20 mac.%)-Ag nanuii
MOKAa3HUK 3aJIMILIABCS CTaOIIbHUM Ta HE3MIHHUM. YCI BapiaHTH YIaKOBKU JE€MOHCTPY-
BaJIM CTaOUIBHICTh BMICTY 0OJIil Ha piBHI 48,2%, 1110 CBIIYUTH MPO ePEeKTUBHICTH 00pa-
HUX YMOB 30epiranHsi.

BceranoBneHo, 1110 BOJIOTICTh HAaciHHS rapOy3a 3ajuiianacs cTaOlIbHOIO MPOTATOM
BIZIMTOBiAHOTO Nepiogy 30epiraHHs HEe3aJIeKHO BiJl THITY YIIAKOBKH.
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ONTUMI3ALIA TEXHONONIT LULBUOKO3AMOPOXEHUX
BOPOLWHAHUX HAMNIBO®ABPUKATIB

TMpuninko T. M. — okmop cinbCcbKo20crnodapCbKux Hayk,

npoghbecop, 3asidysay kaghedpu xap4osux mexHoroeili supobHuymea U cmaHAapmu3sauii
Xxapyosux npodykmie 3aknady euwjoi oceimu «[1odinbcbKull OepxxasHUl yHisepcumems
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CemeHog O. M. — kaHOudam mexHi4HUX HaykK,

douyeHm, doueHm Kaghedpu xap4yosux mexHosoeil supobHuymea U cmaHdapmus3sauii
Xxapyosux rpodykmig 3aknady suwjoi oceimu «[10dinbcbKuli OepxxasHull yHigepcumemy»
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doueHm, doueHm Kaghedpu xap4yo8ux mexHooeil supobHuymea U cmaHOapmu3auii
Xxapyosux npodykmie 3aknady suwjoi oceimu «[1odinbcbKkuli depxasHuUll yHisepcumems
ORCID ID: 0000-0002-2182-7723

Hageoeni pesynvmamu eusuenuss onmumizayii mexHonoeii 60pouHIHUX WEUOKO3AMOPONCEHUX
Hanisghabpuxamis-6apeHuKie. J{ocniorceHo peonoziuti Xapakmepucmuki ni1o0060-a2iOHUX KOMNo-
3UYill 3 KPYR'SIhumMu Hanieadpuxamamu 3a1exicHo 80 Uy ma KLbKOCHi ni00080-512I0HOT YacmuHU
ma Kpyn'sHo2o Hanieadpuxamy ma oOIpyHMOBAHI ONMUMAIbHI CRIBEIOHOUEHHS NL000B0-82I0HOL
CUpOBUHU Ma KpYyn'sano2o Haniegabpuxamy. [{ia OOCIIOHCEH s 6NIUBY CNIBBIOHOUEHHS NA00080-
sA2lOHe niope © KPYn'ssHull Hanie@haopukam Ha NOKAZHUKU SKOCHI HAYUHOK Guxopucmogysaiu 9
KOMRO3UYill, Wo eKmovany 3 6uou Kpynu (MAaHHA, 8I6CAHA MA KYKYpYO3aHa) ma 3 CniGiOHOUEHH S
n100080-512I0H020 niope : Kpyn'saHutl Haniegpadpuxam (10:1, 10:2, 10:3). Bcmarnogéneno, wo 0ooa-
BaHHS KPYNU 3HAYHO He 6NIUMYIO MAKI NOKA3HUKU, SK MOGUUHA MeCcmOo6oi 0DONOHKU | MOGUUHA
mecmy 6 Micysx 3axknaoenHs. Macosa uacmka HaUUHKU 00 Macu 8upoby maia Haubditvule 8ioxu-
JIEHHS 6i0 cmaHOapmy y 3paskax 3 000asaHHAM GiecsiHoi Kpynu y cniesioHouwtenHi 10:3 (47,8%).
Ilpu dooasanni mannoi Kpynu cnocmepieanocs naumenwe gioxunenns 6io cmandapmy 08-22%.
3i 30inbenHsaM KITbKOCMI Kpynu, o 6600UMbCS, CNOCMEPI2ANOC HeBeluKe SHUICEHHS Oanie 3a
ROKA3HUKAMU CMAK | 308HIWIHIl 6u2nsad. Tpu cnigsionowienni niope : kpyn'anuil Hanieghabpukam
10:1 npucmaxy Kpyn y 6Cix KOMRO3UYIAX He i0uyeaemuvcsi, npu cniegionowienti 10:2 3'sensemvcs
8I0NOBIOHUL NPUCMAK KPYR, npu cnigsionoutenHi 10:3 npucmak Kpyn s6Ho supasiceruii. Boonouac 3i
30LIbUIEHHAM PeyenmypHo20 6MICHIy Kpynu CHOCmepieacmvcsl yujinoHents koncucmenyii. Macoea
YACMKA HAYUHKU MACU 8UpOOY Maia Haubitbule BIOXUICHHS 810 CIMAHOAPNY V 3pA3KaAX 3 000A6AH-
HAM 8i6caHOl kpynu y cnigsionouternni 10.3 (47,8 %). Ilpu 0o0asanHi MaHHOI Kpynu cnocmepieanocs
Hatimenwe sioxunennss 6io cmandapniy 08-22%. Ipu cnisgionowenni niope : Kpyn'auuil Hanisga-
opukam 10:1 npucmaxy Kpyn y 6Cix KOMRO3Uyisx He 8iouyeacmcsi, npu cniggionowenni 10.2 3'16-
JILEMBCS BIONOBIOHUI NPUCMAK KPYN, npu cniggionouienni 10:3 npucmax Kpyn sSi6HO 6UPAXNCeHULL.

Kntouogi cnoea: xpyn'anuii naniepadbpuram, Kpyna, HQUuHKA, OPeaHOIeNMUYHI 1ACTUBO-
cmi, AKicmb, CManoapm, KOHCUCTEHYIA.

Prylipko T. M., Semenov A. M., Kostash V. B. Optimization of the technology of quick-
frozen flour semi-finished products

The results of the study of technology optimization of quick-frozen flour semi-finished
dumplings are presented. The rheological characteristics of fruit and berry compositions with
cereal semi-finished products depending on the type and amount of fruit and berry part and cereal
semi-finished products were studied and the optimal ratios of fruit and berry raw materials and
cereal semi-finished products were substantiated. 10 study the influence of the ratio of fruit and
berry puree: cereal semi-finished product on the quality indicators of fillings, 9 compositions were
used, including 3 types of cereals (semolina, oat and corn) and 3 ratios of fruit and berry puree:
cereal semi-finished product (10:1, 10:2, 10:3). It was established that the addition of groats did
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not significantly affect such indicators as the thickness of the test shell and the thickness of the test
in the places of laying. The mass fraction of the filling to the mass of the product had the largest
deviation from the standard in samples with the addition of oat groats in a ratio of 10:3 (47.8%,).
When semolina was added, the smallest deviation from the standard of 08-22% was observed.
With an increase in the amount of groats introduced, a slight decrease in the scores for taste and
appearance was observed. At a ratio of puree: cereal semi-finished product of 10:1, the flavor of
cereals is not felt in all compositions, at a ratio of 10:2, a corresponding flavor of cereals appears,
at a ratio of 10:3, the flavor of cereals is clearly expressed. At the same time, with an increase in
the recipe content of groats, a thickening of the consistency is observed. The mass fraction of the
filling of the mass of the product had the largest deviation from the standard in samples with the
addition of oat groats in a ratio of 10:3 (47.8%). When semolina was added, the smallest deviation
from the standard of 08-22% was observed. At a ratio of puree: cereal semi-finished product of
10:1, the flavor of cereals is not felt in all compositions, at a ratio of 10:2, a corresponding flavor
of cereals appears, at a ratio of 10:3, the flavor of cereals is clearly expressed.
Key words: cereal semi-finished product, cereal, filling, organoleptic properties, quality,
standard, consistency.

IMocranoBka mpodsemu. [IpaBmisHe Ta 30amaHcoBaHe XapuyBaHHS — 3armopyka
3JI0POB’sl, a MOCTiiiHe pO3pOOIEHHSI HOBUX BHUJIB MPOAYKLIi € 00’€KTUBHOIO YMOBOIO
MiATPUMAaHHS KOHKYPEHTOCIPOMOXKHOCTI MIiANPUEMCTB XapdyoBOi IPOMHUCIOBOCTI
B YMOBaxX PUHKOBHX BiTHOCHH. MOHITOPHHT CTaHy CY9YacHOTO PHHKY IPOJOBOJBIMX
TOBapiB B YKpaiHi CBIIYUTH PO T, L0 3 KOOKHUM POKOM 3pOCTAE MUTOMA Bara pizHUX
BUIIB HaniB(aOpHKaTiB, cepesl IKMX 3HAYHE MICIIe MOCIAal0Th 3aMOpoXkeHi [5, c. 17].

OJTHAaK BOXKITUBHM 3QJTUIIIAETHCS TUTAHHS SKOCTI Ta KOPUCHOCTI IIUX BU/IIB HariBpaOpu-
kariB. Y KoHienii gepxaBHOi MOJITUKY y Taly3i 370pOBOTO XapuyBaHHS BEJIMKA yBara
HPUIIISETHCS. CTBOPEHHIO SIKICHO HOBHMX XapyuOBHX MPOAYKTIB i3 33JaHUM CKIAJOM Ta
(DYHKITIOHATIBHUMH BIIACTUBOCTSIMH, YIOCKOHAJICHHIO TEXHOJIOTIT BUTOTOBIICHHS [4, ¢. 78].

AHani3 ocTaHHIX mocaimkeHb i myOmikamiii. OcoOmuBe Micie cepes XapuoBHUX
MPOAYKTIiB 3aiMalOTh IIBUKO3aMOPOXKEHI OOpomIHsHiI HamiBpaOpukaty. I1igBUIICHHIO
MOMYJISIPHOCTI 3aMOPOYKCHHX HaIiB(haOpUKaTiB CIPUSIOTH MaCOBaHA peKiamMa Ta MpH-
CKOpPEHHS TeMIly *HUTTs. YacTka crokuBayiB HamiB(paOpUKaTiB BapeHUKIB CTAHOBHUTH
O6mu3bko 33% KIJTBKOCTI CiMeH, CIIOKUBAIOTh HamiBpadpukaru [6, c. 226].

[ponykiist pO3IITHYTOTO CETMEHTA ACOIIIOETHCS 13 CYYaCHUM CTHJIEM JKUTTS Mera-
nofriciB. Tomy BIOCKOHaIEHHS TEXHOJIOT 1, MiIBUIIEHHS KOCTI Ta PO3IIUPEHHS aCOPTH-
MEHTY IIBUAKO3aMOPOKEHIX HaMiB()aOPUKATIB € aKTyaIbHIM.

Jls 3abe3niedeHHs 30aTaHCOBAHOTO Xap4yyBaHHS INKOJISPIB PI3HUX BIKOBUX TIPYII
3 ypaxyBaHHSM MEIUKO-O10JIOTTYHUX BHMOT PO3POOJIEHO PELEnTypu Ta TEXHOJOTII0
BUPOOHHMIITBA IIIBUIKO3aMOPOKECHHX TIOJIO0OBOYEBHX CTPAB IiIBHIICHOT Xap4yoBOT I[iH-
HocTi. OCOOIMBICTD IMX MPOAYKTIB — HASBHICTH JIOOABOK IIJICCHPSIMOBAHOI i, 110
MiIBUIIYIOTh TXHIO TTOKUBHY L[IHHICTb, KAJIOPIHHICTD, 3 pafiONPOTEKTOPHUMH Ta 3aXHUC-
HUMH BIACTUBOCTSIMH, III0 OCOOIMBO aKTyaJbHO Y 3B'SI3KY 3 HECIIPUATIMBOIO EKOJIOTid-
HOKO 00CTaHOBKOIO Y 0arathox perioHax Ykpainu [3, c. 72, 7, c. 38].

Jna ninBuiieHHs 010J0TiYHOT IHHOCTI OOPOIIHSAHKUX KydiHApHUX BUPOOiB MpOMo-
HY€TBCS J0/IaBaHHs 10 OOPOIITHA BUIITUX COPTIB BUCIBOK, ITIIBUIIICHHS BUXOIY OOPOIITHA
3 MOKJIUBICTIO BKITIOUCHHS B HHOTO BCIX YaCTHH aJeHPOHOBOTO MPOIIAPKY Ta 3apoJIKa,
JI0IaBaHHs XIMIYHUX TpenapaTis, J00aBOK TBAPHHHOTO MOXOKeHHS ToIo [1, ¢. 187].

JlocmipkeHb MO0 BIUTUBY IIMX IHTPEIEHTIB HA OPraHi3M JIOCHUTh MAajo, TOMY
€ HEOOXITHICTh iX JIETAJILHOTO BUBUCHHS. 3 METOK 3aMiHHM BHCOKOKAJIOPIHHUX iHTpe-
JUEHTIB JUI KyTIHApHHUX BI/Ip061B TPOTIOHYEThCS JIOIaBAHHS TIOPOILIKY, MIOPE, MacTH
3 TomHaM6ypa Bomnouac, 31 3HWKEHHAM KaJOPIHHOCTI, MiBUIIY€ETHCS BMICT BiTaMi-
HIB i MiHEpaJIbHUX PEYOBUH y TOTOBUX cTpaBaX. OIHAK 3aHIIIIHCS HE TOCIIIKSHUMHU
MOKA3HUKH SKOCTI IbOTO BUY MPOAYKIT [2, c. 483].
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AHani3yrouu 1aHi oo 1iei npoOieMaTuku, MOXKHA MAKPECTUTH, IO € EeBHI He/I0-
OTIpaIfoBaHHs, SKi TOTPEOYIOTh JTOMATKOBHX JIOCIIIKCHb.

IMocranoBka 3aBmaHHs. MeTor0 poOOTH CTajla ONTHMI3aIlisl TEXHOJIOTiI OopoII-
HSTHUX IIBUIKO3aMOPOKCHUX HamiB(aOpukariB-BapeHUKiB. OCHOBHI 3aBAaHHS IOCHi-
JOKCHHS:

— IIpoBecTu BUpOOHNUO-EKOHOMIUHY XapaKTEPUCTUKY ITiITPUEMCTBA;

— BuBUYMTH TEXHOJIOTiYHI MPOLECH MPUTOTYBAHHS 3aMOPOXKCHUX HaMiBPaOpHKaTiB
BapCHUKIB,;

— BusBHUTH BIUIMB 10JJaBaHHsI KPYII Y PI3HOMY CITiBBiTHOIIICHHI HA IIOKA3HUKH SIKO-
CTi MJIOZI0BO-AT1THOT HAYUHKHU JJIsl BAPEHUKIB.

Buxknax ocHoBHOro matepiasy. [IpakTudHa 3HAYMMICTH TTOSTAE Y BUBYCHHI peo-
JIOT1YHUX XapaKTePUCTHK ILJI0A0BO-AT1IHUX KOMIIO3ULIN 3 KpyI’ SHUMU HariBhadpuka-
TaMH 3aJISKHO BiJ] BUIY Ta KUTBKOCTI IUIOJJOBO-SITITHOT YaCTHHH Ta KPYI SHOTO HAIIiB-
(dabpukary; OOTpYHTOBAaHO ONTHMAJbHI CIIBBIAHOIICHHS IUIOMOBO-STITHOI CHPOBHHU
Ta KpyI’ stHOTO HamiBgaOpHkary.

VY TpaauiiiiHiii TeXHOJOTil BUTOTOBICHHS HAYMHOK ITJIBUIICHHS B’SI3KOCTI BHKO-
PHUCTOBYIOTh MaHHY KpyIy. BuOip 1 JOCipKeHHS BIaCTUBOCTEH MIIIHOCTI KPyIT THUX
HaniBpaOpHUKaTiB AJS TIOJOBO-ATIAHUX HAYWHOK € aKTyaJbHUM, OCKUIBKHU II€ CIEIH-
(biYHUH KOMITOHEHT BapeHUKIB, 10 3MIHIOE CBOT BIIACTHBOCTI 3aJIe)KHO BiJ psAxy (dak-
TOpIB.

Sk 00’€KTH MOCHIJKEHHS BUKOPUCTOBYBAJIMCA: IUIOAM Ta Aroaud (CMOpOAMHA
4yopHa); OOpOIIHO MIEHWYHE Xiidorekapcbke BUIOTo TatyHky 3a ['OCT 26574-85;
kpyna manHa ('OCT 7022-97).

Hamu Oy710 1ocnipkeHo KpyH, siki MOYKHA BUKOPHCTOBYBATH I1i]] YaC BUTOTOBIICHHS
HAYMHOK HAJAHHA IM B’SM3KICHHX BIACTHUBOCTECH. [lOCHiKyBamw TpW BHIOM KPYIIH:
MaHHa, BIBCSHA Ta KyKypyA3sSHa.

Kpynu nonepenHbo MoxpiOHIOBATIH, PO3AUIAIN Ha (pakmii MIISIXOM MPOCiIOBAHHS
yepe3 curta neBHoro Homepa (cuta Ne 2, No 4, Ne 6), moTiM BapuiIv TPU PEKOMEH10Ba-
HOMY CITIBBITHOLIICHHI Bojia kpyma — 1 : 2.

[Ticnst oXoNmomKeHHs KPYIH, IO MPOUIIIIa T1IpoTepMiuHy 00pOOKY, KOHCHUCTEHIIIIO
HariBpaOpukar MaB cTyaHenonioHy. O0'eKTHBHY Ta MOBHY 1H(OPMAIIIFO JIJIS TIPABUITb-
HOTO BUKOPHCTAHHS PI3HUX BHUJIB KPYIl MOXHA OTPUMATH JIMIIE BHACHIJOK CHCTEMa-
TUYHUX BUKOPUCTAaHb HA JTOCIHITHUX 3pa3Kax.

SIKICTh BUTOTOBIICHMX BUPOOIB OILIHIOBAIH 32 OPTAHOJEITHYHUM Ta (Pi3UKO-TEXHO-
JIOT1YHUM TOKa3HUKaMu (Tabd. 1).

Jis nociipkeHHS BIUIMBY CIIBBITHOIIEHHS IUIOAOBO-SITiAHE MIOPE : KPYIl'STHHUN
HariBpaOpHUKaT Ha TOKA3HHUKH SIKOCTI HAYMHOK BHKOPUCTOBYBAIH 9 KOMITO3MIIIH, 110
BKJIIOYAIOTh 3 BUAM KPYIH (MaHHa, BIBCSIHA Ta KYKypyA3sHa) Ta 3 CIiBB1IHOLIEHHS I1JI0-
JIOBO-AITiTHE TIOpe : Kpym'stHuit HamiBadpuxkar (10:1, 10:2, 10:3).

3 manux Tabmumi 1 BUAHO, IO AOMaBaHHS KPYIH 3HAYHO HE BIUTMHYJIO TaKi MOKa3-
HUKU SIK TOBLUIMHA TECTOBOI 0OOJIOHKH 1 TOBILIMHA TECTY B MICIISIX 3aKiajeHHs. MacoBa
YacTKa HauWHKHU JI0 Macu BUPOOy Malia HaiOiIblle BiIXUICHHS BiJl CTAHAAPTY Yy 3pa3-
Kax 3 JI0JlaBaHHSIM BiBCSHOT Kpymu criBBigHomenHHi 10:3 (47,8%). [1pu nonaBanHi MaH-
HOI KpYIK CIOCTepiranocs HaiMeHIle BiAXuieHHs Bia ctannapry 08-22%.

OpraHoJenTHYHA OLliHKA € OJHUM 3 OCHOBHHMX KPHTEpIiiB IpH BHOOpI HANHOIIBII
ONITUMAJBHUX TTOE€IHAHB PEHENTYPHUX KOMIIOHEHTIB TOCTIKYBAHUX HAUMHOK i CKJIa-
Janacs 3 TaKWUX IMOKA3HHUKIB SIK 30BHINIHIA BHUINISAA, BHJ Ha p03pi3i CMaK Ta 3amax.
31 30iJbIIEHHSIM KUTBKOCTI KPYIH, IO BBOJUTHCS, CHOCTeplraHOCH HEBEJINKE 3HU-
JKCHHS 0alIiB 3a IMMOKa3HWKAMH CMakK 1 30BHIIIHIN BUTISA. [IpH CIiBBiTHOIIEHHI TIOpE:
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Tabmmms 1
BnumB kpyn'sinoro HamiBadpukary
Ha (i3UKO-TEXHO/IOTiYHI NOKA3HUKH BAPEHHKIB

L. Di3UK0-TEXHOJIOTIYHI MOKAZHUKH
CuiBBigHOIEHHA -
s MACOBA YacTKa TOBIIMHA TOBIIHMHA TicTa
Buna kpyn’sinoro niope : .. .
. , . HAYMHKH 10 MACH TeCTOBOI y micusx
HaniBdadpukary KpyI’ sitHU i
. BHPOOY, 000JI0HKH, 3aKJIaIeHHA,
HaniBgadpukar . .
% He MeHIIe MM He OlIbIle MM He OlIbIIe
be3 kpynu (st) - 45 2,5 4
MaHHa 10:1 45,8 2.5 4
10:2 46,5 2,5 4
10:3 472 2,5 42
BiBCsiHA 10:1 46,3 2.5 4
10:2 46,9 2,5 4,2
10:3 478 2,5 42
KyKypy/A3siHa 10:1 46,0 2,5 4
10:2 46,8 2,5 4,2
10:3 47,4 2,5 42

Kpyn'stHuit HaniBadpukar 10:1 mpucMaky Kpyn y BCiX KOMITO3HUIIAX HE BiAUYBAEThHCS,
npu criBBiAHOIIEHHI 10:2 3'SBISAETHCS BIAMOBITHUN MPUCMAK KpPYI, TPH CIIiBBIIHO-
menHi 10:3 npucMak Kpyn SBHO BUpaykeHHid. BogHouac 31 301IbLIEHHAM pelenTypHOro
BMICTY KPYIIH CIIOCTEPIra€ThCsl YIIIIbHEHHS KOHCUCTEHIII.

OTxe, BeJIMKa pOJIb BUPOOHUIITBI HaITiB(haOPUKATIB MOCIIA€ BUTOTOBJICHHSI HAYMHKH
1 TECTY; BIJIMOBIHO 3HKEHHS IXHBOT COOIBAPTOCTI JIO3BOJIMTH 3HU3UTH COOIBApPTICTh
npoayKTy. Takox He0OXiTHO MPUIUTUTH 0COOIUBY yBary i 30BHIIIHEOMY BHIVISLY IIPO-
JIYKTY — SIK 1O TIPUTOTYBAHHSI, TaK 1 micjs. [CTOTHUM HEIOMIKOM BapeHHUKIB 13 IIJIO/IO0-
BO-SITiJTHIMHU HAYMHKAMH € T€, [0 MICIIs IPUTOTYBaHHS 32 PAXyHOK BUTIKAHHS HAYMHKU
MPOAYKT TOTIpIIye 30BHIIIHIA BUMIAA. L{fo mpoOieMy MOKHA BHPIIINTH 38 paxyHOK
JIOJIABaHHS MEJICHUX KpYII, IO MPOHIILIIHM T1IpoTepMiuHy 00poOKy. Ha cmakoBi skocTi
IPOAYKTY L€ HisIK HE BIUIMBAE, ajie A€ 3MOTY MOKPALIUTH HOro CTPYKTYpHI SIKOCTI,
a TAKOXK CIIO’KMBYI BJIACTHUBOCTI IICISI MIPUTOTYBAHHS, 301TBIINTH KiJIBKICTh KOPHCHUX
PCUYOBHH Ta 3HU3UTH COOIBAPTICTH HAUMHKH.

BucHoBkH. MacoBa yacTka HAYMHKM Macu BUPOOy Majia HalOiIble BiAXUICHHS
BiJl CTaHIAPTy y 3pa3Kax 3 JOJaBaHHSM BIBCAHOI Kpynu y cmiBBimHOmeHHI 10:3
(47,8 %). Ilpu monaBaHHI MaHHOI KPYIH CHOCTEPIraiocs HAHMEHIIIE BiAXHMICHHS BiX
ctanaapty 08-22%. Ilpu cniBBiHOIICHHI MOpe: Kpyn'aHuil HaniBdadpuxkar 10:1 npu-
CMaKy KpyIl y BCIX KOMITO3HUIIISIX HE BiJUyBAa€ThCS, MPH cIiBBiHOMEHH] 10:2 3'sB1sI-
€ThCS BIAMOBIIHUN TpUCMaK KPyIl, TpW cHiBBigHOIICHHI 10:3 mpucMak Kpyn SIBHO
BUPAKEHUH.
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M’sico — eapue doicepeno meapunnozo b6inka ma dcupy, Mikpo- ma maxpoenremenmie. Cnexu
M SICHT 0080 3pYUHI: BOHU He 3aUMAlomsb bazamo Micys, Maome mpueaIul mepmin 30epicanns,
BUCOKULL BMICT NOJMCUBHUX ped08uH. B ymosax eilinu 6 Ykpaini eupobHuymeo cHexie m sacHux
Habyeae 0cobnueoeo 3nauenns. Yepes nepeboi 3 eneKmponocmayanusim, oocmpinu ma iHui
Hacnioku 60tosux Oill, YKpaiHyi uacmo CmMuKawomscs 3 mpyoHOUamu nio 4ac npueomyeaHHs
ici. Okpim moeo, cHeku M 'CHI 8I0Ieparomy 8axiCIUBY POIb Y 3A0E3NEUEHHI PAYIOHY YKPATHCOKUX
siticokosux. Tomy eunyck maxoi npooyKyii imuusHAHUMU SUPOOHUKAMU € BKPALl HEOOXIOHUM
6 HUHIWHIL cumyayii. Memoto 00CioNCen s BU3HAUEHO PO3POOICHHS peyennypu ma mexHoi02il
CHeKi6 M ACHUX, a came 0dicepok. Bueomoeneno 4 3pasxu 0dcepok 3a 00HAKOBOI0 peyenmypoio,
BUKOPUCMABULU OOHAKOBL PENCUMU CYUIHHS, Ale HA OCHOBI PI3HOI M SICHOI cuposunu — iHOuya-
munu (3pasox Nel), ceununu (3pasox Ne2), kypsmunu (3pazox Ne3) ma snosuuunu (3pasok Ned).
Tpu 6ucomosienHi 02cepoK M ACHUX 8MPamu y Maci CmaHosuIu maudice nonosury. Haiibinoue
empamug y maci 3pazok Ne2 — 62,5 %. Bci wumamouku 00epicanux 0HCepox 2apHo ympumy-
eanu popmy nicia Cywinms, Maau 61acmueuti M ACHUL Koxip, CMak ma 3anax Oyau npueMHuMU,
8ION0OBIOANU UKOPUCAHIL CUPOBUHI, Oe3 CMOPOHHIX npucmaxie ma 3anaxis. Ilpu oecycmayii
6CI 3pA3KU OMPUMATU 0OCMAMHBO 8UCOKi 6anu. Haiimenwe 6anie 6yno y 3paszka Nel (Oxcepru
inouui). Hatieuwi 6anu cepeo 3pasxie ompumanu Ne2 (Oxcepku ceunsui) ma Nod (Oxcepku sno-
8UUl), Y AKUX OAT GUSHAYULU CKIIAO, NOJCUBHY M eHepeemuyty YyinHicmy. 3a emicmom npomeiny
ma KIimKosuru nepesasxcanu 0xcepxu snosudi —ua 0,45 % ma na 0,17 % 6ionogiono, a 3a eémic-
MoM Jicupia i 301U nepegasicanu oxcepku ceunsayi — na 3,52 % ma na 0,06 % gionosiono. Cnio
BIO3HAYUMU BUCOKUL 8MICT OIIKA Y 20MOBOMY npooykmi— 82,55 % (Oarcepru ceunaui) ma 83,0 %
(Ooicepru An06UUi). 3pA30K OACEPOK ANOBUUUX 3HAYHO NEPesadcas CUHAYI 3a GMICMOM 3ani3a
(97432,6 me/ke) ma yunky (128,02 me/xe). [Jocriosxcysani 3pasku 0xicepox 3HAYHO NEPeadlcanu
HAO BUPOOHUYUMU 34 6MICMOM OIIKA A eHepeemuiHOI0 YIHHICIO, d MAKOIC MATU MEHWUIL
emicm scupy ma 8y2ne600is. Bupiweno enposadumu 0o0caioxncysani spaski M'acHux 0xcepox No2
(ceunsiui) ma Ned (sanoeuui). 3 npuody nodanrsuux OOCHIONCEHb Y OAHOMY HANPAMI nepcnex-
MUHUM 6yOe BU3HAUEHHS AMIHOKUCTIOMHO20 CKAAOY, PAYIOHATLHUX PENCUMIG CYWTHHS, CIPOKY
30epieanns ma ymoe naxKy8amuHs 20moeo2o npooyKmy.

Knrwouosi cnosa: inounamuna, ceununa, Kypamuna, s08UHUHA, CHEKU M SICHI, OJICEPKUL.

Sova N. A., Leusenko O. O. The features of meat snacks production technology

Meat is a good source of animal protein and fat, micro- and macroelements. Meat snacks are
quite convenient: they do not take up much space, have a long shelf life, and a high content of
nutrients. In the conditions of the war in Ukraine, the production of meat snacks acquires special
importance. Due to power outages, shelling and other consequences of hostilities, Ukrainians
often face difficulties when preparing food. In addition, meat snacks play an important role in
ensuring the diet of the Ukrainian military. Therefore, the production of such products by domes-
tic manufacturers is absolutely necessary in the current situation. The purpose of the research is
to develop the recipe and technology of meat snacks, namely jerky. 4 samples of jerky were made
according to the same recipe, using the same drying modes, but on the basis of different meat raw
materials — turkey (sample No. 1), pork (sample No. 2), chicken (sample No. 3) and beef (sample
No. 4). During the production of meat jerky, the mass loss was almost half. Sample No. 2 lost the
most weight — 62.5%. All pieces of the obtained jerky kept their shape well after drying, kept their
characteristic meat color, the taste and smell were pleasant, corresponded to the raw materials
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used, without extraneous tastes and smells. During the tasting, all samples received sufficiently
high points. Sample No. 1 (turkey jerky) had the fewest points. The highest scores among the
samples were obtained by No. 2 (pork jerky) and No. 4 (beef jerky), in which the composition,
nutritional and energy value were further determined. The content of protein and fiber was dom-
inated by beef jerky — by 0.45% and 0.17%, respectively, and by the content of fat and ash, pork
Jerky prevailed — by 3.52% and by 0.06% respectively. It should be noted the high protein content
in the finished product — 82.55% (pork jerky) and 8§3.0% (beef jerky). The sample of beef jerky
significantly exceeded pork jerky in terms of iron (97432.6 mg/kg) and zinc (128.02 mg/kg). The
studied samples of jerky were significantly superior to the production samples in terms of protein
content and energy value, and also had a lower content of fat and carbohydrates. It was decided
to implement researched samples of meat jerky No. 2 (pork) and No. 4 (beef). Regarding further
research in this area, it will be promising to determine the amino acid composition, rational dry-
ing regimes, storage period and packaging conditions of the finished product.
Key words: turkey, pork, chicken, beef, meat snacks, jerky.

IMocTanoBka mpo6aemu. CporofHi B YkpaiHi Bce Ouibliie HaOyBa€e MOMYJISPHOCTI
TeMa 3[J0pOBHX IEPEKYCiB 3 BHUCOKOIO MOKMBHOIO IIIHHICTIO Ta 1HIIMMH KOPUCHUMH
pPEYOBHHAMH. BibIIiCTh NPOMYKTIB I MEPEKYCY MAlOTh BUCOKY KaJIOPiHHICTb, BEJIU-
KW BMICT JKUPIB, IIYKPY Ta XOJIECTEPHHY, alle HU3bKHI KoeQilieHT HacndeHHs. Le cro-
HYKa€ PO3BUBATH TEMY 3I0POBUX Ta 3pYUHUX MEPEKYCIB.

M’sico — TapHE JDKEPENIO TBAPUHHOTO Oinmka Ta KHDY, MIKpO- Ta MaKpOEIEMEHTIB,
TIpU TIPaBHIIBHIA 00po0OIi Mae HU3bKY KaJOpiHHICTH 1 3AB/LIKH TPHBAIOMY MEpETPaB-
JICHHIO y IITYHKY, HACHYY€E OpraHi3M JiroquHu. CHEKH M’sICHI JOBOJI 3py4Hi: BOHU HE
3aiiMaroTh 6araTo MicCIlsl, MAIOTh TPUBAJINH TEPMiH 30epiraHHs 3aBASKA HU3bKOMY BMICTY
BOJIOTH, BUCOKHH BMICT IIO)KWUBHUX PeUOBHH. B ymMoBax BiiiHM B YKpaiHi BUPOOHHUIITBO
CHEKIB M’sicHHUX HaOyBae ocoOMMBOro 3HadeHHs. Yepes mepedoi 3 eaeKTpornocTayaH-
HSM, OOCTPINM Ta iHINI HACHiIKU OOMOBMX Mil, YKpaiHIli YacTO CTHKAKOTHCS 3 TPYA-
HOIAMY TI1JT Yac MPHUroTyBaHHs ixi. OpiM TOTO, CHEKH M’SCHI BiIIPalOTh BaXIIUBY
poJb y 3a0e3MeUeHH] palioHy YKpaiHChbKUX BIHCHKOBUX. TOMY BHITYCK Takoi MPOAYKLIii
BITYM3HSHUMHU BUPOOHUKAMH € BKpail HeOOXiTHUM B HUHINIHINA CUTYyaIli.

AHaJii3 ocTaHHIX JoCaizKeHb i myOaikanii. M'sicHa rany3b 3aiiMae BaroMme micrie
y CTPYKTYpi XapuoBOi MPOMHUCIOBOCTI YKpaiHu. BUpPOOHMITBO M'ACHUX MPOIYKTIiB
€ TPaIuIHOIO cremiani3anieo yKpaiHChKo1 Xap4oBoi iHxycTpii. OCHOBHUMH BHIAMHA
MPOMYKIIT M'SICHOT Tally3i € CB)Ke M'icO (SUIOBUYHMHA, CBUHHMHA, NITHIIS Ta 1HII BHIA
M'sica), HaniBGabpukaTu M'siCHI (KOTJIETH, TIeJIbMEHI, TOIO), BUpOOU KOBOACHI Ta Jiei-
KaTeCH M'SICHi, KOHCEPBH M'SICHI, CHEKH M'SCHIi Ta 1HIII M'SICONPOIYKTH.

M'sicHa cupoBHHA — I1e M'SICO 3a0UTHX TBAPHH, IPU3HAYCHE JIISI CIIOKUBAHHS JFOIH-
HOI a00 Ui BUPOOHMIITBA Xap4yOBUX MPOAYKTIB. M'ICO € Ba)KIMBUM KOMIIOHEHTOM
palioHy JIFOJMHHU, OCKIJIBKU BOHO 3a0e31euy€e opraHi3M MOBHOIIIHHUM O1JIKOM, He0OXi1-
HUM JIJIs1 TOOYZI0BHY Ta BIJHOBJICHHS KIITHH Ti1a. KpiM Toro, M'sico € JpkepesioM 3aiisa,
IIUHKY, BITaMiHIB Tpynu B Ta IHIINX NOXXUBHUX PEYOBUH, HEOOXiTHUX IJISI HOPMAJIb-
HOTrO (PYHKITIOHYBaHHS OpraHi3My. M'sicHa CHpOBHHA BiJIirpa€e BaXIIMBY poJib y 3a0e311e-
YEeHHI MPOIOBOJIBYOT OS3MEKH Ta MOKUBHOCTI PaIlioHy JitoauHH [1, 2].

M'sico € LIHHUM JKEPEesoM BUCOKOSKICHOTO O1IKa, 110 MICTHTh yCi HE3aMiHHI ami-
HOKHCIIOTH, HEOOX1IHI 1711 JOPMYBaHHS 1 BI/IHOBIICHHS TKAHUH OpraHi3My. binku m'sca
MAIOTh BUCOKY 010JIOT1YHY LIHHICTH Ta JOOPE 3aCBOIOIOTHCS OpraHi3MoM JironuHu. KpiM
TOrO, M'sCO Oarare Ha Bitaminu rpynu B (B,, B,, B, B,)), sixi 6epyTh yuacts y nporecax
SHEPIreTUYHOr0 OOMIHY, a TAKOX Ha MiHEpaJIbHI PEYOBUHH, TaKI SIK 3aJ1i30, IIUHK, CEJICH
Ta hocdop, SKi BIIIrparoTh BAXKIMBY POJIb Y HOpMAIILHOMY (DYHKIIIOHYBaHHI OpTaHi3MYy.
M'sico TakoK € JKepesioM O10NOTiYHO aKTHBHUX PEUOBHH, 30KpeMa L-kapHiTHHY, Kpea-
TUHY, KoeH3uMy Q10, siki 3a0e3Meuy0Th BUBLIBHEHHS CHEPTril B KIITHHAX Ta CIIPUSIOTH
MiJBUINECHHIO (I3UYHOT BUTPUBAIOCTI. TaKUM YWHOM, M'SCHA CHPOBHHA 3a0e3reuye
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OpraHi3M JIFOJUHH [[IHHUMH MOKUBHUMH PEYOBUHAMH, HEOOXITHUMH JJISI POCTY, PO3-
BUTKY Ta MATPUMaHHS 310poB's [3, 4].

Kypsituna mocijae mpoBigHe Miciie cepesl HarOuIbIn 3aTpeOyBaHuX BHIIIB M'SCHOI
CHPOBMHHU Ha CBITOBOMY PHHKY. [i OTPHMYIOTh BiJl JOMAILIHBOT MTHUILi — KypuaT-Opoiinepis,
SKAX PO3BOIATH IIIECIIPSMOBAHO JUTS 3a0€3MCUEHHsT HACETICHHSI BICOKOTIOKHBHIM M 'sI-
coM. Kypsiue M'sco IMPOKO BUKOPUCTOBYIOTH SIK Y IIPOMUCIIOBUX MacIITabax Juis BUPOO-
HHIITBA PI3HOMAHITHUX XapUYOBUX MPOAYKTIB, TaK i B JOMAITHEOMY TOCHOIAPCTBI ISl TIPH-
TOTYBaHHS CTpaB. M’sIcO KypSITUHH JIETKO IEPETPABITIOETHCS, Ma€ HEBHCOKY KaJIOPIHHICTH
MOPIBHSHO 3 IHIIMMU BUIaMHU M’siCa 1 TapHO MiAXOIUTh IS IUTSIYOTO XapayBaHHs [S].

CBHMHMHA — OJIMH 3 HAUTIOMIUPEHIIINX BUIIB M'sICHOT CHPOBUHH, SIKY OTPUMYIOTH BiJI
CBIMChKHX cBHHEH. BoHa mocimae dijgpHE MicIle cepel HalOUIbII CIIOKHBAHUX PI3HO-
BUJIB M'sica y cBiToBOMY MaciuTabi. CBUHMHA BiJJ3HAYAETHhCS BUCOKOIO MOXKHMBHICTIO,
OJTHaK i1 B)KMBaHHS MOTpeOye 3BAKEHOTO MiAXOAy 3aiuisi 30epexeHHs 310poB's. CBu-
HHHA MICTHTh JICTKO3aCBOIOBaHI (opMu 3aimi3a y ckiaii M’sca, BiTaMin B, (Tiamin) —
BKJIMBUI KOMITOHEHT JJIsl pOOOTH HEPBOBOT CUCTEMH, CEJICH 1 IUHK, sIKi MAlOTh B COO1
AHTUOKCHJIAHTHI BJIACTHBOCTI [5].

[Hnnyka — BeJMKa MTUIS POAMHU (Pa3aHOBUX, OJIHA 3 HAHOLIBIIUX Cepel OJ0Malll-
HEHUX NTaxiB. 3aBISKH CBOIM HATYypAILHUM SKOCTSM Ta BIIMIHHIM CMaKOBUM BJIaCTH-
BOCTSIM, M'SICO THIIMYKH CTAJIO MOMYJIIPHAM Xap4OBUM MPOIYKTOM Yy OaraTbox KpaiHax
CBiTY. M’sicy 1HIWYKW XapaKTepHHU BHCOKHI BMICT ITOBHOIIIHHOTO O1JIKa, HU3bKHUN
BMICT XOJIECTEpUHY Y MOPIBHSAHHI 3 IHIIUMH BHJaMHU M’sica, BMICT BiTaMiHiB Tpynu B,
BOHO € JDKEPEJIOM 3aJTi3a Ta iHIIWX BaXIJIMBUX MiHEpamiB [5].

SoBMYMHA — PIZHOBUJ M'SICHOI CHPOBWHH, SIKHH OTPUMYIOTH BiJl BEJTHKOI pora-
Toi XynoOu. 3aBIsSKH YHIKQJIbHUM CMAaKOBUM Ta MOXHBHHUM SIKOCTSIM, SUIOBHYE M'SCO
IIMPOKO BUKOPUCTOBYIOTH SIK JJISI BUPOOHMIITBA PI3HOMAHITHHX XapuOBHX MPOTYKTiB
MIPOMKCIIOBOTO BHPOOHHIITBA, TaK 1 B JIOMAIIHIM KyniHapii. SlmoBuymHa 3a0e3mneuye
Oprasi3zM HeoOXiTHUMHU MiHepaidaMu: GochopoM, KamieM, MarHieEM, € JHKEPEJIOM 3ailiza
Y BUIVIA[I JIETKO3aCBOIOBAHOTO TE€MY, MICTHTH B c00i BiTaminu rpymnu B [5].

Bueni Vkpainu i CBITY NpHUIUIAIOTH 3HAYHY yBary BHBUCHHIO MTUTAHHS PO3POOKH
TEXHOJIOT1il BUPOOHHIITBA CHEKIB M’ SICHUX, & TAKOXK IMUTAHHIO CKJIaAy TaKOTO BHLY IIPO-
IYKTY, OKHCHOI cTaOlIbHOCTI Ta BIUIMBY Ha Tpoliec 30epiraHHs Tomo. Y sIKOCTi OCHO-
BHOi CHPOBHHH JJIsI BAPOOJICHHS JAHOTO BUTY IIPOAYKTIB BHKOPHCTOBYIOTH Pi3HE M’SICO:
SJIOBUYUHY, CBUHUHY, KypsATHHY Tolo [6—13]. Bei po3missHyTi BUAM CHEKIB M SICHHX
3py4Hi y CIIO)KWBaHHI, MalOTh BUCOKHI BMICT OlJIKa, TPUBAJUi TepMiH 30epiranus. Lle
CIIOHYKAJIO HAC JOCIHIAUTH BUKOPHCTAHHS PI3HOI M’SICHOT CHPOBUHH y TEXHOJIOTII CHe-
KiB M SICHHX, & CaMe JIKEPOK.

Meta podoTn. MeToro TOCII/PKEHHSI BU3HAYCHO PO3POOJICHHS PEIeNTypH Ta TeX-
HOJIOTIi CHEKiB M’SICHUX, a came JDKepPOK. [T DOCSTHEHHs 3a3HAYCHOI METH IOCTaB-
JICHO psiJ] 3aBllaHb, & CAME BUBUYUTH aCOPTUMEHT CHEKIB M SICHMX, BUTOTOBUTH JIOCIiAHI
3pa3Ky JHKEPOK HA OCHOBI KypSATHHH, IHAMYaTHHN, CBUHUHH Ta SUTOBHYMHU 32 OJHAKO-
BUMH PELENTYPHUMH CIIiBBITHOIICHHSIMHI KOMIIOHCHTIB Ta PEKMMAaMH BHCYIIyBaHHS,
MIPOBECTH JIETYCTAIIHY OI[IHKY OJEepXaHWX JOCITITHUX 3pa3KiB, BU3HAYUTH BMICT
BOJIOTH, TIPOTEiHY, KHUPY, KIITKOBUHH, 30JIH, MIKPO- Ta MAKPOECJIEMEHTIB Y TOCIITHOMY
3pa3Ky JKEPOK, SIKHI BU3HAYUTHCS KPALTHM IiCIsI JETYCTAiHHOT OI[IHKH.

Marepianu i MeToau gocJizkeHHs. HamMu BUpIIIeHO BUTOTOBUTH JXKEPKH 32 OJTHA-
KOBOIO PELENITYPOI0, BUKOPHUCTABIIIH OTHAKOBI PEXKUMH CYIIIHHS, ajie Ha OCHOBI Pi3HOT
M’SICHOI CHPOBUHH — IHIMYATUHH, KYPSITUHH, CBHHUHH Ta SUIOBUYHHU. SIKiCTh BUKOPH-
CTaHOI CHPOBHHH BiTIOBilaa BUMOTaM, 3a3HAYECHUM Y Jif04ill HOpMaTUBHil TOKyMeH-
Tari.
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V pesynbrari ofepxkaHo 4 3pa3ku JHKEPOK M’SICHHX: 3pa3ok Nel — iHamui; 3pa3ok
Ne2 — cBuHs4i; 3pa3ok Ne3 — kypsidi; 3pa3ok Ned4 — suroBudi. JlocimiaHi 3pa3Ku JPKEPOK
M’SICHUX BHTOTOBJISUTM HACTYIMHHM 4YMHOM. CIIOYaTKy MpPOBOIMIIHM MiATOTOBKY M’sica:
MIPOMUBAHHS HOTO ITi/T BOJOIO AJIsI BUAAJICHHS 3aJIMIIKIB CyX01 KPOBi, BUCYIITyBaHHS BiJ
3aifBOT BOJIOTH, MPUOUPAHHS 3aiBOTO JKUPY, KW Ta IUTIBOK 3 M’sica, (DiJICFOBaHHS Ta
Hapi3aHHA CUPOBUHH Ha TOTOBI IIMATOYKHU (~5 MM B IIKUPHUHY, ~6 cM B JTOBXKHUHY). [aii
roTyBaJIM MapHHaA. Penientypa MapuHay i3 po3paxyHKy Ha | Kr M’sica HacTyIHa: Cillb
HiTpuTHa — 20 T, coyc coeBmii — 50 mut, manpuka kormueHa — 10 1, yacHuk cymenuid — 10
T, CyMill MpoBaHChKUX TpaB — 10 1, mepews yepBoHuil — 5 1. [linroroBnexe ta HapizaHe
M’sico MapuHyBanu 12 rox npu Temneparypi 0—4 °C. Hactymaum eramom Oyio 3aBaH-
TaxeHHs M’sica y cymapky Ezidri ultra fd1000 digital (puc. 1), 3pasku po3MiniyBaiu
piBHUM mIapom, 3agaBanu Temmneparypy (60 °C) ta yac BucymyBanHus (6 ron). Ilicns
BUCYIITYBAaHHsI JIOCHITHI 3pa3Ky OXOJIOMKYBAIIH.

-

8) 3pazox Ne3 (kypsamuna) 2) 3pazox Ned (snosuuuna)
Puc. 1. 3acanvnuii 8uenad 00CnioHux 3pasKie 0Hcepox M ACHUX 00 UCYULYBAHHSL

BusHaueHHs CKJIagy JOCTITHMX 3pasKiB JUKEPOK M’SICHHUX IpoBoxmin B Hayxko-
BO-JIOCITITHOMY LIEHTpi 0100e31eKn Ta eKoJIorigHoro KoHTpodro pecypei AIIK JIJIAEY
3a CTaHJapTHUMH METOMKAMH.

BukJiag ocHoBHOTo Marepiany. M'sacHi CHEKH (JUKEPKH, YillCH, CyXapi TOIIO) — I1e
PI3HOBWIM OOpOOJICHUX 1 BUCYIICHUX XapUOBHX MPOAYKTIB 3 M'sica, IPU3HAUCHUX IS
BXKUBAaHHS SIK MEpeKycu abo 3aKycku. M'ACHI CHEKU — 3arajbHa Has3Ba JUIs MIMaTo4Y-
KiB 200 CMY’KOK BHCYIICHOTO M'sica pi3HUX BHAIB. /IKepku — 1e cyuieHe m'sco, sike
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Mi1aI0Th TPUBAIOMY MapHUHYBAaHHIO Ta MOBUILHOMY CYIIIHHIO TIPU HU3bKHUX TeMIIepa-
Typax, 1o 3abesrnedye iM JOBruid TepMiH 30epirands. M'sCHI YillcH — TOHKI, XpyCTKi
TUTACTUHKH, BUTOTOBJIEH] 3 BUCYILLIEHOTO M'sica, 4acTo 13 poaaBaHHAM npunpas. Cyxapi
M'SICHI HaraJayloTh TPaIULiiHI XJIiOHI cyxapi, ale BUTOTOBJCHI 3 MiJCYIICHUX Ta Mif-
CMa)keHUX KyOWKiB a00 CKHOOYOK M'sca, 10 HaJla€ IM XPYCTKY TEKCTYpy. YCi i CHEKH
XapaKTepU3YIOThCA 3PYUHICTIO CIIOKUBAHHS y 10031 a00 SIK IIBUAKHMA IEpeKyc, € JKe-
penom OiKa, IPOTe MOXKYTh MICTUTH MEBHY KUIBKICTH COJIi, )KHPIB Ta 1HIINX JOMIIIOK
3aJIe)KHO BIJI pelienTypH Ta BUpoOHUKa [14].

LlixaBuM Oyi0 BMBYMTH AaCOPTUMEHTHHUI Psii CHEKOBOi M’ACHOI NPOAYKIi, SKY
MOXKHa Tipua0aT B YkpaiHi. [IpoananizyBaBIIM ABaHAALUATE PI3HUX TOPTOBHX MapoK,
BHUSIBJICHO, 1110 PI3HOMAHITTS Ta MPEJICTABICHUH ACOPTUMEHT MPOIYKIIIT CHEKIB M’ ICHUX
BEJIMKHI, KOKEH 3MOXKEe 3HAWTH Ui ceOe MPOAYKT 3TiJHO CBOIM BHUMOTaM Ta CMaKaM.
Ha puc. 2 MoxHa TIOOQYUTH aHAIIi3 CUPOBUHH, SIKY ONEPATOPU PUHKY BUKOPHUCTOBYIOTh
JUTSI BADOOHMIITBA CHEKIB M’ SICHUX.

MoxHa 3p0OUTH BUCHOBOK — KypsATHHA € aOCOJIOTHUM (DaBOPUTOM cepel] iHIIUX
BUJIIB M’sca, TIOSICHUTH 1Ie SIBHIIE MOXKHA 1 HEJJOPOTOI0 BapTICTIO, BHCOKUM BMiCTOM
Oika, HU3BKAM BMICTOM JKHpY, TiMOAJIEPTeHHUMH BJIACTHBOCTSIMH Ta IPOCTOTOIO
B peanizawii. Jlpyre miciie B peHTHHTY Oepe Ha cede sJIOBUYMHA, HA HAILy TyMKY, 1€
OB’ 513aHO 3 11 crenn(iYHIME BIACTHBOCTSIMH (apoMaT Ta CMakK), sIKi T€X 3aBOIOBAIIN
CBOIO TIEBHY ayJUTOPiI0 M’ICOiMiB. AyTcaiiiepoM BHSBUIACH IHAWYKA, HA ABAHAIISITH
OIeparopiB pUHKY YacTka il BUKOPHCTAHHS CTAHOBUTH JuIe 6 %, CIIiJ 3ayBa)KUTH,
0 1HAMYKA TEK M€ BIACHWHA CIIEU(IYHUN NPUCMaK NIPU TeMIeparypHii o0pooiri,
HATeBHO, OUTBIIICTh CIIOKUBAYIB HE PO3YMIFOTH I1i€1 0COOIMBOCTI, ajie 1 Ha e MPOIYKT
3HaWJEThCs CBiM CIIOKUBAY.

11 KypatuHa
AnosnunHa

- CBUHMHA

~ IHAMYKa

Puc. 2. Ananiz cuposunu, sKy UKOPUCHOBYIOMb OISt GUPOOHUYMBA CHEKIE M SICHUX

Juist mopiBHSIHHS OfIep KaHUX JaHUX 13 TAaHUMU MUHYJIHX POKIiB, HABeIEeMO iH(popMa-
Ii0 MI0JI0 CTPYKTYPH aCOPTUMEHTY CHEKOBOI M’SICHOT MPOMYKIIil yKpaiHCEKUX BUPOO-
HUKIB 32 BUaoM M’sica y 2011 p. [15]. 3a nmpoBegeHUMU A0CTiDKSHHIMA MOJIOKaHOBa
JL.B. ta Opemnnoi O.0. y 2011 p. KypsiTHHA TeX MOcijana mnepiie micue cepea mpo-
aHaJizoBaHoi cupoBuHHU (33 %), a OT Apyre Micle 3aiiMana cBuHuHA (22 %), Tpere —
smoBuanHa (16 %). [HIMYIKY BUKOPHCTOBYBAIH Tak caMo SK i 3apa3 6 % BUPOOHHKIB.

IIpu BUTOTOBIIEHH] JOCTIAHUX 3pa3KiB JHXKEPOK M SICHUX BTPAaTH y Maci CTaHOBUIIH
Maiixe nonoBuHy (tadn. 1). Haiibinbmie y maci BrpatuB 3pa3ok Ne2 — 62,5 %.
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ITicnst BUTOTOBJICHHS 3pa3KiB JKEPOK M’SICHHUX (puC. 3) MpOBETM BHU3HAYECHHS X
OpTraHOJICNITHYHHMX TIOKA3HUKIB SIKOCTI Ta JICTYCTAIlIIHY OIlIHKY.

Bci mmMaTtouku rapHo yTpuMyBasid (GOpMY Micis CYIUiHHS, Majdu BIaCTUBUI M’sic-
HUM Komp, CMaK Ta 3arax 6yn1/1 MIPUEMHUMH, BiIIIOBIJ]alI BUKOPUCTAHIM CUPOBUHI, 6€3
CTOPOHHIX HpI/ICMaKIB 1 3amaxiB, MapHHAJ TapHO MPOIHTAB 3pa3KH CBOIMH JIOJATKO-
BUMH apOMaTaMH 1 TOJIIIIINB OCTaTOYHMI cMak Ta 3amax. [Ipu nerycramii Bei 3pa3ku
OTpUMaJIN JOCTaTHHO BUCOKI Oanmu (puc. 4). Haiimenme OamiB Oymo y 3paska Nel
(mkepku inawui). HaliBumm Ganm cepen 3pas3kiB orpumanu No2 (IDKEpPKH CBHHSYI) Ta
Ned (mxepku sutoBudi). Jlami gociipKyBany CKIaj JPKEPOK CBUHSYHUX Ta SUIOBHYUX,
3pasku Ne2 ta Ned BignosigHo (Tadm. 2, 3).

Tabmuis 1
Brpartu y maci npu BUToTOBJIeHHI 3pa3KiB J:KepoK M’ SICHUX
Ne 3pa3ok 1:Kepok M’sICHUX
Moxa3znuk : : . . .
3/m inguai CBUHAYI Kypsyi AJTOBHYI
1 Maca npoayxry 20 1175 1175 1175 1175

BHCYIIYBaHHS, T

Maca npoxyxry mici 611,20 441,00 562,80 600,60
BHCYIIYBaHHS, T

Brparu y maci, 563,80 734,00 612,20 574,40

L ¢

N

w

i
2

3pa301< NOI ( zm)uuz) 3paszox No2 (ceunsiui)
3pazox Ne3 (kypsui) 3pazox Ne4 (snoseuui)

Puc. 3. 3acanvnuii suenso 3pasxie 0dcepox M’ sacHUX
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3arasnbHa opraHonenTU4Ha OuiHKa
1 2 3 4
Puc. 4. 3acanvua opeanonenmuuna oyinka
Tabmnus 2
Cru1aj 3pa3KiB JZKePOK M’ SICHHX
MacoBa yactka, % y . .
. Jxepku cBUHAYI Jsxepku sioBUYi
nepepaxyHKy Ha CyXi pe4oOBHHH
Bonorun 38,44 45,04
IIpoteiny 82,55 83,0
Kupy 6,77 3,25
KitkoBuan 0,32 0,49
3o 6,75 6,69

[TpoananizyBaBIy MOKA3HUKU TaOI. 2, MOKHA 3pOOMTH BHCHOBOK, III0 32 BMICTOM
MPOTEIHY Ta KJIITKOBUHU IIEPEBaKAIOTh JKSPKH sutoBHYi (3pa3zok Ned) —Ha 0,45 % Ta Ha
0,17 % BignoOBiHO, a 32 BMICTOM JKHPIB 1 301 MEPEBAKAIOTH JHKEPKU CBUHSU1 (3pa3oK
Ne2) —na 3,52 % Tta 1a 0,06 % BigmosixHo. Li pi3HUIL € HE CYyTTEBUMHE, TOMY (haBOpUTA
BHU3HAUUTH CKIagHO. CHil BiI3HAYUTH BUCOKHU BMICT O1JTKAa y TOTOBOMY HPOIYKTI —
82,55 % (mxepku cBuH:41) Ta 83,0 % (JUKEpKH SIIOBUYI).

3a pesynbraraMu aHamizy TaOl. 3 MOKHA TOOAYUTH, IO 3Pa30K JPKEPOK STIOBUYMX
3HAYHO MepeBakac CBHHSYI 32 BMICTOM 3al1i3y Ta IuHKY. L[i Minepam Jrye BaKJIUBI IS
HAIIIOTO opraH13My, aJKe 3a1i30 Buurpae BEJHKY POITb y TPaHCIIOPTYBAHHI KUCHIO B Opra-
Hi3Mi, KpiM TOrO, 3aJ1i30 BiNINOBIJa€ 32 aKTHBHICTb q)epMeHTlB cHHTe3 Oiuka 1 pobory
iMmyHHOI cuctemu. L[MHK Takok Hece B 001 BIACTHBOCTI IOJI0 IMyHHOI CHCTEMH, CIIPUSIE
3ar0€HHIO PaH, POOOTI MO3KY Ta CEHCOPHUX OPraHiB, CTaTeBOI (DYHKIIi1 Ta 3710POB’ S IMIKIpH.

JlocimiKyBaHi 3pa3Ku JPKEPOK 3HAYHO MEepEeBaXaroTh HAJ| IHITUMH BUPOOHUIHMHU
3pa3kaMu 3a BMICTOM OiJKa, a TaKOX MalOTh MCHIIHA BMICT JKUPY Ta BYIJICBOJIB
(Tabmn. 4).

BucHoBkn. [Ticist onpaitoBaHHs BCiX OTPUMaHKX PE3yJIbTATIB J0CIIKSHb MU BHPI-
LMY BIPOBAAUTH AOCTIIKYBaH1 3pa3ku M'scHUX Jxkepok Ne2 (cBunsui) Ta Ned (suo-
BUYi). X0oua JUKEPKH sUTOBHY1 MArOTh JICHIO KpPaIluii HYyTPIEHTHHUM CKIIaJ, aHIkK JDKSPKU
CBUHSYI, BOHM MaJIM TPOXH TipIlli MOKA3HUKH MPH CIIOKUBAHHI TOTOBOTO TPOIYKTY —
JEKOMY OyJIO CKJIaIHO PO3)KOBYBATH, & TAKOXK HE MOA00ABCs crielM(idHUN IpHCMaK.
AJe € KaTeropisi CIOXKUBAYiB, SKUM 10 BIOAOOM MPUCMAaK MPOIYKTIiB i3 SUTOBUYMHH,
TOMY 1M TaKi JUKEPKH OYIyTh IO CMaKy.
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Tabmurs 3

BwmicT makpo- i mikpoeJsieMeHTIB y 3pa3kax J:epoK M’ SICHHX

Ha3zBa nokazHuka

| Jlzxepku cBUHSAYI

Jskepku sinoBUYi

MaxpoejieMeHTH
Kanpmiit, r/xr 0,68 0,89
Docdop, r/xr 7,95 8,09
Maruii, r/kr 1,02 1,0
Harpiii, % 3,05 2,76
MixkpoeJjeMeHTH
3ami30, MI/Kr 28,99 7432,6
IuHK, Mr/KT 47,43 128,02
Mijp, Mr/kr 1,88 3,22
Mapraseiip, MI/Kr 2,07 3,12
Tabnus 4
IopiBHsIIbHA XapaKTePHUCTUKA AOCTiTHUX
i3 BUPOOHUYMMU 3pPa3KaMHM 3KEPOK M’ SICHUX
Bwmict, r/100 r Enepreruu-
Hasea npoaykry Bupodu OinkiB | skMPiB | ByIUIeBOIiB }::lKl:HH/}lli]coT l;’
1 2 3 4 5 6
OoJerky (;:[)fcepm Kmlfmamﬂ 39 20 5 285
CBHHSTYI) «paitn Oyn3»
Coumma QipMoBa | o\ £ ICOy |50 15 0,8 320
(JUKepKY CBUHSYI)
Wild Willy Pork Je.rky T™ «Jack's 64 1 2.7 364
(JKepKU CBUHSYI) Meaty, [Tonpmma
Beef Jerky I(J'IaCI/I‘IHI/II‘/jI TM «Jack's 70.4 2.66 6,08 347
cMmak (Jukepku sutoBrdi) | Meaty, [Tonbma
SInoBuunHa B'siieHa Komnanis
Texacbka (Lp_xcepKI/I «TTpaitn Dy 46 9 5 285
SITTOBUY1)
ﬂ”‘egﬁgﬁgm” TM «iDLO» | 46 9 5 285
Jocnigauit 3pazok Ne 2 (mxepku cunsai) | 82,55 | 6,77 3,15 403,1
Jocnigauii 3pazok Ne 4 (IpkepKu sUTOBHYI) 83 3,25 2,43 370,4

3 mpHBOAY MOCTIIYIOUUX JOCTIHKEHb Yy JaHOMY HAmpsMi MEpCIEKTUBHUM Oyre
BHU3HAYEHHSI aMiHOKHCIIOTHOTO CKIIay, PalliOHAbHUX PEKUMIB CYIIiHHS, CTPOKY 30e-
piraHHs, yMOB ITaKyBaHHS TOTOBOTO TIPOIYKTY.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU:

1. Meat. Food and Agriculture Organization Term Porta: BeO-caitt. URL: https://

www.fao.org/markets-and-trade/commodities/meat/en/?ADMCMD_view=1

3pepHeHHA 13.04.2024).

(mara




XapuoBi TeXHOJOTi] |
|

141

2. What is meat? National Heart, Lung, and Blood Institute: Be6-caiit. URL: https://
www.nhlbi.nih.gov/health/educational/wecan/eat-right/distortion.htm (nata 3BepHeHHS
13.04.2024).

3. FoodData Central. U.S. Department of Agriculture, Agricultural Research
Service: BeO-caiit. URL: https://fdc.nal.usda.gov/ (nara 3sepuenns 13.04.2024).

4. Dietary Guidelines. U.S. Department of Agriculture, Agricultural Research
Service: BeO-caiit. URL: https://www.dietaryguidelines.gov/resources/2020-2025-
dietary-guidelines-online-materials (nara 3Bepaenns 13.04.2024).

5. 3aranpHi TEXHOJIOTII XapuoBOi MpoMHCIOBOCTI. YacTiHa 1: HaBYaIbHUU MMOCI0-
Huk / B.®. Ilepresoii Ta in. Cymu: CHAY, 2021. 317 c.

6. Crnoci® BupoOHUITBa cHeKiB M'sicHuX: [lat. 66027 Vkpaina: MITK A23L, 1/31.
Neu 2011 05539; 3asB. 29.04.2011; omy6n. 10.11.2011, Bros. Ne24.

7. Zdanowska-Sgsiadek Z., Marchewka J., Olav Horbanczuk Ja., Wierzbicka A. et
al. Nutrients Composition in Fit Snacks Made from Ostrich, Beef and Chicken Dried
Meat. Molecules. 2018. 23 (6). 1267.

8. Serra A., Gallart-Palau X., Koh W.Y., Chua Z.Ji.Yu. et al. Prooxidant modifica-
tions in the cryptome of beef jerky, the deleterious post-digestion composition of pro-
cessed meat snacks. Food Research International. 2019. Vol. 125. 108569.

9. Jamadar D., Shree V., Wagh R. A review on meat-based snack industry. J. Exp.
Zool. India. 2022. Vol. 25, No. 1. pp. 325-329.

10. Nimitkeatkai H., Pasada K., Jarerat A. Incorporation of Tapioca Starch and
Wheat Flour on Physicochemical Properties and Sensory Attributes of Meat-Based
Snacks from Beef Scraps. Foods. 2022. 11 (7). 1034.

11. AnroniB A.Jl. YJKUpHOKHUCIOTHHIA CKJIa] M ICHIX CHEKIB 3 JIOIABAaHHIM TIPOYK-
TiB OJUKUTEHUITBA. 310POB’ s MOnUHM 1 Hatil. 2024. Ne2. C. 7-15.

12. Manamapuyk LIT., Mymtpyk M.M., llItonna O.A. Ouinka SKOCTi Ta XapuoBoi
LIHHOCTI M’ICHUX CHEKiB. 310poB’s moauny i Hawii. 2024. Ne2. C. 36-43.

13. Lima [.A., do Carmo L.R., Andrade B.F., de Oliveira Th.L.C. et al. Technolog-
ical and sensory characteristics in development of innovative symbiotic boneless dry-
cured lamb meat snack. Meat Science. 2024. Vol. 216. 109578.

14. M'sicHi cHeku: Tukepku. Axademia cywinns «DRY FOODy: Be6-caiit. URL:
https://dryfoodacademy.com/blog/pro-susheni-produkty/shho-take-dzherky/ (mata
3BepHeHHS 13.04.2024).

15. Monokanos JI.B., Opemuna O.0. XiMidHHNA CKJIa/l BITYU3HSIHUX M SICHUX CHE-
kiB. HaykoBwuii BicHuk [lonTaBchbKOro yHiBEpCHTETY eKOHOMIKH i Topriemi. 2011. Nel
(52). C. 119-124.

REFERENCES:

1. Meat. Food and Agriculture Organization Term Porta. Retrieved from: https://
www.fao.org/markets-and-trade/commodities/meat/en/?ADMCMD _view=1.

2. What is meat? National Heart, Lung, and Blood Institute. Available at: <https://
www.nhlbi.nih.gov/health/educational/wecan/eat-right/distortion.htm> [Accessed 13
April 2024].

3. FoodData Central. U.S. Department of Agriculture, Agricultural Research Service.
Retrieved from: https://fdc.nal.usda.gov/.

4. Dietary Guidelines. U.S. Department of Agriculture, Agricultural Research
Service. Retrieved from: https://www.dietaryguidelines.gov/resources/2020-2025-
dietary-guidelines-online-materials.

5. Pertsevoi, V.F. et al. (2021). Zahalni tekhnolohii kharchovoi promyslovosti.
Chastyna 1: navchalnyi posibnyk [General technologies of the food industry]. Sumy:
SNAU [in Ukrainian].

6. Sposib vyrobnytstva snekiv miasnykh [Method of production of meat snacks]:
pat. 66027 Ukraine: A23L, 1/31. Neu 2011 05539; Application 29.04.2011; Publ.
10.11.2011, Bul. Ne24 [in Ukrainian].




| Taspiliceknit HaykoBui BicHHK Ne 3

142 |

7. Zdanowska-Sasiadek, Z., Marchewka, J., Olav Horbanczuk, Ja., Wierzbicka, A. et
al. (2018). Nutrients Composition in Fit Snacks Made from Ostrich, Beef and Chicken
Dried Meat. Molecules, 23 (6), 1267.

8. Serra, A., Gallart-Palau, X., Koh, W.Y., Chua, Z.Ji.Yu. et al. (2019) Prooxidant
modifications in the cryptome of beef jerky, the deleterious post-digestion composition
of processed meat snacks. Food Research International, Vol. 125, 108569.

9. Jamadar, D., Shree, V., Wagh, R. (2022). A review on meat-based snack industry.
J. Exp. Zool. India, Vol. 25, No. 1, pp. 325-329.

10. Nimitkeatkai, H., Pasada, K., Jarerat, A. (2022). Incorporation of Tapioca Starch
and Wheat Flour on Physicochemical Properties and Sensory Attributes of Meat-Based
Snacks from Beef Scraps. Foods, 11 (7), 1034.

11. Antoniv, A.D. (2024). Zhyrnokyslotnyi sklad miasnykh snekiv z dodavanniam
produktiv bdzhilnytstva [Fatty acid composition of meat snacks with the addition of
beekeeping products]. Zdorovia liudyny i natsii — Human and nation health, Ne2, 7-15
[in Ukrainian].

12. Palamarchuk, I.P., Mushtruk, M.M., Shtonda, O.A. (2024). Otsinka yakosti ta
kharchovoi tsinnosti miasnykh snekiv [Evaluation of the quality and nutritional value
of meat snacks]. Zdorovia liudyny i natsii — Human and nation health, Ne2. 36-43.

13. Lima, I.A., do Carmo, L.R., Andrade, B.F., de Oliveira, Th.L.C. et al. (2024).
Technological and sensory characteristics in development of innovative symbiotic
boneless dry-cured lamb meat snack. Meat Science. Vol. 216. 109578.

14. Miasni sneky: dzherky [Meat snacks: jerky]. Akademiia sushinnia «DRY
FOOD» — «DRY FOOD» drying academy. Retrieved from: https://dryfoodacademy.
com/blog/pro-susheni-produkty/shho-take-dzherky/.

15. Molokanov, L.V., Oreshyna, O.0. (2011). Khimichnyi sklad vitchyznianykh
miasnykh snekiv [Chemical composition of domestic meat snacks]. Naukovyi visnyk
Poltavskoho universytetu ekonomiky i torhivli — Scientific Bulletin of the Poltava
University of Economics and Trade, Nel (52). 119-124.




XapuoBi TeXHOJOTi]

143

YOK 664.681:664.654.2
DOI https://doi.org/10.32782/tnv-tech.2024.3.15

BUKOPUCTAHHSA CTABINIBALUIMHUX CUCTEM Y TEXHONOTII
BICKBITHUX HATMNIB®ABPUKATIB

FOpy4eHko C. J1. — kaHOuOam mexHiYHUX HayK,

douyeHm Kaghedpu xap4o8ux mexHoroeili 8 pecmoparHit iHOycmpii
HepxxagHo20 6iomexHono2iyHo20 yHisepcumemy

ORCID ID: 0000-0003-1286-081X

Scopus-Author ID: 57220201511

KonecHikoea M. B. — kaHOudam mexHiYHUX HayK,

douyeHm Kaghedpu xapHo8ux mexHoroaili 8 pecmoparHiti iHOycmpii
HepxxagHo20 6iomexHono2iyHo20 yHisepcumemy

ORCID ID: 0000-0002-6223-7105

Scopus-Author ID: 57215434099

Yepemcnka T. B. — kaHOuOam mexHi4HUX Hayk,

doueHm Kaghedpu xapHo8ux mexHoroaili 8 pecmoparHit iHOycmpii
HepxxagHo20 6iomexHono2iyHo20 yHigepcumemy

ORCID ID: 0000-0001-6518-3889

Scopus-Author ID: 57217485269

Bickeimnuiu naniegabpuxam ma KOHOUMEPCHKi UPooOU 3 11020 BUKOPUCTNAHHAM NPOMALOM
bazamvox poxie € 0OHUMU 3 HAUYII0OIeHIWUX Tacowie piznux éepcme nacenenns. Came momy
HayKo8Yi npuoiAoms 3HaUHy Y6a2y NOKPAWEHHIO 1020 CHOJICUSHUX XAPAKMEPUCTNUK Md 3ACMO-
CO8YIOMb Pi3HI IHHOBAYIUHI NIOX00U 6 MEXHONL02IT UPOOHUYMEBA 3 MEMOI0 OMPUMAHHSL HANI6a-
Opukxamy 3i cmabibHUMU XAPAKMEPUCTIUKAMU.

Acopmumenm Oickgimnux Hanispabpuxamis GopmMyemvbcs, 20106HUM HYUHOM, 3d PAX)-
HOK 8apilo8anHs peyenmypHux KOMNOHeHMi6 ma ocobaugocmeti mexHonN02iuH020 npoyecy
ix supobrHuymea. Bioomo, wo npu supoOHUymai 6iCKeimHUX HANI8HAOPUKAMIE BUKOPUCTIO-
8YI0Mb AUYSA KYPAUI, AKI GUKOHYIOMb POIb NIHOYMEOPI08aya ma nio yac 30U8anHs 3 YyKpom
sabesneuyloms opmysanns ninnoi cmpykmypu. Henanescna sxicme ninoymeopiosaua,
SMeHULeN A YU 30INbWen A 4acy 30ueanns, nioguwena memMnepamypa peyenmyphoi cymiui
npugoodsams 00 OMPUMAHHA 3A008IILHUX NOKAZHUKIE NIHOYMEOPIOYOI 30amHOCmi ma po3-
wapyeanus cucmemu.

3 memoro supiuienns euue3azHaueHux nPooIeMHUX MOMEHMIE HAYKOBYI NPONOHYIOMb Di3HI
iHHOBAYII 8 MexHON02I] DICK8IMHUX Hani8hadbpuramis, sKi € 0OCMAMHbO PISHONIAHOB] MA XAPAK-
MEPU3YIOMbCsl AK ONMUMIZAYIEIO PeYyenmypHo2o CKAA0y max i 3acmocy8aHHAM HOGUX IHepedicH-
mie, AKI NONINULYIOMb OP2AHONIENMUYHI MA CMPYKMYPHO-MEXAHIYHI 61ACMUEOCTMI AK 6UNEYEHUX
Haniegabpuxamis, max i 20moeoi npoOyKyii 3 ix 6UKOPUCAHHSIM.

Y emammi poszensamymo modxciusicmv uxopucmants cmadoinizayiinux cucmem: 2euo Ois
30UBAHNA MA eMYIbeAMOPA-NOKPAWYEAYa 8 PeyenmypHoMy cKIadi OICKImHux Haniepabpuxa-
mis, wo 003601UMb CKOPE2YBAMU (QYHKYIOHATbHI 61ACMUBOCE MPAOUYILIHO20 NIHOYMBOPI08ayd
(AlYsL Kypsuo2o).

IIposedenumu 00CHIOHCEHHAMU BCIMAHOBLEHO, WO 2elb OISl 30UBAHHS OOYITLHO UKOPUCTO-
syeamu 6 konyenmpayii 3,0%, a emynveamop-nokpawysay — 4,0% 6i0 macu peyenmypHux Kom-
NOHeHmi6, Wo 00380714€ 3abe3neyumu cmitiky niHonooiony cucmemy ma ii cma0inizayiro nio yac
it popmysannsi.

Peszynomamamu 0ocniodcenns € onmumizayis peyenmyprHo20 CKaady ma mexnonozis oickeim-
HO20 Hanie@adbpuxanmy 0CHOBHO20, AKA NONALAE Y 3MEHUEHHT MICTITY MENAHIICY y peyenmypi ma
CKOPOYEHHI 4acy 30UBAHHS peyenmypHoOi CyMiui.

Ipucymuicms cmabinizayitinoi cucmemu y peyenmypi OICK8Imy Kpyenio2o Cnpusie NnoxKpd-
WeHHIO NOKA3HUKIE 1020 NIHOYMEOPIOYOI 30aMHOCMI Md 3MEHUWEHHIO Ydacy ONpaylo8aHHs
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peyenmypHoi cymiwii, o CHPUsE CKOPOUEHHIO MPUBAIOCHE MEXHONOSIMHOZ0 NPOYecy SUpOOHU-
ymea GICK8ImHO20 Hanispadbpuxamy.

Knrouosi cnosa: oickeimnuil Hanisgpabpuxam, cmabinizayitina cucmema, eeib 0Jis 30UBAHHS,
RIHOYMBOPIOIOUA 30AMHICMb, YAC 30UBAHHSL.

ITurchenko S. L., Kolesnikova M. B., Cheremska T. V. Use of stabilization systems in the
technology of biscuit semi-finished products

For many years, biscuit semi-finished product and confectionery products using it have
been one of the favorite treats of different segments of the population. That is why scientists pay
considerable attention to improving its consumer characteristics and apply various innovative
approaches in production technology to obtain a semi-finished product with stable characteristics.

The assortment of biscuit semi-finished products is formed mainly by varying the recipe
components and the specifics of the technological process of their production. It is known that
in the production of biscuit semi-finished products, chicken eggs are used as a foaming agent,
which, when whipped with sugar, ensure the formation of a foamy structure. Inadequate quality
of the foaming agent, reduction or increase of the whipping time, increased temperature of the
recipe mixture lead to unsatisfactory foaming performance and stratification of the system.

In order to solve the above-mentioned problems, scientists propose various innovations in
the technology of biscuit semi-finished products, which are quite diverse and are characterized
by both optimization of the recipe composition and the use of new ingredients that improve the
organoleptic and structural and mechanical properties of both baked semi-finished products and
finished products using them.

The article considers the possibility of using stabilization systems: whipping gel and
emulsifier-improver in the formulation of biscuit semi-finished products, which will allow
adjusting the functional properties of the traditional foaming agent (chicken egg).

The research has established that it is advisable to use a whipping gel at a concentration of
3,0% and an emulsifier-improver at 4,0% by weight of the recipe components, which allows for a
stable foamy system and its stabilization during its formation.

The results of the study are the optimization of the recipe composition and the technology of
the basic sponge cake semi-finished product, which consists in reducing the content of melange
in the recipe and reducing the time of whipping the recipe mixture.

The presence of the stabilization system in the recipe of the round sponge cake improves its
foaming ability and reduces the time of processing the recipe mixture, which helps to reduce the
duration of the technological process of production of the sponge cake semi-finished product.

Key words: biscuit semi-finished product, stabilizing system, whipping gel, foaming ability,
whipping time.

ITocranoBka mpodsemu. Cepen TOCTaTHRO LIMPOKOTO ACOPTHMEHTY OOPOIIHSHOL
KOHJUTEPCHKOI MIPOYKIIii, sIKa Mpe/icTaBIeHa Ha PHHKY YKpaiHH, 3HaYHA YacTKa MPHUIIAIae
Ha BUPOOH 3 BUKOPUCTAHHAM OiCKBITHOTO HarliBpaOpUKaTy, NPUBAOJIMBI CIIOKHMBHI XapakK-
TEPHCTHKH SKOTO 3yMOBITIOIOTh CTIHKHI ITOMHT HA HUX PI3HUX BEPCTB HaceJeHHS [1].

Cuijl 3a3HAYNTH, 1110 TPH BUPOOHHUIITBI OICKBITHUX HaIiB()aOPUKATIB iCHYE psi IIPO-
ONEeMHHMX MOMEHTIB, OCHOBHUMH 3 SIKUX €: TIOKpAIlleHHs SKOCTI Ta Xap4oBOi IIHHOCTI;
OTPUMaHHs CTabITLHOTO MIHOMOAIOHOTO TiCTa; IHTEHCH(IKAIS TEXHOJIOTIYHOTO TPO-
IeCy ToIIO.

OCHOBHMMH YMHHHMKaMH, sIKi BIUIMBAaIOTh Ha ()OPMYyBAHHS MiHOMOAIOHOI CTPYK-
Typu OICKBITHOTO TiCTa €: HECTaOUIbHI XapaKTEPUCTHKH CUPOBUHH Ta HEOOXiTHICTH
MIHIMQJIBHOTO MEXaHIYHOTO BIUIMBY Ha TICTO IiJ 4ac WOro 3amillyBaHHs Ta (Gopmy-
BaHHS. 32 PEOJIOTIYHIMH BIACTHBOCTSIMU OICKBITHE TICTO MOXHA OXapaKTEePU3yBaTH, SIK
c1ab0 CTPYKTYpOBaHY, TEPMOJMHAMIYHO HECTIMKY IMHOMOMIOHY CHCTEMY, TOMY OJTHI€I0
3 OCHOBHHMX TEXHOJIOTIYHHX 3a/1a4 € i1 cTabimizaris mija yac ii popmyBaHHs [2].

AHani3 ocTaHHixX jpociaigkeHb i myOaikaniii. [luTaHHAM MiIBUIICHHS XapdoBOl
Ta O10JIOTIYHOI IIHHOCTI, TIOMIIMIIICHHS CMaKy, apoMaTy 1 KOJbopy OiCKBITHOTO HarliB-
(habpukaty 3aiimManmcst 6arato HayKOBIiB. 3 METOIO BUPILICHHS 3a3HAYCHOI MPoOIeMH,
aBTOpaMH [3] MPOMOHYETHCS BHECEHHS 10 PELENTYPHOTO CKJIATy OICKBITHOTO HAIiB-
(habpuxkaty mopomky rapOysa B KinbkocTi 5, 10, 15%. [IpoBenernmu 1ocmimmKeHHIMA
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BCTaHOBJICHO, 110 OICKBIT 3 gonaBaHHsM 5, 10, 15% mopormiky rapOy3a xapakTepusy-
€ThCSI PIBHOMIPHUM, TOHKOCTIHHHMM, E€JIACTUYHHUM M’SKymieMm. 30epiraHHs OiCKBITY
3 100aBKOIO TIOPOIIKY TapOy3a MiATBEPIUIO TOJOBKEHHS 30epeKeHHS CBIXKOCTI, 3aB-
JIIKHA KOMIUICKCY CKJIaTHUKIB.

JliteparypHi jxepena cBig4ath [4], 110 B TEXHOJIOT11 OiCKBITHUX HamiBpaOpuka-
TiB BUKOPHUCTOBYIOTh PI3HOMAHITHY CUPOBHUHY, 30KpeMa LiJIbHO3MEIEeHe OOPOLIHO 3i
CIIeNBTH. 3a3HAYEeHO, IO YIO0CKOHAICHHS TEXHOJIOT1H OiCKBITIB CIIPSIMOBaHE HA BUKO-
PUCTAHHS HETPAIUIINHOT CHPOBHHH 3 METOK) PETYJIHOBAHHS IOKHMBHOI IIHHOCTI Ta
PEOJIOTIYHUX BIACTUBOCTEH OICKBITHOTO TICTa Tijf YaCc BUPOOHMIITBA W BUITIKAHHS.
ABTOpaMHU JOCTIPKEHO TIiCTO JUIsi OICKBITa OCHOBHOTO Ta MOJACNBHI KOMITO3HUIIT i3
3aminoro 10, 20, 30, 40, 50 % GopomrHa MIIEHUYHOTO BUIOTO TaTYHKY Ha OOPOIIHO
31 criesibTH. BCTaHOBIIGHO, 1110 BUKOPUCTAHHS OOpOIIIHA 31 CHENbTH y CKJIaai OicKBiTa
OCHOBHOTO CIIPHUSIE 3HWKECHHIO B’SI3KOCTI, IPOTE MiABUITYETHCS 30UTICTh Ta CTIHKICTh
OICKBITHOTO TICTA, IO € MO3MTHBHHUM MOMEHTOM IIPH MOJAJbIIOMYy (OpPMYBaHHI Ta
BUITIKaHHI.

Jocmigaukamu [5] BU3Ha4eHO BIUTHMB OOpomIHa «37H0pOB’sS» Ta MOPOIIKY KepoOy
3aJIe)KHO BiJl KOHIICHTpAIll Ha OpTaHOJICITHYHI TTOKa3HUKK OICKBITHUX HariBhadpuKa-
TiB Ta OOTPYHTYBaHHS JOLUIJIBHOCTI X BUKOPUCTAHHS B 1X ckiafi. bopourHo «310poB’s»
SIBIISIE COOOI0 OOPOIITHO, IO MPOPOIICHE i3 3epHA MIICHHMIII B PO3YMHI MOPCHKOT Xap4o-
BOT coJjii. BOHO MiCTHTh Male BCi BiTaMiHH, MiHEpaJIbHI PEYOBHHH, XapuOBi BOJOKHA
3epHa.

[Topomiok kepoOy MicTUTh y co0i OUIKH, BiTaMiHH, Xap4yoBi BOJIOKHA, MIiKpO- Ta
MaKpOEJIEeMEHTH, TOOTO € KOHIIEHTPATOM LIHHUX PEYOBHH, SIKI MOXYTh OyTH BHKOPH-
cTaHi a71st 30araueHHs OICKBITHUX HamiB(haOpHKaTiB.

AHai3 OTpUMaHMUX PE3yJbTaTiB CBIYNTH, IO 3aMiHa OOPOIIHA MIIEHUYHOTO Ha
6opomrHo «310poB’s» y Kinbkocti Bix 10 % mo 30% B peuentypi OiCKBITHOTO HaIiB-
(habpukaTy cnpusi€e MOKPALICHHIO HOr0 OPraHONENTUYHHX MOKA3HUKIB. Y pe3ynbTari
MTOBHOT 3aMiHM KaKao-TIOPOIIKY Ha MOPOIIOK KepoOy OTPHUMAaHO MAcIsSTHUH O1CKBITHHN
HariB(haOpHKaT 3 HAHKpAITUMH OPTaHOJICITUYHUMHE OKA3HUKAMHU.

Binomo, mo 3a XiMiYHMM CKJIaJ0M OiCKBiTHI HamiB(haOpHKaTH MICTSATh HE3HAUHY
KUTBKICTh O1JTKa Ta BEJIMKY KUIBKICTh BYIJICBOMIB. 3 ypaxyBaHHSIM BHINE3a3HAYCHOTO,
JOCIITHUKAMU TPONOHYETHCS BUKOPUCTAHHS B iX CKJIaJi MOPOUIKY CIIPYJIIHH y KOH-
neHtpanisx 5,0...15,0%, 1o J103BOJIMTh MOKPAIUTH XapUuoBY LIHHICTH [6].

Cripynina 6arata Ha BaJliH, JICWIIWH, 130JICHIMH, TPEOHIH. BwmicT Oinka B cripy-
JiHi nocsirae 68 %, skuil 3acBoroeThes opradizmoM Ha 80...90%. ChipysiHa MiCTUTb
3HAYHY KIJIBKICTh (hocdopy, 3aii3a Ta Kabito. Pe3ynsraTy 10CiiKeHHs TOKa3aIu, o
ONTHMAaJIbHA KUTBKICTh MOPOIIKY CITIPYJIIHU B perenTypi OiCKBITHOTO HammiBaOpHukary
ctaHoBUTh 10,0%. LI KUIBKICTh HE MOTIpIIyEe OPraHONENTHYHUX [TOKa3HUKIB HamiB]a-
OpHKaty, OfHAK CIIPHSE MiJBUIICHHIO HOTO XapuoBOi MIHHOCTI; BMICT OilKa y HbOMY
30impmryersest Ha 50,0%.

JocnimxeHHs, mpoBeieHi B 00paHOMY HanpsMi CBia4arh, 110 iHHOBAIIl B TEXHOJIO-
risx OiCKBITHMX HamiB()aOpHKATiB TOCTaTHHO PI3HOIUIAHOBI Ta XapaKTEPU3YIOTHCA SIK
ONTHUMI3AIIEI PELENTYPHOTO CKJIy, TaK 1 BUKOPUCTAHHSM HOBHX IHTPEIIE€HTIB, SKi
CIPUSIIOTH TIOKPAIICHHIO CIIOKUBHIX XapaKTEPUCTHK BUMICYCHUX HaIliBPaOpUKaTiB.

MeTo10 D0CTiIKEHHS] € BHBYCHHS MOXKJIMBOCTI BHKOPUCTAHHS CTa0LIi3amiiHuX
CHUCTEM, SIKI XapaKTePH3YIOThCS MIHOYTBOPIOIOUOIO Ta CTAOUTI3YFOUOI0 JTIEF0 B TEXHOJIO-
rii OicKBITHUX HamiBpaOpHUKAaTiB, 3aCTOCYBaHHS SKHUX J03BOJIMTH CKOpEryBaTH (PyHKITi-
OHAJIBHO-TEXHOJIOT1UHI BJIACTUBOCTI PEIENTYPHUX KOMITOHEHTIB OiCKBITHHX HarliBa-
OpuKaTiB.
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Buxknax ocHOBHOTo MaTtepiany. AHaii3 iCHyI0YMX TEXHOJOTIH CBiAUHUTE [6-8], 1110
pu BUPOOHHUITBI OICKBITHUX HamiB()aOpUKaTiB BHKOPUCTOBYIOTh XapuyoBi T00aBKH
PI3HOrO MOXO/HKEHHS, K1 BAKOHYIOThH POJIb €MYJIbIaTopiB, cTab1s1i3aTOPiB Ta MiHOYTBO-
pIOBaviB XapuOBUX CHCTEM. BBEAEGHHSIM 1O PELENTypHOro CKIaay OiCKBITHHX HAIiB-
(haOpuKaTiB XapuoBUX JIOOABOK JIOCSATAETHCS NEBHA METa, SKa TOJISTa€E B MOKpAIICHHI
BJIACTHBOCTEH HATUBHOI CHPOBHHU, YIOCKOHAJIICHHS TEXHOJIOTii BHPOOHUIITBA HAITiB-
(haOpukary, 30UTbIICHHS TEPMiHIB iX 30epiraHHs TOIIO. Y 3B'SI3KY 3 BHIICBUKIIAJICHUM,
JIOCITI/PKEHO MOXKJIMBICTh BUKOPUCTAHHS CTa0LTI3aIHHAX CHCTEM — TeJTO JIJIsl 30UBaHHS
Ta eMyJIbraTopa-rnokpamlyBada B pelenTypHOMY CKJiaji OiCKBITHHX HariB(aOpuKaTiB.

I'ens st 30uBaHHA (00aBKa 1) siBIsie COOOI0 KOMILIEKCHY XapdoBy JOOaBKY, sSKa
MICTHTB Y CO01 Xap4yoBi eMyJIbratopu Ta cTabijizaTopu. BUpOOHUKH PEKOMEHIYIOTh
BUKOPHUCTYBABaTH ii B KiibkocTi 3,0 % BiJx Macu peLenTypHUX KOMIIOHEHTIB.

Emynberarop-mnokpanryBad (1006aBka 2) — macra, sika peKOMEHIYEThCS 710 3aCTOCY-
BaHHS IIPH BUPOOHHUITBI OiCKBITHUX HamiBagOpHKaTiB B KiTbKocTi 3,5...4,0% Big Macu
peLenTypHUX KOMIOHCHTIB.

JocnimkeHo QyHKIIIOHATBHI BIACTUBOCTI 00paHUX JOOABOK: CIIPOMOXKHICTH X 10
MHOYTBOPEHHS Ta CTIHKiCTh MiHK. OTpHMaHi pe3yJbTaTH CBIYaTh, 10 31 301IBIICH-
HSIM KOHIICHTPAIIil Xap4oBOi 100aBKU B MOICIBHUX CUCTEMaX 3HAYCHHS MiHOYTBOPIO-
10401 3IaTHOCTI 301IBITY€EThCsI. BCTaHOBIIGHO, 1110 TeJb 171 30MBaHHS JOITHHO BUKO-
PHCTOBYBAaTH B [Iiara3oHi KOHIEHTpauii 2,5...3,0% (3 4acTKOBOIO 3aMIHOIO METAHXKY),
a eMynbratop-nokpamtysad — 3,5...4,0%.

BuBYeHHS CTIMKOCTI MiHM CTaOLMI3aAlifiHUX CHCTEM BIPOIOBXK 5 XB IMOKAa3aio, IO
HAWMBHIIII 3HAYCHHS 3 TAHOTO MOKA3HUKA CIIOCTEPIraroThCs MPU BUKOPHCTAHHI TeITI0 IS
30uBaHHs B KOHIeHTpauii 3,0%, a eMynbraropa-nokpaitysada — 4,0%.

JliteparypHi maHi cBiguarh, 10 Ha (HOpPMYBaHHS BIACTHBOCTEH OICKBITHUX HAITiB-
(habpuKaTiB 3/1MCHIOE CYTTEBUI BIUIMB OIEpallis 30MBaHHS I[yKPOBO-SEYHOI CYMIIIIi.
3 ypaxyBaHHSM L[LOTO JTOCIII/HPKEHO BIUIMB I'elTto /715l 30MBaHHS Ha TOKa3HUKH MTiHOYTBO-
PIOOYOT 3IaTHOCTI IIYKPOBO-SIEYHOT MAaCH 3aJICIKHO BiJl 4acy 30MBaHHSI.

OTpumaHi JaHi CBigUaTh, IO IPU 30MBaHHI JTBOKOMIIOHCHTHOI MOJCIBHOI CHC-
TeMHU (MEJaHXK-IIyKOp) MpoTsroM 1...2 XB MOKa3HWUKM MiHOYTBOPIOKYOI 3JaTHOCTI
cranoBmim 200 Ta 220% BiAmoBiaHO. BHECEHHS Tero /i 30UBaHHS 10 CKJIATy JAHOT
CHCTEMH IIPUBOAUTH J0 TOTO, IO Yac 30MBAHHS CKOPOUYETHCS y 2 pa3u IPH OTPUMaHHI
AQHAJIOTIYHHUX TOKa3HMKIB. Ha mifcTaBi oTpuMaHMX JaHWUX MOXKHA CTBEPXKYBaTH, IO
BHECEHHS Telto Ui 30uBaHHsS y KoHIeHTpamii 3,0% crnpuse He TiTbKH 3MEHIICHHEO
BiJICOTKA MEJIAaH)XY y PELenTypi, ajie i CKOPOUEHHIO Yacy TEXHOJOTIYHOTO MpoLecy Ha
erari 30MBaHHS PELENTYPHOI cyMimni. BiAMoBiAHO OTpUMaHUM JaHUM 4ac 30MBaHHS
MOKHA CKOPOTHUTH B 2 pa3H.

[Ipu ynockoHajeHHI TEXHOJOTIi OiCKBITHOrO HamiB(paOpuUKaTy OCHOBHOTO IOCIi-
JOKEHO MOXKJIMBICTH BHECEHHS TEJIIO /IS 30MBAHHS Ta ONPAIIOBAHHS YCiX IHTPEHi€HTIB
OICKBITY OJIHOYACHO 0€3 MOTepeIHLOr0 30MBAHHS MEJIAaHXKY 3 IIyKpoM. BcTaHoBIEHO,
IO OTPUMAaHUI HamiBhaOpHKaT 3a YIOCKOHAJICHOI0 TEXHOJIOTIEI0 XapaKTepU3yEThCs
HI)KHOIO, TIOPHCTOI0, €TACTUYHOI0 CTPYKTYPOIO, SIKa HE TIOCTYMAEThCS XapaKTEPUCTH-
KaM OICKBITHOTO HariB(haOpHUKaTy OCHOBHOTO, BUTOTOBJICHOTO 32 TPAJIUIIHHOI TEXHO-
JIOTi€lO.

JlocmipkeHO MOXKIIMBICTE BHUKOPHUCTAHHS XapdyoBOoi J00aBKM 2 (eMyibratop-
MOKpalyBad) B perentypi OickBity kpymioro. BeranomeHo BMicT mobaBku — 4,0%
BiJl MacH YCiX PeLEeNnTypHHUX KOMIIOHEHTIB Ta MependayeHo 3MEHIICHHS B pelentypi
BIZICOTKa Kypsldoro siins (sieqHOro Oifka Ta ’KOBTKA) 3a pe3yiabTaTaMH BH3HAUCHHS
MHOYTBOPIOKOYOI 371aTHOCTI Ta CTIHKOCTI MIHK MOJICIEHUX CUCTeM (puc. 1, 2).
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1 1,5 3
30MBaHHS, XB
Puc. 1. Ilinoymsopioroua 30amuicme Puc. 2 Ilinoymeopioioua 30amuicmo
MOOEIbHUX CUCTEM. MOOENbHUX cucmem 60 uacy 30UBAHHSL:
1 — 6inok suiys, 2 — Hco8MOK suysi; Wl - Oinok auys; [ — o#co8mMOoK Atiysi;
3 — 6inok+oobaska 2; — Oinok+ 0obaska 2;
4 — oicosmox+0obaska 2 B - 5cosmox+ oobaska 2

OTpuMaHi pe3ylnpTaTd CBiAYaTh, U0 B MPUCYTHOCTI XapuoBOi N00aBKU 2 (eMysib-
raTop-MOKpalryBay) 3HAYCHHS IIHOYTBOPIOIOYOI 34aTHOCTI MOACIBHUX CHCTEM TPOXH
BUIIE, YMM y HaTuBHMX. CIij 3a3HAYMTH, IO 3aMiHA SEYHOTO OUTKA Ta YKOBTKA Ha
no0aBky 2 y cmiBBinHomeHHI 4,0% Bil Macu pelenTypHUX KOMIIOHEHTIB HMPUBOIUTD
JI0 301JIBIIICHHS 3HAYCHb TIHOYTBOPIOIOYOT 3aTHOCTI 1 cTaHOBUTH 450% B TIOpiBHSAHHI
3 430% Juta Oinka Ta OiTka 3 Xap4uoBor a00aBkoro i 130% ta 120% BiAMOBIAHO IS
JKOBTKA SIMI1I Ta KOBTKA 3 100aBKOIO.

JlocmipkeHHsI MTIHOYTBOPIOOYOT 3[JaTHOCTI MOJICIBHUX CHUCTEM BiJl 4acy 30MBaHHS
MOKa3aJlo, Mo CUCTEMH, Y SIKUX OyJia MPUCYTHS Xap4oBa Jo0aBKa 2, XapaKTepU3YIOThCs
MEHIIIUM YacoM 30MBaHHs MPU OTPUMaHHI OJJHAKOBUX 3Ha4yeHb. [Ipu 30MBaHHI MPOTS-
roM 3 XB IIHOYyTBOPIOIOYA 3/aTHICTH OiJTKa Ta ’KOBTKA s cTaHoBUTE 340% Ta 120%.
Taki >k came IMOKa3HUKU OTPUMYEMO IpH 30MBaHHI JaHUX CHUCTEM 3 Xap4OBOIO 100aB-
KOO 2, ajie BIpoAOBXK 1,5 XB.

OTpuMaHi JaHi J03BOJISIOTE 3pOOUTH BUCHOBOK, IO IPUCYTHICTh Xap40BOi TOOABKH 2
B 00paHMX CHCTeMaX IOKpPAaIIye IMOKa3HUKHU ITIHOYTBOPIOIOYOi 3AaTHOCTI Ta 3MEHIIIY€E
9ac OMpalOBaHHs PELENTYPHOI CyMillli, 10 CIPHsIE CKOPOUEHHIO TPUBATIOCTI TEXHOJIO-
TIYHOTO TIPOIeCY BUPOOHHUIITBA OICKBITHOTO HamiB(paOpuKary.

OpneprxaHi pe3yJIbTaTd BPaXOBaHO IPH YAOCKOHAJICHHI pEelenTyp OICKBITHUX HAITiB-
(babpuxaris (OiCKBiTA OCHOBHOTO Ta OICKBiTA KPYIVIOT0) 3 BUKOPUCTAHHSM B iX cTabifi-
3aIiiHuX cucteM (Tadm. 1).

Tabmums 1
Peuentypu 6ickBiTHuX HaniBgadpukaris
3 BUKOPHCTAHHAM CTadiai3aiiHux cucrem

Macosa Burparu cupoBunu Ha 10 kr
HaiimenyBanHst YacTKa — Haﬂ"fd)aﬁp"KaTy’ L =
0icKBiT OCHOBHMII OicKBIT KpyIIMi
CHPOBHHH CyXHX B B
% | B uarypi cyxux B narypi cyxux
PEHOBHH, Yo peyoBHHAX peYoBHHAX
BopourHo nireHnyHe BUIIOTO 85,50 2812,0 2404,3 3894,0 33294
TaTYHKY
Kpoxmaiie kapToristHui 80,00 6940 555,2 - -
Iykop Oinuit 99,85 3471,0 3465,8 3419,0 3413,9
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[Mponowxennst Tadmuii 1
Menamx 27,00 5783,6 1562,0 -
JKoBTKM stiA1Ls 46,00 - - 3282,24 1509,8
Binku siins 12,00 - 49229 591,7
[enb st 30MBaHHS 12,00 388.2 465.8 - -
XapuoBa g00aBka 2
(emynbrarop-rmoKpartyBay) 9,0 - - 341,88 30,76
Ecenitis 0,00 34,7 0,0 22,8 0,0
Kucnora nuMoHHa 98,00 - - 15,2 14,9
Yeboro - 13183,5 8453,1 15898.,0 8946,3
Buxin 75,00/ 10000,0 7500,0 10000,0 8400,0
84,00

TexHoNoriyHy cxeMy BHPOOHMIITBA OICKBITHOTO HamiB(haOpUKaTy OCHOBHOTO
3 BUKOPUCTAHHSM TeJIr0 JIJIsi 30MBaHHS HaJlaHO Ha pHC. 3.

bopomno .
HIIEHUYHE |

Kpoxmaib *, Tenb st
. ;
_ KapTOIUIAHUK .~ 30WBaHHS

Tponizmwiy- Ipocitopanus, d = 1...4 MM
BaHHS
‘ v
_ 3’eqHaHHs
v
36uBanns, = (1,0...1,5) x 60 c.
v
®dopmyBaHHSA TiCTa
v
Bumnikanns, t = 190...220 °C, 1= (50...55) x 60 ¢
v
Oxomomxenns, t =4....10 °C, 7= (20...30) x 60 ¢
v

BucroroBanns, t =15....20 °C,
7=(8...10) x 3600 ¢
v

bickeimnuii uaniadmﬁpuD

Puc. 3 Texnonozciuna cxema supobruymea Oickeimmo2o Haniehadbpukamy oCHOBHOZ0
3 GUKOPUCTAHHAM 2€10 015l 30UBAHHS

Ha migcraBi mpoBeneHUX DOCIHIIPKCHb BCTAHOBJICHO, 1[0 BUKOPUCTAHHS cTabimiza-
LiffHUX cucTeM B penentypHoMy cKiaji O1CKBITHHX HamiB(aOpHKaTiB HE MPU3BOIUTH
JI0 TIOTipIIICHHS TIOKa3HUKIB iX sKOCTi. YIockoHaneHi HamiBhaOpHKaTH XapaKTepu3yBa-
JIMCSL CTaJIMMU OPTaHOJCITHYHIMU ITOKa3HHKAMH.

BucHoBku. Y pe3ynbraTi mpoBeIeHUX JIOCHTIHKEHb BCTAHOBICHO MOYKITMBICTh BHUKO-
pUCTaHHS CTaOLTI3AIifHUX CHUCTEM B TEXHOJIOTil OICKBITHMX HamiB()aOpUKaTiB, sKi
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JIO3BOJISIIOTH MOKPAIIUTH MOKA3HUKH IMiHOYTBOPIOIOYOI 3[aTHOCTI Ta CTIHKOCTI IMiHH
SIATIST KypsIIOro Ta OTPUMATH HarliB(haOpuKar TicTa 31 CTaOUTbHUMH CTPYKTYpHO-MeXa-
HIYHUMH XapaKTePUCTUKAMU.

BusHayeHO onTHUManbHI KOHIEHTpAIlil cTadimi3aifHuX cUCTeM y CKiaiai OiCKBIT-
HUX HamiBhaOpuKaTiB: TeNb 11 30uBaHHs — 3,0%, eMynbratop-mokpamntysad — 4,0% Bin
MacH PelenTypHUX KOMIIOHEHTIB. 3a3Ha4€HO, 1[0 BUKOPUCTAHHS CTa0LTI3aliiHUX CHC-
TEM y pelenTypHOMY CKJaji OiCKBITHUX HamiB(aOpUKaTiB JO3BOJISIE OTPUMATH HAITiB-
(habpukaTH 3 OUIBIIOK MOPUCTICTIO.
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IIpeocmaesnena 6 cmammi inopmayisa € GpasmeHmom Haykos02o 00cniodxicenHs. Y pobomi
npeocmasneno O0CIiONCeHHsL 6NAUGY MEXHONOLIUHUX (PAKMOPIE HA BUXIO OAPEHUX PEUOBUH 3 GUIICU-
MOK Oy3uHU YopHOL. YV nonepedHix ddicepenax Oyi0 6CMAaHoNIeHo, wo makxi pakmopu, K mem-
nepamypa, mpusanicns HACMO8aHHs/ eKCmpazy8anhs, pomip YacmuHOK POCIUHHOT CUPOBUHU,
2iopomodyns ma pH cepedosuiye cymmeso 6naueaioms Ha UIyHeHHs niemenmie. Tomy ocHo6HoI0
Memoio 0aH020 AOCIONCEHHSL € 6CINAHOGLEHHS ONMUMATLHUX NAPAMEMPI6 HACMOIOBANHS BUYABOK
3 0y3uHU YOPHOIL. J]0CTiONCEHH CUPOBUHU NPOBOOUIU 8 abopamopii Kaghedpu Xapuosux mexHo-
noeiti CymcbKoeo HAYioHATbHO20 acpapHo2o YHigepcumemy. bysumny wopHy 30upanu Ha mepumopii
Cymcewroi oonacmi 2023 poxy na cmadii noguoi cmuenocmi. Konmpons sikocmi cuposunu nposo-
ounu 3a QI3UKO-XIMIYHUMU MA OPLAHOLENMUYHUMYU NOKAZHUKamuy. [l imimayii npomuciogo2o
BUPOOHUYMBA 3 51210 OY3UHU BULABTIOBANU CIK, 4 BUYABKU BUKOPUCOBYEANU OJiA O0CHIONCeHH . [s
iHakmueayii pepmenmis ceixici uuasKu Oy3uHU 0OPOOIIU POZUUHOM TUMOHHOL KUCIOMU Md BUCY-
wysanu npu memnepamypi (50+5°C) npomseom 6 200ur 0o emicmy cyxux pedosur (30,8+0,5%,).

Ipoyec nacmorganus 3anexcumv 6i0 pady ¢paxkmopis, AKi @naueaomv Ha O000YEAHHS
niemenmy. Tomy 6 pobomi 6u64aGCs. KOJICEH aKmop 6nAUSY OKpeMo, a came: memnepamypa (t),
°C, mpusanicmbs (), X8, po3MIp YACMUHOK (@), MM, KOHYeHmpayis aumonnoi kuciomu (c), %.

Hidsuwyenns mevnepamypu i mpuearocmi HACMOIOGAHHS. NOKPAWYE  eDHEeKMUGHICIb
excmpaxyii niemenmy. OnmumanrbHumMu ymosamu uacmoroeanus € memnepamypa 60-70 °C;
mpusanicmos 120-180 xs. [odasanHa aumMoHHOI Kuciomu cmaobinisye Koaip i niosuuye emicm
niemenmy 3a paxymox 3uudicenns pH cepeoosuwja. Maxcumanvue 3uauenHs 6apeHUX pedosuH
docA2aemMbest NPU 66e0eHHi TIUMOHHOI Kuciomu 6 Kinbkocmi (1 — 1,3%) 6i0 3aeanvhoi macu. 3men-
WIEHHS PO3MIPY YACTMUHOK 8UYABOK 3 210 OV3UHU NPpU3600Uums 00 30i1bUEHHS KOHYeHmpayii
Gapbysanvrux pewogun. 3i SMEHWEHHAM PO3MIPY YACMUHOK NIOWA NOGEPXHI GUUABOK 30iTbULY-
EMbC3L, WO NPU3BOOUNDL 00 30LIbULEHHS KOHIMAKIMY MIJC PO3UYUHHUKOM I (hapOyeaibHUMU PeuosU-
Hamu. Hauibinbwa xonyenmpayis 6apenuxie cnocmepiecacmuvcs npu po3mipi yacmunox 0,1 um —
0,2 mm, ane npu ybomy 8i00y8AEMbCA UACMKOBA 3MIHA KOIbOPY 8I0 4EePBOHO20 00 KOPUUHEBO20,
OCKINbKU HA KOAIp 6NAU8AIOMb NOOPIOHeHT Kicmouku s2i0. Tomy Oyn0 8U3HAYeHO ONMUMAlbHI
ymogamu Hacmoiosanms, a came: memnepamypa, 60-70 °C; mpueanicmo 120—180 xe; po3mip
uyacmok, 0,5 — 0,4 mm ma xonyenmpayis rumonnoi kucromu I — 1,3 %.

Knrwuosi cnosa: namypanohi xapuosi 0apeHUKU, CUHMEMUYHI Xapuosi OapeHUKu, OApeHi
PEUOBUHY; eKCPAKMuU, KOMIP, GUICUMKU, YOPHA OV3UHA, HACMOIO8AHHA, OION02IYHO AKMUGHI
PEUOBUHU; eKCTPAZY8aAHHSL.

Yarmosh T. A., Pertsevoi F. V. Study of the influence of technological factors on the release
of coloring substances from black elder presses

The information presented in the article is a fragment of scientific research. The paper presents
a study of the influence of technological factors on the release of dyes from black elder pomace. In
previous sources, it was established that factors such as temperature, duration of infusion/extraction,
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particle size of plant material, hydromodulus and pH of the medium significantly affect the extraction

of pigments. Therefore, the main goal of this study is to establish the optimal infusion parameters

of black elderberry pomace. Research of raw materials was carried out in the laboratory of the
Department of Food Technologies of the Sumy National Agrarian University. Black elderberry was

collected in the territory of the Sumy region in 2023 at the stage of full ripeness. Quality control of
raw materials was carried out according to physico-chemical and organoleptic parameters. To simu-

late industrial production, juice was squeezed from elderberries, and the juice was used for research.

1o inactivate the enzymes, fresh elderberries were treated with a solution of citric acid and dried at
a temperature of (50£5°C) for 6 hours to a dry matter content of (30.8+0.5%).

The process of infusion depends on a number of factors that affect the extraction of pigment.
Therefore, the work included each influencing factor separately, namely: temperature (t), °C,
duration (t), min, particle size (a), mm,; concentration of citric acid (c), %. Increasing the tem-
perature and duration of infusion increases the efficiency of pigment extraction. The optimal infu-
sion conditions are a temperature of 60-70 °C; duration 120—180 min. The addition of citric acid
stabilizes the color and pigment content to reduce ambient levels. The maximum value of coloring
substances is achieved when citric acid is introduced in the amount (1 — 1.3%) of the total mass.
Reducing the particle size of elderberry extracts helps to increase the concentration of coloring
substances. As the size of the particles decreases, the surface area of the extracts increases, which
leads to an increase in the contact between the solvent and the dyes. The largest concentration of
dyes is in the size of particles 0.1 mm — 0.2 mm, but at the same time there is a change in the partial
color change from red to brown, the latter color is affected by crushed berry stones. Therefore, the
temperature was determined by the optimal infusion conditions, namely: (t), 60-70 °C; duration
(v), 120180 min; particle size (a), 0.5-0.4 mm and citric acid concentration (c), 1-1.3%.

Key words: natural food dyes, synthetic food dyes, dyes, extracts; color, pomace; black
elder; infusion, biologically active substances; extraction.

AKTyaJIbHiCTh TEeMH JOCTiZKeHHs. AHTOIIaHU — 1€ HaTypaJibHi MIrMeHTH, SKi
320apBIIOIOTh CHPOBUHY B YePBOHHMIA, CHHIHN Ta (ioeToBHiA KOJIip. AHTOIIaH BOJIO/I0
AHTHOKCHIAHTHOIO Ta MPOTHU3aNaJBHOIO JIi€I0, TOMY IX BHUKOPHCTAHHS B Xap4yyBaHHS
€ KOPUCHHM JJI51 3110pOB’ L. BOHM IIMPOKO BUKOPUCTOBYIOTH B Xap4OBiii IPOMHUCIIOBOCTI
B SIKOCTI OapBHUKIB 1 € 310POBOIO ATHTCPHATHBOIO 3aMiHU CHHTETHYHHM OapBHUKAM.
OnHUM i3 OCHOBHHX JDKEpEI aHTOIlIaHIB € Iionu Oy3uHH 4opHOi. BoHa Bomomie mpo-
TUBIPYCHOIO, IMYHOMOJYJIIOIOYOI0, MPOTU3ANaIbHOI0, CEUOTIHHOIO, JIETOKCHKYHOYOIO
niero. B €Bpori mnoau Oy3MHHA BBAXKAIOTh CynepdyioM, OCKITbKH BOHA MiCTHTh 3HAYHY
KUTBKICTh BITAMiHIB Ta MiHEpAJIB.

BuvaBku Oy3uHH € I[IHHUM pecypcoM Jyisi 010aKTUBHUX (DITOXIMIUHMX pPEUOBHH,
TaknX K (EHONH 1 aHTOIiaHW. 3a CTAaTHCTUYHUMH JaHUMH, OIyOnikoBaHuMu [Ipojo-
BOJIBYOIO Ta CLTBCHKOTOCHONAPCHKOr0 opranizamieio (FAO), y 2020 porri B €Bpori Oyio
BupoOseHo 43 804 1. cBixuX (PyKTiB, BKIIOYHO 3 Oy3uHOI0. Bucokuii monut Ha mpo-
JYKTH Ta JIETWYHI JOOABKU HAa OCHOBI Oy3WHHM NPHU3BIB /10 301IBIICHHS BUPOOHHUIITBA
ii MPOTATOM OCTaHHIX KITBKOX POKIB, B OCHOBHOMY uepe3 manmemiro COVID-19 [1].
[Tpornosyetbes, 1o 10 2025 poKy pidHUHN TEMIT 3pOCTaHHSA PUHKY Oy3MHU CTAHOBUTHME
6,52%, 1110 TIpHU3BE/IE 10 YTBOPEHHS BEJIMKOI KITBKOCTI BIIXO/IIB MICTIS TepepoOKu Oy3uHH
Ta BIIKPUTTS MOXKIUBOCTEH ISl iX yTmmizanii. ToMy akTyalsHEM € JOCIiIKeHHs BU4a-
BOK IIJIO/IiB Oy3MHHU YOPHOI Y SIKOCTI CHPOBHHH AJIsI OTPUMAHHS HaTypalbHUX OapBHUKIB.

IMocTanoBka npo6aemu. He3Bakaroun Ha BHCOKY XapyoBY 1 (hapMaKoJIOTIYHY ITiH-
HICTb, BUYaBKU Oy3WHHM YOPHOI € HEIOCTaTHBO BUKOPUCTaHUM pecypcoMm. [Ipu mepe-
poO1i BUYABOK Oy3WHHU y SIKOCTI JDKepena OapBHUKIB Ay>KE BaXINBO YCBITOMIIIOBATH
BIUIMB KO)KHOTO (PaKTOpy Ha CTaOUIBHICTH aHTOIliaHiB, 00 MIHIMI3yBaTH iX BTpATH.
Ha ix cTaOinbHICTh BIUIMBAE XIMIYHHIA CKJIAJ] CHPOBUHHU, TPUPOJIa AHTOIIaHIB, KUCIIOT-
HicTh cepenoBumna (pH), Temneparypa, KuceHb, (hepMEHTH, aKTUBHICTh BOAM Ta Pi3HI
JoMminiku [2]. ToOTo, mpu Ail pi3HUX (PaKTOPiB BOHH MOXYTh 30epiratucsi abo pyiHy-
Batucs. ToMy JOLUIEHUM € JOCIHIJKeHHs ()aKTOPiB, sIKI BIUIMBAIOTh HAa CTAOUTBHICTh
AHTOLIaHIB Oy3UHH.




XapuoBi TeXHOJOTi] |

| 153

AHani3 ocTaHHiX Aochaizkenb i my6uaikanii. bysuna — ne nukopocna pocimHa
Y BUIVIII KyIIIa BUCOTOIO 10 2-5 METPIB, 3 BUCOKOIO YporKaiHicTIO (50T/Ta) Ta CTIHKICTIO
JI0 WIKiAHUKIB 1 XBOpoO [3, 4]. Aroau Oy3uHM MOXKHA BXKMBATH B 1KY, KOJTM BOHH TOBHi-
CTIO JIO3PLJIH, aJie B HE3P1IIOMY BH/Ii BOHH OTPYIHI Ta MICTATh 1IaHOTCHHI IIIIKO3H/IH, K1
i 1i€10 npnpouHoi’ Jierpajanii nepeTBOPIOIOTHCS Ha CHHUIIBHY KHCIIOTY. [CHY€e moHaj
25 pizHoBHAIB Oy3uHH, ane B YKpaiHi MOMKpeHa YopHa Ta 4yepBoHa Oys3uHa .B Ykpaini
6y31/IHa € JIMKOPOCIION0 i MacoBOTO KyJIKTHBYBAHHsI MIOKH 1110 HE OTPHMAII, alle B MHamii,
COKIB, BA]I, eKCTpaKTlB, 0apBHUKIB, CHPOIIiB, HAIlO{B Ta JIKIiB.

Crebno, JIMCTS, KBITH, TUIONM 1 KOPiHb OY3WHHU 3aCTOCOBYIOTH INPH OpOHXITax,
Kalut, TPOCTYAHUX 1H(EKI[AX BEPXHIX JUXAIbHUX NUIXIiB, JuxoMaHili. [lmomu Ta
KBITH Oy3WMHH BHKOPHCTOBYIOTHCS B TPAAMIIIHIA aBCTPIHCHKIM MEIUIMHI y BUIISAAL
qaro, ’eJe, COKY UM CHPOITY IS JIIKYBAaHHS PO3JTaIiB AUXATbHUX MIISXIB, IIOPOKHUHH
poTa, HUTYHKOBO-KUIIKOBOTO TPAKTY, IIKIpH, a TAKOXK MPH BIpyCHUX 1H(EKLIAX, JTUXO0-
MaHIli, 3acTyai Ta rpuni. Edipai onii Oy3MHM MalOTh BHCOKHI BMICT JISTKHX MOJCKYI.
JloMiHyro4l crioyku Oy3WHH XapaKTepU3yHOThCs 010JIOTTYHOK aKTHBHICTIO, OCOOIUBO
JHAJIO0J, TePIiHeod, JIMOHEeH, KapiodisieH, sSKi MalOTh aHTUTINEPTEH3UBHY, IPOTHpPa-
KOBY, aHTUMIKPOOHY, aHTHOKCHUJIAHTHY Ta CEJAaTUBHY Jit0. AHTOIIaHW Oy3HMHU MOXKYTh
3MEHIIUTH HEBPOJIOTIUHI 3aXBOPIOBAHHS Ta PU3HK CEPIICBO-CYTUHHUX 3aXBOPIOBAHb Ta
Ha/IaBaTH MPOTHU3AMNaJbHY J1i0, TIOB’S3aHy 3 OKHUPIHHAM 1 AiadeTom. IlirMmeHTH perymto-
I0Th PiBEHB IIIIOKO3U B KPOBI, HOPMAJIi3YIOUN CEKPELil0 iHCYMiHY Ta Pe3UCTECHTHICTb.

3rimHo 3 maHuMu [4], 3pini sroan Gy3uHU MicTATh (83-85%) Bomorw, (6-8%) MoHO-
uykpis, (1,5-2%) caxaposu, (1,3-1,4%) opraniuyaux xucinor, (1,0-1,2%) nekTHHOBUX
pedoBHH. byro BcTaHOBICHO, 110 Oy3UHA MICTHTH acKOpOiHOBY Kucmoty (58,5 mr/100 1),
¢dnaBonoinis (65,9 mr/100 r), anromianis (742,2 mr/100r), 6apeui (750 Mr/100 1) Ta
¢enomnbHi (1080 Mr/100 r) peuoBun. Cepen aHTOLIaHIB Oy3UHH YOPHOT HAHOLIBII MOIIH-
peHi 1iaHiuH-3-camMO0y0i03u/1 1 IiaHiuH-3-Tioko3u 1. byno moseneHo [S], mo ekcr-
pakT 3 Oy3WHHU IPOSIBISLE MPOTUBIPYCHY aKTHBHICTH IPOTH JIFOICHKOTO KOPOHABIpyCy
HCoV-NL63 Ta inriOytouy Airo MpoTH NATOreHHUX VIS TIOAMHH IITaMiB BipycCy rpuimy A
(IAV) KAN-1 ta H5N1. KitinivHI TOCITiPKSHHS Ha JFOJSIX TOKA3aJIH, 1110 €KCTPAKTH Y0P-
HOT Oy3MHH 3HMXKYIOTh TSDKKICTh CHMIITOMIB Ta TPUBAIICTh BIPYCHUX 1H(EKI# rpymnu B.

HayxoBusmMu noBefeHo [4], mo OiabLIicTh MOMI(EHOTIB i aHTOLIaHIB Y YOpHIi
Oy3WHI 3QJIMIIAFOTHCS Y BUYABKAX IICIIsl BI/DKUMY COKY, TaK SIK BMICT OapBHUX PEYOBHH
y M’sxoTi ckinanae (764 mr/100 1), B mikipri (3198 mr/100 1) Ta B kictoui (49 mr/100 r)
[5]. He3Baxkaroun Ha BHCOKY XapdoBy i (hapMakoJOTriuHy LiHHICTh, BUYaBKU Oy3MHU
YOPHOI € HETOCTaTHEO BUKOPHCTAHUM pecypcoM. [Ipn BUKopHCTaHHI BUYaBOK Oy3WHH
y SIKOCTI Jkeperna OapBHUKIB BOXKIMBO YCBIJIOMIIIOBATH BIUIHMB KOXKHOTO (pakTOpy Ha
aHTOIiaH! JUIs MiHiMi3alii Brpar [7].

TepmiuHa 00poOKa € OTHUM i3 BaXJIMBUX (DAKTOpIB, IO BILIMBAE HA CTAOUIBHICTD
MOJIEKYJIAPHOI CTPYKTYpH aHTouiaHiB. I1ix niero TpuBanoi TepMidHOT 0OPOOKH aHTOLII-
aHM 3a3HAIOTH MPOIECY PO3INCIVICHHS Ta MosiMepu3anii. B pe3ynsrari mpu3BoguTh 10
Jierpanaliii Ta moOypiHHS MIrMEHTy y NPUCYTHOCTI KucHIO. JloBeneHo [8], mo y BCiX
MIPUPOJIHIX TITMEHTIB, BKJIFOUAIOYM AHTOI[IaHH, CTAOIIBHICTh 3HUXKYETHCS 3 ITiJIBH-
HIeHHsAM Temrneparypu. OTxe, IHTeHCUBHICTh KOJIbOPY 3HMIKYETHCS 3aJISKHO Bij dacy/
TEMIEPaTypH, TOMI K KUTBKICTh KOPUYHEBHX IMITMEHTIB IMOJIMEPHOT (paKIlii 301IbIIIy-
€Tbcs. 3 1HIIOrO OOKY TepMiuHa 0OpoOKa MO)Ke MaTh MO3UTUBHUH e(eKT 3a paxyHOK
iHakTUBaIii (EepMEHTIB, SKI PO3IICILUIIOIOTh aHTOIlaHW. TaKMM YHHOM, KOPOTKOYacHa
TerIoBa 00poOKa MOKpaIlye CTaOUILHICTh aHTOI[IaHIB 32 PaXyHOK 1HAKTHBAIlii HATHB-
HUX (DepPMEHTIB.
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B mporeci TepMiuHOi 00pOOKH KHCEHb BUCTYIIA€ B PO KarajizaTopa B Jerpajaarii
AHTOIlIaHIB, IIISIXOM MPSIMOTO0 OKHCHOTO MeXaHi3My abo 3a JOMOMOTO0 JIii OKHCITIO-
BanbHUX (pepmenTiB. Jlocnigaukamu Oyio noseaeHo [9, 10], mo cTablIbHICTh aHTOIIIA-
HiB IT{ABUIIY€ETHCS, SIKIIO 30epiraT y BakyyMi. BuganeHHs KUCHIO 3 po3uiHy 3anobirae
MIPOTIKaHHSA TEPMIUHIN nerpanarii. Skmo 30epiraTi Xap4yoBi MPOAYKTH MPH HU3bKIN
TeMIleparypi B IPUCYTHOCTI KUCHIO, TO MPOIIEC JAerpaallii MpoTiKaTuMe He TaK 1HTEH-
CUBHO, SIK IPY KIMHATHIN TeMIieparypi.

Hactynaum (akropom, sikuii BIUIMBAa€E Ha 1HTEHCUBHICTH Ta CTAOUIBHICTH 3a0apB-
nenHs € pH cepenopuiie. 3a3Bu4aid, aHTOIIaHU ICHYIOTh y 4 pi3HHX (opMax, B 3aJI€XK-
HOCTI BiJi KHCJIOTHO-Ty)XHOI piBHOBaru. B kucimomy cepenoBumi pH1 anToriann
HaOyBarOTh YEPBOHOTO 3a0aPBIICHHS 1 CTAIOTh JO0Ope PO3YMHHUMHM y BOII, pu pH2-4
HaOyBalOTh (Pi0JIETOBO-YEPBOHOTO KONBbOPY, pu pHS-6 cratoTh O6e30apBHUMH, a TpU
pH7 1 Bumme — po3knagaoThCs. Yci 4oTHPH (pOpMH aHTOLIAHIB MOXYTh CIIiBICHYBaTH
y Kuciomy cepenosuii 3 pH5-6. OnHak, moTpiOHO BpaXxoOByBaTH MPHUPOAY aHTOIlIaHIB,
TaK SIK BOHH MOXKYTb TIOBOJIUTH ce0€ MO PI3HOMY B 3aJIeKHOCTI BiJl CAPOBHHHU.

AckopOiHOBa KMCJIOTa BHCTYNA€ y pOJi AHTMOKCHMIAHTY B OPTaHi3Mi JIOAMHH. i
JIOJIAFOTH Y OLIBIIICTH XapuoBOi MPOAYKIIIT JIJISl TOKPAIIeHHS 010JI0TIYHOT IIHHOCTI. AJe
KOJIM acKOpOIHOBa KMCIIOTA BCTYIAE Y B3a€MOJIIO 3 aHTOLIaHAMM, TO MPU3BOAUTH O
JIECTPYKIT MirMeHTy. JIoCHiqHUKK CTBEPIKYIOTh [9], 1110 ackopOiHOBa KHCIOTa MOXKE
MPU3BONTH J0 ACCTPYKIIT ab0 cTabimizamii aHTOIiaHIB, 1 1€ 3aJIC)KHUTh BiJl CHDOBHHH,
TaK sIK y TPaHaTOBOMY COLli BOHA CIIpHsie cTabii3anii aHTOIiaHiB, a Y BUITHEBOMY COIli,
HABITaKH{, CIIPUYMHSIE MIBUIKE PO3KIATAHHS

®depMeHTH aHTOIIaHA3W TAaKOXK BIIMBAIOTH HA CTAOUIBHICTH aHTONiaHIB. BoHwu
BUPOOJISIOTECS. POCIMHOI, 1 MOXYTh OyTH MPUCYTHIMHU B {i TKaHMHaX ab0 BUHHU-
KaTH B pe3yabTari MiKpoOHOTO 3a0pyaHEHHs. [JiKo3uaa3u po3pUBaOTh KOBAJICHT-
HUW 3B’SI30K MK 3QJIMIIKOM arjiKOHY 1 IIIKO3WJy aHTOIiaHy, IO MPHU3BOIUTH 10
naectabinizanii CTIHKOCTI aHTOLiaHIB. Y MPUCYTHOCTI KHCHIO ()epPMEHTH BUKOHYIOTh
poJb KaralizaTopa i MPUCKOPIOKTH Ipoliec Jaerpajaamii antomiaHiB. [lepmmm dep-
MEHTOM, SIKHH BCTyTa€ B PEaKIlito 3 aHTOMiaHaMu € B-Tiroko3uaasa. [lig giero dep-
MEHTIB aHTOIliaHU BTPAYarOTh 3/1aTHICTh 10 IOBHOTO PO3YMHEHHS 1 IEPETBOPIOIOTHCS
Ha O0e30apBHi crionyku [11].

CBITJIO € HAWTOJMOBHIUM (DAaKTOPOM, SIKMM BIUIMBAE Ha JIETPajiallif0 aHTOIIIaHIB.
Byno mpoBenieHo 6araTo A0CTiKEHb, 010 BIUTMBY CBIT/Ia Ha aHTOIIaHU Ta BCTAHOB-
JICHO, 1110 CBITJIO HEOOXiHE JUIsl CHHTE3y aHTOIIIaHIB B POCIIMHI, a 3 IHIIOrO OOKY MpH-
CKOPIOE pO3MaJ MirMeHTiB. 30epiranHs eKCTpakTiB npotarom 10 1i6 mig npsMUM COHSY-
HUM BHIIPOMIHIOBAHHSM CIpHUsUIO BTparti moHan 50% aHTouiaHis, a y TempsBi — 30%.
OKkpiM BTpaTH aHTOIIaHIB, TAKOXX BTPAYa€ThCsS aHTUOKCHJAHTHA aKTHBHICTh. TakuMm
YUHOM, YUM JIOBIIE aHTOLiaHU OynyTh 30epiraTucst Ha CBITJII, TUM OuIbLIi OyAyTh iX
BTpATH.

TakuM YWHOM, aHTOIIAHU € HAWITOIINPEHIIIOW KAaTErOPiEr BOJOPO3YMHHUX TPH-
ponHuX GapBHHKIB. IX TOJOBHE BUKOPHCTaHHS — XapuyoBi OAPBHUKHM, OCKiILKHM BOHH
HAJAIOTh MIMPOKUHM CHEKTP KOJIBOPIB i MOXKYTh 3aMiHMTH CHHTETHYHI OapBHHUKH. Tak
SIK CHHTCTHYH1 OapBHUKH MIPOSIBIISIOTH TOKCHUYHICTH Ha 3I0pOB'st JItonuHu. KpiM OCHOB-
HOTO BUKOPUCTAHHS SIK MIFMEHTIB, aHTOIIaHU TAKOX MAlOTh BaXKJIMBI aHTUOKCHIAHTHI,
MPOTUIYXJIMHHI, aHTUMyTareHi Ta mpoTuaiadeTnyHi aactuBocTi. 11106 oTpumarn mak-
CHMaJbHY KOPUCTP BiJI BTACTUBOCTEH aHTOLIaHIB, BAYKITMBO 3HATH, SIK Ha iXHIO CTA0LIb-
HICTb BIUTUBAIOTH (PAKTOPH HABKOJIHIITHBOTO CEPEIOBHUIIIA.

MeTo10 A0CITiIKEHHsI € BCTaHOBJICHHS ONTHMAJIbHHUX TapaMeTpiB HACTOIOBAHHS
BUYaBOK Oy3WHH YOPHOI.
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BunijieHHst HeTOCTiTZKeHUX YACTHH 3arajibHOiI MpodjeMu. AHali3 JiTepaTypH
MOKa3aB, [0 Y BITYU3HSIHHUX Ta 3aKOPJOHHUX YUCHHUX HEJOCTAaTHHO YBard IPHILICHO
JIOCIIJKEHHIO BTOPHHHII CUPOBUHI, a caMe BIDKUMOK 3 sirig Oy3uHu. Pesynsraty noci-
JUKEHHS CIIPUATHMYTH PalliOHATLHOMY BHKOPHCTAHHIO NPHPOIHHUX PECypCiB, 3MEH-
LIEHHIO KIJIBKOCTI XapuOBHX BIXOAIB Ta po3po0Li HOBUX MPOAYKTIB 3 LIIHHUMH 010J10-
T'YHO aKTUBHUMH PEUOBHHAMHU.

Marepianu i MeToau qociazkeHHst. J10CiIiKCHHS CHPOBUHY IPOBOIMIIHCS B J1a00-
paropii kadeapu TexHoiorii xapuyBaHHs CyMCBKOTO HAIliOHAJIBHOTO arpapHOro yHi-
Bepcutety. [IpeameTom nocnimpkeHHs Oymu BIXKUMKH Ta siroan Oy3uHHU 90pHOT, 310paHi
Ha Teputopii CyMchkoi o0OmacTi y skoBTHI 2023 poky.

KoHTponb SIKOCTI CHPOBUHHU MPOBOAMIN 3a (i3UKO-XIMIYHUMH Ta OpPraHOJEHTHY-
HUMH MTOKa3HWKAaMHU 3a CTaHJapTHUMHU MeTofukamu [13 — 16]:

Cyxi pe4oBUHHM (3aralibHi) JCTY 7804:2015
Cyxi pe4oBUHH (PO3UHMHHI) ACTY ISO 2173:2007
TuTpoBaHa KHCIOTHICTD JACTY 4957:2008
MacoBsa koHIeHTpailis hapOyBaIbHUX PEUOBHH JCTY 3845-99

YV poboti Oyn0 AOCHIIKEHO KOXKEH (DakTOp BIUIMBY OKpEMO, a caMe: TeMIleparypa
(t), °C, TpuBaiicTh (T), XB; PO3MIp YACTHHOK (&), MM; KOHIICHTPAIIis JTUMOHHOT KUCIIOTH
(c), %.

OnTHyHa LIUIBHICTh €KCTPAaKTIB BU3HAYANIACS 3a JIOTIOMOTO0 (OTOETEKTPUUHOTO
xonopumerpa KOK-2 npu nowxunni xumi 315-630 aM 1 pobogoi kroBetu 10 mm. Hacto-
IOBaHHS TIPH PI3HUX TEMIIEpPaTypax MPOBOIUIN Y TEPMOCTATI.

Po3Mip uacTok BI>KUMOK Oy3uHHM 3MiHIOBanacs Bif 0,1Mma — 1 cM i3 KpokoM Bapi-
foBauHA 0,3 MM; Temmieparypa — Bix 20 — 90°C; TpuBasicTs HacTolOBaHHSA Bix 30 XB. 10
180 XB., KOHIIEHTPAIIisl TUMOHHOT KHCIIOTH B ekcTpakTi — 0,3% 110 3,5%.

Buxisag ocHoBHoro marepianay. Jns gocnifxeHHs OylnM BUKOPUCTaHI SArogu
Oy3WHH 4OpHOI Ha CTaJii MOBHOTO J03piBaHHA. 3 METOK iMITYBaHHS BUPOOHH-
I[TBa COKiB, 3 Oy3WMHH YOPHOI BUYABIIOBAJH CiK, 8 BIDKUMKH BUKOPUCTOBYBAIH JJIsI
JOCHifkeHHs. 3 METOl0 iHakTuBaulii ()epPMEHTIB, CBIKI BIDKMMKH Oy3MHU 00OpoO-
OJIsUTH PO3YMHOM JTUMOHHOT KHCJIOTH Ta BHCYIIYBaJH IpH Temieparypi (50+5°C)
MPOTATOM 6 TOJI.

OTpumaHi 1aHi BXiTHOTO KOHTPOJIIO CUPOBHHU 3a3Ha4eHi y Tadm. 1.

Tabmus 1
Di3uK0-XiMi4Hi NOKA3HHKH ILUIOAIB Ta BUAKUMOK Oy3UHH YOPHOL

MacoBa yactka, %
Hazpa 3paska Cyxi pe4oBuHHU Cyxi peyoBuHU TurpoBana
(3araJjibHi) (po34uuHHI) KHUCJOTHICTh
Sromu Oy3uHU (CBiXKI) 15,540,5 17,0+£0,5 1,6+0,1
BmxumMku Oy3uHHU (CBIXkI) 30,8+0,5 19,0+0,5 1,4+0,1
Bmxumkn Oy3uHU (BUCYIIICHI) 85,040,5 - -

Hoicepeno: pospobneno asmopom

3a opraHoJICNITUYHUMU TIOKa3HUKaMU TUTOU Oy3WHHM — 11111, OKpyrioi popmu 3 mia-
METpOM 5-7 MM, HOPHOTO KOJIBOPY Ta 0€3 CTOPOHHBOTO 3araxy 3 KUCIyBaTO-COIOAKHM
CMAaKoOM, 110 BiIMOBiJa€ JaHOMY BHJIy CHPOBUHH.

HacrTiii roTyBasm METOIOM HACTOKOBAHH. B SKOCTI pO3YMHHHKA OyJI0 BUKOPHCTAHO
JUCTUIILOBaHY Boay. Ilicis HacTorOBaHHA HACTIH (iABTPYBAIH.
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Puc. 1. Bucyweni suosicumxu Oysunu uopHoi: 1 — yini; 2 — noopioneni

Jorcepeno: pospobreno agmopom

3a1e)KHICTh ONTHYHOT I'YCTHHH BOIHHMX BHTSDKOK 3 BHUKHMOK Oy3MHH HaBeIeHi Ha
puc. 2—6.

—+—3pasox | —#—3pazox 2 3pasok 3 ——3pasok4 —H—3pazok 5 3pasok 6

3

2,5

OnrHyna WiTbHICTh

JIOBKMHA XBUJI, A

Puc. 2. 3anescricms onmuyHoi 2ycmutiy B00HUX BUMANCOK 3 BUHCUMOK OY3UHU
npu memnepamypi 20+1,5°C: 1 —30xs., 2—60x6., 3—90x8., 4— 120 x8., 5 — 150 x8., 6 — 180 x8.

rcepeno: pospobneno agmopom

o Spwon | —8=3pasox 2 3pasok 3 ——3pazok 4 —¥—3pasok 5 3pazok 6

2,5

OnTHYHa WiTBHICTE

JloBXK¥HA XBHII, A

Puc. 3. 3anesxcricmes onmuyHol 2ycmutu BOOHUX GUMSIHCOK 3 GUNCUMOK OY3UHU
npu memnepamypi 40+1,5°C: 1 —30xs., 2—60x86., 3—90x6., 4—120xs., 5 — 150 x6., 6 — 180 x8.

Hoicepeno: pospobneno asmopom
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~®—3pasok | ~ —M=3pasok2 ~A—3pasok3 =H=3pazoxk4 =H—3pazox5 —O3pasok6
35

— ° -
[, \ 4 -o—

OnTHYHA MITBHICTH

Jlomkina xeiti, A

Puc. 4. 3anesxcnicms onmuunoi 2ycmuHu B00HUX SUMANCOK 3 BUNCUMOK OY3UHU NPU
memnepamypi 60+1,5°C: 1 —30xs., 2 — 60 xs., 3—90 x6., 4 — 120 x6., 5 — 150 xs., 6 — 180 x8.

Hoicepeno: pospodneno asmopom

—e—3pasok | —M—3pasok2 —A—3pasok3 —H—3pasok4 —H—3pasoks —O—3pasok 6

8
7
6

OnTnuna minbHicTh
s

400 440 490 540 590 670 750
JloBKuHa XBUIT, A

Puc. 5. 3anexcnicmos onmuunoi 2ycmunu 600HUX BUMAICOK 3 BUICUMOK OY3UHU NpU
memnepamypi 80+1,5°C: 1 —30xs., 2—60x6., 3—90x6., 4 —120x8., 5 — 150 x8., 6 — 180 x8.

Jrcepeno: pospobreno agmopom

~&—3pazox | ~—M=3pazox2 —A&—3pazok3 =>¢=3pasok4 =H—=3pazox5 O 3pasok 6
10

OnrHuHa minbHiCTh

9
8
7
6
5
4
3
2
1
0

400 440 490 540 590 670 750

JloBkuHa XBUIT, A

Puc. 6. 3anexcricms onmuuHoi 2ycmuHu 00HUX BUMANCOK 3 BUNCUMOK OV3UHU NpU
memnepamypi 90+1,5°C: 1 —30x6., 2—60x8., 3—90x6., 4— 120 x8., 5 — 150 x6., 6 — 180 x8.

Hoicepeno: pospodneno asmopom
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[Ipoananizyemo BIIIUB (akToOpy TeMIilepaTypa/dyac Ha e(eKTHBHICTh HACTOIOBAHHS
3 BIDKUMOK Oy3WHU "opHOi (Tad. 2).

Tabmung 2
Bnuius ¢pakTopy Temneparypa/dac Ha epeKTUBHICTh HACTOIOBAHHS
3 BUZKMMOK Oy3MHHU 4Y0pPHOI

Temmnepatypa, | Konuenrpauis papOyBajbHUX pedOBHH y NepepaxyHKy Ha CipYaHOKHCIU
°C KOOAJIBT, I/KI

30 xB. 60 xB. 90 xB. 120 xB. 150 xB. 180 xB.
20+1,5 2,06 3,44 4,28 4,88 5,25 5,52
40+1,5 2,75 4,13 5,5 5,86 6,11 9,77
60+1,5 5,98 6,23 6,84 7,94 9,16 10,02
80+1,5 10,51 11,61 12,2 12,83 10,87* 10,26*
90+1,5 8,92 8,43* 4.81%* 3,43* 1,38%* 0,55%*

* 3MIHA KONbOPY, YMBOPEHH KOPUYHEGUX NI2MEHMIE
Lowcepeno: docnioceno ma pospobneno agmopom

Jani Tabn. 1 cBiguare, M0 3 MiABUIICHHSIM TEMIEpaTypu Ta yacy €(EeKTUBHICTb
HACTOIBaHHsI 3pocTae. Halibinbima KoHIeHTpais ¢papOyBaibHUX pedoBuH (12,83 1/kr)
cnioctepiraerbes npu temneparypi 80°C npotsarom 90 xB., ajne Mpu BUTPUMIIL OiIbIIE
Hik 120 XB. criocTepiraeThesi 3HWKeHHS KoHIeHTparii (10,26 1/Kr), 10 CBITYUATH PO
MOCTYIOBY JErpajiallito 3 YTBOPEHHSI KOPpHUHEBUX HirmeHTtiB. [Ipu temneparypi 90°C
npoTsroM 30 XB. CIIOCTEPIra€ThCs 3HMKCHHS KOHIIGHTpAIlii MirMeHTiB 3 8,92 r/Kr 10
0,55 r/kr, 10 CBiAYMTH MPO PyHHYBAHHS MITMEHTIB Ta 3MIHOIO KOJIbOPY A0 KOpHUUHE-
Boro. Tomy mpoBe/ieHHs! HacTOOBaHHS Tpu Temiiepatypi 80°C 1 BHIIE € HEIOMITLHIM.

MakcumanbHa KOHIEHTpalist (apOyBaJbHUX PEYOBHUH JOCATAETHCS MPOTITOM
90-120 xB. B ycix 3paszkax. Tomy mojaiblie 301JIbIICHHS Yacy HACTOIOBAHHS OLIbIIe
Hik 180 roguHM HE A€ 3HAYHOTO MPHUPOCTY KOHILEHTpallii (apOyBaqbHHX PEUOBHH.
TakuMm 9rHOM, AT MaKCHMAaJbHOTO BHJIYYEHHS IITMEHTIB ONTHMAIbHUMH YMOBaMH
HACTOIOBAaHHSA € Temmeparypa (t), 60-70 °C; Tpusaiicts (t), 120180 xB.

Jlns nocnmipkeHHst (pakTopy KUCIOTHICTh, HACTOIOBAHHSI MPOBOIMIIN MPH KIMHATHIH
temmnepatypi (18+2°C) mpotsrom 180 XB. 3 BUKOPHUCTAHHSIM JIUMOHHOI KUCIOTH. CIiek-
TPH NONIMHAHHS BUTSDKOK 3 BIOKUMOK Oy3MHU HaBeleHi Ha puc.7 — 8

5 —e—3pusox | —E—3pasox2 3pasok 3 —H—3pazox4 —H—3pazok 5 3pasok 6

4,5

OnTHYHA WTBHICTE

T—_—
400 440 490 540 590 670 750

JloBKuMHA XBUJT, A

Puc. 7. 3anexcuicmo onmuunoi 2ycmunu 00HUX UMSINCOK 3 GUINCUMOK OY3UHU NPU
0ooasanui 1umonHoI kKucromu. 1 — 6e3 kuciomu, 2 — 0,3% posuun kuciomu,
3 —0,6% poszuun, 4 — 1% poszuun, 5 — 1,3% pozuun, 6 — 1,6% pozuun kuciomu

Hoicepeno: pospobneno asmopom
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——3pazok 7 —M—3pasok 8 3pasok9  ——3pazok 10  —¥%—3pazox 11

OnTHYHA WINBHICTE
L T A ]

400 440 490 540 590 670 750
JloBKHHA XBUITI, A

Puc. 8. 3anesxcnicmo onmuunoi 2ycmunu 60OOHUX GUMSINCOK 3 GUICUMOK OY3UHU NPU
000asanui uMonHOI kucromu: 7 — 2% posuun kucromu, 8 — 2,3% poszuuH,
9 —2,6% posuun, 10— 3% posuun, 11 — 3,3% pozuun

Hoicepeno: pospobneno asmopom

IIpoananizyemo BIUIMB (aKTOpy KHCIOTHOCTI Ha €(EKTHBHICTh HACTOIOBaHHS
3 BIDKUMOK Oy3WHU 4opHOi (Tadm. 3).

Tabnmuns 3
BniuB ¢pakTopy KHCJIOTHOCTI Ha e(peKTHBHICTH HACTOIOBAHHSA
3 BUKHMMOK Oy3HWHH 4OPHOI

KonmenTpauist 1Mool Konuenrpauis q)apﬁyB‘am,an pe'lOlEPlH
KHCIOTIL ¢ 3nauenns pH y nepepaxyHKy Ha cipuyaHOKHCIUi
i KOOAJBT, I/KI
bes kucnoru 4.4 5,5
0,3 3,0 5,86
0,6 2,8 6,35
1,0 2,6 6,47
1,3 2,4 6,6
1,6 2,3 6,6
2,0 2,2 6,6
2,3 2,2 6,6
2,6 2,1 6,6
3,0 2,1 4,27
33 2,1 3,66

Hoicepeno: docniodceno ma po3podoneno asmopom

Jlani Tabn. 3 moka3ywoTh, IO JTOJABaHHS JIMMOHHOI KHCIIOTH JIO3BOJISIE CTA0LIi3Y-
BaTH KOJIp 1 301IBIINTH BMICT BHIIYy4EHOTO MIrMeHTy. MakcumaibHe 3HaYeHHS OapBHUX
pedoBuH (6,47 — 6,6 T/KT) TOCATAETHCS MPH BHECEHHI JIMMOHHOT KHUCIIOTH Y KUIBKOCTI
(1 —1,3%) Bix 3anmpHO1 Macu. [logankIie 1oaBaHHs IMMOHHOI KUCIIOTH HE TTPU3BOIUTH
JI0 3HAYHOTO 301IbIICHHS MIrMeHTiB. [IpoTe qomaBaHHs TMMOHHOI KUCJIOTH Y KUTBKOCTI
3,0% Ta OuIbIIe BiJ 3arajibHOI MacH MPHU3BOAMTH JIO PI3KOTO 3HWKCHHS BMICTY ITITMEH-
TiB (4,27 r/KT.)

TakuM YMHOM, ONTHUMAJIBLHUMH YMOBAMH HACTOIOBAHHS 3 BMJKMMOK Oy3WHHU 4Op-
HOI € BHECEHHS JIMMOHHOI KHCIIOTH Y KutbkocTi 1 — 1,3%, 110 BiJOBiTa€ 3HAYCHHIO
pH 2,6 —2.4.
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Jua gociimkeHHs pakTopy po3Mip 4acTOK (a), BAKOPUCTOBYBAIM BHYKUMKH Oy3UHH
qopHoi y ristomy Bursii (0,7 Mmm — 1 cm), moapioHernmu (0,4 mm — 0,5 mm) ta (0,1 MM —
0,2 Mm), a siroau Oy3uHHM LTl BUCYIIeHI. HacTorOBaHHS IPOBOIMIIM P KIMHATHIN TEM-
neparypi (18+2°C) npotsrom 180 xB.

[IpoanainizyeMo BIUTHB (paKTOpy pO3Mip YaCTOK (a) Ha MPOIIeC HACTOIOBAHHS 3 BHYKH-
MOK Oy3uHHU 4OpHOI (Tab. 4).

—&—3pazok | —#—3pasok 2 3pasok 3 ==3pazok 4

OnTHyHa HITBHICTH

400 440 490 540 590 670 750
JloBKHMHA XBUIT, h

Puc. 9. Onmuuna eycmuna 600HUX GUMSAINCOK 3 BUNCUMOK OYZUHU 6 3ANEHCHOCMI 8I0
posmipy uacmok (a): 1 — yini seoou (0,5 mm); 2 — noopioueni suscumxu (0,7 mm — 1 cm),;
3 — noopiobneni susxcumru (0,4 mm — 0,5 mm); 4 — noopioneni eusrcumru (0,1 mm — 0,2 mm)

Hoicepeno: pospobneno asmopom

Tabnuns 4
Bnuius ¢axkTopy po3mip yacTok (a) Ha Mpouec HACTOBAHHSA
3 BU2KHMOK Oy3HHH 40PHOI

KonnenTtpanis (papOyBaasHHAX PeYOBHH Y
Po3mip uacTok, a nepepaxyHKy Ha cipyaHOKHCJIHI K0OAIBT,
I/Kr
i sromu (0,5 Mm) 1,38
[Moapioueni Brwkumku (0,7 MM — 1 cm) 8,55
Ionpi6ueni Buxumku (0,4 MM — 0,5 Mm) 10,38
Tonpioueni Brxumku (0,1 MM — 0,2 M) 12,83%*

* 3MIHA KONbOPY
Iicepeno: docniodceno ma po3pobieHo asmopom

[Jani tabn. 4 mOKa3ymTh, IO CIIOCTEPITAETHCS YiTKa 3aJICKHICTh KOHIICHTpAIil
0apBHUX PEUOBHUH BiJ PO3Mipy 4aCTOK BUKUMOK Oy3MHHU YOPHOI. 31 3MECHIICHHSAM
pPO3Mipy YacTOK KOHIIGHTpAIlisl OapBHUX PEYOBUH 301bmyeThcs. Halibinpia koH-
neHTpaiis GpapOyBanpHux pedoBuH (12,83 1/Kr) mocsAraeThes Mpu po3Mipi 4acTOK
0,1 MM — 0,2 MM. 3i 3MEHIICHHSIM PO3Mipy 4aCTOK 301MbIIYETHCS MJIONIA TOBEPXHI
BIDKMMOK, IITO IPU3BOJIATH JI0 301JIbIICHHS KOHTAKTY MiK PO3YMHHUKOM 1 0apBHUMH
pEYOBHHAMH, IO MOJETIIy€e iX BUBUIbHEHHs. KpiM TOTO, MEHIII YaCTHHKH JICTIIIE
pO3MafaroThCs MiJl 9Yac HACTOIOBAHHSA, 0 301bIIye BUXiA mirMeHTiB. OpHaK, TpH
3MEHIIEHHI PO3MIipiB BIKUMOK Oy3uHH 4opHOi (0,1 MM — 0,2 MM) criocTepiraeThes
YaCTKOBA 3MiHa KOJbOPY 3 TEMHO-YE€PBOHOTO 10 YEPBOHO-KOPUYHEBOI'O BiJTIHKY,
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Tak K MOApiOHEHI KICTOYKM $TiJ] BIUIMBAIOTh Ha 3abapBieHHsA. OTxke, ONTH-
MaJlbHUMH MTapaMeTpaMu JIJIs HACTOIOBAaHHS BW)KMMOK Oy3WHH YOPHOI € (pakiis
0,5 - 0,4 mm).

BucnoBku. B xoxmi nocnipkeHHs Oyio BCTAHOBJICHO, IO MEXaHi3M HACTOIOBaHHS
3aJICKHTH BiJ] psAy (GaKTOPIB, SKi BIUTMBAIOTH HAa BUIYYEHHS MIrMeHTiB. ToMy y po0oTi
Oyno JocmimkeHo KoxkeH (hakTop BIUIMBY OKpPEMO, a came: Temreparypa (t), °C, TpuBa-
JcTh (T), XB; PO3Mip 4acToK (a), MM; KOHIICHTpaIlisl TUMOHHOI KucioTH (c), %. Byno
BCTaHOBJICHO, IO 301JIbIICHHS TEMIIEPATYPH Ta TPUBAIOCTI Yacy HACTOIOBAHHS ITOKpa-
mye e(eKTUBHICTh BHIY4YEHHA HirMeHTiB. ONTHMajJbHUMHU YMOBAaMH HAaCTOIOBAHHS
€ Temmeparypa (t), 60-70 °C; tpusanicts (1), 120-180 xB. JlomaBaHHsS TUMOHHOI KHC-
JIOTH JIO3BOJISIE CTA01TI3yBaTH KOJIIpP 1 30UTBIIIMTH BMICT IMITMEHTY 32 paXyHOK 3HIKCHHS
pH cepenoBuina. MakcumanbHe 3Hau€HHs OapBHUX PEUOBUH JI0CATAETHCS IPU BHECEHHI
JTUMOHHOI KucHoTH y KinmbkocTi (1 — 1,3%) Bix 3anpHoi Macu. [Tomanpine nonaBaHHS
JMMOHHOI KHCJIOTH HE TPU3BOANUTH M0 3HAYHOTO 30UTBIICHHS MIrMEHTIB. 3MCHIICHHS
PO3MIpy YacTOK BMIKMMOK Oy3WHM MPU3BOIUTH 10 301IBIICHHS! KOHLEHTpaIil OapBHUX
pedoBHH. 31 3MEHIIIEHHSIM PO3MIPY YacTOK 30UIBIIYETHCS TUIOINIA TTOBEPXHI BHIKUMOK,
IO TPHU3BOAUTH 110 30UTBIIEHHS KOHTAKTy MK PO3UMHHHAKOM 1 OapBHUMH PEUOBH-
Hamu. KpiM TOro, MeHIi 4YacCTWHKM JIETIe PO3MaJatoThCs i Yac HACTOIOBAHHS, LI0
30ibIIye BUXi MIrMeHTiB. ONTHMAaNbHAMHA YMOBAaMH HACTOIOBAaHHS € PO3MIp YacTOK
0,4 — 0,5 MM; KOHIIEHTpallisl TUMOHHOI Kucnot (¢), 1 — 1,3 %

TakuM YUHOM, ONTUMAaJIbHUMHU NTapaMeTPaMU HACTOIOBAHHS BUKMUMOK Oy3UHH YOP-
HOi €: Temmeparypa (t), 60 — 70°C; Tpusanicts (1), 120 — 180 xB; po3mip vacTok (a),
0,4 —-0,5 mm.
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