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OCOBJIMBOCTI BUPOIIIYBAHHS COI HA 3EPHO

Kopuyak Mukojsia MuxkoJganoBuy
K.T.H., JOIIEHT
3aksaj BUIIOi ocBIiTH “TloAUIBCHKUI Aep)KaBHUN YHIBEPCUTET

Cos € OTHOPIYHOIO OJIIAHOI0 3¢pPHOO000BOIO KYJIBTYPOIO, SIKA € OJTHUM 13 OCHOBHUX
oKkepen pociuHHoro Oinka (35-52 %) 1 xupy (17-25 %) y cBiti. BoHa akTUBHO
BupoiyeThecsi B Ykpaini (Jlicocren, Cremn) sik mpuOyTKOBa TeXHIUHA KYyJbTypa, IO
BUKOPHUCTOBYETHCS y Xap4yoBid, KOPMOBIM Ta TEXHIYHIM MPOMHUCIOBOCTI, a TaKOXK
MOKpAIy€e poarodicTs IpyHTy [1, 2].

1liocomoexa nacinna. Jlyis ciBOM Cii BUKOPUCTOBYBAaTHU HACIHHS PallOHOBaHUX
COPTIB, SIKE 3a CBOIMHU MTOCIBHUMHU SIKOCTSIMU BIJINOB1Ia€ BAMOTaM YNHHUX CTaH/IAPTIB.
3a ABa-Tpu 1HI 10 Ci1BOM, mpu mNoTpedi, KWOoro mpoTpyrowTh OeHmaroM (50%),
dbyunazonom (50 % 3.m.) - 3 kr/tT, BitoBakcoMm (200 @D B.c.k.) — 2,5 1/T HaCiHHS,
IHIIMMU PEKOMEHJ0OBaHMMHU MpernapaTtaMu. besnocepenHbo mnepen CiBOOIO HACIHHSA
00pOoOJISAIOTh COEBUMHU 1HOKYJISIHTaAMH (HITPAriHoM, pu30Top(iHOM, pu30rymMiHom) [3].

Cripn 3ayBaKuTH, 1110 0OpOOJISATH HACIHHS HEOOX1THO IMi/1 HaBICOM, 0O YHUKHYTH
MOTPAIUIIHHA HAa HUX MPSIMUX COHSYHHX MPOMEHIB, 110 CIPUYHUHSIOTH 3aruoOelb
OakTepiil. 3riiHO 3 JaHUMU HAYKOBUX YCTaHOB, 3HAYHHM e(EeKT y IiBUIICHHI
BpOXKaHOCTI coi 3abe3nedye mMOoeqHAHHS OOPOOKM HACIHHS 1HOKYJSHTaMU Ta
OlocTuMynsiTOpaMu (TyMiCOJIOM, arpOCTUMYJIIHOM, IMyJIiHOM, eMicTuMoM C Ta iH).

Cieoa. CiBOy coi HEOOXiJHO TOYMHATH, KOJW MHHE HeOe3leKka BECHSIHUX
3aMOpO3KIB 1 BCTaHOBHUTBCS CEPEIHBOAO0OBA TeMmImeparypa IPYHTy Ha TIJIMOUWHI
3aroptanHs HaciHHsS +12-14°C, npu TakoMy MporpiBi cXoAu coi 3'ABIsAOTECSA Ha 10-
12-ii nenb, BUmepemxarodu po3BUTOK Oyp'sHiB. Ha VYkpaini B 30Hi [liBHIYHOIO
Jlicoctenmy onTUMaabHUM TEPMIHOM CIBOM CO1 HA HACIHHS € MepIlia AeKaja TpaBHS; y
Cxignomy Jlicocteny — BIAMOBIAHO TPETS Ae€Kaja KBITHS 1 meplua JAeKaja TPaBHS; Y
MIBACHHIN 1 MIBAECHHO-3aX1/IHIM YacThHaX JlicocTemy — TpeTs JAeKaa KBITHS 1 mepii 5
nHiB TpaBHs. Y IliBHiuHOMYy 1 [{enTpansHomy Creny YkpaiHu onTUManbHUN TEPMIH
CiBOM mpHMaaae Ha APYTy JAeKaxy TpaBHs [3].

Coro CilOTh HIUPOKOPSIHUM, CTPIYKOBUM, IIUPOKOTIONOCHUM 1 PSAKOBUM
croco0amMu, a Ha MEepe3BOJIOKEHUX IPYHTAX - TpeOeHEeBUM CIOCOOOM. Y OLIBIIOCTI
palioHIB il OOpOOJSIOTHE SK MPOCAMHY KYJIbTYypYy HIUPOKOPSIHUM CIIOCOOOM 3
MDKpsaasaMu 45 cMm. KiIbKiCTh CXOXHMX HACiHHMH, IO BHCIBalOThCS Ha 1 ra,
konmBaeThes Bij 400 tuc. 1o 1 muH. mT., ado Bix 80 mo 120 kr 1 6ibIme. [ ciBOu coi
3 MUKPSIAIAMHA 45 ¢CM BUKOPUCTOBYIOTh CIBAJIKM, SIKI OOJaJHYIOTh IMPUCTOCYBAHHAM
CTHA 31.000. Ha psakoBux mociBax 3acTOCOBYIOTh 3epHOBI ciBasiku C3-3,6, C3-5.4.
MokHa npoBOAUTH CIBOYy 3aKOPAOHHMMM TIPOCAlTHUMU CiBajKaMd Ta 1H. Y
XapkiscbkoMy HAY iMm. B.B. JlokydaeBa po3poOieHO HOBHI crmociO ciBOM coi
ciBasikoto C3-3,6, oOsagHaHOO TPyOYACTHMM COIIHMKAMH 3 OBAJIBHOI J0OOBOIO
MOBEPXHEI0 1 MPSIMUM KYTOM BXOJKE€HHS B TPYHT, SIKI PO3MOAUIAIOTH HACIHHA
CMYKKOIO IIUPUHOIO 5-6 cM 3 Mixkpsanam 39-40 cm. HaciHHs noTpamiise Ha TBEpae
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JI0KE€ y BOJIOTHMH IIap IPYyHTY Ha THOMHY 4-5 cM. 3a paxyHOK pO30CEpPEIKEHOTO
PO3MIIIICHHSI HACIHHSA B PIAKY BPOXKAMHICTH 3€pHA COi B CTPIUYKOBUX IOCIBax
301IBIIY€ThCsI HA 3-4 11/Ta B MOPIBHSAHHI 3 IIUPOKOPSTHUM CITOCOOOM CiBOU TUCKOBUMHU
comHukamu. B VYkpaiHi, 3a JaHUMU Py HAyKOBO-AOCHIJHUX YCTaHOB, KpalluMm
CIIocOO0M CIBOHM € IIMPOKOPSIHKUMN 3 MDKpAIAIMHU 45 cM 1 HopMoro BuciBy 400—600
THC./Ta CXOXKUX HACIHUH.

Jloensno 3a nocieamu. CBO€YACHHUM 1 AKICHO TIPOBEACHUMN JOTJIS 3a TOCIBAaMHU COi
3a0e3nevyye 3HAYHE MiJBUINCHHS i1 BpOXaMHOCTI. 3a SIKICHOTO OOpOOITKY IPYHTY 1
MO3UTUBHOI A1l BHECEHUX TepOIIUaiB JOTJIA 32 COE0 3BOJUTHCS 10 MICISATIOCIBHOTO
KOTKYBaHHS MpY NOTpeOi Ta OJHOTO MIXKPSITHOTO PO3MYIIyBaHHS Ha TIHOUHY 5—6 cM.
Ha mmomax 6e3 3acTocyBaHHS IPyHTOBHX T'epOilHIiB MPOBOIAThH ABA JOCXOJOBHX 1
OJIMH-JIBA MICIISICXOJOBUX OOPOHYBaHHS cepeaHIMU OOPOHAMH Ta OOPOOITOK MIKPSIIb.
['mubuHa nepmoro MiXKpPSIAHOTO PO3MYILIYBaHHS 5-6 CM, IPYroro i TpeTboro — 6-8 cm
[3].

3axucm nocisie. Ilpu 3axucTi MOCIBIB COi BiJl MIKIJHUKIB 1 XBOPOO MOTPIOHO
BUKOHYBATH BHIII€3a3HAUCHI arpOTEXHIYHI 3aX0/IH.

XiMi4HI 3aco0M CIiJI 3aCTOCOBYBAaTH TUIBKH TPU 3arpo3l MacoBOTrO 3'SIBICHHS
IIKIJTHUKIB 1 PO3BUTKY XBOPOO, 3 OOOB'SI3KOBUM ypaxyBaHHSIM €KOHOMIYHOI'O MOpOTa
IIKIJIJTABOCTI.

Haiibinb11a yrcenbHICTb MIKITHUKIB, SIK1 MTONTKOKYIOTh COIO, TIPUIIAIA€E Ha TIEPi0T
B121 OyTOHI3alli 10 popMyBaHHs1 000iB KyJabTypH. s 3aXucTy MOCIBIB y LIEH mepioj
Bil coeBoi miogoxkepku (40 meTenukiB Ha (HEPOMOHHY MACTKYy 3a HIU y TEpioa
uBitinas, 25-30 seup Ha 1 M? y dasy hopmysanus 606is), myrosoro Merenuka (10-20
rycenuns Ha 1 M%), BoruiBku, 6araroinnoi coBku (2-3 rycenuii Ha 1 M%) BUIIyCKarOTh
Tpuxorpamy (Ha Mo4YaTKy MacoBOTO BIJIKJIQJIaHHS SI€1b) 3 po3paxyHKy 50 TUC. 0cOOMH
Ha | ra mpotu KokHOro NokomiHHsS (3-4 mpuiiomu 3 iHTepBanoM 5—10 1HIB), s
3axucty Bix nonenuips (30-50 ocobun Ha 10 momaxiB caykoM), TPUICIB (OAHMH
JIOPOCJIMIA TPUIIC HA JBI KBITKH, a00 Bl JUYMHKKA HA OJHY KBITKY), JIFOIIEPHOBHX
kioniB (20-30 xmomiB Ta nuymHOK Ha 100 momaxiB cadykom), OyJIbOOYKOBHUX
noBrorocukis (10-15 xykiB Ha M?> a60 Ha 3-5 POCIUH) NPOBOAATH OONPUCKYBAHHS
ITOCIBIB OJTHUM 3 TakuXx mpernapariB: bi58 nosuii, 40% x.e. 0,5—1,0 n/ra; 3050H, 35 %
k.e. — 2,5-3,0 n/ra; mepmna, 25% k.e. — 0,32 n/ra Ta iH. [3].

[Ipu BusBiIeHHI Ha mociBax coi a0 3—5 % ypakeHHX pociuH ¢y3apio3oM,
MEPOHOCTIOPO30M, IIEPKOCIIOPO30M, CENTOPIO30M, pakoM cTeben 31HCHIOITH
oOrnpuckyBanHs onHuM 13 Qynriuuais: 0,3 % cycnensiero 50 % poninany, 50 %
cyminekcy (3 kT npenapary Ha 1 ra). [{is 3axucty nociBiB BiJ OOPOIIHUCTOI POCH MPH
ypaxkeHHi 1% pociMH TpOBOJATH OONPHUCKYBaHHA OJHMM 3 QyHrinumaie: 1 %
CyCHEeH3I1€I0 KOJIOiHOT Cipku (5-6 Kr mpenapaTy Ha 1 ra), MeneHoro cipkoto (20— 25 kr
Ha | ra). [Ipotu ackoxiTo3y, OUT0i THUJI, 1pK1 MPU ypakeHH1 OJau3bko 5 % pociuH
oOIPUCKYIOTH MpemnapaToM pekcror, 33,4% k.e. — 0,5-1,0 n/ra.

[Topsin 3 arpOTEXHIYHUMH MPUHOMaMHU BETTUKE 3HAUYCHHS ISl OJICPKaHHS BUCOKHX
ypoXaiB coi Mae XIMIYHUK MeTon OopoThOu 3 Oyp'sHamu B mociBax. ['epOiruan
3aCTOCOBYIOTH JI0 TOCIBY, OJTHOYACHO 3 HUM a00 JI0 MOSBH CXOJIB Ta BITICISACXO0I0BUN
epioz.
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AHani3 acOpTHUMEHTY CyYacHUX TepOiluAiB, fKi JI03BOJICHI B YKpaiHi s
BUKOPHUCTaHHS Ha MOCIBax €OI, MOKAa3ye, 10 HAa ChOTOJIHI HalOUIBIIOrO MOIIMPEHHS
HaOyJu Takl IPyHTOBI repOiuuay, sik Xapaec, 90% x.e. (2,0 n/ra), Tpodi, 90 % k.e.
(1,5 n/ra), ®pontsep, 90 % k.e. (1,5 n/ra), Hyan, 90 % xk.e. (2,0 n/ra), ski
XapaKTEPU3yIOThCS IIMPOKUM CIEKTPOM Jii Ta BUCOKOK BHOIPKOBICTIO MO0
KyJIbTypH. X MOXKHA BHOCHMTH SK IIiJ NMEPENOCIBHY KyJbTHBALIO, TAK i Opasy kK
Ticiis MociBy coi [3].

Takuit rep6inua, sk miBot, 10 % B.p.K., MOKHa BUKOPUCTOBYBATH IpuU 00poOIIi
IPYHTY JIO TOCIBY, 10 CXOAIB (SIK I'PYHTOBHI{) ab0 Mmicisi CXOAIB y (a3zy ABOX-TPbOX
TpiiiYacTUX JTUCTKIB COi.

OnTuManbHI CTPOKU BHECEHHS IpenapaTiB y MICIsACXOJOBHM MEPioj HACTAIOTh Y
(a3l 0AHOTO-TPHOX TPIHYACTHUX JIMUCTKIB Yy coi. byp'aHu B 1eil nepio nepedyBaroTh y
(a3l TpbOX-1’ATH (3JIaKOB1) Ta JIBOX-TPbOX JIUCTKIB (ABOJOJBHI) 1 HAWYYTIUBIIIL JO
repOinuaiB. Bucokuii piBeHb 3HUIIEHHS Oyp'aHIB 3a0e3nedye BHECEHHS OaKOBHUX
CyMillIe peKOMEHOBaHUX MICISCXO0BUX repOinuiB xapMoHi, 75 % B.r. (8,0 r/ra)
13 cenektoMm, 12,5 % k.e. (1,0 n/ra).

36upanns eépooscaro. Coro Ha 3epHO 30MpaOTh MPHU BOJOTOCTI He Ouibine 16 %
TUIBKA TPSAMUM CHOCOOOM — KoMOaliHaMu 3 Mepeo0aHAaHOI0 KHUBAPKOKO IS
3a0e3ne4YeHHs] MIHIMaJIbHOT BUCOTH 3pi3y, SKa HE MOBUHHA NEepeBUILyBaTH 6-8 cM [3].

Jlist 3MeHIIeHHsT [poOJIeHHST HACIHHS 4acTOTy oOepTiB 0apabaHy 3HIKYIOTH J0
500—-600 06/xB, a mpu BoJsiorocti HaciHHA HUXKYe 12 % — no 300400 o6epTiB.

BucHoBKku. /[J11 HaN€KXHOTO MPOBEICHHS TEXHOJIOTTYHUX OIepaliii BUPOILyBaHHS
CO1 Ha 3€pHO MOTPIOHO YITKO JOTPUMYBATHUCS arpOTEXHIYHUX BUMOT Ta BPaXxOBYBATU
il 0cOOMMBOCTI SIK KyJIbTypH [4-14].
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Bridges are critically important elements of a country’s transport infrastructure;
therefore, continuous assessment of their condition is essential for their secure and
stable operation. Throughout their life cycle, bridge structures are subjected to
significant traffic loads, vibrations, temperature fluctuations, moisture, corrosion and
other things that can gradually alter their performance characteristics. Therefore, to
ensure the durability and safety of bridges, it is not only proper design and construction
that play a key role, but also an effective system for tracking and forecasting their
condition throughout their entire life cycle.

Traditional visual inspections of bridges are subjective and do not allow hidden
internal defects to be identified at an early phase. Structural health monitoring (SHM)
systems must be robust and reliable [1]. The evolution of digital tools is shaping new
innovative methods to the management of complex engineering structures. In
particular, the Industry 5.0 concept envisages the further advancement of the digital
evolution of manufacturing and infrastructure systems, with an emphasis on human-
centricity, sustainability and resilience [2, 3, 4]. Consequently, technologies are
considered not simply as means of automating individual operations, but as tools for
ensuring the safer, more sustainable and highly optimized functioning of physical
systems throughout their entire life cycle. For bridge infrastructure, this strategy paves
the path to a shift from periodic inspections of bridges’ technical condition to digital
monitoring — the ongoing collection, analysis and application of operational data to
predict their condition and make engineering decisions regarding their continued safe
operation. Digitalisation helps engineers to make right decisions, not just simply
automating monitoring (human-centricity); it ensures the timely detection of
deterioration and improves resilience to extreme conditions; and it helps to extend the
life cycle of structures and optimise repairs and resources (sustainability).
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In this context, the synergy between the Internet of Things (IoT) and digital twins
could become a key tool for guaranteeing the sustained and reliable functioning of
bridge structures.

The aim of our study is to summarise current approaches to the use of the Internet
of Things (IoT) and digital twins for monitoring and predicting the technical condition
of bridges, to identify the opportunity for their implementation in predicting changes
in the operational characteristics of bridge structures, and to formulate a methodology
to the digital management of bridge infrastructure in the context of Industry 5.0.

One of the crucial technologies for implementing this conceptual approach is the
Internet of Things (IoT). The Internet of Things is generally based on the following
technologies: identification methods (radio-frequency, optical and infrared tags, etc.,
for automatic identification. To ensure the individuality of identifiers of different
classes, further work is necessary to normalize them); measuring instruments designed
to transform details about the environment into data suitable for transmission to
processing systems (these may be either individual sensors or complex measuring
systems); data transmission systems (wireless or wired networks), data processing
systems (cloud-based systems providing high throughput and rapid response to specific
situations, as well as fog computing); actuators, which are often structurally integrated
with sensors [5, 6].

In bridge engineering, a distributed web of detectors integrated into the bridge’s
structural elements can collect data on deformations, displacements, vibrations,
stresses, temperature, humidity, inclinations and other parameters that characterise the
actual behaviour of the bridge structure. Transmitting this data to information systems
enables real-time monitoring of the bridge’s condition, the detection of abnormal
changes and the creation of a cumulative database of operational data.

The next level of integration of technological solutions is the digital twin of a bridge
structure. Unlike a static digital model, a digital twin involves linking the virtual model
of an object to data on its actual condition and, provided the system is organised
appropriately, the ability to incessantly update this information. Combining a digital
twin with [oT sensors gives a opportunity to create a digital framework in which the
geometric and information model of the bridge is supplemented with up-to-date data
on its operational behaviour. This provides a basis for analysing changes in its technical
condition, identifying deviations from expected parameters and predicting potential
problems.

The application of digital twins in the Industry 5.0 concept is also changing the
approach to decision-making regarding the operation of infrastructure facilities. Data
obtained from IoT systems can be used by specialists to assess the actual condition of
a structure, prioritise maintenance and plan further engineering measures. Thus, the
digital twin serves not only as a means of visually representing the bridge, but also as
the data foundation for communication between the physical structure, digital
technologies and the decision-maker.

The world’s existing transport infrastructure is under severe strain due to ageing
structures, increasing traffic volumes, the effects of climate change and armed
conflicts, it is very important that virtual solutions for monitoring and forecasting the
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condition of infrastructure can be implemented both to new bridge structures — for
which sensor systems and digital representations can be integrated as early as the
design and construction stages — and to existing ones. For facilities that are already in
operation, a digital twin can be created on the basis of design and operational
documentation, the outcomes of engineering assessments, geometric data, laser
scanning, photogrammetry and additional inputs, supplemented by data from installed
sensor systems. This makes it possible to gradually incorporate technological solutions
into the existing infrastructure without the necessity of build a new facility.

To observe the real-time condition of bridge structures and answer the question of
what is happening to the bridge at any given moment, a logical sequence is established:
IoT technology involves the aggregation and relaying of data (readings from sensors,
in accordance with the architecture of the [oT system); the digital twin provides a visual
representation of the bridge’s condition, analyses its current state and detects
anomalies; and finally, a specialist assesses the structure and makes a decision.

A more complex area is the prediction of the condition of bridges. It is not enough
simply to collect technical data; rather, it is necessary to use the accumulated data to
make a forecast regarding the future condition of the structure. In this case, the logic
would be as follows: data is collected and transmitted in real time using IoT sensors;
the Digital Twin then creates a digital representation of the physical bridge and
historical data is accumulated; an analytical/Al model is subsequently engineered to
forecast changes in the condition of the object under study; the final stage involves
supporting decisions regarding the bridge’s maintenance. Such an integrated system
can predict: the development of deformations; changes in vibration characteristics; the
occurrence or progression of damage; the remaining service life of individual
components; the need for maintenance; and so on [7, 8, 9].

The integrated loT—Digital Twin concept for bridges can be illustrated using the
diagram shown (figure 1).
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Figure. 1. Architectural and conceptual model of an integrated loT—Digital Twin

system for bridge structures
Source of the figure: compiled by the author based on analysis [7-11, 16]

The functional levels in the conceptual model presented are:

1. Physical Infrastructure Layer: This comprises the bridge structure itself,
consisting of its structural elements (span structures, supports, cable-stayed systems,
abutments), as well as the external environment (weather conditions, seismic activity,
traffic loads). At this level, stress-strain states, deformations, vibrations and
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degradation processes occur due to the effects of meteorological factors and dynamic
traffic.

2. Sensor/loT Layer: Comprises a distributed network of sensors and transducers
(strain gauges, piezoelectric accelerometers, inclinometers, fibre-optic sensors,
thermocouples, as well as Weigh-in-Motion (WIM) systems). At this level, continuous
monitoring of the primary physical parameters of the build and the environment is
ensured, covering the following main groups of parameters: deformation
(deformations, displacements, deflections), dynamic (accelerations, vibrations, natural
frequencies), force-related (stresses, strains, forces), geometric (inclination, support
displacement), climatic (temperature, humidity), environmental (wind, precipitation,
water level), and special (corrosion, condition of cables, cracks).

3. Edge Computing Layer. Performs initial processing of sensor data directly near
the object. Bridge sensors (accelerometers for measuring vibrations, acoustic emission)
generate a massive amount of data (High-Frequency Data). Transmitting all “raw” data
to the cloud is expensive and inefficient. Therefore, the trend toward implementing
Edge/Fog Computing between the sensor level and data collection is appropriate. It is
used to filter out high-frequency noise, aggregate data, and detect local anomalies in
real time in situ, sending only aggregated metrics or anomalies to the cloud, which
significantly reduces the load on communication channels and cloud infrastructure.

4. Data Collection and Transmission Layer (Network & Data Acquisition Layer):
Sends important information safely without drops from outside sensors up to the cloud
using secure wireless connections (LoORaWAN, Industrial 5G, Cellular IoT) or wired
communication channels via MQTT, CoAP, or HTTP/REST API protocols.

5. Data Storage & Integration Platform: This is a scalable cloud-based or hybrid
storage solution. It uses time-series databases to organize telemetry streams, as well as
relational and document-oriented databases to store the facility’s technical and
operational data.

6. Digital Twin Core: The core module of the system, consisting of interconnected
components:

) Spatial-Information Model (BIM/GIS): A three-dimensional geospatial model of
a structure (based on the IFC open standard for the modelling and transfer of BIM data)
containing up-to-date information on structural elements and geometric deviations.
The standardization of the Building Information Model (BIM) and the IFC format for
the core of the Digital Twin complies with standard [10].

[ Physics-Mathematical Model (FEM): An adaptive finite element model that
simulates the mechanical behavior of a structure under load.

) Calibration Module (Model Updating): Ensures regular adjustment of the FEM
model parameters (stiffness, damping parameters) based on actual telemetry data,
thereby preventing model drift from the bridge’s actual condition.

7. Intelligent Analytics Layer (AI/ML Layer): 1t relies on machine learning and
deep learning algorithms (in particular, LSTM recurrent neural networks,
autoencoders, and ensemble methods). AI/ML uses past and current records to find
patterns and anomalies and to predict probable degradation of the infrastructure.
Designed to identify hidden degradation patterns, detect structural damage, and assess
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the structure's remaining useful life (RUL).

8. Level of monitoring and decision support (Decision Support System, DSS): It
transforms analytical data into formatted reports, visualizations (dashboards), and
interactive alerts. It enables the comparison of current parameters with maximum
permissible values in compilance with applicable building codes. In other words, it
offers: real-time tracking of the present condition and alerts regarding critical limits,
forecasting of degradation processes and assessment of fatigue accumulation, and
giving recommendations every day and corrective maintenance.

9. Closed-Loop Feedback Control: A main element that connects real machine to
digital software:

) Automated (fast) loop: fast intervention in critical moments (for example,
activating traffic lights or electronic signs to limit the speed or weight of vehicles when
permissible vibration or wind load levels are exceeded).

[ Organizational-technical (long-term) loop (Human-in-the-Loop): Authorizing
operational interventions when it is necessary to fix things, make parts stronger, or take
a quick look inside. Entering information about the work performed updates the
BIM/FEM models, completing the cycle of adapting the Digital Twin to the structure’s
changed physical condition.

Feedback is a crucial necessity for digital twins. Without feedback, a model is
merely a “digital shadow” rather than a “digital twin”.

The diagram shown corresponds to the classic multi-level architecture of
[IoT/Cyber-Physical Systems (CPS). The division into sensors, data transmission,
modeling, and analytics follows the generally accepted standard for linking a real
physical object with its digital representation and the data associated with it [11].

When creating a digital twin of a bridge structure, the approach to integrating loT
and digital models depends on whether the bridge is new or existing. In the case of a
new bridge, the digital twin can be created in parallel with the design and construction
determined by a BIM/BrIM model, with the necessary sensor equipment and
monitoring parameters specified from the outset. [lns icHyrounx MOCTIB #oro
CTBOPEHHS Tepedadae mornepeaHe HaKOMUMUEHHS W akTyai3aiito (GaKkTHIHUX JaHUX
PO TEOMETPII0, TEXHIYHUIA CTaH Ta ICTOPIIO EKCIUTyaTallii, 30KpeMa 3a pe3yJibTaTaMu
o0CTeXeHb, JIA3€PHOTO CKaHyBaHHS, (OTOrpaMMeTpli Ta PETPOCTEKTUBHOTO
BcraHoBieHHs loT-cencopiB. OCHOBHI BIAMIHHOCTI y ¢opMyBaHHI ITH(PPOBOTro
NBIMHUKA JIJI1 HOBUX Ta ICHYFOUMX MOCTIB y3arajbHEHO B TaOmuili 1.

Table 1.
Creating Digital Twins of New and Existing Bridges
Stage New Bridge Existing bridge
Initial data BIM/BrIM documentation + survey
Geometry BIM laser scanning / photogrammetry
Sensors are provided in the project applied retrospectively
Initial state registered upon data entry detected upon inspection
Digital Twin created in parallel based on actual data
Monitoring integrated from the outset gradually modernized
Forecasting based on data collection based on historical data + new data
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Theoretical approaches to creating digital twins of bridges based on BIM/BrIM,
IoT, and remote data collection technologies are being applied in real-world
infrastructure projects (table 2). Global experience demonstrates various methods for
integrating digital models, sensor systems, monitoring technologies, and analytical
platforms, depending on the structural classification, its developmental phase, and the
objectives set.

Table 2.
Examples of the Implementation of Digital Monitoring and Digital Twins for Bridges
. What is being Level of
Country Example Technologies monitored digitalisation
. . deformation, .
China Yaggpu 1100+ sensing points + vibration, cables, comprehensive
Bridge Digital Twin system
temperature, etc.
SHM / Digital sensors, SHM, data condition of practical
USA . : .
Twin systems analytics structures application
Great . wireless sensors + digital deformations, research and
o SmartBridge . temperature, stress, :
Britain twin ctc applied
LTA Digital GIS, BIM, 3D LiDAR, infrastructure and integrated
Singapore | Twin / Smart digital mapping, data operational digital
Infrastructure analytics parameters environment
dynamic
Digital Twin | 4o 001 twin, FEM, field | . Pehaviour,
. of Pedestrian influences, impact | research and
Singapore . measurements, neural A :
Bridges — networks. wireless sensin localisation, applied
NTU ’ & condition
assessment

A real-world example of the use of digital technologies is the Yangpu Bridge in
Shanghai, which spans the Huangpu River. The bridge, which opened in 1993, was
equipped with a “smart brain” in 2022. An official source describes more than 50,000
static objects and pieces of equipment for space management, as well as more than
1,100 monitoring points across 17 categories that collect data on wind, temperature,
ground movements, stress, deformation, vibrations, cable forces, and displacement.
The data is integrated with the bridge’s digital twin, which allows for the calculation
and analysis of limit values and provides real-time information on the condition of the
bridge structure. As a demonstration project for the “digital twin” of the “Cloud Road
Center,” the city of Yangpu was the first to implement intelligent monitoring using a
“digital twin” to advance the modernization of road transport management [12].

The U.S. Federal Highway Administration (FHWA) views digital twins as a
promising means of integrating sensor monitoring data with a digital structural model
to assess the current condition of a bridge and predict its future condition, as a tool for
managing the technical condition of bridges. Their use involves combining a digital
model of the bridge with data from electronic monitoring systems and sensors, which
makes it achievable to evaluate holistically the structure’s current condition and model
its future condition to support asset management. The official FHWA concept, “Digital
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Twins for Bridge Asset Management,” proposes combining electronic monitoring
systems with a digital twin to assess the current and future condition of a bridge [13].

A prime example of the practical implementation of a bridge’s digital twin is the
British project SmartBridge—Smart Monitoring and Inspection of Bridges
Infrastructure, funded by Innovate UK from 2017 to 2020. The project involved
integrating multi-scale 3D models of the bridge with sensor data, inspection results,
and operational parameters. The developed system underwent field testing on a London
Underground bridge near Watford and provided an analysis of the structure’s technical
condition, degradation, reliability, and remaining service life [14].

The Land Transport Authority (LTA) is developing a digital twin of road and
related infrastructure based on GIS and 3D LiDAR. Laser scanning data is used to
create high-precision digital models of road assets, structures, and other objects. The
digital environment makes it possible to visualize the location of assets, analyze their
condition, identify defects, and support maintenance. LTA integrates GIS and BIM
through its proprietary portals, Ignite and InSIGHT. This integration is used to create
a digital twin of the urban environment and perform comprehensive modeling [15].
Researchers at Nanyang Technological University have created a digital twin of a
pedestrian bridge that replicates its dynamic behavior.

Recent scientific studies have already identified Al, IoT, and Digital Twin as
interconnected components of the new generation of bridge SHM, but they also point
to challenges related to the variability of operating conditions, scalability, and the
reliability of the models. To create reliable, next-generation monitoring systems, the
following areas for further development are proposed: the creation of machine learning
models based on physical laws, the standardization of protocols, and the incorporation
of crowdsourced monitoring projects [1]. Financial constraints and gaps in advanced
modeling skills also pose significant obstacles to the implementation of BDT [16].

Despite the high potential for integrating the IoT and digital twins, scaling this
concept in bridge construction faces a number of technical and organizational
obstacles. The main financial and technological barriers are the high cost of full-scale
sensor systems and the issue of sensor reliability, where the failure of a single
component can critically distort the entire analytical system. At the level of information
management, challenges arise due to the large volumes of heterogeneous data and the
variety of formats, which complicates integration — in this regard, hybrid edge/cloud
computing architectures and the implementation of uniform standards to ensure
interoperability demonstrate significant potential. Particular attention must be paid to
specific engineering conditions: the presence of a large number of old bridges for
which no original BIM model exists (this is addressed using Scan-to-BIM
technologies), as well as the lack of historical (long-term) data required for the effective
training of predictive models. In addition to cyber threats, which create new points of
vulnerability in IoT networks (requiring a ‘security by design’ approach), the human
factor remains key: the final decision in critical situations is taken by an engineer,
which highlights the relevance of the ‘human-in-the-loop’ paradigm within Industry
5.0 (table 3).
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Table 3.
Potential obstacles to the integration of the [oT and digital twins
Problem Essence Promising area
high cost of touchscreen | multiple sensors and communication low-cost ToT/MEMS
systems systems
large amounts of data complexity of storage and processing | edge/cloud computing
different data formats problem of integration standards Ta interoperability
Al false alarms effects of temperature, load, etc. physics-informed ML
old bridges lack of BIM Scan-to-BIM
sensor reliability sensor failure can distort the picture | sensor fusion
cybersecurity IoT creates new attack vectors security by design
lack of long-term data Itis difficult to train predictive long-term monitoring
models
human factor engineer makes the decision anyway | human-in-the-loop

The analysis carried out therefore demonstrates that traditional methods of
infrastructure monitoring no longer meet today’s security and reliability challenges.
Combining networks of 10T sensors with dynamic digital twins makes it possible to
create a unified ecosystem for managing the life cycle of bridge structures.

The IoT enables the continuous collection of real-time data on the actual condition
of structures (vibrations, stresses, corrosion); digital twins integrate these data streams
with a digital model to simulate load scenarios. The use of Al and machine learning
algorithms gives a important chance to move beyond simply monitoring or recording
the current condition to in-depth prediction of structural behaviour and finding small
cracks before they turn into serious breakdowns.

The Industry 5.0 paradigm sets out a broader value framework in which the latest
technologies are aimed not merely at the blind automation of processes, but at ensuring
occupational safety, environmental sustainability, the resilience of infrastructure and
the support of effective human decision-making. Optimising maintenance cycles and
predicting wear and tear reduce operating costs, lower transport emissions, minimise
human error, and enhance public safety.

Promising areas include the development of uniform standards and protocols for
the exchange of heterogeneous data, the deep integration of artificial intelligence
algorithms to achieve fully autonomous decision-making, and the enhancement of
cybersecurity for integrated bridge systems.

Overall, the combination of the [oT and digital twins within the framework of
Industry 5.0 represents a qualitatively new stage in the evolution of bridge construction,
ensuring the creation of a more reliable, safer and more adaptive transport
infrastructure for the future.
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TPAHCO®OPMAILISA HABYAJBHOI'O ITPOCTOPY: BIJ
®YHKIIOHAJBHO JETEPMIHOBAHOI IO THYUYKOI
IJIAHYBAJIBHOI CTPYKTYPH

Tumkesuy Oubra IlerpiBHa

KaHAMJAT apXiTEKTYPH, JOIEHT,

JIOLIEHT Kadeapu MiCbKOTO OY/IIBHUIITBA Ta apXITEKTYpH
[HxeHepHHit HaBYANbHO-HAYKOBUHN 1HCTUTYT M. FO.M. [ToTeGH1
3anopi3pKoro HaI[lOHAJIBLHOTO YHIBEPCUTETY

AKTyaJabHicTh. CHucTeMa 3arajibHOi CepelHbOi OCBITH MepedyBae B Mpolleci
CyTTEBOI TpaHcQopmarlii, MOB’s13aHOI 31 3MIHOIO OCBITHIX MOJIENICH, MOCHUJICHHSIM
1HAUBITyami3alli HaBYaHHS, IHKJIIO3UBHOCTI, IU(GPOBUX TEXHOJIOTIA Ta B3a€MOIIi
mKkoju 3 rpomaaoro [1-3]. TpagumiitHa Mojens mKiILHOT Oy/iBiIi, chopMOBaHA Ha
OCHOBI1 KJIACHO-YPOYHOI CHCTEMH Ta >KOPCTKOTO (DYHKI[IOHAJIBHOTO 30HYBaHHS, HE
MIOBHOIO MIpPOIO BIJNOBIJIA€ CyYaCHUM CIICHApisAM OCBITHBOI IisuibHOCTI [4, 5].
[TomwmpeHHs: MPOEKTHOTO, 3MIIIAHOTO Ta TPYMOBOTO HaBYAHHS 3yMOBIIIOE MOTPEOy B
THYYKIIIOMY, TU(depeHIiiioBaHOMY Ta aJJalTUBHOMY apXiTEKTypHOMY cepeoBui [1,
5, 6]. CydacHi HampssMKkd (QOpMyBaHHS MEpEXKl Ta apXiTEeKTypHO-IJIaHYBaJIbHOI
opraHizailii IKUIbHUX OyaiBeNb pO3TIAHYTO B [7]. BomHouac B3a€MO3B’SI30K MiX
KOHKPETHUMH 3MIHAMH OCBITHBOT'O ITPOLIECY Ta BIAMOBITHUMH 3MIHAMH apXITEKTYpPHO-
MIPOCTOPOBOI OPraxizallii KON NOTpeOye MOAANBIIOTO JOCTIIKEHHS.

Mera pocaimkeHHss. BusHauuTu HampsmMu TpaHcdopmallii IIaHyBaJbHOI
CTPYKTYpPH 3aKJIaJIB 3arajbHOI CepelHbOI OCBITH, 3yMOBJIEHI 3MiHAMU CY4YaCHOIO
OCBITHBHOT'O MPOIIECY.

Pe3ynbTaTu 1ociaigxeHHs. AHali3 Cy4yaCHUX MiAXOIB 10 OpraHizailii OCBITHbOTO
nporiecy [1-3] cBIIUMTH MPO MOCTYNOBUM TEpeXia BiJ CTaHIApTU30BAHOI MOJECII
HAaBYaHHSA JI0 CHUCTEMH, OPIEHTOBAHOI HA PI3HOMAHITHICTH OCBITHIX CIIEHApIiB,
1HMBITyaJIbHI OCBITHI TPAEKTOPii, KOMaHAHY POOOTY, CAMOCTIHHY MisUIbHICTh YUYHIB
Ta 1HTerpaiio GopMalIbHOTO 1 He()OPMATHLHOTO HABYAHHSI.

Amnami3 mkepen [ 1-3, 6] 103BoJIsI€ BUAIIUTH OCBITHI TEHACHITIT, 1110 0€3M0CEPETHRO
BIUTMBAIOTh Ha apXiTEKTypHE (OpMyBaHHS 3aKjadiB 3arajibHOi CEepeaHbOI OCBITH:
MepCOoHAI3allisl HABYaHHS; MONIMPEHHS AaKTUBHUX 1 NPOEKTHUX (opM podoTH;
PO3BUTOK 3MINIAHOTO Ta LM(PPOBOrO HABYAHHS; I1HKIIO3UBHICTH OCBITHHOT'O
CepeOBUINA; TOCUIICHHS MIXIUCIUILTIHAPHOI B3a€EMO/IIT; pO3IIMPEHHS COIIaIbHOI Ta
IPOMAJICHKOI (PYHKIIIT IIKOJIH.

Tpaaumiiina TIaHyBajdbHAa CTPYKTypa IIKOJM IMOOyJOBaHa Ha OJHO3HAYHIN
BIIMOBITHOCTI MI>K IPUMIIIEHHSIM 1 HAaBYaJIbHUM MPEAMETOM, 110 (PIKCY€E CKIIAI, IO
Ta 00JIalHAaHHS KOKHOTO KabiHETy Ha BeCh TEPMIH eKCIUTyaTalii OyAiBii. 3a3HadeH1
TEHJICHIIi 3yMOBIIIOIOTh TIEPEXiJ Bif Il€1 MOJIET 10 MOKJIMBOCTI OaraToBapiaHTHOTO
BUKOPUCTaHHA TpuMilieHb [5, 6]. HaBuanbHuii mpoctip GOpMyeThCS SK CHUCTEMa
B3a€EMOIIOB ’SI3aHUX CEPEOBUII Pi3HOTO MacmTady Ta CTYMEHsI BIIKPUTOCTI — BIJ
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IHAMBIAYATbHUX MICIb POOOTH 1 MaJMX TPy A0 MPOCTOPIB CHUIBHOI IiSUTBHOCTI
BEJIMKUX IPyN Y4HIB [5, 8].

3MIHIOETBCA POJIb TPATULINHOTO KJacHOro mnpumimieHHs. Ilopsa 13 HuM
dbopMyIOThCS  BIAKPUTI Ta OaraTodyHKIIIOHAIBHI HaBYalbHI MPOCTOPH, 30HHU
1HIMBIAYaJIbHOI 1 TPYIOBOi pOOOTH, KOMYHIKAIIiHI OcepesikH, TJabopaTopii, MalCTEpHi
Ta pekpearfiiiii IpoCTOpH, 10 MOKYTh BUKOPUCTOBYBATHUCH JIJIi HABYAIBHUX 3aHSITh
[5, 8]. Kopumop moctynoBo TpaHCPOPMYETHCS 3 BUKIIOUYHO TPAH3UTHOTO IPOCTOPY Y
JacTUHY OCBITHBOTO cepemoBumia [5]. I{udposizamis Ta 3mimmaHe HaBYaHHS
MOCUJTIOIOTh TIOTpeOy B YHIBEPCAIbHOCTI HAaBUYAIBHHUX MPHUMIIIEHb, PO3BUHEHOMY
IHKeHepHOMY Ta HHU(poBOMY 3a0e3MeUYeHHI Ta MOKJIMBOCTI OMEPATHUBHOI 3MIHH iX
oOnamHaHHsA. MUDKIUCIUIUIIHAPHA B3a€EMOJiS MOTpeOye YKPYNMHEHUX HaBUaJbHHUX
MPOCTOPIB, 3JAaTHUX O00’€JHYBaTH KUIbKAa MPEIMETHUX HANpsIMIB, 3aMICTh
OHOTIPO(DILHUX KAO1HETIB.

Boanoyac unHHa HOpMmaTHBHa 0a3a YKpaiHM 3HAUYHOIO MIpOIO IPYHTYETHCS Ha
dbyHKIIOHATRHIM audepeHmiamii HaBuanpHuX mnpuminieHb: JIBH B.2.2-3:2018
periiaMeHTye iX ckiaj 1 HopMatuBHI miomii [9]. Takuil miaxig HE MOBHOIO MipOIO
B1JIOOpa)Kae CydacHy TEHJCHII0O J10 0araroyHKI[IOHAIBHOTO Ta BapiaTUBHOTO
BUKOPHUCTAHHS HaBYAJIIBHOTO IIPOCTOPY.

['Hyuka mjaHyBajJbHA CTPYKTypa 3aKiaqy 3arajbHOI CEpeAHbOi OCBITH
dbopmyeTbea Ha ABOX piBHAX. OnepaTUBHUN piBeHb 3a0€3MeUyOTh TPaHCPOPMOBHI
MEPErOPOJIKH, MOOLITbHE 00JIaTHAHHS, MOXJIMBICTh 00’ €THAHHA Ta MOy IPUMIIICHD,
1[0 JI03BOJISIE 3MIHIOBAaTH MPOCTOPOBY KOH(PIrypauilo BIAMOBIIHO J0 KOHKPETHOIO
CLEHapit0 BUKOpUCTaHHS. [[oBrocTpokoBa aJanTUBHICTh MOTPEOY€E TaKOi MPOCTOPOBO-
KOHCTPYKTUBHOI Oprasizamii OyaiBii, SKa J03BOJIAE€ 3MIHIOBAaTH (DYHKI[IOHAJIbHE
HAlOBHEHHS 0€3 CYTTEBOTO BTPYYaHHS B OCHOBHI HECy4Yl Ta IHKEHEpPHI CHCTEMH.
JIOLUIBHICTh 3aCTOCYBaHHSI KOMIIAKTHUX 00’ €MHO-IUIaHYBAJIBHUX CXEM 1 MPUIOMIB
THYYKOrO IUIAHYBaHHS ISl TPHUBEACHHS MIKIJIBHUX OyAiBENb y BIANOBIAHICTH O
CYy4YaCHHUX COIJIbHO-TIEJATOT1YHIX BUMOT OOTPYHTOBAHO HA MaTepiaii BITYM3HIHOTO
Ta 3apyO1>KHOTO JTOCBIY MPOEKTYBaHH [7].

[HKITFO3MBHA MOJIENIb OCBITH PO3IIUPIOE TIOHATTS JOCTYITHOCTI: TMOPST 13 (h13UIHOIO
0e30ap’€pHICTIO aKTyallbLHUMHU CTalOTh MPOCTOPOBE PI3HOMAHITTS, MOXKJIUBICTD
BUOOpPY CepeloBUINlA BIAMOBITHO 10 I1HAMBIAYAJbHUX TOTPEO, HASBHICTH 30H
KOHIICHTpAIlli, BIAMOYMHKY Ta TIICUXOJOTIYHOTO po3BaHTaxeHHs [3]. Oxpemum
HaIpsiMOM TpaHchopmallii € MOCUICHHS B3a€EMO3B’SI3KY IIKOJIU 3 TpoMajioro [2, 4, 10].
YactuHa mnpuMillleHb Ha0yBa€ MOTEHLIATy IMO3aHABYAIBHOIO BHUKOPUCTAHHS, IO
cupuse (GOPMYBaHHIO INKOJIM SK JIOKAJHbHOTO OCBITHBOTO, KYJBTYPHOTO Ta
comanpHoro mneHtpy. lle moTpeOye (PyHKIIOHATBLHOTO 30HYBaHHS, SIKe 3a0e3Meuye
ABTOHOMHE BUKOPHUCTAHHS OKpeMHX OJIOKIB Oy/iBIIl 11032 MEKaMU HaBYaJIbHOTO 4Yacy.

BucHoBku. BcTaHoBjI€HO, 1110 3MIHM Cy4YacCHOI OCBITHBOI MOJIEJNI 3yMOBIIOIOTH
nepexiyi BiAg YKOPCTKO (YHKIIIOHAJBHO JETEPMIHOBAHOI IJIAHYBaJbHOI CTPYKTYpH,
3aCHOBAHOI Ha BIJIMOBITHOCTI «OJHA (PYHKIISI — OJHE MPUMIIIECHHN», 0 CHCTEMH
B32€EMOIIOB’SI3aHUX MPOCTOPIB, 3/IATHUX 3a0€3eUyBaTH Pi3HI CIieHAPi]l BUKOPUCTAHHSI.
PearyBanHs apXIiTEeKTYpHOIO CEpelOBUINA Ha 3MiHY [MEJaroriyHux BUMOT
BII0OYBAa€ThCA y NIBOX YAaCOBUX MacmiTabax: Ha ONEPaTUBHOMY pIBHI — MLUISIXOM
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TpaHcopmarllii MTpocTopy, MOOUTFHOCTI O0OJaAHAHHA Ta 3MiHM KOH(Iiryparii
IPUMIIIECHbB; Y JOBIOCTPOKOBIM MEPCHEKTURB] — HUIAXOM ajanTtariii (yHKI[10HAIbHO-
IJIaHYyBaJbHOI CTPYKTYpuU OyIiBII, M0 TMOTpPeOye BIAMOBIAHOI IPOCTOPOBO-
KOHCTPYKTHBHOI Ta 1H)KEHEPHOI OpraHi3aliii.

OCHOBHMMH HamNpsIMaMHu TpaHchopmallii MIaHyBaIbHOI CTPYKTYPH € THYUYKICTh Ta
0araTopyHKIIOHAJIBHICT, HAaBYAJIBHUX IPOCTOPIB, I1HTErpamis (opMaJbHUX 1
HeopMaTbHUX 30H HaBUaHHS, pPO3BUTOK IHKIIO3MBHOTO CEpPENOBHUINA  Ta
3a0e3MeyeHHs] MOKIMBOCTI aBTOHOMHOTO BUKOPUCTAHHS OKpEeMHUX (DYHKI[IOHATBHUX
O5oKiB Juis oTped rpoMaau. Peamizariisa 3a3Ha4eHUX 3MiH aKTyani3ye HEOOX1/THICTh
YMOCKOHATIEHHS HOpMAaTUBHOI 0a3u MPOEKTYBAHHSL 3aKJIaJiB 3arajibHOi CEpPEeIHbOT
OCBITM 3 YypaxyBaHHSM BaplaTUBHOCTI OCBITHIX CII€HapiiB 1 JOBrOCTPOKOBOI
aIaTUBHOCTI MIKUIBHUX Oy/1iBEIb.
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DEVELOPMENT OF A DIGITAL CONTROL SYSTEM
FOR LIQUID LEVEL
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The primary objective of this research is to develop a digital control system for the
automatic regulation of liquid level and to establish an appropriate mathematical model
of the controlled process. To achieve this objective, the synthesis of a suitable control
algorithm and optimization of its parameters are considered. Particular attention is
given to 1mproving the stability, control accuracy, and transient-response
characteristics of the system. Subsequently, the developed control system is simulated,
and its feasibility and potential for practical implementation are evaluated.

Liquid-level measurement is a critical function in the automation and control of
industrial processes, particularly in applications where the liquid level must be
maintained within specified safety and operational limits of process equipment. Level-
measuring instruments are generally employed either to detect deviations of the liquid
level from a predetermined nominal value or to determine the quantity of liquid
contained within a vessel of known geometry. In the former case, measurement devices
may be equipped with a bidirectional scale, whereas in the latter case, a unidirectional
scale is typically used.

Depending on the measurement conditions, process requirements, and physical
properties of the controlled medium, various level-measurement techniques can be
applied. When remote transmission of the measurement signal is not required, the
liquid level can be monitored using direct visual indicators, such as sight glasses. For
remote level measurement and automatic process control, more advanced measuring
devices are employed. These include hydrostatic level-measurement systems based on
differential-pressure transmitters and bubbler systems, float- and displacer-type level
sensors, capacitive and inductive sensors, radioisotope-based measurement systems,
wave-based and radar level sensors, acoustic and ultrasonic measurement systems, as
well as thermoconductometric level-measurement methods [1, 2].

For large-scale dynamic level-measurement applications, such as monitoring water
levels in dams and reservoirs, a resistive-type transducer integrated with a signal-
acquisition system based on a Programmable Gain Amplifier (PGA) has been
developed. The use of a PGA-based signal-conditioning stage enables appropriate
amplification of the sensor output and facilitates the acquisition and processing of low-
level measurement signals.

The structural configuration of the proposed transducer is presented in Figure 1.

27



AUTOMATION AND COMPUTER-INTEGRATED TECHNOLOGIES
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL

APPLICATIONS
VCC
PGA
£
Ra Rs

Ry

et

Ra

D>

Rs Ry

~pac|

Figure 1. Measurement circuit based on a Programmable Gain Amplifier (PGA)
(https://ieeexplore.ieee.org/document/6384387)

One of the sensor types widely used in liquid measurement systems is the pressure
transducer. These sensors are also employed for liquid-level measurement. The
fundamental operating principle is based on the fact that hydrostatic pressure increases
with increasing liquid depth. Such sensors are commonly fabricated using Low-
Temperature Co-Fired Ceramic (LTCC) technology. Ceramic MEMS-based systems
are particularly advantageous for practical applications because they demonstrate high
stability under harsh environmental conditions and elevated temperatures.

Two main types of pressure sensors are commonly used for liquid-level
measurement: piezoresistive strain-gauge pressure sensors and capacitive pressure
sensors. The structural characteristics of these sensors and their performance under
external disturbances, such as electromagnetic interference and parasitic capacitance,
have been investigated [3-5]. Studies indicate that piezoelectric-based pressure sensors
generally exhibit higher power consumption; however, they offer a relatively simple
implementation, lower sensitivity to noise, and reduced signal-conditioning
requirements. In addition, these types of sensors are less susceptible to environmental
influences.

The application of LTCC-based pressure sensors for water-level measurement has
been extensively investigated. These sensors have demonstrated high durability and
relatively low sensitivity to variations in environmental conditions [6, 7]. Nevertheless,
periodic calibration is required to maintain measurement accuracy, and the application
of an additional protective coating over the sensor is considered advisable.

Another important application area of pressure sensors is flow monitoring in
distributed pipeline systems. This approach is widely considered due to its ease of
integration into pipeline infrastructure and cost-effectiveness. Pressure measurements
can also be employed for leakage detection. Various algorithmic approaches are
applied to improve sensor accuracy and enhance the reliability of leakage detection.
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For example, SCADA systems can be used for real-time data acquisition and
processing, after which the location of a leakage can be determined based on the
obtained measurement data and corresponding analytical procedures.

When a reservoir is filled with the corresponding process medium, such as oil,
water, or gas, the filling process is monitored in real time using a Supervisory Control
and Data Acquisition (SCADA) system. The relevant process parameters are displayed
graphically within the control interface. The initiation and control of the filling
operation are performed by the operator through the FILLING command button. Upon
activation, the command generates the corresponding control signal, initiates the filling
operation, and enables automatic process control.

The reservoir filling sequence and its operating principle are illustrated in detail in
Figure 2.

Figure 2. Reservoir emptying procedure within the SCADA system (
developedby the author using Factory I/O).

CONCLUSIONS

As a result of the research, a digital control system for the automatic regulation of
liquid level was developed based on a Programmable Logic Controller (PLC) and
Supervisory Control and Data Acquisition (SCADA) technologies. A mathematical
model of the controlled plant was developed, and its dynamic and static characteristics
were analyzed. A digital PID controller was selected as the control strategy, its
structural diagram was developed, and analytical and experimental methods were
applied to determine the controller parameters. The developed control algorithm was
implemented in a PLC programming environment.
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Annotation: In the interaction of benzaldehyde, urea and acetoacetic ester in a
molar ratio of 1:2:1 in the presence of a catalytic amount of hydrochloric acid, as shown
by Biginelli, 6-methyl-4-phenyl-5-ethoxycarbonyl-1,2,3,4-tetrahydropyrimidine- 2-
one [1]. Later it turned out that not only aromatic, but also aliphatic aldehydes enter
into this condensation [1-4]. At the same time, in addition to urea and thiourea, it was
possible to use their N-substituted derivatives [5]. Thus, the Biginelli reaction turned
out to be one of the important methods for the synthesis of various
tetrahydropyrimidine derivatives. An important role in the formation of the latter is
played by intermediate amidoalkylating agents of the or type, which can be obtained
as a result of the condensation of urea with aldehydes or acetoacetic ester [6]. Instead
of aldehydes and acetoacetic ester, it was possible to use the products of their
condensation obtained previously [3].

In recent years, interest in the Biginelli reaction has increased significantly, due to
the search for drugs that affect the cardiovascular system among tetrahydropyrimidine
derivatives. In a number of these compounds, pharmaceutical agents have indeed been
found, having a pronounced hypotensive effect and a negative ionotropic effect [7, 8].

On the other hand, the presence of an adamantyl substituent in compounds
containing pharmacoform groups is known to enhance or impart new properties to
potential physiologically active substrates.

Keywords: Biginelli reaction, 6-Methyl-4-phenyl-5-ethoxycarbonyl-1,2,3,4-
tetrahydropyrimidin-2-one, adamantyl-containing ureas, thioureas, aldehydes.

The aim of this work is to obtain tetrahydropyrimidines containing adamantyl
radical in different positions of the ring.

The starting adamantyl-containing ureas, thioureas, and aldehydes were obtained
by standard procedures.
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.~ RNCO RNHCONH, —

e [0 o

A few drops of concentrated hydrochloric acid were added to a mixture of reagents
in acetic acid (X = O) or ethanol (X = S) in the ratio indicated above and boiled for 8
(X =0) or 12 hours (X = S). The solvent was removed in vacuo. The residue was
crystallized from methanol. The reaction products were identified by IR, NMR and
mass spectrometry.

RCOCI + NaNj
P2Ss

RNHCSNH,

Yields of  tetrahydropyrimidines are shown in Table l.
/C02C2H5 Ph
X H,C . HN CO,C2H5
o 8+ L
-C- + +
H,N-C-NHR § o7 CHs, X N CH,
|
R
(1) (2) (3) (4)
R
CO,C5H5
X o H,C HN | CO2C2Hs
* RX O+ H” J\\
H,N-C-NH
2 2 H o)\CH3 X N CHs
|
(5) (6) (3) oo
X=0,S
Table 1.
Yields of synthesized tetrahydropyrimidines (4), (7).
Compound Yield, %
X=0 X=S
Ad- AdCHo- Ad- AdCH,-
4 51 73 46 68
7 47 72 52 76

As can be seen from the table, the yields of compounds containing adamantyl
radical are lower than those of compounds with adamantylmethyl radical. This can be
explained by spatial difficulties arising in the first case.
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YMOBM Y3IOJ’KEHOCTI PIBHOBAT'Y NASH TA
MAPETO-E®EKTUBHOCTI B CHHEPTIi MAPETO-
HEIIIA-MPC 10 KEPYBAHHS PO3YMHUM
BYIMHKOM

Kpecr’sininos 1. O.,

acmipanT kadeapu KOMIT IOTEPHUX HAYK

JlepaBHUM YHIBEpCUTET 1HPOPMAIIITHO-KOMYHIKAI[IHTHIX TEXHOJIOT1H,
03110 Kwuis, Ykpaina

Kartkos 10. 1.,

I.T.H., JOLIEHT, Tpodecop Kadenpu KOMIT IOTEPHUX HAYK

Jlep:xaBHUI YHIBEpCUTET 1HPOPMALIHHO-KOMYHIKALIHUX TEXHOJIOT1M,
03110 Kwuis, Ykpaina

1. Beryn

1.1 Axmyanvnicme npoonemu. Po3ymHuil OyJAMHOK € MYJIBTHAr€HTHOIO
CUCTEMOIO: MIJACUCTEMHU KJIIMaTy, OCBITJIEHHs, €Hepro3abe3leueHHs Ta Oe3neKu
OJIHOYACHO BIUIMBAIOTh Ha CIUIBHUM CTaH 1 NPETEHAYIOThb Ha OOMEXEHHMH pecypc
MOTY>KHOCTI MEPEKEBOT0 IPHUETHAHHS, a IXHI 11711 YaCTKOBO CyNepeyaTh OJIHA OJIHIH B
YMOBaxX CTOXaCTUYHUX 30ypeHb cepefoBuila. [IporHo3He kepyBaHHS 3 KOB3HUM
ropuzonToM (Model Predictive Control, MPC) edextuBHO po3B's3ye 3amauy 3i
3rOpPHYTOI0 LUIbOBOK (YHKIIIEIO, aje came co00K HE BPaxOBYE CTPATETIYHY
ABTOHOMHICTh areHTiB. TeopeTHKo-irpoBuil piBeHb (piBHOBara Hema) 3a0e3neuye
CTIAKICTh MPOGUII0 KEPYBaHb O OJHOOCIOHUX BIIXWJICHB, a OaraTOKpUTEpiaJbHUMA
piBeHb (MHOXHHa IlapeTo) — e(eKTUBHICTh 3a CYKYHHICTIO KpUTEpIiB, MPOTE B
3arajJbHOMY BHUIAQAKYy 1[I JBlI BIJIACTUBOCTI HE 30IratoThCsA. 3BIACU CHHEPTIS Y
riopugnomy miaxoni [Tapero—Hema—MPC noegnye o6uaBa piBHI B €AMHOMY KOHTYpI
MPOTHO3HOTO KEpyBaHHS, TOMY MUTaHHS MPO YMOBH, 3a SKUX piBHOBara Hema €
BogHouac [lapeTo-ehekTuBHOIO, BU3HAYAa€ KOPEKTHICTh 1 MPAKTUYHY MPHUAATHICTD
yCI€T apXITEKTYypH.

Mema Oocnidocenns. BusHauutu yMOBU y3rOJKEHOCTI MHOXKUHH y3arajibHEHHUX
piBHoBar Hema GNE(Q)) Ta Muoxunu [lapeTo-ontumansHux po3B's3kiB Pareto(Q)) y
TpUpiBHEBOMY KOHTYPI TiOpuaHoro migxony [lapero—Hema—MPC 1 BcranoBUTH Mexi
3aCTOCOBHOCTI BIATOBITHUX TEOPEM ICHYBaHHSI, €AMHOCTI Ta CTIHKOCTI.

Haykosa npobnema. Teopemu icHyBaHHsA piBHOBaru Hemia, icHyBanHs Ilapero-
MHOXHMHU Ta cTiiikocTi MPC po3BHMHEHO OKpeMO sl KOKHOTO PIBHS KOHTYPY;
(dbopmyroBaHHS, SIKE TOBOJAUTH CyMICHICTh piBHOBaru Hema i [Tapero-edekTuBHOCTI
BcepeauHi €quHoro kKoHtypy MPC 31 3BakeHHMMH B 4aci KpUTEpisIMHU, Yy JITepaTypi
BIJICYTHE.

1.2 Ananiz ocmannix 0ocnioxcens i Haykoea npozanuna. ICHyBaHHSI pIBHOBaru
Hema 3a KOMMAKTHUX OMYKJIWX MHOXHWH CTpaTerii 1 KBa3lyBIrHYTOCTI BUTpAIliB
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noBeaeHo B [1-3]; mmsa irop 31 CHuUIbHUMH (3B'S3aHUMHU) OOMEXeHHSIMHU Posen
BCTAaHOBUB ICHYBaHHS PIBHOBaru Ta €IWHICTh HOPMaJi30BaHOI PIBHOBArd 3a YMOBH
niaroHanpHO1 crporoi omykiocti [3]. [lorenmianeHi irpu [4] 3BOASATH MOIIYK
pIBHOBAru A0 MiHIMi3allii ojiHi€l ckansgpHoi ¢pyHkiii. [cHyBanHs [lapeTo-edhekTHBHUX
TOYOK 1 BJIacHY e(deKTuBHICTh 3a JIkeddpioHOM AociiKeHo B [5, 6]; mis BUOOpy
€IMHOTO KOMITPOMICY 3aCTOCOBYIOTh T€OPit0 TOPTY - po3B's30k Hemra [1] Ta po3B'si3ok
Kanai—-Cmopoauncskoro [7]. ocTaTHi yMOBHM pPEKYpCHUBHOI JOMYCTUMOCTI i
acuMNITOTH4HOI1 CcTiikocTi MPC 13 TepMiHaIbHOIO MHOKHHOIO CUCTEMATH30BaHO B [8,
9], croxactmuamii MPC 3 iMmoBipHICHUMH OOMEKeHHsSMU orisiHyto B [10]. YV
nepeBakHild Ounbmocti nux mnpaup [11,12] Tlapero-edekTuBHICTH piBHOBAaru abo He
pO3TIsAaEThCsA, 00 3a0€3MeUyEThCS CIIEHIaTbHOI CTPYKTYPOIO (DYHKIIIN BUTpaITy.

Ilpocanuna nonepednix oOocniodcenb. Y MeKax OINpallbOBAaHUX JKEPET HE
BUSIBJIIEHO (DOPMYJIFOBaHHS, 10 OAHOYACHO OXOILUTIOE TOBEAEHY CYMICHICTh PIBHOBAaru
Hema #1 Ilapero-edexktuBHocTi B KOHTYpt MPC mji1 MyJnbTHareHTHHX CHUCTEM 13
YacOBOIO aJalTall€l0 Bar KPUTEPIiB.

1.3 Ilocmanoeka 3adaui. Po3rnsgaerbcs cuctemMa 3 N aBTOHOMHHMX AareHTIB
(kmiMat, OCBITJIICHHSI, eHepris, Oe3reka), 10 B3a€EMOIIOTh Yepe3 CIUIbHHUI CTaH
X(t) €R"™ i migmopsakoBaHi cHimbHOMY OOMEXEHHIO Ha pecypc. I[lpumyiieHHs
MPUIMAIOTHCS anpiopi, € JOCTATHIMU YMOBAMH 3aCTOCOBHOCTI TEOPEM:

Al. MHOXuUHHU HOIMyCTUMUX KepyBaub W; € R™ i = [, ..., N, HENOpOXKHi, OIyKIIi
1 KOMITaKTHI.

A2. ®yskmis auHamika f(-,c,r) HemepepBHAa 3a CYKYIHICTIO apryMEHTIB 1
mimmuresa 3a (X, U) piBHOMIpPHO 3a peanizamisMu 30ypeHHs &.

A3. Oynkuis BaprocTi J; (U;, U_;) HEemepepBHA 3a BEKTOPOM KepyBaHb U 1 ormykiia
3a BJIACHUM apTyMEHTOM U; IPU (PIKCOBAHMX CTPATETISIX 1HIINX areHTIB U_;.

A4. CniabH1 0OMEXEHHS pecypcy 3aJaloTh JOIMYCTUMY MHOXKUHY 2 € W, X ... X
W)y, HENOPOXKHIO, 3aMKHEHY U OITYKITY.

A5. MHoxuHA JOCSHKHHUX  3HAYCHb  BEKTOpHOrO  kputepito F() =
{(]J(U), ...,]m(U)): U € (1} koMITaKkTHa.

A6. IcHy10Th TepMiHalbHa MHOKMHA X; 1 TepMiHaTbHA QyHKLid 7 (+), s AKUX
BUKOHYETbCS KEPOBaHa 1HBAPIAHTHICTB: I Oynb-aKoro X € Xr 3Haiinerses U € (2
take, mo f(X,U, &) € Xy Maiie HareBHo.

Teopemu 1—6 HI>KUE HABEJEHO HE SIK HOBUW PE3YJIbTAT, a SIK BIIOMI TBEPIXKEHHS 3
aitepatypu. BoHu notpiOHi AJis ABOX IIiJI€H: MO-Tepiie, oo mokKas3aTH, 0 KOXKEH 13
TPHOX PIBHIB KOHTYpY (Tpa areHTiB, y3romkeHHs, MPC) kopekTHe BU3HAUYCHUN 3a
yMoB A1-A6; no-apyre, mo0 YiTKO BIJIOKPEMHUTH BiJIOME BiJ BIACHOTO PE3YJIbTaTy
pobotu (Jlema 1, Hacmigok 1).

2. BukJjiag 0CHOBHOI0 MaTepiajay

2.1. @opmanizauyia oOunamiku cucmemu ma iHOUBIOYaAbHUX Yilell a2eHmie

2.1.1 Jlunamixa cucmemu. EBONIONIS CTaHYy OMUCY€ETHCS CTOXaCTUYHUM PiBHSHHSAM

Xevr = (X, U, &) (D
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ne f(-) — bynxkuis quaamiky; X, € R™ — BeKTOp CTaHy CHCTEMU B MOMEHT 4acy
t (Temmeparypa, OCBITJICHICTh, 3apsja Oarapei Ta 1HINI TIOKa3HUKH); U; =

(ul (t), ...,uN(t))T € W - BeKTOp Kepyrounx dii ycix /N areHrtiB, W= W;x Wox ... x
Wy — 3arajbpHUil MPOCTIp JOMYyCTUMHUX KepyBaHb; U;(t) € W; - kepyroua mis i-ro
areHTa 3 MHOYXHHHU JONYCTHMHUX KepyBaHb W & ~ P(-) — croxacTuuHe 30ypeHHS
30BHILIHBOTO cepeoBula (BunaakoBe 30ypenns). KepyBauus U, 3a1exuth BiJ X).; 1
$p.t—; , ame He Big ManWOyTHIX peamzamii &;.r (ymMoBa HemepeadadyBaHOCTI).
InuBinyanbHa MeTa [-r0 areHTa — OYiKyBaH1 CyKYITHI BUTpAaTH Ha TOPU30HTI T

2.1.2 Inousioyanvnui yini acenmie. CyKyIlHI OYIKyBaHI BUTpATH [-20 arcHTa 3a
YaCOBUM FOPU30HT 1 BU3HAYAIOTHCA SIK:

T
Ji = Eg,rmp() z)’t Li(X:, Up)
t=0

2)

ne Eg . -p() - MareMaTH4YHE CIHOMIBAHHS TPAEKTOPI€I0 BUIIAJIKOBUX 30ypEeHb
¢or = (&9, &) 3 T - ropusonT IIaHyBaHHS, Y € [0,/] — KkoedimieHT
nuckonTyBanus; L;(X;, U;) — onmHOKpoKoBa (YHKIIS BTpaT [-ro areHTa (eHepris,

nucKoMOopT, 3HOC OOJIaJHAHHS) B MOMEHT .
2.2. Izpoea ma 6azamokpumepianvbHa ROCMAHOGKA 3a40aui
2.2.1 V3acanvnena pisnoeaca Hewa (Nash Equilibrium). IlepcriekTuBHUN Tpo(P1iib

T : :
U; = (u’i (t), ...,u}‘v(t)) yTBOPIOE piBHOBary Hera, sIKIO 711 KOKHOTO i-TO arcHTa
MIHIMI3YEThCS BIIaCHA BapTICTh 33 YMOBHU JIOMTyCTUMOCTI CIIITBHOTO BEKTOPA KEPYBaHb:

ui(t) =arg  min - J;(u(8), UZ;(0)) (3)
u;eW;: (ui,u_i €N
ne UZ; — crpaterii BCix iHmMMX areHTiB. MHOXUHY TnipodiniB U™ € 0, s sKkux

KOJKHa KOMITOHEHTa U; po3B’sizye (3), mo3naunmo GNE () (y3aranbHeHi piBHOBaru
Hemra). YmoBa (u;(t), UZ;(t)) € £ o3Hauae, mi0 JONyCTHMA MHOKHUHA OJTHOTO areHTa
3aJIeKUTh BIJl W 1HIMUX (HANPUKIAJ, JIMIT MOTY>XHOCTI npueananss), yuM GNE
BIJIPI3HSAETHCS BiJl KIIACUYHOI piBHOBAru [2].

Teopema 1 (icnyBanHus). 3a ymoB A1-A4 Ta J0aTKOBHX YMOB HENEPEPBHOCTI
correspondence TOMYyCTUMHX MHOXKHH, KBa310ITyKJIOCT1 (DYHKI[1H BApTOCTI 32 BIACHUM
KepyBaHHAM 1 YMOBU KBadidikaiii couibHUX oOMmexeHb MHoxuHa GNE €
HETMOPOKHBOIO.

Obrpynmyeannsa. Jlns 3B’s3aHUX OOMEXKEHb pe3yJIbTaT BUIUIMBAE 3 TEOPEMU
Pozena [6], noBeaeHOT Uepe3 HEPYXOMY TOUKY BiIOOpaKeHHS «HAWKPAIIOl BIATIOBIII»
(teopema Kakytani); nns He3B’si3aHoro Bumnaaky [ = W; X ... X Wy nocraTtHso
pesynbTaTiB  Jleope—ImikcOepra—dena [3-5] 3a kBaziomywiocTi J; 3a u;
3actocyBanHs [3] moTpedye HerepepBHOCTI Bimoopaxenus u_; = {u;: (u;, u_;) € 23};
BOHO BHUKOHYETBCS, 30KpeMa, SKIIO (2 3a/laHO0 OMYyKJIUMHU HEPIBHOCTAMHU 32 YMOBHU
Crneirepa [6].
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Teopema 2 (emuHiCTP HOpMaTi30BaHOI piBHOBarw). Hexait J; HemepepBHO
TUQEpeHIIHOBHI ¥ ISl NesKkux ¢; > () BAKOHYEThCS YMOBa JiarOHaIbHOI CTPOTOi
OMyKJIOCTi: Y., C; (Vo Ji(U) =V, J;(U), wy" —u;) > 0 qna seix U # U' 3 2. Toni
JUTSL IIOTO HA0Opy C ICHy€ €IMHA HOpPMaJli30BaHa pPIiBHOBAra, y sIKOi MHOXHHUKA
Jlarpamxa cniapHUX 0OMEXKEHBb PI3HUX areHTiB MponopiHi //c;.

Ctpora onykiicte 3BaxkeHnoi cymu ),; ¢; J;(U) 3a U He ToTOXHA Miii yMOBi, 060
OCTaHHS CTOCYEThCSI MOHOTOHHOCTI TICEBIOTpai€HTa (CiVui ]i)i . €nuHIiCcTh
CTOCYETHCSI HOPMaJIi30BaHO1 PiBHOBATH JIJIS 33JJaHOTO C, a He Beiei Muokuuu GNE (2);
Pi3HI ¢ MOXKYTh JJaBaTH pi3Hi piBHOBaru. Baru c; (3BaxyBaHHs areHTiB y ceHci Po3eHa)
CITiJ BiApi3HATH Bix Bar KpUTepiiB wy (t) y popmyi (5).

2.2.2 Bacamoxpumepianrvna nio 3aoaua: muoxcuna Ilapemo. Hexait F(U) =
(] W), e (U )) — BEKTOp KputepiiB. MHOkUHA [TapeTo-onTuMansHUX KepyBaHb

Pareto(?) ={U € N: AU' € 2, F(U) < F(U), F(U") # F(U)} 4)

Je < — NOKOMIIOHEHTHA HepiBHICTH (IlapeTo-noMiHyBaHHS).
3Ba)keHa CKaJsipu3allisi arperoBaHoi QyHKIUIT SKOCTI Jgiopq(U) Ma€e BUTTIAL:

Jotopa ) = ) Wi OW), D we @ =1, w(®) >0
k=1 k=1
5)

ne Wy (t) — iXHi Baru B MOMEHT t, m - KiJIbKiCTh KpuTepii; J; (U) - HOpMOBaHi

Kkputepii (enepris, kompopr, 6e3meka), [, (U)= F,(X(t),U(t)) 3 fi = L. Tpeba
min

BpaxoByBatu, mo Fy (X (t), U(t)) = ! "(’;gfc;,ﬁ'f?zn;{k
20 CHUCTEMHOTO KpHTepilo; BuUMora wy > (0 (a He = () 3abesmeuye Ilapero-
e(hEeKTUBHICTb 3aMICTh CJIA0KOI.

3Bicu MOXKHa TiepeadadaTv, 10 BekTopHa onTuUMizaliiiHa 3amada s
¢dbopmysBanns [lapero-dpoHTy:

Teopema 3 (icuyBamus). 3a ymoB Al, A3, A4, A5 wmuoxwuna Pareto(R2)
HEIMOPOKHS.

Obtpynmyeannsa. MiHiMi3aTop HeniepepBHOT GyHKIII (5) HA KOMIMAKTHIA MHOKHUH1
() icuye 3a Teopemoro Belepmrpacca i 3a wy > 0 € Ilapero-edexktuBHum. VY
JOBUIFHOMY YaCTKOBO BIIOPSIKOBAHOMY MPOCTOPi ICHYBaHHS MOXE MOPYIITYBAaTHUCS;
JOCTAaTHbOIO € KOMITAKTHICTh MHOKMHU Ta 3aMKHEHUN OIMYKIUH TOCTPUNA KOHYC
nopsinky. Touka 3 dopmynu (5), € ehekTUBHOIO; y BUMAJKY omykiux (2 1 F koxHa
BJIacHe e(h)eKTHBHA TOUKA OTPUMYETHCS 3a IEIKOTo W > (). Y HEOIyKJIOMY BHUIAJKY Iii
Baru He MOKpUBaIOTh ycboro Ilapero-¢poHTy, ToMy NOTPIOHI £-00MEKyBaIbHUI 200
YeOUIIOBCHLKUHA METOIH.

€ [0,1] - mopmoBaHa omiHKa k-
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2.2.3. Onepamop y3e00xcennsi Nash—Pareto. Muoxuuu GNE(2) i Pareto(2) y
3araJbHOMY BHIIAJIKy HE 301raloThes i MOXKYTh HE TIEPETUHATHUCS: pIBHOBAra rapaHTye
CTIMKICTh y MEPCIEKTHBI, a HEe e(PEeKTUBHICTH (K y Ipl «aujieMa B’ si3Hs»). Onepatop
CeJIEKIIii § BU3Ha4YaeThes Toprom Hemra:

S — N (yd_ 7
U° = arg, max 5y 1li=1 (]i ];(U)) (6)
ne J& = J;(UNF) — touka po3GikHOCTI (BapTicTh areHTa B HEKOOPAMHOBAHii

piBHOBa3i), MakcuMizamis BeneThes 3a U, ans axux J; (U) < J&.

Teopema 4 (topr Hema). Hexaii wmHOXuHa Burpamiis v() = {(]id -

]i(U))I_V ; :U € (1} omykia, KOMIAKTHA W MICTHTh TOYKYy v > (). SIKmio MHOXKHMHA
i=

JTOCSDKHUX BUTPAIIIB € HEMOPOXKHBOIO, KOMIAKTHOIO Ta OMNYKJIOK, a TOoYKa
PO301KHOCTI € JOCSHKHOI, MOOYTOK JOJIATHUX NPHUPOCTIB BUTPAIIB Ma€ €JIUHUM
PO3B’S30K 3a CTaHJAPTHUX YMOB 3aj1aul TOPry; 1eil po3B’sa30k € [lapeTo-edekTuBHUM
BIJTHOCHO MHOKMHHM JIOCSDKHUX BUTpaIiB. Toal iCHye €TMHUI MaKCUMI3aTOp T00YTKY
[I; v; Ha {v € v(2): v = 0}, i Bin nexuTh Ha [TapeTo-mexi v(12).

3ayBaxkenHst 1 (oOnacte ontumizaiii B Gopmymni (6)). Teopema 4 rapaHTye
[Mapeto-edextuBHicTs m0a0 F () muie nmpu Makcumisaiii mo Bciii MHOXwuHI {U €
0:J;(U) < J#}. Tpu obmesxenHi 1o GNE(£2), Aika B 3araqbHOMY BUIAJKy HEONYKIIa,
rapaHTy€eThCs ICHYBaHHs MakcumizaTopa (3a kommaktHocTi GNE() ) 1 ioro
HayiexHicTh 10 GNE (2), ane He [TapeTo-edekTHBHICTD 11070 {2 i He €auHicTh. OTXKeE,
dopmyna (6) He rapantye notpamisiHHs B GNE(Q) N Pareto(f)); us rapantis
noTpedye J0AaTKOBOI CTPYKTYPH.

2.3. Cmoxacmuuna MPC-3a0aua ma komno3uuia 2i0pudHo20 onepamopa
KepyeaHHs

2.3.1 Cmoxacmuyna MPC-3a0aua na eopuzoumi H. Ha koxnomy xpormi t
PO3B’s3y€ThCS 3a7a4a CKIHYEHHOTO TOPU30HTY H':

H
Ut.e4y = arg  min IEE zjglobal (Xt+k+1' Ufg+k) + Jr Xesn+1)
k=0

Upyos Uty HER
(7)

33 YMOB

Xesrr1 = f Kerro Uerior §ek)s Upan € 2, Xopi € Xyony Vi€{L,...,N}, k=10,..,H—1 (3)

ne US,, — KepyBaHHs, Y3roieHe omepatopoM S Ha kpoui t +k; Jp() —

TEpMIHAJIbHA BapTICTh; X, — JOIMyCTUMa MHOKMHA CTaHIB. 3aCTOCOBYETHCS JIMIIE
U*(t), micas 4oro rOpU30HT 3CyBa€Thest Ha Kpok (receding horizon).

Teopema 5 (icnyBanHs U enuHicTh). Hexali Bukonano Al, A4, nomyctuma
MHOkHHA NociA0BHOCTEN Uty (3 ypaxyBaHHSAM JTuHaMiku Gopmyiia (8)) omykia i
KOMIIAKTHA, & Jg1opqr CUIBHO OnyKaa 3a Upeypy. Tomi 3amava dpopmynn (7)—(8) mae
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€AMHUN PO3B’A30K JJisl KoskHOro H. IcHyBaHHs BuIMBae 3 TeopeMu BeliepmTpacca,
€IMHICTh — 31 CTPOro1 OMyKJI0CTi. OMyKIICTh AOMYCTUMOI MHOXKHUHU 3a0€311e4y€eThCs,
30kpeMa, adinnicTio f 3a (X, U) 1 onykiictio X,,,,.

Teopema 6 (pexypcrBHaA JOMYCTUMICTb 1 CTIMKICTB). 32 A6, SIKIIO J; € QyHKIII€0
JlamyHoBa  JUIA  JIOKAJBHOI ~ TEPMIHAIBHOI MOJNITUKH Ky Ha Xf , TOOTO

Jr (f(X, Kr (X)), 0)) —Jr(X) < -t (X, Kf(X)) ms X € X, (€ — onHOKpokoBa
BapTICTh), TO 3aMKHEHUU KOHTYp ¢opmynu (1)—(8) peKypcHBHO TONMYyCTUMHUM 1
ACHMIITOTUYHO CTIMKHUH.

2.3.2. Komno3zuyis 2ibpudHo2o onepamopa KepyeauHs. 3arajlbHUN OIepaTop
riopugaoro migxoxy Pareto—Nash—MPC Bu3sHauaeThCs KOMIO3UINEID TPHOX i
3a/ay:

U*(t) = MPC (Xt; S(GNE(®), Pareto([)))) 9)

ne S peanizyerbcsi Toprom (6) abo, 3a ymoB 1. 2.4, NpSAMOI0 MIHIMI3AIIIEIO
MOTeHITiaTy, i Yac yMOBH a0o0 aetepMinoBanuii onepatop (MPC/HelpomepexeBuii
armnpokcumatop) U*(t) = m(X;; 8); ado croxactuunuii omepatop (RL-kKoMIOHEHT
s pociimpkenns cepenosuina): U™ (t)~m(U; 1X;; 0)

TBepaxennsa 1 (yMOBHa KOPEKTHICTh). Skio BukoHaHo Al-A6, mouyaTkoBui
cran npunyctumuii, GNE () N Pareto() # @ Ha KOXHOMY KpOIli, a 30ypeHHS
oOMeXeHI ¥ yMOBH TeopeMd O TMOCHUJICHO N0 CTOXaCTUYHOTO BHMAJAKYy, TO
nociioBHICTh U™ (t) icHye ¥ equHa Ha KOXHOMY KpOIIi, @ TPAEKTOPis 3aI0BOJIbHSIE
3aaHi OOMEXEHHs 3 IMOBIPHICTIO HE MEHIIOI0 3a (1-&), SIKIIO BUKOHAHO OKPEMO
NoBeJIeHl yMOBH chance-constrained a6o robust, To6to MPC 3annmaerscs B X ;. bes
IIUX TOAATKOBUX YMOB TBEP/HKCHHS HE € IOBEICHUM.

2.4. Y3200xcenicmob uepez nomenyianvHy )yHKuiro

I'pa {J;} Ha 2 € mounoiw nomernyianrvroio epoio 3 oTeHIiaaoM ¥, K110 111 Oy 1b-
sikoro i ta Oyab-saxkux U = (u;,u_;) € 2, (u;",u_;) €N

Jiuiuy) = JiQug,u_;) = P(w',uy) — W(ug,u;) (10)

Hanani m = N: kpurepii popmyina (5) € BApTOCTIMH areHTIB.

Jlema 1 (y3romkeHictb yepe3 morenuiana). Hexaii Bukonano Al, A3, A4, w;, >
0, Hexail rpa € 3BaKCHOI MOTEHIIIATBHOI T'POI0: I KOXKHOTO [ Ta JOMYCTUMHX
OJTHOCTOPOHHIX BiIXWaeHb BUKOHYeThbcst W (u;, u_;) — ¥, u_;) =
Nl ui,uy) — J;(9;,u_;)], ;> 0, rpa € TOYHOK MOTEHIIATBHOK TPOK 3
noreHuianoM ¥ = Jg1opq; (3 THMU camumu Baramu Wy (t), mo B dopmyii (5)), i ¥
crtporo omykia Ha {2. Toxmi U¥ = argminyco¥ (U) icHye, emunuii # OJHOYACHO
nanexutb GNE () i Pareto(f2); 30kpema, GNE () N Pareto(2) # @.

JloseoenHs.

1) Icnysannsa i eOunicms. MHuoxuHa (2 3aMKHEHa (A4) y KOMIIaKTHOMY JOOYTKY
W; X ... X Wy (A1), Tomy kommaktHa; ¥ = )., Wy ], HemepepBHa (A3). 3a TeopeMoro
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BeiiepmTpacca MiniMmyM nocsraetsea. Sxmo U’ # U? — npa minimizatopu, To 3
omyknocri 2 Touka (U! + U?)/2 € 2, i 3a crporoio onykiicTio ¥ ((U] + UZ)/Z) <

Y (U"h), mo cynepeuynTs MiHiManbHOCTi. OTxe, UY enunmii.
2) UY¥ € GNE(Q). Hexaii i nosinbHe i u;’ Take, wo (u;',u?;) € 2. Toxi 3 (10)
i mirimanasHOCTI U¥':

]i(ui', ufi) —]i(u;p, U,E,i) = ‘P(ui’, uzli) — lIU(UIP) >0 (11)

OTxe, JKOJIEH areHT HEe MOXK€ 3MEHIIUTH CBOIO BapTICTh OIHOOCIOHOIO
JIOITYCTUMOIO 3MiHOI0, ToO6TO UY € GNE(£2).

3) U¥ € Pareto(). lpunyctumo, mo icaye U’ € 2 take, mo [, (U") < J,(UY)
mns Beix k 1 xoya O omHa HepiBHICTH crpora. Ockineku wy > 0, Y(U') = Y
Wi e (U) < X wi [ (UY) = ¢ (UY), mo cynepeunts minimansHocti. Otke, UY €
Pareto(02).

3aysaoicennss 00 0ogedennsi: 1. 3 He MOTPeOye onykIocTi 2 1 F (BoHa mOTpiOHA J1st
00EpHEHOTO TBEPJPKEHHS); SKIIO YaCTUHA Bar HyJIbOBA, MIHIMI3aTOp JIMIIE CJIA0KO
edexTuBHUH. JIema ae 00YUCITIOBaHY albTepHATUBY TOpry (Gopmyia (6).

Hacainok 1 (xapaxrepusanis). Hexat 2 = W; X .. X Wy 1m = N, w, > 0. I'pa
€ TOYHOIO MOTEHIIAJILHOIO TPOIO 3 MOTEHIIaIoM ¥ = ), Wy, J; TOJI ¥ JinIiie ToIi, KOJH

],_(U) = ‘P(U)+hi(u_i), i=1,..,N, (12)

X wi hi(u_) =0 (13)

Jlogeodennsn. (=) 3 dopmynu (10) pizaung J; — ¥ He 3MIHIOETBCS TIPU 3MiHI U;
(MuoxkmHa W; omykia, oTke 3B’si3Ha), TOOTO A; : = J; — ¥ 3a5eKUTh JIUIIE BiJT U_;, 1110
€ ¢opmyna (12). IlincranoBka B ¥ = ), Wy Ji mae ¥ =¥ + Y, wy by , TOOTO
dopmyna (13). (&) 3 (12) npu 3MmiHi Juiie u; Buxoautb Gopmyna (10), a popmyna
(13) mae Y, wi Ji = W.(°). dna N = 2 piBaicts dopmyna (13) o3unauae w;h;(u,) =
—w,h,(u;) ans Beix (U, u,), ToxX hj, hy — cTaii, i rpa € rporo TOTOXKHHUX IHTEPECIB 13
TOYHICTIO 10 ctaymX. Jiigs N = 3 iCHYIOTh 1 HEeTpUBIaJibHI po3B’si3ku popmyna (13)
(manpuknan, napHo-cenapaOenbHl /; 3 BIAMNOBIIHO Y3TOJKEHUMH Koe(dillleHTamu).
Takum ynHOM, yMOBa JlemMu 1 € KOpPCTKOIO CTPYKTYPHOIO BUMOIOO, a TeopeMu 1—6
3a0e3Meuyl0Th KOPEKTHICTh OKPEMUX PiBHIB, a Jlema 1 Brepiiie BCTaHOBITIOE YMOBH X
CYMICHOCTI B OJJHOMY KOHTYpI.

3. Pe3yabTaTn

3.1. Apximexkmypa 2ioOpuoH020 KOHmMYPY.

Cepenosuiie popmye ctan X(t) i 30ypenns &(t). I'iOpuaHe Aapo CKIATAE€THCS 3
TPHOX MOCIIOBHHUX piBHIB: Tpa Hemra dopmyna (3) Busnauae Muoxuny GNE(2);
oreparop y3rojukeHHs S ooupae US (t) abo Toprom dpopmymna (6), a6o, 3a ymoB 1. 2.4,
MiHiMi3amiero noteHmiany; MPC-3anaua dopmynu (7)—(8) Bugae mociioOBHICTD, 3
siko1 BUKOHY€ThCs Juine U™ (t). CTpykTypy KOHTYpY MOKa3aHO Ha puc. 1
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CepeaoBame
X(t), &t)

Tibpuape aapo
Pareto-Nash-MPC

Ipa Hewa
GNE(Q)

Mapeto-komnponic

P 36 A0
BuBipUS(t) X(t+1)

MPC-kontyp
posa maok U*(t)

Arenti [ akTyaTopn
BAKOHAHHA A1l

Pucynok 1 - TpupiBuesuii koutyp I[lapero—Hem—MPC 13 3B0poTHUM 3B’ SI3KOM
(610K TpiopuTeTiB W(t) Ha CXeMi HE TTOKa3aHo)

Ha pwuc. 1 magano, mo Bekrop U™ (t) momaerbes arenram-ukoHasipiMm (HVAC,
LED-maneni, inBeprop Oarapei, 3amMku § jgaTduku), HOBuit crtaHn X(t+ 1)
NIOBEPTAETHCS HA BXiJl KOHTYpY. Baru wy (t) 3amae okpemuii 010K NPiOPUTETIB; IS
30epexeHHss yuHHOCTI Jlemu 1 1 Teopemu 6 iX IOLIIBHO BBa)KaTW CTAaJUMHU Ha
1HTepBajax CTaJOCTI. Y MOTEHLIAJIbBHOMY BUIAAKY piBHI 1-2 1 3 3IMBarOThCA: SKIIO
rpa BU3HAYEHAa Ha MOCIIIOBHOCTSAX KepyBaHb Up.;,y 13 TOPU30HTHUMHU BUTPATAMH
dbopmyna (2), To dpopmyna (7) € MmiHiMIzamiew ¥, 1 po3B’A30K Ha KOXKHOMY TakTi
Hanexutb GNE N Pareto mono Topu3oHTHUX BUTpaAT. Lle yMOBHMII BUCHOBOK, IIO
cnupaetbes Ha Jlemy 1 1 mepeBipKy ii yMOB.

3.2. 3acmocognicmb meopem 00 Mooei po3yMHO20 OYOUHKY

PozrisitneMo TMNoBy agiHHy MOAENb (1ile MaTeMaTH4Ha ab0 CTaTUCTUYHA MOJEIIb,
y SKIH 3aJeXKHICTh MDK 3MIHHUMH OIHUCYEThCS 3a JOMOMOTOI  aiHHOTO
nepetBopenns). 1) Kmimar: Ty, (t + 1) = aTy, (t) + b P,(t) + ¢ Ty e (t) + q(t), ne P,
— mnotyxHictb HVAC, T,,; 1 BHYTpIillIHI TEIUIOBUJUIEHHS ¢ BXOAATH 10 & . 2)
Ocgitnenns: E(t) = Egq, (t) + kd(t), d € [0,]] — piBens qumyBanus, Egq,, € €. 3)
Enepris: SoC(t + 1) = SoC(t) + n.P.(t) — P;(t)/mgy 3 w™examu SoC € [g, E] ,
P.,P; = 0. CninbHe oomexenHs P, + P, + P, — P; < P, NiHiliHE, TOMY (2 3aMKHEHA
i onykna (A4). Burpatu — xkBaapaTuyHuil AuckoMOpT IUIIOC JiHIAHA abo
KBaJpaTUyHa BapTICTh €HEPrIi.

3.3. 3acmocosnicmo Jlemu 1 ma mopzy Hewa 00 mooeni po3ymnozo 0yOunky

3.3.1 Ilepesipka nomenyianonocmi. Jns nBi4ul HenepepBHO NU(EpeHIMOBHUX J;
Ha OIyKJiid 00JacTi I1CHyBaHHS TOYHOTO TIOTEHINAJla PIBHOCWIbHE CHUMETPIi
MepexpecHux MoxigHux [Teopema 4, 5]:

Vi Ji(U) = Vi J;(U) Vi#j, Uen (14)
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ne Vﬁiuj J; — G710k apyroi noxigHoi. OCKUIbKY J; 00UHCTIOIOTHCS Yepe3 AUHAMIKY
dbopmymna (1), cniBBinHomeHHs popmyina (14) nepeBipseThCs aHATITUYHO [ aiHHOT
Mozeni abo 4YucenbHO (aBTOMaTW4yHE IU(EPEHIIIOBAHHS, CKIHYCHHI PI3HMIN) IS
HeniHiiHOI. YMoBa popmyna (14) HeoOxiaHa, ane HenoctaTHa A Jlemu 1: 1ogaTkoBO
notpibHi ¥ = Jg10pq1, T00TO popmymn (12)—(13), 1 cTpora omykmicts ¥.

3.3.2 Jlema 1 3acmocoéna, AKIO: 1) areHTH KepPYyITbCS Y3TOHKECHUM
(yHkuionanom «xoMpopT—BUTPATI OJHOTO BIACHHUKA, TAK WO J; = Jgiopar + i (U_;)
3 ¢opmyna (13), 30kpema h; = 0; 2)Bara w(t) crasa Ha iHTEpBai, i HA HHOMY
BUKkoHaHO (opmyna (14) Ta crpory onykiicte ¥ ; 3)nmorpiObHa MiHIMalIbHA
oOYHCITIOBalIbHA BapTICTh: OJIHA OIyKJIa MiHiMi3alis Ha TakTi MPC.

3.3.3 [lompiben mope Hewa dopmymna (6), sikmo: 1) nopymeno dopmyna (14) abo
dbopmyina (13) (areHTH MarOTh pi3HI, HE 3BEJICHI O CIUIBHOTO MOTEHIIaNa 1ul); 2) €

3MiCTOBHA Touka po30ixkHOcTi [% — Hampukimag, peXUM  aBTOHOMHHX
TEPMOPETYJIATOPIB 0e3 KoopauHaIlli; 3) BaXJIMBI BIACTUBOCTI CIPABEITHMBOCTI
po3B’si3ky Hema (iHBapiaHTHICTH 10 Maciita®y kputepiiB). IliHa — paBoertamHa

npoleaypa, A0poxkda JIJIsl peaibHOTO Yacy, 1 oOMekeHHs 3ayBaskeHHs 1 oo [lapero-
e(hEeKTUBHOCTI.

3.4 llopsaooxk eubdopy onepamopa S na Kpoui t 6 mooeni poO3yMHO20 0YOUHKY.

1) 3adikcyBatu w(t); 2) nepeBiputu dopmynu (14); 3) sxmo dopmyna (14)
BUKOHaHO — mepeBiputu dopmyna (12)—(13) 1 crpory onykiicts ¥; 4) sKuio Bci
ymoBH BukoHaHo — US = U¥ (Jlema 1); 5) inakme — Topr ¢opmyna (6) Ha {U €
Q:];(U) < J%} abo ma GNE({2) 3 ypaxyBaHHsM 3ayBaxeHHs 1; 6) sxmo GNE () N
Pareto(2) = @, e cnix pikcyBaTH sSIK BTpATy rapaHTii, a HE MPUXOBYBATH.

4. O6roBopenHs pe3yabrariB. [{opiBHSIHO 3 poO0TaMH 3 y3arajabHEHOI pIBHOBAru
Hema [1-3], 3anponoHoBaHa mNocTaHOBKa jAojae siBHy ymoBy (Jlema 1), 3a sikoi
CTpATeriyHo CTIWKUI mpodiab KepyBaHb € BogHouac llapero-edpextuBHHM 0e€3
J0aTKOBOI mpoiieaypu Topry. IlopiBHsiHO 3 neHTpanizoBanuM MPC 31 ckansipHOIO
3rOpPTKOI0 KPUTEPIiB, I'POBUI piBEHb MOSCHIOE CTPATETIUHY CTIMKICTh PO3B'S3KY, aye
BHUMarae nepeBipKu CTPYKTypu (QyHKILIM BUTpAT areHTiB. OOMEeXEeHHS MiIX01y: YMOBa
TOYHOTO MOTEHI1aTy HE € BIIACTUBICTIO JOBUIBHOI CUCTEMHU; CTIMKICTh 32 TEOPEMOIO 6
JIOBEJICHA JUIsl CTAlMX y Yacl Bar KPUTEpiiB, TOMYy 3MiHHI B 4aci Baru MnoTpeOyoTh
OKpeMoro OOTpyHTYBaHHS (Hampukiai, ¢ikcallii Ha 1HTEpBajIax CTAJIOCTI); PU3UK-
HerTpanbae (opmymoBanHss MPC He rapanTye BUKOHAHHS OOMEXEHBb JJIsi KOXKHOI
peamizaiii 30ypeHHs ¥ motpebye mepexony 10 iMoBipHiCHUX (chance-constrained)
O0OMeXEHb.

S. BucHoBKH

Hageneno ymoBu (A1—-A6), 3a SIKMX KOXEH 13 TphOX piBHIB KOHTYpY Ilapero—
Hemr—MPC — rpa arenriB, 6ararokpurepiaibHU KOMIPOMIC 1 MPOTHO3HE KEPyBaHHS
— € MaTeMaTHUYHO KOPEKTHHUM, 1 TIOKa3aHo, 1110 ’KOJIHA 3 BIJIOMUX TEOPEM OKPEMO HE
rapaHTye cymicHocTi piBHoBaru Hema Tta [Tapero-edextuBnocTi. loBenena Jlema 1 1
Hacnigok 1 gatoTe mepeBiproBaHy CTPYKTYPHY YMOBY — CHMETPIIO NEPEXPECHUX
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MOX1THUX, TOYHUH TIOTEHITIAI, IO 301raeThes 31 3BaKEHOIO0 CYyMOIO KPUTEPIiB, Ta HOTO
CTPOTY OMYKIIICTh — 3a SKO1 Il CyMICHICTh JOCATaeThes 0€3 OAaTKOBOI MPOIeIypr
Topry, a chopMmyIpOBaHMI TOPSAIOK BHOOpPY oOmeparopa y3TroiKeHHs (opMaisye
nepexig mix Jlemoro 1 1 Toprom Hemra 3anexHO BiJ BUKOHAHHS Ii€i yMoBH. JIJis
MIJICHCTEM KJIIMaTy, OCBITJICHHS i €Heprii po3yMHOT0 OYJIMHKY YMOBH 3aCTOCOBHI 3a
adiHHOT AMHAMIKH; areHT 0e3MeKH 3 JUCKPETHUMHU JiSIMH Ma€ BUBOJUTHCS 3 IPOBOTO
piBHA. BigkpuTuMu HampsMaMy JIMIIAIOTBCS CTIMKICTh 3a 3MIHHMX Yy daci Bar
KpuUTepiiB, iMoBipHIcCHE po3muperHss MPC ta emmipuyHa nepeBipka YMOBU TOYHOTO
MOTEHLIaTy I HeTIHIHHOT MOJIei.

Cumcok Jirtepatypu

1. Nash, J. F. (1950). The bargaining problem. Econometrica, 18(2), 155-162.
https://doi.org/10.2307/1907266

2. Nash, J. (1951). Non-cooperative games. Annals of Mathematics, 54(2), 286—
295. https://doi.org/10.2307/1969529

3. Rosen, J. B. (1965). Existence and uniqueness of equilibrium points for concave
N-person games. Econometrica, 33(3), 520-534. https://doi.org/10.2307/1911749

4. Monderer, D., & Shapley, L. S. (1996). Potential games. Games and Economic
Behavior, 14(1), 124—143. https://doi.org/10.1006/game.1996.0044

5. Borwein, J. M. (1983). On the existence of Pareto efficient points. Mathematics
of Operations Research,8(1),.https://pubsonline.informs.org/doi/10.1287/moor.8.1.64

6. Geoffrion, A. M. (1968). Proper efficiency and the theory of vector
maximization. Journal of Mathematical Analysis and Applications, 22(3), 618—-630.
https://doi.org/10.1016/0022-247X(68)90201-1

7. Kalai, E., & Smorodinsky, M. (1975). Other solutions to Nash’s bargaining
problem. Econometrica, 43(3), 513—518. https://doi.org/10.2307/1914280

8. Mayne, D. Q., Rawlings, J. B., Rao, C. V., & Scokaert, P. O. M. (2000).
Constrained model predictive control: Stability and optimality. Automatica, 36(6),
789-814. https://doi.org/10.1016/S0005-1098(99)00214-9

9. Rawlings, J. B., Mayne, D. Q., & Diehl, M. M. (2017). Model predictive control:
Theory, computation, and design (2nd ed.). Nob Hill Publishing.770 p.

10. Mesbah, A. (2016). Stochastic model predictive control: An overview and
perspectives for future research. IEEE Control Systems Magazine, 36(6), 30—44.
https://doi.org/10.1109/MCS.2016.2602087

11. Boyd, S., & Vandenberghe, L. (2004). Convex optimization. Cambridge
University Press. 2004. 716 p. https://doi.org/10.1017/CB0O9780511804441

12. Drgona, J., Arroyo, J., Cupeiro Figueroa (2020). All you need to know
about model predictive control for buildings. Annual Reviews in Control, 50, 190-232.
https://doi.org/10.1016/j.arcontrol.2020.09.001

43



CONSTRUCTION AND CIVIL ENGINEERING
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

WASTEWATER TREATMENT AT A BETA-CAROTINE
PRODUCTION COMPANY

Lukashenko Serhiy

Candidate of Engineering Sciences, Associate Professor
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

Lelyuk Oleksandr
Student
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

In recent years, natural antioxidants have been increasingly used in the food
industry worldwide, among which beta-carotene holds a prominent position. This
product has become widespread due to its physiological and technological functions.
It is widely used as a natural dye (food additive E-160a), introduced into products for
therapeutic and prophylactic purposes due to its antioxidant activity, and also as
provitamin A. It is used as a functional ingredient. The use of beta-carotene in food
products allows you to improve their appearance, organoleptic properties, increase
nutritional value, maintain quality during long-term storage, expand the range of
products with beta-carotene, including special-purpose products [1-6].

A technology for the industrial production of crystalline beta-carotene substance
has been developed, which includes the following stages: pressing of the mycelial mass,
extraction of beta-carotene from the mycelial mass with vegetable oil, separation of the
solid phase, refining of the oil extract of beta-carotene, crystallization, separation,
purification, washing and drying of the crystals [7-10].

As a result of production, wastewater is generated, which is represented by several
main flows:

1) highly concentrated production wastewater (culture broth filtrate) formed at the
filtration stage of the biosynthesized product;

2) industrial and technological wastewater;

3) sanitary and domestic wastewater.

For the discharge and treatment of the enterprise’s wastewater, the contaminated
wastewater mixture is initially directed to storage tanks, where it is diluted 15-20-fold
with process and potable water. The diluted wastewater is then conveyed to the
treatment facilities, where it undergoes conventional mechanical and biological
treatment. However, despite the substantial dilution of the wastewater, the required
acceptance criteria established for the receiving treatment facilities cannot be met for
certain monitored parameters.

Thus, the main and most difficult in terms of treatment to treat is the culture broth
filtrate due to its highly concentrated composition [7, 9, 11].

Based on the data obtained and the analysis of the current situation regarding the
treatment and disposal of wastewater, we propose a wastewater treatment option -
purification (disposal) of the culture broth filtrate.
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Other wastewater, without prior accurate chemical analysis of the flows, but taking
into account the separation of the filtrate from them, can probably be discharged to
treatment plants without additional dilution.

The high concentration of organic substances in the filtrate, even with its after
repeated dilution, does not allow solving for the issue utilization of its utilization using
classical purification technologies, given that there is no room for the construction of
to construct a classical technological chain of treatment facilities with the introduction
of by introducing additional purification units. It is also necessary to take into account
the fact that the effectiveness of using such a this method in this situation is very highly
doubtful.

Based on the available technical information, it is proposed not to dilute the filtrate,
but to use modern technological solutions for its utilization directly at the formation
stage.

Based on the chemical analysis data of the transferred wastewater and the data
provided, the only correct and economically justified solution is not to clean the filtrate
from pollutants, but to remove moisture from the filtrate during cleaning. As a result,
a dry sediment of 5% of the filtrate volume is formed, which can be disposed of at a
solid waste landfill or used (given, sold) as a feedstock for domestic wastewater at
municipal treatment plants, as well as condensate (demineralized water - 95% of the
filtrate).

One such method is evaporation under vacuum followed by crystallization.

As a result of using this technology, two products are formed: dry sediment and
condensed demineralized water, which can be used to power the technical water supply
system or to produce steam [12—-15].

The residue obtained after evaporation and distillation is easily removed and
subsequently transported for disposal to a solid waste landfill.

This technology is the most suitable and effective, as it allows you to utilize the
resulting dry residue and obtain technical water for production.

The technological scheme for local treatment facilities using the above-described
method appears as follows.

Heating of the solution and subsequent condensation of water vapor in the
installation is are carried out using a heat pump circuit, which allows to significantly
reduce significant reduction in the energy consumed for processing the substance.

The distillation process takes place under vacuum. Water at atmospheric pressure
boils at 100°C. When the pressure is reduced, the boiling point decreases. Using this
physical phenomenon, a vacuum evaporator can evaporate water at 35°C.

The solution being processed is heated in a shell-and-tube heat exchanger, where it
is continuously supplied via vacuum discharge and, after heating, is pumped to the
evaporator tank.

Vapor condensation occurs in a similar shell-and-tube heat exchanger, after which
the condensed distillate is fed into the vacuum system tank, from which it is
continuously fed into the storage tank of the pure product.

The concentrated distillation residue is automatically pumped into a storage tank
for further processing or disposal.
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The use of a double effect allows for high plant performance with low energy
consumption.

After preliminary evaporation, the filtrate is sent for drying (crystallization).

After drying, the dry matter content of the treated wastewater is 95%. The operating
cycle provides for two operating modes: periodic loading and continuous tank loading,
with the possibility of continuous operation of the installation 24 hours a day without
operator intervention.

Conclusions. he implementation and use of the proposed technological scheme
based on the removal of moisture from wastewater (filtrate) will allow the enterprise
to completely abandon the discharge of concentrated wastewater to treatment plants,
thereby avoiding discharge fees and penalties for exceeding regulatory wastewater
intake rates.

The proposed technology is designed to effectively clean concentrated wastewater
and comprehensively address the disposal of cleaning products.
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YAOCKOHAJIEHHA T'A3OPO3IOALTY CEJIA JIMIIIBKA
BYUYAHCBKOI'O PAHOHY KHIBCBKOI OBJIACTI 3
OIITUMIZALICIO POBOTHU KOTEJIBbHI

INanuubkuit Ouier OsieroBuy4

CryneHt

XapKiBCbKHUI HalllOHAIBHUN YHIBEPCUTET MICHKOTO rocrnogapcersa imeHi O. M.
bekeroBa

Penbko Anapii OsiekcaHapoBuY

1.T.H., Ipod.

XapKiBChKHI HallIOHAJILHUN YHIBEPCUTET MICHKOTO TocnogapcTsa iMmeHi O. M.
bekeroBa

3abe3neueHHs HaIMHOTO Ta €()eKTUBHOIO ra30MOCTa4aHHs CUTbCHbKUX HACEJIEHUX
IIyHKTIB € aKTyaJIbHUM 3aBJAaHHSAM, OCOOJMBO B yMOBaxX HEOOX1JHOCTI MOJEpHI3alli
1H(ppacTpyKTypu. MoIet0BaHHs Ta ONTUMI3ALis Fa30pO3NOAIIIBHUX MEPEK JO3BOJISIE
CYTTEBO MIJABUIIWTUA HAJIIMHICTh MOCTayaHHs [1, 2]. BaXJIMBUM acCleKTOM € TaKOX
MOJICpHI3allisl MICHEBUX JKepes TeruionoctadyanHd. OriHka e(eKTiB onTuMizalii
poOOTH MAJILHUKIB TA30BUX KOTIIIB 32 JOMIOMOTOI0 1HHOBAIIIHHUX METO/IIB yIIPABIIIHHS
BUTPATOI0 MajMBa JEMOHCTPYE 3HAUYHUN MOTEHLian pecypco3depexxeHHs [3, 4].
KomrmniekcHa onTuMizaliisi TOMOJOTIi, PO3MIPIB Ta PEKUMIB POOOTH CHUCTEM
[EHTPAII30BAaHOTO  TEIUIONOCTa4aHHs  3a0e3leuye  3HWKCHHS  HENHIMHUX
excrutyaTariitnux Butpar [5]. CydacHi TOCHIIKEHHS MiATBEPKYIOTh €(hEeKTUBHICTD
3aCTOCYBaHHS PEKOMEH 1AL} 1100 OI[IHKH MOTEHIIaTy CUCTEM TeIUIONOCTayaHHs [6],
a TaKo>X METO/JIIB MPOTHO3YBAHHS HABAHTAXXCHHS Ta KOOPJIWHOBAHOTO yMPAaBIiHHS B
OaratojpkepenbHux Mepexax [7]. OTxke, KOMIUIEKCHHM MiAXIJ 10 BIOCKOHAJEHHS
ra3opo3noJiy Ta poOOTH KOTEJbHI € HAYKOBO Ta MPAKTUYHO OOIPYHTOBAHUM.

Metoro poOOTH € YJIOCKOHAJICHHS CXEeMH Ta3opo3noAury cena JlumiBka
Byuanchkoro paitony KuiBchkoi 001acTi Ta onTHUMI3allisl PEXKUMIB pOOOTH MICIIEBOT
KOTEJIbHI JUIsl 3HUKEHHS CIIOKUBAHHS MPUPOJHOTO Ta3y Ta MiJABUIIEHHS HaAIMHOCTI
CUCTEMH.

J1y1st BUpIIIIEHHS TOCTaBICHOTO 3aBAaHHS PO3POOJICHO KOMIUIEKCHY MaTEMaTHIHY
Mozenb. ['iapaBiniyHuil po3paxyHOK Tra30MPOBOY BUKOHYETHCS 3 YpaxXyBaHHSM BTpAT
TUCKY Ha TepTs. [lagiHHs THCKY PO3paxoBYETHCS 3a POPMYJIOLO:

2
ap = 2.k (1)

O |~

ne AP — Btpara tucky, Ila; A — koedimienT rigpasmignoro onopy; L — qoBxuHa
TIstHKA, M; D — BHYTpIIIHIN JiaMeTp TpyOOTnpoBOAY, M; p — TyCTHHA Ta3y, KI/M>; v —
HIBUJKICT TOTOKY, M/C. EQeKTUBHICTH pOOOTH KOTENbHI OIIHIOETHCA Yepe3
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koediuienT kopucHoi mii (KKJ), skuii BpaxoBye KOpUCHY TEIUIOTY Ta OOCST
BUTPAUYEHOTO MaJINBA:

_ o
N = e @)

ne n — KKJI korenbni; Q — BupoOieHna teruoBa eHeprisi, M/x; B — Butpara
MPUPOIHOTO Ta3y, M>/rox; Qu — HIKYa TertoTa 3ropssHAs raszy, MJbx/m3. 1linsoBa
byHKI onTUMI3alii MoJisrae B MiHIMI3alli 3araJibHUX BHUTpAT MajluBa NpU
3a0e3nedeHHi 3aaHoro rpadika TeIIOBOTO HaBAaHTAXEHHS:

F =Y (@B; () - min (3)

ne F — ninmboBa QyHKIIisS cymMapHOi BUTpaTH nayiuBa; B; — BuTpara nanusa Ha 1-My
pexumi podbotu; Cr — BaroBuid Koe(QIlieHT BapTOCTI. YCl1 3MiHHI MOB'sI3aH1 €IUHUM
AITOPUTMOM MOIIYKY ONTUMAIBHOTO PEXKUMY.

MopentoBaHHS NPOBOAWIOCS JJII YMOB THIIOBOTO OINAIIOBAIBHOIO NEPIOAY C.
JluniBka. ba3oBuii cueHapiidi (0 PEeKOHCTPYKIIi) NOPIBHIOBABCS 3 ONTHMI30BaHUM
PEXKUMOM, SIKUH niepedayae 3aMiHy NaJdbHUKIB Ta BOPOBAIKEHHS aBTOMATU30BaHOTO
ynpasiiHHsS. Pe3ynbTati MoaentoBanHs HaBeaeHo y Ta0mumi 1.

Table 1. IlopiBHsIHHS TapaMeTpiB poOOTH CUCTEMH JIO Ta MICIsl ONTUMI3allii

IMapamerp Bba3oBnii pe:xxum OntumizoBanmii 3mina, %
peKUM
Brpartu THcKy B Mepexi, 12.5 9.8 -21.6
klla
Cepenniit KK]I 82.3 93.1 +13.1
KOTebHI, %
Jlo6oBa BuTparta razy, m> 1450 1280 -11.7
75 1
70 -
e
2 65
it
g
"
CE 60 -
55 - —®— ba3zoBui pexum
== OnTHMI30BaHHH PEKHM

T T T

0 5 10 15 20 25
Yac 106w, rox

Figure 1. Jlunamika BUTpaTH NPUPOJHOTO razy NpOTAroM 100U
Source of the figure: aBTOpchka po3poOka Ha OCHOBI PE3YIHTATIB MOJICITIOBAHHS.
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SAx BuUAHO 3 TPEACTABICHUX pE3YyJbTaTiB, BIPOBA/DKEHHS 3alPOITOHOBAHUX
3aXO0/1B JI03BOJISIE 3TIAJAUTH MIKOB1 HABAaHTAXEHHS. 3HUKEHHS BTPAT THUCKY B MEpPEXKi
Ha 21.6% 3abesneuye cTalLIbHUN THCK TEpeia MajbHUKAMH, 10, Y CBOIO 4Yepry,
no3poiio migBumuth 3araabHuii KKJI Ha 13.1%. OntumizoBaHa poOoTa KOTENbHI
MIHIMI3Y€ TMEpEeBUTpaTy MNalWBa IIiJI 4Yac KOJMBaHb TEeMIEpPaTypu 30BHIIIHBOTO
MOBITPSI.

3anponoHoOBaH1 pIlIEHHS IIOJ0 YAOCKOHAJEHHs Ta3opos3noainy c. JlumiBka Ta
ontuMizamii poOOTH KOTENbHI JOBEIH CBOIO e(eKTHUBHICTh. Bukopucranus
pO3p0o0IeHOI MaTeMaTHYHOI MOJIEJ JO3BOJMJIO BH3HAYUTH ONTHMAIBHI PEKHMHU
po0oTH 00JIaTHAHHS, 110 TPU3BOIUTH JI0 3MEHIIIEHHS T000BO1 BUTpaTH razy Ha 11.7%.
Ile copusie He muIIe EKOHOMII €EHEpropecypciB, a W WIABUILYE HaAIMHICTD
(yHKII1OHYBaHHA BCl€l iHXKEHEPHO1 1H(QPACTPYKTYPH HACEIIEHOTO ITyHKTY.
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TEXHIKO-TEXHOJIOI'TYHI PIINEHHA PO3BUTKY
I'ABOIIOCTAYAHHA 3 INIABULHIEHHAM
EOPEKTUBHOCTI KOTEJIBbHI

Toamauyosa Harans [1aBiiBHa

CTYACHTKA

XapKiBCbKHUI HalllOHAIBHUN YHIBEPCUTET MICHKOTO rocrnogapcersa imeHi O. M.
bekeroBa

Peabko Osiexcanap @egopoBu4

1.T.H., Ipod.

XapKiBChKHI HallIOHAJILHUN YHIBEPCUTET MICHKOTO TocnogapcTsa iMmeHi O. M.
bekeToBa

3a0e3neyeHHs] HACEJIEHUX IYHKTIB CLIBCBKOI  MICHEBOCTI  HAIIAHUM 1
eHeproe(peKTUBHUM Ta30MOCTAYaHHSIM 3alUIIA€THCA OJHUM 13 TMPIOPUTETHHUX
HANpPSIMIB PO3BHUTKY MaJMBHO-CHEPTETUYHOTO KOMIUIEKCY YKpaiHu. 3HayHa 4YacTkKa
ICHYIOUMX CUIbCBKMX KOTEJIE€Hb, 30KpEMa ONMAJIIOBAJIbHOI KOTEJIbHI, €KCILUIyaTy€eThCs
KOTJIaMU 3aCTapuIMX Cepiil 13 3aHMKEHUM KOe(]II[iEHTOM KOPUCHOI Jii, IMiIBUILIEHOIO
TEMIIepaTypoOIO BIJX1IHUX ra3iB 1 BIZICYTHICTIO CUCTEM aBTOMATUYHOTO PETYIIOBAHHS
IpOLECY TOPIHHS, IO 3YMOBIIOE HAIJIUIIKOBI BUTPATU MPUPOJHOrO Trazy Ta
MIJIBUINICH] eKCIUTyaTaliiiHi BuTtpaTtu. CBITOBUH JOCBIJ MiABUINEHHS €()EKTUBHOCTI
KOTEJIbHUX YCTAHOBOK CIIMPA€ThCS NEPEBAKHO Ha JBa B3a€MOJONOBHIOBAJIbHI
HANpsSIMU: yJIOCKOHAJIEHHS! CHCTEM aBTOMATH30BAaHOI'O KEPYBAaHHS MPOIIECOM TOPIHHS
Ta MOJEPHI3aLII0 TEIIOTEXHIYHOro 00nagHanHsA. Tak, y poOoTi [1] 3ampornoHoBaHO
MIHIMI3alll0 CHOKUBAHHS MPUPOAHOTO Ta3y MOOYTOBUMM KOTJIAMHU 3a JOMOMOTOIO
3roptkoBux LSTM-Mepex y moeIHaHHI 3 TEHETUYHUM aIrOPUTMOM, 1110 J1aJl0 3MOTY
CYTTE€BO 3HU3UTH MUTOMY BHUTpATy MajvMBa 0€3 3aMiHM OCHOBHOIO OOJIaJHAHHS.
ABtopn [2] mnokazanu e(EeKTUBHICTh ONTUMI3alll KepyBaHHS MaJIbHUKOBUMHU
MPUCTPOSIMU Ta30BUX KOTIIB Ha ocHOBI Metony Fuel Input Factor, sikuil no3Bossie
YTPUMYBAaTH KOEQILUIEHT HAJJIMILKY MOBITPS OJMM3bKUM 10 ONTUMAJIBHOTO B YCHOMY
Jiara3oHi HaBaHTAXKEHb. Y JOCHDKeHHI [3] mpoaHanmi3oBaHO €(QEKTHBHICTH
IHHOBAI[IMHUX TEXHOJOTIYHUX pIIMIEHbh TEPEXOAy CHUCTEM IEHTPaTi30BaHOTO
TEIUIONOCTayaHHs YKpaiHU J0 YeTBEPTOro IMOKOJIHHA, 10 Mepeadayae 3HUKCHHS
TeMIiepaTypHux rpadikiB Ta BIPOBAHKEHHS HU3bKOTEMIIEPATYPHUX JIKEPEIT TETUIOTH.
Po6ora [4] nmpucBsueHa OoNTUMANBbHIN PEKOHCTPYKIII TETIOBUX MEPEXK MiJ 3HMKEHI
TEeMIIepaTypHi PiBHI 3 MIHIMI3AII€I0 BTPAT TEIUIOTH ITiJl YaC TPAHCIIOPTYBaHHSA. Y [5]
MPE/ICTAaBICHO MPAKTUYHI PE3yJIbTaTH BIPOBAIKEHHS MPOTHO3YBAIBHOTO KEPYBaHHS
Ha OCHOBI IITYYHOT'O 1HTEJIEKTY JJIs1 0araTOKOTIOBUX CHUCTEM TEIUIONOCTAaYaHHs, 110
MIATBEPAXKEHO HATYPHUMHU BHUNPOOYBaHHSAMU. ABTOpH [6] po3poOWiauM MeTOAMYHI
peKOMeHaIlli 010 OIIHIOBaHHS MOTEHIIATY ONTUMI3allli CUCTEM TEIJIONOCTaYaHHS,
SK1 3aCTOCOBHI 1 IS HEBEJIMKHUX CUIbChKUX KoTeneHb. Hapemri, y pob6oti [7]
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3aMpoNOHOBAHO MIAX1J 10 ONTUMI3alli 6araTomKepenbHUX CUCTEM TETIONOCTaYaHHs
Ha OCHOBI IPOTHO3YBaHHS HABAaHTAKEHHS Ta KOOPJMHOBAHOTO KEPYBAHHS JKEPEJIaMU
TEIUIOTH. Y3araJlbHEHHS PO3MVISHYTHUX MiAXoAiB [1-7] CBiIUWThH, 10 HAHOLIBIITUN
eheKT TMIJBUILIEHHS EHEeproe(eKTUBHOCTI CIIBCHKUX KOTEJIEeHb JOCSTa€ThCs
MOETHAHHSAM TEIUIOTEXHIYHOT MOJIepHi3allii o0JiaHaHHs (€eKOHOMaN3epH, YTeIlJICHHS
0OMYpIBKH) 3 aBTOMATH3AIIIE€I0 PEKUMIB CIIAJTIOBAHHS Ta3y, 1110 ¥ MOKJIaJIeHO B OCHOBY
TEXHIYHMX PIIIEHb, 3aIIPOIIOHOBAHUX Y 111 pOOOTI JIJIsi KOTEJIbHI.

MeTtoro poOoTH € OOrpyHTYBaHHS TEXHIKO-TEXHOJIOTIYHUX PIIIEHb PO3BUTKY
ra3ornocTavyaHHs 3a  pPaxyHOK  TIJABUIICHHS  €HEPreTUYHOi  e(PEeKTHUBHOCTI
TEIUIOTeHEePYBAIbHOT YCTAHOBKH KOTEJIbHI HA OCHOBI aHAJIITUYHOT MOJIEIIl TETJIOBOTO
OanaHCy KOTJIA Ta KIJIbKICHOT OIIHKMA O4iKYBaHOI €KOHOMIi MPUPOJTHOTO Ta3y.

B ocHOBy po3paxyHKy TMOKIaJeHO 3BOPOTHHH METOJ TEIUIOBOTO OallaHCy
KOTJIoarperara, o J03BOJIsi€ BU3HAYUTH KOe(DIIlieHT KOPUCHOT 11ii koTia Nk (%) uepes
CyMapHi BIIHOCHI BTpaTH TEIJIOTH:

Me = 100 — (g2 + q3 + q4) (1)

e MK — KoedilleHT KOPUCHOI nii KoTioarperata, %; q2 — BIJHOCHI BTpaTH
TEIUIOTH 3 BIAXIAHUMU razamu, %; 3 — BTpaTH TEIUIOTH BiJ] XIMIYHOI HEMOBHOTHU
3TOpsIHHS TanmuBa, %; q4 — BTpaTH TEIUIOTH B HABKOJMIIHE CEPEIOBHINE Yepe3
00MypIBKYy KOTJa, %.

HaiiOinb1ry yacTKy BTpaT JJisl Ta30BUX KOTJIIB CTAHOBJISITH BTPATH 3 BIAXIAHUMU
razamu q2, sKi BU3Ha4aloThcs 3a GopMyIioro 3irepra:

_ K(tgux_tnog)
©="0wn 2)
ne K — koedimient 3irepra mnga npupoanoro razy (K = 0,36); teux —
TeMIiepaTypa BIOXIIHMX rasiB 3a kotiioMm, °C; tmoB — Temmeparypa MOBITPS B

kotelbHi, °C; CO2 — o0'eMHa yacTKa JIOKCUAY BYTJIEIIO B BIIXITHUX Tra3ax, %o.
["'onuHHY BUTpATy IPUPOIHOTO razy Kotiom B (M?/ron) 3a BU3Hau€HOT0 3HAUEHHS

MK pO3paxoOBYIOTh 3a PIBHSHHSAM TEIJIOBOTO HAaBAaHTAXEHHS:

3600 Q,
B = —=¢ (3)

QH 100
ne Qk — QakThyHe TErI0BE HABAaHTAXKEHHS KoTia, KBT; QHp — HIk4Ya TeroTa

3ropstHHsl mpupoaHoro rasy, kJbx/m® (Qup = 34300 x/Dx/m*); nk — KoediieHT
KOpHUCHOI 1ii koTia 3a popmyoro (1), %.

Piuny exoHoMir0 mpupomHoro razy AV (tuc. M3/pik) Bi BIPOBAIKCHHS
TEXHIYHOT'O pIIMICHHS Ta BIANOBIAHUN eKoHoMiuHMK edexkTr E Bu3HaA4arOTh

MOPIBHSAHHAM BUTpatu ra3y no (B1) i micusa (B2) BpoBamkeHHs 3aX01y:
(Bj—By -1
Avpik = 1000 (4)
ne B1, B2 — ronuHHa BUTpaTa ra3y BiAMOBIIHO JI0 1 TTICJIS BOPOBAKEHHS 3aX01y,
M3/TOJI; T — eKBIBaJICHTHA KIIbKICTh TOJMH POOOTH KOTJIA 3 TIOBHUM HaBaHTaKCHHIM
3a OMaMOBAIBHUM ce30H, 1o (T = 2606 rox). ExonHoMiunuii epekT Bu3Ha4aloTh SIK E
= AV-Cr, ne Cr — Tapu Ha NpUpOIHUIA Ta3, TPH/M>.
3a popmynamu (1)—(4) BUKOHAHO PO3PAXyHOK MOKA3HUKIB €(DEKTUBHOCTI KOTEIbHI
JUTST 4YOTHPHOX TMOCHIIOBHUX TEXHIYHUX PIlIeHb: 0a30BOro (HasBHOTO) CTaHYy,
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BCTAHOBJICHHSI KOHTAaKTHOTO €KOHOMai3epa AJisl yTUIi3allil TeIUIOTH BIAX1AHUX Tra3iB,
ii pexumiB poOOTH MATFHUKOBOTO TMPHUCTPOI0 Ta KOMIUIEKCHOT
MOJIEpHIi3allii, 10 MOoeaHye oOUJIBa 3aXOAM 3 JOJATKOBUM YTEIUICHHSIM OOMYPIBKH
KoTJIa. Pe3ynpratu po3paxyHKy HaBeIeHO B Ta0Oui 1.

Taoauus 1. [Toka3HUKH TEIUIOTEXHIYHOT €(DEKTUBHOCTI KOTEIbHI 3a BaplaHTaMHU
TEXHIYHUX PIIICHb

aBTOMaTu3alj

TexHiune AY, E,
- tBux, °C q2, % Nk, % B, m3*/rox | Tuc.m?/pi TI/IC..l“pH/
K pix
basosuid 180 6.8 90.7 57.86 _ _
cTaH
Exonoma 130 4.8 92.7 56.61 3.3 472
if3ep
ABTOMAT
A3aris 150 4.8 93.0 56.43 3.7 54.1
HaJIbHUKA
Komriex
cHa 120 3.7 94.5 55.51 6.1 88.7
MOJIEpHi3
arisa
100
L 59
98 -
=
961 - 58 2
; =
E 941 575
E 921 90.7 c
< g0 4 - 56 [
Bl
B3 1 et L 55 &
86 1 —@— B, m3/rog

oM omain3eP

. anKa
arnzai? nane
P\BT oM

. can
pazos cta
omnnexe?

anif
moﬂep*“g‘am
a

3a
TexHiyHe pilueHHs

Pucynoxk 1. 3anexuicte KK]I xoT/1a Nk Ta ronuuHo1 BuTpaTH razy B Bin
BIIPOBAPKEHOT'O TEXHIYHOTO PIIICHHS
icepeno: po3pobaeno asmopamu

Ax BugHo 3 Tabmumi 1 Ta pucyHka 1, y 0a30BOMy CTaHi KOTEJIbHA
XapaKTepU3y€eThCs MABUILIEHOIO TeMIiepaTyporo BiaxiaHux ra3is (180 °C) ta BITHOCHO
Hu3bkuM KKJ[ nk = 90.7 %. BcTaHOBIEHHS KOHTAKTHOTO €KOHOMaM3epa J103BOJISIE
3HU3UTH TemnepaTypy BiaxigHux rasziB 10 130 °C i1 miasunmutu KK no 92.7 % (na
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2.0 B. 1.), mo 3a0e3neuye piyHy €KOHOMIFO razy 3.3 THC. M Ta eKOHOMIYHUH edeKT 47
THC. TPH/PIK. ABTOMATHU3aIlis pSKUMIB NaJbHUKA, 32 PaXyHOK yTpUMaHH KoedirieHTa
HAJUIMIIKY MOBITPA OMM3BKUM A0 ontuMaibHOro (3pocranus CO2 mo 10.5 %), nae
omm3bkui, ane aemo MmeHmuid npupict KK — o 93.0 %, mo y3romxyerbes 3
BUCHOBKamMu [2] 1010 €(pEeKTUBHOCTI KEPYBaHHS MNAJbHUKOBUMHU MPUCTPOSMU Ha
ocHoBl Fuel Input Factor. Haitbunpmmii edekt mocsraeTbcs 3a KOMILIEKCHOT
MOJIEpHI3allii, sIka MOEJHYE EKOHOMai3ep, aBTOMATU3aIlll0 TOPIHHA Ta YTEIUICHHS
oomypiBku: KKJI xotna 3poctae 10 94.5 %, ronunHa BUTpaTa rasy 3HHKY€eTbes 3 57.86
a0 55.51 m*roxm, a piuHa €KOHOMiS TMPUPOAHOTO Ta3zy CTaHOBUTH 6.1 THC. M?
(exonomiynuit edekr — 89 TtHc. TpH/piK). OTpuMaHi pe3yabTaTH KUIBKICHO
Y3TOJKYIOTBCS 3 TEHACHITISIMUA, OMMMCAHUMH B [3—6] UIsl CHUCTEM IIEHTPaIi30BaHOTO
TEIJIONOCTaYaHHsA, 1 MIATBEPKYIOTh JOLUIBHICTh 3aCTOCYBaHHA KOMOIHOBaHUX
TEIJIOTEXHIYHUX Ta aBTOMATU30BAaHUX PIIIEHb caMe I 00'€KTIB Majioi MOTY>KHOCTI,
SIKUMH € CUTbChKI KOTEJIbHI.

Ha ocHOBI Mozeni 3BOPOTHOrO TEMJIOBOro OalaHCy KOTJioarperata BUKOHAHO
pPO3paxyHKOBE  OOIPDYHTYBAaHHS  TEXHIKO-TEXHOJIOTIYHUX  pIIIEHb  PO3BUTKY
ra3ornocTayaHHsi uepe3 MIABUIICHHS €(QEKTUBHOCTI KOTeNbHI. BcTaHoBieHO, w10
KOMIUIEKCHE  BIPOBA/PKEHHS KOHTAaKTHOTO €KOHOMai3epa BIOXIIHUX Ta3iB,
aBTOMATHU30BAHOTO KEPYBaHHs peKUMaMU NaJbHUKA Ta YTEIJIEHHS] OOMYpIBKH KOTJIa
no3Bosisie miaBuuT KK/ kotnmoarperara 3 90.7 % mo 94.5 % 1 ckopoTUTH pidHe
CHOKMBAaHHS MPUPOAHOro Tra3y npubnu3zHo Ha 6.1 Tuc. M3, 1O BiANOBiAA€
€KOHOMIYHOMY e(eKkTy 0113bK0 89 THC. I'pH Ha PIK y LIHAX HA TPUPOJHUI ra3 Ha PiBHI
14,5 rpa/m?®. OTpuMaHi pe3yJbTaT y3roJKy0Thes 3 miaxoaamu [1-7] 1 MOXyTb OyTH
BUKOPUCTaHI Uil PO3POOJICHHS MPOEKTHUX PIIIEHb 3 MOJEpPHi3alli aHaJIOTTYHUX
CUIBCHKHMX KOTEJIEHb CUCTEMH I'a30M0CTaYaHHS.
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Beryn

B ymMmoBax cyyacHMX KJIIMaTMYHUX 3MIH MpoOjema 3a0e3leyYeHHs] HaCEJIECHHs
AKICHUIMM BOJHMMH pecypcamMu HaOyBa€ OCOOJIMBOI aKTyaJbHOCTI. 3pOCTaHHS
CEpPEeIHbOPIYHUX TEeMIEpaTyp, 30UIbIIEHHS TPHUBAIOCTI TMOCYHUUIMBUX MEPIOMIB Ta
HEpIBHOMIPHICTh  PO3NOJAUTY  OMAaJIB  CHPHUYMHAKOTH HEOOXIJHICTh MOLIYKY
aNbTePHATUBHUX JiKepesd BoaonoctadaHds. OMHUM 13 MEPCHIEKTUBHUX HAMPSMKIB €
BUKOPUCTAaHHA CUCTEM 300py arMoc(epHOi BOJIOTH, SIKI JO3BOJISIOTH OTPUMYBATU
BOJY LIUISIXOM KOHJIEHCAIli BOJIOTH 3 MOBITPSI.

CyyacHi TexHOJIOT1i aTMOC(EPHOTro BOA0300PY BKIHOYAIOTh TyMaHH1 KOJIEKTOPH,
cucteMu 300py pocH, TiOpUAHI YCTAaHOBKM Ta aTMocC(epHi T'eHepaTOpu BOIM.
Haiinpocrimmmu Ta HaOLIbII €Heproe)eKTUBHUMU € CITYACTI TYMaHHI KOJIEKTOPH,
OPUHIUIT pOOOTH SIKUX 0a3yeThCs Ha OCAPKEHH1 Kparellb TyMaHy Ha IOBEpXHI
crietiaibHUX ciTok. Ilim mi€r0 cuiaum TSOKIHHS CKOHJICHCOBaHa BOJAa CTIKAE 'y
HaKoONMUYyBaJIbHI pe3epByapu. [1oi0HI cucTeMu MMPOKO BUKOPUCTOBYIOThCS y Hui,
Mapoxkko, [lepy Ta iHIIMX MOCYNITUBUX PEriOHaX CBITY.

TeopernuHi ocHOBH npouecy 300py armocgepHOi BOJIOTH

Konnencariis BoasiHoT mapu BiIOyBa€eThCs TOA1, KOJIM TEMIIepaTypa MOBEPXHI CTa€
HIKYOIO 32 TEMIIEpaTypy TOYKH POCH HABKOJIHMIIIHBOTO MOBITPsA. Touka pocH 3aJIeKUTh
B1JI TEeMIIEpaTypH MOBITPsl Ta BIAHOCHOI BOJIOTOCTI: 1[0 BHUILA BOJOTICTh, TO MEHIIA
PI3HMIIS TEMIEpaTyp MOTPiOHA JJIst MOSIBU Kparesb. Y HIYHUNA Yac TOPU30HTANIbHI a00
HaXWJIEHI TOBEPXHI MOXKYTh BTpayaTH TEIJIO Yepe3 JOBrOXBUILOBE BUMPOMIHIOBAHHS
y BLAKpUTE HE00. SIKIIO MpU bOMY MOBEPXHS Ma€ HU3bKY TEIUIONPOBIIHICTh 3HU3Y,
no0pi pamiariiiHi BJIACTUBOCTI Ta CJIA0KO TIIITPIBAETHCS BITPOM, BOHA MOXKE
OXOJIOJIKYBAaTHCS HUKYE TOUKHU POCH, 1 Ha HI yTBOPIOETHCS BOJA.

VY poborax 3 macWBHOrO 300py pPOCH 3a3HAYAETHCS, IO TEOPETHYHA Mexka
MPOyKTUBHOCTI MOB’s13aHa 3 €HEPreTHYHUM OanmaHcom moBepxHi. [Ipu koHmeHcartii
NOTPIOHO BIJIBECTH NPHUXOBAHY TEIUIOTY MapOyTBOPEHHS, TOMY HaBITh Yy J0OpHX
yMOBax BUXI1J pocH 3a3Buuaii He nepepwuiye 0,5 11/M? 3a Hi4, a BEpXHS MEKa TACUBHOTO
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MIPOIIECY OIIHIOETHCS HIk4Ye 1 1/M? 3a Hiu [2]. Hampukian, naxosa miomma 100 m? y
CHOPUSTIIMBY HIY MOXKE OpIEHTOBHO naTu Onu3bko 50 1 Bomu [2]. Lle nebGaraTo mmns
[IEHTPAJII30BAaHOTO BOJIONOCTAYaHHS, ajieé JOCTAaTHbO I KpamelbHOIo IOJIUBY,
JTOCTITHUX JUJISHOK, PO3CAJAHMKIB abo0 sK JeMOHCTpalliifHa Boj030epiraroya
TEXHOJIOT 1.

30ip TymaHy Mae IHIIUN MexaHi3M. TyMmaH CKIIaJaeThes 3 ApiOHUX Kparesb, sKi
nepeHoCuTh BiTep. Koiu moBITpsSHUM MOTIK TPOXOIUTh KPi3b CITKY, YaCTHHA KpareJb
0CiJla€ Ha HUTKAX, 3TUBAETHCS y OB KpaIuTi Ta CTIKae BHU3 Yy k07100. EQexkTuBHICTH
3aNeXUTh B penbedy, BUCOTH HaJ PiBHEM MOpS, BIJACTaHI 0 MOps ab0O 1HIIOTO
JDKepera BOJIOTOCTI, HapsMY BITPY, TPUBAJIOCTI TYMaHHUX NIEPiOAiB, MaTepialy CITKU
Ta ii reomertpii. Halikpaiii yMOBM BHHUKAIOTh TaM, JI€ BOJIOTE TOBITPS PETYJISIPHO
M1JIHIMAETHCSA MO TIPCHKUX CXUJIaX 1 YTBOPIOE OporpadpiuyHuid TyMaH.

Came TOMy HaWBIIOMIII MpUKIAAM 300py TyMaHHOI BOJM TMOB’A3aHI 3
y30epexoKsIMU Ta TIpCbKUMM paiioHamu: Ywmim, Mapokko, KaHapceki ocTposw,
Eputpes, Oman, XopBaria. Y [OeIKuX TaKUMX MICHAX TyMaH MOXKE OyTH OUIbII
CTaOLIIBHUM PECYPCOM Yy CYXHi ce30H, HiX Aol OgHaK METOJ 3aJUIIAETHCS CUIIBHO
MPUB’SI3aHUM JI0 MIKPOKJIIMATy: MiCIle, SIKe BUIJISAA€ MPUAATHUM 3a 3araJilbHUMU
KJIIMaTUYHUMHU XapaKTEPUCTUKAMHU, BCE OJTHO NOTPEOyeE MONEPEAHHOI0 MOHITOPUHTY
TYMaHiB 1 TECTOBOTO KOJIEKTOpA.

OCHOBHI TeXHOJIOTIYHI pilIeHHS

Jns  300py pocd BHUKOPUCTOBYIOTH TMAacCHBHI —pajlialliiiHi KOHJIEHCATOPH.
Haiinpocrimie pilmeHHd - 1€ HaxWIeHa BOJOHENPOHHMKHA IIOBEPXHs, SKa BHOYI
OXOJIOJIKYEThCSI, 30Upae Kparii 1 CHpPSMOBYE iX y ko0yo0. Y JOCIHIIKEHHSX
3aCTOCOBYBAJIM CHELiaJIbHI MOJIIMEPHI MIIBKH, ()OJIBIOBaHI Ta KOMIIO3UTHI MaTepiaiu,
OU1l MOKPUTTS 3 BUCOKMM BHUIPOMIHIOBAHHSM Y JIOBFOXBHJILOBOMY Jiama3oHl Ta
HU3bKMM TIOTJIMHAHHSM COHAYHOI eHeprii. BaximBa BuMora - MiHIMI3YBaTH
TEIUIONPUILJIUB 3HU3Y, TOMY KOHJIGHCATOpP YacTO BIIAUISIOTH BIJI MAaCHUBHUX
KOHCTPYKIIiH a00 130J11010Th. TaKl CHCTeMH TEXHIYHO IIPOCTI, ajieé MalOTh HEBEIUKHUI
BHX1JI BOJIM 1 MPAIIOIOTh IIEPEBAYKHO BHOY1 3a SICHOTO Heoa.

Jlnst 300py TyMaHy BUKOPHCTOBYIOTh CTaHAApPTHI a00 BEJIMKI TYMaHO30IpHUKH.
CrangapTHHI TyMaHO30IpHUK YacTO 3aCTOCOBYIOTh Ha €Tarll JOCIIKCHHS MICIIS: BiH
Ma€ BIJIOMY IUJIOINLY CITKH, IO JO03BOJIIE OTPUMATH MUTOMUN TOKA3HHK JI/M* 100Yy.
Benuki KOJIEKTOpH BCTAHOBIIOIOTH YiKE MICIS MIATBEPKEHHS MOTeHIiany. Tumnosa
CUCTEMa CKIIAJAa€ThCs 3 HECydOi paMH, CITYACTOrO MOJIOTHA, PO3TSHKOK ab0 aHKepiB,
K0J100a, TpyOONpOBOIY, HAKOMMYYBAJIBLHOT0 0aka, (GiIbTpallii Ta TOYKH BOAOPO300pYy.
V¥ npoekrax CloudFisher BUKOpUCTOBYIOTBCS BEJMKI CITYACTI NTAHEN1, pO3paxoBaHi Ha
BITPOBI HABAHTAXKEHHS Y T1PCHKIi MICHEBOCTI.

Okpemy Trpyny CTaHOBJSATH KOMOIHOBaHI a00 apXITEKTypHI CHCTEMH, SKi
OJIHOYACHO 30UparoTh joii, TymaH 1 pocy. Ilpukimanom € Warka Water - 6amroBa
KOHCTPYKIIisi 3 6aMOYKOBHM KapKacoM, CITKOIO Ta pe3epByapoM. 3a OMIMCOM MPOEKTY,
oJlHa Taka OarTa po3paxoBaHa Ha cepenHii 30ip Omu3bpko 50-100 /700y, Mae Gak
npubau3Ho 3000 11 1 Moxe OyTyBaTHCS MICLIEBOIO TPOMAJIOK0 0€3 CKIaJHOI TEXHIKH.
Taxi pinieHHs BaXXJIUB1 HE JIUIIIE TEXHIYHO, a i COIliaTbHO, 00 MOKa3yITh MOKJIMBICTh
JIOKaJIBHOTO OOCTYTrOBYBaHHS Ta BUKOPUCTAHHS IPOCTUX MaTepialiB.
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Taoauunsa 1.
[TopiBHSIHHS OCHOBHHMX TE€XHOJIOT1M 300py aTMOC(hEpHOi BOJIU
. OpienToBHa IlepcniekTuBHM
TexHoJoris IIpununun podoru P . P
NPOAYKTHBHICTH BHKOPHCTAHHS
ITacuBHuMit Oxonomxkenns | 0,3-0,6 n1/M? 3a HIY; Y ITonwBs, gocaiaHi
pamiariitauii MOBEPXHI HIDKYE I00pUX yMOBax JUISHKA, MaJTi
KOHJICHCATOP TOYKH POCH 6sm3bKo 0,5 1/m? TEXHIYHI TOTpeOHn
[Tepexonnenus Bix 1-2 mo 20+ [TutHa Bona micis

CityacTuii KOJIEKTOp

Kpaneyib TyMaHy

71/M?* 100y 3aJIEIKHO

M ITOTOBKH, TIOJIHB,

TyMaHy . .
MOBITPSIHUM MTOTOKOM BiJT MiCIIst noTpedH rpomas

JIECSATKH JIITPIB HA
KombinoBana [Toennanus 300py no0y auist ogHiel |  ABTOHOMHI TpOMajH,
Oamrra/apxiTeKTypHUN TyMaHy, JIOIIy Ta KOHCTPYKITIi y JEMOHCTpAIIiifHI Ta
KOJIEKTOP pocu CHPUSATIMBOMY | TYMaHITapHI IPOEKTH

KIIiMaTi
I — OxomnomxenHs abo MOKe OyTH 3HAYHO O06’exTH 3
. copOis 3 OUIBILINM, aJie | eIeKTPONOCTAYaHHSIM,

aTMochepHui :
BHKOPHUCTAHHSIM 3aJIC)KHTh BiJI JIe BXXIINBA
reHepaTop BOJIU }

CHeprii CHEPrOBUTPAT ABTOHOMHICTh

IlepcnekTBY BIPOBAKEHHS B YKpaiHi

st Ykpainu 30ip pocH 1 TYMaHy Ma€ He 3arajibHOHAI[IOHAIBHUM, a JIOKaJTbHUN
noTeHIian. HalinepcneKTUBHIIMMU BUTJISIAI0OTh TIPChKI Ta MEPEAripCchkKi paloHU
Kapmar, okpemi ninsinku 3akapnatts, [Ipukapnarts, y30epexoks YopHoro mops, a
TaKoXK 00’€KTU 3 BEJIMKUMH JIAXOBUMU TUIOIIAMH, JI€ TTACUBHI KOHJIEHCATOPU MOKHA
MOEAHYBATH 3 JIOLIOBOIO BOJIOIO. Y BEJIMKUX MICTax 301p pOCH MOXKE MaTu OubIe
OCBITHE a00 JAEMOHCTpaIlliHe 3HAYEHHS, OCKIJIbKM TEIUIOBUH OCTpIB MicTa 1
3a0pyIHEHHS MOBITPS MOXKYTh 3MEHIIYBATH SIKICTh Ta KUIBKICTh BOJIH.

Knimatnuni nani ans JIbBoBa MOKa3ylOTh BIJHOCHO BHUCOKY CEpPEAHBOPIYHY
BOJIOTICTh - Oyin3bko 77 %, a B OCIHHBO-3UMOBI MicsIli - nmoHan 80 % [4]. V miTHiA
NepioJi CepeiHs TOUKa pOCU CTAaHOBUTH MPpUOIHU3HO 12-14 °C, 110 CTBOPIOE YMOBH IS
YTBOPEHHSI POCH 3a HIYHOIO OXOJIOJUKEHHSI NoBepXOoHb [4]. BonHouac s
e(eKTUBHOrO 300py TyMaHy caMoOi BOJIOTOCTI HEIOCTAaTHbO: MOTPiIOHI peryJsipHi
TyMaHH1 TOTOKH, CTa0IbHUIN HAMPSM BITPY 1 MPaBUIbHE PO3MIIIIEHHS CITKA BIITHOCHO
pensedy.

HocmimkeHHss 3MiH KIIMaTy B YKpaiHl 3a3Hadyae 3arajbHy TEHJCHIIO 0
3MEHIICHHSI KIJTLKOCTI THIB 3 TYMaHOM, X04a B OKPEMUX BUIAJKAX Y XOJIOJTHHUMA CE30H
KUIBKICTh TYMaHHUX JHIB MOe 3poctatu [5]. Ha GaraThox cTaHIisiX 3MiHIOBaJACs
KUIBKICTB JTHIB 13 POCOIO IK Y CTOPOHY 30LJIBIIEHHS, TAaK 1 B IPOTUIIEXKHY. Y BEJIUKUX
MiCcTaX 3MEHIICHHS MOXKE MOSICHIOBATHUCS JOKalbHUMHU (pakTopamu [5]. Tomy mis
MPOEKTIB y MeXax YKpaiHM He MOXxHa OpaTu cepeiHi JaHi KpaiHu: MOTpiOHO
OLIIHIOBATH KOHKPETHY JUISTHKY.
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Pucynok 1. CepenHi K1iMaTU4YHI MOKa3HUKU JIbBOBA, BaXKJIUBI JIJIsL OIIHKH POCH
Ta TYMaHy

Jlxepeno pucyHka: po3po0IeHO aBTOPOM.

OpieHTOBHa NpUAaTHICTb TEPUTOPIN YKpaiHWM 0N NiNIOTHUX NPOEKTIB
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OpieEHTOBHMIA NOTeHUian: 1 - HU3bKWA, 5 - BUCOKNIA

PucyHnoxk 2. SIkicHa oIliHKa MPUJAATHOCTI OKPEMUX TEPUTOPI YKpaiHu Jist
M1JIOTHOTO BIPOBAKEHHS
JIxepeno pucyHka: po3po0IeHO aBTOPOM.

[IpakTHyHO HAWIOIIBHINIE TMOYMHATH HE 3 BEIMKUX CHCTEM IHTHOTO
BOJIOTIOCTAYaHHS, a 3 MaJIMX MUIOTHUX MPOEKTIB: 301p POCH 3 AaXiB TEIUIMIL a0o
MaBUILHOHIB, TYMaHO30IpHI mMaHedl i1 TOoJMBY po3caaHukiB y Kapnarax;
EKCIIEPUMEHTAJIbHI KOJIEKTOPU OUIs TYpUCTHUYHHMX TMPUTYJIKIB, CHUCTEMHU IMOJIUBY
3€JICHUX 30H y TIPCHKUX rpoMajax; JIEMOHCTpaIliiiHl YCTAaHOBKH JIJIsl YHIBEPCUTETIB 1
€KOOCBITHIX 1eHTpiB. Takuil miaxiJ J03BOJISIE OTPUMATH pealibHI JIOKAJIBHI JaH1 1 HE
3aBUILYBAaTH OYiKYBaHHS.

OpieHTOBHA OIlIHKA JIJII TACHBHOTO KOHJAEHCATOpa MpocTa: sKmo B3sAtd 100 m?
MPUJATHOT TOBEPXHI 1 cipusATIMBUM ciieHapiit 0,3 11/mM? 3a Hid ipoTsiroMm 100 Houelt Ha
pik, piunuii o0csr cknage 6;m3bko 3000 51, To6TO 3 M3, SK110 yMOBH Kpamii 1 Buxin 0,5
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J/M? 3a Hi4, TOH caMuil MalJaHYUK AacTh OJM3BKO 5 M> 3a ce30H. lle He 3aMiHHTH
BOJIONIPOBIJI, A€ MOXE IMOKPUTH YACTHHY IIOJHMBY HEBEIMKOI 3elleHOi 30HH abo
HaBYaJIbHOI Teruii. st TymaHo36ipHuKa mioiero 50 M? npu cepeHbomy 300pi 3
7/M? 3a TyMaHHUH JeHb 1 60 TyMaHHHX JHSX 3a CE30H MOTEHIladl CTaHOBUTHME
omu3pko 9000 11, To6TO 9 M3. 3a Kpauwmx ripCbKUX YMOB OOCST MOXKe OyTH 3HA4HO
BUIIAM.

Takum 49mHOM, cHUcTeMH 300py atMocepHOi BOJOTH MOXYTh CTaTH
MEPCIEKTUBHUM JOTIOMIKHHUM JDKEPETIOM BOJOIOCTa4aHHS B YKpaiHi, 0COOMHBO IS
BiJITaJICHMX Ta aBTOHOMHUX 00’ €KTiB. [loganpmmii po3BUTOK TEXHOJIOTIH OB’ I3aHUN
13 BUKOPHCTAHHSM HOBHMX MaTepiaiiB, MOBEPXOHb Ta CTBOPEHHSIM TiOpUIHUX
eHeproe(peKTUBHUX CHCTEM aTMOC(HEPHOTO BOI0300DYy.
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IH)KEHEPHE 3ABE3IIEUEHHS CEJIA BAPBAPIBKA
JYBEHCBKOI'O PAMOHY HOJTABCBKOI OBJIACTI
IMPUPOJHUM I'A30M 3 OIITUMIBAIIIEIO ITPOIIECIB

TEINJIOTEHEPAIIIT

YyeB Oaexcanap OsekciioBu4

CTYJEHT

XapKiBCbKUI HalllOHAIBHUN YHIBEPCUTET MICHKOTO rocnogapcersa imeHi O. M.
bekerosa

Peabko Anapii OQJiekcaHaApoBHY

1.T.H., Ipod.

XapKIBChbKHI HAllIOHAJbHUN YHIBEPCUTET MICHKOT0 rocnogapctsa imeHi O. M.
bekerosa

HaniitHe rasomnoctadyaHHs CUIbCHKMX HACEJICHUX MyHKTIB MOTpeOye OJTHOYACHOTO
PO3IIIAY TiIPaBIIYHUX PEXKUMIB MEPEXi, TEIJIOBOTO HABAaHTAKEHHS CIIOKMBAUiB Ta
€(eKTUBHOCTI TeIJIOreHepyr4oro oOnaaHaHHsa. Jljis cucTteM TemIonocTavyaHHd 3
JeKUTbKOMA JKepeslaMH TEIJIOTH IMOKa3aHo JOMUIBHICTh ONTUMI3AIlT PEXKUMIB pOOOTH
KOTJIIB 13 BHUKOPUCTAHHSAM IIPOTHO3YBAaHHA IMOMHUTY, IO Ja€ 3MOTY 3MEHIIYBaTH
BUTpATy MajiiBa 0e3 MOripiieHHs TerioBoro kompopty [1]. Jyist moGyToBUX KOTIIIB
e(eKTUBHICTh KEpPyBaHHS MOXe OYTH MiABUIICHA IUIAXOM MPOTHO3YyBaHHS
HAaBAHTA)KEHHS Ta ONTHUMI3alli pEeXUMYy TOpPIHHS, 30KpeMa 13 3aCTOCYBaHHSIM
riopuaHux anroputmis [2]. Ha piBHI ra30po3n0aiabHO1 iHQPACTPYKTYPH BAKIUBUMHU
€ MaTEMaTUYHE MO/ICJIFOBAHHS MMOTOKIB 1 BUOIp ONTUMAIBHOI KOH(ITYpalLlii Mepesxi s
3a0€3MEUeHHS] TEPCIEKTUBHOTO MOMUTY [3], a 4YacoBy 3MIHHICTh CIOXXHWBaHHS
JOLIJIBHO BPaxoBYBAaTH MijJ 4Yac aHalli3y €HEPreTMYHUX MOTOKIB 13 3aCTOCYBaHHSIM
METOJIIB 1HTEJIEKTyanbHO1 ontumizaiii [4]. CydacHi mMeToau cuctemMHoro predictive
control opieHTOBaH1 Ha y3roJ/UKEHHS FeHepalii Ta MONUTY B MaclITadl BCI€l CUCTEMHU
TeryionocTtayanHs [5], mpu 1bpoMy cTaOuTi3allisl TEMIEPaTypHOTO pEeXUMYy Ta
MIJBUIIEHHS EKCIUTyaTallifHOi €(QEeKTUBHOCTI TEIJIOBOTO MYHKTY MOXYTh OyTH
JIOCSITHYTI HAa OCHOB1 MOJIEJILHO-TIPOTHO3HOTO KepyBaHHs [6]. BoaHouac mepexin 10
HIOKYUX TEMIEPATypPHUX PIBHIB PO3TISAAETHCS SK OJWH 13 HAIPSMIB 3HIDKCHHS
EHEPreTUYHUX BTpAT y CyYaCHHUX TEIUIOBUX CHUCTEMax [7], a pO3paxyHOK TEIJIOBTpaT
MepeX MOBUHEH CIHUpaTucs Ha BepudikoBaHi MmaTeMaTudHi mozeni [8]. Jlms razoBux
MepeX MPUHITAIIOBUM € TaKOXK IMiATPUMaHHS OaJlaHCy MK ITOAaYero Ta CITOKUBAHHIM
3 ypaxyBaHHSM T1JIpaBlIIYHUX, TETUIOBUX 1 €HEpreTuuyHux ooMexxkeHsb [9]. Tomy mis
cesna BapBapiBka JOIIIIbHO OLIIHUTH B3a€EMO3B'sI30K HEOO0X1JHOT TETJIOBOI MOTY>KHOCTI,
Koe(irieHTa 3aBaHTaXXeHHS KoTJa, oro ymoBHoro KKJ[ Ta BuTpatu npupoaHoro rasy
i Ha 111¥1 0OCHOBI1 c(hOpMyBaTH PO3PAXyYHKOBUM PEKUM TEIJIOTCHEpallii, MPUIATHUM IS
1HKEHEPHOr0 OOTPYHTYBAHHS CUCTEMH Ia30MI0CTAYaHHS.
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Meta po0GOTH — OIIHUTH BIUIMB ONTUMI3alli PEeXHUMYy TEIUIOTeHepallii Ha
HEOOX1JJHYy BUTpPATy HPHUPOAHOTO razy Jyuisi cena BapBapiBka Ta BHU3HAYUTH PEKUM
YaCTKOBOT'O HaBAaHTAXKEHHS, 3a SIKOT0 30epiraeTbcsi HEOOXiIHA TETIOBA MOTYKHICTh 32
OJIHOYACHOT'O 3HMKEHHSI TUTOMOI BUTPATH NaJIUBA.

JInst 1HKEHepHOi OILIIHKK MPUUHATO CIPOILNEHY CTalllOHApHY MOJIENb T000BOTO
TEIJIOBOTO HABAHTAXKEHHS, Y SKIH 3a/1aHO TEIJIOBY MOTY>KHICTh CUCTEMHU OMAJICHHS,
HOMIHAJIbHY TOTY>KHICTh KOTJa, 3aiexHicTh KKJI Bl koedilieHTa 3aBaHTaXKECHHS Ta
HIOKYY TETUIOTY 3TOPSHHS MPUPOAHOTO ra3y. [lopiBHIOIOThCS /1Ba pekuMU: 0a30BUH 1
ONTHUMI30BaHUU. Y poO3paxyHKax BHUKOPHUCTAHO HOMIHANbHY MOTY)XHICTb OJHOTO
yMOBHOTO TermoreHeparopa 250 kBT Ta uyacoBi TOYKH XapaKTEpPHOTO 3UMOBOTO
HAaBaHTAKCHHA. MoJens HE MpeTeHAyE Ha 3aMiHy MPOEKTHOTO TiAPaBIIYHOTO
PO3paxyHKy MEpexi; ii MpU3HAYEHHS — KIUIbKICHO TMOKa3aTH €(PEeKT peryyroBaHHs
TeTIoreHepaiti.

(1)

ne Qn — TeruioBa MOTYXKHICTh CUCTEMH, Qn — HOMIHAJIbHA TEIJIOBA MOTYKHICTh
KOTJIa, 0 — KOoe(DIII€EHT 3aBaHTaXEHHS KOTJIA.

n@) =M — ¢ (@ —0,)
(2)

ne n(¢e) — ymoBauit KKJ][ Tenioreneparopa, Nmax — Makcumanbauit KKJI, ¢ —
Koe(iIieHT BTpaT HAa YACTKOBOMY HaBAaHTAXEHHI, (Pm — KOS(DIIIEHT HABAaHTAXXEHHS B
TOYII MiHIMI3aIlil BTpaT.

: - 3.6
Vg = AL
np, - LHV

3)

ne Vg — o0'eMHa BUTpaTa MPUPOJHOTO Ta3y, pg — CYCTUHA MPUPOJHOTO Tasy,
LHV — Hmxya Temiora 3ropsiHHA rasy.

4)

e Sg — 1060Be EHEProCIOKUBAHHS Ta3y, Qn — CEPEIHE TEIUIOBE HABAHTAXKEHHS,
Nm — cepeaniit KK/ 3a nmepiof ti—t2; iHIEKC m Mo3HaYa€ PEKUM, 110 aHATI3YEThCH.

JI71st 4ucnoBOi OLIHKK CPOPMOBAHO YOTUPH XapaKTEPHI PEKUMU HABAHTAKECHHS.
Jiist 6azoBoro pexkumy npuitHsaTo HUx4Hi KK/ mpu yacTkoBOMYy HaBaHTa)Ke€HH1, TOII
AK B ONTHMI30BAaHOMY PEXHMI TeIJIOTeHepaTop TMpaioe Onuxde a0 o0macTi
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MakcumanbHoro KKJI[. Tabmursg 1 MictTuth omgHaxoBWi HaAOIp BETWYWH IJIsT 000X
PEXKUMIB; caMe 111 JJaH1 BUKOPUCTAHO JiJist o0y noBu Puc. 1.

Ta6auus 1. Po3paxyHkoBa BUTpaTa NpUPOJIHOTO ra3zy 3a pi3HUX TEIUIOBUX

HaBaHTAXXCHb ] ]
Vg 0a3. Vg ontum.
— o 9 9
Qi, kBT P m, % mM3/ron m3/ron
75 0.30 94.3 9.18 8.42
125 0.50 94.8 14.97 13.96
175 0.70 95.0 20.82 19.50
225 0.90 94.9 26.89 25.11
27.5 1
—®— DbasoBHii pexuM
CEI 25.0 OnruMi3oBaHul pexUM
=
55 22.5 A
8
o 20.01
g
g 17.5 -
S
£15.01
<
§ 12.51
2
M 10.0 4
8I0 l(l)O 12I0 llllO 1€I50 léO 2(I)0 22IO

Temrosa motyxuicTh Qn, KBT

Figure 1. 3anexHICTh BUTpATH MPUPOIHOTO Ta3y Bij] TEIIOBOTO HABAaHTAKEHHS
Jlxepeno: po3po0JIeHO aBTOpaMH

3a 6a30BOT0 PEKUMY 31 3pOCTaHHSM TETUJIOBOTO HaBaHTAXXEHHS Bia 75 mo 225 kBT
BUTpaTa ra3y 3poctae Big 9.18 10 26.89 m*/roa. B onTumMizoBaHOMY peXUMI1 B1IMOBIIHI
3HaUY€HHA CTaHOBIATH 8.42 Ta 25.11 ™3/ron. HaiiGinblue BiIHOCHE CKOPOYEHHS
BUTPATH CIIOCTEPIraeTbes MpU HaBaHTaxkeHH1 75 kBT 1 nopiBHioe 8.3 %, Toai ik ipu
225 Bt edexr cranoButrh 6.6 %. OTxe, mepeBara ONTUMI30BAHOTO PEXUMY
MPOSIBJISIETBCSL  MEPEAyCiM Y 3MEHILIEHHI NaJUBHUX BTpAaT MpPHU YaCTKOBOMY
HaBaHTaxeHHI. OCKUIbKHM OOHIBI KpHUBI MOOYJIOBAaHO 3a TIED CaMOK BHXIJIHOIO
TEIJIOBOIO TOTYXKHICTIO, PI3HHII MK HUMH BHU3HAUYAETHCS JIUIE MPUUHSTOIO
xapaktepuctukoro KKJI. Ile y3romkyeThcsi 3 3arajabHOIO 17I€€I0 MPOTHO3HOTO Ta
ONTHUMI3aIlIfHOTO KEPYBaHHS, KOJU PEKUM T€HEpaTopa Y3TOMKYEThCS 3 MOTOYHUM 1
ouikyBaHuM nornutoM [ 1], [5], [6].

Po3paxyHkoBa Mojie1b oKa3aia, 1o AJs yMOBHOI CUCTEMH TEIUIOTeHepallii cena
BapBapiBka 3MeHIIIEHHS 4acTKU POOOTH KOTJIa y HEee(PEeKTHUBHIN 30HI YaCTKOBOTO
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HABaHTa)XCHHSA MOX€E OyTH BUKOPHCTAHO SIK MPOCTUM 3aci0 CKOPOUYEHHS CIOKMBAHHS
OPUPOTHOTO Ta3zy. 3a MPUHHATHX BUXIIHUX IMapamMeTpiB ONTHMI30BaHHHA PEKUM
3a0e3MeYnB 3HIKEHHS MUTOMOI BUTPATH Ta3y B CEpeaHhOMY MpHOIM3HO Ha 6—7 %
MOPIBHAHO 3 0a30BUM PEXHUMOM O€3 3MIHHM HEOOXIJIHOiI TEIIOBOI IMOTYKHOCTI.
[IpakTH4HO I1I€ O3HAYa€ MOIUIBHICTh Y3TO/KEHHS PEXHMIB TEIUIOreHepaTopa 3
(GaKTUYHUM TEIUIOBUM TIOMUTOM 1 BHUKOPHUCTAHHS MPOTHO3HOTO PETYJIIOBAHHS IS
3MEHIIIEHHS TpUBaJOCTi HeeheKTHBHOI poOoTH. OTprMaHi 3HAYCHHS € Pe3yJbTaTOM
MOJIETIbHOI OILIIHKY 1 MalOTh OyTH yTOYHEHI Ha CTafll MPOEKTYBaHHS 32 (PaKTUIHUMU
XapaKTepUCTHKaMH OyJiBelb, ra30BOT MEpEki, KOTEIbHOTO 00MagHaHHS Ta rpadika
TEIIOBOTO HAaBaHTAKEHHSI.
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In the 21st century, the development of a scientific culture within society—based
on the dissemination of reliable knowledge, the cultivation of critical thinking and
environmental awareness—has taken on particular significance. Natural history
museums play a vital role in this process, combining the functions of scientific
institutions, educational centres and cultural and educational hubs. They ensure the
preservation of natural heritage, the popularisation of science and the fostering of a
responsible attitude towards the environment.

The relevance of this topic stems from the need to raise the scientific literacy of the
population in the face of global environmental challenges, information overload and
the spread of pseudoscientific views. Modern museums are becoming platforms for
communication between science and society, promoting informal education and the
development of a research-oriented mindset among young people.

The aim of this paper is to analyse the role of natural history museums in shaping
contemporary scientific culture within society and to determine their significance in
the educational and cultural sphere.

Natural history museums are important institutions that ensure the preservation and
study of natural history collections. They house significant scientific collections, which
are used to study biodiversity, the geological history of the Earth, the evolution of the
living world and ecological processes. For instance, the National Museum of Natural
History of the National Academy of Sciences of Ukraine is one of the largest natural
history museums in the world and the largest in Ukraine. Its collections contain over
30,000 exhibits, and the exhibition covers geological, palacontological, botanical and
zoological fields [5].

Modern museums not only serve to preserve exhibits, but also actively disseminate
scientific knowledge amongst the public. The State Natural History Museum of the
National Academy of Sciences of Ukraine in Lviv identifies scientific, educational,
cultural and public awareness activities as one of its main objectives. The institution is
engaged in research into biological diversity, the development of natural history
museology, and the popularisation of modern science amongst the public [6, p. 6].
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In natural history museums, the educational and formative role is manifested in the
development of knowledge and the promotion of environmental, conservation and
aesthetic awareness amongst the public through the display of natural specimens, as
well as through the use of other forms of educational and formative work both within
and outside the museum. As the facts show, a significant proportion of the population,
particularly in large cities, has virtually lost touch with the natural environment and
feels no need whatsoever to preserve the natural heritage, the value of which they
cannot comprehend. For these people, issues such as the extinction of a plant or animal
species or the destructive impact of man-made factors on natural ecosystems are
completely alien, as they do not directly affect them; moreover, they are indifferent to
various activities related to the protection and study of the environment. In our view,
the reason for this situation is the still underdeveloped system of environmental
education and upbringing, which should instil in every person an awareness of their
direct connection with nature and of the dependence of humanity’s very existence on
the preservation of the environment. Natural history museums can play a significant
role in addressing these issues [2, p. 35].

The educational activities of natural history museums are carried out through
guided tours, themed exhibitions, interactive displays, lectures, workshops and popular
science events. By visualising natural processes, museums help visitors to better absorb
knowledge and foster a curiosity for learning. Interactive technologies, multimedia
resources, virtual tours and elements of augmented reality are of particular importance,
as they make scientific information accessible to people of all ages. Researchers note
that digital technologies and elements of gamification significantly enhance the
effectiveness of learning for the younger generation in a museum setting [4].

A museum can be regarded as a space for non-formal education, possessing a
unique resource base and playing an important role in shaping ecological and ethical
values, as well as a love of learning, from an early age.

Overall, education and museum work have much in common, ranging from
addressing current issues to formulating a shared goal — to nurture a conscious and
creative younger generation that will treat nature and the environment with respect and
love.

An important function of museums is to foster a scientific worldview and
environmental awareness. By learning about our natural heritage, people come to
realise the interconnection between society and nature, as well as the need to conserve
biodiversity. The National Museum of Natural History of the National Academy of
Sciences of Ukraine emphasises that its activities are aimed at shaping modern
understandings of nature and the issues surrounding human interaction with the
environment. [1, pp. 52-59]

Museums play a unique role in the development of young people. They contribute
to the formation of values, critical thinking, the development of research skills and an
interest in science. Museums help to shape a person’s scientific worldview, foster a
responsible attitude towards nature and raise awareness of the need to preserve
biodiversity and natural heritage. Scientific research indicates that museum
communication influences the mechanisms shaping individual and social

68



CULTURAL STUDIES AND MUSEUM STUDIES
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

consciousness, and also contributes to the development of the cultural and scientific
identity of the younger generation. [8, pp. 17-22]. In the current context of global
environmental challenges and the rapid development of the information landscape, this
is of particular relevance.

Given the emphasis on the role of the individual as the subject of museum
communication, museums are recognised as having a recreational and communicative
function. This is because the understanding of the museum as a scientific institution
and custodian of objects that will never return to their natural environment—a concept
familiar in European culture—is not well received by other cultures, particularly
traditional ones. People with such views prefer museums that organise themed
exhibitions, museum events, festivals and celebrations, and set up various interest
groups. One can visit a museum not only to gain knowledge and broaden one’s
horizons, but also simply to relax, enjoy aesthetic pleasures and socialise with like-
minded people [2, p. 36].

In addition to their educational activities, natural history museums serve as centres
for scientific research. They ensure the preservation of their collections, conduct field
research, systematise materials and collaborate with scientific institutions and
universities. Museum studies researchers emphasise that university and scientific
museums act as hubs for the dissemination of scientific culture and the development of
interdisciplinary communication [7, pp. 86—101].

In the face of today’s challenges, museums are also becoming important spaces for
public dialogue. They help to popularise science amongst the general public, counter
the spread of misinformation and build trust in scientific knowledge. At the same time,
the work of museums requires adequate support from the state and society, as the
effective functioning of the museum sector is a key factor in the development of
science, education and culture.

Natural history museums play a vital role in shaping society’s modern scientific
culture. They not only preserve unique natural history collections and the results of
many years of scientific research, but also ensure the dissemination of scientific
knowledge amongst the public. Through exhibitions, educational programmes,
interactive displays and modern digital technologies, museums make science
accessible and understandable to people of all ages.

Ukraine has a rich historical and cultural heritage; however, a significant number
of museums do not fully utilise their potential, not only due to insufficient state
funding, but also because of the conservative views of museum staff, a lack of
initiative, and a lack of interest and incentives. The new ‘Law on Museums’ is aimed
at overcoming the crisis in the Ukrainian museum sector, but as the law was only
recently adopted, it is as yet difficult to assess its effectiveness[3].

Thus, natural history museums are not only places for the preservation of natural
heritage, but also a powerful means of shaping a modern scientific culture within
society. The development of natural history museums contributes to the formation of
an environmentally conscious, educated and scientifically oriented society.
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TEXHIYHI BAMOI'M 10 3ACOBIB MEPEKEBOI'O
AHAJII3Y JJ151 PAHHLOT'O BUSIBJAEHHS
EKCOLIbTPALII JAHUX

Tepemenko Karepuna BosionumupiBHa,
CTY/ICHTKA,
HepxaBuuit yniBepcutet “KuiBchkuil aBianiiHuit iHCTUTYT”

Tepemenko Terssna IlaBiiBHa,
CTapIMii HAyKOBHUM CHIBPOOITHUK,
BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKaIlIK Ta iHdopmaTu3ailii imeHi ['epoiB Kpyt

Yepuui FOuis OsiexkcanapiBHa,
CTapIlIMii HAYKOBUH CIIBPOOITHHK,
BiiickkoBHif IHCTUTYT TeJIEKOMYHIKaIlIK Ta iHdopmaTu3ailii imeHi ['epoiB Kpyt

[Ipoiiec paHHBOTO BHUSBJICHHS HECAHKI[IOHOBAHOTO BHUBEIEHHA (€KCQUIbTpallii)
JaHUX 31 CKOMIIPOMETOBAaHUX NPHUCTPOIB NOTPEOy€e€ TMOCTIMHOIO MOHITOPUHTY
MepeKeBO1 aKTUBHOCTI HA PIBHI KOMYHIKaliiHOI iHppacTpykTypH. Ilicis oTpumMaHHs
JOCTYIly J0 KIHIEBOI CHUCTEMHU 3JIOBMUCHHK MOYE BHUKOPHUCTOBYBATH JETITHMHI
MEpEeXeBl MPOTOKOIM Ta 3allM(ppOBaHI KaHAIM 3B A3KY i1 [PUXOBAHOIO
nepeaaBaHHs iHGopMallii. Y TakKMX yMOBaxX TPaauLIMHUNA aHai3 BMICTY NAKETIB Ma€e
oOMeXeHY €(PEeKTUBHICTb, OCKIJIbKH MIU(PPYBAHHS MPUXOBYE KOPUCHE HABAHTAXKEHHS
MepexxeBux 3’e€aHaHb. CywacHl MIXOIW N0 aHaiizy 3amu@poBaHoro Tpadiky
nepen0avaroTh BUKOPUCTAHHS METAIaHUX, CTATUCTUYHUX XaPAKTEPUCTUK MOTOKIB Ta
THIIIMX O3HAK, SIK1 MOKYTh OyTH OTpUMaHi 6€3 JOCTYITy /10 BIKPUTOTO BMICTY ITAKETIB
[1].

OpHiero 3 OCHOBHUX BUMOT JI0 apXiTeKTypH 3aco0iB kinacy Network Detection and
Response (NDR) € orpumanHs MepexeBOi TejaemeTpii 0e3 BTpydaHHsS B IPOIIEC
nepeaaBanHs naHux. Jig 1mporo MoxyTh 3actocoByBaTHcs Network TAP Ta
MexanizmMu SPAN/Mirroring. BukopuctanHs okpemMoro inTepdeiicy MOHITOPUHTY Jlae
3MOTYy 3/1MCHIOBATM TACHBHE CIIOCTEPEKEHHS 32 MEPEKEBOI AKTHBHICTIO, HE
PO3MIIIYIOUM 3acid aHamizy 0e3mocepeHhO Ha NUISIXY MPOXOKEHHS JIETITUMHOTO
tpadiky. Takui miaxig 3MEHIIye pHU3HK BIUIMBY 3ac00y MOHITOPUHTY Ha
(YHKIIIOHYBaHHSI KOHTPOJILOBAHOTO KaHaly Ta 3abe3leuye OTpUMAaHHS KOIii
MEpEKEBUX JIaHUX JIJIsl TOAANIBIIOr0 aHami3y [2].

Hst Network TAP BaxiamBO BpaxoBYBaTH BIAMOBIAHICTE KWOTO TEXHIYHUX
XapaKTepUCTHK MapaMeTpaM KOHTPOJIbOBAHOTO KaHaly. 3a HaJeXHOIo MiI00py
obnagHanHs TAP moxe 3a0e3medyBaT OTpUMaHHS TOBHOI KOTMIii KOHTPOJIbOBAHOTO
TpadiKy I TMOJAIBIIOr0 makeTHoro aHamizy. SPAN/Mirroring, CBO€IO dYeproro,
BUKOPUCTOBYE (PYHKITIOHAIbHI MOXKJIMBOCTI KOMYTaTOpa Jijisi KOMitOBaHHS Tpadiky 3
BU3HAYCHUX MOPTiB ab0 iHTepdeiiciB. Tomy BUOIP KOHKPETHOTO CrIoco0y 300py JaHUX
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MOBUHEH 3JIWCHIOBATUCA 3 YypaxyBaHHSM TMPOMYCKHOI 3JaTHOCTI KaHaly,
HAaBaHTAXKEHHS HAa MepekeBe OO0JaJHaHHS Ta HEOOXIJHOI TOBHOTH MEpPEkKEBOI
TeJIeMeTpii.

BaxJInBUM KOMITOHEHTOM CHCTEMH BUSBIICHHS eKCiIbTpallii € 6araTopiBHEBUI
aHaii3  MepexxeBuxX 3’e€qHaHb. 4 OO  MOXYTh  BHUKOPHUCTOBYBATHUCS
XapaKTEPUCTUKU OKPEMHX MAaKETIB, MEPEXKEBUX TMOTOKIB Ta MPOTOKOIIB, a TAKOX
napaMeTpy B3aeMOIi MK BHYTPIIIHIMM Ta 30BHIIIHIMH By3jJaMu. AHai3 ajpec
JpKepenia Ta MPU3HAYCHHSI, TOPTIB, TPUBAIOCTI 3’ €THAHHS, KIJTLKOCTI IMAKETIB, 00CATY
nepelaHuX JaHUX Ta YacoBOI CTPYKTYpH MOTOKY Ja€ 3MOry (OpMyBaTH O3HAKH,
MIPUAATHI JUTsl BUSIBJICHHS HETUIIOBOT MEPEKEBOI aKTUBHOCTI. 30KpeMa, JOCIIKEHHS
3amu(poBaHOTO TpadiKy 1EMOHCTPYIOTh MOXIIMBICTh BUKOPUCTAHHS XapaKTEPUCTUK
MMAaKETIB Ta iX IMOCIIAOBHOCTEN JUIS BHUABJICHHS IIKIJUIMBOI AKTHBHOCTI HAaBITH 3a
BIJICYTHOCTI JIOCTYITy 10 KOPUCHOIO HaBaHTaxeHHs [1; 3].

OxpeMy yBary HeoOx1qHO npuauisaTy aHam3y TLS-tpadiky. 3acrocyBanns TLS
1.3 miaBumlye piBeHb 3aXHUCTy TNEpPEelaHuX J[aHUX, ajieé BOJHOYAC YCKIIAJTHIOE
BUKOPUCTAHHA TPAIUIIMHUX MIIXOMIB JO TACHUBHOTO po3mupyBaHHS Ta
moHiTopunry. NIST 3a3nauae, mo mexanizmu TLS 1.3, 30kpema 3a0e3nedeHHs mpsMoi
cexkpetHocTi (Forward Secrecy), MOXyTh NEpEMIKOJKATH TPATUIIAHUM METOJIaM
MAaCUBHOIO PO3IIM(PYBaHHS, K1 3aCTOCOBYBAIUCS /1JIs 3a0e3neueHHs BuauMocti TLS
1.2 [4]. ToMy nepcieKTUBHUM HampsMOM € BUKopucTanHs MetoaiB Encrypted Traffic
Analysis (ETA), siki JaroTh 3MOry JOCHIIKYBaTH XapaKTEPUCTUKHU 3aIM(pOBaHUX
3’€JIHaHb 0€3 HeOOX1THOCTI aHaII3yBaTH 1X BIAKPUTUIA BMICT.

OpHi€ro 3 XapaKTEPUCTHUK, MPUAATHUX JIJIS Takoro aHamizy, € TLS-BinouTok JA3.
Bin ¢opmyerbcss Ha ocHoBi mapamerpiB  TLS Client Hello Tta wmoxe
BUKOPUCTOBYBATUCA [ 11eHTU(diKalli ado KaTeropusalii KI1EHTCHKUX 3aCTOCYHKIB.
JlocmipkeHHsT TTOKa3yloTh MOKJIUBICTh BUKOpHUCTaHHS JA3 pre-hash 3Hauenb s
kateropuzanii TLS-Tpadiky Ta miBUILEHHS TOYHOCTI aHAII3y MEPEKEBUX 3'€/IHAHb
[5]. IIpu ibomy JA3 He MOBUHEH pO3TIISAATHUCS SIK CAMOCTITHA 03HaKa KOMITPOMETAIIii,
OCKLUJIBKH OJTHaKOB1 a00 moAi0H1 BIIOUTKH MOXXYTh BIIOBIJATH PI3HUM JICTITUMHUM
Ta IIKJIMBUM — 3aCTOCYHKaM. Moro  mouiisHO KOMOIHYBaTH 3  1HIIUMH
XapaKTEPUCTHUKAMU MEPEKEBOT aKTUBHOCTI.

st mMacmTabHOrO MOHITOPUHTY MEPEKEBOi 1HPPACTPYKTYpU JOIUIBHUM €
BukopuctanHa 1moTokoBoi Tenemetpii NetFlow/IPFIX. Cranmapt IPFIX Bu3Hauae
MeXaH13M nepenaBaHHs 1HQopMallli Ipo MepexeBl MOTOKU BiJ] MPOLIECY EKCIOPTY A0
npoiiecy 300py Ta 3abe3neuye yHipiKOBaHE MPEACTaBICHHS NOTOKOBUX AaHuX [6]. Ha
BIIMIHY BiJ] TOBHOTO 3aXOIUJICHHS MTAKETIB, TOTOKOBA TEJIEMETPisl JO3BOJISE 3MEHIITUTH
o0csr gaHux, 110 HEOOX1THO TepeaaBaTu Ta 30epiraTu, TOMy MOYKE 3aCTOCOBYBATHCS
JUIsT MaclTabHOTO aHajizy MepexkeBoi akTtuBHOCTI. Bomnouac IPFIX nHe 3aminioe
MOBHUM MaKeTHUN aHaji3, OCKUIbKM HE 3a0e3nedye JOCTYIY J0 MOBHOTO BMICTY
MEpEKEBHUX IMAKETIB.

[ToenHanHs PI3HUX JDKEPENT MEPEXKeBOi TelaeMeTpii nae 3Mory cdopMyBaTu
0araTopiBHEBY apXiTEKTypy MOHITOPUHTY, y SIKiil KOXEH METOJl BUKOPUCTOBYETHCS
BIJIMOBIJTHO /10 HOTO (PYHKITIOHATHBHUX MOMKJIHBOCTEH.
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[TopiBHSATBPHY XapaKTEPUCTUKY OCHOBHUX METOJMIB OTPHUMAHHS MEPEKEBOi
TeeMeTpii, iXHIX TmepeBar, OOMEXeHb Ta JOLUUIBHMX O00JIacTell 3acTOCyBaHHS
HaBeqeHO B Ta0au 1.

Taoaunga 1.

[TopiBHsIIIbHA XapAaKTEPUCTUKA METOJIIB OTPUMAHHS MEPEKEBOI TEIEMETPii

Merton OcHoBHI epeBaru OcHOBHI OOMEKEHHS Jouinbpaa o0acth
3aCTOCYBaHHs
Network TAP IToBHa komis | [Totpebye ¢isuunoro | Kpurnuni KaHaJH,
KOHTPOJILOBAHOTO BCTaHOBJICHHS; MaricTpaibHi
Tpadiky 3a HaJIEKHOTO | HEOOX1THO CETMEHTH, IEeTalbHUN
ninobopy TAP  Ta | BpaxoByBaru aHaii3 Tpadiky
BIJIMOBIAHOCTI ~ MOTO | XapaKTEPUCTUKHU
XapaKTEPUCTHK KaHaJIy Ta MPOIYCKHY
napameTrpaM KaHaiy; | 3JaTHICTb 3aco0y
BIJICYTHICTb MOHITOPHHTY
3aJIEKHOCTI BiJI
koH(irypamii SPAN;
MIPUIATHICTH VIS
JeTaIbHOTO
MIaKeTHOTO aHAJI3y
SPAN/Mirroring [Ipoctre posropranns; | MoxiuBa BTpara | BHyTpilHi cermeHTH,
BUKOPHUCTAHHS MaKeTiB IIpH | JIOKATBHHMA
HassBHUX GbyHKIIH | mepeBUIIeHH] MOHITOPHHT,
KOMYTaTOpiB; THYYKE | POIYCKHOI 3[JaTHOCTI | CEpeAOBHUIIA 3
BUOMpaAHHS  JUKEpel | HOPTY MOHITOPUHTY HOMIpHUM
Tpadiky HABAaHTAKCHHSIM
NetFlow/IPFIX 3Ha4YHO MeHmmii | He mictute moBHoOro | BusBrneHHs
oo0csr JAHUX | BMICTY IMaKEeTIB; | aHOMAJILHUX IIOTOKIB,
MOPIBHSIHO 3 TOBHUM | OOMEXKeHa JeTami3allisl | aHami3 o0csriB
3aXOIUICHHSM ITAKETIB; | MPHUKIIATHOTO PiBHS TepeIaBaHHs,
LIEHTpaJIi30BaHUI 30ip TPUBAJIOCTI Ta
MTOTOKOBOI{ HaIpsIMKY 3’ €THAaHb
iHpopMaii;
MacIITabOBaHICTh

3acToCyBaHHS HaBEACHUX METOMIB JIOUUIBHO KOMOIHYBaTH 3aJIe)KHO BIJ
MpU3HAYEHHS  KOHKpeTHOro  cermeHta  wmepexi. Network TAP  moxe
BUKOPUCTOBYBATUCS JJII OTPUMAHHS MaKCUMAJILHO MTOBHOT 1H(GOpMAITiT Ha KPUTHIHUX
ka"aiax, SPAN/Mirroring — a1 OepaTUBHOTO MOHITOPUHTY OKPEMHUX CETMEHTIB, a
NetFlow/IPFIX - nna macmrabHOro aHami3zy MOTOKOBUX XapakTepucTuk. [{omaTtkose
Bukopuctanid ETA pno3Bossie anamizyBaTu 3ammdpoBaHi 3’€JHAHHSA 32 iXHIMH
CTATUCTUYHUMH Ta TMPOTOKOJBHUMH XapakTepucTukamu. IIpum 1poMy cydacHi
JOCTIPKEHHST TIOKa3ylTh MEPCIEKTUBHICTh BUKOPUCTAHHS XapaKTEPUCTHUK ITAKETiB,
MMOCHITOBHOCTEN 11X MOBXKMH Ta I1HINIAX O3HAK I BUIBJIECHHS LIKIJIMBOTO
3amudpoBanoro Tpadiky [1; 3].

OTxe, epexkTUBHE BUSBICHHA EKCOHUIbTpAIlii JAaHUX HA PiBHI KOMYHIKAI[IHHOT
1HMpacTPyKTypu TOTpeOy€e TOEMHAHHA IEKUIBKOX JKEpeT MEpPEKEBOI TeIeMEeTii.
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ApxiTekTypa 3aco0iB aHai3y MOBHHHA 3a0e3MeuyBaTH MaCUBHE OTPUMaHHSA Tpadiky,
OaratopiBHEBMI aHalli3 MEPEKEBUX NOTOKIB, BUKopucTtanHs TLS-meraganux Tta
CTAaTHCTUYHUX XapaKTePUCTHK 3amudpoBaHux 3’enHaHb. KomOinyBanHs Network
TAP, SPAN/Mirroring, NetFlow/IPFIX Tta meromiB ETA cTBOproe oOcHOBY miis
BUSIBJICHHS aHOMAJIbHOT BHUXiJHOI aKTUBHOCTI, HETHUIOBHMX 30BHIIIHIX 3’€JHaHb Ta
IHIIMX O3HAK MOTEHIIHHOI eKchibTpalii 6e3 HeoOX1THOCTI MOCTIMHOTO JAOCTYITY 10
BIJIKPUTOTO BMICTY 3aIu(poBaHoro Tpadiky.
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3ACTOCYBAHHSA KAPTOI'PA®IYHUX MATEPIAJIIB
XVIII TA XIX CTOJIITH JIAA OHIHKH
AHTPOIIOI'EHHUX 3MIH B MEKAX BACENHIB
MAJIUX PIHOK

Hapux JIro6omup,

JOKTOp reorpadiyHux HayK, mpodecop

TepHONMUTECHKUI HAITIOHATBHAM MTeIarOTIYHUN YHIBEPCUTET
imeH1 Bonoaumupa 'naTioka

Hapux Iletpo,

KaHJIUJAT reorpaiuHuX HayK, JOLEHT

TepHONILCHKUI HalllOHAIBHUHN NIEarOTTYHUM YHIBEPCUTET
iMeH1 Bononumupa ['HaTroka

Hapuxk Bosxogumup,
noktop ¢inocodii (Hayku mpo 3emitto), BUKIaga4y
TepHONMIBCHKUI HALIIOHAJIBHUN MTeJaroriyHuil yHiBepcutet iM. B.I'HaTioka

Kaprorpadiuni jkepena BIIITPalOTh  BAXKIUBY pOJdb Y  JIOCHIJIKEHHI
AHTPONOTEHHUX 3MiH PIYKOBUX OaceifHiB. BoHu 3a0e3neuytoTh MPOCTOPOBY OCHOBY
JUTSL aHAJTI3y MPUPOJHUX Ta TOCIOJAPCHKUX MPOIECIB Y MekaxX 0aceHHOBUX CHCTEM.
3a J0NOMOIOI KapT MOXKHAa HPOCTEKUTH TpaHCPOpMALl0 pyces, 3aruiaB,
BOJIOCXOBHUII] 1 CTaBKiB. TeMaTWyHi KapTH JalOTh 3MOTY OIIHUTH 3MIHH
3€MJICKOPUCTYBaHHSA, JIICUCTOCTI, pPO30pPaHOCTI Ta 3a0yJOBaHOCTI TEPUTOPII.
[lopiBHSIHHS KapT pI3HUX YacOBUX TMEPIOAIB JO3BOJISIE BHUSBUTH JTUHAMIKY
aHTPOIIOTEHHOTO OCBO€HHs Oaceliny. I[{udposi kaprorpadiuni martepianm ta ['IC
320€3MeuyI0Th MO>KJIUBICTh KUIBKICHOT OIIHKHU MIPOCTOPOBUX 3MiH.
[loenHanus kaprorpaiyHMX 1 JMCTAHUIMHMX JaHUX MIABUIIYE JOCTOBIPHICTH
re0eKOJIOTTYHOTO aHam3y. OTxe, kaprorpadiuHi JKepena € BaXXJIMBUM IHCTPYMEHTOM
BUSIBJICHHS, OIL[IHIOBAaHHS Ta [MPOTHO3yBaHHA aHTPOIOIEHHUX TpaHcpopMarii
pIYKOBUX OACEHIB.

Kapt, mo Bxomate no ckiaxy Franziszeischer Landesaufnahme - 1e
KaprorpadiuHuil BENIMKUN MPOEKT Ha TeputTopii ['abcOyprcpkoi immepii, sSKuUl
MPUCBIYEHUN BUBUEHHIO 3eMeltb iMriepii B 1810-my Ta B 1850-x pokax. J[anuii mpoekT
Ha3BaHUHW B YECTh MEPIIOTO aBCTpichkoro immeparopa ®Opanma 1. Tlepen mum Oymo
3MiMCHEHO oOcTexkeHHs 3emenb Bif 1760-x go 1780-x pokiB (Joseph I1.), npyruii 3a
BEIIMYMHOIO BiIOOpakeHHs mpoekT MoHapxii ['abcOypriB. PoGoTta Ham mpoekTom
Franziszeischer Landesaufnahme Oyna 3aBepmiena y 1869 p. Kaprtu omnucysanu
teputopii Yropuunu, TpancinsBanii, ['anuunnau ta BykoBuHm.

Ha xapTtax BHAHO ONTHYHO TeMHI 300pakeHHS BHCOYMHHUX obnactei. Kaptu
odopMIIEH] B YOPHOMY KOJIBOPi, 30KpeMa, 300pakeHHs peabedy 3po0iieHe MTpUXamH,
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Ha BIIMIHY B1J] piBHS MOMEPEAHIX KapT BOHU CTAJIU YiTKIIIUMH, HABEJCHA J01aTKOBA
iH(dOopMaIris, sika TAKOK BKa3aHa YOPHUM, TOMY KapTa YUTa€Thbcs Baxko. [Ipodiemoro
€ Te, 1110 JIHIA KOHTYPY 1 pesibedy Ha KapTi HE ICHYE. [3]

Anam3 ponuHu piukd  JKypuH 3a KapTorpadiyHUM MaTepiajioM IepIioi
BIMCBKOBOI KapTH TOKa3aB HAsABHICTh 3HAYHOI KUIBKOCTI MPHUPOIHUX YTifb (BOJO-
OOJIOTHUX, JIYyYHHUX, JIICOBHX), iX BHCOKY YacTKy B MeXaxX pIYKOBOro OaceiiHy, a
3HAYUTH 30€perKeHi 1 MeHI TpaHchOpPMOBaHI MPUPOIHI YMOBU TepuTopii (puc.l.).

Taxk, y BepxHiit Teuii piuku, Ha il BUTOKaX, 30CEpeKeHI BOAO-00JOTHI yTiajas, 3
AKX OepyTh MOYATOK TOJOBHA piyKa Ta ii MPUTOKU. B3I0BXK pycia IUX BOJOTOKIB
3aryaBy 3a00JI04Y€HI 1 IEPE3BOJIOKEHI, 1110 CIIPHUSIIO MOBHOIIHHIN BOJHOCTI PIYKU 32
paxyHOK 3HAYHOTO 3aracy MOBEPXHEBUX BOJI, AKI MiJKUBIIOBAINA PIUUIIE BIIPOJOBXK
poky. Butoku 3amykeHi BOJHO-OOJIOTHOIO Ta JIYYHOIO pociuHHICTIO. [lpu mpomy
PO30paHICTh 1 3a0yI0BAHICTh TEPUTOPIT BEPXHBOI YACTUHU OaceiiHy Oyjia HE3HAUYHOIO

Puc. 1. [lepuuii BitickkoBuit orysan (1764-1784) imnepii ['abcOypris.
Jlxepeno pucyHka: [2]

1 1e 3amo0irajio HEraTUBHMM 3MIHAM XapakTepy 3eMJICKOPHCTYBAaHHS 1
0COOJIMBOCTSIM T1POJIOTIYHOTO pexuMy. B Mexax 1€l yaCTUHH PiYKOBOro Oaceiny
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JaCTKOBO OYB 3aperyJIbOBaHUM PIYKOBHM CTIK JUIsl 3HATTS IMOBEHEBUX 1 MaBOJIKOBHUX
MaKCHUMYMIB, a TaKOX JJis1 puOopo3BefeHHs. B Mexax cepeHbOi YaCMHU PIYKOBOTO
OaceliHy Ha BIITUHKY Bi7 c. [lomiBii o ¢. KommumiBil 3ycTpidaroThesi 3a00J104U€CHI
JOJIMHKY JIIBUX 1 TIpaBUX MPUTOK p. JKypuH, OKpeMi JIICOBI MAaCHMBH MK CeJIaMH
[ToniBmi 1 [Tamamieka, IomiBmi 1 bazap, bazap 1 bypskiska, IlomiBui 1 Kommumisiii.
3aperyyiboBaHICTh CTOKY HE3HAuHa, CTaBKM TNpelcTaBiieHI B cenax Kpusoiyka,
BypsikiBka. Oco611BOI0 3200JI0YEHICTIO BUIISETHCS JOJIMHA TIPABOi MPUTOKH p. bina
Kpununy, sixa Bnagae B p. xkypun B mexax c. Cnobiaka. JonuHa piuku B Mexax
HaceJICHUX MYHKTIB HE po30opaHa 1 He 3a0yoBaHa, MPUBATHI CaAuON HE PO3TAIIOBaHI
OJIM3BKO 110 BOIU. [3]

B HmxHIN yacTuHi 6aceliny piuku JXKypHUH CIIOCTEpIraEMo ii€anbHy CTPYKTYpPY
3eMenbHUX yrigb. Big c¢. KommwmiBui gonvHa piukd TIIMOOKO BpI3a€ThCS Y
HaBKOJIMIITHIO TIOBEPXHIO 1 0 1 TUpja 3pOCTa€ 3aliCHEHICTb TEPUTOPIi, JicCaMU
3alfHATO yCsl YaCTHMHA PIYKOBOI JOJUHU B Mexax cenuuy Canku, Ycreuko. CyiiiabH1
JICOBI MAaCUBHU CIIOCTEPITalOThCs Y PABOOEPEKHIN YaCTHHI PIUKOBOI MOJUHU. B 11iii
YacTUHI B MEXax piyMIla 1 pIYKOBOI JOJIMHHU (PYHKIIIOHYBaJIO HIICTh MJIMHIB, IO
CBIJTYWJIO TIPO 1HTEHCHUBHE BUKOPUCTAHHS €HEPrii BOJAM Y TOCTIOAAPCHKUX IIUISIX.

TakuM 4MHOM, B ME€XaX OCHOBHOI PIUKM Ta ii MPUTOK MEPEBAKAIOTh MPUPOJIHI
YT i1 BOJAOOOJIOTHOO, JTYYHOIO, TyYHO-4arapHUKOBOIO 1 JIICOBOKO POCIMHHICTIO.
Tpancopmariisi NPUPOJHUX KOMIIOHEHTIB HE3HA4yHa, piyka 1 11 NPUTOKHU
BU3HAYAIOTHCS BOJIHICTIO 1 MOXKHA TIEPEI0AYNTH BUCOKY SIKICTh BOJIH.

AHani3 HacTyMHOI KapTH - 1e Apyruid BikicekoBuil orisa (1806-1869) immepii
["abcOypri. Ha Hili crnocTepiraeMo po3raixyeHy MepexXy BOJOTOKIB B OKOIMIISX
Jxypuncbkoi CnoOinku. B nonumHax pidok BiOyBarOThCsS NMEBHI 3MIHM MPUPOIHUX
YTib 32 paXyHOK 3aKJIQJIKU cajiiB B Mexax cin Jbxypuncbka Cio0inka, xypun (puc
2)).

B wMexax nHacenenux nyHkTiB Jlxypuncbka Cno6Gigka, Jbxypun 1 IlomiBui
3 SIBISIOTHCS BOAsiHI MutnHU. B cemi [IxxypuH 1 Jxypunebka Crio6iaka TKBigOBaH1 IBa
CTaBKH, Ha MPABOOEPEKIKI PIUYKOBOI TOIMHU MK ceslamu [lanamiBka 1 bazap ctBopeHo
JicHUIITBO. B Mexax piukoBoi moiauHu p. JKypuH 1 1l IpUTOK 3MEHIITIIACS KITBKICTh
BOJI0O0O0JIOTHUX YT1/1b, IIIO CBITYUTH MPO TEBHI T1IPOMETIOPATUBHI 3aX0/IH 3 OCYIICHHS
3200JI09CHUX 3eMellb. [4]

Ha ychoMy mpOMDKKY pPIYKOBOTO OaceiiHy CHOCTEpITaEThCsl 3POCTAHHS ILIOIII
HACEJEHUX MYHKTIB 1 CUIbCHbKOi 3a0y/IOBM 1 3MEHIIEHHS IUIOUI JICOBUX YTijb.
3pocTaHHS HACEJICHUX TYHKTIB, TIOsBa JOJAATKOBUX MJIMHIB 1 3MEHIICHHS
BOJI00OJIOTHUX YTifb CBITYATh MPO 3POCTAHHS OPHUX 3E€MEIIb Ta MOCHJICHHS BIUIMBY
roCTOIapChKOl AISTILHOCTI Ha JaHAma@TH PIYKOBOI JOJWHU. AHANII3 Cy4acHOI
CTPYKTYPH 3€MJIEKOPUCTYBaHHS OaceilHy piuku [KypuH, y TOMYy YHCIII 3 1OMTOMOTOIO
KapTtorpadiyHUX MaTepialliB 1 CTATUCTUYHUX BIJIOMOCTEH CBIAYUTH MPO HAMOLIBIII
TpaHchOopMaIliitHi 3MiHU CTPYKTYPHU 3€METbHUX YTiIb PIYKOBOI IOJMHH BIIPOIOBK XX
CTOJIITTS, IO CTaj0 Pe3yJbTaTOM IMOAAIBIIOTO TOCHOIAPCHKOTO0 OCBOEHHS JAaHOI
TEePUTOPIi.

Y uelt mepiofl TPOJOBKYETHCS 3pOCTaHHS IUIONIl CLIBCHKOI 3a0ya0BH,
OYIIBHHUIITBO JOPIT 3 TBEPAMM MOKPUTTSAM, (OPMYBaHHS TBAPUHHHUIIBKUX (PepM 1
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KOMIUIEKCIB, OYyJIBHUIITBO CTaBKiB, BIAKPHUTTSA Kap €piB, OYyHIBHUIITBO IETEIHHHUX
3aBojiB. BimOyBasioch Tonanblle PO30OPIOBAHHSA 3€MENBHHUX YTidh 3a PaxyHOK
MeJtioparliii BOJ0OOJIOTHUX YT1Ib Ha BOJOIAX 1 JOJMHAMH PIYOK, CKOPOUCHHS TIOI]
JYYHOI 1 JIICOBO1 POCIIMHHOCTI B BEPXHi#l 1 cepeHii YaCTHHI pIYKOBOTo Oaceiny.
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Puc. 2 Jlpyruii BificbKOBUM orIs (1806-1 869) imriepii ['abcOypris
Jlxepeno pucyHka: [1]

Takox MPOBEAECHO ICTOPUKO-TeorpadiuHy OIIHKY TOCHOJAPCHKOIO OCBOEHHS
piukoBoro Oaceitny I'niznu 3a kaprorpadiunnmu Marepianamu XVIII 1 XIX cromith
Ta TomorpadiuHux KapT, cydacHuX aepodorosHiMmkiB. Kaprorpadiuni marepianu
3aCBIUYIOTh EKCTEHCUBHUM XapakTep TOCIHOAapChbKOTrO BIUIMBY Ha MPHUPOAHI
KOMILJIEKCH. 30KpeMa, Ha KapTi NepIIoro BiicbkkoBoro orisay (1779-1783 pp.) imnepii
['abcOypriB crocTepiracMo HasSBHICTb B PIYKOBOMY OaceiiHi OuIbIIol KiJIbKOCTI
NPUPOIHUX YTiib (BOJHO-O0JIOTHUX, 3aIUIaBHUX JYK 1 macoBwil, JiciB). Ha BuTokax
TOJIOBHOT PIYKHM 1 i TMPHUTOK CIIOCTEPIraEMO HASBHICTh 3a00JIOYCHUX TEPUTOPIN 1
3aliaBHUX JIyK, (parMeHTiB JIICOBOI POCIMHHOCTI. B Mekax BEpXHbOI 4YaCTUHU
OaceifHy CrocTepiracMo HasBHICTh CTaBKIB, IIO CBITYHTH IPO 3apeErysbOBaHICTh
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PIYKOBOTO CTOKY ISl yHEMOXIIUBIICHHS TIOBEHEBHX 1 MABOJKOBUX IMIHOMIB BOJH Ta 3
MeTOI0 pubopo3Be/ieHHs. BapTo BiAMITUTH TOU (DaKT, 110 BUTIK PIYKK 3HAXOJUTHCS B
KUIBKOX KIJIOMETpax 3axiJIHIIle HUHIITHBOTO.

B 6Gaceiini piuku ['Hi3HU ciocTepiraeMo OUIbII CIPUATINBY CTPYKTYPY 3€METbHUX
VTi/Ib 32 HUHIIIHIO, OCKUIBKK BOJIHO-OOJIOTHI YTiJIsl HA TOW Yac HE 3a3Hali 1CTOTHOT
Meniopatii. CXUJIOBI JUISHKH pyces OyJd BKPUTI JYYHOIO 1 JIICOBOKO POCIUHHICTIO,
BOJIOJILTK OyJIM MEHIII pO30paHuMu (puc 3).

VY BepxHiii YaCTHHI pIYKOBOTO OaceiiHy BiJl BUTOKY /0 M. 30apa)k CrocTepiraaoch
6mu3bpko 20% JICOBHUX YTifb, OLIBII TYCTOIO Oylia piukoBa Mepeka, PYHKIIIOHYBaIO
om3pko 10-T cTtaBkiB. CXWJIOBI MICIIEBOCTI Ha KapTi 3alITPUXOBAHO, IO A€
MO>KJIUBICTh Bi3yaJIbHOTO BIJICTEKEHHS MIKpopenbedy MicieBocTi [5].

B Mexax cepemHboi 4acTMHM PIYKOBOTO OaceiiHy ['HI3HM 3MEHIIYE€ThCS YacTKa
JCOBUX YTi1b, HATOMICTH 3POCTAE YaCTKa BOJOALTHHUX JYKiB 1 OPHUX 3€MEITb.

B HmxHil yactuHi Oaceiiny ['HI3HM 3pocTae yacTKa OpPHHX 3€MeJb B MEXKax
npuToku piukn COpoOYaHKH Ta JIICOBUX Yrifp B okoimuugax c. KpoBuHka Ta M.
TepeOoBms. B Mexax 0OCHOBHOT piuKH BIAMIYaEMO MPUYPOUEHICTh O-TH CTaBKIB.

£ 4

L&)

ﬁ L N M i SN g"‘
Puc 3. [lepuuii BiticekoBuit orsia (1779-1783pp.) imnepii 'abcOypri
Hxepeno pucynka: URL: https://maps.arcanum.com/en/map
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Amnani3 kaptu Oaceiiny piuku ['Hi3HH cepeannn XIX CTOMITTS MOKa3aB iCTOTHIIIY
OCBOEHICTh TEPUTOPIi, 32 PaXyHOK 30UIBIICHHS YACTKH OPHHUX 3€MEJb, 3MEHIIEHHS
YaCTKHU JIICOBUX MACHBIB, 3pOCTaHHS 3aperyibOBaHOCTI CTOKY SIK B MEKaX OCHOBHOI
piuky, Tak 1 ii mputok (puc 4.). 3pocTtae (parMeHTapHICTh JICOBOTO IMOKPHUBY,
3 ABJISIIOTECA OKpPEMi JUISHKH 3aKJIaJeHUX CajiB. 3pOCTa€ YacTKa MEIIOpOBaHUX
3eMeb y 3aIljlaBaX OCHOBHOI PIYKHM 1 i MPUTOK, HAIBHUX CTAaBKiB, BOASHUX MJIMHIB,
PO3LIMPIOIOTHCS IO 320y IOBAHUX 3€MENb Ta IOPIT 3 TBEPJIUM MOKPUTTSM.

Amaniz xkaptocxeM XX CTOJITTS 3aCBiAYYE PO3IMIMPEHHS IUIONI OPHHUX 3EMEINb,
JOpIT Ta TiA’{3HUX NUIAXiB, MK HaceleHUX MyHKTIB. B cepemuni XX cTomiTTs 3
YTBOPEHHSIM KOJEKTUBHUX TOCHOJIAPCTB, pOo30YyIOBYIOThCA OyAiBII TOCHOAAPCHKOTO
MPU3HAYCHHSA: TPAKTOPHI OpUraau, MpUMIIICHHS TOKIB, TBAPUHHUILIBKUX (hepM, JTITHIX
BUTOHIB 11 yTPUMaHHS TBAapWH, IACOBWIN, IO JACMOHCTPYE TOTIUOJICHHS
TOCIIOAPCHKOTO OCBOEHHS TEPUTOPii, 3 BIAMOBITHUM 3MEHIIEHHSM YTiAb i
MIPUPOTHOIO POCIUHHICTIO.

VY nepioa 70-x pokiB XX CTONITTS BiIOYBAETHCS MACOBE OCYIICHHS 3a00JI0YEHUX
Ta TMEPE3BOJIOKEHUX 3€Mellb, 10 OyJ0 MOB’A3aHO 3 HEOOXITHICTIO 30UIbIICHHS
00poOIOBaHMX ILJIOI 1 TBUIIEHHS TPOTYKTUBHOCTI CIIIbCHKOTOCTIONAPCHKUX YT1Ib.

BANRC,

Puc 4. Ipyruii Bilicbk

OBHil OrIIAY 1 861-1864 pp.) imnepii ['abcOypriB.
Jlxepeno pucynka: URL: https://maps.arcanum.com/en/map/secondsurvey-galicia
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BucnoBku. Ha ocHOBI 371icHEHOT0 aHaTiI3y KapTorpadiyHuX MaTepiaiiB MEepIIOro
Ta JPYyroro BIMCBKOBUX OTJIAIB 1Mmepii ['abcOypriB, a TakoX Cy4aCHUX JaHUX,
JOCIIDKEHO JUHAMIKY TOCIIOJapChKOTO OCBOEHHS Ta TpaHcdopMarii anamadTHOT
cTpykTypu OaceiiHiB piuok Jkypun 1 I'nHizHa. CdopMylibOBaHO Taki OCHOBHI
BHUCHOBKH:

Bucoknii exoJ0riyHMi NOTEeHUIaJ y MHHYJA0MY: 3a naHumu I[lepmoro
BiKickkoBoro orjisany (ki"ers XVIII ct.), 6aceliHn 000X pIUOK XapaKTEpPHU3yBaJIHCS
171ealibHOI0 CTPYKTYPOIO a00 HU3bKUM PIBHEM aHTPOTIOT'€HHO1 TpaHcpopmarlii. Bemnka
yacTKa MPUPOJHUX YTiab (BOJOOOJOTHHX, JIyYHHX, JIICOBUX) Y BEPXHIX Ta CEpeaHIX
Teuisix 3a0e3nedyBajia IMOBHOIIHHY BOJHICTh PIYOK, CTAOLIBHHUM TiAPOJIOTIYHHIMA
PEXKUM Ta BUCOKY SIKICTH BOJI.

IHouaTok inTencudikauii rocnoxapwoBanua (XIX cr.): Marepianu pyroro
BilicbKkOBOTO orysiny (cepearna XIX cr.) pikcyroTh nepexia 10 OiIbIl IHTEHCUBHOIO
BUKOpPUCTaHHA TepuTopiil. Lle BUSABWIOCS y 3pOCTaHHI IUION] HACEJIEHUX IYHKTIB,
PO3IIMPEHHI OPHUX 3€MEJIb 3a PaXyHOK BUPYOKH JIICIB, IEPBUHHIN Tigpomeriopaltii
(ocymieHHi 00IT), aKTUBHOMY OYJIIBHUIITB1 BOJSSHUX MJIMHIB Ta 301JIbIIICHH] KIJILKOCTI
CTaBKIB JJI PEryJIIOBaHHS CTOKY i pUOOPO3BEICHHS.

Ilix anTponorennoro Tucky (XX cr.): Hacimijikom akTHBHOT'O TOCIIOIAPCHKOTO
OCBOEHHSI BHPOJOBX XX CTOJITTS CTaId KapJAWHAJIbHI TpaHCcpOpMalliifHl 3MIHU
CTPYKTYpH 3eMelbHUX YTiJib. CTBOPEHHS KOJIEKTUBHUX TOCHOJAPCTB, PO30y/I0Ba
1H(pacTpyKTypH, OyJIBHULITBO JOPIT 13 TBEPAUM MOKPUTTAM, PYHKIIOHYBaHHS (hepM
1 LEereJbHUX 3aBOJIIB MPU3BEJM 10 MAaKCUMAaJIbHOTO PO30PIOBaHHS 3eMelib. MacoBa
Memiopaiisg 1970-x pokiB CpUUUHIIA TOTATbHE CKOPOUYEHHS BOAOOOJIOTHUX YTib Ta
MPUPOIHOI POCIMHHOCTI, IO CYTTEBO 3MIHWJIO MIPUPOAHI YMOBH OaceiHIB PIYOK.

TakuM dYHHOM, 3aly4eHHS PETPOCHEKTUBHUX KapTOrpaidyHUX  JHKEpe
(Franziszeischer Landesaufnahme ta Joseph I1.) n103BOMsi€ YITKO MPOCTEKUTH €TATH
nepexoAy  BiJ  €KOJIOTYHO  30ajlaHCOBaHOTrO  JaHamapTy A0  TIIUOOKO
TpaHC(OPMOBAHOTO AHTPOIIOTEHHOTO CEPEIOBUINA, 10 € BAXKIUBUM IS PO3POOKH
CyYacHHUX CTpATeTii BiTHOBJIECHHS PIYKOBUX eKocrcTeM 3aximHoro Ilomims.
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OEFPYHTY]%AHHH NOTPEBU IHBECTUILIIN TA
IHHOBALIH B 3ABE3IIEYEHHSA BIJIBY 10BU
ATPOCEKTOPY YKPAIHHU

Yyo6a Poman,
acIripaHT
HartionanpHuit HaykoBui 1IEHTP «[HCTUTYT arpapHOi €KOHOMIKI

ATponpoMHUCIOBUN CEKTOp YKpaiHM € OJHHUM 13 KIIOYOBUX EJIEMEHTIB
HaIIIOHAIPHOT E€KOHOMIKH, IPOJOBOJIPYOI OC3MEKH, €KCIOPTHOrO IIOTSHINaNny Ta
PO3BUTKY CLIBLCBKUX TepuTOpid. IloBHOMacmTabHa BifHA CIPUYMHMIIA MAacIITaOHI
pyiiHYBaHHS BUPOOHUYOI, JIOTICTUYHOI Ta €HEPreTHUYHOi 1H(PACTPYyKTypH, BTpaTu
CUIBCHKOTOCTIOAAPChbKUX AaKTHUBIB, OOMEKEHHSI JOCTYNY 10 3€MEJbHUX PECYpPCIB,
nedIUT TPYAOBUX PECypCiB Ta 3poCcTaHHs cOOIBapTOCTI BUPOOHMIITBA. 3a IIUX YMOB
B1/10y/10Ba arpoCeKTOpy MOTpeOye HE MPOCTOTO BiTHOBICHHS BTPAYCHUX BUPOOHUYUX
MOTY>KHOCTEH, a (opMyBaHHS HOBOi MOJIEIl PO3BUTKY, 3aCHOBAHOI HA 1HBECTHIIISX,
1HHOBAIlIAX, IM(poBizalii, pecypcoedEeKTUBHOCTI, KIIMAaTUYHIA CTIAKOCTI Ta
IHTerpamii 70 €BPONEHCHKOr0 arpomnpoaoBoJibdoro mpoctopy. OOIrpyHTOBaHO
MPIOPUTETHI HANpPSMHU I1HBECTYBAaHHS Ta 1HHOBAIIHHOTO PO3BUTKY arpoceKTopy
VYKkpaiHu B KOHTEKCTI IOBOEHHOTO BiJTHOBJICHHSI.

CulbChKE TOCMOJAPCTBO TPATULINHO BIIITpa€e CTpaTEridyHy poJjb B EKOHOMIIl
VYkpainu, 3a0e3nedyrodu MpoJOBOJIbYY O€3MEeKy HaceJIeHHs, 3HAuYHy YacCTUHY
BAJIIOTHUX HAJIXOJKEHb B1JI €KCIOPTY, 3alHATICTh HACEJNECHHsS Ta (YyHKLIOHYBaHHS
CUIBCBKHMX TEpPUTOpIN. YKpaiHa N0 MOYaTKy MOBHOMAcCIITaOHOI BiiiHM chopmyBaa
MOTY>KHUW EKCIIOPTHUM MOTEHI[lal y BHPOOHMIITBI 3€PHOBHUX, OJIMHUX KYJBTYD,
MPOJyKLIi TBAPMHHUITBA Ta Xap4yoBOi nmpomucioBocTi. 3a ouinkamu KSE Institute,
arpapHsi 3eMJ1i 3aitmatoTh 65m3bK0 70 % TepuTopii Ykpainu, 1110 BUZHAUa€ CTpATET1uHe
3HAUEHHS arpapHOro CEKTOPY ISl EKOHOMIYHOTO PO3BUTKY JepskaBH [1].

[ToBHOMacIITabHE BTOPTrHEHHS P CYTTEBO 3MIHWUIO YMOBHU (YHKIIOHYBaHHS
arpapHoro BUpPOOHUIITBA. PyilHyBaHHS Ta MOIIKOMKEHHS CUTbCHKOTOCIOIaPCHKOT
TEeXHIKH, CKJIAJChKUX KOMIUICKCIB, CHCTEM 3pOIICHHS, €JeBaTOPiB, BUPOOHUUUX
00'€KTIB 1 JIOTICTUYHOI 1H(GPACTPYKTYPH TOETHATUCA 3 MIHYBaHHSIM 3€MEb,
MOPYUIEHHSIM TPAAUIIHHUX E€KCIIOPTHUX MApUIPYTIB, Ne(IIIUMTOM €HEepropecypciB 1
pob6ouoi cuiIH.

Macmtab npobiemMu TIATBEPAXKYEThCS pe3yjbTaTaMU MIKHAPOJHHMX OLIHOK.
Bignosimno mo RDNAS, onpumogHenoi Ypsgom VYkpainu, CBITOBUM OaHKOM,
€pponeiicbkor0 Komicieto Ta OOH y 2026 p., 3aranbHi noTpeOu VYiKpaiHu y
BITHOBJICHHI Ta PEKOHCTPYKI[I OILIHIOIOThCA y moHan $ 580 mupa ympoaomxk
HACTYITHOTO JecATIITTA. [loTpeOu arpapHOro ceKTopy CTaHOBJISTH MoHAM $ 55 Mupy,
110 MiITBEPHKY€E HOTO HAIEKHICTD /IO CTPATETTYHUX CEKTOPIB BiOynoBH [2].

Otxe, mpoOiema moJisira€ HE JHIIE Y TMOUIYKY (IHAHCOBUX pPECYpCiB st
KOMIIEHCaIlll BXe 3aBaaHuX 30uTkiB. HeoOXinHO copmyBaTH Taky I1HBECTHIIHHO-
1HHOBAIIIHHY MOJIENb BiI0YIOBH, sIKa JT03BOJUTH OJJHOYACHO BIAHOBUTH BUPOOHUUMN
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MOTEHIIaJ, MiIBULIUTH IPOTYKTUBHICTh, 3SMEHILIUTH PECYPCO3AIEKHICTD, a/IaliTyBaTH
CLIBCHKE TOCTIOAPCTBO J0 KIIIMATHYHUX 3MiH, 3a0€3MeUUTH TPOIOBOJIbYY O€3MeKy Ta
M1BULIUTH KOHKYPEHTOCIIPOMOXHICTh YKPaiHChKOI MpoyKiiii Ha puHkax €C 1 CBITY.

Maciirad BTpaT arpapHOro CeKTOpy CBIIYHUTH PO HEOOX1AHICTh TOBTOCTPOKOBOTO
iHBecTuIliHOrO Tiaxony. 3a manumMu KSE Agrocenter, cranom Ha modaTtok 2024 p.
npsiMi 30MTKH arpoCeKTOPY BHACTIIOK BiiHM mepeummmin $ 10,3 mupm, a 3araibHi
exoHoMiuHi BTpatu 0 — 6mu3bko $69,8 muipa. OCHOBHOIO KaTeropi€ero MpsMHUX 30UTKIB
Oysa momko/pKeHa abo 3HHMINEHA CLIBCHKOTOCIOAapChKa TexHika — Oim3bko $ 5.8
MJIp. 3arajibHi TOTPEOW y PEKOHCTPYKINIi Ta BITHOBJICHHI arpapHOTO CEKTOPY TOII
omiHoBanucs npuomsHo y $ 56 mupn Ha necsatupiunauii mepion [3].

Omnosrnena ominka RDNA4 takox Bu3Hauyana notpedu arpapHoro CEKTopy Ha piBHI
nonan $ 55 mupa [4]. Takum unHOM, MacmTad HEOOXITHUX IHBECTHIIIA BUMIPIOETHCS
JECATKAMH MUIBAPAIB J0JapiB 1 CYTTEBO MEPEBHILYE MOXIUBOCTI AEPKABHOIO
OIOKETY Ta OKPEMHX CUTbCHKOTOCIIOAPCHKHUX MIIPHUEMCTB.

Bognouac HeEoOXiZHO  BpaxoByBaTH  CHElU(]IKy Cy4acHOro  arpapHoOro
BUPOOHMIITBA. BiTHOBIIEHHS arpoceKTopy 3a MPUHITUIIOM «BIJOYyBaTH T€, 10 OYJI0
3pyHHOBAHO» MOX€ MPHU3BECTH JO BIATBOPEHHS TEXHOJIOTIYHUX 1 CTPYKTYpPHHUX
mpo0jeM J0BOEHHOT Mojeni. HaTtomicTh 1HBeCTHIli MOBHHHI CHPSIMOBYBAaTHCS Ha
MOJICpHI3aIlil0 BUpPOOHMUYOI 0a3u, aBTOMarTu3alliio, IUPOBI3aALI0, PO3BUTOK
nepepooKu, eHeproeeKTUBHICTh, BIIHOBIIOBAHY €HEPreTUKY, CUCTEMHU 3POIICHHS,
cydacHe 30epiraHHs Ta JIOTICTHKY.

Oco0nuBO BaXJIMBUM € BpaxyBaHHs pe3yibTariB onutyBaHHs FAO, npoBeneHoro
BoceHu 2024 p. cepen 2612 ciabChKOrOCOAAPCHKUX MIANPUEMCTB Yy 23 0o0macTsx
VYkpainu. JlochipkeHHs 3acBIIYUIIO, IO BUPOOHUKH CTUKAIOTHCA 3 AeDIIIUTOM
poO0OUOi CHJIM, BUCOKOI BapTICTIO PECypCiB, MIHYBaHHSIM 3€MeElb, MepedosiMu 3
€JIEKTPOCHEPTi€l0 Ta mpodiieMaMu J0cTyiy a0 puHkiB [S]. 3a nanumu FAO, 69,6 %
ONMUTAHUX MIANPUEMCTB 3a3HAYWIN AePIUUT podoyoi cuiu, a 81 % MmoBiIOMUIM PO
nepeboi 3 enekTpornoctadaHHsM. Cepes MPIOPUTETHUX TMOTPEO POCTUHHUIIBKHX
MIIMPUEMCTB Ha3UBAJIMCS T0OPUBA, HACIHHS Ta MajJuBoO [6].

[{i o6cTaBHM 3MIHIOIOTH CTPYKTYPY 1HBECTHIIIWHUX MPIOPHUTETIB. SIKIIO paHiiie
1HBECTUIIlI B arpoCeKTOpl 3HAYHOIO MIpPOI OyJIM OpIEHTOBAaHI Ha 30UIbIIECHHS
MaciTabiB BUpOOHUIITBA, TO HUHI MEPIIOYEPTOBOrO 3HAYCHHSI HA0yBaIOTh CTIMKICTD,
TEXHOJIOTIYHA  HE3aJC)KHICTh, aBTOMATH3allisl Ta  37aTHICTh  MiATIPHEMCTB
(YHKIIIOHYBaTH B yMOBaX HECTAOLIIbHOCTI.

InBectuuii y BiOyAOBY NOBUHHI OyTH TICHO TOB'si3aHi 3 iHHOBaiisiMu. Came
1HHOBAIIIl{HA CKJIaJI0Ba 3/1aTHA NIEPETBOPUTHU ITPOIIEC BIAHOBJICHHS 3 KOMIIEHCAIIMHOTO
MeXaHi13My Ha ()akTop AOBIOCTPOKOBOIO €KOHOMIYHOTO 3pOCTAHHS.

OpgHuM 13 KIIOYOBUX HampsMiB € MUQPPOBi3allis CUIbCHKOrO TrOCHOIapCTBa.
MeThcss TPO BUKOPUCTAHHS CHCTEM TOYHOTO 3EMIIEPOOCTBA, CYIYTHHKOBOTO
MOHITOPUHTY, JWCTaHIIHHOTO 30HMyBaHHsS, (GPS-mHaBiraiii, aBTOMaTH30BaHOTO
KOHTPOJIIO TE€XHIKH, CEHCOPIB, APOHIB, IITYYHOIO 1HTEJIEKTY Ta aHAJIITHKU BEITMKUX
nanux. FAQO mHaromomrye, 1o 1udpoBl TEXHOJOTii 374aTHI  ITABUIIYBAaTH
MPOyKTUBHICTh, ONTHUMI3yBaTH BUKOPUCTAHHS PECYpPCiB, MOKpAIIyBaTH JOCTYII O
PUHKIB, YIIPaBIiHHS JAHIIOTaMHU TTOCTaYaHHS Ta MIPOCTEKYBAHICTh MPOIYKIIii [7].
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Jna VYxpainu uudposizaiis Mae 0JaTKOBE 3HAYCHHS, OCKIIBKU JI03BOJISIE
YaCTKOBO KOMITCHCYBAaTH ACHIIUT TPYJOBUX PECypCiB. ABTOMATH3AIlisl BUPOOHUUUX
omepariid, poOoTu3alis, AUCTAHIIMHUN MOHITOPUHI TIOCIBIB Ta aBTOMAaTHYHE
yIPaBJIIHHS TEXHIKOIO MOXYTh 3MEHIITYBATH 3aJI€KHICTh MIANPUEMCTB BiJI JOJICHKOT
mpari.

BaxxnuBuM HanpsIMOM € TaK0K TOUHE 3eMiiepoOCTBO. JudepeHiiiiioBane BHeCEHHs
n00puUB, 3aC001B 3aXUCTY POCIIMH 1 HACIHHS Ja€ MOKJIUBICTh ONTHUMI3yBaTU BUTPATH
Ta OJJHOYACHO 3MEHIITYBAaTH HETATUBHUI BILTUB CLIbCHKOTOCIIONAPCHKOT MiSTBHOCTI HA
rpyHTH Ta A0BKULIL. FAO 3a3Hadae, mo il yKPaiHCBKOTO 3€PHOBOTO CEKTOPY
TEXHOJIOT1] TOYHOTO 3eMJIEpOOCTBA MalOTh MOTEHIIIAM MiABUILEHHS MPOAYKTUBHOCTI,
3HIKEHHS BUTPAT 1 CKOPOUCHHS BUKH/IIB MAPHUKOBUX Ta3iB [8].

OkpeMuM TPIOPUTETOM Ma€ CTAaTH 1HHOBAIlIMHE BIJHOBJICHHS 3€MEIbHUX
pecypciB. MiHyBaHHSI 3HaYHOI YaCTHUHH CLILCHKOTOCIOJIAPChKUX TEPUTOPIA CTBOPIOE
He Juile Oe3NeKOBYy, a i €KOHOMIYHY mnpoOsiemy. ToMy 1HBecTHIIlT HEOOXIAHI s
PO3BUTKY TEXHOJIOTIHA JMCTAHIIIHOTO BUSIBICHHS BHOYXOHEOE3MEYHUX MPEIMETIB,
nudpoBoro kaprorpadyBaHHS, CYIMyTHHUKOBOTO MOHITOPUHTY Ta O€3MEYHOrO
oOcrexxenHs 3eMenb. [loeqHanHs TUGPOBUX TEXHOJOTIN 13 CUCTEMaMHU YIIPaBIIHHS
3eMEJIbHUMH PECypcaMM JI03BOJIMTH 3pPOOMTH NPOLEC IOBEPHEHHS 3E€MENlb Yy
BUPOOHUUUN 000POT OLIBIIT aJIpECHUM 1 €(hEKTUBHUM.

BinOynoBa  arpocekTopy Mae  OXOIUIIOBATH HE  JIMIIE  BUPOOHUITBO
CLITbCHKOTOCIIOJIAPCHKOT MPOJYKINi, @ BECh arponpoJOBOJbYMN JIAHLIOI — BIJ
BUPOOHMKA PECYPCIB 0 KIHIEBOTO CIIOKHBAYA.

OcoOnuBoi yBaru mOTpeOye CKIAAChKa Ta JIOTICTUYHA I1H(PPACTPYKTYpa.
[TomkopKEeHHS €1eBaToOpiB Ta CKIAJACHKUX MOTY>KHOCTEW IMiIBHUINYE PU3UKH BTPATH
MPOYKLII Ta 30UIbIIY€E 3aJIEKHICTh BUPOOHUKIB BIJ JIOTICTUYHUX HOCHyr. Tomy
IHBECTULlI MarTh OyTH CHOPSIMOBaHI Ha CTBOPEHHS Cy4YacHUX 3€pPHOCXOBHIII,
XOJIOUIIBHUX KOMIUIEKCIB, JOTICTUYHUX Xa0iB, MEPEBAHTAKYBAJbHUX TEPMIHAIIB 1
IU(POBUX CHCTEM YIIPABIIIHHS MTOCTaBKAMH.

JlpyruM  BaXJIMBUM  HampsiMOM €  PO3BUTOK  TJIHOOKOI  mepepoOKu
CUIBCHKOTOCTIONAPCHKOT MpoayKilii. OpieHTallisd NEepeBaXHO Ha E€KCIOPT CHPOBUHU
oOMeXye TOTEHIllaJl CTBOPEHHS JOJaHOi BapTOCTI BcepenuHi Kpainu. Harowmictb
PO3BUTOK BHPOOHMIITBA POCIMHHHUX OJIi, OULIKOBUX KOHIIGHTPATIB, TMPOJYKTIB
XapuyBaHHs, 010TaIMBa, KOPMIB Ta THIITUX MTPOYKTIB IEPEPOOKU 3MaTHUH MM ABUIIIUTH
JIOXOJI arpOBUPOOHUKIB 1 CTBOPUTH JIOAATKOBI poO0OUl MICIIS y CLIBCHKIN MICIIEBOCTI.

Y 1pOMy KOHTEKCTI I1HBECTHIii B arpoceKTOp TOBHHHI pPO3TISAATHCS SIK
iHCTpyMEHT (GOpPMYBaHHS PETIOHATBLHUX  arpoIpoJIOBOJIBYUMX  KJIACTEpIiB, SIKi
00'eTHYBaTUMYTh BHUPOOHMKIB, MEpepoOHI MIANPUEMCTBA, JIOTICTUYHI KOMIIAHII,
HayKOBI YCTaHOBH, 3aKJIaJI1 OCBITH Ta (JIHAHCOBI OpraHizariii.

Bo€eHH1 py3HKK POJAEMOHCTPYBAIM KPUTHUUHY 3aJI€KHICTh arpOBUPOOHHUIITBA BiJl
eHepretuyHoi iHpacTpykrypu. Ilepeboi 3 enexkTpomocTtayaHHsIM Oe3mocepeaHbO
BIUTMBAIOTh Ha pOOOTY HACOCHUX CTAaHIIM, XOJIOIUIHLHOTO OOJagHAHHS, €JIeBATOPIB,
TBAPUHHUIIPKUX KOMIUIEKCIB 1 MEPEPOOHUX MIAMPUEMCTB.

Tomy omHMM 13 TIEPCTIEKTUBHHUX HAIpPsMIB 1HBECTYBaHHS € JICIIEHTpaIi30BaHa
eHepreTrka arpapHux mianpueMctB. COHAYHI €IEKTPOCTaHIlli, 610Ta30B1 YCTaHOBKH,
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06ioMacoBl KOTJIHM, CHUCTEMH HAKONHMYEHHS €Heprii Ta KOMOIHOBaHI E€HEpreTHYHi
KOMIIJIEKCU MOXKYTb IM1JIBUIIIUTA €HEPTeTUYHY aBTOHOMHICTb ITiINPUEMCTB.

OnHovyacHO HEOOXITHO PO3BHUBATH KIIMATHYHO CTiHKE 3eMJIepoOCTBO. 3MiHU
TEMIIEPATyPHOTO PEKUMY, TOCYXH Ta AEPIUT BOJIH M1BUILYIOTH TOTPEOy B Cy4aCHUX
CUCTEMax 3pOIICHHSA, BOJOTOOIIATHUX TEXHOJOrISAX, BIJHOBJICHHI IPYHTIB,
BUKOPHUCTaHHI CTIMKUX COPTIB 1 AuBepcudikalii CTpyKTypu BUPOOHUIITBA.

Oco0nuBo rocTpo 115 mpoOaeMa MPosIBISETHCS Ha MiBAHI YKpainu. Hampukian,
FAO y 2026 p. noBigomisiia, mo B XepCOHCHKIA 00JacTi MOE€THAHHS MiHYBaHHS,
MOCYXW Ta pPyHHYBaHHS 3pOIIyBAJIBHUX CHUCTEM CYTTEBO OOMEXKYE MOKIUBOCTI
CLTBCBKOTOCTIONAPChKOTO  BHpoOHHMNTBA [9]. Omxke, BiAOymOBa MeTiOpaTUBHOI
1HQPaCTPYKTYpH TOBHMHHA TOEAHYBATUCS 3 YNPOBAKEHHSIM BOJ030epiraloymx
TEXHOJIOT1i.

BpaxoByroun Macmtad notped, GpiHaHCyBaHHS BIOYJOBU arpoCEKTOPY HE MOKE
31MCHIOBATUCA BHUKJIIOYHO 32 pPaxyHOK Jep:kaBHOro Oromkery. HeoOxigHum €
dbopmyBaHHS 3MiIaHOT MOl (DIHAHCYBAHHS, KA MOEIHYBATUME JIEp>KaBH1 KOIITH,
MDKHApOJIHY JOTIOMOTY, TPAaHTH, KPEIUTH MIKHAPOJAHUX (hIHAHCOBUX OpraHizailii,
rapaHTiiHi MEXaHi13MHU Ta PUBATHI 1HBECTHUIII].

BaxnuBy poib y ibomy npoieci Bifirpae Ukraine Investment Framework, sikuii €
inBectuniiiaum komnoneHToM Ukraine Facility €spomneticekoro Coro3y. Framework
Mae € 9,6 mipa rapaHTii 1 TpaHTOBOrO (iHAHCYBaHHS Ta OpPIEHTOBaHW Ha
MoO1Ti3ario nonan € 40 mipy Aep>KaBHUX 1 MPUBATHUX THBECTHUIIN JIJIs1 BITHOBJICHHS
Ta MoJepHizauii Ykpainu. Cepen BUBHAUCHUX HAIPSAMIB MPSAMO 3a3HadeHo agri-food,
digital transformation ta green transition [10].

Takum YMHOM, arpapHuil CEKTOp YKpaiHU Ma€ MOXKIIMBICTh 3aJIy4aTH MI>KHApOIHE
(iHaHCYBaHHS HE JuuIe A5 (PI3UYHOTO BIAHOBIICHHS MOLIKOAKEHUX aKTHUBIB, a i 11
TEXHOJIOT1YHOI MOJIEpHI3allii.

[lepcneKTUBHMM € TaKOX PO3BUTOK MEXaHI3MIB CTpaxyBaHHS BOEHHHX Ta
IHBECTULIIMHUX PHU3HKIB, JIEP>KaBHUX TapaHTIN 3a KpeauTaMu, TPAHTOBOI MIATPUMKHU
Maaux 1 cepeAHiXx (epMepChKUX TOCMOAAPCTB, JI3UHTY CUTbCHKOTOCIIOIAPCHKOI
TEXHIKH Ta JIeP>KaBHO-IIPUBATHOTO APTHEPCTBA.

OT1xe, moTpeda B IHBECTHUIIIAX Ta IHHOBAITISX JJIsI BIIOY/IOBY arpoceKTopy Y KpaiHu
oOyMOBJIEHa OJHOYACHO MAacCIITabOM BOEHHUX 30UTKIB, CTPATET1YHUM 3HAYCHHSIM
arpapHoOro BUPOOHHUIITBA JJIsI EKOHOMIKHM Ta HEOOX1THICTIO TIEPEXOTy 10 HOBOI MOACII
PO3BUTKY.

[HBecTuIIliHA MOITHKA BII0OY1I0BM MOBUHHA Oa3yBaTHCA HA MPUHIUII «B1IHOBUTH
kpame, HDK Oyno» (build back better), mepenbauaroun He TPOCTE BIATBOPEHHS
3pyHHOBAaHUX AaKTHBIB, a TEXHOJOTIYHE OHOBIJICHHS arporpoJ0BOJILY0I CHCTEMH.
[IpiopuTeTHUMH HanpsMaMH MarOTh CTaTH BITHOBJICHHS CLIBCHKOTOCITOAAPCHKUX
3eMeiIb, MOJICpHI3allisl TEXHIKHA, PO3BUTOK 30€piraHHs 1 JIOTICTUKH, BIJHOBJICHHS
3pOIICHHS, CHEPTreTUYHA aBTOHOMHICTh, PO3BUTOK MepepoOKH, udpoBizallisi, TOUHE
3eMJIepOOCTBO, pOOOTH3AIlIS Ta BOPOBAIKCHHS KIIIMAaTUYHO CTIHKMX TEXHOJIOTIMH.

Boanouac edekTUBHICTH 1HBECTHUINIHHOI BIAOYJOBH 3ajie’KaTUME BIJ 3aTHOCTI
3a0e3neunT TOCTYN 110 (IHAHCOBUX PECYPCIB IS PI3HUX KaTeropiii BUPOOHHKIB.
Oco0aMBO Ba)KJIMBO HE JOMYCTUTH KOHIEHTpAILlli IHBECTULIIA BUKIIOYHO y BEJIHUKHX
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arpoXoJIIMHIaX, OCKUIBKU CTANICTh CUTBCHKUX TEPUTOPIN 3HAUYHOIO MIPOIO 3aJICKUTh
B1JI )KUTTE3AATHOCTI MaJuX 1 CepeHIX PepMepChKUX rOCIOIapCTR.

VY crpareriyHoMy BHUMIpi 1IHBECTHUIIl Ta 1HHOBAIl MalOTh 3a0€3MEYUTH TEPeXia
arpocekTopy YKpaiHM BiJ MOJENl MEePEeBaKHO CHPOBUHHOTO EKCIOPTY MO
BHUCOKOTEXHOJIOTIYHOI, pecypcoedekTnBHOI, 1HdpoBoi Ta iHTETpOBaHOI MO
€BPOIEUCHKOTO arponpooBOJILYOr0 MpocTopy cuctemMu. Came TOMY 1HBECTHUIIIMHA
CKJIa/I0Ba MOBHUHHA PO3TJISIATUCS HE K JOMOMIKHUN €JIEMEHT BiIOyI0BH, a K OJIUH
13 KJIIOYOBHUX MEXaHI3MIB CTPYKTYpHOI TpaHcdopmarlii yKpaiHChbKOI €KOHOMIKH Ta
3a0€3MEeUYCHHS CTAJIOTO PO3BUTKY CLIBCHKHUX TEPUTOPIH.
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Introduction. In recent years, artificial intelligence (Al) is transforming education,
including Maritime English, by enhancing language learning through Al-powered
writing tools. Platforms such as ChatGPT, Grammarly, and QuillBot provide real-time,
context-sensitive feedback that helps future navigators produce accurate, standardized
maritime documents, including logbook entries and incident reports. Supported by
advances in natural language processing (NLP) and machine learning, these tools
strengthen the safety-critical writing skills required for effective maritime
communication.

Writing is one of the most challenging language skills, particularly in Maritime
English, where learners must organize information logically, use appropriate maritime
terminology, and produce coherent, audience-appropriate texts. Traditionally, writing
instruction has relied on detailed teacher feedback, but limited instructional time and
large class sizes often make individualized support difficult in maritime education.

Lately, there has been research interest in the integration of Al into writing contexts
because it offers various positive contributions, such as enhancing writing competence
[5], providing fresh ideas [7], and supporting diverse writing tasks like paraphrasing
[10], grammar checking, vocabulary building, and script writing [4].

Despite the growing availability of Al tools, many teachers struggle to integrate
them into writing instruction due to limited training, low confidence, and a lack of clear
pedagogical frameworks. Without adequate professional development and curriculum
support, educators often remain uncertain about using Al-generated feedback and
balancing Al with traditional teaching methods [3].

Purpose of the article. This article examines the role of artificial intelligence in
teaching Maritime English writing and proposes practical strategies for integrating Al
tools into writing instruction.

Main text. The challenges associated with academic writing extend beyond the
inherent complexity of the English language itself. To produce effective written texts,
learners must possess an extensive vocabulary, a strong command of grammar and
syntax, and the ability to communicate complex ideas clearly and coherently. These
requirements often contribute to increased levels of writing anxiety among students.
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For learners, linguistic barriers represent a significant obstacle to the development of
academic writing proficiency and may limit their ability to perform successfully in
subject-specific contexts. Furthermore, differences in educational backgrounds, prior
learning experiences, and instructional approaches can further complicate the
acquisition of academic English. As a result, many students encounter difficulties in
mastering the language skills necessary for effective academic and professional
communication [2].

Due to these problems, applications and tools, with Al involved, have been
increasingly applied in writing processes. Web sites like Chat GPT, Write Sonic,
Jetpack, Hyperwrite, and Grammarly, for instance, were established to enable students
to develop in writing by suggesting ways to organise grammatical structures, identify
and fix errors in style, and improve their writing of paragraphs as a whole, that is,
improve sentence construction [9]. Grammar and style checkers, such as those used in
Grammarly, Jetpack, Paperpal, and Linguix, are other models that use rule-based
systems and statistical models to provide critiques and recommendations for improving
writing quality [6].

The scientist W. Z. Rahman classified artificial intelligence tools implemented in
writing classes into three main categories, reflecting the evolution of their
functionality:

— Automated Writing Evaluation (AWE): Tools such as Grammarly, Criterion, and
WriteToLearn remain the most widely used tools. The primary focus of this technology
is to provide automatic corrective feedback on the mechanical aspects of writing,
including grammar, spelling, and punctuation, to independently improve students'
linguistic accuracy.

— Generative Al & Large Language Models (LLMs): Since 2023, research trends
have shown a drastic shift in focus toward platforms such as ChatGPT, Claude, and
Gemini. Unlike AWE, these large language models are utilized as heuristic partners in
brainstorming, outlining, and more complex and contextual stylistic editing.

— Intelligent Tutoring Systems (ITS): This category includes Al-based platforms
designed to provide personalized learning paths. This system can adapt in real-time to
the individual competency level of students, providing measurable instruction and
pedagogical interventions tailored to the specific needs of the learner [8, p. 985].

Students often experience difficulties generating ideas, particularly when working
with unfamiliar topics or under time constraints. Al-powered writing tools (e.g.
ChatGPT, Jasper) can support the brainstorming process by suggesting topics,
providing prompts, and offering alternative perspectives. They also help learners
organize ideas through outlines and structured content planning. As a result, these tools
can enhance creativity, improve the flow of ideas, and support the production of more
coherent and original written texts. In Maritime English education, Al can assist
learners in developing and organizing content for professional maritime
communication and technical documentation.

Beyond supporting idea generation, Al-powered writing tools contribute to the
improvement of grammatical accuracy and vocabulary development. These
applications (Grammarly, ProWritingAid) provide automated feedback on language
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errors and offer explanations that help learners understand and correct their mistakes.
In addition, they suggest alternative words and expressions, enabling writers to
enhance clarity, precision, and lexical variety. Through regular use, such tools can
promote language development, strengthen writing skills, and improve the overall
quality of written communication [1, p. 29].

Al-powered thesauruses like Reverso Context offer word suggestions based on real
usage examples, ensuring proper context. Hemingway Editor helps streamline writing
by identifying overly complex words and recommending simpler alternatives. Al also
aids in academic style adherence — Writefull compares user text with authentic research
papers, suggesting appropriate terminology.

Al-powered writing tools enhance vocabulary development by improving word
choice, contextual accuracy, and reducing repetition, thereby increasing the quality of
academic writing. However, Al-generated synonyms and paraphrases may distort
meaning, and overreliance on these tools can hinder independent vocabulary
development. Therefore, Al should complement, not replace, learners’ lexical
competence and critical language awareness [1, p. 31].

The theoretical considerations discussed above provide the foundation for the
practical implementation of Al-assisted writing instruction in Maritime English. One
of the initial stages of this process is Al-assisted brainstorming and outlining.
Organizing students into groups to brainstorm with Al tools such as ChatGPT enables
them to explore a topic from multiple perspectives and develop a deeper understanding
of the subject matter. By generating and evaluating lists of advantages and
disadvantages, students strengthen their critical thinking skills while learning to
consider alternative viewpoints. This collaborative pre-writing activity also facilitates
idea generation, improves text organization, and prepares learners for the subsequent
stages of academic and professional writing.

Students input their topic into Al and ask for pros and cons. For the topic “Paper
Charts — Electronic Charts,” Al might respond with advantages like “real-time position
updates” and “automatic route planning,” and challenges like “dependence on
electrical power” and “risk of system failures.” Students discuss these ideas and add
their insights, developing a nuanced argument.

The next stage involves guided drafting with Al support for language development
and text organization. Students are encouraged to compose their essays progressively,
focusing on one section at a time. For example, they begin by formulating a clear thesis
statement and subsequently develop supporting paragraphs with relevant arguments
and evidence. Al tools can provide guidance on paragraph structure, coherence, and
appropriate academic language while leaving the final decisions to the learners.

The 1deas generated during the brainstorming stage can also be used to develop a
counter-argument paragraph. Students learn to acknowledge alternative viewpoints and
refute them with logical reasoning, thereby strengthening the overall persuasiveness of
their writing. For instance, when writing on the topic "Why Traffic Separation Schemes
Are Essential," students may recognize that such schemes can limit navigational
flexibility under certain circumstances. However, they can then argue that these
limitations are outweighed by the significant benefits of reducing the risk of collisions,
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improving traffic flow, and enhancing navigational safety in congested waters. This
approach promotes the development of critical thinking, argumentative writing skills,
and the ability to construct balanced, evidence-based texts.

The final component is goal-setting and progress tracking. Teachers can help
students establish specific Maritime English writing goals, while Al tools monitor their
progress across successive assignments. This approach enables learners to identify
their strengths and areas for improvement, promotes learner autonomy, and encourages
continuous development of writing skills. For example, a student might aim to “use
maritime terminology more accurately” or “reduce grammar and communication errors
in navigational reports by 20 percent.” By tracking these improvements across
successive assignments, students become more aware of their strengths and areas for
development, taking greater responsibility for their learning.

Pairing students for peer review with Al support combines the advantages of
automated feedback and collaborative learning. This approach broadens the range of
feedback received and enables students to learn from one another’s perspectives.
During the peer-review process, students can use Al tools to analyze each other’s drafts
and provide targeted feedback. For example, one student may focus on the clarity and
organization of ideas, while another may suggest improvements in language use and
academic style. Such collaboration enhances both students’ understanding of effective
writing practices and contributes to the development of their critical evaluation skills.

A potential concern regarding the use of Al in writing instruction is that students
may become overly dependent on the technology, which could hinder the development
of independent writing skills. To address this issue, teachers should emphasize that Al
serves as a supportive tool rather than a substitute for students’ own efforts. Students
should be encouraged to produce initial drafts independently and use Al primarily for
revision and refinement [1]. Monitoring Al use and reviewing original drafts can help
ensure that students engage with the technology in a balanced and purposeful manner.
Additionally, reflective activities can promote critical engagement with Al-generated
feedback. For example, teachers may ask students questions such as, “How did Al help
you clarify your argument?” or “Which Al suggestions did you choose to accept or
reject, and why?” Such practices encourage students to view Al as a learning aid that
supports the development of writing skills rather than as a shortcut to completing
assignments.

Collaborative writing 1s another effective strategy for developing Maritime English
communication skills. Working with a partner requires students to discuss ideas,
evaluate information, and make decisions together, reflecting the collaborative nature
of maritime operations. Tasks such as incident reports, accident investigations, voyage-
planning assignments, and case studies can be completed in pairs. For example,
students may analyze a navigational incident and prepare a report identifying its causes
and recommending preventive measures. Such activities promote teamwork,
communication, and the accurate use of maritime terminology.

Editing Al-generated texts is another effective strategy for developing authentic
writing skills. Students revise Al-generated drafts on maritime topics by improving the
content, incorporating evidence from course materials or maritime regulations, and
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justifying their changes. This approach develops critical evaluation skills while helping
students produce accurate, professional-quality writing.

The combination of peer review, collaborative writing, and critical editing of Al-
generated drafts encourages active participation in the writing process and reduces
excessive reliance on Al tools. These strategies help students strengthen their Maritime
English communication skills, develop critical thinking, and produce authentic, well-
reasoned written work.

Grammar tools like Grammarly provide real-time checks, while vocabulary tools
like Wordtune help refine language. Teacher may advise students to keep Grammarly
active while drafting to receive immediate feedback on language issues or use Al tools
for sentence refinement, helping improve clarity and flow. If a student writes,
“Electronic charts are more safe and efficient than paper charts,” Al might suggest,
“Electronic charts provide a safer and more efficient means of navigation than
traditional paper charts.” This makes the student’s point sound more polished and
professional.

The final stage involves Al-assisted assessment and revision. Tools such as
Microsoft Editor help evaluate grammar, clarity, coherence, and vocabulary, enabling
students to identify and correct weaknesses before submitting their work. By critically
reviewing Al-generated feedback, learners develop self-editing skills and greater
autonomy, while the teacher remains responsible for the final evaluation of content and
writing quality.

Al tools provide personalized feedback by adapting to learners’ individual
strengths and weaknesses. Adaptive algorithms monitor writing progress and generate
targeted suggestions for improvement. This individualized support helps students
develop writing skills independently and build confidence, particularly in learning
English as a foreign language [1, p. 31].

Al improves writing by reducing grammatical errors, enriching vocabulary, and
providing instant, context-sensitive feedback that encourages frequent revision. By
automating routine tasks such as spelling and grammar correction, it allows learners to
focus on higher-order writing skills, including coherence, argumentation, and
originality. Al also promotes learner autonomy and confidence by enabling self-
correction in a low-stakes environment, helping students become more independent
and reflective writers [8, p. 986].

Despite its educational benefits, the integration of Al into writing instruction has
raised important ethical and pedagogical concerns. Excessive dependence on Al tools
may weaken students’ critical thinking and independent writing abilities, while Al-
assisted plagiarism poses new challenges to academic integrity. Moreover, because
evidence on the practical use of Al in writing instruction remains limited, its long-term
impact on writing quality has yet to be fully established. By integrating Al into writing
practice, learners can expand their vocabulary, improve lexical variety, and enhance
clarity. However, they should critically evaluate Al-generated suggestions to preserve
original meaning and develop independent writing skills.

Conclusion. Artificial intelligence has considerable potential to enhance the
development of writing skills in Maritime English by improving linguistic accuracy,
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vocabulary use, text organization, and learner autonomy. When integrated through
well-designed pedagogical strategies and combined with teacher guidance, Al can
support future navigators in producing accurate and professional maritime
documentation while fostering critical thinking and responsible use of digital
technologies.
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MCUXOJIOIO-IEJATOI'TYHUM CYIPOBLJI AITEH 3
OCOBJIMBUMHU OCBITHIMHU NIOTPEFAMHU B YMOBAX
CLIbCBKOI TPOMAJIN: IPAKTUYHUM ACHEKT

I'opanuacbka Ouecsi-Mapia MuxaidsiBHa

(daxiBelb (KOHCYIbTAHT) — MPAKTUYHUN TICUXOJIOT

KomynanpeHa yctaHoBa «[HKJTI03UBHO-pecypcHU IEHTP» BiIbX0BebKOi CLTECHKOT
paau, 3akapnarcbka 00J1acTh, Y KpaiHa

borauenko €Breniss BacusiBua

TTUPEKTOP

KomyHnanbsHa ycraHoBa «HKJITIO3UBHO-PECYpCHUIM LIEHTP» BiabX0BENbKOT CLIBCHKOT
paau, 3akaprnarcbka 00J1acTh, YKpaiHa

AHoOTAaLA

VY Te3ax pO3MNIAHYTO MPAKTHYHI ACTIEKTH MCHUXOJOTO-MEAaroriyHoro CympoBOIY
JiTeld 3 OCOOJIMBHUMH OCBITHIMU MOTpeOaMH B yMOBaX CUIbCBKOI TEPUTOPIaIbHOI
rpoMagu. OOrpyHTOBaHO 3HAYEHHS CHCTEMHOI B3aeMOJil (paxiBLIB 1HKIIO3UBHO-
PECYPCHOTO IIEHTPY, TIEIaroriyHuX IMpaIliBHUKIB, OAaThKIB Ta IHIIUX YYaCHUKIB
OCBITHBOTO TIpOIIeCy. AKIIEHTOBAHO yBary Ha BHi3Hii popmi pobotu daxisiis [PL], ix
y4dacTi B AISUIBHOCTI KOMaH/I MICUXO0JIOTO-MEIarOri4YHOr0 CypoOBOy, KOHCYJIbTYBAaHHI
nejaroriB 1 0aThKiB, MJIAHYBaHHI ajanTailiii Ta Moaudikaliii OCBITHROTO MPOIIECY.
PO3KpUTO MOKIMBOCTI 3aCTOCYBaHHS O10TICHXOCOIIAIIBHOTO MIAXOAY Ta MPUHIUIIIB
Miuixuaponnoi kimacudikaiii (QyHKIIIOHYBaHHsS, OOMEXKEHb >KUTTEIISUIIBHOCTI Ta
310pOB’s ISl KOMILJIEKCHOTO BpaxyBaHHs (DYHKI[IOHYBAaHHSI JUTHHU, ii aKTUBHOCTI,
y4acTi, (pakTopiB cepeqoBUIIA Ta IHAMBIAYaJbHUX pecypciB. BHU3HaueHO OCHOBHI
KOHTEKCTyallbHl Oap’epu, XapakTepHl IJsl CUIbCHKOI MICIIEBOCTI, Ta OKPECIEHO
MPAaKTUYHI MUIAXH 1X TIO0IaHHS.

Kurouosi ciioBa

1HKJIFO3UBHA OCBITa, OCOOJMBI OCBITHI NMOTPEOH, 1HKIFO3UBHO-PECYPCHUM LIEHTD,
MICUXOJIOTO-TIEAArOT1YHUNA CYNPOBLJ, CLIbChKA TEPUTOpiaibHa rpoMajia, Mi>kHapoaHa
kinacudikariist yHKIIIOHYBaHHS, OCBITHE cepeloBHIIE, Oap’ €pH, y4acTh.

Beryn

P03BUTOK 1HKIIFO3UBHOT OCBITH B Y KpaiHi 3yMOBJIIO€ HEOOX1IHICTh YAOCKOHAICHHS
CUCTEMHU TIATPUMKU JiTed 3 ocobmuBuMHu ocBiTHIMEH moTpebamu (OOIIl) Ta
3a0e3neyeHHs] iXHbOI MOBHOLIHHOI ydacTi B OCBITHBOMY Ipolieci. BimosinHo 10
yuHHOTO [loNMmOckeHHST TpO  IHKIIFO3UBHO-pecypcHuid 1eHtp, [PIl 3abesmeuye
MPOBEJICHHSI KOMIUJIEKCHOI TICHXOJIOTO-TIEJaroriyHoi OI[IHKM PO3BUTKY OCOOU Ta
CHUCTEMHOT0 KBaJII(PiIKOBAHOTO CYNPOBOY 0Ci0 3 0COOJUBUMHU OCBITHIMHU MOTpeOaMU
[1].

Oco0nuBOi  aKkTyaJdbHOCTI MWUTAaHHS OpraHizalii MCHUXOJOro-NeAaroriyHoro
CynpoBOAYy Ha0yBa€ B YMOBaX CUIbCBKHX TEpUTOplaNbHUX IpoMaj. TepuropiaibHa
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BIJIJAJICHICTh HACEJCHHX IIyHKTIB, TPAHCHIOPTHA MJOCTYMHICTb, HEPIBHOMIPHICTD
JOCTYITY O OKPEMHUX MOCIYT Ta PECYpPCIB MOXKYTh CTBOPIOBATH J0JIATKOB1 Oap’ epu AJis
JITeH, IXHIX POJIMH 1 IMeIaroriyHuX KOJICKTURIB.

Y Ttakux ymoBax misibHICTH IPLl Mae mepenbavaru He nuine TPOBEACHHS
KOMILJIEKCHOI OIIIHKH Ta Ha/IaHHS KOHCYJIbTAIllH, a i aKTUBHY B3a€MOJIIIO 13 3aKJIalaMu
OCBITH Ta CIM’siMU. BakiMBOTO 3HaueHHs HAa0yBarOTh MOO1IBHI Ta JUCTaHIIIMHI popMu
poboTH, yyacTh (axiBIiB y KOMaHAaX IICUXOJIOTO-TIEAArOriyHOTO CYIPOBOAY,
METOJMYHA MIATPUMKA MEAAaroriB Ta CHUIbHE IUIAHYBaHHS OCBITHBOI MiATPUMKHU
TUTUHHU.

Cy4acHUM MATPYHTSIM [JIsi TAKOTO IMIIXO0My € O10MCHUXO0CoIiaibHa MOJIEb,
BIJIMOBIAHO 710 sIKO1 (D)YHKIIIOHYBaHHSI JIIOJUHHU PO3TJISIIAETHCS y B3a€EMO3B S3KY 31
CTAHOM 3[I0pOB’S, aKTHUBHICTIO, YYacTI0O Ta (hakTopamu cepenoBHina. MiKHapoHa
kiacudikauis QyHKIIIOHYBaHHS, 0OMEXKEHb KUTTEAISIBHOCTI Ta 340poB’ st (MK®) nae
3MOTY KOMIUIEKCHO OMUCYBaTH (DYHKIIOHYBaHHS JIOAWHH, BPaXOBYIOUM HE ITUIIIE
MOPYIIEHHS, a i 11 aKTUBHICTbh, Y4acTh Ta BIUIUB (PaKTOPIB cepeoBuia [2].

OcHoBHA yacTHHA

EdexkTuBHICTh BKIIIOUEHHS JUTUHU 3 OCOOJMBUMH OCBITHIMH MOTpeOaMu B
OCBITHI{ MPOCTIp 3HAYHOIO MIPOIO 3aJIEKUTh BIJ[ Y3TOJXKEHOCTI JiH yCIX yYaCHUKIB
OCBITHBOTO Tpoiiecy. BaxxnuBy posib y miii cuctemi Bimirpatots Qaxisii IPLI, sxi
3MIICHIOIOTh KOHCYJIbTAaTUBHY, METOJUYHY Ta KOOPAWHALIMHY MIATPUMKY TE€Iaroris i
0aTbKIB Ta OEpyTh y4aCcTh y BU3HAYEHH1 ONITUMAJIBHUX YMOB JIJI1 HABYAHHS 1 PO3BUTKY
JTUTHHH.

[TpakTrunHa AisIbHICTh KOMyHaIBHOT yCTaHOBU «[HKITFO3UBHO-PECYPCHUM IIEHTPY
BinbxoBenpkoi CIIBCBKOT pajy 3acBiUuy€ BaXIUBICTh BHUi3HOT (GopmMu poOOTH
(daxiBiiB. be3nocepeaHss B3aeMoisl 13 3aKiajJjaMi OCBITU TPOMaJId A€ MOXKJIUBICTh
Kpallle BpaxoByBaTU OCOOJUBOCTI OCBITHHOTO CEPE/IOBUINA, CBOEYACHO pearyBaTu Ha
3alUTH TeNaroriB Ta O0aThKiB 1 OpaTH y4yacTh y BU3HAYEHHI aKTyaJbHUX MOTPEO
JTUTUHHU.

OcoOnuBe 3HaueHHs Mae ydacTh ¢axiBuiB IPL] y poGoTi komaHj mcuxosioro-
MeJaroriyHoro cymnpoBoay. Taka B3aeMolisl CIpUSE Y3TOKEHHIO IUIeH MiATPUMKH,
BH3HAUCHHIO HEOOXIIHMX ajamnTamiii 1 Moaudikaiiid OCBITHROTO IPOIECY, a TaKOX
(GhopMyBaHHIO peasliCTUYHUX 3aB/laHb [HAMBITyaIbHOI IPOTpaMu PO3BUTKY AUTHHH.

[Ipy mranyBaHHI TIATPUMKH JOIUIBHO BPaxOBYBaTH HE JIMINE 1HAMBIAYyalbHI
0COOJIMBOCTI IUTHHH, a ¥ T€, IK BOHA BUKOHY€ HaBUaJIbHI Ta MOBCSAKACHHI Aii, Oepe
y4acTh y JKHTTI KJIacy Ta 3aKjaay OCBITH, B3a€MOJIE€ 3 OAHOIITKAMHU U JOPOCIUMH.
Boanowac BaxknmBO BU3HAaYaTH (DAKTOPH CEpEeNOBHINA, SKi MOXYTh BHCTYMAaTH
0ap’epamu abo pecypcamu A PyHKIIIOHYBAaHHS Ta y4acTi IUTUHU [2].

OmHuM 13 BaXJIMBUX HANpsiMiB poOOTH € ajarTalilisi OCBITHBOI'O CEpEeOBHUIIA.
CnuibHO 3 TMEJaroriYyHUMHU TpPAliBHUKAMM Ta 1HIIMMH YYaCHUKaMHU KOMAaHIU
cynpoBoay (axiii I[PI[ MoxyTh BHM3HayaTH CHOCOOM oOpraHizaimii OCBITHBOTO
MPOCTOPY, KOMYHIKAIlli, HaBYAJbHUX MaTrepiajiB 1 CHOCOOIB TMPEACTABICHHS
HAaBYAJIBHOTO Marepiajly 3 YypaxXyBaHHSM IHIUBIOYaJbHUX NOTpeO IUTHUHHU. 3a
HEOOX1THOCTI BU3HAYAIOThCSI TAKOXK JOLLUIBbHI Moaudikaiii 3MicTy abo O4iKyBaHHX
pe3yibTaTIiB HABYAHHS BIAMOBIIHO J0 MOTPE0 KOHKPETHOT AUTHHH.
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OxpeMoro TTpoOIEMOI0 B YMOBaX CIITLCHKOI TPOMaId € KOHTEKCTyalbHI 0ap’epwu.
J10 HUX MOKYTh HaJIeXKaTH TEPUTOpiaIbHa BIJIaJICHICTh OKPEMUX HACEJIEHUX MTyHKTIB,
TPAHCIIOPTHI TPYAHOIII, OOMEXEeHa IOCTYIHICTh OKPEMHX IOCIYT, HEIOCTAaTHICTh
CIeliali30BaHUX PECYPCiB Ta JOJAATKOBI 4acoBl i ()iHAHCOBI BUTPATH JIJIs CIMEH.

J171st 3MEHIIEHHS BIUTUBY TakuX Oap’€piB JOIUIBHUM € MTOEIHAHHS OYHUX, BUI3HUX
Ta AUCTAHIINHUX (opMm B3aemoiii. 30KpeMa, MPaKTUYHE 3HAUYECHHS MAalOTh BUi3HI
KOHCYJIbTallli, OHJIAMH-KOHCYJIbTYBaHHS TeAaroriB i 0aTbKiB, TUCTAHIIMHUNA OOMIH
METOJAMYHUMH MaTepiaaMu Ta TOMEPEIHE Y3TOHKEHHS 3alMUTIB KOMAaHIA TICUX0JI0TO-
MearOriYHOTO CYIPOBOTY.

Baxxnusum HanpsimoM aisuibHOCTI [PL] € MeTouvHa Ta MpOCBITHULIBKA M ATPUMKA
neAaroriyHuX mpariBHUKIB. [IpoBeneHHsT KOHCYJbTaIlii, NPAKTUYHUX 3aHSTh,
CEMIHapiB 1 TEeMaTUYHUX 3yCTpiued copusie MTIABUUIEHHIO  MOpodeciitHoi
KOMIIETEHTHOCTI [€Jaroris 00 OpraHi3alli IHKJI03UBHOTO OCBITHBOI'O CEPEIOBUIIIA,
PO3yMIHHS OCBITHIX TPYAHOILIB JITEH Ta 1000py €PEKTUBHUX CTPATET1H MIATPUMKH.

[lpakTiyHa mMiATPUMKA TMEJAroriB  Mae€ OXOIUIIOBATH  TaKOXX  IUTaHHS
MICUXOJIOTIYHOTO Ojaronoyiyqyus AiTei. JOomiapHUM € 03HaOMJICHHS IMeNaroriyHuX
MPAIiBHUKIB 13 JOCTYITHUMU MIPUHOMaMU €MOIIHOT cCaMOperyJIsllii, ICUXOJIOTTYHOTO
PO3BAHTAXKEHHSA, MIATPUMYBAJIBLHOI KOMYHIKAIll Ta CTBOPEHHS MependayyBaHOTO
OCBITHBOTO cepenoBuiia. OcoOIMBOro 3HaueHHs 1e Ha0yBae B yMOBax TPUBAJIOTO
CTPECOBOI'0 HABAaHTAXKECHHSI, SIKE MOXKE MTO3HAYATHCS HA EMOIIHOMY CTaHi, MOBEIHIII
Ta HaBYaJIbHIA aKTUBHOCTI JIITEH.

He meHm BakIMBHM KOMIIOHGHTOM CYIPOBOAY € TApTHEPChKa B3a€EMOIISA 3
Oatpkamu. PouHa Mae po3riisiiaTrcs sIK aKTUBHUN YYaCHUK MPOIIECY BU3HAYEHHS Ta
peanizaiii mATPUMKA AUTUHU. BigkpuTa KOMyHIKAIIS MIXK CiM’ €10, 3aKJIaJIOM OCBITH
ta (daxiBugamu [P1] nae MoxnIuBICTH Kpallle BU3HAYaTH CWJIbHI CTOPOHU IUTHHH, ii
aKTyaJbHl MOTPEOM, pecypcd Ta TPYAHOUIl, a TaKOX Y3TOMKyBaTH MIAXOIU 0
MIATPUMKHU B OCBITHBOMY Ta JIOMAllTHbOMY CEPEIOBHILII.

TakuM 4YHWHOM, IICHMXOJIOTO-TIEarOTIYHUM CymHpoBiAg AiTe 3 0COOJIUBUMU
OCBITHIMU mTOTpebaMM B YMOBaX CUIbCHKOI TEPUTOPIATLHOI TPOMaad Mae
IPYHTYBAaTUCS Ha TMPUHIUIIAX KOMaHAHOI poOOTH, MapTHEPCTBA, JOCTYITHOCTI,
CHUCTEMHOCTI Ta IHAMBIAyami3amii. BaxJMBo He juIe pearyBaTH Ha B)KE€ HasBHI
TPYJHOIIl, a ¥ CBOEYACHO BUSBISATA Ta 3MEHIIYBaTH Oap’epu, SIKi OOMEXYIOTh
AKTUBHICTH 1 y4acTh IUTHHU B OCBITHLOMY MPOIIECI.

BucnoBku

[Ipaktuka nisuibHOCTI (haxiBuiB [PL] B yMOBax ClIbChKOI TEPUTOPIAIBLHOI TPOMAIN
CBITUYUTh PO HEOOXIJHICTh KOMIUIEKCHOI OpraHi3aiii MCHUXOJOro-NeaaroriyHoro
CyNpOBOAY AITeH 3 0COOIMBUMU OCBITHIMU NoTpedamu. TepuTopiaiabHa BIAIAIEHICTD,
TPAHCIOPTHI TPYAHOLIlI Ta HEPIBHOMIPHHUM JOCTYN 1O OKPEMHUX PECYPCIB MOXKYTb
YCKJIQIHIOBAaTH OTPUMAHHS HEOOXITHOI MIATPUMKH, TOMY Ba)KJIMBOTO 3HAYCHHSI
HaOyBaloTh BHi3HI (opMH poOOTH, NHUCTaHIIMHA B3aeMOdiIsl Ta e(eKTUBHA
KOOPIMHAIIIS TISUTBHOCT] YYaCHUKIB KOMaHIA CyTPOBOJY.

3acTocyBaHHs O10MCUXOCOLIANBHOTO MiaxoAy Ta npuHuunie MK® nae 3mory
PO3IIIAIaTH OCBITHI TPYAHOII NUTUHU B KOHTEKCTI ii (DYHKIIIOHYBaHHS, aKTUBHOCTI,
ydacTi Ta (pakTopiB cepenoBuina. Takuil MIXia COpUsie IEPEXOMY Bl 30CEPEKCHHS
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MEePEBAXHO HA TOPYIICHHSIX 1 JIarHOCTUYHUX XapaKTEPUCTHKAX 10 BU3HAYCHHS
KOHKPETHUX MOTPeO JUTHHU Ta YMOB, HEOOXITHUX JIJIA 1i y4acTi B OCBITHBOMY MPOIIECi
[2].

Pe3ynbTaTUBHICTh  ICHUXOJIOTO-NIEAArOriYHOTO  CYNMPOBOAY 3HAYHOIO  MIpPOIO
3QJICKUTH BiJI Y3ro/pkeHOol1 misibHOCTI (axiBuiB IPLl, memaroriyHuMX mpariBHUKIB,
0aThKIB Ta IHIIMX YYaCHUKIB OCBITHbOrO mpoiiecy. Came mapTHEpChKa B3a€MO/IIS
CTBOPIOE YMOBHU JJ1s1 (OpMyBaHHs O€3MEPEPBHOI CUCTEMH IMiATPUMKH, OPIEHTOBAHOI
HE JINIIIE Ha MOJ0JIAHHS TPYIHOIIIB, a i Ha PO3BUTOK CAMOCTIHHOCTI, aKTUBHOCTI Ta
y4acTi JUTHHU.

Otxe, misuibHicTh IPI] B yMoOBax CcCiuIbCBKOi TEpUTOPIaTbHOI TpPOMAAM Mae
MOETHYBATH KOHCYJBTATUBHY, METOJUYHY, TPOCBITHUIIBKY Ta KOOPAHHAIINHY
CKJIaJIOoBl. AKTMBHA B3a€MOJiIS 13 3aKjaJaMU OCBITH, Y4acTb Yy pOOOTI KOMaHJ
TICUXOJIOTO-TIEAATOTIYHOTO CYMPOBOAY, MAapTHEPCTBO 3 POJWHAMH, BUKOPHCTAHHS
BUI3HUX 1 JUCTAHUIMHUX (OpM pOOOTH Ta CHUCTEMHE BHSBJICHHS KOHTEKCTyaJlbHHUX
Oap’epiB CTBOPIOIOTH TEPEIyMOBHU ISl IMJABUINEHHS SKOCTI 1HKJIIO3UBHOI OCBITH Ta
3a0e3MeUeHHs] TpaBa KOXKHOI JTUTUHU 3 OCOOJIMBHMHU OCBITHIMH TOTpebaMu Ha
JIOCTYIIHY 1 SIKICHY OCBITY.
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MOJEJIb BE3BAP'€EPHOI TUJAKTUYHOI
APXITEKTYPU HABUAHHSI B CUCTEMI
THKJIFO3UBHOI OCBITHU

HemiveBa Ipuna OuiekcanapiBua,
yUUTEIb BUILOI KAaTeropii, yuuTellb-METOAUCT, ACUCTEHT YUUTEJIS
Komynanenuit 3aknan «XapkiBeekuid Jireit No 146 XapkiBcbkoi MiCbKOI pain»

Cosomenko Karepuna QuexcanapiBua,
YUUTENb BHINOI KATETOpii, CTApIINKA YIUTEIh, TUPEKTOP
Komynansauit 3aknan «XapkiBebkuit sireit No 146 XapkiBChbKOT MICBKOT paji»

CyuacHa 1HKJIIO3MBHA OCBITa B YKpaiHi nependauvae He Juiie 3a0e3nedeHHs
JOCTYMy J0 HaBYaHHS 37100yBayiB 3 OCOOJMBUMH OCBITHIMM TOTpeOamu, a W
CTBOPEHHS YMOB, 32 SIKMX KOKEH 13 HUX MOK€ TTOBHOLIIHHO OpaTH y4acTh y CHUJIbHINA
TUSIIBHOCT1, B3a€MOJISITA 3 OJHOKJIACHUKAMU Ta JOCSATaTH BU3HAYCHUX PE3YJIbTATiB
HaBuaHHA [1, 2]. Takuil miaxiag IPyHTYETbCS HAa PO3YMIHHI TOrO, IO TPYAHOUI B
HAaBYaHHI MOXYTb OyTH 3yMOBJICHI HE JUIIE I1HAMBIAYAJIbHUMH OCOOJUBOCTIMU
IUTUHU, a ¥ OpraHi3alli€l0 YpoKy, CHOCOOOM NOJaHHS MaTepialy, XapaKTepoM
HAaBYAJIbHUX 3aBJaHb a00 yMOBaMM B3a€MOAll. Y LIbOMY KOHTEKCTI OCOOJIMBOIO
3HaUCHHS Ha0yBa€ KOHICMISI OCBITU 0Oe3 Oap'epiB, SKa OpIEHTYE IMEIArOT1YHY
MPaKTUKY Ha CBOE€YACHE BUSBIICHHS Ta YCYHEHHS MEPEIIKO, 110 MOXKYTh BUHUKATH
mija vac pobotw 3 iHGOpPMAIIE€0, BUKOHAHHS HAaBYAJIbHUX 1M, IPEICTaBICHHS
pe3yibTaTiB HABYAHHS Ta B3aEMO/IIT 3 IHIMMMH YYaCHUKaMH OCBITHBOTO MPOIIECY.

BaxnBe 3HaueHHsI Ma€ He junie (pizuuHa JOCTYIHICTh OCBITHROTO CEPEIOBHUIIIA,
a 1 opranizaiisi Hap4anbHOTO Mporecy. JI. I. [IpoxopeHko 3a3Hayae, M0 «HEAOTIKU
0e30ap'epHOTO OCBITHBOI'O MPOCTOPY TOB'A3aHI, 3 OAHOTO OOKY, 3 HEMPABUILHUM
PO3YMIHHSIM JIOCTYITHOTO CEpPEOBHIA, HEBMIHHAM CTBOPIOBAaTH YHIBEpCAIbHUI
IU3aiiH 1H(PACTPYKTYpH, BIACYTHICTIO CHEUIAIbBHUX MPUCTPOIB JJIsl PI3HUX MOTPEO
VYHIB, a 3 IHIIOT0 — 3 BIZICYTHICTIO IHHOBAIIITHUX CTPYKTYPHUX 1 3MICTOBHHMX aCIEKTIB
LUJTICHOTO MIEAaroriyHoTo MPoIIeCy, HEAO0MIKaMy CUCTEMU HaBUYaHHS, HU3bKUM PIBHEM
BTUICHHS OCBITHIX, ITU(GPOBUX 1 KOPEKIIIMHO-PO3BUBAIIBHUX TEXHOJOT1M» [3].

Y 1pOMy KOHTEKCTI OCBITHI Oap'epu [OIIIIBHO pO3TISAATH SK PE3yJbTar
HEBIJIMOBITHOCTI MIXK CITOCOOOM OpraHi3allii HaB4aHHs Ta PI3HOMAaHITHICTIO CIIOCO01B
CIIPUIHSATTS, ONPAIIOBaHHS I BUKOPUCTAHHS HaBYAJIBbHOI 1H(QopMarltii. Y 3BudaitHomy
KJIacl Y4H1 BIIPI3HSIOTHCS PIBHEM IMiATOTOBKH, TEMIIOM POOOTH, OCOOJMBOCTSIMHU
yBaru, mnam'ati, KOMYHiKailii, croco0aMu BUKOHAHHS 3aBJaHb 1 MPEICTABJICHHS
pe3yibTaTiB, TOJI K HaBYaJbHA MpPOTrpamMa, 3MICT YPOKY Ta OUIKyBaHI pPe3yJbTaTH
MalTh 3ajuIIaThCs cHulbHUMHU. lle 3yMOBIIOE HEOOXIJHICTh CHCTEMHOIO
MPOEKTYBAHHSI OCBITHBROTO MPOLIECY 3 ypaxyBaHHSM PI3HOMAHITHOCTI Y4YHIB III€ Ha
eTarll MmaAroToBKH YPOKY.
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CydacHi TeXHOJIOT1i IHKIIO3UBHOI OCBITH CTBOPIOIOTh TEOPETUYHE MIATPYHTS IS
TaKoro MpOEKTyBaHHs. BakiivBe Miciie cepell HUX MOCiae yHIBEpCAIbHUMN qU3aiiH —
KOHIICTIisA, 110 Tepeadadae MHOXKHWHHI CIOCOOM MOJaHHS iHGoOpMallii, 3aTydeHHs
YYHIB /IO P13HUX BUJIIB A1SJILHOCTI, BaplaTUBHICTh CITIOCO01B IEMOHCTpAIIil pe3yJIbTaTiB
HaBYaHHA [4]. 3HaYHUH MTOTEHIIIAJ TAKOXK MAaIOTh TU(epeHITIallisa Ta 1HIUB1 Ty ai3alis
HAaBYaHHS, KOOINEpaTWBHI W JISUIBHICHI METOAM, aaanTamis Ta MoaudiKaIls
HaBYalIbHUX 3aBAaHb [5]. EdexkTuBHICTH iX 3aCTOCYBaHHS 3aJIeKUTh BiJ TOTO,
HACKUTBKH TIOCITITOBHO BOHH 1HTETPOBAHI B OPTaHi3aIliio i CTPYKTYPY YPOKY.

AKTyanbHICTb IOCIHIKEHHSI 3yMOBJIEHA MOTPEOOI0 MOIITYKY MPAKTUYHUX CTIOCO01B
peainizaiii TpUHLHUIIB 0e30ap'€pHOCTI OCBITHHOTO MPOILIECY B YMOBaxX peajbHOTO
kiacy. [lonpu HasgBHICTH Cy4aCHUX MITXOJIB 1 TEXHOJIOTIH 1HKIFO3MBHOTO HABYAHHSI,
iX 3acTocyBaHHS 4acTO Ma€ (parMEHTapHUM XapakTep 1 Iepefdadyae BHECEHHS
OKpEeMHX aJanTalli y>ke Miciii BAHUKHEHHS TPYIHOIIIB Y YUHIB.

[le ycknagHIO€ OpraHi3ailito CIijJbHOI AISJILHOCTI Ta 301IbIITY€E HABAaHTAKEHHS Ha
BUUTEJS TAa ACUCTEHTa BUUTENs. TOMy BaXXIMBUM € TaKUM MiAXIJ JO MPOEKTYBAHHS
YPOKY, 32 SIKOT'O MO>KJIMB1 OCBITH1 0ap'epu BpaxoBYIOThCS 3a3/1aJI€T1/1b, a Pi3H1 CIOCOOU
y4acTi YUHIB niepe10avyaroThCs B CTPYKTYpl HABYAIILHOTO TTPOLIECY .

3 ornsiay Ha 3a3HaY€HE aBTOPU MPONOHYIOTh MOJIENb Oe30ap'€pHOI IMIAKTHYHOL
apxitexktypu HaBuanHis (BJIAH), sika nepenbavae cucteMHe BpaXyBaHHS MOXKIJIMBUX
Gap'epiB Ta CTBOPEHHS JOCTYITHUX YMOB i HAaBUalbHOI JisNBHOCTI BCiX yuHiB. [i
OCHOBHI TIOJIO’KEHHSI, CTPYKTYpa Ta MPaKTUYHE 3aCTOCYBAHHS PO3TIISIAIOTHCS Jai.

JI71st TOCSITHEHHSI TTOCTABJICHOI METH BU3HAYEHO TaKi 3aBAaHHS: YTOYHUTH CYyTHICTh
MOHATTS «OCBiTa Oe3 Oap'epiB» Ta BU3HAYUTU OCHOBHI BUIM OCBITHIX Oap'epis;
PO3KPUTH CTPYKTYPY Ta OCHOBHI MOJIOKEHHS po3po0seHoi aBTopamu Mojeni BJIAH.

VY [ociiJkKeHHI BUKOPHCTAHO aHalll3 1 Yy3arajbHEHHS HAYKOBHUX JIKEpEll,
MOPIBHSHHSA, CUCTEMAaTU3alll0 Ta KiIacu(IKalil0 TEOPETHYHUX  TOJIOXKEHbD,
MeJaroriyHe CroCTePeKEeHHsI, aHa13 MPAaKTUYHOTO JOCBIIY Ta MOJEIIOBAHHS 3 METOIO
OOTPYHTYBaHHSI 1 NPAKTUYHOTO TMPEJCTABICHHS PO3POOJICHOI aBTOpaMu MOJENi
0e30ap'epHOT TUIAKTUYHOI apXITEKTYpH HAaBYAHHS.

[HKITI03151 € BaKJIMBUM HANpPsIMOM PO3BUTKY CY4YaCHOI OCBITH, SIKMH 3a0e3redye
peasizalito IpaBa KOXKHOT JIIOIMHH HA SIKiCHE HAaBYaHHS Ta OCOOMCTICHUI PO3BUTOK. i
CTaHOBJICHHS TIOB'S3aHE 3 TEPEXOJOM BiJ MIAXOIY, 3a SAKOTO OKpeMa JUTHHA Mae
aZanTyBaTHCS JI0 BXE HAsSBHOI CHUCTEMM HaBUYaHHA, JO0 MIIXOIy, IO Tepeadadae
TpaHc(opMaIliro caMoro OCBITHROTO CepeIOBHUINA, 30KpeMa HOro opraHizaiiii, 3MICTY,
dhopmM Ta croco6iB B3aEMOIII.

[HKITFO3MBHUN MIAXIJ Tepeadadaec MOXKIMBICTH BapiloBaTH CIOCOOM TOJaHHS
iHdopmarlii, oprasizamii JIISUIBHOCTI Ta JEMOHCTpalii pe3yJibTaTiB 32 YMOBHU
30epexKeHHs] BU3HAYEHOI HaBYaJIbHOI METH. SIKIIO TPYIHONII BHUHHUKAIOTh 4epes
CKJIAJHY IHCTPYKIIIO, HaAMIpHUH o0OCAr OJHOTHMHOI 1H(GOpPMAIlii, BIJACYTHICTb
BI3yaJIbHOI OMOPH, >KOPCTKO BCTAHOBIEGHWW CHOCIO BHUKOHAHHS 3aBlIaHHA a0o
HEMOKJIMBICTh BUKOPUCTATU AJIbTEPHATUBHUN CTIOCIO BIMOBII, MEJaroriyHa yBara
Mae OyTH CIpsSMOBaHa HE JIMIIE Ha KOPEKI[io A1l y4HIB, a i HA 3MIHY BiAMOBIAHOTO
KOMITOHEHTa OCBITHBOTO Tporecy. Came Take po3yMiHHS 1HKIIIO31i Oe3mocepeaHbo
ITOB'sI3aHE 3 KOHIICTIITIEI0 OCBITH Oe3 6ap'epiB.
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be3bap'epHicTe B OCBITI mepeadavae CTBOPEHHS YMOB, 3a SKuUX (Di3uuHi,
iH(opMalIriitHi, KOMyHIKaTHBHI, OpraHi3alliiiHi, IICUXOJOTIYHI Ta AUAAKTUYHI Ta 1HIII
NEepeIKOaH He OOMEXKYIOTh y4acTh Y4Hs B HABUaHHi. MJIeThcs HE TIIBKH IIPO
YCYHEHHSI BXK€ HAasABHUX MEpPEIIKOoJ, a W Mpo iX NPOrHO3yBaHHS 1€ Ha eTarl
neJarorivHoro npoekTyBanHsa. Came TOMy 1HKJIIO3MBHA OCBITa Ta OCBiTa 0e3 Oap'epiB
MaloTh CIUIbHY IIHHICHY OCHOBY, ajie¢ aKIEHTYIOTh yBary Ha pi3HUX AacIeKTax:
1HKJIIO31 BU3HAYA€ MPHUHIUI BKIIOUYEHHS KOXHOTO YYHS JI0 CIUIBHOTO OCBITHBOTO
nporiecy, a 6e36ap'epHUi MiaAXia KOHKPETU3Y€E BUMOTH JI0 oro opraxizarii [2, 3].

Y 1bOMYy KOHTEKCTI 1HKJIIO3UBHE OCBITHE CEpPEJOBHILE MOXHA PO3TISAATH SIK
CHCTEMY B3a€MOIIOB'SI3aHUX YMOB, SIK1 320€3M1eUyI0Th YYHEBI MOXJIMBICTh OTPUMYBATH
iH(dOopMaIlito, OCMUCITIOBATH ii, BUKOHYBAaTH HaBYaJbHI [ii, B3AEMOIISATH 3 IHITAMU
YYaCHUKaMHU OCBITHBOT'O IMPOIIECY Ta JEMOHCTPYBATH pe3yJibTaT. BianoBIgHO, SKICTh
1HKJIFO3UBHOI'O CEPEIOBUILA BU3HAYAETHCS HE JIUIIIE HASBHICTIO CHEIlalbHUX PECYPCIB
a00 J10JaTKOBOTO CYNPOBOAY, a W THUM, HACKUIBKM THYYKO MOOyJOBaHa cama
AUIaKTUYHA cucTema. Uum Oliblie HaBUaIbHUI mpoliec nepeadayae pi3Hi COCOOH
JTOCTYIY J0 3MICTY Ta Pi3HI COCOOU AiSTIBHOCTI, THM HHXKYOIO € HMOBIPHICTB TOTO,
10 0COOJIMBOCTI KOHKPETHOT'O YUHsI IEPETBOPATHCS Ha Oap'ep A HOro ydacri.

[HKITI03MBHA OCBITA MOTPEOyE 3MIHU MIJIXO/IB J0 MEJAroriYHOro MPOEKTYBAHHS.
Yuutenb Mae BpaxoBYBaTH HE JIMIIE 3MICT HABYAJIBHOTO Marepially Ta OYiKyBaHI
pe3yibTaTH, a W MOTEHIIMHI TPYIHOII, SKI MOXYTh BUHHMKATH Ha PI3HUX €Tamax
ypoky. [lmanytoun cnocodbu noganHs iHdopMallli, CTPYKTYpy 3aBJAaHHS, OpraHi3alio
B3aeMoili Ta (OpMH JEMOHCTpALlli pe3yiabTaTy, neAaaror (paKkTHYHO BU3HAYAE PIBEHb
JOCTYITHOCTI OCBITHBOT'O MPOLECY AJISl PI3HUX YYHIB.

BaxxnuBoro yMOBOIO peasizallii IHKIF03UBHOI OCBITH € MAPTHEPCHhKA B3a€EMO1S MIXK
yciMa y4YaCHUKAaMH OCBITHBOTO IMpOLIECY. YUHUTENb, ACUCTEHT YyuuTens, (axiBii
KOMAaHJIM TICHXOJIOTO-IIEJAaroriyHoro CynpoBoAy Ta OaTbKM MalTh JISITU B Mexkax
CHiJIBHOT JIOTIKM MiATPUMKH. IXHe 3aBJaHHS — CTBOPUTH TaKi YMOBH, 3a AKUX Y4UHi
30epiraloTh MaKCUMaJbHO MOXJIUBY CaMOCTIMHICTh, O€pyTh yd4acThb y CIHUIbHIN
JISTBHOCTI Ta MOCTYTOBO PO3IIMPIOIOTH BJIACHI MOXKIIUBOCTI.

Okpemoro 3Ha4YCHHS B YMOBaxX 1HKJIIO3UBHOI OCBITH HaOyBa€ THYUKHH MIIX1d 10
OI[IHIOBAHHS HAaBYAJIBHUX MOCSATHEHb. OIIHIOBAHHS Ma€ BpPAaXOBYBaTH HE JIMIIE
KIHIIEBUI pe3yJIbTaT, a ¥ 1HAWBIAYaJIbHY IMHAMIKY HaBYaHHS, IOKJIAJICHI 3YCHIIISA Ta
JOCTYIIHI JUIsl YYHSI CLIOCOOM BUKOHAHHA 3aBIaHHs. BuxkopucranHsa pizHHX (HOpM 1
cnoco0iB IEMOHCTpaIlii 3HaHb J1a€ 3MOTY 3MEHIIUTH BILUTUB OCBITHIX Oap'epiB Ta O1IbIII
00'€eKTMBHO BU3HAYaTH peaibH1 HABYAJIbHI JOCATHEHHS YYHIB.

OcBiTHII Oap'ep DOUIIBLHO PO3IISAATH SIK MEPEUIKOAY B OpraHizailii OCBITHBOTO
MIPOIIECy, 110 OOMEXKY€E Yy4acTh YUHIB Y CIUIbHIN JISJIBHOCTI, YCKIJIAIHIOE JOCTYII JI0
HaBYaJgbHOI 1H(OpMaIlli, BUKOHAHHS 3aB/iaHb, JIEMOHCTpAIlI0 pe3yibTaTiB abo iX
aJleKBaTHE OL[IHIOBAHHS.

OcgitHi 0ap'epu MOXYTh BUHUKATH HA PI3HHUX €Tanax HaBYAJIbHOI JiSTTLHOCTI: BiJ
cpuiiMaHHs 1H(GOpMAIIii 10 IpeICTaBIeHHS Ta OLIHIOBaHHS pe3ybTary. Hanpukmian,
HAaBYAJIbHUN Marepiajl MOXe OyTH HEJOCTYNHHM Yepe3 MOJaHHS JIHUIIEe B OJHOMY
dbopmarti; IHCTPYKITis — Yepe3 HaJAMIPHY CKJIaJIHICTh 00 BEJIUKY KIJTbKICTh OJTHOYACHUX
J; TpaKTUYHE 3aBIJaHHS — Yepe3 KOPCTKO 3aJlaHy MOCIiJOBHICTh BUKOHAHHS,
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rpynoBa po0oTa — yepe3 BIACYTHICTh 3pO3yMIUIMX MPaBUI B3a€MOJIi; a MepeBipkKa
3HaHb — Yepe3 HeOOX1IHICTh MPOJIEMOHCTPYBATH PE3yJIbTAT JIUIIEC B OJTHIN (opmi.

Ha erami cripuiimanns iHdopMaiiii npo6iaeMu MOKYTh BUHUKATH, KOJIM MaTepial
M0JIa€THCA JIUIIIE B OAHOMY (pOpMaTi — YCHO a00 BUKJIIOYHO Y BUTIISAII TEKCTY. YacTuHa
YYHIB MOK€ MAaTH TPYAHOII 3 PO3YMIHHSIM JOBIHX MOSICHEHB, CKIAAHUX TEKCTOBHUX
IHCTPYKIIM, BeIUKoro oOcary iHdopmalii abo abCTpakTHOro wMarepiainy 0e3
Bi3yanmizalli. Y TakuxX BUMNAJKax JOLUUIBHO BUKOPHUCTOBYBAaTH QJITOPUTMH, OMOPHI
CXEeMH, HA0YH1 MaTepialiy.

TpyaHoII TakoX MOXYTh OyTH 3yMOBJIEHI HEOOXITHICTIO TPHUBAJIOTO YTPUMaHHS
yBarm Ta OJIHOYACHOTO BHKOHAHHSA KUIBKOX OIEpallii, CKIaJHICTIO IJaHyBaHHS
MOCIIJIOBHOCTI JIiid, HEIOCTATHHOIO C(HOPMOBAHICTIO OKPEMHX HAaBYAJIbHUX HAaBHUOK.

BaxxnuBoro ckinanoBoro 0e30ap'epHOro HaBYAHHS € YCYHEHHS KOMYHIKATUBHHX
Oap'epiB. YueHb MOxe OyTH MPUCYTHIM Ha ypOIli, aje HEJIOCTaTHhO 3AIYyYEHUM O
CIIUIBHOI JISJIBHOCTI Yepe3 TPYHOIIl BUCIOBICHHS TYMKH, OOMEXKEH1 MOKIIHUBOCTI
B3a€MO/IIT, CTpaxX MOMWIKK 200 HaAMIPHY KOHKYypeHIito B kiaci. [logonanHio Takux
Oap'epiB CrpusitOTh poOOTa B apax 1 MajuxX rpymnax, YiTKUi po3Moii poJieH.

UYacosi 6ap'epu moB'si3aHi 3 pi3HUM TeMIIOM HaB4aHHs. JKOPCTKUU €qUHUI TemI
poOOTH MOKE TIPU3BOAUTH JI0 CUTYAIlli, KOJIM OAHI Y4YHI 3MYIICH] Ye€KaTH, a 1HII He
BCTUTAIOTh 3aBEpUIMTU poOoTy. Tomy oprasiszaiis ypoky Mae nependadyatd 4acoBy
THYYKICTh, MOXJIMBICTh MIPAIIOBATH B PI3HOMY TEMIII.

JIJis IpaKTHKY 1HKJIFO3UBHOTO HABYaHHS BaXKIMBO MPOEKTYBATH YPOK Tak, 1100
JOCTYIHICTb, Y4aCTh, HaBUaJIbHA JIISUIbHICTb, IEMOHCTpALlisl, OLIHIOBAHHS PE3YJIbTATIB
Oynau B3a€EMOIIOB'SI3aHUMU  €JIEMEHTaMU €IWHOT JWAAKTUYHOI cuctemu. Jlis
MPAKTUYHOTO BUKOPUCTAHHS MOKHA 3alIPOMOHYBATH AITOPUTM IUIAaHYBaHHS YPOKY.

Kpox | Busnauntu HaBuansny mety. [lo came yuHi MarOTh 3HaTH, PO3YMITH,
1 | ymiTH miciast ypoky?
Kpox | Ilepen6auntu moxnusi 6ap’epu. 1Llo Moxke 3aBaguTi OKpEeMUM yUHSIM
2 | nocsartu wiei metn? Hanpukiaa: BeTMKU 0OCAT TEKCTY, CKIIaIHI TEPMIHH,
HEOOX1THICTh NIBUKO MUCATH, TPUBAIUN YCHUM BUCTYTI, CKJIa{HA
1HCTPYKIIisi, HEOOXI1JIHICTh OJITHOYACHO BUKOHYBATHU JIEKIIbKA JTIH.
Kpok | CTBOpUTH K1JbKa cr1oco01B nocTymy. [HpopMmalliro MoKHA OAATH
3 | TEeKCTOM, CXEMOI0, MATFOHKOM, MOJIEIITIO, IEMOHCTPAIIIEID, TPAKTUYHOIO
JUETO.
Kpok | [Tepen6aunTy BapiaTUBHICTh BUKOHAHHS. Y YeHb MOYKE HAIMCATH, CKJIACTH
4 | cxeMy, MOKa3aTH, HAMAIIOBATH, TTOSICHUTH, BUKOHATH IPAKTUYHY JIIO.
Kpoxk | Busnauntu equni kputepii pe3ynbrary. Hesanexxsno Bin popmu
5 | BUKOHaHHS Ma€ OyTH 3p03yMLJIO0, 1110 CAME OIIHIOETHCS.
Kpok | IIpoananizyBaru pesynbrtart. [licis ypoky negaror BU3Hauae: siki 6ap'epu
6 | BAQJIOCS YCYHYTH, SIK1 3aJIUIITUIIUCS, K1 3aCO0U BUSBWINCS €(DEKTUBHUMU,
KOMY NOTpiOHA A0JATKOBA MIATPUMKA.

[e#t anropuT™m 103BOJISIE PO3TIAAATH Oe30ap'epHICTh HE K OJTHOPA30BUM 3axil, a
SK YaCTUHY IIOJIEHHOTO TIEAaroriqHoro MiiaHyBaHHS.

101



EDUCATION
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

OCHOBHI BiIMIHHOCTI TpaIuIiiiHOT Ta 6e30ap'epHOi opraHizallli ypoKy HaBEJCHO B
Tab. 1.

Taoa. 1
[TopiBHSHHS TpaauIliiHOT Ta 6e30ap'epHOi OpraHi3allii ypoKy
Tpanguuiiina opranizanis ypoxky Bbe3bap'epna opranizanist ypoxky
Onun cnioci0 monanus iHpopMmarii | Kinbka cioco6iB moganus iHpopmarii
OnuH popMar BiANOBIII Kineka cmoco6iB 1eMOHCTpaIlii pe3yabTaTy
[Tomuinka ik HEOJIK [Tomuiika sIK JKEpeao HaBYaHHS
Y4uTenb € OCHOBHUM JIKEPEIOM Y4aurtenb Ta aCUCTEHT YUYUTENS IPOTIOHYIOTh
iHopMmaii YYHSIM P13H1 CTOCOOM B3a€EMO/II1
Jlonnomora okpemiit qutuHi nicast | [lonepeaHe npoekTyBaHHS JOCTYITHOTO
BUHUKHEHHS ITpO0sIeMHU 3aBJlaHHs
OpieHTallis Ha CEPEIHBOTO YUHS OpieHTallisi Ha piI3HOMaHITHICTh Y4YHIB

VYyacTth yacTunu yuHiB Moke OyTu | KoxkeH yueHb Mae nependadeny poJib ado
MIACUBHOIO cnoci0 yvacri

bap'epu MOXyTh BUHMKATH 1 Ha €Talll MIPEJCTAaBICHHS pe3ysbTary. SKIo y4yeHb
Mae MPOAEMOHCTPYBATH 3aCBOEHHS MaTepialy JIUIIE B OJIMH CIIOCIO — Yepe3 MUCbMOBY
BIJINOBI/Ib, YCHUM BUCTYNn ab0 BHKOHaHHS TpadiduHOro 3aBiaHHs, — cama (opma
MEPEBIPKUA CTAE MEPEHIKOAOI ISl 00'€KTUBHOI OLIHKK 3HaHb. Y LbOMY BHMAJIKY
BaplaTUBHICTH POPM BIJMOBIII 1a€ 3MOTY OLIIHUTH HacaMIiepe]] 3aCBOEHHS MaTepiay,
a He 3JaTHICTh YYHS NMPEACTaBUTH pE3yJIbTaT y NeBHIN (hopmi.

CyyacHl TexXHOJOrIl 1HKJIIO3UBHOIO HABYaHHSA, 30KpeMa audepeHijamisa Ta
VHIBEpCaJIbHUN JU3ailH HaBYaHHS, BU3HAYAIOTh 3arajibHl MPUHLWIK OpraHi3aii
JOCTYIHOTO OCBITHBOT'O MPOIIECY, OJHAK HE 3aBXJIU KOHKPETH3YIOTh CHOCOOM iX
MPaKTUYHOI pearizailii B peaJlbHOMY KJjaci, Ji¢ BCl y4YHI MPaIOTh 31 CHUIBHUM
3MICTOM, aJie MOKyTh BUKOPHUCTOBYBATU PIi3HI CIIOCOOM HABYAJIbHOI MisuibHOCTI. Lle
3YMOBITIO€ TTOTpe0y B MOJIEIII, SIKa Ia€ 3MOTY PO3TJISAATH YPOK SIK IIUTICHY CUCTEMY, Y
K1 KOXKEH YYEeHb Ma€ JOCTYII 0 HABYAIBHOTO MaTepialy Ta MOKIIMBICTh MTPAI[IOBATH
3 HUM PI3HUMH CIIOCOOaMHU.

VY crarTti MH MPOMOHYEMO MOJEib 0e30ap'€pHOI TUIAKTHYHOI ApPXiTEeKTYpH
HaBuyanHs (BJAH), B ocHOBy sKOi MOKJIaJ€HO 1J€I0: YpOK IOBUHEH OyTH
OpraHizoBaHMil Tak, 00 He OyJIO «BUKIIOUEHHMX» YyuHIB. HaBuanbHMI maTepian
MPOTOHYETHCS OJTHOYACHO B PI3HUX (OopMax, a AIsUIbHICTh YYHIB MOXKE MO€EIHYBATU
CIIOCTEPEKEHHS, POOOTY 3 TEKCTOM, BI3yalbHUM aHaJli3 1 MPaKTUYHI 3aBJIaHHS.

be3bap'epHy IMIAKTUYHY apXITEKTypy HABUYaHHS pO3IIIAJAEMO SIK MOJEIb
oprasizailii ypoky, y siKiii TO€IHYIOTbCS Pi3HI crtocoOu mojaHHs iHpopMallii Ta pi3Hi
BUJIM HABYAJILHOT JISUTBHOCTI, ajie 30epiratoThCs €IMHA JIOT1Ka YPOKY, CIIILHUHN 3MICT
1 BU3HAYCHWI pe3yNbTaT I BCiX y4HIB. Taka oprasizailis Iae 3Mory 3poOuTH
HaBYaHHs OLIbII JOCTYHMHHUM, CTPYKTYPOBAaHUM 1 MPAKTHUYHO 3PYYHUM JUISI BUMTEIS,
KU MpaItoe B yMOBaxX 1HKJIIO3UBHOTO KJjacy.
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[TpuHIIMTIOBOIO OCOOIHMBICTIO MOJIENI € MEePEHECEHHS aKIEHTy 3 AudepeHtiiarii
y4HIB Ha AudepeHiianiio HaBuaapHuX 1. Ha yporli BCl y4YacHMKH MpalioTh 13
€IMHUM 3MICTOM 1 PYyXarOThCs JO CHUIBHOTO PE3YyJIbTATy, alle MOXYThb MO-Pi3HOMY
copuiimMaTi 1H(OpMaIlil0, BUKOHYBAaTH 3aBJaHHS, B3AEMOJIATH Ta MPEICTaBIATU
pe3yabTath. Taka oprasizaiis He repeadadae CIpoIIeHHs 3MICTy, a 3abe3meuye Horo
JTOCTYITHICTb 3aBJISIKH BaplaTUBHOCTI CITOCO01B HABYAJIbHOI JIISUIBHOCTI.

[Ipu npomy miarpuMka y4Hs B Mexxax b/IAH He moBMHHA MPU3BOIUTH JI0 HOTO
1307111111 200 3aMiHU CaMOCTIHHOT JiSTTbHOCTI BUKOHAHHSM 3aBIaHHS 1HIIIOIO 0CO00I0.
[TinTpuMka BOYNOBY€TbCS B caMy CTPYKTYypy HaBUalbHOI AISUIBHOCTI 4Yepe3 4YiTKi
IHCTpYKIli, Bi3yaJbHI OMOPH, AJITOPUTMHU, MOETANHE BHUKOHAHHS, BapiaTUBHICTb
Croco0iB BiAMOBIAL, JOJATKOBHUI Yac 3a mOTpeOu, mapHy abo rpyrnoBy B3a€MOJIIO Ta
1HIII 3aCO0M, SIK1 JIOTIOMAararTh YYHEBI 3aJIUIIATUCA AKTUBHUM YYaCHUKOM CH1JIBHOTO
OCBITHBOTO MPOLIECY.

BuxigHoro mno3uiie0 € Te, MO0 TMOTEHIHI OCBITHI Oap'epu MaroTh OyTH
nepea0OayeHi Ie Ha eTrari JAUJAKTUYHOTO MPOEKTYBAHHS. YPOK PO3IIIANAETHCA SK
[IJTICHA CHUCTEMa B3a€EMOIIOB'SI3aHUX EJIEMEHTIB: TMOJaHHs 1HopMallii, opranizaiii
TISJIBHOCT1 Y4YHIB, B3a€MOJIIi B Kjaci Ta OIIHIOBaHHSA. SIKiIo xoda O OAMH 13 IHUX
€JIEMEHTIB CTBOPIOE TPYAHOIII JJi YACTUHU Y4YHIB, BUHUKA€E AUIAKTUYHUI Oap'ep,
AKUH 0OMEXY€E TXHIO Y4acTh Y HaBUYaHHI.

Hapuannst OyayeThes K MOCTIIOBHICTh AUAAKTHUYHUX CTaHIB, KOXKEH 13 IKUX Mae
OyTH IOCTYHHHUM JJIsl BCIX y4HIB 0€3 BUHATKY. Lle o3Hauae, 1o Oynb-sika HaBYaIbHA
niss — chnpudHATTA 1H(pOpMarlli, ii OCMHCIECHHsS, BHUKOHAHHS 3aBIaHHS Ta
MPEJICTAaBICHHS PE3YIbTaTy HE PO3TIISIIAETHCS K €IMHHUMA )KOPCTKO 3aJaHHH TPOIIEC.
HaBnaku, koXeH 13 I[UX €TaliB Ma€ KUIbKa PIBHOI[IHHUX MLUISAXIB peai3allii, sKi
(YHKIIOHYIOTh MapajesibHO, a HE SIK 1HAUBITyallbH1 alanTalli «Jisl OKpEMUX JITEiD.

[ToTeHwiiHI TPyAHOIII aHANI3yIOThCS 1€ A0 MpOBeAeHHS Yypoky. llemaroriune
MJIaHyBaHHS Tepeadadae MPOTrHO3YBaHHS MOKIMBUX TOYOK YCKIIQTHCHHS IS Pi3HUX
rpyn yuHiB. [IpoTte 3amicTh TOT0, 111006 CTBOPIOBATH OKpEMIi aJanToBaHl MaTepiaiu, I
YCKJIQJHEHHSI YCYBaIOThCS HUIIXOM MepeOyaoBH criocoly momaHHs iH(opMalii Ta
CTPYKTYpPH 3aBIaHHsA. Y pe3yjbTaTl HaBYAJIbHHWI TMpolleC HaOyBa€ BIIACTUBOCTI
«CTPYKTYpHOI THYYKOCTI». Lle 03Havae, 1110 BC1 yUHI MPaIOI0Th Y MEXKax OJIHI€T TEMH,
aJyie MOKyTh BXOJIUTH B HEl uepe3 pi3HiI KaHaIW CIIPUUHATTS, Pi3HI (OPMH TISTIBHOCTI
Ta pi3Hi criocobu Qikcailii pe3yabTaTy, IKi HE € BUHATKOM 13 TIpaBUIa, a € HOPMOIO
oprasizaiiii ypokxy.

Knac y mexax Mojeni 6e30ap'epHOi apXiTEKTypu HaBUYAHHS PO3TIIAIAETHCS SK
JUHAMIYHA HaBYaJlbHa CUCTEMA, B SKIA pO3MOALT polied He € (DIKCOBAaHUM. YUHI
MOKYTh BUKOHYBATH Pi3HI (QYHKIIIT B MEXKaxX OJIHI€T HABYAJIBHOI 3a/1a4l, 10 J03BOJIsE
KOMIIEHCYBATH 1HAMBIyaJIbHI TPYAHOILI Yepe3 KOONEePaTUBHY IsUIbHICTb. [Ipu ibomy
BaYKJIMBO, 1110 TaKa B3a€MO/Iis € BAXKJIMBOIO CKJIAIOBOIO YPOKY.

Otxe, Momens Oe30ap'epHOT AUAAKTUYHOI apXITEKTypH HaBYaHHS 3a0e3redye
CUCTEMHY OpraHi3ailif0 OCBITHBOTO TMPOIECY 3 ypaxyBaHHAM pIi3HUX CIOCOOIB
CIpUUHATTS 1H(pOpMaIlii, BAKOHAHHS HaBYAJIbHUX [, B3a€MOMIl Ta AEMOHCTpaIlii
pesynbTaTiB. Ii 3acTOCyBaHHsS CHpSAMOBaHE Ha TIOMEpEeIKEHHS OCBITHIX 6ap’epiB i
CTBOPEHHS YMOB JJIs1 HOBHOLIHHOI y4acTi KOXHOI'O YUHS B CIIJIbHOMY HaBUaHHI.
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Cnmcok Jitepatypu

1. I[Ipo cxBanennsa HaiioHanbHOT CTpaterii po3BUTKY 1HKJIIO3UBHOTO HAaBYaHHS Ha
nepioa 10 2029 poxy Ta 3aTBEpKEHHS OIEpalliifHOro IIaHy 3aXOiB 3 ii peasizari
Ha 2024-2026 poku: posnopsamxeHHs Kadinety MinictpiB Ykpainu Big 07.06.2024 No
527-p.

2. IIpo BHecenHs 3MiH 10 HarionansHOT cTpaterii 13 cTBOpeHHs Oe30ap'epHOTo
npocropy B Ykpaini Ha nepiof 10 2030 poky: posnopsmxenHs Kadinery MiHicTpiB
VYkpainu Big 25.03.2025 Ne 294-p.

3. IIpoxopenko JI. I. [nknro3uBHICTh Ta 6€30ap'epHICTH OCBITHROTO IPOCTOPY: AITH
3 0COOMBUMH OCBITHIMU ToTpebamu. OcBiTa 0cid 3 0COONMMBUMHU MOTPEOAMU: IIISIXU
po30yaoBu. 2024. Ne 2 (25). C. 203-219.

4. KonynaeBa A. YHiBepcadbHUM NU3aliH y MIATOTOBII Ta HABYAHHI: MIJIXOJH,
BU3HAUeHHs Ta BukopuctanHs / A. KonymaeBa, JI. Hakoneuna // Ocsita oci0 3
0CcOOMMBUMU TTOTpedamu: nuLsixu po30yaoBu. — (13). —2017. —c. 18-22

5. Konynaea A. A. HaBuanns aiTedt 3 0COOJIMBMMHU OCBITHIMHU MOTpeOaMu B
IHKJTFO3MBHOMY CEPEIOBHIII: HaBYaJbHO-METOAWYHUN TOCiOHUK /A.A. Komymaega,
O.M. Tapanuenko. — XapkiB: Bun-Bo «Panox», 2019. — 304c
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KA3BKOTEPAIIEBTUYHI CTPATEI'Il POGOTH 3
AUTAYUNMHAU KOHOJIIKTAMUA

Ka3auinep Osiena CemeHiBHA,

JOKTOp MEarorivHuX HaykK, mpodecop,

npodecop Kadeapu KOpeKIIHHOT ICUXOIeIaroTiKy Ta 310POB’ s IO IUHU
XapKiBChKOI'0 HaIlIOHAJILHOTO TeAaroriunoro yHisepcutety iMexi I'.C. CxoBopoau

boituyk FOpiii /lmuTpoBuy,

JOKTOp MEarorivHuX HaykK, mpodecop,

nivicuuit wieH (akanemik) HATTH Ykpainu,

npodecop Kadeapu creriaabHol eJaroriku, peKTop

XapKiBCHKOI'0 HaIlIOHAJIBLHOTO TeAaroriunoro yHisepcutety iMexi I.C. CxoBopoau

I'aaii Aaua IBaniBHA,

KaHAuAaT O610JIOTTYHUX HAYK, JIOLICHT,

JOLICHT Kadepyu KOPEKIIHHOT MCUXONEAaroriky Ta 3[0pOB’ s JTIOAUHU XapKiBCHbKOTO
HaIllOHAIBHOTO MenaroriyHoro yHiBepcurery imeni I'.C. CkoBopoiu

BMminHs nonati KOHQUIKTH € (PyHIAMEHTalIbHOI MOTPEOOI0 ISl TCUXIYHOIO
pPO3BUTKY, couiamizamii Ta Oe3neku AUTUHU. KOHQIIKTH y [auTsdoMmy BILI €
MPUPOJHUMH, OCKUIBKH 4Yepe3 HUX JUTHUHA BUMUTHCS 3aXUIIATH BJIACHI KOPJOHU Ta
PO3yMITH Ykl iHTepecH. [IpoTe 0e3 MpaBMILHOTO CYIPOBOY TOPOCIUX HEPO3B’ A3aH1
CyHepeuKr MOXYTh IPU3BECTH J0 CTPeCy, 13011111 abo arpecii.

[TononanHst KOHQIIKTIB y ITEH € HEOOX1THUM JJI PO3BUTKY COLIIAJIbHUX HABUYOK,
€MOIIIITHOT 3pUTOCT1 Ta BMIHHS 3aXMIIATH CBOi KOPIOHI MUPHHUM HUISIXOM. Bupinryroun
CyNepeykd, TUTUHA BUYUTHCS 3HAXOJUTH CIUIbHY MOBY, PO3YMITH 4Y>Ki MOUYYTTS Ta
OyIyBaTH 3JI0POBI CTOCYHKH 3aMiCTh TOro, 10O YHHKATH HPOOJEM Y arpeCUBHO
pearyBaTH.

HeoOximHicTh HaBYaTH MIT€H BUPINIYBAaTH KOH(IIKTH OOYMOBJICHO KIJTbKOMa
MpUYMHAMHK: 1) PO3BUTOK €MOIIIMHOTO 1HTEJIEKTY: TUTHHA BYUTHCS PO3IMI3HABATH CBOI
emorii (THIB, oOpa3y) Ta KOHTPOJIOBATH iX; 2) (hopMyBaHHS eMIIaTii: 3’ SBISETHCA
PO3yMIHHS, IO IHIII JIFOJAM TEX MalOTh MOYYTTS Ta BJIACHI 1HTEpecH; 3) colliaibHa
ajanTailisi: KOHCTPYKTHBHE PO3B’SI3aHHS CYNEPEUYOK JONOMAarae Jeriie 3HaxOIUTU
Ipy3iB 1 OyayBaTh MilHI CTOCYHKH; 4) TICHXIUHE 3JI0POB’Sl: 3HWIKYETHCS DPIBEHb
TPUBOKHOCTI 4Yepe3 HEBUCIOBJIEHI oOpa3uW Ta MPUTHIYEHUW THIB; 5) 3amoOiraHHs
OyJIHTY: BMIHHS BIJICTOIOBATH ce0€ CIOBECHO 3YIMHAE arpecito Ha paHHIX eTanax.

AHaJli3 HayKOBHUX Tpallb 13 TEMU JIOCTIHPKEHHS CBITYUTH MPO T€, 110 MUTAHHS
O0COOJIMBOCTEH MPOSIBIB, MPUYUH BUHUKHEHHS KOH(DIIIKTIB y AUTSIYUX KOJEKTHBAX, a
TaKoXX Mpo¢eciifHOT MATOTOBKY MENaroriB 10 KOHCTPYKTUBHOTO 1X BUPIMICHHS 0YJIO
MpEeAMETOM CTYy/iIOBaHb TakuX aBTOpiB, sk T. Antumuyk [1], FO. Bomunens, H.
Crannik [2], I. KonoBanbuyk [3; 4], I'. lllynsra [5] Ta iHIIHMX.
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Kaskotepaniss — 1ie epekTUBHUII METO/A BUPIMICHHS AUTAYUX KOHQIIKTIB depes
Metadopy, 1€ JUTHHA TMPOXKUBAE CHUTyaIlil0 OE3MEeYHO Il CBO€I TICHUXIKH.
KazkoTepaneBTuuHi cTparterii poOOTH 3 AUTIYMMU KOHGJIKTaMU 0a3yroThCs Ha
NPUHIMUII MeTadhOPUYHOTO MEPEHECEHHsI pealbHOi MPoOJIeMH y BUTAIaHUN CBIT, IO
J03BOJISI€ TUTUHI OE3MEYHO MpoaHaji3yBaTH CUTYallil0, 3HU3UTH PiBEHb arpecii Ta
3HAUTH KOHCTPYKTHBHI BUXOJU 3 KPHU3H. 3aMICTh NPSIMUX 3ayBa)KE€Hb MEAaror 4u
MICUXOJIOT TIPOIIOHY€E MeTadopy, /1€ Ka3KOBI repoi MepeKUBAIOTh CXO0XK1 CYNEPEUKH.

Jlis Toro, mo0 3acTocyBaTH METO Ka3KoTepamii 3 METOI0 3 SICyBaHHsS IMPUYUH,
BUPIIICHHSA AUTAYUX KOHQIIIKTIB Ta iX 3amoOiraHHs, NOTPIOHO YTOYHUTH, SKUU BIK
AiTe, MO KOH(QIIKTYIOTh, Yy YOMY OCHOBHa MpHYMHA cylepedok (OopoThba 3a
J1AEpPCTBO, ITpAIIKH, MPOSIBU arpecii), e podoTa 3 rpymnoro IiTed 4u iHAMBIAyaIbHA
Tepanisn’?

Hamu Oynio 3anmporoHOBaHO OCHOBHI cTpaTerii Ka3korepamii 1Jis1 BUPilIeHHSs
AUTAYUX KOHQUIIKTIB:

Crpareris npoexiii Ta i1eHTudikanii: JIluTuHa 0OTOTOXHIOE ce0e 3 TepCOHAXKEM,
KWW Ma€ CXO0K1 TPYAHOII Yy CHIJIKYBaHHI, 11O JOTIOMara€e MmoJuBUTHUCS Ha KOHQIIIKT
300KYy.

Crpareris 3MmiHM (iHamy: YYacHHKaM IMPOMOHYETHCS MEPEnucaTH KIHIIBKY
B11I0MOi 200 HOBO1 Ka3KH, 11100 3HANTH MUPHE KOMIIPOMICHE PIIIICHHS.

Crpareris peueHtpanii (moriisigy oyuma 1HIOro): JluTuHa HAMBUTHCS Ha
KOH(JIIKT O4YMMa 1HIIOTO nepcoHaxa. Lle po3BuBae eMnarito Ta 3HIMA€e €roLeHTPU3M.
CTBOpEHHSI CIOKETIB, JI€ TOJIOBHUU T'€pOM PanTOBO MIHSETHCS MICHSAMH 31 CBOIM
CKPUBIHUKOMY, 10O 3p03yMITH MOTUBH 1HIIOI CTOPOHH.

Crpareris metadopuyHOro MojentoBaHHs: [IpoxkuBaHHs rapsaoro KOHQIIKTY
yepe3 MPOTUCTOSIHHA CTHXIM YK BUTAaHuX 1CTOT (Hampukiana, «OctpiB CBapiuBuX
JlpakoHiBy), 110 3HIMae 0coOUCTy Hampyry. Uepes o0pa3u Ka3KOBUX 1CTOT (IPaKOHIB,
IITOPMIB) JIUTHHA JIETalli3y€ Ta BUIYCKAa€ CBIM THIB 4M oOpa3zy 0e3 MIKOAW s
OTOYYIOYHX.

Crparerisi MOAEIIOBaHHS aJIbTEPHATUB. Y CIOKET1 CTBOPIOIOTHCS PO3BUJIKH, 1€
repoi oOMparOTh Pi3HI Crocodu pearyBaHHs. JluTmHAa OauuTh HACIIAKH arpecii Ta
KOMITPOMICY.

Crpareris Tpancdopmartiii o6pa3y. HeratuBuumii mepconax (arpecop) mijg dac
Ka3K{ 3MIHIOETHCS, PO3KPUBAE CBOT MOTUBU 200 NEPEBUXOBYETHCSI.

Metoau Ta TexXHiKM peaJizaunii cTpaTerii € pi3HOIIIAHOBUMMU:

CninbHe cknananHs. J{opociauil mouynmHae 1CTOpilO, a AUTUHA MPOTIIOHYE CBOI
BaplaHTU BUXOMAY 3 KpU3H.

3mina ¢inany. IlepenucyBanHs BigOMOi Ka3Ku, J€ Tepoi 3amicTh OIMKH
3HAXOJIATh KOMIIPOMIC.

JIsnpKOBUM TeaTp 3a CIOKETOM Ka3Ku: MaHIImyItoBaHHS 1rpalikamMu J03BOJIsE
JITSM BiJ[pearyBaTd THIB 1 TIJIECHO BIANpPAIIOBAaTH HABUYKHA TPUMHUPECHHS.
[IporpaBanHs KOH(IIKTHUX CIICH 3a JIOMOMOTOIO JISUThOK 200 irpaliox.

7 KaskoBe mamtoBanHs: 300pakeHHS KOH(IIKTHOTO MOMEHTY Ka3Ku Ta MOTo
«Oe3medHe» po3MalbOBYBaHHS uM TpaHchopmarliss Ha mnamnepi. 300paxeHHs
KOH(JTIKTY, a TIOTIM «JIOMaJIbOBYBAHHS €JIEMEHTIB, SIKI MUPSITH CTOPOHH.
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1 MenutatuBHi Ka3ku: BUKOpUCTOBYIOTBCA Michs KOHQIIIKTY Uil €MOLIHHOTO
PO3BAHTAXKEHHS, PO3CIA0JIEHHS Ta BITHOBJICHHS MOYYTTs O€3MEKH.

Oo6roBopenHs Ta aHami3: CnulbHUM MOUIYK BIJMNOBIAEH Ha 3anmuTaHHs: «Homy
BUHUKIIA cBapka?y, «l1lo BiquyBanu repoi?», « Ik MoxkHa OyJI0 BUNHUTH 1HAKILIE?».

Cka3zaHe BUIE [IO3BOJWJIO HaM pPO3POOUTH TaKUi aJrOPUTM MNOOYA0BH
KOPEeKUiHHOI Ka3KH, 110 CIPSIMOBAHUN HA HABYAHHSA JUTHHU BUPILLYBATH TOM YN
IHIIUA KOHQPJIIKT:

1. 3naitomcTBO 3 reposimu: CTBOpeHHs 00pa3y nepcoHaxa, sIKui 3a XapakTepoM Ta
MOBEIIHKOIO CXOKUH Ha KOH(DIIKTYIOUY JTUTHHY.

2. Omuc mpoOnemu: BBeneHHS B CIOKET cuUTyamii cymepeuku (OopoThOa 3a
Irpariky, Ji1epCTBO, HEBMIHHS AUTATHUCS).

3. KynbmiHanig Ta eMoniiiHe MiKe: 3arocTpeHHs KOH(IIIKTY, KOJU CTapl METOIU
(61iika, 00pa3u) MPU3BOAATE T'EPOs 10 CAMOTHOCTI 200 TITyXOro KyTa.

4. IlosiBa nomiyHuka / OcasHHs: 3ycTpid 13 MyJIpUM IEpPCOHaXeM ad0 HACTaHHS
MOJi1, sIKa MiJIKa3y€ HOBY MO/IEIb MOBEIIHKH.

5. Po3p’sa3ka Ta iHTerpailisi: YCHIIIHE BHUPIMIEHHS KOHMIIKTY 3a JIOMOMOTOIO
mianory, (ikcaris Mo3UuTUBHOTO JIOCBITY.

HaBenemo npukiiagy CHOKETIB Ka30K, PO3JAUICHUX 3a TUIIOBUMHU INPUYMHAMU
TUTSAYNX KOH(ITIKTIB.

1. Konguiikr 4epes irpamkmn:

«/IBa BeIMeIMKHU Ta 0JHA MAJIMHA)

Croxker: VY Jiici xuiM Ba BeaMeauku — bypuuk 1 Tomuuk. OHOTO AHS BOHH
3HAUIUIM KYIII 13 HAHO1IBIIIOI0, HAHCOIOAIION SAT0/10t0 MaIMHU. OOUABA CXOMUIIUCS
3a HET OJJHOYACHO 1 nmoyanu kpudatu: «BoHa Mos!». BoHu criepedanncst Tak CUIIBHO,
10 PO3YaBWIM AroAy. ManuHa crajga HempuAaTHOIO s ki, 1 00MABa BEIMEIUKU
3aUIIAIINCS Hi 3 UMM 1 3amiakainy. HacTymHoro JHS BOHM 3HAMIIIIM 1€ OJIHY BEJIUKY
aroay. Ilam’sitatoun MuHyy OMUWIKY, Bypuuk 3anpononyBas: «Hymo noginumo ii
HaBmi». BoHW Tak 1 3poOuiiu: KOKEH 3°TB CBOIO YaCTHUHY, 1 00MJIBA 3aJIUIIMINCA
IACIMBUMU Ta CUTHMH.

Mopaus: Sxiio 0yt xaniOHuM 1 OuTHCS, MOXKHA BTpaTtuTu Bee. [lomimutucs —
1€ BUT1IHO JUISI KOYKHOTO.

Croxet: Y micoBomy caiouky Jlucenst Ta 3aifueHs CXONMWIM OJHY M Ty camy
MamuHKy. BoHu kpudanu: «Moe!», TATHyIu B pi3HI OOKHM, TOKM Irpamika He
snamanacsa. OOuaBa posruiakamucs. Toni BuxoBaTelb Bopcyk momoMir iM pasom
MOJIATOJIMTH MAIMHKY. BOHHM HOMOBHMIMCS: CIIOYATKy S5 XBWIMH Tpae Jlucens, a
3aituens Oyaye Juisl Hei rapax, MOTIM BOHU MIHSIFOThCS.

KirouoBa aymka: Peui MOXHa BUKOPUCTOBYBATH IO 4ep3l, a CHJIbHA rpa
I[IKaBiIlla 3a CBapKy.

2. Konduiikr gixepcrBa: «XT0 roJJOBHMH y MiCOYHULI?»

1 Crwxker: JleBensa JIboBa Ta Turpens Tumko Bupimmiu 30yayBaTH 3aMOK 13
nicky. JIboBa kpuuaB: «5 Oyny OymyBaTH BEXKY, a TH HOCH IICOK, 0O s TOJOBHHUM!».
Tumko obpasuscs: «Hi, s ronoBHuii, 1 Oyny OyayBatu, a T HocH!». BoHu nouanu
pyiiHYBaTH poOOTY OJWH OJHOTO 1 mocBapuiucs. Tomi g0 HuX mimidnuia Mynapa
Yepenaxa 1 ckazana: «Benuki 3aMku Oyayt0Th KOMaH/H, a HE OJIMH TOJOBHUI». BoHa
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3anpononyBasia JIkoBi OymyBatu mpaBwii OiK 3aMKy, a THMKOBI — JIiBHi, a TOTIM
3’€JIHaTH iX TapHUM MICTKOM. Maltoku crpoOyBaji, 1 y HUX BUHIIOB HaWKpaIliuii
najar y Jici.

Mopaab: He 000B’s13k0BO OyTH €auHUM rojoBHUM. [IpaioBatu pa3om Ha
pIBHUX — Ha0araTo IiKaBsiIIe.

3. KonduaikT uepe3 o6pa3y Ta 063uBaHHA: «[5Ka40K Ta KOJII0Ui CJI0Ba»

Crosker: 3aituens Byxanb BUIaJKOBO MITOBXHYIO [xauka KoKy mij yac rpu
HazgoraHsuiku. Koibka po313auBces 1 Ha3BaB 3aiiueHs «He3rpaOHUM MilKoM». ByxaHio
cTayio ayke Oossiue BCepennHi, HiOM HOTo ceplie BKOJIOIN CIPaBXHBOIO TOJKO0. BiH
HE 3aXOTiB OiNbIe rpaTHcs i MilIOB J0A0MY. [’KauoK 3aIMIIUBCA caM i 3pO3yMiB, 110
oOpasuB npyra. Bin npwuiimos 10 3aiiueHsTH, TpUHIC HOMY sS0TyKO 1 cka3aB: «Bubau,
s cKazaB IIe 31 3714, 00 MeH1 OyJI0 HEMPUEMHO, 1110 TH MEHE ITOBXHYB. S OUIbIIE HE
Oyny oO3uBaTuCsS». 3ailueHs TeX BUOAUMIIOCS 3a Te, IO OyJIo HEOOEpeXHHUM, 1
«KOJIFOUKa» 3 MOro cepus 3HHUKIIA.

Mopaasb: CroBa MOXYTh PaHUTH, SIK TOJKH. 3aBXIM Kpallle CKa3aTu Mpo CBOi
MOYYTTS CIIOKIMHO, HIXK 003UBATH 1HIIIOTO.

4. IIposiB arpecii Ta 0iliKH (IJI THX, XTO 0’€THCH)

Croxxet: Manenbkuit J[pakoOHUMK, KOJIM 3JIMBCS, BUBEPTaB BOTOHB 1 00MAIIIOBAB
KPWJIBIS py3sM. 3BIpsiTa MOYaid HOro yHUKaTH. J[pakoHYMK CyMyBaB 1 MOYyBaBCsA
caMOTHBO. ToJll MaMa HaBUYMJIa MOTO CEKPETY: KOJIU BCEPEANHI 3aKUITa€ BOTOHb, TpeOa
3AIUTIOIIUTHA OYl, TPUYl TJIMOOKO BIMXHYTH Ta 3 YCI€l CHJIM TYIHYTH HOTIOKO abo
nodiratu. JlpakoHUMK cnpoOyBaB — BOTOHb 3rac, HIXTO HE MOCTPaXKJaaB, 1 Apy3i
MOBEPHYJIUCS.

KurouoBa gymka: 3nutucs — e HOpMajiabHO, ajie BUPaXKaTH 3J1CTh Tpeda Tak,
11100 He pOOUTH OOJIIUE 1HILIUM.

5. KoHguikT mixk Oparamu Ta cectpamu (peBHOIIII)

CrokeT: y poAMHI €HOTIB HapoAuBcad MaimoK. Crapimumil OpaTvk gymas, IO
O0aTbKu Temep JIIOOJATH JIMIIE MAaJCHBKOTO, 1 MOCTIHO 3a0upaB y HBOTO pedi Ta
BepeayBaB. OqHOTO pa3y TaTo-CHOT y35B BEJIUKY CBIUKY 1 cKa3aB: «Mos J1t000B — 11e
BOTOHbY». BiH 3amanuB CBIYKY CTapIIoro, a moTiM BiJl HEl K — CBIYKY MOJIOIIOTO.
Boronb nepioi ¢cBiYKM HE 3MEHIIHMBCS. 1aToO MOSCHUB, IO JHO0OBI B cepIll OAaTHKIB
BHUCTAYUTh HA 000X.

KawuoBa aymka: IlosBa MOJOAIIOT0 HE 3MEHINY€E JIO0OBI JIO CTapIIOTO;
CTapIINi — 11€ 3aXUCHUK 1 TOJIOBHUM OMIYHUK.

TakuM 4MHOM, HAMPUKIHII T€3 MOKHA JIATH BUCHOBKY MpO T€, 110 MOAOJAHHS
KOH(IIKTIB y JITeH € HeOOX1MHUM JJII PO3BUTKY COIliaJbHUX HABUYOK, €MOIIIMHOI
3pUIOCTI Ta BMIHHS 3axullaTH CBOi KOPJOHI MHMPHUM LUISIXOM. Bupiuryrouu
CyNepeyKH, TUTHHA BUYUTHCS 3HAXOJUTHU CIIUIBHY MOBY, PO3YMITH UyKi MTOYYTTS Ta
OyIyBaTH 3JI0POBI CTOCYHKH 3aMiCTh TOTr0, 100 YHHMKAaTH MPOOJEM YU arpecUBHO
pearyBaTH.

Hamu Oyno 3ampomoHOBaHO OCHOBHI CTparterii Ka3koTepamii Jjisl BHPIMICHHS
TUTSYNX KOH(MIIKTIB: cTpaTeris mpoeKIii Ta ineHTrudikaiii, ctpareris 3Miau (iHaIy,
cTpareris JeneHtparii (MOorsay oOdYMMa 1HIIOTO), CTpareris MeTadOpUIHOTO
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MOJIETIIOBAaHHS, CTpaTeris MOJENIOBaHHsS allbTepHATHB, CTpaTeris TpaHchopmarii
obpa3y.

Metoau Ta TEXHIKM peami3alii IHUX CTpaTerii € pi3HOIUIAHOBUMU: CIILIbHE
CKJIaJIaHHS1, 3MiHa (piHATY, JSILKOBUH TeaTp 3a CIOKETOM Ka3KH, Ka3KOBE MAJIFOBaHHS,
MEJIMTaTUBHI Ka3Ku, OOTOBOPEHHS Ta aHaJIi3.

CkazaHe BHWIIE JO3BOJIMIIO HaM PO3POOUTH QJITOPUTM IOOYJOBH KOPEKIIIHHOT
Ka3KH, 1110 CIIPSIMOBAHUN Ha HaBYaHHS JUTUHU BUPIITYBATH TOW UM 1HIIMN KOH)IIIKT.

[TpoBeneHe AOCTIKEHHS HE BUYEPITY€E YCIX aceKTIiB 3a/IeKJIapOBaHOTO MTUTAHHS.
[TepcniekTHBOIO TONATBIIMX HAYKOBHX IONIYKIB MOXXE, HAa HAlly AYMKY, CTaTh
po3po0Kka TporpaMu Ta METOJWYHUX PEKOMEHAAIIN 11 BUXOBATEJIB 3aKJIajliB
JIOTIK1TBPHOI OCBITH, BUMTEIIIB MTOYATKOBOI KON, ACUCTEHTIB YUUTENsI / BUXOBATEIS,
MPaKTUYHUX TICMXO0JIOTa I0JI0 BUKOPUCTAHHS Ka3KOTEPANeBTUIHUX TEXHOJIOTIHN IS
JOTIOMOTH JIITSIM HABUUTHUCS BUPIIIYBATH KOH(DIIKTH.
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MOJU®IKALIS BILIA HLJISAXOM J10JIABAHHS
MPUCTPOIO BUZZER JHE42B-S JUISI BAKOPUCTAHHS
Y HABUAJBHUX IIJISIX

Xmapwk Baaguciaas QuiekcanapoBuy,
Buxknanau kadeapu paaioTexHOIOT1H
BiiicbkoBHiT IHCTUTYT TeNEKOMYHIKallii Ta iHpopmaTu3anii imeHi ['epoiB Kpyt

PaeBcbknii BsiueciiaB MukoJsiaiioBu4,
HomnenT kadeapu paaioTexXHOIOT1H
BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKAIX Ta iHdopmaTu3allii imeHi ['epoiB Kpyt

JepeB’sTHKO AHAPi AHAPIHOBUY,
KypCcaHT
BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKAIIX Ta iHdopmaTu3ailii imeHi ['epoiB Kpyt

I'nymyk bornan BikTopoBuuy,
KypCcaHT
BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKAIIX Ta iHdopmaTu3ailii imeHi ['epoiB Kpyt

Aymenko Makcum IBaHoBHY,
KypCcaHT
BiiicbkoBHif IHCTUTYT TeJIEKOMYHIKAIX Ta iHdopmaTu3allii imexi ['epoiB Kpyt

FPV-nponn mupoko BUKOPUCTOBYIOTHCS JIJIsl MPAKTUYHOI MIJTOTOBKH ONEpaTopiB
Oe3MIOTHUX JiTalnbHUX amapariB. HaByanHs mepenOadac BUKOHAHHS TOJLOTIB B
PI3HHX yMOBax, BIAIMPAIIOBAHHS HABUYOK YIIPABIIHHS, MPOXOHKEHHS MapIIPYTIB Ta
BUKOHAHHS 3aBJlaHb, TTOB'S3aHUX 13 MOITYKOM Ta MOBEPHEHHSIM OE3IMIJIOTHOTO anapary
MICIs 3aBEPIICHHS NOJAbOTY. OJHIEI0 3 MPAKTUYHUX NPOOJIEM Mija Yac eKCIuTyaTauli
Masnorabaputaux FPV-ApoHIB € cKIanHICTh iX MOUIYKY MICHsl aBapiiiHOI MOCAJIKH,
naJiiHAsA 200 BTPATH BI3yaJIbHOTO KOHTakTy. OCOOJMBO aKTyaJIbHOIO I MpobeMa €
MiJl Yac HaBYAJIBHUX MOJILOTIB, KOJIM 3HA4YHA KUIBKICTh MOJbOTIB BUKOHYETHCA Ha
BIIKPUTIA MICIIEBOCTI, a MICIIe MPU3EMJICHHS arapary Mo)ke OyTH BiJJIaJIEHUM Bij
oreparopa.

OpHuM 13 BapiaHTIB BUPIIIEHHS 1€l mpobiieMu € BcTaHoBieHHS Ha FPV-naponax
JIOIATKOBOIO aBTOHOMHOTO 3ByKoBOro nmpuctpoto Buzzer JHE42B-S. Twunosa
KoHCTpyKIiss FPV-gpoHy ckimamaerbcss 3  pamu, KamepH, O€3KOJEKTOPHUX
CJICKTPOJIBUTYHIB, PETYJISITOPY 00EPTIB MOTOPIB, MOJILOTHOTO KOHTPOJIEpa, IpHiiMayda
KOMaH/I YIIpaBJIiHHSA, BiJieonepeaBada Ta akyMyJsiTopHoi Oatapei. [ist miBUIlieHHs
(YHKIIIOHATFHOCTI HABYAJIBHOTO amapary 10 HOro CKJIaay MOXYTh J0JaBaTHCh
JOTIOMIXKHI TIpUCTPOi [1].
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Buzzer JHE42B-S € KOMIAakTHHUM 3BYKOBUM IPUCTPOEM, SKHI MOXKe
BUKOPHUCTOBYBATUCH JJIs1 JOPMYBaHHS aKyCTHYHOTO CUTHAITY [2]. Moro BcTaHOBIICHHS
Ha FPV-1poH nae MOXXJIMBICTh CTBOPUTH JIOAATKOBHM KaHaJl 1HAWKAIllT CTaHy arapary
Ta, 3aJICKHO B1J peati3allii MiAKII0UYeHHS Ta TPOrPaMHOro 3a0e3MeYeHHs MOJbOTHOTO
KOHTpOJIEpa, BUKOPHUCTOBYBATH 3BYKOBY CUTHAII3alIlil0 JJIs TOIIYKY JipoHa Puc. 1.

Pucynok 1. Buzzer JHE42B-S
Jlxepeno pucynka: https://www.jhemcu.com/e productshow/?55-JHEMCU-
JHE42B-S-Finder-BB-Ring-100dB-Buzzer-Alarm-with-LED-Light-Support-BF-CF-
Flight-55.html

[HTerpariis OpUCTPOIO 3AIMCHIOETHCS HAa OCHOBI MOJKIIMBOCTEH KOHKPETHOTO
MOJILOTHOTO KOHTpoJepa. Y CydacHMX TIOJIbOTHMX KOHTpelepax TmepeadadeHi
coemiajgbHl BUXOAW a00 KOHTAKTHI MaWJaHYUMKH I I €JHAHHS JTOJATKOBUX
npuctpoiB. KepyBaHHS MNpUCTPOEM MOXKE 3A1MCHIOBATHUCS CHUTHAJIBLHO 4Yepe3
BIAMOBIIHUNA TyMOziep (KaHai) Ha pajioanapaTypl HajJallTOBaHHUX 3aBYaCHO B
MpOLIMBII KOHTposiepa Puc.2.

BZ-
G

Pucynok 2. Cxema migkmouenus Buzzer JHE42B-S
Jlxepeno pucyHka: po3poOka aBTopa

BaxxnuBuM mepeBaror0 TaKOro pIlIEHHS € BIAHOCHO NPOCTa KOHCTPYKTHUBHA
iHTerpauis. JJogatkoBuil mpUCTpiid He BUMAarae 3Ha4HOI 3MIHM KOHCTPYKIII paMH Ta
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MOke OyTHM BCTaHOBIIEHWH Ha HaB4yanbHUM BHJIA sx oxpemmii QyHKIIOHATHHUN
MOJYJb.

[lin 4vac wmoaudikaiii HEOOXIJHO BpaxoBYBaTH Kijdbka (HakTOpiB: pobdoue
HAINpPY>KEHHS MPHUCTPOIO, CIOCIO HOro MiAKIIOYEHHS 0 MOJIbOTHOTO KOHTPOJEpa,
CIOKMBAHHS CTPYyMY, Macy JOJaTKOBOTO OOJIaJHAHHA Ta HAAINHICTh KpPITUICHHS.
HemnpaBunbHe MiIKIIOUEHHS MOXE MPU3BECTH 1O TOIIKOJKEHHS EJIEeKTPOHHUX
KOMITOHEHTIB, TOMY TME€peJ MOHTaXeM HEOOXIJHO MEPEBIPUTH EJIEKTPUUHY CXEMY
KoHKpeTHOiI Mojaeni Buzzer JHE42B-S Ta cywmicHICTh 13 BHKOPHCTOBYBAaHHM
MOJBOTHUM KOHTpoOJIepoM [3].

Buxopucranns Buzzer JHE42B-S y ckmami waBuambHOro bmJIA mMoxe Oytm
KOPUCHUM JIJIs1 TIPOBEJICHHS MPAKTUIHUX 3aWHATTS, i 9ac SKUX BiAMPAIlbOBYIOTHCS
HaBUYKU EKCIUTyaTallli, TEXHIYHOTO OOCIyrOBYBaHHA Ta IIONIYKY O€3MUIOTHUX
JTaJbHUX araparis.

[Tomanpinl AOCHKEHHS MOXYThb OYTH CHPSIMOBaHI Ha €KCIEPUMEHTAJIbHE
BU3HAYCHHS MaKCHUMAaJIbHOI €()EeKTUBHOI BIJCTaH! BUSBJIICHHS 3BYKOBOI'O CHUTHATY B
PI3HMX YMOBAaX, OIIIHIOBAHHS BIUIMBY JIOJaTKOBOI MacHh Ha JITHI XapaKTEPUCTUKH
briJIA Ta mociimkeHHs MOKIIMBOCTI aBTOMAaTUYHOI aKTHBAIlli 3ByKOBOTO MPHUCTPOIO
HICJIsl BTPATH 3B'A3KY 3 OIIEPATOPOM.
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The research considers the contribution of renewable and alternative energy
sources in gross final energy consumption for some European countries. In particular,
the share of biomass, biofuel and waste, wind energy, solar energy, energy from heat
pumps, and geothermal energy in gross final energy consumption was analyzed for the
Netherlands, Germany, France, Poland, and Ukraine. Data on various renewable and
alternative sources for these countries are also compared. In addition, the prospects for
increasing the use of these energy sources in gross final energy consumption of the
specified European countries are analyzed and compared.

The consequences of recent climate change, driven by rapid global warming that
threatens the safety of modern life, have compelled the world to seek solutions to these
problems. In 2015, the Paris Agreement was adopted under the UN Framework
Convention on Climate Change (UNFCCC) with the aim of strengthening the capacity
to adapt to the adverse effects of climate change and preventing the average global
temperature from rising by more than 2 °C and ideally by no more than 1.5 °C
compared with pre-industrial levels [1]. The countries and associations of countries
that signed the agreement pledged to develop national plans aimed at reducing
greenhouse gas (GHG) emissions into the atmosphere, to integrate these plans into their
economies, and to revise them every five years in order to ensure sustainable
development [2].

In line with the objectives of the European Green Deal [3], the Clean Energy for
All Europeans Package was adopted in 2019 and incorporated into the legislation of
the EU member states to meet the commitments undertaken under the Paris Agreement.
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Beyond the principal target of cutting GHG emissions by at least 40% relative to 1990
levels, as set out in the EU's 2030 Climate and Energy Framework [4], this package of
energy rules establishes the following key goals to be achieved by 2030:

[Junder EU Directive 2018/2002 on energy efficiency - improving energy
efficiency by at least 32.5% above the current level;

[1under EU Directive 2018/2001 on the promotion of energy from renewable
energy sources (RES) - securing a 32% share of energy from RES in gross final energy
consumption

Compared to Ukraine, the EU is introducing strict rules for the reduction of GHG
emissions. Namely, it is setting high carbon taxes and reforming its Emissions Trading
Scheme (EU ETS) to give the industry an incentive to modernize. A flexible credit
system (grants for covering part of the funds spent on the purchase of energy-efficient
equipment or optimization of technological processes), and support for the European
Green Transition initiative allow countries to attract financing on favorable terms.

According to [5, 6], bioenergy holds one of the highest development potentials
among all RES, owing to favourable climatic conditions, the strengths of the
agricultural sector, and the availability of the necessary workforce. It accounts for
roughly 70% of energy consumption from renewable sources. The most widely used
feedstocks are agricultural residues generated during harvesting and processing, animal
manure, and energy crops, which serve as sources of solid fuel and biogas [7, 8].

To achieve these goals, for the first time, a methodology was developed to analyze
the energy and climate plans of European countries, which allows determining the
share of renewable energy consumption in a selected sector of the economy.

The share of the source (or technology) of renewable energy in gross final energy
consumption for each year was determined as the ratio of the annual final energy
consumption from this renewable energy source to gross final energy consumption of

all sectors of economy:
E

Kings = —52+100.% (1)

where Ezgs 1s the final energy consumption by the renewable energy source, PJ,
TWh-h or ktoe; FE is the gross final energy consumption of the economy, PJ, TWh-h or
ktoe.

Since Table B10, and Table B28 in [9] contain the shares of renewable energy
sources (technologies) in the energy consumption of the relevant sectors of economy —
electric power, heating and cooling, and transport sector, then we propose to determine
the total shares of RES energy consumption in the gross final energy consumption kgs
as described below.

The share of final energy consumption from the renewable energy source in the
sector of the economy equals to:

E.Y
kipes = ’ERSES -100,%, (2)
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where £} is the final energy consumption from the renewable energy source in
the sector of economy, PJ; E° is the final energy consumption of the sector of the

economy, PJ.
Since E,,, = Ej; for a renewable energy source, from which all produced energy
is consumed only by one sector of the economy, and E,, => E, — by several

economy sectors, then the share of the renewable energy source in gross final energy
consumption kg, , related to the consumption of all energy produced by one economy

sector can be written as:
Kires = Kires F (3)
The share of RES final energy consumption in the corresponding total sectoral
energy consumption:

s
E RES

ks = e -100,%, (4)

where E;; is the final energy consumption from RES in the relevant sector of the

economy [9, Table C2.7.1], PJ.
So, we obtain:

- E; k E;
koo =S ._—RES _ MRES TRES (&
tRES tRES k;ES E k;ES E ( )
Considering (1), the share of the RES in gross final energy consumption, related to
the consumption of all energy produced by one economy sector equals

A Kires K res _ERES ) (6)

tRES —

k;?ES ERES

The share of the renewable energy source in gross final energy consumption,
related to the consumption of all energy produced by several sectors of the economy is
determined as:

E’ ,
kirps = Z EZRES -100 = ZktRES' (7)

Using the proposed technique for the analysis of energy and climate plans, the
actual and forecast shares of energy from biomass, biofuel, and waste (%) in gross final
energy consumption were analyzed in Fig.1.
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Fig. 1. Shares of energy from biomass, biofuel and waste in gross final energy
consumption in Ukraine and the EU countries
Source of the figure: authors' own development

The actual values of the share are the values of the share recorded by the state
monitoring services in the past years, which are represented by solid lines in the graphs,
and by straight, normal font saturation — in the tables.

The predicted values of the share are the present and future values of the share
based on the adopted model of the development of the state energy policy. They are
shown by dotted lines in the graphs, and by italic, semi-rough font saturation — in the
tables.

Based on the developed method of analyzing the shares of final energy
consumption in the respective total sectoral energy consumption, the authors conducted
an analysis and made the following conclusions. Today, the European countries are
trying to intensify their plans to save energy, diversify energy resources and implement
innovations to reduce GHG emissions. The research results show that the Netherlands
and Germany are the leaders in the implementation of various renewable energy
sources, Poland leads in the use of biomass, biofuel and waste, however, according to
forecasts, Ukraine is going to occupy a leading position in this sector, and France
prefers the use of heat pumps and hydropower.
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BIMCBHKOBI APXIBU B YKPAIHI

Yepusk Cepriii I'ennagiiioBuy

KaHIUJIAT NeJaroriYHuX HayK, JTOIEHT,

CTapIIui HAyKOBHM CIIBpOOITHHUK

Bigainy iHpopmariii Ta BAKOPUCTaHHS TOKYMEHTIB,
JepxaBHuii apxiB M. KueBa

YMOBU BOEHHOTO KOH(JIIKTY CTBOPIOIOTh CEPHO3HI BUKIMKH JJIs apXiBHUX
YCTaHOB, SKI BIAMOBIAAIOTH 3a 30€pekeHHsS Ta OOpOOKY IIHHOI JTOKYMEHTAJIbHOI
cnaamuHu. JlocBi IIMX yCTaHOB y MAISUIBHOCTI B YMOBax BIWHU € HaJA3BUYAHO
BAYKJIMBUM ISl 30€pEXKEHHS 1ICTOPUYHOI MaM STl Ta 3a0e3MeUeHHsl JOCTYIy 10 Hel y
MaiOyTHbOMY. Y IIbOMY KOHTEKCTI PO3YMIHHSI BUKJIMKIB Ta NEPCHEKTUB PO3BUTKY
apXiBHUX YCTAHOB Jjomnomarae ¢axiBUsgM IUIaHYyBaTh 3axOAM JUIs IIJBUILEHHS
CTIMKOCTI apXiBHOI Tamy3i. Big HanmexHOT yBarm 10 IUX TUTaHb 3aJICKUTh
e(eKTUBHICTh 30€peKEeHHs Ta BIATBOPEHHS AapXIBHUX JOKYMEHTIB, a TaKOX
3a0e3MneueHHs JOCTYITy A0 HUX JJIs MaOyTHIX MOKOMiHb [1, c. 74].

CtBOpeHHs BINCHKOBHX apXiBiB B YKpaiHi TICHO IMOB’sI3aHE 3 IISUIBHICTIO MICIIEBUX
BiiCbKOBUX (hOpMyBaHb, YCTAaHOB BIMCHKOBOTO BioMcTBa Pociiicbkoi immepii —
mTabiB, YMNpaBIiHL BIHCHKOBOI aJMiHICTpallli, BIMCHKOBUX 4YacTHH, 3 €JIHAaHb
peryisipHoi apmii, BINCHKOBHX 3aBOJI1B, apCEHAIB, TOCIITAJIB 1 HABYAJIIBHUX 3aKJIa/I1B
(BIMCHKOBHUX T'IMHA31H, KaJAETCHKUX KOPITYCIB, BINCHKOBHUX YUHJIHUIIT), MICIIEBUX B1JIJILIIB
iMITepaTopchKoro PociiichKoro BOEHHO-1CTOPUYHOTO TOBApUCTRBa [2, ¢. 245].

3ayBaxkumo, 1m0 KuiBChbKuU BIIAUT 1MIIEpaTopchbkoro PoCICBKOrO BOEHHO-
ICTOPUYHOTO TOBapHcTBa 3acHOBaHUM Yy koOBTHI 1908 poky. CraBuB 3a MeTy:
JOCIHIJKEHHSI B Tady3l BOEHHOI ICTOpIii; MOLIMPEHHS BOEHHO-ICTOPUYHHMX 3HAHD;
COPUSHHS YNOPSAKYBAaHHIO apXiBiB; 30€pEKEHHIO, BIIHOBIEHHIO W CIIOPYIKEHHIO
namM’sITHUK1B; MPOBEJICHHIO apXEOJOTTUHMX JI0CIIIKEHb; 3aCHYBaHHS CTIeI[iaTi30BaHUX
My3€iB 1 010Ji0TeK Tomo. Bigain mnommuproBaB CBOK [ISJIBHICTh Ha TEPUTOPIi
KuiBchbkoro BIMCBKOBOrO OKpyry, A0 sikoro Bxogwin KwuiBcbka, Iloauibcbka,
Bonuncreka, [TonraBcbka, XapkiBebka, YepHiriBebka, Kypebka rydepHii it XOTHHCHKHIA
noBiT beccapabcerkoi rydepHii [3, c. 254].

Po3moporienHst BiCbKOBO-apxiBHUX (OHAIB 1 BTpara iX IIHHUX JIOKYMEHTIB
3yMOBJIIOBAJIUCSL TUM, 110 TPUBAJIMNA yYac y BIHCHKOBOMY BIJOMCTBI HE ICHYBAaJO
3arajJbHUX MPaBWJI, K1 0 BU3HAYAIW HAWBaKIMBIII (YHKITT apxiBiB. 3aKOHOIABCTBO
BiiickkoBOro MiHiCTepCcTBa CTOCOBHO apXiBiB modano ¢dopmyBatucs jumie B XIX
CTOJNITTI. 3aKOHO/ABYl aKTH, y3arajbHIOWOYHM TPAAMIli, IO CKIAJIUCS B apXiBHOMY
30epiraHHi JOKYMEHTIB, BIUIMBAaJM Ha PO3BUTOK BIMCHKOBHUX apXiBiB B YKpaiHi.
Haxkasu, mocTaHoBH, paBuiia, Y3aKOHEHHS, PO3MOPSAIHKEHHS BiliCBKOBOTO BiJIOMCTBA
TOpKaJIMCS BCiX CTOPIH BIMCHKOBO-apXiBHOI CIpaBu: (POpMyBaHHS apxiBiB MpH
BIMCBKOBUX  KaHUEJAPISAX, YHOPSAAKYBaHHS  BIMCHKOBUX  apXiBHUX  (DOH/IIB,
3a0e3neueHHs 30epiraHHs apXiBHUX JOKYMEHTIB, MOPSAAKY 3HHUIIEHHS CTapux
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apxiBHUX CIOpaB, a TaKOX TMepeJaBaHHs BIMCHKOBUX apxiBiB HpH MoOLTI3aIii
BIMCHKOBUX YaCTHH, INTA01B 1 yIIpaBJiHb UM iX po3dopmyBaHHi [2, c. 247].

Haromocumo, 1o ocHoBHa pobGora KwuiBchkoro BIAILTy 1MIIEPaTOPCHKOTO
Pociiicbkoro BOEHHO-1CTOPUYHOTO TOBAPHCTBA 30CEPEKyBaJIacs B KOMICISX: apXiBHIM
Ta 010mioTeuHiit (roioBa B. IxonHukoB), myseiHiit (B. Iparomupon), OyaiBenbHIN
(K. XomnocroB), pesiziiiHiit (K. HoBorpebenscbkuii), pemakuiiiHiii (M. Xogoposud, 3
munas 1911 poky — M. HapkeBuy), 3MOMOK 1 3HIMKIB (Ha4aJIbHUK YTIPaBIIIHHS
KuiBchkoi BiiicbkoBoi Tonorpadiunoi 3itomku 0. lImiar, 3 1910 poky — Ha4aIbHUK
33-i mixorHoi muBi3ii O. 3erenos) [3, c. 254].

3aBijyBaHHS apXiBOM Yy BIMCHKOBUX YacCTHHAX IMOKJIAAajoCs Ha aJ IOTaHTIB. 3a
iXHIM JT03BOJIOM 3 apXiBiB BUJIaBAJIMCS CIIPABH 1 KHUTH (KPIM CEKPETHHUX ) AJIS IOBIJOK.
CnopaBu BuJaBaIMCs 3 apXiBy Ui HABEJACHHS JOBIJIOK MPU HASBHOCTI 3alUCKU
CTOJIOHaYaIbHUKA. L1 3anmucKu 3anumanucs B apXiBl sIK pO3NUCKU B OTPUMaHHI CIIpPaB,
a MICJISl MOBEPHEHHS OCTaHHIX J0 apXiBy MOBEPTAIUCA 0 CTPYKTYPHUX MiAPO3ILUIIB
(cTomniB) KaHuespii, A¢ 3HUITyBaducs. [lomoxxenns BiticbkoBoi Panu Bijg 25 aumHs
1862 poky BCTaHOBJIIOBAJIO HOBI IpaBuJja 30epiraHHs CIpaB BINCHKOBUX YACTHUH, SIKI
Buctynaiau B moxia. Crapi cmpaBu MOOLUTI30BaHMX YAaCTHH 3 OIMKCAMM 3/1aBAJIACA
KOMaH/IUpaM MiCIIeBUX OaTajbHOHIB BHYTPIIIHBOI CTOPOXI. Y BiJlaHHA OCTAHHIX Ha
yac TOXOJy BIACHKOBUX YACTHUH HAIXOAWIM KHUTH 3 YHTEp-0(IlEepPChKUMHU
dhopmynsapamu. JIo 000B’A3KiB KOMaHIUPIB MICIIEBUX OaTalbHOHIB BXOJUIIO HE JIMIIE
PO3MOPSIKEHHS MPO CBOEYACHE 30CEPEIKEHHS CIpaB MOOUII30BAaHUX BiIMCHKOBUX
YacTHUH y BlJIaHHI OaTajbiOHY AJI OCTIHOTO 30epiranHs, ajie il HaJaHHs 3 LIUX CIIPaB
HE0OX1AHUX 10B110K. [Ipr HEMOXKIMBOCTI pO3MIILIEHHS 3aJIMIIEHUX BliiCbKaMU apXiBiB
y OyIIBJISX MICIIEBOro OarajbiOHY BHYTPIIIHBOI CTOPOXKI iM BIJBOAMIIUCA OKpPEMI
MPUMIIIEHHS IIMBUILHOTO BIIOMCTBA [2, . 251 — 252].

Ha choroziHi roJioBHOK yCTaHOBOIO, IO 30epirae JOKyMEHTH MPO BIICHKOBUX Ta
icTopito apmii B KpaiHi, € [amy3eBuil nepxaBHUM apxiB MiHicTepcTBa 000pOHU
VYkpainu. ApxiB 00CIyroBy€ CTPYKTYpHI1 Miapo3auin Mino6oponu, [enepanbHOTO
mtady 3CY, BIMIChKOBI YaCTUHU, HABYAJIbHI 3aKJIa M Ta 1HII yCTaHOBH 30poiHux Cui
VYkpainu.

OTxe, BIMICHKOBI apXiBU B YKpaiHi CTaM BIIPOKEHHSIM HaIllOHAJIbHUX TPAJIMIIN
apxiBHOi cmpaBu. JleMokparu3aiis Ta Jeieosiorizamis apXiBHOI CHCTEMH,
nonMONIeHHs 1HTerpaiii YKpaiHu B MIDKHApPOIHY apXiBHY CHCTeMY, (OpMyBaHHS
camocTiiiHoro HaiioHanbHOTro apxiBHOTO (POHAY BUSIBUIOCS y PO3LIMPEHHI AOCTYIY,
MMOCUJICHHI TaJTy3€BOTO MIiAX0AY J0 apxiBHOI iHGOopMaIrii.

Cnucoxk jgireparypu

1. Augubop, A. A. ITndopmarriiino-ananiTuuHe 3a0€3MEUCHHS apXIBHUX YCTaHOB
B YMOBax BIWHHM: JIOCBiJl, BUKJIUKM Ta NepcrnekTuBU. [HdopmaliitHi TexHonorii 1
CUCTEMHU B IOKYMEHTO3HaBYi# chepi: 30ipauK MarepianiB [X Beeykpainchkoi HayKoBOi
CTyIeHTChKOI KoH(pepenmii (M. Binawnis, 12 kBitHs 2024 p.) / pen. xon. [I1. Jlykam,
O.M. Amnicimona Ta iH. Binnunus: JJorHY imeni Bacunsa Cryca, 2024. C. 74 — 76.

2. Hapucu ictopii apxiBHOi cripaBu B Ykpaini / 3a 3ar. pen. Ipunu Matsm,
Karepunu Knumonoi. Kuis: Bugasanunii nim «KM Axkagemis», 2002. 612 c.

119



HISTORY AND ARCHEOLOGY
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

3. Enmukmonenmis icropii Ykpainu: T. 4: Ka — Kom / Peaxon.: B.A. Cwmomiii
(romoBa) ta 1H. HAH VYkpainu. IHctutyT ictopii Ykpainu. KuiB: B-Bo «HaykoBa
nyMkay, 2007. 528 c.

120



INFORMATION SYSTEMS AND TECHNOLOGIES
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

CUCTEMA JOCTYHNHOI HABITALIT 151
MAJIOMOBLUIBHUX I'PYI1 HACEJIEHHSA

boiiko Ipuna BosiogumupiBHa,
CryzaeHTKa MaricTparypu crnerianbHocTi « KoMIT'IoTepHI HayKu»
Hamionanpauit YHiBepcuteT «JIbBiBchbKa [lomiTexHika»

BCTYII

AKTyaJibHiCTh TOOYZOBH MapHIPYTiB AN MajJOMOOUIBHUX TPYIN HAaCeJICHHS
3yMOBJIEHa THM, 0 Onu3bko 1,3 Mapa oci® y CBITI MaOTh ICTOTHI MOPYIICHHS
3I0pOB's, 1 3HA4YHA iX YAaCTHHA CTUKAEThCS 3 OOMEKEHHSMH PYXJMBOCTI MiJ 4ac
nepecyBanHst mictoM [1]. Crarrs 9 KouBeHwii mpo mpaBa oci0 3 IHBaJIJIHICTIO
3000B'13y€ nepkaBU 3a0e3levyBaTH JIOCTYNHICTh (PI3UYHOrO OTOYEHHA [2], a
OyIiBeJIbHI HOPMH BCTAHOBJIIOIOTH TPAaHWYHI 3HAYEHHS IO3JI0BXHBOTO TMOXWUIY,
[INPUHU TPOXOAY Ta BUCOTH TEpEmany, 3a SKUX IIISTX BBAKAETHCSA MPUAATHUM IS
Kpicia kojicHoro [3]. Macmtab npo6iemMu miaTBEPKYIOTh 1 JOCIIIKSHHS TOCTYITHOT
Hapiramii: oOcrexenHs noHan 400 austHOK y mepeaMmicti AdiH MOKazano, Mo
JOCTYITHUMU 111 (PI3UYHO 3I0pOBUX MIIIOX01B € 82 % TpOTyapiB, TOA1 K JJIs 0ci0 13
Gb13UYHUME TIopyeHHIMU — Jjuie 7 % [4].

HenoBHOoTa BXIJHMX [JaHUX € KIIOYOBOI, MPOTE HEAOCTATHBO JIOCIHIIKEHOIO
NEPEIIKOAO0 ISl MOOY0BH 1HKIIIO3UBHUX MapHIpyTiB. [l03HaYEHHS MO310BAKHBOTO
MOXMWJTY, BUCOTH OOPAIOpPY Ta IIMPUHU MPOXO.TY 3aMIOBHEHO JIUIIE JJI Mi3epHOI YaCTKU
pebep mepexi, TOOTO BYJIHIlb, CIIOIYUY€Hb TOIIO, TOMY TOYHUN MOUTYK HAMKOPOTIIIOTO
LUISIXY, SIKMM CIHMPAEThCS HA TOBHICTIO BIJIOMY BapTICTh, Y TaKOMY CEpEIOBHILI
(akTUYHO Tpaloe Ha 3A0rajax TaMm, Je aTrpuOyTu BiAcyTHi. HasBH1 3acobu
MapuipyTHu3alii ado BIAKUIAIOTH peOpO 3 HEBIIOMUM aTpuOyTOM, a00 BBAKAIOTh MO0
npuitHATHUM. He OyJio mpoBeieHo AOCTIIKEHb, SIK caMe MMOBHOTA aTpUOyTIiB BILIMBAE
Ha TOOYJIOBY 1HKJIFO3UBHUX MapuipyTiB. Lle cTBoproe moTpedy B METOAl, 31aTHOMY
CBIJOMO BpaxOBYBaTH Ta KOMIIEHCYBaTH TaKy HEBHM3HAUEHICTh OTOYEHHS, a He
ITHOpYBAaTH Ti.

Meta gocaigikeHHsI TIOJATae y po3poOJIeHHI Ta €KCIEPUMEHTANbHIN MepeBipii
METOAY MPOKJIAJAAHHS MIIIOXITHUX MapIIPYTIB JJIsl MAJOMOOUIFHUX TPYN HACEJICHHS,
CTIMKOTO JI0 HEIIOBHOTH OIMKCY aTPUOYTIB TOCTYIMHOCTI Mepexi. 3a ocHoBy (backbone)
B35TO OaratopiBHEBY MOJIENb AocTynmHOI MapmpyTu3aiii Kaselouris et al. (2025) [4],
JOTIOBHEHY MeEXaHI3MOM IITpady 3a HEBHU3HAYEHICTh pedpa, SKUU Ja€ 3MOry
QITOPUTMY CBIIOMO YHHMKATH pPU3WKOBAHMX [UISTHOK 32 YMOB HEMOBHOI
CIIOCTEPEKYBAHOCTI aTpUOYTIB.

3aBaaHHsl, sIKI MOTPIOHO BUKOHATH:

* MpoaHaji3yBaTU HAasBHI 3acoOM MPOKIAAaHHS JOCTYMHHUX MapUIPYTIB 1
BCTAHOBUTH, SIK BOHU MOBOJSITHCA 32 BIACYTHOCTI aTpUOYTIB JOCTYITHOCTI;

* 310paTu Mepexy MIIIOXITHUX CIOIYYEHb 13 BIAKPUTUX JIKEPEIT ISl BOCBMHU MICT
1 OLIHUTH TIOBHOTY OMHCY aTpUOYTIB JOCTYITHOCTI;
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* BIATBOpUTH 0a30By OaraTtopiBHEBY Mozelnb Kaselouris (mapyBaTy Mojieib CTaHIB
«BY30J1 — KUTBKICTh MOPYIIEHBY) 1 IOCIIUTH 1i Uy TIAUBICTH JI0 IITYYHO 3MOJI€IbOBAHOT
HETOBHOTHU aTpUOYTIB;

* pO3pOOUTH CTIMKHUH (robust) BapiaHT METOY, SIKUM TPUCBOIOE PUBUKOBHI IITpad
HEB1JIOMHM 1 3aB1JJOMO HEMPHUIATHUM pedpam;

* IOPIBHATH 0a30BWH 1 CTIMKUN BapiaHTU 3a piBHEM MOpYIIeHb (violation rate),
koedirienToM 00'i31y (detour ratio) Ta yacom oOUYHCIIEHHSI HA BOCBMHU MICTaX, IT'SITH
PIBHSIX CIIOCTEPEKYBAHOCTI Ta TPHOX MPOPUISIX KOPUCTYBAUiB;

* YCTaHOBWUTHU, SIK 3QJICKHICTh DPIBHS MOPYIIEHb BiJ PIBHS HEMOBHOTH JaHUX
3MIHIOETHCSI MI>K Oa30BHM 1 CTIHKMM BapiaHTaMH.

O0'€eKT D0CTiIKeHHS: TIPOLIeC MPOKIIAJaHHS MIIIOX1THOTO MapIIPYTy B MEPEXKI 3
YaCTKOBO BIJJOMUMU (3aMaCKOBAaHUMMU ) aTpUOyTaMu JOCTYITHOCTI.

IIpeameT nocJaixxeHHs1: METOAM CTIMKOTO JO HEBU3HAYEHOCTI OAraropiBHEBOIO
MONIYKY MapuipyTy 31 mrpadoM 3a pu3uk pedpa, 10 3aCTOCOBYIOThCS ISl MPOQ1LIiB
wheelchair, limited mobility, low_endurance.

Pe3ynbraT JOCHIJKEHHST MAarOTh TMPAaKTUYHE 3aCTOCYBaHHS Yy CTBOPEHHI
3aCTOCYHKIB MapHIpyTH3allii, SKi 3aJUIIAIOThCS HATIWHUMU 32 YMOB HEMOBHHUX
BIIKDUTHX JaHUX, a TaKOX Y OIIHIOBaHHI iXHbOI JOCTYIHOCTI 3a 3aJaHUMU
METPUKAMH.

1 AHAJII3 JIITEPATYPHUX JKEPEJI

HaiinoBHile onpanboBaHUM HAMPSIMOM € MO0Y10Ba CIeliali30BaHUX MIIIOX1THUX
MEpEeXK 13 MOJANIBIIUM TOYHUM moirykoM y Hux. Cucrema AccessMap Oyaye okpemy
MEpEeXKy TPOTyapiB 1 MEPEXOJiB Ta OOYUCIIOE BapTICTh MEPEMIlICHHS K (DYHKIIIIO
MO3/I0BXKHBOTO MOXWITY 3 IHAUBITYyaTbHO 33ITaHUMU MeXaMU NpUHHATHOCTI [S]. TTiaxin
Ja€ BIATBOPIOBaHI pe3yJbTaTh, MPOTE BUMAarae IMOMNEPEAHBOTO PYYHOTO abo
HaIlIBaBTOMATUYHOTO YKJIQJaHHS MEpexXl Ta MPUIyCKae, M0 MOTPiOHI aTpuOyTu
B1JIOMI; 3a IXHbBOI BIJICYTHOCTI JIIJITHKY BBXKAIOTh IPUIHATHOIO.

3aranbHOMOCTYIHI CIY>KOM MapuIpyTU3allii HagaloTh OKpeMHil mpoduib s
Kpiclia KOJIICHOTO, y IKOMY KOPUCTYBad 3aJla€ TPAaHWYHI 3HAYCHHS TOXUITY, IIMPUHU
Ta TUITY MOKPUTTA [6]. JloKyMeHTalisi psiMo 3a3Havae, 110 3a BIICYTHOCTI MO3HAYCHHSI
IUIsTHKY Oyzne oOpoOJieHO 3a 3HAYEeHHSIM 3a 3aMOBYYBAHHSM, TOOTO (haKTHUUHO
MPUIHATO PIMICHHS 3aMICTh KOopucTyBada. Tomy Takuii mpodisib HaAIMHUI JUIIe B
MEKaxX IIIJILHO OMMCAHUX TEPUTOPIM.

[lutanHs HaIIMHOCTI TOBHOTH JaHUX JOCHIIKYBaiu okpeMo. OIliHIOBaHHS
BIITBOPIOBAHOCTI MapUIpPyTiB JJis Kpicia KOJICHOTO 3a JOOpOBUIBHO 310paHuMuU
reoJJaHMMU TIOKa3ajlo, 1[0 YacTka pedep 13 JocTaTHIM HabopoM aTpuOyTiB
3QIMIIAETHCS HEBEJIUKOI HABITH Yy BEJIMKUX MICTaX, a PO3IMOIII 3alOBHEHUX
Mo3HayeHb HepiBHOMIpHUH [7]. JochipkeHHsT TPUAATHOCTI JOOPOBIIBHO 310paHHUX
Ha0OPIB JJIs CTEI1ai30BaHO1 MapIIpyTU3aIlil TIMIIIO BUCHOBKY, 1110 HASIBHOI TOBHOTH
HEJIOCTATHbO [IJII TapaHTOBAHOTO MPOKJIAJaHHS JOCTYMHOro HUIAXy [8]. 3BeaeHa
CTaTUCTHKA BUKOPUCTAHHS MO3HAYCHD MIATBEPJIKYE 111 OIIHKU B MacIiTabi BCi€i 6a3u
[9].

Monens Kaselouris et al. (2025) [4], B3siTa 32 OCHOBY IIbOTO JTOCIIJIPKEHHS,
dbopmymIoe 3aauy JOCTYITHOT MapIIpyTH3aIlli SK JIBa MOCHI0OBHI 3aBJaHHS MOIIYKY
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HAaWKOPOTIIOTO MUIAXY: TMeplie — JHIIe JOCTYyMHUMH pebpamu, apyre — 3
JOMYCTUMUM OJHUM TOPYIICHHSM, 1 Ha 1[I OCHOBI BU3HAYA€ KATETOPil0 MapHIpyTy
(tier): accessible, alternative abo inaccessible. Mojenp BepudikoBaHa Ha 3raJlaHOMY
HaTypHOMY OOCTEeXEeHHI B iepeamicTi AdiH 1 peai3oBaHa K MOOIILHUN 3aCTOCYHOK,
0 JEMOHCTPYE i1 MpakTU4HY HpuaatHictb. [IpoTe, sk 1 momepenHi poOOTH, BOHA
CIIUPAEThCsl HA TMPUITYIICHHsS, M0 TOTPiOHI aTpuOyTH JOCTYMHOCTI BIJIOMI 3a
pe3yibTaTaMu IMOJIbOBOTO OOCTEKEHHS; TIOBEAIHKA aJTOPUTMY 3a YaCTKOBOI
BIJICYyTHOCTI aTpuOyTiB y poOOTi HE PO3TIISIIA€THCS.

CyMmiKHMIHA, ane BIAMIHHMNA HampsiM CTOCY€TbCS HE BIJICYTHOCTI aTpuOyTiB, a
cyO'ekTHBHOCTI iXHBO1 O1IHKU. PoGoTa [ 10] mponoHye aganTuBHUI BaroBUii HEYITKAN
(fuzzy) ™erton OIiHIOBaHHS JOCTYMHOCTI TPOTyapiB [Uisl KOPUCTYBadiB Kpicel
KOJIICHUX, SIKHA BPAaXOBY€ BIUIMB JOBKHHU CETMEHTA Ha CYO'€KTUBHE CIPUUHSATTS
CKJIQHOCTI MapuIpyTy, 1 JEMOHCTPYE NOKpAIIEHHsS pe3yJIbTaTiB MaplIpyTH3alli
MOPIBHSHO 31 CTAHIAPTHOIO HEUITKOI MoJieuTio iHCTpyMeHTa MobiliSIG Ha npuknami
Ksebeka. Llelt miaxin yJIOCKOHAIIOE 1HTEPIpPETAIII0 BapTOCTi pedpa 3a yMOBH, IO
3HaUYCHHS aTpUOYTIB BIiJIOMIi, ajie HE PO3IJIAJIa€ CUTYyaIlll0, KOJM caml 3HAYCHHS B
JoKepenl JaHUX BiICYTHI.

OTtxe, HasiBHI poOoTH a00 mependavyaroTh MOBHUM onuc atpuOyTiB (AccessMap,
komepiiitai  mpodimi  wheelchair, Mozens Kaselouris), abo BIOCKOHAIIOIOTH
IHTepIIpeTalio BXXe BiIOMHX aTpUOYTIB (aJalTHBHA HEYITKA MOJENb OI[IHIOBAHHS
JOCTYITHOCTI), ab0 JuIIe KOHCTAaTylOTh HEMOBHOTY BIAKPUTHUX T€OJaHUX, HE
OpenStreetMap). [loennanus mapyBaToi MOJEN1 TOCTYTHOT MapIIpyTH3AIlil 3 SIBHUM
MeXaHi3MOM MITpady 3a HEBU3HAUCHICTh pedpa, MepeBIpeHEe Ha KOHTPOJHOBAHOMY
Jlana3oHl piBHIB HEMTOBHOTH JIaHUX, 1 CTAHOBUThH HE3aMHATY Hillly, SIKIA IPUCBIYEHO
e JOCII1HKEHHS.

2 MATEPIAJIN TA METO/IU

3aranpHy OyIOBY CHCTEMH TIOJaHO Ha PHUCYHKY 1. Mepexy MmImoxiaHux
CIOJIy4eHb OyJio 310paHO 3 BIAKPUTOI KapTorpadiuHoi 06a3u ajisi BOCBMHU MICT; IJIs
KOXKHOTO MPOQiTI0 pyXIIMBOCTI pedpa KIacuiKyroTh 3a HASBHUMU aTPUOYTaMH, TICIIS
YOoro 4YacTHHY aTpuOYTIB IITYYHO MACKYIOThb IJi MOJICTIOBAHHS PI3HUX PIBHIB
HETMOBHOTH JJaHUX, a 0a30BUH 1 CTIHKHI BapianTu anroputmy Kaselouris mpokiagatots
MapHipyT 1 HOPIBHIOIOTHCA 32 CYKYITHUM IITpadoM Ta METPUKAMHU.
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Mepexa NiWoxiAHUX crnony4eHb
(8 MicT, pebpa 3 aTpubyTaMu OCTYNHOCTI)

!

Knacudikauin pebep 3a npodinem
(wheelchair, limited_mobility, low_endurance)

!

MackyBaHHSA CMOCTEPEeXKYBaHOCTI
apply_observability_mask(missing_fraction)
pieHi 0/25/50/75/100 %

v

Pefpo: gocTynHe [ HepocTynHe [ Hesinome

Ba3zoenia Kaselouris CTiiAkwiA BapiaHT (robust)
WwapyeaThiA NoWyK (BY30, K-Tb NOPYLUEHb) wTpad 3a pu3nk pebpa
tier: accessible / alternative / risk=1+0.75-unknown+1.5-fail
inaccessible / none step_cost += wrisk-100

MopieHAHHA 33 WTpadoM
penalty = violations-500 + length-0.05

!

O6panni mapwpyT: tier, violations,
length_m, path_node_count

I

MeTpukn
violation_rate = violations / max(nodes-1,1)
detour_ratio = length_m / haversine_m(0,D)

!

results.csv, summary.csv, HTML-3giT, rpadikn

Puc. 1. ApxiTekTypa CUCTEMH OLIHIOBAaHHS CTIMKOI JOCTYIHOI MapIIpyTH3alli
Jlxepeno pucyHka: po3po0IeHO aBTOpaMu

2.1 Haobip oanux

Mepexy MIIOXITHUX CIOdy4YeHb 310paHo 3 BIAKpUTOi KaprorpadiuHoi 0Oazu
OpenStreet Map nns BoceMu micT (bepnin, 'amOypr, Kuis, Jlicabon, JIbBiB, IlopTy,
[Ipara, Tamninn). s koskHOTO pedpa 30epekeHO JOBKHUHY, TUIl IIOKPUTTS, IMUPUHY
MPOXO0/y, HAsBHICTb CXOJIB, BUCOTY OOpIIOpYy Ta MO3JIOBXKHIA MOXWJI TaMm, J€ iX
nmo3HavueHo. Haxus ByuIh 101aTKOBO BIIHOBIICHO 3 1TU(ppoBoi Mojeni BucoT (DEM),
y SIKIl BUJIyYEHO POCHMHHICTH 1 OynmiBm [11], mo namo 3Mory OIIHUTH HOTO I
yacTUHU pebep 0e3 mpsiMmoro mno3HayeHHs. HasBHICTH aTpuOyTIB CYTTEBO
BIIPI3HAETHCS MDK MicTamu. HalinoBHine B Ha0oOpi MOpencTaBieHl AaHl Mpo
MO3JOBKHINA Haxwi: dYacTka pebep 13 3aloOBHEHMM 3HA4eHHsM incline percent
cTaHoBUTH MpuOIM3HO 99,3—-100,0% y pi3HUX MicTax. 3HAYHO piJIIe HAasBHI BIJOMOCTI
PO THI MOKPHUTTS Ta MOro CTaH: YacTKa 3allOBHEHMX 3HAYCHB surface Bapiroe Bij
43,3% y JIeBoBi nmo 90,2% y TamOyp3i, Tomi sk smoothness Mae 1ie OLIBITY
BapiaTUBHICTH: BiJ 4,6% y [lopty 10 48,5% y bepmini. [nmi atpulytu, 6e3nocepesHbo
MOB’s13aH1 3 JOCTYIHICTIO NI MaJOMOOUTPHUX KOPUCTYBAYiB, MPEACTABIICHI 3HAYHO
cmabme: mani po 6oparopu (kerb), mpumatHiCTh 11 Kpiciia KomicHoro (wheelchair)
Ta HAsSBHICTh MaHAYCIB (ramp) 3alOBHEH] JIMIIE JJI HE3HAYHOI YacTKU pedep.

Jlnst y3arajgbHEHHsI piBHS HENOBHOTH BHM3HAYEHO CEPEJHIO0 YaCTKY BIJICYTHIX
3HAYeHb 3a JEeB’siIThMa aTpuOyTaMu JocTynHocTi. CepeaHiil piBeHb missingness AJis
BOCHMU MICT CTAHOBUTH TPUOIN3HO 76,7%, TOOTO B cepeHbOMY Julie 61u3bKo 23,3%
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3HaYeHb BIAMOBIIHUX aTpuOyTIB € 3amoBHeHUMHU. HalimMeHmmii cepemHiii piBeHb

HENMOBHOTH crioctepiraeThesi B bepmnini ta 'amOyp3i (71,4% Ta 71,3% BiANoOBiAHO), a

HanoOUbIMi — y JIbBOBI (82,3%). [leTanbHi 3HaUeHHS HaBeeHO B Ta0muIi 1.
Tadauus 1. O6csr 310paHoi Mepesxi MIIIOX1IHUX CIOJYYCHb

Micro KinbkicTs pedep| Cepenns yacTka
HasIBHUX 3HAYE€Hb,
%
bepnin 28 787 28,6
I"amGypr 15395 28,7
Tammau 9729 25,8
[Ipara 26 247 24,4
Jlicabon 14 291 22,6
Kuis 14 468 19
ITopty 10 850 19,3
JIbBIB 12 466 17,7
Cepenne 3HaYEHHS 16 529 23%

Jani Tabnuii 1 mokaszyoTh, 110 TPUIATHUM JjIsl 6€3M0CepeTHHOTO BUKOPUCTAHHS
0e3 J0/aTKOBUX MPUMYIIEHb € (PAKTUYHO JIMIIE THUI TOKPHUTTS, TOII SK OOHWIBa
aTpuOyTH, 10 BU3HAYAIOTH MOJOJAHHS Tepenagy BUCOTH, MO3HAYEHO I YacTOK
MOPSAAKY OAHI€T mecaroi BigcoTka. CaMe M HEMOBHOTA 1 MOJEIIOETHCS Hamaml sK
3MIHHHMH PIBE€Hb CIIOCTEPEIKYBAHOCTI.

2.2 bazoea modenb i NOKA3HUKU AKOCMI MaApuipymy

VY 6a30Biit moneni Kaselouris [4] cTaH NOIIyKy CKJIaIa€ThCs 3 TOTOYHOIO By3Jia Ta
KUTBKOCTI B)K€ BUKOPUCTAHUX MOPYILIEHb; OCTYIHE PEOpO 3alvIllae CTaH HA TOMY
cCaMOMY «IIIapi», a HEIOCTYITHE — TMEePEBOANTH HOT0 Ha HACTYIHUH IIap JHUIIE SIKIIO
1€ HE NEepeBULIye ITOMYCTUMHI OIKET MNopyleHb (He Ouiblie OAHOro). 3a
Pe3yJIbTaTOM MOIIYKY MapiIpyTy IPUCBOIOEThCS KaTeropis (tier): accessible — icHye
MOBHICTIO JOCTYNMHUM nuIsixX; alternative — MOCTYHMHOTO NUIAXY HEMaeE, aje € IUIIX
IOHANOIbIIE 3 OJHUM MOPYIIEHHsM; inaccessible — pmocTymHuil Juiie
HEOOMEXKEHHI pe3epBHUI BapiaHT; none — MapIIpyTy HE ICHYE.

J171s1 KO’KHOTO TTOOYTOBAHOTO MapIIPyTy OOUYUCITIOIOTh:

violation rate = violation count / max(path_node count — 1, 1)

— YacTKy MpoMaeHuX pedep, Mo MopyuyrTs ooMexenHs poctymnHocti (0,0 —

nopytieHs Hemae, 1,0 — yci npoiieHi pedpa HeOCTYIIHI), Ta
detour ratio = length_m / haversine_m(O, D)

— BIJHOILIEHHS JOBXWHU MapuIpyTy A0 MPsSIMOI BIJCTaHI MIXK MOYATKOBOIO Ta
KIHIIEBOIO TOYKaMH; 3HadeHHs, Onu3bki g0 1,0, cBiquaTh mpo MapuipyT, Maibke
OpsMUNA Yy TOPIBHSAHHI 3 BIJACTAaHHIO MO MPsAMIA, TOAI K OUIbLII 3HAYEHHS
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BIIOOpaKalOTh JOJATKOBHA 00'(31, CHOPUYMHEHWUN TOMOJIOTIEI0 Mepexki abo
0OMEKEHHSMHM JIOCTYITHOCTI.

2.3 Mooenrweanns nenoenomu ampuoymis

HemoBHOTY BXITHUX JaHMX MOJCIIOIOTh HE BHIIYYEHHSM pebep 13 rpada, a
MacKyBaHHSIM YaCTHHHM aTpUOyTiB JOCTYIMHOCTI, MOTPIOHUX I Kiacuikarii pedpa.
Oynkiis apply observability mask npuitmae wactky missing fraction € [0, 1] 1
BUITAJIKOBO TIPUXOBYE BIJMIOBIIHY YacCTKy TMOJIB (MIUPUHA, TOXWI, TEPEITKOIM,
TaKTWJIbHA TUINTKA, MapaMeTpu OOpIIOpYy, THUIl TOKPUTTSA) Uil KOXKHOTO pedpa,
poOustuu iX HeBinomumiu. Lle Mozemntoe m'sTh piBHIB MaCKYBaHHS CITOCTEPEKYBAHOCTI:
0, 25, 50, 75 1 100 %; croBmenp blocked percent y pe3ymprarax o3Havae came
IHTCHCHBHICTh MAaCKyBaHHSI aTpHOYTIB, a HE YacTKy (i3UYHO 3a0JIOKOBAaHUX pedep.
Oxpemo B cuctemi mnependauero ¢yunkimito block random edges, sika Buiydae
JacTUHY pebep 13 rpada ¢GI3MYHO — 1€ 1HIIMN ClieHapii (JuHAMIYHE TEPEeKPUTTS
IUISIXY ), SKUW Y IIbOMY JOCTII)KEHH] HE 3aCTOCOBYBABCSI.

2.4 3anpononoeanuit eapianm anzopummy

Criiixkuii  Bapiant kaselouris robust mnpu3HaueHuUii KOMIIEHCYBaTH Opakx
CIIOCTEPEKYBAHOCTI: 3aMICTh XKOPCTKOI0 MOy pedpa Ha «A0CTyIHE / HEIOCTYITHE»
KOKHOMY HEJIOCTYITHOMY a00 HEBIAOMOMY peOpy NMPUCBOIOETHCS PUUKOBUH MITpad:

risk = 1,0 + 0,75 - unknown_count + 1,5 - fail count

ne unknown_count — KUIBKICTh aTpUOYTIB 13 HEB1IOMUM 3HAYEHHsM, a fail _count
— KUIBKICTh aTpUOYTIB, 110 MHIATBEPHKEHO HE BIAMOBIAAIOTH Npoduio. BapTicTs
NEepexo.Iy TAKUM peOpOM 0OUNCITIOIOTH 5K

step _cost = edge length / speed + uncertainty weight - risk - 100,0

TOM1 SIK JOCTYIHI pebpa 3anuiarThesi 0e3 mogaTkoBoro mrpady. Lle go3Bosse
AITOpPUTMY W HajJall BUKOPUCTOBYBATH PU3MKOBaHE PeOpPO 3a BiJCYTHOCTI Kpamioi
aNIbTEPHATHUBH, aJI€ CYTTEBO 3HIKYE WMOBIPHICTH MOTO BHOOPY, KOJIU O€3MEUHININMA
IIUISX ICHY€; CHJIa ITLOT0 €(PEKTY PerynroeThes mapaMeTpom uncertainty weight. ITicis
mo0y10BH 000X MapHIpyTiB, 6a30BOT0 1 CTIMKOI0, CUCTEMY O0Mpae BapiaHT 13 MEHIIIM
KOMOIHOBaHUM IITpaom

penalty = violations - 500,0 + length - 0,05,

110 HaJIa€ MPIOPUTET MEHINIM KUIBKOCTI MOPYILIEHb 1 JIMIIE B APYTY 4Yepry —
KOpOTILIKA JOBXHHI, 30€piraloyd BOJHOYAC I[IOYATKOBY CEMAHTHUKY KaTeropiu
MapuipyTy (tier), BU3HaueHy B 0a3oBiil mozeni Kaselouris.

3 PE3YJIbTATHU TA OBI'OBOPEHHSI

OuiHOBaHHS BHMKOHAHO Ha BOCBMM MiCTaX, I'ATH PIBHIX MacCKyBaHHS
cnoctepexyBanocti (0, 25, 50, 75, 100 %) i Tppox mnpodiasx KOPUCTyBadiB
(wheelchair, limited mobility, low_endurance); 3aragom mnobyaosano 1200
MapIIpyTiB JUIsl KO)KHOTO BapiaHTa aJrOpPUTMY.

3.1 3anestcnicms pigna nopyuiens 8i0 pieHs HeNOBHOMU OAHUX

KitouoBuii pe3ynbTaT AOCTIIHPKEHHS CTOCYETHCA TOTO, SK PIBEHb MOPYIIECHb
(violation rate) pearye Ha 3pOCTaHHS HEMOBHOTH aTpuOyTiB. 3BEJCHI MOKa3HUKU
HaBEJICHO B Ta0JIHMIII 2 Ta HA PUCYHKY 2.
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Tab6uauuns 2. PiBenb nopyuieHs 1 KoeilieHT 00'131y 3a1eKHO B PiBHSA MacCKyBaHHS

aTpuOyTiB
MackyBaHHS, VR, VR, 3meninenHs | Detour, Detour,
% 0azoBmii CTiHKHMH VR, % 0azoBmid CTilKMit
0 0,2592 0,1327 48,8 1,7126 1,7639
25 0,3084 0,1567 49,2 1,6905 1,7179
50 0,3674 0,1835 50,1 1,6905 1,7655
75 0,4193 0,2098 50,0 1,6849 1,7567
100 0,4574 0,2393 47,7 1,6828 1,7411

3aneXHicTb pPiBHA NOpYLUEeHb Bifi HENOBHOTW aTpnbyTis

—8— basoswni Kaselouris
—8— CTilKkniA BapiaHT (robust)

o
kS
el

o

S

(=]
L

0.351

0.301

0.25 1

0.20 1

Violation rate (4acTka pebep i3 nopyweHHAMK)
o
=
(8]

(‘) 2I5 SIO 7I5 1[IJD
PieeHb MackyBaHHA cnocTepexysaHocTi (blocked_percent), %
Puc. 2. 3anexxHicTh piBHS NOPYIIEHb Bl PIBHS MaCKyBaHHS aTpUOYTIB TOCTYIHOCTI
Jlxepeno pucyHka: po3po0IeHO aBTOpaMu 3a pe3yJibTaTaMu 00UYHCIIIOBAJIBHOTO
E€KCIIEPUMEHTY

ba3oBuii BapiaHT Aerpaaye Maiike JIIHIHHO: piBeHb MOpyIIeHb 3pocTtae 3 0,259 3a
MOBHOT criocTepekyBaHocTi 10 0,457 3a MOBHOrO MacKyBaHHs aTpuOyTiB, TOOTO Ha
76,5 %, 110 BiAMOBiIa€ HAXWITY MpsiMoi 65m3bK0 0,198 Ha koxkHi 100 B. 1. MaCKyBaHHS.
3anpornoHOBaHUI BapiaHT TaKOX 3pOCTa€, MPOTe 3Ha4yHO moBuIbHIMmE: 3 0,133 10
0,239, a fioro HaxuJ1 cTaHOBHUTH MprbIn3HO 0,107 — Maiike BIBIYI MEHIIMI 32 HAXUJI
0a30BOT0 BapiaHTa. [HITMMU CJIOBaMu, MOTIPH T 110 OOWBA BapiaHTH JEMOHCTPYIOTh
MPUOJIM3HO OJTHAKOBE BITHOCHE 3pOCTaHHS 010 BJIIACHOTO IMOYATKOBOTO piBHSA (76,5
% mpotu 80,4 %), abconoTHA 3aJEXKHICTh PIBHS MOPYIIEHb Bi PIBHS HEMOBHOTHU
JaHUX y CTIMKOIO BapiaHTa CyTTEBO cialllia: BiH BTpayae AKiCTh HA0araTo NOBUIbHIIIE
B MIpy TOTO, SIK aTpuOyTH CTaloTh HEeBIAOMUMH. [Ipy 1IbOMY BIJHOCHE MOKpAIEHHS
111010 6a30BOT0 BapiaHTa 3aJUIIAETHCS CTA0IILHUM Ha BChOMY Jiana3oHi — Big 47,7
1o 50,1 %, ToOTO mepeBara CTIMKOro BapiaHTa HE € BY3bKUM €(EKTOM ISl SIKOTOCh
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OJTHOTO PiBHSI CLIOCTEPEKYBAHOCTI, 8 30€piraeThcsi piIBHOMIPHO BiJ TOBHICTIO BIJOMOTO
710 TOBHICTIO 3aMaCKOBaHOTO CepeIOBUIIIA.

3.2 Po3nooin 3a kamezopiamu mapwpymy (tier)

Po30uTTsA 3a KaTeropisiMd MapuipyTy IOKa3ye, 1€ caMe 30CEpPEeHKEHO e(eKT
(a6 3). Ha goctynaux (accessible) mapmipyrax obuaBa BapiaHTH MIPAKTHYHO HE
MaloTh MOPYLIEHb HE3aJIEKHO BiJl PIBHSA MAaCKyBaHHS — TYT IOKpalyBaty Higoro. Ha
anpTepHaTUBHUX (alternative) mapmpyTtax 0a30BuUM BaplaHT UYyTJIUBHM [0
MacKyBaHHS: piBeHb mopyiieHsb 3poctae 3 0,053 mo 0,169 (y 3,2 pasa), Tomi K y
CTIHKOTO BapiaHTa BiH 3aMIIa€ThCs Maike ctammm — Big 0,051 10 0,063 (y 1,2 paza).
OcHoBHa Maca TOPYIICHb 30CEPEPKEHa Ha MapIIpyTax KaTteropii inaccessible, ae
CTIWKHIA BapiaHT 3a0e3neuye cTabiapHe 3MEHIICHHSI piBHS TTOpyIieHb Ha 46,5—-49,7 %
Ha BCbOMY Jlana30H1 MaCKyBaHHS.

Taoauus 3. PiBens nopyiieHs 3a kareropisiMu mapiipyty npu 0 % ta 100 %

MAaCKyBaHHS
Kareropist VR 6a3oBuii, | VR 0a3oBuii, | VR crilikuii, | VR cTiiKkHi,
0% 100% 0% 100%
accessible 0,000 0,018 0,000 0,000
alternative 0,053 0,169 0,051 0,063
naccessible 0,454 0,785 0,229 0,419

3.3 IIpogpini kopucmyeauie, micma ma eapmicms y 4aci i 006IHCUHI

EdekT y3rompkeHnii Mixk npoQuisiMu KOPUCTYBaviB: 3MEHIIEHHS PiBHS MOPYILIEHb
ctanoButh 47,0 % nna wheelchair, 46,8 % nnsa limited mobility 1 49,3 % nns
low endurance, ToOTO mepeBara CTIMKOTO BapiaHTa HE € CIEeHU(pIYHOIO IJII OJIHOTO
npodunro ooMexxeHb. Mixk MicTaMu BedMuMHA €()EKTy MOMITHO Bapiro€: HaWOUIbIINe
a0COIOTHE TIOKpAaIlIeHHs oTpuMaHo it bepiina (3MeHIeHHsT piBHS MOPYIICHb Ha
81,8 % 3a MOBHOTO MacKyBaHHS, MpU IIbOMY Oa30BUIl piBEHb MOPYIICHH 1 0€3
MacCKyBaHHS 3aJIMIIAETHCS OJHHUM 13 HaWHIKYWX), Toml sk ana [lopty, micta 3i
CKJIQJIHIIIIO Ta IIUIBHINIOK MEpPEKero, IOKpaIleHHS cTaHoBUTH 22,1 %, xoda
a0COJIIOTHUI BUTPAIll y IKOCTI MApLIPYTY TaM OUIbIINKI Yepe3 BULLIMI BUX1THUHN PIBEHb
MTOPYIIICHb.

CTiliKiCTh aNroOpUTMy BIUTMBA€ HacaMIlepes] Ha yac OOYMCIICHHS: CepelHINd Yac
nmoOynoBu MapuipyTy 3poctae 3 2,18 ¢ mo 2,80 ¢ (mpubimsno Ha 25-29 %), mo €
NPUUAHATHOK TUIATOKD 3a Maibke JIBOpa3oB€ 3MEHIICHHS pPIBHSA TMOpYyLIeHb. Y
CYKYyITHOMY BUMIpPi KOe(iLI€HT 00'1311y BIAPI3HAETHCA HEKpUTUUHO — Bif 1,6 10 4,4 %
Ha PI3HUX PIBHAX MacKyBaHHs (Tabmuig 2), TpoTe MW MPUPICT PO3MOAUICHUN
HEPIBHOMIPHO: Ha MapIIpyTax Kareropiit accessible 1 alternative moBxuna GaxkTuIHO
HE 3MIHIOETHCA, TOMI SIK Ha MapHipyTax KaTteropii inaccessible xoedirieHT 00131y
3pocTae 3 1,80 no 2,20 (mpubnu3no Ha 22 % 3a MOBHOTO MacKyBaHHs). ToOTO yacTuHa
BUTpAIIly B PiBHI MOPYIIEHb HA HANCKIIQIHIIIINX MAPIIPYyTaX KOMIICHCY€EThCS HE JTUIIIE
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9acoM OOYHMCIICHHS, @ ¥ TIEBHUM TIOJOBXKEHHSIM MUIAXY, IO JIOTIYHO, ajpKe IS
oOy/1I0BU OLIBII IHKTFO3UBHOTO NIIAXY MOTPIOHO POOUTH HEBEITUKUN 0OXI/I.
BUCHOBKHA

VY nociiKeHH] oKa3aHo, 1110 HEMOBHOTA aTpUOYTIB IOCTYITHOCTI € CYTTEBOIO, aJie
HEJIOCTAaTHBO JOCJIPKCHOIO MEPEIIKO0I0 JUIs MO0y I0BH 1HKIIO3UBHUX MIIIOX1THUX
MapIIpyTiB: CepeIHs MOBHOTA OMHUCY BIAMOBIAHUX aTPUOYTIB IS 310paHUX BOCHMHU
MICT CTaHOBUTH Juie 23%. 3a OCHOBY METOJy MPOTHAII I[ili HEBU3HAUYEHOCTI B3SITO
OaraTtopiBHEBY MOJIEIIb TOCTYMHOI MapmipyTu3artii Kaselouris et al. (2025), nonmoBaeHy
MexaHi3MoM mTpady 3a pU3UK HEBIAOMUX 1 3aBIJOMO HETIPUAATHUX pedep.

ExcrieprMeHTanIsHO BCTAHOBJIEHO, IO 0a30BH BapiaHT aJiTOPUTMY UYTIUBUN 10
3MEHILEHHS CIOCTEPEKYBAHOCTI aTpuOyYTIB: piBeHb MopylieHs 3poctae 3 0,259 no
0,457 (ma 76,5 %) y Mipy OBHOTO MacKyBaHHsI aTpuOyTiB. CTIMKUI BapiaHT 3MEHIILY€
piBenb mnopywmeHb Ha 47,7-50,1 % Ha KOXHOMY pIBHI MacKyBaHHS, 1, LIO
HalBAXJIUBILIE, JEMOHCTPYE IMOMITHO CIAaOIly 3aJIeXKHICTh BlJ PIBHA HENOBHOTHU
JaHUX — a0COIFOTHUI HaXWJI 3pPOCTAHHS PIBHS MOPYIIEHb CTAHOBUTH OJM3bK0 0,107
npotu 0,198 y 06azoBoro BapiaHTa, TOOTO NPUONM3HO BABIUI MeHIIMH. Edekr
y3roJDKEHUN g TphoX MpodurB manoMoOutbHOCTI (47,0-49,3 % 3meHmIeHHs) 1
30epira€ThCcs Ha BCIX BOCBMHU MICTaX, X04a MOro BeTUYHHA 3aJICKUTh BiJl CKIAAHOCTI
mepexi (Bin 22,1 % y Iopty no 81,8 % y bepmini). [InaToro 3a Taky CTIHKICTh €
npubim3Ho 25-29 % Ouiplnuii yac OOYMCIICHHS Ta TOJOBXKEHHS MapuipyTy,
30CepePKEeHE MepeBaXXKHO HAa HaCKIaHIIUX (inaccessible) nuUIsHKax Mepexi, TOJI K
CYKYIHHI Koe(illeHT 00131y B CEpeIHbOMY 3MIHIOETHCS HE OLIbII HIXK Ha 1,6—4.,4 %.

OTpuMaHi pe3yiabTaTu MiATBEPAKYIOTh, 110 SBHE MOJICTIOBAHHS HEBU3HAYCHOCTI,
COPUYMHEHOI BIACYTHIMHM aTpuOyTamu, a He Jidie OlHapHa Kiacudikaiis pedpa sk
JOCTYITHOTO YW HEIOCTYIHOTO, € JII€BUM HaNpsSMOM IMiJABUIIECHHS HaJIIMHOCTI
JOCTYITHOT MapHIpyTH3aIlii 3a YMOB pPEalbHOTO, HETMOBHO OIMCAHOTO BiIKPUTOTO
KapTorpadiuHOro cepeioBHUILA.
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AZORBAYCAN RESPUBLIKASINDA BOLODIiYYO
ORAZILORININ HUQUQI REJIMI: KONSTITUSIYA-
HUQUQI VO QANUNVERICILIK ASPEKTLORI

Gahramanova Naila Ramiz
Ph.d., student
Baku State University

Yerli Oziliniiidaro, seckili osaslarla formalasan bolodiyyolor vasitosilo hoyata
kecirilir. Onlarin  foaliyyot gostormasi vo secilmo osaslari, konstitusiya vo
qanunvericiliklo miiayyan edilir. Azarbaycan Respublikasinin Konstitusiyasina gora,
baladiyyalor 6z islarini iclaslar vo komissiyalar vasitasilo hayata kecirir, mithiim yerli
masalolari hall edirlor. Onlar, hom¢inin, markozi organlardan alava salahiyyatlor vo
maliyyo dostayi ala bilarlor. Bolodiyys gorarlari, baladiyya {izvlorinin sas ¢oxlugu ilo
gobul edilir vo yerli vergilor, biidco, sosial miidafia, iqtisadi inkisaf vo otraf miihit kimi
aspektlora aid ola bilor. Onlardan homg¢inin, 6z foaliyyatlori haqqinda hesabat togdim
etmolori tolob olunur. Onlar, hokumaot nozarati altindadirlar. Balodiyyolor, 6z is¢ilorinin
horokotlorino gors, votondaslar garsisinda cavabdehdirlor vo mohkomodo miidafioyo
tabedirlor [1].

Azarbaycan Respublikasinda yerli 6ziintiiddaroetma vatondaslara yerli shomiyyatli
masalalaori ganuna uygun olaraq miistaqil vo sarbast hall etmok imkani veran sistemdir.
Bu hiiquq seckili baladiyys orqanlari vo ya digor istirak formalari, o ciimlodaon ictimai
roy sorgulart vasitosilo hoyata kecirilir. Balodiyyolor yerli 6ziintiidaroetma formasi
kimi 0z miilkiyystino va yerli biidcesine malikdir vo qanunla 6z solahiyyatlori
daxilindo masalalori hall edirlor. Hor bir votondasin yerli 6ziiniiidaroetmoads istirak
etmok, o climladon, yerli Oziiniiidaroetmos orqanlarina segmok vo secilmok, habels
boladiyyalorls slage saxlamaq vo onlarin foaliyyati haqqinda malumat almaq hiiququ
vardir [2].

Boladiyyo torafindon miioyyon edilon vo yerli 6ziintiidaraetmo orqanlar1 daxilinds
votondaglarin sosial rifahinin tomin edilmasine yonalmis yerli sosial miidafis vo sosial
inkisaf proqramlari nozordo tutulur. Onlar tohsil, sohiyya, monzil, modoniyyat,
noqliyyat vo yerli infrastrukturun digor aspektlori daxil olmaqla genis saholori ohato
edir. Bolodiyyslor do aztominath votondaslar liciin dofn vo yas morasimlori toskil edir.
Onlar, yerli soviyyads iqtisadi masalalari hall edon yerli iqtisadi inkisaf proqramlarini
miizakirs edir. Bu proqramlar kond tasarriifati, sonaye, nagliyyat vo digor sahalors tosir
gostara bilor vo yerli iqtisadiyyatin inkisafi {iclin balodiyyo resurslarindan somaorali
istifads yollarini1 gostors bilar [2, 3].

Boladiyyalor yerli ekoloji programlarin hazirlanmasini nozorde tutur ki, onun
moqsadi yerli soviyyada ekoloji problemlori holl etmokdir. Bu programlar tobii
sarvatlorin miihafizasi, abadliq ve otraf miihitin miihafizasi, habels dovlstin ekoloji
programlari ila alagoalondirmos mogsadi dasiyir [2].

Boaladiyyonin strukturunu, solahiyyatlorini, miiddastlorini va faaliyyatinin digor
mithiim aspektlorini miisyyon edon Nizamnama, dovlot qeydiyyatina almir,
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konstitusiya va qanunvericilik normalarina uygun olur. Dovlot orqanlar,
boladiyyalorin foaliyyot gostormosi vo inkisafi liglin, zoruri soraiti tomin edir, yerli
Oziiniildaraetmo hiiququnun hoyata kegirilmosino komok edirlor [2].

Azorbaycan Respublikasinda yerli 6ziinliidars, ganunla tosdiq edilmis miioyyon
orazilordo yaradilmis bolodiyyalor vasitosilo hoyata kecirilir. Votondaglarin miioyyon
orazido ohalinin sayindan asili olmayaraq, yerli Oziiniiidaroetmodo istirak etmok
hiiququ vardir. Bolodiyyo orazilorinin hiidudlarinin  miioyyon edilmosi vo
doyisdirilmasi, ganunvericiliyo uygun olaraq miivafiq orazinin sosial-iqtisadi voziyyati
va ohalisinin rayi, habels tarixi va yerli xiisusiyyatlori nazors alinmaqla hayata kecirilir
[2].

“Baladiyya torpaqglarinin idars edilmasi haqqinda” Qanun, baladiyys torpaqglarinin
idara edilmosini tonzimloyon yegana sonad deyildir. Onlar, Torpaq vo Miilki
Macallalar, habels torpaq miinasibatlorini miisyyan edon digar normativ hiiquqi aktlar
ilo tonzimlonir. Boladiyya torpaqglarn istifadesine gore miixtalif kateqoriyalara, o
climlodon, iimumi, icarays verilmis vo ehtiyat torpaglara boliiniir. Onlarin istifadosi,
onlarin toyinati ilo ciddi sokildo miioyyon edilir vo bu mogsadi doyisdirmak {iicilin
miivafiq icaza tolob olunur [4, 5].

Boladiyyalorin torpaq miinasibatlori sahasinds, o ciimlodon balodiyys torpaqglarina
sahiblik, istifado vo soroncam vermok, planlasdirma vo tikinti islorinin toskili,
vergilorin vo icaro Odonislorinin yigilmasi, torpaq istifadocilorinin hiiquglarinin
miidafiosi sahosindo miioyyon solahiyyastlor vardir. Onlar baladiyys torpaqglarmin
miihafizasi vo samorali istifadesing, habelo onlardan istifads ilo bagli miibahisalorin
hollina do cavabdehdirlor [4, 6].

Boladiyyslorin miilkiyyatindoa olan torpaqlar1 idara etmok, o ciimlodon, onlarin
istifadasi, miihafizasi vo qgorarlar goabul etmok ilo baglh miistasna hiiquqglar1 vardir.
Qanunvericilik, boladiyyslorin miilkiyyatinds olan torpaq sahslorinin hiidudlarini,
novlarini vo dl¢iilorini ciddi sokilde miioyyan edir. Icra hakimiyyeti organlarinin torpaq
islahat1 haqqinda ganunda miioyyon edilmis boaladiyys torpaqlarinin idaro edilmasi
sahasindo solahiyyotlori, bolodiyyolorin vosaiti hesabina hoyata kegirilo bilmoz.
Miivafiq icra hakimiyyati orqanlarinin qobul etdiyi he¢ bir qorar baladiyyalorin 6z
torpaqlarindan istifado vo saroncam vermok hiiquqlarini mohdudlasdira bilmoz. Biitiin
maraqli soxslor, o ciimlodon, torpaq istifadogilori, icaradarlar1 vo geyri-hokumot
togkilatlar1 boladiyys torpaglart ilo bagli miinasiboatlords yalniz ganunvericilik
solahiyyatlori daxilindo istirak eds bilorlor [4].

Azarbaycan Respublikasinin torpaq qanunvericiliyi baladiyys torpaqglarina, habelos
boladiyyalor daxilindo torpaq miinasibotlorino samil edilir. Boladiyya torpaglarinin
soroncami, o ciimlodon ayrilmasi va verilmasi, baladiyyalorin gorarlart vo aidiyyati
soxslarlo miiqavilalorin baglanmasi osasinda hoyata keg¢irilir. Bu miigavilslor, toraflorin
hiiquq va vazifalarini, habelo torpaqlardan istifado vo miihafizo sortlorini miioyyen edir.
Boaladiyyslarin ehtiyat fondundan qanunla miioyyan edilmis gaydada istifade vo
icarayo verila bilon kond tosorriifati torpaglarina xtisusi qaydalar samil edilir. Masalon,
bels torpaqglarin goxmonzilli binalarin tikintisi ii¢iin, habels fordi yasayis vo bag evlori
liclin xiisusi icazo olmadan verilmasi qadagandir. Bolodiyyo torpaqlart {izorindo
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miilkiyyat, istifado vo icara hiiquqglar istifado moqgsadi vo texniki normalar nozors
alinmaqla boalodiyyolorin qorarlari ilo miioyyaon edilir [4].

Torpaglarin ayrilmasi, miivafiq icra hakimiyysti orqanlarinin raziligi ilo hoyata
kecirilir vo torpaq saholorinin alinmasi ilo bagli orizolor birbasa bolodiyyalors verilir.
Torpaq sonadlori torpaq almagq istoyon soxsin 6z vosaiti hesabina tortib edilir vo onlarin
geydiyyati qanunvericiliyo uygun olaraq dovlot torofindon hoyata kegirilir. Boalodiyyo
torpaqlarina  Torpaq Moaocollosi ilo miioyyon edilmis mixtolif 6hdoliklor vo
mohdudiyystlor qoyula bilor. Torpaq ehtiyatlarinin mohdud oldugu soraitds,
votondaslara vo sahibkarlara torpaq sahslorinin ayrilmasina xiisusi diqqat yetirilir.
Boaladiyyalar torpaqlart asason 6z orazilorinds yasayan votondaslara vo sahibkarlara
verir [4].

Azorbaycan Respublikasinda boloadiyys torpaqlari birbasa vo ya baladiyyoslorin
gorart ilo harrac vo miisabiga yolu il satila bilor. Satis qanunvericiliys vo arazinin
planlasdirilmasina uygun olaraq hoyata kecirilir. Boaladiyyalorin ehtiyat fondundan
0zollogdirilmis torpaqlarin alinmasina dair miiqavilalor yerli qaydalar nozors alinmagqla
aciq sokildo baglanir. Bolodiyyo torpaqlarinin vo xiisusi sohorsalma ohomiyyatli
torpaglarin satis1 bir gayda olaraq horrac vo ya miisabiqo yolu ilo hoyata kegirilir.
Okilmomis vo kond tosorriifatt moagsadloari iiglin, yararsiz torpaqglar alinarkon, avvalki
istifadogilor vo icaradarlar, habelo kond tosorriifat1 mohsullar1 istehsalgilar: {istiinliik
toskil edir [7].

Boladiyys torpaqglarinin qiymsatlori boladiyyalor torafindon bazar doyori nozoros
alimmagla, lakin, standart qiymotdon asagi olmamagqla miioyyon edilir. Kond tosarriifati
liclin nazords tutulmus torpaglar gqanunla miisyyon edilmis giizostli qiymatlorlo satila
bilor. Boladiyya torpaqglart iimumi vo ya miivaqqgeti istifadoya, habels icarayo verilo
bilar. Istifado sortlori ganunla tonzimlonir. Biznes faaliyyati iigiin, miixtolif orazilor qisa
miiddoata icaraya verilir. Icaronin sortlori toraflorin razilig1 vo ganunvericiliklo miioyyan
edilir. Kirayagilorin miiqaviloni yenilomok hiiququ var vo kiraya¢inin oliimii
miigaviloya xitam vermir, lakin, icars hiiququnu onun varisloring kecir [4].

Azaorbaycan Respublikasinda kond tosorriifati ehtiyaclart {iciin, nozords tutulmus
torpaglar balodiyyo kond tosorriifati torpaglari sayilir. Bu torpaglardan istifado miivafiq
qanunlarla tonzimlonir vo onlarin miinbitliyinin qorunmasi vo yaxsilagdirilmasi {iciin
miivafiq todbirlorin goriilmoasini tolab edir. Yasayis sahosi ganunla miioyyon edilir, bas
planlara vo orazilorin inkisafi layihalorina uygun istifado olunur. Torpaq sahalori
ayrilarkon gohorsalma norma vo qaydalarma omol edilmoalidir. Boladiyyo
torpaqlarindan miixtalif mogsadler tigiin istifads oluna bilar, lakin, qanunsuz istifadoya
garst miibarizo aparilir vo belo torpaglar ganunla miioyyon edilmis gaydada
miilkiyyota, istifadoyo vo ya icaroys verilo bilmoz [4].

Azorbaycan Respublikasinda torpaqdan istifads 6donislidir ki, bu da torpaq vergisi
va icard haqqinin 6donilmasini nozords tutur. Torpaq vergisi, torpaq sahibi vo ya ondan
istifado edon rezident vo qeyri-rezident fiziki goxslordon tutulur. Onun Olgiist,
qanunvericilik ¢orgivasindo boladiyyolor torofindon tonzimlonon miioyyon edilmis
tariflor osasinda miioyyan edilir. Kond tosarriifat1 toyinath torpaqlar iigiin verginin
mablagi torpaq sahasinin kvadrat metrindan va galirdon asilidir [4].
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Torpaq icarasi icaragilorin torpaqdan miivoqgoti istifadosi {i¢iin ev sahiblorindon
almir. ©gor ev sahibi 6dayirsa, bu mablago torpaq vergisi do daxil ola bilor. Lakin, ev
sahibi vergi 6doyicisi deyilss, o zaman, vergi icaro haqqna daxil edilmir. icaronin
sortlori vo moblogi toroflorin raziligi ilo mioyyon edilir vo icaro miigavilosindo
miioyyon edilir. Bolodiyyslorlo hiiquqi/fiziki soxslor arasinda torpaqla bagli miiqavilo
miinasibatlori xiisusi miiqavilolorlo rosmilogdirilir. Torpagla bagli omoliyyatlardan oldo
edilon vosaitin bir hissosi, torpaqlarin keyfiyyotinin vo meliorativ voziyyatinin
yaxsilasdirilmasina yonaldilir [4].

Azarbaycan Respublikasinda boladiyys torpaglarinin miihafizosinin 9sas moqsadi
onlardan somorali istifadonin tomin edilmasi, kond tasarriifat: istifadosindon asassiz
olarag ¢ixarilmasinin qarsisinin  alinmasi  vo zororli  antropogen tosirlordon
gorunmasidir. Boladiyys torpaqlarindan istifadogilor vo icaradarlar orazini somorsli
toskil etmoyo, torpagin miinbitliyini qorumaga vo borpa etmoys, habelo onlarin
miixtalif ndv eroziyadan, cirklonmadon va digor dagidic1 proseslordon qorunmasini
tomin etmoayo borcludurlar [4].

Boladiyya torpaqlarmin miihafizasi va istifadosi todbirlori, torpaq qanunvericiliyi
va digor miivafiq normativ aktlarla tonzimlonmalidir. Torpaglardan somarali istifadoni
vo miihafizosini stimullasdirmagq ti¢lin, boladiyys bilidcalorindon vasaitlorin ayrilmast,
giizostli vergi sortlorinin tomin edilmosi, torpaglarin keyfiyyatinin yaxsilasdirilmasi
istigamatindo giizost vo miikafatlarin totbiqi kimi miixtolif todbirlor nozords tutulur.
Boladiyya torpaqlarinin istifadasine vo miihafizesine noazarsti boladiyyslor hoyata
kecirirlor. Bura doymis ziyanin 6donilmasi, qanun pozuntusu askar edildikds, ganuni
tadbirlorin  goriilmasi, habels, torpagin miinbitliyinin artirilmasina va onlarin
miihafizasine yonalmis investisiya proqramlarinin ekspertizasinda istirak daxildir [4].

Torpaq sahslorinin macburi alinmasi vo ya miivoqqeti zabt edilmasi, habels torpaq
milkiyyatcilorinin, istifadagilorinin va icaragilorinin hiiquqlarinin mohdudlasdirilmasi
naticasinda doymis ziyan va galir itkisi Azarbaycan Respublikasinin ganunvericiliyi ilo
miioyyon edilmis qaydada torpaq miilkiyyatcilorine 6donilmalidir. Bu itkilor baladiyyo
torpaqlarinin  istifadogilorine  vo icarogilorine tam Odonilmolidir. Boladiyys
torpaglarinin idaro edilmosi hagqinda qanunvericiliyin pozulmasinda togsirli olan
hiiquqi vo fiziki soxslor Azorbaycan Respublikasinin qanunvericiliyi ilo miioyyon
edilmis qaydada mosuliyyat dasiyirlar [4].

Boladiyya torpaqlarinin istifadasi vo miihafizasi ilo bagli miibahisolor baladiyyalor
torofindon mohkomodonkonar holl edilir. Bolodiyys torpaqglarinin idaro edilmosi
mosalolori vo boladiyyslor, torpaq miilkiyyotcilori, istifadogilori vo icarodarlari
arasinda yaranan mibahisalor Azorbaycan Respublikasinin qanunvericiliyi ilo
miioyyan edilmis qaydada mohkoma gaydasinda hall edilir. Qanunvericilikds nozords
tutulmus osasnama qoabul edilonadok baladiyys torpaqglarinin ayrilmasina dair
sonadlorin hazirlanmasi vo tosdiq edilmasi qaydas1 Azarbaycan Respublikasinin torpaq
qanunvericiliyi ilo tonzimlonir [4].

Notico olaraq deys bilarik ki, Azarbaycan Respublikasinda yerli 6ziiniiidaraetma
organlarinin vo orazilorinin konstitusiya-hiiquqi  tonzimlonmosi demokratik
prinsiplorin, votondaslarin hiiquglarinin tomin edilmasindo vo yerli 6ziiniiidaraetma
sisteminin samarali faaliyyatinds asas rol oynayir.
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BU3HAHHA YAABAHUX ITPABOYUMHIB AAK CITIOCIb
3AXUCTY ITPAB OJHOT'O 3 HOAPYKKA

Ileposik FOais BacuaiBua

KaHIUAAT IOPUANIHUX HAYK, TOICHT

HarionansHu#t yHIBEpCUTET BOAHOTO TOCIIOIAPCTBA Ta MPUPOTOKOPHUCTYBAHHS
M. PiBHe, Ykpaina

3a0e3neueHHs] MalHOBUX MPaB MOAPYXKS HAJICKUTh 0 KIIOUOBUX 3aBJIaHb
CIMEIHOTO Ta LMBUIBHOTO 3aKOHOJAaBCTBa Ykpainu. Ilpe3ymrilis cCHinbHOCTI mpaBa
BJIACHOCTI MOJIPYKsl HA MaliHO, HaOyTe 3a Jac numoly (ct. 60 CiMelHOro KoJeKkcy
VYkpainu), Buctynae ¢GpyHIaMEHTAIBHOIO TapaHTIEI0 3aXUCTY €KOHOMIUYHHMX 1HTEPECIB
KOKHOT'O 3 YYaCHHKIB NUIIOOHOTO coro3y [1]. Pazom 3 TuM, Ha mpakTuill OAWH 13
MOAPYXOKS HEPIIKO BAAETHCS 10 PI3HOMAHITHUX HETOOPOCOBICHUX [I1{, CIPSIMOBaHUX
Ha MPUXOBYBAaHHS MaifHa, BUBEJIEHHA HOT0 31 CKJIaAy CIUIBHOI CYyMICHOI BJACHOCTI 200
YCKJIQAHEHHS! MallOYTHBOTO MOJILTY.

OgHuM 13 HAUNOIIMPEHINMNX MOPUIWYHUX I1HCTPYMEHTIB MIHIMIZaIli Yu
aHyJIOBAaHHA MAaMHOBUX TIpaB IHIIOTO 3 TOAPYXKA € YKIaJCHHA YyAaBaHHUX
npaBounHiB. 3rigHo 3 4. 1 cr. 235 [{uBiibHOrO KOJEKCY YKpaiHHW, YJaBaHUM €
IIPaBOYMH, SIKUW BUNHEHO CTOPOHAMH JJIs1 IPUXOBAHHS 1HIIOTO IPABOYMHY, IKUM BOHU
Hacopasal Manu Ha yBa3l [2]. Ilpy BUMHEHHI yJaBaHOrO MPABOYMHY CTOPOHU
3B'I3yI0OTh c€0€ MpPaBOBUMH HACIIJKAMH HE TI€l YroJIu, SIKy BOHH 30BHIIIHBO
oopMuiy, a iHIOI — npuxoBaHoi. Ha BiaMiHy BiJl PiKTUBHOrO NMpaBoyuHy (cT. 234
LK VYkpainu), sskuid B3arajli He CHpSIMOBAaHUN Ha HACTaHHA OyIb-IKUX IPaBOBUX
HACJIAKIB, y/IaBaHUI MPaBOYMH MPUKPUBAE pEajbHY BOJIIO CTOPiH, OPIEHTOBAHY Ha
3MiHYy, BUHHMKHEHHS a0O0 MPUIMHEHHS IHIIUX 3a 3MICTOM IIMBUIBHUX MpaB Ta
000B'S3KIB.

VY npaBo3acTOCOBHIM Ta CyIOBIM MpakTULl y cOpaBax MIOAO MOAUTY MaiHa
MOJIPYXKSI BUOKPEMITIOIOTHCS JIEKUJIbKa TUIOBUX MOJIENEN 3aCTOCYBaHHS YJaBaHUX
MPaBOYMHIB:

1. MackyBaHHS OIUIATHOTO MPaBOYMHY Oe3oruiaTHUM (AapyBaHHsM). KymiBis-
MPOJIaX >KUTJIa a00 TPAHCIIOPTHOTO 3ac00y 3a PaxXyHOK CIUIBHUX KOIITIB TIOJPYKIKS
Oo(OPMITIOETHCA SIK JIOTOBIp JapyBaHHA Ha IM'sl OJHOTO 3 HHUX. METOI TakKoro
«JlapyBaHHSA» € Ha/IaHHS MaiiHy CTaTyCy OCOOMCTOI MpUBaTHOI Bi1acHOCTI (1. 1 4. 1 cT.
57 CK VYkpainu) Ta mo30aBjeHHs 1HIIOTO 3 MOAPYX K MpaBa BUMaraTu HOro moaury
pH po3nyuenHi [ 1, 3].

2. OdpopmiieHHs MaitHa Ha OJIM3BKUX POJIMYIB YW TpeTiX oci0. CijibHI TPOIIOBI
3a0LIAPKEHHST TIOAPYAOKST BUKOPHUCTOBYIOTHCS ISl MPUIO0AHHS HEPYXOMOCTI YU
KOPIOPAaTUBHUX MPaB, OJHAK MOKYIIEM y JOTOBOPI 3a3HAYAEThCS OATHKO, MaTU a0bo
1HIIa TIAKOHTPOJbHA 0co0a OJHOrO 3 MOoApyxxksd. PopMalbHO MalHO HAJEKUThH
TpeTiit 0c001, MpoTe (haKTUUHE BOJOIHHSA Ta KOPUCTYBAaHHA 3/I1IMCHIOETHCS ciM'ero [3].

3. llItyuyne ctBOpeHHS (HIKTUBHUX OOProBHX 3000B's3aHb. OAUH 13 MOIPYHKKS
BUJIA€ PO3IMHUCKY PO HIOUTO OTPUMAaHHS 3HaYHOI CyMHU KOIITIB y MO3UKY BiJ TPETHOI
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ocobu miJ yac nuto0y. Y MogalblIIoMy «KPEIUTOP» 3BEPTAETHCS 10 CYy 3 BUMOTOIO
PO CTATHEHHS OOPry 3a paxyHOK CHIJIRHOIO MaiHa MOJPYXoKs a00 301IbIICHHS
YaCTKH YOJIOBIKA/IPYKUHHU Y OOprax.

OcoOnuBicTh 00paHOTO CMOCOOY 3aXUCTy TOJArae y TOMy, IO Yy pasl
BCTAHOBJICHHSI CYy/JOM YJAaBaHOCTI MPAaBOYMHY TAaKUW MPaBOYMH HE BHU3HAETHCS
MOBHICTIO HEMINCHUM 13 TIOBEPHEHHSIM CTOpPIH JO TIOYAaTKOBOTO CTaHy (SKIIO
MPUXOBaHUM MPABOYMH BIAMOBIA€ 3araJbHUM BUMOTaM YMHHOCT1). BiamoBiaHo 10 4.
2 cr. 235 UK Vkpaiau, sikimo Oyje BCTaHOBJIEHO, IO NMPaBOYMH OyB BUMHEHUU
CTOPOHAaMH JJIsi TIPUXOBAHHS 1HIIOTO MPABOYUHY, BITHOCHHU CTOPIH PETYIIOIOTHCS
MpaBUJIaMH IOA0 MPAaBOYMHY, IKUW CTOPOHU HACIPaB/il MajH Ha yBasi [2].

[IpaBoBa mo3umis Benuka [Tanatn BepxosHoro Cyay miaTBEpIKye, 10 MO3UBAY,
SIKUH 3BEPTAETHCS 3 TTI030BOM PO BU3HAHHS MTPABOYHHY Y/IaBaHUM, IOBUHEH JOBECTH:
a) akT yKJIaJeHHs [IPAaBOYMHY, KUl IPUXOBYE CIPaBKHI HaMipH; 0) CIPIMOBAHICTh
BOJII 000X CTOpIH caM€ Ha BCTAHOBJICHHS IHIIKUX IPABOBIAHOCHH; B) HACTaHHS
IOpUIMYHUX HACTIJIKIB, MPUTAMaHHUX MIPUXOBaHIN yroi [4].

VY mpoliecyadbHOMY acleKkTi JOKa3yBaHHA y TaKWUX CIpaBaxX CIHPAETHCA Ha
CYKYMHICTh HEMpPSIMUX, ajieé MEPEeKOHJMBUX JOKa31B: aHaji3 JKEpes MOXOJKEHHS
KOIITIB (HasiBHICTh OQILIHHUX JT0XO/IB y Ha0yBaya MaifHa), BUMTUCKH 3 OAHKIBCHKUX
pPaxyHKIB, TOKa3W CBIJKIB, €JIEKTPOHHE JUCTYBaHHSA, a TaKOX (DaKT MOAAIBIIOTO
KOPUCTYBaHHSI MAaWHOM 1 CIUIATU KOMYHAJIbHUX MOCIYT YU MOAATKIB Oe3mocepeHbo
noJIPYXOoKsiM. BU3HaHHS MpaBOUYMHY YJaBaHUM JIA€ 3MOTY 3aCTOCYBATH 70 (GaKTUIHO
BUYMHEHOT'O JOTOBOPY (HAmpUKIal, KymiBii-npoaaxy) npunucu ct. 60 CK Ykpainu,
MTOHOBUTH PEXHUM CITUIBHOI CYyMICHOI BJACHOCTI Ta BKJIFOYUTH BiAMOBIIHUM 00'€KT 110
MaiHOBOTO MYJTy, IO MiJIATra€ MOy MK HOIPYHOKIM.

TakuM YWHOM, BHU3HAHHS TIPABOYMHY YJIAaBaHWM BHUCTYyMa€ e()EKTUBHUM Ta
CHEllaTi30BaHUM 1HCTPYMEHTOM 3aXHCTy MOPYIIEHOrO0 MailHOBOro IpaBa TOTO 3
NOAPYXOKsI, 4YMsl 3roja He Oyna oTpuMaHa abo0 4yui MalHOBHMM 1HTEpec OyB
MPOTUIIPABHO OOMEXKEHMM uepe3 MaHimyssiii 3 (opmoro goroBopiB. CuCTeMHHIA
3aXMCT Y TaKWUX CUTYaIlisIX BHUMAarae moe€JHAaHHS HOPM IHMBIUILHOTO 3000B'S3aJIbHOTO
mpaBa 13 3acajiaMH PIBHOCTI MPaB MOAPYX KA Y CIMEHHUX BITHOCHHAX.
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There are a variety of devices for separating sheet material from the stock, which
are used in the creation of automated lines and robotic complexes in various industries.
The operation of such devices ensures the timely supply of flat parts with different
physical and mechanical properties (friction, mass, overall dimensions, damping
properties, stiffness, etc.), which expands their practical application, which is why they
have become widespread in enterprises where automated lines are used and are
represented by a number of designs [1-3], but the pressing issue of such devices
remains increasing their productivity. One of the promising areas of finding ways to
increase the productivity of such equipment is the improvement of sliding magazine
loading devices (SMLD) with a movable working plane [1]. The authors of works [2-
3] conducted studies of the belt conveyor, which allowed to determine the minimum
permissible drive power, but the main condition for the operation of such devices is to
avoid idling, that is, uninterrupted supply of flat parts, which will increase the
efficiency of the mechanisms for feeding sheet materials, which in turn will increase
their productivity.

The authors of work [4] proposed an improved version of the device for separating
sheet material from the stack, in which automatic adjustment of the angle of inclination
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of the working plane of the conveyor belt relative to the horizontal plane is provided
depending on the number of parts in the stack, which allows to reduce the resistance
force of separation of parts from the stack depending on the physical and mechanical
properties of the material of the parts, which will also ensure an increase in the quality
of the device (Fig. 1).

A device for separating sheet material from the stock, comprising a driving drum 2
with a shaft 3 and a driven drum 4 installed in a housing 1, kinematically connected to
each other by a conveyor belt 5, the driven drum 4 is installed in a pair of tension sliders
6, which are installed in a pair of guides 7 and kinematically connected to a pair of
adjusting screws 8. The pair of guides 7 is fixed to a frame 9, which is installed on the
shaft 3 of the driving drum 2, the control module 10 is connected to an electronic
dynamometer 11 and a drive 12, which, in turn, are connected to the frame 9. A slide
plate 13 (for piecewise separation of parts (not shown in the figure) from the stock),
installed above the conveyor belt 5 and kinematically connected to an adjusting screw
14 (for setting the thickness of the separated part (on (not shown in the figure) from
the foot). The shaft 3 of the driving drum 2 is kinematically connected to the machine
drive (not shown in the figure). In addition, the drive 12 can be made in the form of a
pneumatic cylinder or a hydraulic cylinder (not shown in the figure).

9 13 148 6 5 11 10 4 6
]

Fig. 1 — Kinematic diagram of a device with automatic adjustment of the angle of
inclination of the working plane [4]

The device works as follows: to separate the part, namely the lower part from the
foot, using the adjusting screw 14, a gap (thickness of the part) is set between the
working surface of the conveyor belt 5 and the edge of the slide plate 13 and the control
module 10 is programmed with respect to the type of material of the part to be separated
and its weight, after which a foot of parts is loaded onto the conveyor belt 5 (not shown
in the figure), after which the control module 10 uses an electronic dynamometer 11 to
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measure the weight of the parts and gives a command to the drive 12, which, in turn,
moves the frame 9 to the initial position (the angle of inclination of the working plane
of the conveyor belt 5 relative to the horizontal plane). Next, the machine drive is
turned on (not shown in the figure), the torque is supplied to the shaft 3 of the driving
drum 2, which drives the driven drum 4, due to their kinematic connection with the
conveyor belt 5, while the lower part (not shown in the figure) is separated from the
foot and fed by the conveyor belt 5 to the working body of the machine (not shown in
the figure), after which, data on the weight of the foot of parts from the electronic
dynamometer 11 is supplied to the control module 10, which, using the drive 12, moves
the frame 9 to a certain angle relative to the horizontal plane, after the next part is
separated, the actions are repeated. To change the tension of the conveyor belt 5, a pair
of tension sliders 6 are moved along the guides 7 by rotating a pair of adjusting screws
8, while the driven drum 4 is also moved, with the help of which the tension of the
conveyor belt 5 is carried out. The proposed design will allow to improve the quality
of the device.
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MATEMATHUYHE IIVIAHYBAHHSA EKCIIEPUMEHTY
MMPU ONITUMIBAILI 3BHOCOCTIMKOCTI PI3AJIBHUX
EJIEMEHTIB CKPEIIEPA

Ilykin Ouexkcanap BikropoBu4
Kanmuaar TeXHiYHUX HAyK, TOICHT
XapKiBChKHI HAIIOHAILHUNA aBTOMOOUTBHO-TOPOKHIN YHIBEPCUTET

Jlis  BCTAQHOBJIGHHS pAlLllOHANIBHOTO TIOEAHAHHS TEXHOJOTIYHUX 1 (Pi3UKO-
MEXaHIYHUX TMapaMeTpiB 10HHO-TIJIA3MOBOTO TOKPUTTS, HAHECEHOTO Ha poOouy
MMOBEPXHIO Pi3aJbHOTO €JIEMEHTa 3EMJICPUIHO-TPAHCIIOPTHOI MAIlIMHU, a CaMe
cKkperepy, OyJ0 3acTOCOBAaHO  METOJOJIOTII0  MAaTeMaTUYHOTO  TJIaHyBaHHS
excriepuMeHTy [1]. OCHOBHOIO METOI MPOBEAEHUX AOCIIIKEHb OyJI0 BU3HAYEHHS
TaKUX MapaMeTpiB MOKPUTTS Ta MOBEPXHI OCHOBHOI'O METay, 3a SIKUX 3a0€3MeUy€eThCs
MaKcUMaJlbHa EKCIUTyaTallliiHa JOBTOBIUHICTh PI3aJIbHOTO €JIEMEHTa Ta MiHIMaJlbHa
IHTEHCHBHICTh MOT0 3HOIIIYBaHHS.

Ak 00’ ekT ociKeHHs 0yJI0 00paHo poOoUHrii OpraH cKpernepa — pizajbHUN HIK,
BUTOTOBJICHUH 31 cTaii 651. 3acTocyBaHHs came 1IbOTO MaTepialy 00yMOBJIEHE HOTO
MOIIMPEHUM BUKOPUCTAHHSIM JIJII BUTOTOBJICHHS JI€TalleH, SIK1 Mij 4yac eKCIuTyaTarii
MPAITIOI0Th B YMOBAX IHTCHCHBHOTO a0pa3WBHOTO Ta KOHTAKTHOTO 3HOIIYBaHH. [Ipu
B3a€EMOJIi HOXKa 3 TIPYHTOM Ha MOro TMOBEPXHIO [Jil0Th 3HA4YHI KOHTAaKTHI
HAaBAHTA)KEHHS, @ HAABHICTh Yy IPYHTOBOMY CEpPEIOBHUIIl TBEPAMX MIHEPATbHUX
JaCTUHOK JO0JAaTKOBO TMPHCKOPIOE MPOIEC PyHHYBaHHS MOBEPXHEBOTO mapy. Tomy
MIJIBUIIIEHHS 3HOCOCTIMKOCTI cTam 651" 3a paXyHOK HAaHECEHHS 3aXHMCHOTO 10HHO-
MJIa3MOBOTO TIOKPUTTS € TIEPCIICKTUBHUM HAIPSMOM 30UTBIIEHHS PEeCypCy pi3aibHUX
€JIEMEHTIB.

EdexkTuBHICTh 3aXMCHOTO TOKPUTTS BHU3HAYAETHCS HE JIMINE WOTO XIMIYHUM
CKJIQJIOM 1 CTPYKTYpOI0. BaxmBy posib BiITpalOTh XapaKTEPUCTUKH MOBEPXHEBOTO
apy OCHOBHOT'O MeTajly, 30KpeMa HOTo TBEPHAICTh 1 MIOPCTKICTh, & TAKOX TOBIIMHA
chopmoBaHoro mokputta. Came 11l MapaMeTpu 3HAYHOIO MIPOI0 BHU3HAYAIOThH SIKICTh
KOHTAKTy MDK TOKPUTTSAM 1 IIJKIQJAKOK, MIIHICTh aAre3iMHOl B3aeMOJii, Omip
MOKPUTTS  MEXaHIYHOMY pyHWHYBaHHIO Ta HWOro 3JaTHICTh  MPOTHCTOATU
BI/INIIAPOBYBAHHIO IT1J1 JII€I0 €KCIUTyaTallliHUX HAaBAaHTAKECHb.

OnuuM 13 pakTopiB, BKIOUYEHUX J0 E€KCIIEPUMEHTAIBHOTO IOCHIKEHHS, 0YyJi0o
oOpaHO TBepAiCTh Matepiany miakiaaaku. HeoOxigHICTh ii BpaxyBaHHsI MOB’si3aHa 3
TUM, [0 MEXaHIYHI BJIACTUBOCTI OCHOBHOT'O MeTajly 0€3MOCepe/IHhO BILIMBAIOTH Ha
xapakTep neopmMyBaHHS MOBEPXHEBOTO MIAPY Mij 4ac poOOTH Pi3ajJbHOTO €IeMEHTa.
Kpim TOro, TBEpAICTh € TEXHOJOTTYHO 3PYUYHUM MapaMeTPOM JIJIsi KOHTPOJIIO, OCKIITbKH
il MOKHA BU3HAYaTH O€3 ICTOTHOTO MTOIITKOIPKEHHS JIeTalll SK JI0 HAHSCCHHS TOKPHUTTS,
Tak 1 MICHsl 3aBepiieHHs eKkciuryaramii. Ile mae MOXIMBICTH BUKOPHUCTOBYBATH
OTpYMaHI 3HAYEHHS HE JIUIIE JUIs TJIaHyBaHHS €KCIIEPUMEHTY, a W JUIA TOJIajIbIIoi
OIIIHKY 3MIHU CTaHy Martepiaiy.
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Y Mexax AOCHIIKEHHS 0yJI0 PO3TISTHYTO YOTUPH PiBHI TBEPAOCTI migkaaaku — 40,
45, 50 ta 55 HRC. Takuii gianazon O0yjno copMOBaHO 3 ypaxyBaHHSIM peaIbHUX
3Ha4YCeHb TBEPJOCTI cTaji 651" miciist BIAMOBIIHOI TEPMIYHOI OOpOOKH Ta HEOOX1THOCTI
BCTAHOBJICHHSI BIUIMBY I[bOTO MapaMeTpa Ha 3HOCOCTIMKICTh c(HOPMOBAHOI CHCTEMU
HIKIaaKa — MOKPUTTS». BUOip NEeKIIbKOX PiBHIB TBEPJOCTI JI03BOJIUB OIIIHUTHU HE
nuiie 6e3nocepeHii BIUTUB 1IbOTO MOKa3HUKA, ajie i BU3HAYUTH HOT0 B3a€EMO3B’ 130K
3 IHIIIMMH [apaMeTpaMu MOBEPXHEBOTO 1Iapy.

Oco0nuBy yBary mijJ 4ac MPOBENEHHS EKCIEPUMEHTY MNPUAUIIN IIOPCTKOCTI
MMOBEPXHI Mepe]] HAHECEHHSM 10HHO-TIJIa3MOBOTO MTOKPUTTS. SIK TTOKa3alu pe3yabTaTH
MOTIEPEAHIX TOCHIKEeHb [2—4], 1t opMyBaHHS HAAIMHOTO aAre31MHOTO 3B’ SI3KY MIXK
MOKPUTTAM 1 OCHOBHUM METaJOM [apamMeTp MIOPCTKOCTI MOBEPXHI MOBUHEH
ctaHoBUTH He MeHIe 0,16 Ra. 3a MEHILIMX 3HaYE€Hb IIOPCTKOCTI MEXAHIYHE 3UETIIICHHS
MDK TIOBEPXHEI0 MIJAKJIAJKH Ta HAHECEHHM IIapoOM € HEJOCTaTHIM. Y mpoleci
eKCIUTyaTalii IiJl BIUIMBOM ULUKIIYHUX MEXaHIYHUX HaBaHTAXEHb 1€ MOXe
CIOPUYUHATH TOCTYNOBE TMOPYIICHHS aJre31iHOT0 KOHTAKTy, MOSBY JIOKAJIbHHUX
nedeKTIB 1, 3pEIITOI0, BIIMIAPOBYBAHHS TTOKPUTTSI.

Boanouac HajMipHe 301IBIIEHHS IIOPCTKOCTI TaKOXX HE MOXKE PO3IIISIIATUCS SIK
OJIHO3HAYHO MO3UTHUBHUM (hakTOp. HepiBHOCTI MOBEpPXHI BILTUBAIOTH HA PIBHOMIPHICTh
dbopMyBaHHS TOKPUTTS, XapakTep pO3MOJAUIY HANpyX eHb Y 30HI KOHTaKTy Ta
(haKTUYHY IUIOITY B3a€MO/I11 MK IMOKPUTTAM 1 MAKIAAKOI0. TOMY OJTHUM 13 KITIOUOBUX
3aBJaHb CKCIEPUMEHTAIBHOI YACTHHHU POOOTH OYyJIO BCTAHOBJICHHS TaKOTO 3HAYCHHS
IIOPCTKOCTI, 32 KOTO 3a0€3IMeUyEThCS ONTUMAJIBHE MOEIHAHHS aAre31iHOI MIITHOCTI
Ta eKCIUTyaTaliiHOI CTIMKOCTI MOBEPXHEBOIO IIaApy.

JpyruMm OCHOBHUM BapiiioBaHMM (haKTOpOM Oyjia TOBUIMHA 10HHO-IJIa3MOBOTO
MOKPUTTSL. Y MPOBEICHUX JOCIIKEHHSIX 11 3MIHIOBAJIA B Mexkax Bija 3 10 7 MkM. Bubip
TAaKOTO 1HTEpBaJly MOB’sI3aHUM 3 pe3yJibTaTaMu MOMNEPEAHIX JOCIIIKEHb, BIATIOBITHO
710 SIKUX TOBIIMHA MOKPHUTTA B J1arma3oHi NpuOIu3Ho 3—6 MKkM crpusie GopMyBaHHIO
JIOCTaTHHO MIITHOTO aJIr€31MHOrO0 3B’SI3KY 3 OCHOBHUM MeTasioM [2, 5]. [lpu ToBmIuHI
MeHIIe 3 MKM 3aXHCHHU I1ap Ma€ HEJOCTATHIO TOBIIMHY ISl ICTOTHOTO BIUIMBY Ha
MOBEPXHEB1 (h13MKO-MEXaHI1uHI BIACTUBOCTI JETa Ta ii OMip 3HOIIYBAHHIO.

3 iHmoro 00Ky, HEOOTPYHTOBAaHE 301TBIIICHHS TOBIIUHU MOKPUTTS TAKOX MOXKE
HETaTMBHO T[IO3HAYaTHUCAd Ha MOro eKCIuTyaTallliHuX XapakTtepuctukax. [lpu
3HAYEHHSX, [0 MEPEBUINYIOTh MPUOIU3HO 6 MKM, 3HUKYETHCS MIITHICTD a/Ir€31MHOTO
3B’SI3KY MIDXK MOKPUTTAM 1 MIAKIAAKO0, IO MiJBUILYE HWMOBIPHICTH YTBOPEHHS
ne(dEeKTIB Ta MOJAJIBIIOrO BIIMIAPOBYBAHHS 3aXMCHOTO IIApy IMiJ AIEI0 30BHIIIHIX
HABaHTAKCHb. TaKUM YMHOM, TOBIIIMHA TTOKPUTTS IMOBUHHA PO3TJISIIATHCS SK OJHH 13
BH3HAYAIBHHX MMapaMeTPiB, ONTHMAaIbHE 3HAYEHHS SKOTO HEOOXITHO BCTAHOBIIOBATH
EKCIIEPUMEHTAITLHUM ITUISIXOM.

3 ypaxyBaHHSM HaBEJICHHUX TIOJOKCHb ISl MOOYIOBH MaTEMaTHYHOI MO
EKCIIEpUMEHTY 0yJI0 BU3HAYEHO JIBa KEPOBaHi (haKTOPH — TOBIIMHY 10HHO-TJIA3MOBOTO
MTOKPUTTS Ta MIOPCTKICTh MOBEPXHI CTANEBOT MiIKIAIKH. TBEpAICTh MaTepiady OCHOBH
py IOMY pO3TIISAAaNacs sIK TMapameTp, Ui SIKOTO IPOBOJIUIIMCS OKpeMmi cepii
nociifaiB. JJis KOKHOTO BCTAaHOBIIGHOTO PIBHSI TBEPJOCTI OI[IHIOBAIM BIUIUB JBOX
OCHOBHHX (DaKTOPIB Ha PE3YIbTYIOUY XapaKTEPUCTHUKY.
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Sx xputepiit onTumizamii OyJlo MPUIHATO BEJIWYMHY 3HOIIYBaHHS Pi3ajJbHOTO
enemeHTa. Takuit BUOip QyHKINT BIATYKY 3YMOBJICHUN THUM, III0 caMe 1HTEHCHUBHICTb
3HOLIYBaHHS O€3MOCEepPeIHbO BHU3HAYAE PECypc HOXKa CKpemepa Ta Mepiog Horo
e(eKTUBHOI eKcIuTyaTallii. 3MEHIIEHHs] BETMYUHU 3HOCY CBIIYUTH MPO IMIJBUILECHHS
oropy po6040i MoBepxHi aOpa3uBHOMY PYWHYBAHHIO Ta, BIMIOBITHO, PO JOIIILHICTh
BUOPAHOTO MOEAHAHHS TApAMETPIB MOBEPXH1 i TOKPUTTSL.

3acTocyBaHHS  MaTEMaTUYHOTO  IUIAaHYBaHHS  €KCHEPUMEHTY  JI03BOJIMJIO
KOMIUIEKCHO OI[IHUTH BIUTMB JOCITIKYBaHUX (DAaKTOPIB Ta BUSHAYUTH IX ONTUMAJIbHE
crhiBBigHOIIEHHS. Ha BiMIHY BiJ MOCIIJOBHOTO BapilOBaHHS OKPEMHX IMapaMeTpiB,
TaKUi MiIX1J 1a€ MOXKJIUBICTh BpaXxyBaTH B3a€MHMU BIUTMB ()aKTOPIB 1 BCTAHOBUTH
o0jacTh iX parioHanbHOro moeaHaHHs. Lle 0coOIuBO Ba)xIJIMBO ISl TPUOOJIOTIIHHX
CUCTEM, Y SIKMX 3MiHa OJHOTO NapaMeTrpa MOBEPXHI MOXKE CYTTEBO 3MIHIOBATU
e()EeKTUBHICTD 1HIIIOTO.

3a pe3yapTaTamMu MPOBEICHOTO EKCIIEPUMEHTAILHOTO JOCIIIKEHHS BCTAHOBIICHO,
1110 HAMEHIUI P1BEHb 3HOLYBaHHS Pi3aJbHUX €JIEMEHTIB CKperepa ClioCTepiraeTbes
32 KOMIUIEKCHOTO IO€JHAHHS TaKUX IapaMmeTpiB: TBEPAICTb MaTepiaidy MiJKIaIKu
cranoBuTh 50 HRC, ToBUIMHA 10HHO-TIJIA3MOBOTO MOKPUTTS — 4 MKM, a IIOPCTKICTh
noBepxHi ocHOBHOro MeTany — 0,32 mkm Ra. OTpumane criBBIAHOIIEHHS [TapaMeTpiB
MOKHa PO3IJIAAaTH SIK palllOHaIbHUM peXUM MIATOTOBKH IMOBEPXHI Ta HAHECEHHS
3aXUCHOTO MOKPUTTS JUIs M1BULIECHHS JOBrOBIYHOCTI HOXKIB CKpenepa.

TakuM dYWHOM, pe3ydbTaTH MAaTEMAaTUYHOTO TUIAHYBAaHHS EKCIEPUMEHTY
MIJITBEPIKYIOTh, 1[0 3HOCOCTIMKICTh Pi3aJbHOIO €JIEMEHTAa BU3HAYAETHCS HE OJIHUM
OKpEMHM TapaMeTpoOM TMOKPHUTTA, a KOMIUIEKCHOIO B3a€EMOJIECI0 XapaKTEPUCTHK
MiAKIaJKH Ta HAHECEHOTO IOBEPXHEBOTO Iapy. BCTaHOBIEHHS ONMTUMAaIbHOTO
CIIBBITHOIIIEHHS TBEPOCTI, HIOPCTKOCTI Ta TOBUIUHU TOKPUTTS CTBOPIOE MEPETYMOBU
JUIS. TIABUILEHHS pecypcy poOOUYUX OpraHiB 3eMJIEPUHHO-TPAHCIOPTHUX MAIIUH 1
3MEHIIIEHHS BUTPAT, OB 3aHUX 13 iX PEMOHTOM Ta 3aMiHOIO.
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OUR EXPERIENCE IN TREATING TENOSYNOVITIS OF
THE LONG HEAD OF THE BICEPS IN PATIENTS WITH
INFLAMMATORY DISEASES OF THE SHOULDER
JOINT

Pavlychko Yurii,
Associate Professor,
Odessa National Medical University

Boichenko Oleksandra,
6th-Year Medical Student, Faculty of Medicine,
Odessa National Medical University

Tenosynovitis of the long head of the biceps brachii is a relatively common
condition, ranking among the more frequent tendon disorders of the shoulder [1].

In the vast majority of cases, injuries of the biceps brachii involve the long head.
Approximately 3% of injuries affect the distal tendon, while about 1% involve the short
head. Injuries of the long head of the biceps tendon (LHBT) occur predominantly as a
result of indirect trauma (87.3%). The main mechanism of LHBT injury is a sudden
contraction of a muscle under tension, which may result in tendon rupture.

With increasing age, the number of functionally active collagen fibers within the
tendon decreases, leading to a reduction in tendon strength. Repeated sports-related
loading may result in tendinopathy (“overuse injury’’), which is associated with
decreased tendon strength and may ultimately lead to tendon rupture [2].

Objective: To improve treatment outcomes in patients with partial injuries of the
long head of the biceps tendon in the intertubercular groove.

Materials and Methods: We performed conservative treatment in 38 patients with
partial injuries of the long head of the biceps tendon in the intertubercular groove
between 2025 and 2026 at the Medical Center of Odesa National Medical University.

The patients ranged in age from 29 to 58 years; 17 were women and 21 were men.
All patients had a partial injury of the long head of the biceps tendon in the
intertubercular groove. Following clinical examination, shoulder ultrasonography was
performed to confirm the diagnosis in all patients. According to the classification
developed by K. V. Filipov, 28 patients had a small tear (up to 1 cm), while 10 patients
had a moderate tear (1-3 cm).

Under ultrasound guidance, glucocorticosteroids were administered into the
intertubercular groove, followed by immobilization using an arm sling for 3 weeks.
After 3—4 days, patients were prescribed a course of physiotherapy, including
magnetotherapy, amplipulse therapy (sinusoidally modulated current therapy), and
electrophoresis with anti-inflammatory and warming ointments.

Results and Discussion: Treatment outcomes in patients with partial injuries of the
long head of the biceps tendon in the intertubercular groove were assessed over a period
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ranging from 4 weeks to 1 year, with monthly follow-up examinations. Treatment
outcomes were evaluated using the Neer scale. During the follow-up examinations,
particular attention was paid to patients’ complaints and the range of motion of the
shoulder joint. Satisfactory treatment outcomes were observed in all patients. Based on
the obtained results, we conclude that injuries of the biceps brachii are among the
common injuries of the shoulder joint. Treatment of injuries of the long head of the
biceps tendon with glucocorticosteroids administered into the intertubercular groove
under ultrasound guidance was associated with positive functional outcomes and
improvement in shoulder joint function.
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BA3OMOTOPHI CUMIITOMMU TA 310POB’SI CEPLIEBO-
CYJUHHOI CUCTEMU
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3anopi3bKuii Jep>KaBHUM MeIUKO-(hapMaIieBTUUHUN YHIBEPCUTET

lemigenko O. B.
KaHAUAAT MEAUYHUX HAYK, JOLICHT, 3aBiayBayd Kadeapu BHYTpIlIHIX XBOPoO No2,
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Onomuenxo C. II.
KaHIUJAT MEJUYHUX HAYK, aCUCTEHT Kadeapu akyepcTBa 1 FHEKOJIOrIi,
3anopi3bKuii Aep:KaBHUN MEIUKO-PapMalleBTUYHUI YHIBEPCUTET

Kupuuenxko M. M.
PhD, acuctenT xadeapu akyuepcTsa 1 rIHEKOJIOrIi,
3anopi3bKuid Aep>KaBHUN MeIUKO-PapMalleBTUYHUI YHIBEPCUTET

EcTporen Bifirpae BaXJIuBY pojib y pEryJioBaHHI Ta KOOPJAUHAIllT €eHEPTeTUYHOTO
TrOMEOCTa3y MPOTIATOM POCTY, PO3BUTKY, BIATBOPEHHS Ta CTApiHHS KIHOK. ECTporeH €
byHAaAMEHTAIBHUM PETYJISTOPOM METaO0IIYHOI CUCTEMH JKIHOYOTO MO3KY Ta Tija [1,
2]. Sk Bimomo, came BiH pOOUTH 3HAYHUN BHECOK y PETYJISIIII0 BA30MOTOPHOTO TOHYCY,
Xo4ya perenTop- 1 Jira"ja-crenu@iyni CHUrHajabHI HUISIXM BCE 1€ MOTPEOYIOThH
moJanbInoro BuBueHHs. Haibipm 1o00pe BiIoMUM CyJMHHUM €(EeKTOM €CTPaIioNy €
npoaykiiis okcuay azory (NO), sika BiiOyBa€eThCs K 3a JOIOMOTO '€HOMHHUX, TaK 1
HETeHOMHUX MexaHi3MiB [3]. Di3i00T14yHe 3HUKEHHS PIBHS €HJIOTEHHOTO €CTPOreHYy
MoOke OyTH MOB’si3aHe 3 BazoMoTopHUMH cuMmnTomu (BMC), nopyuieHHs M CHY Ta
po3magamMu  HacTpor.  JIOBrOCTPOKOBMMH  HACHiKaMH  WOTO  BTpaTd €
TeHITOYpUHAPHHUI MEHOIay3allbHUN CUHJPOM Ta OCTEONopo3 [4].

[Tatodizionoris BMC 1o kiHIlsl He BUBUEHA, aJie BBAXKAETHCS, 1[0 BOHA MOB'sA3aHa
31 3MIHAMU B CHCTEMI TE€PMOpPEryYJIAlii, IKa MIATPUMY€E TEeMIEpaTypy Tila B Mexax
TEPMOPETYJIATOPHOI 30HU [5, 6]. SIK BITOMO, €CTPOT€H MOAYIIIOE€ TEPMOPETYIIAIIO0, a
HOTro 3HMKEHHS a00 KOJIMBAHHS CUHTE3Y 1]l YaC MEHOIay3aJIbHOr0 Mepexoy BiAirpae
MeBHY poib y MexaHi3mi po3Butky BMC [6]. BMC 3yctpivatotrbes y 35-50% kiHOK B
nepumenonay3i ta iz 30 10 80% xkiHOK y mocTMeHomnay3i. [Ipuninsy, ki BUHUKAIOTh
yHOUl, SIK MPaBWJIO, MiJl Yac CHY, YacTO CYNPOBOJXKYIOThcs miTiuBicTio [7]. BMC
MOXKYyTh HETraTMBHO BIUIMBAaTH Ha SIKICTb JKUTTS KIHKH, ii (PI3U4HE Ta IMCHUXIYHE
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3I0pOB'sI, a TaKOX Tpodeciiine kutTsa. KpiM TOoro, BOHM TOB'sI3aHI 3 HETaTUBHUMU
HACJI1JIKaMU JIJIs 3/I0POB's, BKJIIOYAIOYH MiABUIICHUN PU3HK 1IIIEMIYHOT XBOPOOH ceplis
Ta KOTHITUBHUX MOPYIIE€Hb, & TAKOXk MalOTh MOTEHIIIHY BaXJIHMBICTh JIJISL 37I0POB’sI
CepIIEBO-CYAMHHOT CUCTEMH KIHOK [6, 8, 9].

BMC MOXyTh TpencTaBlIATH HOBUH crenu@iuHuNA 7S KIHOK (aKTOp PU3UKY
cepueBo-cyauHHux 3axBoproBanb (CC3) [8]. 3B's130k mixk BMC ta CC3 BapitoeThcs
3QJIEKHO Bi iX TUIY, TSOKKOCTI Ta BIKY KIHKK [10]. Tlouatok meHomay3u, sSKuit
3a3BUYail HACTa€ MPUOIM3HO Yy 52 pOKH, 30IraerhCs 31 3HAYHUM 3POCTAHHSIM
nommpenocti CC3 [11]. Tak, cepen >kiHOK BikoM 110 60 pOKiB PU3HK CEPIICBO-
CYIMHHHUX MO BUIIMH y KiHOK 3 BMC, Hix 6e3 HuX. O1HaK, cepe/1 maIi€HTOK BiIKOM
noHan 60 pokiB pi3HuLI Hemae. KpiM Toro, mpumiuBM Ta HiYHA HITJIMBICTH
JEMOHCTPYIOTh YITKUH 3B'SI30K 13 CEPLIEBO-CYAUHHUMHU MAapKepaMH Y JKIHOK y paHHIM
noctMeHomnay3si [12, 13]. IlepequacHa Ta paHHS NPUPOJHA MEHOIAy3a MAa€ 3HAYHO
BUILUI PU3UK PO3BUTKY 1IIEMIYHOI XBOpOoOH a00 1HCYJbTY 10 60 pokiB [14].

[Tingumenns puszuky CC3 miciasi MeHONAay3u MOSICHIOIOTH PI3KUM 3HUKCHHSIM
pIBHS  €HJOI€HHOTO €CTPOreHy, IO CBIAYUTH MpO HOro MOTEHLIMHUN
KapaionporekropHuii egekt [15, 16]. Ilicns mMeHomnays3u, KoM PiBEHb €CTPOrEHY
3HUXKY€ETHCS, IEYHUK MTPOJOBXKYE BUPOOIISATH TECTOCTEPOH, 1 11€ MOXKE OyTH MOB’SI3aHO
31 301IBIIeHHSIM aTtepockiepoTuyHnx CC3 y npomy Bimi [17-19]. BpaxoByrouu, 110
nepexig A0 MEHONay3H € pyHHIBHUM IIPOLIECOM, IKMM MOXE TPUBATH OUIbIIE AECATU
POKIB 1 BHUKIMKATH CHUMIITOMH Yy OUIBLIOCTI IHOK, IJsl KJIIHIUUCTIB BayKIUBO
PO3MI3HATH PaHHI O3HAKU Ta CUMIITOMH MEPEXOy Ta OyTH TOTOBUMH 3alpONOHYBAaTH
JIKYBaHHS JIJ1s Horo oM’ saxieHHs [20].

BucHosok

Ba3zoMoTOpH1 cUMITOMU € HalO1IbII XapaKTEPHUMHU MTPOSIBAMU MEHOMAY3H, 5IK1 HE
JIUIIE MOTIPIIYIOTh SKICTh KUTTA, (PI3MUHE Ta MCHUXIYHE 3[0pOB'A, @ ¥ MOTEHIINHO
BIUIMBAIOTh HA CTaH CEPLEBO-CYIUMHHOI cuUcTeMHU. Tomy, Uil KIIHIIUCTIB PI3HUX
CHEIIaJbHOCTe BaXKJIMBO BMITH pO3MI3HABATH paHHI O3HAKKM Ta CHUMITOMHU
MEHOTIay3aJIbHOTO MEPEX0/1y, a TAKOXK 3aMPONOHYBATH JIIKYBAHHS JIJIS X MOJIETIIICHHS
Ta 3armo0iraHHs BIJJAJICHUM HACIIIKAM.
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KAPJAIOITPOTEKTUBHI EOEKTU AT'OHICTIB
PELHEIITOPIB GLP-1

Tpopumenko Basepiss BosiogumupiBaa
3100yBau BuIoi ocBitH 111 Meaquunoro dakyasTeTy
XapKiBChKHMM HAIllOHATLHUM MEIUYHUN YHIBEPCUTET

CiBak Ilosina MuxaitsiBHa
3100yBau BuIoi ocBitH I1I MeaquuHoro dakyasTeTy
XapKiBChKHMM HAIllOHATLHUM MEUYHUIN YHIBEPCUTET

Bizip Mapuna OsekcanapiBHa
K.ME€JI.H., IOUEHT Kadeapu BHyTPilIHbOI MeauuHu Nel
XapKiBChbKHI HAIIIOHAIbHUNA METUYHUN YHIBEPCUTET

Beryn. Aronictu  peuenrtopiB  mitokaroHomogionoro mentuay-1  (GLP-1)
MPOAEMOHCTPYBAIN BUPAKEHI KApAIOMPOTEKTUBHI €(PEKTH, 10 BUXOAATh JAJIEKO 32
MEX1 IJIIKEMIYHOTO KOHTPOJIIO 32 PaxXyHOK MPOTHU3ANaIbHUX, T€MOAMHAMIYHUX Ta
MerabonmiyHux  MexaHi3miB  [1].  JlochmipkeHHsT 3aCTOCYBaHHS — CEMarilyTHIY
MIATBEP/KYIOTh 3HIM)KEHHS PHU3MKY OCHOBHUX CEpPLIEBO-CYAMHHUX MOAIN (major
adverse cardiac events, MACE) Ha 20% y maii€HTiB 13 CEpLIEBO-CYAUHHOIO ITaTOJIOT1€0
Ta OXKUPIHHAM Oe3 J1a0eTy, a TaKOK CYTTEBE 3MEHIIEHHS CUMITOMIB, MOKpPAILIEHHS
(bi3uyHOT Tpare3naTHOCTI W 3HUXKEHHA N-KIHIIEBOTO (GparMeHTy MO3KOBOTO
Hatpiitypetuudoro mnponentuay (NT-proBNP) mpu cepuesiid HemocTaTHOCTI 31
30epexxkenoro (paxiiero Bukuay (HFpEF) sk 3a HasBHOCTI, Tak 1 3a BiJICYTHOCTI
ykposoro aiadety 2 tumy (LIl 2 tuny) [2-4].

Mera: JlocniauTu KapAioNMpOTEKTUBHY Aito aroHicTiB perentopiB GLP-1 (3okpema
cemarytuny) y namienTiB 13 HFpEF #1 cymyTHIM 0XUpIHHSM.

Marepianu Ta wmetoau. JloCHi/DKEHHsS BKJIIOYAJIO aHal3  pe3y/bTaTiB
MDKHApPOAHUX  PAaHJAOMI30BAaHUX IMOABIMHMX CIIMUX IUIAe00-KOHTPOIHLOBAHUX
nocmikens (STEP-HFpEF, STEP-HFpEF DM Tta SELECT), y saxux BuB4Yaiu
€(eKTUBHICTh MIOTHKHEBOTO MiNIKIPHOTO BBEACHHS CEeManIyTUAy B 1031 2,4 Mr y
MAalIE€HTIB 13 CEPLEBO-CYAMHHOIO maroyiorieto, oxupinHsm Tta HFpEF. Anami3
OXOIUTIOBAB OILIIHKY JIMHAMIKM Oaly KaH3aChbKOTO OINUTYBaJbHUKA KapAlOoMiOmNaTii
(KCCQ-CSS), nucraniii 6-xBUIMHHOT X0aA601, MacH Tina, C-peakTuBHOTO O11Ka, N'T-
proBNP, a Takox wyactory po3BuTky MACE Ta KOMIIO3UTHUX TOYOK CEPUEBOI
HEJT0OCTATHOCTI.

Pesyabraru. YV mnamientiB 13 HFpEF Ta oXupiHHSM TH)KHEBE 3aCTOCYBaHHS
ceManIyTHay B 1031 2,4 MI IPOTATOM 52 THKHIB PUBEJO 10 CTATUCTUYHO 3HAYYIIIOTO
nokparnieHds crany 3a mkanoro KCCQ-CSS: cepennst 3miHa ctaHoBuia 16,6 Gana
npotu 8,7 Gama y rpymi marne6o (pizaums 7,8 O6ama, p<0,001), a y mamieHTiB i3
cymytHiM L[] 2 Tumy — 13,7 6ana npotu 6,4 6ana (pizauis 7,3 6ana, p<0,001) [1, 2].
Tepamiss cemarmyTumom 3abe3neyrnyia BUpaKEHE 3HIDKEHHS Macu Tina: Ha -13,3%
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npotu -2,6% y marieHTiB 6e3 miadety Ta Ha -9,8% mpotu -3,4% y marienTiB i3 LIJ] 2
turmy [1, 2]. Takox 3adikcoBaHO BiporigHe 30UIbIIECHHS AWCTAHIII 6-XBUIWHHOI
X01b0M — pi3HuUL 3 aiedo cranoBuia 20,3 m y nocnimkenni STEP-HFpEF Tta 14,3
M y nociimpkenni STEP-HFpEF DM [1, 2].

AHamiz OiloMapkepiB  MPOACMOHCTPYBaB CyTTEBUM MpOTU3aNaIbHUNA  Ta
reMoAuHaMiyHui edekT mpemnapary 31 3HMKEHHSIM piBHIB C-peakTMBHOro Oijka Ha
43,5% y rpyni cemantytuny npotu 7,3% y rpymi miamebo B ocib 6e3 aiabety Ta Ha
42,0% mupotu 12,8% y mamientiB 13 niabetom [1, 3]. Kpim Toro, cmocrepiramgocs
BUpakeHe 3HWkeHHs piBHIB NT-proBNP mpu 3actocyBanHi cemarimyTuay B 000X
JOCIIHKEHHSX, @ 4aCTOTa CEpHO3HMX MOOIYHMX SIBUIIL Y TPYTax aKTUBHOI Teparii Oyna
HIDKYOI0 TopiBHSAHO 3 Tutame6o [1, 3-4]. ¥V macmrabuomy pocmimkeHHi SELECT
Tepamiss ceManlyTUAOM Yy 1031 2,4 Mr y Malli€HTiB 13 CEepUEBO-CyAUHHUMU
3aXBOPIOBAHHSMU Ta OXKUPIHHAM Oe3 J1a0eTy 3MeHIuiIa pu3uk BUHUKHEHHST MACE
Ha 20% (HR 0,80; 95% CI 0,72-0,90; p<0,001) [5].

BucnoBku. byno BcTaHOBJIEHO, 1O ceMartyTu] y 1031 2,4 Mr epexkTuBHUN Y
JOCIIJDKYBaHIA TpyIi MaIli€eHTiB, 00 BIH 3HIKYE PHU3UK HECTPUSTIUBUX TMOIN
napajeibHO 31 3MEHIICHHSM Macuh TUla 3a paxyHOK CYTTEBOTO 3HUKEHHS
BicliepalibHOTO Xupy. [IpoTe nmanuii mpemapar peanidye CBiil BIUIMB IIE ¥ 3aBISKH
OpSIMUM  XBOPOOO-MOIU(DIKYIOUMM MeXaHi3MaM, IO OXOIUTIOITh 3HMkKeHHS C-
peakTuBHoro Ounka, 3HWkEeHHS piBHA NT-proBNP Tta pgexonrectito. Otpumani
pe3yNbTaTu MiATBEPIKYIOTh JIOLIJIBHICTh 3aCTOCYBaHHA aroHicTiB peuentopis GLP-1
K JIOLUIBHOI TepameBTHYHOI cTparerii y mnamieHTiB 13 ¢enotunom HFpEF Ta
OKUPIHHAM HE3aJIeKHO BiJ] HAABHOCTI cynyTHROTO L[] 2 Tumy.
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APTTEPAIIEBTUYHI METOAHA Y PO3BUTKY
OCOBUCTICHHUX PECYPCIB ITOJOJJAHHSA CTPECY

Kouepra €Brenis,

KaHIUJAT NeAaroriyHux HayK, JIOUEHT,

JOIEHT Kadepu IICUXOJIOTi,

bepnsHChKMT Aep)KaBHUH TT€IarOT1YHUN YHIBEPCUTET

Mauwk Irop,

3100yBay Apyroro (MaricTepchbKoro) piBHs BHUIIOI OCBITH
cremiansHocTi C4 Ilcuxomnoris,

bepasiHchkuil nepxaBHUN MEJAroriYHUN YHIBEPCUTET

Mauok Ipuna,

3100yBay Apyroro (MaricTepchbKoro) piBHs BHUIIOI OCBITH
cremiansHocTi C4 Ilcuxomnoris,

bepasiHchkuil nepxaBHUN MEJAaroriYHUN YHIBEPCUTET

CydacHa JroiMHa Je1alli 4acTille CTUKAEThCS HE 3 OKPEMUMHU KOPOTKOYAaCHUMU
CTPECOBUMH CUTYAIlISIMH, & 3 TPUBAJIUM HAKOMWYCHHSIM HAIPYKCHHS, TIOB’A3aHOTO 3
HEBHU3HAYEHICTIO, IIBUJKUMH 3MIHAMH YMOB KUTTS, MPOQPECIHTHUMU Ta OCOOUCTUMU
TPYAHOIIIAaMH, @ B YKPAiHCBKMX pealisix — Ie ¥ 13 HaciigkaMu BIAHHU. 3a TaKuUX
00CTaBUH OCOOJIMBOTO 3HAYEHHS! HAOyBa€ HE JIMILE 3MEHILEHHS HEraTUBHUX MPOSIBIB
CTpecy, a M 3JaTHICTh JIIOAUHU 30epiraT BHYTPIIIHIO PIBHOBAry, BIAHOBIIIOBATUCS
MIiCIsl CKIAAHUX MOJIM, 3BEpPTATUCS 0 BJIACHUX 1 30BHIIIHIX PECYPCIB Ta 3HAXOJUTH
NPUIHATHI CHOCOOM pearyBaHHS Ha CUTyalli, SKI HEMOXJIHUBO MOBHICTIO
KOHTPOJIIOBAaTH.

BaxxnuBy posib y MOJ0JIaHHI CTPECY BIAITPatOTh OCOOUCTICHI PECYpCH: 3/1aTHICTD
YCBIJIOMJIFOBATU Ta PETyJIIOBAaTH BIACHUN €MOIIIWHUN CTaH, MiITPUMYBATH BIIUYTTS
0COOMCTHX MEX, KOHCTPYKTHUBHO BHUCIIOBJIIOBATH CBOI MOTpeOH, 3BEpTaTHUCA 110
JormoMory, 30epiraTd THYYKICTh y CKIagHuX oOctaBuHaxXx. BomHowac y craHi
TPUBAJIOTO HAMPY>KEHHS JIFOJWHI HE 3aBXIH JIETKO PO3IMI3HATH BJIACHI MEPEKUBAHHS
Ta 3HAWTU JJI HHUX CIOBECHE BHUpakeHHs. Came TOMY akTyaJlbHUM € TMOIIYK
MICUXOJIOTIYHUX METOJIB, SIKI JO3BOJIAIOTH MPAIIOBATH 3 BHYTPIIIHIM JOCBIIOM HE
JuIIe Ha BepOaIbHOMY PIBHI.

OgHuM 13 TakuX HaNpsIMIB € BHKOPUCTAHHS apTTEPANEBTUYHUX METO/IB.
3BepHEHHs 10 00pa3y, KOJIbOPY, CAMBOJY, MeTadOpH Ta TBOPUOi JisIIBHOCTI CTBOPIOE
MOJKITMBOCTI JUISI BUPAXKCHHS CKIAIHHUX TEPEKUBaHb, KPALIOTO PO3YMiHHS BJIACHOTO
CTaHy, TIONIYKY BHYTPIIIHIX OMOp 1 aKTyaui3allii pecypciB, SKi JIOJUHA HE 3aBXKIU
YCBIIOMJTFOE Yy TIOBCSKIEHHOMY XHUTTI [1]. YV 1IbOMy KOHTEKCTI HOCHIIKCHHS
MOXJIUBOCTEH apTTEPANeBTUYHUX METOMIB Y PO3BUTKY OCOOHCTICHHX PECYpCiB
MOJI0JIAHHS CTPECY € aKTYaJIbHUM SIK Y TEOPETUYHOMY, TaK 1 B IPAKTUYHOMY aCIEKTI.
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[TomonanHs cTpecy 3HAYHOIO MIpOIO 3aJICKUTh Bij TOTO, SIKUMHA BHYTPIIIHIMH Ta
30BHIITHIMKM pecypcaMy BOJIOJIIE€ JIOJMHA 1 HACKIJILKM BOHA 37aTHA KOPUCTYBATUCS
HUMHM y CKJIaJiHIM cutyalii. JIo 0COOMCTICHMX pecypciB MOYKHA BIIHECTH €MOIIMHY
CaMOpEeryJIAllilo, 3JaTHICTh 10 peduiekcii, THYYKICTh IOBEIIHKH, YCBIJIOMJICHHS
BJIACHUX MOTPEO 1 MEXK, YIIEBHEHICTh Y BIACHUX MOKJIUBOCTSIX, 31aTHICTh 3BEPTATUCS
N0 MIATPUMKY Ta BUOYJIOBYBATH KOHCTPYKTUBHY B3a€MOJIIIO 3 IHIIUMU. BaxiuBum €
HE JIMIIIE HAasIBHICTh NIEBHUX SKOCTEH, a ¥ yMIHHS aKTyalli3yBaTH iX TOJ1, KOJIHM 3BUYHI
CIIocoOu pearyBaHHS MEePECTaloTh OyTH e(PEKTHBHUMH.

TpuBane cTpecoBe HaBaHTAXKEHHS MOXKE CYTTEBO YCKIAIHIOBATH II€W MpoIlec.
JlromuHl cTae Bakue pO3IMi3HABATH BJIACHI €MOIIlii, OITIHIOBATH CBOi MOYJIMBOCTI,
npuiiMaTy pimeHHs, 30epiratd ocoOucTi Mexi. YacTHHA MCUXOJOTIYHUX PECYPCIB
HIOU 3aJIUIIAETHCA HEIOCTYITHOIO: JIFOJMHA MOYE 3HATH, L0 PaHIIe AoIoMaraio iu
CIPABISITUCS 3 TPYAHOIIAMH, aje HE BITIYBATH MOKIUBOCTI CKOPHCTATHCS ITUM
JIOCBIJIOM Yy TeNepilIHii cuTyarlii. 3a TaKuX YMOB IICUXOJIOTIYHA JI0IIOMOra Ma€e OyTH
CIpsIMOBaHA HE TUIbKM HA 3MEHIIICHHSI €MOLIMHOIO HANpYy>KEHHs, a i Ha MOCTYIIOBE
BI/IHOBJICHHSI KOHTAaKTy JIIOJMHU 13 BIACHUMU MOXIIMBOCTSMHU Ta JDKEpEIaMU
MIITPUMKH.

OaHuM 13 BaXKIMBHUX OCOOMCTICHHMX PECypCiB Yy IIbOMY KOHTEKCTI MO>KHA
pO3IIIAJIaTh aCepPTUBHICTh. BoHa MpOSBIAETHCA Y 3AaTHOCTI YCBIIOMIJIIOBATH Ta
BIJIKPUTO BUCIIOBJIIOBATU BJIACHI JyMKHU, MOYYTTS 1 MOTpeOH, BICTOIOBATH OCOOUCTI
MEXI1, TOBOPUTHU «Hi», 3BEPTATHUCS 10 TOTIOMOTY, HE MOPYIIYIOYH MPH IIBOMY MEX Ta
TIHOCTI 1HIIOI JIIOAMHU. ACEpTHUBHA TOBEJIHKA HE TOTOXHA OPCTKOCTI YH
MParHCHHIO HAIOJIATTH Ha CBOEMY 3a Oyab-ikuxX oOcTaBuH. HaBmaku, BOHa
nepeadayae MOIIyK OalaHCy MK BJIACHUMH MOTpedaMy Ta MOBAarow A0 1HIIOro. Y
CTpPECOBIA CHUTyallli Taka 3JaTHICTh MOXE MaTh OCOOJMBE 3HAUYCHHS, OCKUIbKU
JI03BOJISIE JIFOAMHI CBOEYACHO MOBIIOMIISITH IIPO CBOi NOTPEOU, BUBHAYATU IPUHHATHUAN
pIBEHb HaBaHTAXEHHS, MPOCUTU MPO MIATPUMKY Ta BIAMOBISTHCS Bl TOTO, IO
MEePEBUITYE ii aKTyalbH1 MOKIIUBOCTI [3].

Boanouac crtpec, ocobmuBO TpuBanMii a00 TMOB’S3aHUN 13 TpPaBMAaTUYHUMU
MOJIIMH, MOKE 3MIHIOBATH 3BHYHI CIIOCOOM B3aeMOil JIFOAUHHU 3 oTOYeHHSIM. OmH1
JIOW CTalOTh OUIbII KOH(MIIKTHUMH Ta PI3KUMH, IHIIN, HABIAKU, YHHKAIOTh
CYyNEpPEYHOCTEH, MOTrOKYIOThCS Ha HeOakaH1 Il ceOe PIIIeHHS, 3aMOBUYYIOTh BJIaCH1
noTpedu. ToMy pPO3BUTOK aCEpPTHUBHOCTI MOIIIBHO TMOEIHYBAaTH 3 POOOTOIO HaJ
EMOI[ITHOI0 CaMOPETYJISIIEID, YCBIIOMJICHHSIM OCOOMCTUX MeX Ta (hopmMyBaHHSIM
O1IBIII THYYKHX CIIOCO01B pearyBaHHs [3].

TleBHi MOMJIMBOCTI 71 TAKOi poOOTH CTBOPIOIOTH ApTTEPANeBTHUHI METOIH. IXHs
0COONMBICTh TOJSTa€ B TOMY, IO TMEPEKUBAHHS, SKi CKJIATHO OJpa3y OIHMCATH
CIIOBaMHM, MOXYTb OTPUMATH CHMBOJIIYHE BHPAXCHHS B MAIIOHKY, KOJaXi,
JIacCTUYHOMY 00pasi, MeTadopi ado CTBOpeHii icTopii. TBopUMil TPOAYKT y IBOMY
BUITAJIKY CTA€ CBOEPITHUM MTOCEPETHUKOM M1k BHYTPIIIHIM JOCB1IOM JIFOJIMHU T HOTO
ycBimomiieHHsM (Tabi. 1). BaxxnuBum € He XyI0XKHIN pe3ysbTar, a Te, 10 JII0JAUHA
nmomivae 1 BiIKpUBa€e IJisi ce0e y MmpoIiieci CTBOPEHHs o0pa3y Ta MoAaIbIoi peduiekcii

[1].
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Taoauus 1.
MOoXIMBOCTI apTTEpPaneBTUUHUX METO/IIB Y PO3BUTKY OCOOUCTICHUX PECYpPCIB
MOJ/I0JIaHHS CTpecy

OcoOucticHuit :
[Ipuknanu Brpas IIcuxonoriuyne 3Ha4eHHS
pecypc
Enmoriiina «Miii ctan 3apa3», podota|Po3mi3HaBaHHS €MOITiH,
. 3 KOJILOPOM 1 00pazom YCBIIOMJICHHS HANPY>KEHHS, TIOUTYK
caMOperyJIsIis

eMoI1i Croco01B HOTo peryJssiii
«JlepeBo BHYTPIIIHBO1 AKTyai3aiisi CHJIbHUX CTOPIH,
BayTtpimms omopa jonopm», «Moi pecypcu», |[MOMEpeIHBOTO JOCBIAY MOT0TaHHS

pPEeCYpPCHHI KOJIax Ta JDKEPEN MATPUMKH
«be3neune Miciey, Y CBIIOMJICHHSI YMOB, 3@ SIKUX
BiguyTTs 6e3meku [CTBOPEHHSI CUMBOJTY JI0/TMHA BITYYBA€E CIOKIiH, ONopy Ta
3aXHUIIEHOCTI KOHTPOJIb
Y cB1IOMIICHHS BIACHUX TTOTPEO 1
ACEpPTUBHICTD 1 «Moi mexi», «S maro M€K, PO3BUTOK 3aTHOCTI
0COOUCTI MeXI1 MIPaBO» BHCJIOBJIFOBATH MO3UIII0, BIIMOBIISATH

Ta 3BCPTATUCA 110 AOIIOMOT'Y

Meradopuunuii 006pa3 «S |V cBiIOMICHHS BIAaCHUX pPeaKiiid,
PeduexcuBHicTh |y CKJIaAHIN cuTyalii», «5 [moTped 1 3BUUHUX CIIOCOO1B

3apas» MTOBEIIHKHU
[HYUKICTb ¥ Tpaucpopmartis [Tomyk anpTepHaTUBHUX CHIOCOOIB
[OJIOJIAHH] CTBOPEHOTO oOpasy, «A1 pearyBaHHs, pO3LIMPEHHs 621‘.{6?.}151
TPY/IHOLIIB 3apas — A micns CUTYyaIlli Ta MOXKJIUBUX HUISAXIB i
BIJTHOBJICHHSI HOIOJIAHHS

st nocnipkeHHs OCOOMCTICHUX PECYPCIB MOXKYTh BUKOPHCTOBYBATHCS BIIPaBU
«Moi pecypcu», «JlepeBo BHYTpilHBO1 onopu», «Micie, ne s BiauyBalo cebe B
Oesmerri», CTBOPEHHSI PECypPCHOTO KOJIaxKy a00 CUMBOJTY, SIKMI aCOIIIOETHCS 13 CUIIOIO
Ta marpuMkor. Hanpuknan, y Bopasi «/lepeBo BHYTPIIIHBOI OMIOPW» KOPIHHS MOXKE
CHUMBOJII3yBaTU JOCBIJI, IIHHOCTI, 3HAYYIIMX JIFOJEH 1 Te, 1110 BXKE JOMoMaraio J0JIaTh
CKJIaJIHI MEpioJx; CTOBOYp — OCOOHMCTI SIKOCTI Ta 3A10HOCTI; KpOHA — MOKJIMBOCTI,
OaxaHHs 1 Te, A0 Yoro JoauHa nparHe. [loganbiie 00roBOpeHHs: CTBOPEHOTO 00pasy
JoroMarae He MpocCTO Ha3BaTH PECYpCH, a TOOAUYNTH iX B3a€MO3B’ 130K Ta BUSHAYUTH,
SKUMU 3 HUX MOKHA CKOPUCTATHUCS 3apa3.

OxpeMuii HampsiM apTTEPaleBTUYHOI POOOTH MOXKe OyTH TIOB’S3aHUN 3
OCOOMCTUMHU MEKaMH Ta aCEPTHBHOIO MOBEIIHKOI. Y BIpaBi «Moi Mexi» JtoInHa
CTBOpIOE 00pa3 BIACHOIO MCHXOJIOTIYHOTO MPOCTOPY, BU3HAYAE, L0 3HAXOJIUTHCS
BCEpEMHI HHOTO, 0 3AIUIIAETHCS 30BHI, KOTO BOHA TOTOBA BITYCTUTH OJMXKYE, a Je
noTpeOye Oubmoi auctanii. [1ix yac 06TOBOpEHHS MOXKYTh BUHUKATH MUTAHHS TIPO
CUTYyallil, y SIKHX MEX1 JIerko 30epiratu, 1 Ti, e 3poOuUTH e ckiaanime. Brnpapa « 51
Mar IMpaBO» MOXeE MOEAHYBATH O0pPa3oTBOPUYY POOOTY 3 OCMHUCICHHSM BIIACHUX
noTped 1 mpaBa Ha BIIMOBY, BIANMOYMHOK, JIOMOMOTY, MOMUJIKY, BIACHY AYMKY YU
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3MiHy pimeHHs. Taki 3aBJaHHS CTBOPIOIOTH MPOCTIP MAJS JTOCHIIKEHHS BIACHOI
MOBEIIHKK 0€3 HEOOX1THOCTI 0/Ipa3y MEPEXOAUTH JI0 MPSIMOTO OOTOBOPEHHS CKJIaTHUX
KUTTEBUX CUTYAIIH.

[Tin gyac poOOTH 3 HACHIIKaMH TPaBMAaTUYHOTO CTpPECy OCOOJIMBOIO 3HAYEHHS
HaOyBalOTh Oe3leka, mnependadyBaHICTh 1 MOMIMBICTD JIFOJJMHU CaMOCTIMHO
BU3HAYATH CTYIIHb 3aHYPEHHS Y BIIACHUM TOCBiJ. ToMy apTTepaneBTUYHA poOOTa HE
000B’sI3KOBO Mae€ TepeadayaT 0e3nocepeHe 300paxkeHHs TpaBMaThu4HoOi nojii. Ha
MOYATKOBUX €Tarnax JOIUIBHINIEC 3BEPTATUCA A0 PECYPCHHUX 1 CTaOUTI3aIliiHUX TeM:
o0Opa3y 0e3meuHoro MicIs, JHKepen MIATPUMKH, BITIYTTS OMOPH, BIACHUX CHUIIBHHX
CTOpiH, OakaHOTO MaiOyTHHOTO. BakynBo, 100 TI0MHA Majia MPaBO BIIMOBUTHUCS
BiJl BUKOHAHHS BIIPaBH, 3MIHUTH 1i 3MICT a00 MPUNUHUTH POOOTY, SKIIO BOHA
BUKJIMKA€E HAJAMIpHE EMOLIIHE HATIPY>KEHHS.

PoGoTa 3 TBopurMM 00pa3oM MOKE BKJIIOUATH 1 HOro MoJalbily TpaHcpopmarlito.
Hanpukinaz, micist 300paeHHsl akTyaJbHOIO CTaHy JIFOJIMHI MOYXHA 3alpONOHYBATH
JI0JaTH J0 MaJIOHKa Te, 4oro il 3apa3 Opakye: 3aXMCT, NIATPUMKY, IPOCTIP, CUITY,
CIOKIM abo 1HIMMA pecypc. [HOmI cama MOXKIIMBICTH 3MIHUTH CTBOPEHUM 00pa3 crae
BAKJIMBUM JOCBIZIOM, OCKUIBKH JIO3BOJIAE TIeperTH Bij (iKcallii Ha CKIaJHOMY CTaHi
70 TOLIYKYy TOro, 1o Moxe Horo 3MmiHuTH [1]. BogHowac Taka cuMBONiIuHA
TpaHchopmarlisi He MOBMHHA TPAKTYBAaTHCS SK aBTOMATHYHE BUPIMICHHS peaibHOI
npoOsemu; ii IIHHICTh TOJSTa€E MepPeayciM Yy PO3IMIMPEHHI CIOCOO0IB OCMUCICHHS
CHUTYaIlli Ta MONIYKY MOKJIHBHUX OTIOP.

OTxe, BUKOPUCTaHHSI apTTEPANeBTUUYHUX METOJIB Yy POOOTI 3 OCOOMCTICHUMU
pecypcaMu MOXKE€ OXOIUTIOBATH KijJlbKa B3a€MOIOB’S3aHUX HAMPSIMIB: YCBIJOMJICHHS
€MOIIITHOr0 CTaHy, MOIIYK 1 aKTyalli3allilo PecypciB, JOCIIIKEHHS OCOOUCTUX MEX,
PO3BUTOK aCEpTUBHOCTI, (OPMYBAHHS HABMYOK CaMOPEryJiAlli Ta MOUIYK
KOHCTPYKTHUBHHUX CIIOCOOIB pearyBaHHs Ha CKJaaHi cutyauli. Oco0JMBY LIHHICTh Ma€e
MOXJIUBICTh TIO€JTHATH BepOaJlbHE OCMHUCIEHHS JOCBIAY 3 Horo oOpa3HuM 1
CUMBOJIIYHUM BUPAKEHHSM.

Pazom i3 TMM apTTepaneBTUYHI METOU HE BapTO PO3TIISAATH K YHIBEpCATbHUN
ab0 camo10cTaTHIN crociO MOI0IAHHS HACTIIKIB TPABMAaTUYHOTO cTpecy. Pesynbratu
CyYaCHHUX CHUCTEMATHMYHUX OTJISAIB 1 METaaHai31B CBIAYATh MPO MEPCIEKTHUBHICTH
BUKOPUCTAHHA TBOPYHMX TEPANEBTUYHUX MIAXOAIB y poOOTI 3 HACIIIKaAMH
TpaBMaTUYHOTO JIOCBIy, BOJHOYAaC HasBHA [Jo0Ka3oBa 0a3a 3aJMIIAETHCS
HEOJHOPITHOI Ta MOTpedye mNoAaNbIIMX JAOCHKeHb [2; 4; 5]. 3a HasgBHOCTI
BUPQXEHUX TIOCTTPaBMATHUYHUX PpEaKIiil apTTepareBTU4YHI METOAU  MAaloTh
3aCTOCOBYBAaTUCA (PaxiBIEM BiANOBIIHOI KBadi(iKallil 3 ypaXyBaHHIM CTaHy JIIOJAUHU
Ta 3arajbHOI CTpATErli ICUXOJOTTYHOI a00 MCUXOTEPANIEBTUYHO1 IONOMOTH. Y TaKOMY
KOHTEKCT1 apTTepalieBTU4Ha poOOTa MOXKE CTaTH OJIHUM 13 3ac00iB, IO J0MOMAarae
JIOJIMHI BIJTHOBJIIOBATH KOHTAKT 13 BJIACHUMH pPECypcaMM, Kpalle pO3yMITH CBOI
MOTpeOH Ta MOCTYIOBO PO3IIUPIOBATH JOCTYITHI CITIOCOOH TIOI0OIaHHS CTPECY.
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MOXKIINBOCTI TA ITIPAKTUYHI HAITPAMHU
3JACTOCYBAHHA METOAY EMOTIONAL-LEVEL
HAPPINESS MANAGEMENT (ELHM) Y IPO®ECIAHIN
HIAIOTOBLI ®AXIBIIB IUBIJIBHOI'O 3AXUCTY

IHacunuyk Kupuiao MukosnanoBu4

KaHIUAAT NMeJaroriyHuX HayK, JTOIeHT,

JOLIEHT Kadeapu miaBUIeHHs KBamidikaiii Ta
CHEIiaJIi30BaHO1 MATOTOBKH y C(epi HUBLILHOTO 3aXUCTY,
HarionansHuil yHIBEpCUTET HMBUILHOTO 3aXUCTy Y KpaiHH,
Yepxkacu, Ykpaina

Beryn. Ilpodeciitna miaroroBka ¢haxiBiiB HHUBUIBHOIO 3aXHUCTy B YMOBax
BOEHHOTO CTaHy Iepeadadyae OMaHyBaHHS CIELIATIbHUX 3HAaHb 1 NPAKTUYHHUX
QITOPUTMIB, TOTOBHICTh MpAIIOBAaTH B HEBU3HAYEHUX OOCTaBUHAX, B3aEMOJIATH 3
MOCTPAXKJATMMHU Ta TPUITMATH B1IMOBIIabH1 PIIIICHHS 32 3HAYHOT'O IICUXOEMOIIIITHOTO
HaBaHTaXeHHA. PoOoTa psTyBaJibHUKA TIOB’Si3aHa HE TUIBKM 3 TEXHOTCHHHUMH,
MPUPOJHUMHU Ta BOEHHMMH 3arpo3aMH, a W 3 HEOOXIJIHICTIO 30epiraTtu SICHICTb
npo@eciiHOro MUCIEHHS, MATPUMYBAaTH KOMYHIKAIII0O B KOMaHJl Ta BPaXxOBYBaTU
CTaH JII0JIeH, K1 TOTPeOyIOTh TOMOMOTH. 3a TaKUX 00CTaBUH MICUXOJIOTO-TIeIaroriyHa
CKJIa710Ba Npo(eciiiHOI OCBITU HA0YBAa€ OKPEMOTO MTPAKTUYHOTO 3HAYEHHS.

VY npaui O. Yepnenka ta K. [lacuHuyka, npucBsiueHiil mpoOiemaM MHiATOTOBKU
(axiBIIB CEKTOpY Oe3MneKku 1 0OOPOHHU, HATrOJIONIEHO Ha CKJIAJHOCTI HAaBUaHHS Ta
npodeciiiHoi AiSTBHOCTI B €KCTPEMAJIbHUX yMOBaX, BIUIMBI HEPBOBO-EMOIIHOTO
HaIpY>KEeHHS i He0OX1JHOCTI TyMaH13aIlii Ta 0e3nepepBHOCTI MPOQECIiHHOT MIATOTOBKH
[1]. ¥V momansmniii coineHiM mpari K. ITacunuyka, B. Apxunenka i O. YepHenka
MPEeAMETOM PO3MIBIY CTalld  IICUXOJIOTO-TISAaroriydi  0COOJMBOCTI  MIATOTOBKHU
MaitoyTHix PaxisiiB JJICHC Ykpainu B ymoBax BoeHHOTO ctany [2]. L1 qocmikeHHs
BU3HAYAIOTh MPOGECIHHO-OCBITHIN KOHTEKCT ISl aHATI3Y T1IX0/1B, CIPSIMOBAHUX HA
PO3BUTOK YCBIJOMJICHOTO CTaBJCHHS (PaxiBIsl 10 BJIACHUX IMOYYTTIB Ta IXHBHOTO
BIUTMBY Ha MOBEIHKY.

OnuH 13 MAXOAIB, KU CTAHOBUTH IHTEPEC ISl TAaKOTO MIKIUCIUIUIIHAPHOTO
aHani3zy, — aBtopchkuili Meton Emotional-Level Happiness Management (ELHM),
npeacrapiennii TetsHoro [[yHaeBchkor y MoHorpadii «Emotional-level happiness
management (ELHM): the 7 feelings system for emotional regulation and personal
transformation» [3]. ¥ KoHTeKCTI 11i€1 poOOTH yBary 30CepeaKeHO HE Ha MEIUYHMX
a00 TICMXOTEpaneBTUYHUX 3aBAAHHSIX, a4 HA OCBITHbOMY IIOTEHIlIAl OKPEMHX
MOJIO)KEHb METOAY: €MOIINHIN yCBIAOMJIEHOCTI, PO3YMIHHI BJIACHUX TIOYYTTIB,
pO3Mi3HaBaHHI EMOIIHHUX CTaHIB Ta YCBIIOMJICHOMY BUOOPI MOJANBINOT PEAKITI].

Meta Ta mMetoau po6orn. Mera poOOTH — HA OCHOBI MDKIUCIUTLIIHAPHOTO
aHamizy mpamb 13 mpodeciitHoi mATOTOBKM (axiBIiB IMBIILHOTO 3aXHUCTy Ta
my6mikarii mpo ELHM Bu3HAUUTH MOKITMBOCTI ¥ MPAaKTUYH1 HATIPSIMU BUKOPUCTAHHSI
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OKpPEMHUX OCBITHIX €JIEMEHTIB METOAy y WIATOTOBLI KYypCaHTIB 1 MiJABHUILEHH]
kBamidikaii npariBaukiB JJICHC Ykpainu. J[71g 1oCSITHEHHS METH 3aCTOCOBAHO aHaJI13
HAyKOBUX MyOdiKalliid, 3ICTaBICHHS TICUXOJOTO-MEeIaroriyHux TMOJOXKEeHb Ta
KOHIIETITyaJIbHE MOJICTIOBAaHHS HaBUYaJbHUX cHUTyalliil. Pobora Mae TeopeTHko-
NPUKJIAJIHUN XapaKTep: BOHA MPOIMOHYE HAMPSMHU aIaNTallii Ta KpUTepii Moganbiioro
BUBUCHHS, aj€ HE MPEJCTaBIsi€ pe3yJbTaTH TMPOBEJACHOTO EKCIEPUMEHTY abo
¢dakTuunoro BrnpoBapkeHHss ELHM y migposainax JJCHC.

AHaji3 HaykoBHX kepes. Monorpadis T. JlyHaeBChKOi cHCTeMaTU3ye
aBTOpChKY Mozenb «7 Feelings» («7 piBHIB OYYTTIB»), OMMUCY€E A1arHOCTUYHUH T1IX1]T
KIT, mocmioBHICTh 1HAWBIAYaTbHOI POOOTH Ta MPAKTHUYHI BUIIAIKH 3 aBTOPCHKOI
aisuibHOCTI [3]. CiM piBHIB Y Lii MOENi BiIOOpaxaroTh eTan poOOTH 3 BHYTPIIIHIM
JOCBIJIOM JIFOJJMHU — BIJ 3alliKaBJICHHS W YCBIJOMJICHHS 4Yepe3 JOCIIIKCHHS
CKJIaJIHUX MEePEKUBaHb J10 PopMyBaHHs HOBOTO JJOCBIy Ta oro iHTerpailii. BogHnodac
MOBHE TMPOXOKEHHSI aBTOPCHKOI MpOrpamMu HE CIIiJ OTOTOXKHIOBATH 3 KOPOTKHMH
HaBYAJLHUMU BIIPABAMHU, MPUAATHUMU JJIA IPOQPECIHHOT MIATOTOBKU PATYBATHHUKIB.

V¥ crarti T. JlynaeBcbkoi «Ilemaroriuni TexHosorii GopMyBaHHS YCBIIOMJIEHOCTI
Ta ©MOIHOT CTIMKOCTI B OCBITHBOMY IIPOIIEC» PO3TJISHYTO PO3BHUTOK
YCBIJOMJICHOCTI T€Jarora, HaBUYOK pediiekcii Ta eMOIHHOI TpaMOTHOCTI SIK
CKJIQJIOBUX TPOQECIiHOTO PO3BUTKY ¥ menaroridHoi B3aemoxii [4]. Hns cucremu
BIJIOMYOi OCBITH 3Ha4YyIIUM € METOAWUYHUN IPHUHIIMII, BUCBITICHMM y IIIH Mpairi:
YCBIJIOMJICHHSI BJIACHUX TMOYYTTIB MOXE OYyTH MNPEIMETOM IIJIECIPSIMOBAHOTO
HaBUYaHHSA yepe3 pedIeKCHUBHI BIIpaBU Ta aHali3 nmpodeciinux cutyauiid. Lle ctBoproe
Mearoriyie MiATPYHTS JJIsl PO3TJIsiy MOXKJIMBOCTEM ajamnTailii OKpeMUuX OCBITHIX
enemenTiB ELHM no niaroroBku kypcanrtis 1 ciryxadis JJCHC.

VYV mpami T. [ynaeBcwhkoi «Technology-induced stress and emotional self-
regulation: Exploring the potential of the ELHM method» mnpoananizoBano
iH(opMaliiiHe epeBaHTaKEeHH, 0araTo3aJa4yHiCTh Ta MPUCKOPEHUIN TeMIl IUPPOBOi
KOMYHIKaIlii, a Takox po3risiHyTo norenmian ELHM myis po3BUTKY yCBITOMIICHHS
BJIACHUX EMOLIWHUX CTaHIB y Takux ymoBax [5]. Lls mpoOnemaTuka BiJIKpuBae
OKpeMHll HampsaM il npodeciiiHOi MIATOTOBKH PATYBAJIBHUKIB: PO3pOOIEHHS
HaBUYAJbHUX CIICHAPIIB 13 HAJIXOHKEHHSM PI3HOCHPSIMOBaHOI 1HOpMAIlii, 3MIHOIO
OTICPATUBHUX JIAHUX 1 HEOOX1THICTIO YITKOI KOMaHIHOT B3a€MO/11. 3aCTOCYBaHHS IUX
MOJIOKEHB JI0 TISITILHOCTI (PaxiBI[iB IIUBIILHOTO 3aXKUCTY B 11 POOOTI PO3IIIAIAETHCS
SK TIPOITOHOBAHUM OCBITHIN HAIPsIM.

Bukinang ocHoBHOro marepiany. BuxigHUM TOJIOKEHHSM 3alpONOHOBAHOI
azanTarlii € po3MeXyBaHHs IPOo(deCciitHOT MArOTOBKHU, ICUXOJIOTIYHOTO CYIPOBOAY Ta
KJIIHIYHOT Jonomoru. Ilin vac ocBiTHBOI poOOTH MOLIIBHO BUKOPUCTOBYBATH Ti
enemeHTd ELHM, 1110 popMytoTh yMiHHS HA3UBaTH BJIACHI MOYYTTS, TOMIYaTH 3B’ 130K
MDK TEpEXUBAHHSIM Ta OLIHKOIO CHUTYyallll, yCBIJOMIIIOBAaTH OCOOUCTI peakiii Ta
CBIZIOMO OOMpAaTH MOBEHIHKY B MeXaxX MOCAJOBHX 060B’si3kiB [3]. Mmerbcs mpo
JIOTIOBHEHHSI HAsSIBHUX MPOTpaM, a HE MPO 3aMiHy MPOTOKOIIB Oe3neku, (axoBoi
MICUXOJIOTIYHOT JTIOMOMOTH a00 CIeliadbHOI MIATOTOBKM JI0 pearyBaHHS Ha
HaJ[3BUYAlHI CUTYaITi.
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[lepuuit HanpssM — PO3BUTOK E€MOIIIIHOI YCBIAOMIICHOCTI B MPOLIECI HaBYaHHS.
HaBuanbHi 3aHATTS  JOIUIBHO  JIOTIOBHIOBATH  KOPOTKUMH  peieKCUBHUMU
3aBJAHHSAMHU, SIK1 JOMOMAraloTh KypCaHTy pO3Mi3HATH MEPEKUBAHHS, III0 BUHUKAIOTh
iJ] Yac BUKOHAHHS CKJIAJHOI BIPABH, OI[IHUTHU IXHIN MOXKJIMBHUI BIUIMB HA yBary Ta
B3aEMOJII0 3 1HIIMMHU W BIJOKPEMUTH EMOLIMHE IMEepeKUBAHHSA BiJI HEOOX1JIHOTO
npodeciiiHoro pimeHHs. [IpeaMeroM Takoi poOOTH € HE OIIHIOBAHHS «IIPABUIBHOCTI
MOYYTTIB, & PO3BUTOK CJOBHHUKA EMOIIIMHUX CTaHIB 1 3JaTHOCTI YCBIJOMIIIOBATH
BiacHui gocsia. Lel miaxinm moennye motpedbu mpodeciitnoi ocsitu JICHC [1; 2] i3
neAaroriYyHUMH MOJ0KEHHIMH 1010 (OPMYBaHHS YCBITOMIIEHOCTI [4].

Jpyruii HanpsM — YCB1IOMJICHUI BUO1p peakiii i yac MOACIIOBaHHS KPU30BUX
cUTyalliid. Y HaBUaJlbHOMY CIIEHapil BUKJIAJad MOKE 3allpONOHYBATH CilyXadaM
BU3HAYHTH: SKY IOJII0 BOHU CIIPUAHSIM SK 3arpo3y; SKe MOYyTTS BUHUKIIO; Ha IO
OyJIo CIpsIMOBAHO yBary; sIKy 110 BOHU 0oOpalid; 4d BiAMNOBiJada BOHA CIY>KOOBOMY
anroputMy. OOTOBOpPEHHS MPOBOIUTHCS TICIHIS 3aBEPIICHHS BIPABU, KON YYACHUKHU
nepedyBaroTh y 0€3MeYHNX YMOBAX 1 MOKYTb IIpOaHasizyBaTu BiacHi pimieHHs. [Ipu
oMy Oyab-siKi pediIeKCHUBHI MPUHOMH HE TOBHHHI 3aTpUMYyBaTH €BaKyallilo,
BUKOHAHHS HaKa3y YW HaJaHHs HEBIAKIAAHOI JomoMord. [IpodeciitHuii anroput™ i
BUMOTH O€3MEKH 3aTUIIAIOTHCS IPIOPUTETHUMHU.

Tperiit HampsiMm — QopMyBaHHA eMmMaTiiHOI, aje MpoQeciiHO BUBAXKEHOI
koMyHikarlii. I1ig gac B3aemomii 3 mocTpakaanuMu ¢axiBellb CTUKAETHCS 3 PI3HUMHU
EMOIIMHUMHU PEeAKIISIMU JIIOJICH: CTpaxoM, THIBOM, poO3MayeM, po3ryOJICHICTIO abo
MoBuYaHHAM. OcBiTH1 enemenTd ELHM MoXHa BUKOpUCTaTH JUIsl TPEHYBaHHS
3JTaTHOCTI PO3Ii3HABATH BJIACHE NIEPEKUBAHHS, HE IEPEHOCUTH HOTO aBTOMAaTUYHO Ha
CHIBPO3MOBHHKA, CTaBUTH 3PO3YMLJII 3alMTaHHA Ta 30epiraTv MoBary 10 T1AHOCTI
moauHu [3]. Y Mexkax poJibOBUX BIPAB BayKJIMBO TAKOXK BIAMPALbOBYBATH NpodeciiiHi
MEXI1: He OO0IUATH TOro, IO HEMOXJIUBO 3a0€3MeYUTH, HE HaB A3yBaTH
MOCTpaXAAJIOMY IHTEPIIPETaIlil0 MOro MOYYTTIB 1 BYACHO 3allydaTH BIiJMOBIAHOTO
CHeIiajicTa, KOJIM CUTYaIlis BUXOJIUTD 32 MEK1 KOMIETEHIIIT pSITYBaJIbHUKA.

UYeTBepTuii HaMpsIM — MIATPUMKA KOMaHIHOT B3a€MO/IIT Ta MiATOTOBKH KEPIBHOTO
ckiany. Y npodeciitHoMy KOJICKTHBI HEPO3Mi3HAHI ITEPEKUBAHHS 3/1aTHI BIUIMBATH HA
CTWJIb KOMYHIKAIlli. Y HaB4aJIbHOMY (OpMaTi JOIUIHHO aHaIi3yBaTU CUTYyaIlii, KOJIU
HalpY>KEHHS, HEBU3HAYCHICTh YW PO3JApaTyBaHHS YCKJIAIHIOIOTH Tepenavy
iH(dopmarllii, po3moJil BIAMOBIIATBLHOCTI a00 CHOPUUHATTA 3BOPOTHOTO 3B’SI3KY.
[TonoxeHHs1 Mpo eMOLIiiHY yCBIIOMJIEHICTh, HpenacTaBieHl y MoHorpadii ELHM Tta
nenaroriuniii crarti T. JlyHaeBchkoi [3; 4], MOKHa BUKOPUCTATH JIJIE OOTOBOPEHHS
3B’SI3Ky MDK BHYTPIIIHIM CTaHOM 1 NpodeciiHUM CHIJIKyBaHHAM. [ OJOBHUM
KpUTEpIEM CIy>KO0BOT MIATOTOBKM MPHU I[OMY 3alUIIAIOTHCA TOYHICTH KOMaHAHOI
B3a€MO/II1 Ta JOTPUMAHHS BCTAHOBJICHHUX MPOIIEAYD.

[I’siTuit HanpsiM — peduiekcisa Mmicis 3aBepUICHHS! MPaKTUYHUX 3aHAThb. Po30ip
HAaBYAJIIPHOTO CIICHAPIIO 3a3BUYail OXOIUIIOE TPABUIBHICTh TEXHIYHUX i,
BUKOPWCTAHHS CIIOPSIIPKEHHS, JOTPUMAaHHSA 9acy Ta KOMaHIHUX mporenyp. Jlo Takoro
pO300py TMPOMOHYETHCS NOAATH JOOPOBUIHBHHI €IEMEHT aHali3y BHYTPIITHHOTO
JIOCBIY: IO YYaCHUK BIIUYB Yy KJIIOYOBUI MOMEHT, SIK 1€ BIUIMHYJIO HAa CIIPUNHSATTS
iHdopMartii Ta 1m0 BiH Bpaxye Il 4ac HACTYITHOTO 3aBIaHHs. MIeThcs He mpo rpymose
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PO3KPUTTS MPUBATHUX MEPEKUBAHB 1 HE PO MPUMYCOBE 0OTOBOPEHHS TPAaBMATUYHOTO
JOCBIAY. 3BOPOTHHI 3B’SI30K MOBHMHEH CTOCYBATHCS HaBUallbHUX [, a ocoOucra
1H(popMallis — 3anuiaTucs KoH(1ISHIIHHOIO.

[Moctuit HampsiM — CTBOPEHHS CHEIiali30BaHUX HABYAJIBHUX MaTeplajiB s
nigBuIneHHs kBamidikarii. [lepcnekTuBHOIO GOPMOIO € KOPOTKUM (haKyJIbTaTUBHUMA
MOMIYJIb, SIKAW TOEJHYE TEOPETHMYHE 3HAMOMCTBO 3 IIOHATTSAM  EMOIIMHOT
YCB1JIOMJICHOCTI, aHajli3 THUIOBUX CIY>KOOBUX KOMYHIKaIliii, HaBUaJbHI CUTYyaIlii Ta
1HAMBIAyanbHY peduiekcito. 3a 3MICTOM Iiell MOIylb Mae€ OyTH aJanTOBaHUU 0
npodeciiHUX 3aBlaHb KOHKPETHOI KaTeropii ciyxadiB: KypCaHTIB, KEpIBHHKIB
OiAPO3UTIB, 1HCTPYKTOPIiB ab0 TepcoHally, SKHH perysipHO CHUIKYEThCS 3
MOCTPAXJIAIUM HaceleHHsIM. Po3poOieHHs MOIyns JOLIUIBHO 31HMCHIOBATH Y
CHIBIIpalll BUKJIa1a4yiB MPOPUIbHUX JUCUUIUTIH 1 KBa1(hIKOBAaHUX IICUXOJIOTIB, a 3MICT
aBTopchbkux Marepianis ELHM BUKOpHUCTOBYBATH 3 HAJIEKHUM 3a3HAUCHHSIM JIKEpeIia
[3].

Jliis neMoHCTpalii Takoro MiJxoay po3rissHEMO YMOBHY HaBuUallbHYy cuTyauito. [1in
Yyac 3MO/IEIbOBAHOTO pearyBaHHs Ha HaJ3BUUYalHY MO/1I0 YYaCHUK OJIEP’KY€E HEIIOBHY
iH(opMariiro, MOBUHEH IepeaaTtu ii KoMaHAl ¥ opraHizyBaTu moganbim Aii. Ilicis
3aBEpUICHHSI BIIPABU BIH ONUCY€ MOCIIA0BHICTb MO/1H, BU3HAYAE, YU BUHUKAJIN CTPax,
nocmix abo po3ApaTyBaHHS, 1 3ICTaBis€ BJACHI MEPEKUBAHHA 3 YXBaJICHUMHU
pimieHHAMU. Buknanauy nonomarae BiIOKpEMUTH €MOLIHHUM JOCBI BiA (PaKTUYHOTO
BUKOHAHHS aJITOPUTMY. Y MOBHHM MPHUKIA LTIOCTPYE MOXKIUBY CTPYKTYPY 3aHSTTS,
BiH HE € OTICOM PEaJbHO MPOBEACHOTO EKCTIEPUMEHTY ab0 MiATBEPAKEHOTO BUMIAIKY
BrnpoBakeHHss ELHM.

OpranizaifiiiHo BIpoBa»>KEHHS 3aPOMOHOBAHUX €JIEMEHTIB JOIIJILHO PO3TIIsSIaTH
4K nmoeTanHui npouec. Ha miaroroByoMy erarii noTpiOHO BU3HAUUTHU LIJIBOBY TPYILy,
KOHKPETHI HaBYaJIbHI pe3yJIbTaTH, 3MICT BIIpaB Ta MEX1 KOMIIETEHIII1 BUKiIanayis. Ha
etani anpoOanii — MPOBECTH AOOPOBUIbHI HaBYalbHI 3aHATTS B KOHTPOJIbOBAHHMX
YyMOBaxX, OTpUMATH 3BOPOTHUN 3B 430K CJIyXadiB 1 BHKJIQJauyiB Ta OI[IHUTH
BUIMOBIAHICTh MatepiamB mnpodeciiHuM 3aBmaHHsaM. Ha erami ormiHOBaHHS —
31CTaBUTHU PE3yIbTATHU 3 IONEPEIHHO BUBHAUYCHUMH HaBYAJIbHUMU KPUTEPISIMU 1 JTULIIE
miciasl UbOTO BHUPINIYBAaTH MUTAaHHS MpPO ULIMpIIE BUKOPUCTaHHA Hporpamu. Take
BIIPOBAKEHHS y3TOKYETHCS 13 3aBJJaHHIM yIOCKOHAJIEHHS MICUXO0JI0r0-1eAaroriyHoi
CKJIZIOBO1 Bimom4oi ocBitH [1; 2].

Jlnst MaiilOyTHBOTO €MITIPUYHOTO JTOCIHIJIKEHHSI TPOIMOHYETHCS BIIOKPEMUTH TPU
rpynu nokasHukis. [lepiia oxormtoe HaBuaabH1 Pe3yJIbTaTh: TOYHICTh PO3Mi3HABAHHS
Ta Ha3UBaHHA MOYYTTIB, SIKICTh PEPIEKCUBHOIO OMUCY i YMIHHS MOSICHUTH 3B’SI30K
MDK TepeXHBaHHIM 1 mpodeciitHoo aiero. Jlpyra crtocyerbes mpodeciiiHo-
MOBEMIHKOBUX KPHUTEPIiB y 3MOJCIbOBAHUX YyMOBAaX: JOTPUMAHHS aJTrOPUTMY,
TOYHOCTI nepeaanoi iHgopmariii Ta B3aemo1ii B koman/i. TpeTs BkItodae cy0’ eKTUBHI
OIIHKY TPUHHSATHOCTI Ta KOPUCHOCTI OCBITHBROTO MoOayJjs. JlomiapHO mependauntu
BHUMIPIOBAHHS J0 1 MICJISl HABUAHHS, MOPIBHSUIbHY I'PYITY 32 MOKJIMBOCTI Ta HE3aJIE)KHE
OLIIHIOBAaHHS NPAaKTUYHUX 3aBAaHb. byJb-fKi BHCHOBKM TMpPO  3MEHIIEHHS
mpodeciiiHOTO BUTOpAHHS, MIABUINEHHS CIIYKO00BOi €(EeKTHBHOCTI a00 TpPUBAIHIA
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NCUXOJNOTIYHUNA  e(eKT BHMAaraTUMyTh OKPEMOTO  HaJEeXKHO  CIUIAaHOBAHOTO
JIOCIIIDKEHHS.

3ictaBiaeHHss mnpaub T. JlyHa€eBCbKOi MpO TMeNaroriyHy yCBIJOMIICHICTh Ta
iHpopmMmartiitne mepeBaHTakeHHs [4; 5] 13 MOCHIKEHHSAMH TMiATOTOBKH (DaxiBIliB
JICHC [1; 2] mae 3Mory BHU3HAYUTH HaBYaJbHI 3aBIaHHS JIS aJanTarlii OKpeMHX
enementiB ELHM 1o BimomM4oi ocBiTH. 3amporoHOBAHUH MIJIX1J MOTPEOye OKpeMoi
ampoOarrii came cepesl KypcaHTIB 1 (haxiBI[iB ITUBUIBHOTO 3aXHUCTy. BogHouac
HAaBYAJIbHUNA MOJYJIb Ma€ OyTH 30CEepePKeHHUN Ha YCBIJIOMJIEHHI MOYYTTIB, aHami3l
npodeciiHuX pilIeHb Ta KOMYyHIKallii; po0oTa 3 TpaBMaTHUYHUMU MEPEKUBAHHIMH U
KITHIYHUMH CTaHAMU 3AJIMIIAETHCS Y cepl KOMIIETEHIIIT BIAMOBIIHUX (PaxiBIIiB.

BucHoBku. AHaii3 (axoBHX Mpailb 13 MATOTOBKH CHELIANICTIB CEKTOPY Oe3neKu
1 IUBUIBHOTO 3axXuCTYy [1; 2] Ta myOmikaniii T. [[yHaeBcbKoi [3—5] 103BOJIIE€ OKPECTUTH
TEOPETHYHI MEPEAYMOBH BHUKOPHCTAHHS OKpeMHX OCBITHIX enemeHTiB ELHM vy
npodeciiiHiil marorosui. [IpakTHUHMI IHTEpEC CTAHOBIISITH HABUYKHU PO3II3HABAHHS
BJIACHUX MOYYTTIB, YCBIJIOMJICHHS IXHbOTO BIUIMBY Ha HpodeciiiHe CIPUIHATTS,
pedrekcis mciig HaBYaJbHUX BIPAB, €MITaTiiiHA KOMYHIKAIlIS Ta YCBIIOMIIEHUH BUOID
peaxiiii 3a 000B’I3KOBOTO JOTPUMAHHS CITY>KOOBUX aJITOPUTMIB.

3anpornoHOBaHO IIICTh B3a€MOINOB’A3aHMX HANpPSMIB ajanTaiii: pPO3BUTOK
€MOIIIIHOT YCBIJJOMJIGHOCTI; aHaJli3 pillleHb Y 3MOJIEIbOBAHUX KPU30BUX CHUTYaIlIsX;
npodeciiiHa KOMyHIKaIlis 3 MOCTPaXIAIMMU; KOMaHIHA B3aeMOJIis; pediiekcis micis
HaBUYaJbHUX 3aHATH, CTBOPEHHA (aKyJIbTATUBHUX MAaTepiayliB I I1IBUILECHHS
kpamiikanii. Ixus peanizanis nependauae MiKIUCLIMILTIHAPHY CIIIBIPALO Ta YiTKe
PO3MEXYBaHHS OCBITHIX BIIpaB, ICUXOJOTIYHOTO CYNPOBOAY M KIIHIYHOI IONOMOTH.

[lepcnekTHBOIO MOAANBIIOT POOOTH € PO3POOIEHHS 1 MOTOIKEHHS 3 PO LITLHUMU
(axiBUSIMM MUIOTHOTO HAaBYAJIBHOIO MOAYJIA, HOro a00poBUIbHA ampoOaris Ta
OLIIHIOBAHHS 332 BHU3HAYEHUMHU TMENAaroriyHUMuU U MpodeciiHO-MOBEIIHKOBUMHU
MOKa3HWKAMH. 3alpolOHOBaHA KOHIICTISI MAa€ CTaTyC TEOPETHKO-TIPHUKIATHOT
MOJIeJli; MUTaHHSA 11 €(PEKTUBHOCTI B CHCTEMI NHMBUIBHOTO 3aXUCTY 3aJIHMINAETHCA
BIJIKPUTHUM IO OTPUMAHHS PE3YJIHTATIB OKPEMOTO EMITIPUYHOTO AOCIIHKSHHS.
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MOHITOPUHI' TA OHIHIOBAHHA MEXAHI3MIB
JTEP)KABHOI BE3IIEKH B YMOBAX CYYACHHUX
3AT'PO3

Ilexocenko Bacuiab BosioanmupoBuy
37100yBay BUIIIOi OCBITH
HarmionansHuil yHIBEpCUTET HUBLILHOTO 3aXUCTYy Y KpaiHU

Xmupos Irop MuxaiiaoBu4

JIOKTOP HAyK 3 JIEP>KaBHOTO YIPABIIHHS, JOLIEHT

JOLIEHT Kadeapu yrpaBiIiHHSA y cepi HUBUIBHOTO 3aXUCTY
HartionanpHuil yHIBEpCUTET LIUBUIBHOTO 3aXHUCTY Y KpaiHU

Baspenrok Cepriii AHaTo/1ili0BHY

JIOKTOP HAyK 3 JIEP>KaBHOTO YIPABIIHHS, JOLIEHT

JOLIEHT Kadeapu yIpaBiIiHHSA y cQepi HUBUIBHOTO 3aXUCTY
HartionanpHuil yHIBEpCUTET LUBUIBHOTO 3aXHUCTY Y KpaiHU

B choromgHimHix peamisx I OE3MEKOBOIO CEpPEeOBUINA HAIIOi JIep)KaBU
MIpUTaMaHH1 HEBU3HAYEHICTh, BUCOKUN PIBEHb JUHAMIYHOCTI Ta B3a€EMO3AJICKHICTD
3arpo3. Yci 1 (¢akTopu BIUIMBalOTh Ha (OPMYyBaHHsS Ta peati3ailiio JAep>KaBHOT
MOMITUKKM B cdepl HaIlOHAIBHOI Ta JepkKaBHOI Oe3MeKu. AKTYalbHICTh JaHO1
MpoOJIEMaTUKH TTOCUIIOETHCS TPUBAJIO 30pOMHOIO0 arpeciero pociichkoi ¢eaepaiii,
MpPaBOBUM PEKUMOM BOEHHOTO CTaHy, 30UIBIICHHSAM BOEHHUX, JIUBEPCIHHUX,
KibepHeTHYHUX ¥ 1HGOpPMAIITHUX 3arpo3, MOCTIMHUMU OOCTpiaMu 00’ €KTIB
KpUTHUYHOI 1HPpaCTPYKTypH, 00’ €KTIB €HEproreHepyryoi raimysi. B Takux ymoBax s
3a0€3IMeUeHHs ACP)KaBHOI Ta HAIIOHAIBHOI OE3IMEeKH BaXKJIMBO HE JIMIIE CBOEYACHO
pearyBaTi Ha ICHYIOYl 3arpo3u, aje ¥ po3poOsTH i€BI MEXaHI3MU Ta CHUCTEMH
PaHHBOTO  BUSBJICHHS, CHCTEMH MOHITOPHUHTY Ta  OIIIHIOBaHHS, CIOCOOU
MIPOTHO3YBAHHS.

AKTYalTbHICTh JIOCHI/DKCHHSI TaKOX TIOJIATa€ B TOMY, IO IUIAHOBUH IEPioa
peanizanii Ctparerii 3a0e3nedyeHHs Jep>KaBHOI Oe3MeKU, IKU 3aTBEepIKEeHUN Y KazoM
[Ipesuaenta Ykpainu Big 16 grororo 2022 poky Ne56/2022 3zapepmmBcs y 2025 porii.
[Ipore cama CrtpaTeris € YMHHUM HOPMATHBHO-IIPABOBHM aKTOM, XO4a OC3ITEKOBE
CepeOBUIIE 3a OCTaHHI YOTUPHU POKH 3a3HAJIO 3HAYHUX TpaHchopMalliil Ta motpedye
aKTyasizaili CTpaTeriyHuX MiAXOAIB 10 3a0e3MeueHHs] Jep>KaBHOI O€3MeKu B
KOHTEKCT1 BU3HAYCHHS CY4aCHUX 3arpo3, iXHIX KpUTEPIiB OIIHIOBAHHS Ta CTBOPCHHS
J€BOT CUCTEMH PE3yJIbTaTUBHOCTI MEXaHI3MIB Jep>KaBHOI OC3MEKH.

OcHoBHUHM JOKYMEHT B Oe3mekoBiii cdepi, a came 3akoH Ykpainu «lIpo
HalllOHAIBHY Oe3rneky Ykpainu»[l], BU3HAYa€ OCHOBM W MPUHIMIK HAI[lOHATHHOI
Oesrekn Ta OOOPOHM, IUII Ta OCHOBHI 3acaad JEpKaBHOI TOJNITHKH, a TaKOX
MMOBHOBAXEHHS JIEP’)KaBHUX OpTaHiB B Oe3nexoBiit chepi. [Ipu 1ioMy 3aCTOCOBY€ETHCS
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MEXaHI3M CTPATeTivYHOTO TUTAHYBAaHHS, KOTPHH 3a0e3reuye BU3HAYCHHS aKTyaJbHUX
3arpo3 HaIlllOHaJbHIM Oe3merli, MPIOPUTETH Ta 3aBAaHHS JICPKABHOI TMONITHKH Ta
HEOOX1/IH1 pecypcH JuIs 1X peai3arltii.

OcoOnuBe 3HaueHHs B CrTpaTerii Mae MeXaHi3M MOHITOPUHTY Ta OI[IHIOBaHHS
pe3yJIbTaTiB peaiizallii 6e3nekoBux 3axo/1iB[2]. TakuM YMHOM, MOHITOPUHT JO3BOJISE
OTpUMYBaTH 1HGOpPMAIlIIO MPO CTaH OE3MEKOBOTO CEPEIOBHINA Ta € HEOOXITHUM
€JIEMEHTOM 3BOPOTHOTO 3B’A3KY B CUCTEMI JIEP>KaBHOTO YIIPaBIiHHS O€3IMEKOI0.

B ymoBax 2026 poxy mepelik 3arpo3 JIep)kKaBHINA Oesmeri BapTo PO3TIsSIaTH 3
BpaxyBaHHIM KOMILJIEKCHOTO Ta B3a€MOIIOB’ I3aHOTO 1X XapakTepy. OCOOIUBICTIO € Te,
0 JEKUJIbKa OJJHOYACHHUX 3arpo3, [0 BUHUKAIOTh MOXKYTh TIEPEBHUIIYBATH HACIIIKA
OKpeMoOi 3arpo3u. ToMy MOHITOPHHI MeEXaHI3MIB Jep>KaBHOI Oe3IeKu HEeOoOXiTHO
po3risgaTyu K Oe3nmepepBHUM Ta CHUCTEMAaTUYHUX Mporlec 30upaHHs, 0OpoOKu Ta
aHam3y 1HbopMallii mpo cTaH OE3MEeKOBOr0 CEpeIOBHINA, a TAKOX pe3yiabTaTiB
peanizalii yrnpaBJIiHCHKHX PillIeHh B Oe3rekoBoMy Hampsmi. OCHOBHE MPU3HAYCHHS
MOHITOPUHTY HAalpaBlieHe HAa BU3HAYEHHS BIAXWJIEHDb BiJl BCTAHOBJICHUX MapaMeTpiB
oesrekn Ta GopMmyBaHHS 1H(OPMAIIHHO-AHAIITUYHOT OCHOBH I TMPUNHATTA
YIPaBIIHCHKUX pillieHb. TOIl sIK OIIHIOBAHHS HEOOX1/IHE /I BCTAHOBIICHHS CTYIICHS
PE3yIBTATUBHOCTI 3aCTOCOBAHUX MEXaH13MIB, OCSITHEHHSI LIJIEH Ta Pe3yJbTaTiB, 110
BIJINOBIJIAlOTh BCTAaHOBJICHUM KpHUTEpiAM. TUM caMHUM, MOHITOPUHI 3a0€3MeUuTh
iH(hOopMaIliiiHy OCHOBY OIIIHIOBAHHSI, a PE3yJIbTaT OLIHIOBAHHSA CIYTYE IM1ICTaBOIO IS
MPUMAHSTTS PIlICHb.

B3arani cucreMy MOHITOPUHTY W OIlIHIOBaHHS MEXaHI3MIB JEpP>KaBHOI O€3MeKu
JO0peYHO (POPMYBATH Y BUIJISA1 B3AEMOIIOB’ I3aHOTO YIPABIIHCHKOTO LUKITY:

- i1eHTr(IKaLlis 3arpo3y;

- MOHITOPHHT PO3BUTKY 3arpo3u;

- OL[IHIOBaHHS PU3UKY;

- IPUMHATTA YIPABIIHCHKUX PIlLICHb;

- peasizaliisi yrpaBJIiHCHKUX PIIICHb;

- MOHITOPHHT PE3yJIbTATIB;

- OI[IHIOBaHHS €(DEKTUBHOCTI MPUUHITUX PIIICHb O PE3YJIbTaTaM;

- KOpUTYBaHHS MEXaHI3MY Jep>KaBHOI OE3MeKH.

Ha ocHOBI Takoro mijaxoay MokHa 3a0e31meunTy 6e31epepBHICTh YIIPaBIIHCHKOTO
[IMKJTY Ta MIBUIKUH BIUTMB HA JUHAMIYHY 3MIiHY O€3IIEKOBOTO CEPEIOBHUIIIA.

J1st 3a0e3nedeHHs MO3UTUBHOTO PE3yJIbTaTy HEOOX1IHUM € BU3HAUCHHS KPUTEPIiB
Ta 1HAUKATOpIB €(PEeKTUBHOCTI. JI0 OCHOBHUX KPHUTEPIiB OI[IHIOBAaHHS MEXaHI3MIB
nep>KaBHOI O€3MeKH MOKHA BIJTHECTH:

- CBOE€YACHICTh BHUSIBJICHHS 3arpo3;

- ONEPATUBHICTh MPUIHATTS YNPABIIHCHKUX PILIICHB;

- pIBE€Hb MIXKBIJJOMYO1 B3a€EMO/IIT;

- CTIMKICTh  (PYHKITIOHYBaHHS  JIp)KaBHUX  IHCTUTYIIH Ta  KPUTHYHOI
1H(DPaCTPYKTYpH;

- BUJIKICTH 1HGOpMAIIIITHOTO OOMIHY;

- CBOEYACHE PECypCHE 3a0e3MeYeHHS,;

- aJIalTUBHHUM XapakTep MEXaHi3MiB JI0 TMHAMIYHOCTI 3arpo3;
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- IIBUJIKE BiTHOBJICHHS MICJISI KPH30BUX CHTYAITIH.

KoxxHOMy KpuTEepit0 TMOBHHHA BIJMOBIIATH CHUCTEMa KUIBKICHMX Ta SKICHHUX
1HaUKaTOpiB. JIJIsI CBOEYACHOTO BUSIBICHHS 3arpo3 iHAUKATOPOM MOKE OYTH yac Bij
BUSIBJICHHSI 3arpo3u JI0 11 OIIHIOBAHHS Ta MPHUUHATTS yHpaBIiHCHKOTO pimieHHs. Ha
pIBEHb MDKBIAOMYOI B3a€MO/I1i BIUTMBAE MIBUAKICTh OOMIHY 1H(OpMAIlI€IO Ta PIBEHb
y3rOJKEHOCTI MDK JisiMu cy0’ekTiB. CBOo€dacHe pecypcHe 3a0esneueHHs Oyne
BIUIMBATH Ha Oe3MepepBHICTh BUKOHAHHS (yHKIIH. [HAMKaTOpOM amanTUBHOCTI Oy e
qac, Mo HEOOXIAHWI NJii KOPUTYBAHHS MEXaHI3MIB pearyBaHHS MICIS AUHAMIYHOT
3MiHH 0OCTaHOBKH, HAIIPUKJIA] ITICIII KOMOIHOBAaHMX HAJ3BUYAllHUX CHUTYAIIiH.

Takox mNpoOJEMHMM TIMTAHHSM 3aJUIIAETBCS  (DparMEHTaApHHUA  XapakTep
iH(MOpMAaIIHHUX TTOTOKIB Ta PO3MOALT iHGOPMAITii MIXK PI3HUMHU CYO’ €KTaMU CEKTOPHU
0e3neKy 1 000pOHU Ta 1HIIMMH OpraHamu MyOaiuHoi Biagu. HeoOxigHa yHidikoBaHa
CUCTeMa KpUTEpiiB Ta IHAUKATOPIB [JIsi TOPIBHSHHS OTPUMAaHUX pPE3YJIbTaTiB,
BU3HAYEHHS 3arajbHOI TEHACHII Ta KOMIUICKCHICTHL OI[IHIOBAHHS MeEXaHI13MIB
nepxkaBHoi Oesrieku. [lepcrieKTUBHUN HampsM MOJSITa€ B CTBOPEHHI IHTETPOBAHOI
CHUCTEMH MOHITOPHHTY, 110 3a0€3MeYUTh CITIBCTABJICHHS 1H(POpMAIIii 3 PI3HUX JKEPET
Ta aHaji3 ii Mo YHi1(piKOBAHUM MMOKa3HUKAM.

Taka cucreMa nmoBuHHA (HOpMyBaATHCS HA TPHOX B3a€EMOIOB’ I3aHUX PIBHSX:

- CTpaTerivHOMY;

- OllepaTUBHOMY;

- (yHKIIIOHAIBHOMY.

CrpareriuHuii piBE€Hb J03BOJISIE TMPOBOAUTH KOMIUJIEKCHE OI[IHIOBAHHS CTaHy
Jep>KaBHOI Oe3MeKn M JOCSITHEHHsI cTpareriyHux unuied. OnepaTUBHUM pPIBEHb
3a0€3Me4YnTh MOHITOPUHI 3arpo3, PHU3UKIB Ta BIANOBIIHUX KPU30BUX CHUTYaLl.
OYHKIIOHAIBHUI pIBEHb CIYTy€ Ui OLIHIOBAHHS PE3YJbTATUBHOCTI OKPEMHX
MEXaHi3MiB Ta AISUIbHICTh CY0’€KTIB pearyBaHHSI.

Takum 4rHOM, cEcTeMa 3a0e3MeUYeHHS JepKaBHOI Oe3Mekn MoTpedye Mmepexomay
BiJl pEaKTUBHOTO pearyBaHHs Ha 3arpo3d JI0 MPEBEHTHMBHOI ¥ aJanTHUBHOI MOEINI
yopaBiiHHsA. B OCHOBI Takoi Mojeni OyJe MOHITOPUHT, OIIIHIOBaHHS PU3HKIB,
MPOTHO3YBaHHSA Ta paHHE BUABICHHS 3arpo3. CydacHe Oe3leKoBe CEepeOBUIIE
BUMara€ OHOBJICHHsI CTpATEriYHHUX IMIJIXOJIB B JaHiK cdepi, KOTpi 3abe3mneuars He
aumie  (ikcamio cTaHy Jaep)kaBHOI Oe€3leku, aje W 00 €KTHBHE OIlIHFOBAHHS
PE3yIBTATUBHOCTI BIJMOBITHUX MEXaHI3MIB Ta 1X CBO€YACHE KOPUTYBAHHS.
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1. [Ipo HauioHansHy Oe3neky Ykpainu: 3akoH Ykpainu Big 21.06.2018 Ne 2469-
VIII. URL: https://zakon.rada.gov.ua/laws/show/2469-19#Text.

2. Ilpo pimenns Pagu HanioHanabHOT Oe3meku 1 000poHn Ykpainu Bija 14 BepecHs
2020 poky «IIpo Crparterito HaimioHaJbHOI Oe3neku Ykpainm» : Yka3 IIpesunenta
VYkpainu Big 14.09.2020 Ne 392/2020. URL:
https://zakon.rada.gov.ua/laws/show/392/2020#Text.

165



SOFTWARE ENGINEERING
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

INPOI'HO3YBAHHA JEOEKTOYTBOPIOBAJIbHUX
3MIH KOAY HA OCHOBI METPHUK PEITIO3UTOPIIO

Yuxepnu Baagucaas OsekciiioBuy,
acripaHT
JlyubKkuii HalllOHATBHUHN TEXHIYHUN YHIBEPCUTET, Y KpaiHa

v Te3ax HABEJICHO pe3yibTaTH TECTyBaHHS Kiacudikaropa
1e(pEeKTOYTBOPIOBAIBHUX 3MIH y KOJIl Ha PiBHI OKpeMoro KoMmity. BiH € gacTuHOIO
mupiioi 1HGOpMaLIiHOT MOJEN! OLIHIOBaHHS SKOCTI MPOTPaMHOrO 3a0e3MeYeHHS.
Knacudikatop HaBuyaBcS Ha XPOHOJOTIYHO poO3JAUIeHHX BuOipkax. Mojenb
«sunagkoBuit qicy npocarna AUC-ROC 0,72-0,76, 1o 30iraerbcsi 3 pe3yibTaTraMu
IHIIUX JOCTIKeHb. Pe3ynbpTaT mokasas, 0 HaiBHa 0a3oBa MOJIENb, SIKa BPaXOBYE
auiie o0cSr 3MiH, MA€ HEMOraHy pO3JAUIbHY 3JaTHICTh. [IpakTWyHa LIHHICTH L€l
MOJIeJIl B OCHOBHOMY MOJISITa€ B KaJdlOpOBAaHMX IMOBIPHOCTSIX Ta IHTEPIPETOBAHIM
Ba)KJIMBOCTI O3HAK.

ITocTanoBka nmpoOJemu. Ilin yac aBTOMaTU30BaHOTO TECTYBAaHHS B KOHBEEpax
CI/CD renepytoTbcsi BelIMKiI oOcsird aaHux 1 MeTpuk. Cepen HUX MOXYTh OyTH
MOKPUTTS, PE3yJbTaTUBHICTh TECTIB, Yac BUKOHaHHA 1 T. A. Lli mani MokHa
BUKOPUCTOBYBATH JIJIsi OUIBII KOMIUJIEKCHOT OLIIHKHU SIKOCTI MallOyTHBOTO penizy, Hixk
TUTst 3BUMHOTO «pass/fail»y. Takuii aHami3 JaHUX Pa3oM 3 ICTOPIEIO 3MIH KOAY Ja€ 3MOTY
OLIIHIOBATH PU3MK KOKHOI 3MIHM 1€ 0 ii 3JIUTTSA B OCHOBHY T'UIKy. ToOTO, nepentu
B1Jl PETPOCIEKTUBHOIO KOHTPOJIO SAKOCTI 10 MPOrHO30BaHOT0. OAHUM 13 KIIFOUOBHX
KOMIIOHEHTIB Takoi 1H(GOpMAItHOI MOJeNl OLIHIOBAHHS SIKOCTI MPOrPaMHOIO
3a0e3nedeHHs € kiacudikaTtop nedexkToyTBOproBaIbHUX 3MiH. BiH moOyaoBaHuii 3a
napaaurmoro just-in-time (JIT) nporHo3yBanust nedextis [1]. Takuil kiacudikarop
HEOOX1THO IPOTECTYBATH, TIEPII HIXK BKIIOYUTHU 70 iH(popMaliiitHoi Mmozeni. 30kpema,
MOPIBHATU 31 CXOXHMH JOCTIPKEHHSMH 1 BU3HAYUTH, HACKUIBKH BiATBOPIOIOTHCS
MOKA3HUKHU SIKOCTI MPOTHO3Y Ha JOCTYMHUX BIAKPUTUX MPOEKTAX 1 SIK1 O3HAKHU POOIIATH
HaWO1IBIINI BHECOK.

MeTtoauka ekcnepuMeHTy. J{7s1 1OCHIKEHHSI 00OpaHo J1Ba BIAKPUTI PEro3UTOPIi
pallets/flask Ta pallets/click. Ile 3pimi mpoekTH OAHIET €KOCHCTEMH 3 TPUBAJIOIO
ICTOpiI€I0 Ta AaKTUBHUM BHUKOPHCTaHHSIM aBTOMAaTHM30BAaHMX TECTIB. 3acobaMu
616miotexu PyDriller [2] nns koxHoi 3MiHu BumooyTo 11 o3nak, mommpenux y JIT-
nporno3yBanHi [1]. Cepen Takux — KUIBKICTh JOJ@HMX Ta BUJIYUYECHHX PSIKIB,
KUIBKICTh 3MIHEHUX (DailsliB, €HTPOIisl pO3MOALTY 3MIH MK (pailiamu, cepelHii BIK
3MiHEeHUX (aiiiB, KUIbKICTh OMEPEHIX 3MIH Ta MONEPEIHIX BUNPABICHb Yy (aiinax,
nocBi aBTopa Touio. O3HAKKW OOYMCIIOBAIUCS CTPOTO XPOHOJIOTIYHO, JIMIIE 3a
MOJIisIMU, 1110 TIEPETyBaIN KOMITY.

Po3miTka BUKOHAaHA 3 BUKOPUCTaHHSAM anroputmy SZZ [3]. B takomy minxomi
KOMITH-BUMPABICHHS 1€HTU(IKOBAHO EBPUCTUYHO 3a KIOYOBUMHU CIIOBAMU Y
MOBITOMJICHHSIX, a Ae(EeKTOyTBOPIOBAIBHI KOMITHA BU3HAYEHO uepe3 git blame psixkis,
3MIHEHUX y BUIpaBlIeHHAX. Takum unHOM, Oyio mo3HaueHo 985 3miH y Flask Ta 583
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y Click. Bubipku po3aineno xpoHosoriuno y cmiBBignomenHi 70/30, Tomy TecToBa
YacTHHA MICTHUTh JIMIIIE 3M1HH, K1 BIIOYJIHCS BXKE MICIISA 3MiH, IKi BAKOPHUCTOBYBAJIUCS
7u1s Hap4daHHs. [lopiBHIOBAIMCS TpU MOJECII: BUNIAJKOBHI JIic [4], JOTICTHYHA perpecis
Ta HAiBHUW METOJ paH)KyBaHHS 3a pO3MIPOM 3MiHH. SKICTh OLIIHIOBAJIACS TUIOMIEHO IT1]T
ROC-kpuBoo (AUC-ROC) sk mnoporoHe3anekHOI MIpOI0, a TaKOoX TOYHICTIO,
noBHOTOIO Ta F1-Mipoto 3a moporom 0,5.

Pe3yabTarn. OCHOBHI MOKa3HUKHU HA TECTOBUX BUOIpKax HaBeAeHO B Tad. 1.

Taoauua 1.
AUC-ROC knacudikaTopiB Ha TeCTOBIH BUOIpII
IIpoekT BunaakoBuii Jic JlorictTuuna Bba3uc 3a
perpecis po3Mipom 3MiHH
Flask 0,764 0,710 0,760
Click 0,716 0,598 0,753

Bunankoswuii ic gocar AUC-ROC 0,764 na npoekTi Flask Tta 0,716 Ha mpoekTi
Click, mo mnorpamse B aianazon 0,65-0,77, oTpumaHuii B JOCHIDKEHHI IS
OJIMHAJIIATH MPOMHUCIOBUX 1 BIIKPUTHUX MPOEKTIB [ 1], 1 mATBEpIKYy€E BIATBOPIOBAHICTD
niaxoay. AHcambiieBa MOJIelb MOCTIJOBHO TiepeBaXkae JiHiHMI 6a3uc Ha 0,05-0,12
AUC, 1o CcBIZYUTH NPO HENIHIMHUI XapakTep 3B’A3Ky MDK O3HaKaMHd 3MIH 1
nedextHicTio. [loBHOTa BUNIaKoBOTO Jiicy Ha rpoekTi Flask cranosuts 0,703: Moaensb
BUSIBJISIE TIOHAJ JBI TPETUHH JA€(PEKTOYTBOPIOBAIBHUX 3MIH 3a MOMIPHOI TOYHOCTI,
TUTOBOI JIJIs He30aIaHCOBAHUX 3a/1a4 1bOTOo Kiacy [J].

BaxnuBuMm nnsi aHamizy € pe3yJbTaT METoAy HaiBHOro 0Oasucy. OCKiIbKA
pamxyBaHHs Jmie 3a oocsrom 3minu gae AUC 0,753-0,760, To6TO TUCKpUMIHAIIIAHY
3MaTHICTh, 3ICTaBHY 3 HaBUCHOK Mojaeumo. lle BiAmoBigae BHCHOBKY IIPO
JIOMIHYBaHHSI O3HaK po3MIpy Ta po3ocepemkerocti 3miH y JIT-nporuosysanHi [1, 5].
Ile TakoX MIATBEPHKYETHCS aHAN30M BaXKJIMBOCTEH O3HAK BHITQJKOBOIO JICY, JIE
HaWOUIBIINKM BHECOK JalOTh KUIBKICTh JIOJAHUX PSAKIB, CEPEIHIM BIK 3MIHCHUX
(haiiniB, KUIBKICTh TTONIEPEAHIX 3MiH Ta JIOCBiJ aBTOpa. 3BiJICH BUILIMBAE TPAKTHUHHUMA
BUCHOBOK. [lo-niepiiie, HaBiTh MPOCTa EBPUCTUKA PU3HMKY Kpallia 3a ii BIICYTHICTb, 11O
3HMkye Oap’ep BrnpoBamkeHHss B CI/CD. Ilo-mpyre, mepeBara HaBUY€HOI MOJE1
MoJIsirae 'y KajmlOpOBaHMX IMOBIPHOCTSIX, NPUIATHUX [JIs1 MYJIbTUIUIIKATUBHOI
MONPABKU OLIHKH SIKOCTI, T B IHTEPIPETOBAHUX BAXIMBOCTIX O3HAK, K1 TOKA3YIOTh
MIPUYHHM ITiIBUIIICHOTO PU3HKY.

OOmexenHsi excnepuMeHTy. EBpucthyHa ieHTHQIKAIs BUIIPABICHb Ta
anroput™ SZZ BHOCATH LIIYM Y PO3MITKY [6], 1110 BIJIUBA€E HA HABYEHICTh MOJENI 1 11
pe3yabTaTh. Takosx il 3a3HAYUTH, 110 00U IBA MPOEKTH HAJIEKATH OJIHIM €KOCUCTEMI,
10 0OMEXY€ Pepe3eHTATUBHICTb.

BucHoBku. [HTeNeKkTyanbHU KOMIIOHEHT MOJIEJI1 OLIIHIOBAHHS SIKOCTI BIATBOPIOE
Ha Bigkputux Python-mpoexrtax piBenr AUC-ROC 0,72-0,76. Bin 306iraetbcs 3
MMOKAa3HUKOM 13 JITEpaTypH 1 MPUAATHHUN JJI1 BKIFOUEHHS JI0 MMPOTHO3HOTO KOHTYPY
CI/CD. TlopiBHSIHHS 3 METOJOM HaiBHOrO 0a3ucCy IMOKa3aso, 110 LIHHICTh HAaBYEHOI
MOJIeN1 MoJIArae B MOXKIJIMBOCTI KasliOpyBaHHs Ta ii 3po3yminocti. [loganeiina poboTa
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nepenbavae 30aravyeHHs O3HAK METPUKAaMU aBTOMAaTHM30BAaHOTO TECTYBaHHS,
OTpUMaHUMH 3 peanbHuX 3amyckiB Cl, Ta nepeBipky Ha MPOEKTAX 1HIIUX EKOCUCTEM.
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The modern aircraft ground handling system involves the use of a wide range of
specialized equipment, the operational efficiency of which directly affects flight
regularity, ground handling turnaround time, the safety of technological operations,
and the quality of passenger service. Mobile passenger stairs are one of the types of
specialized equipment used for passenger boarding and disembarkation where the
applicable handling procedure requires their use. General aspects of aircraft ground
handling and the use of specialized airport equipment are addressed in the relevant
IATA documents and recommendations [1, 2].

Traditionally, mobile passenger stairs have been equipped with power units based
on internal combustion engines. Diesel engines have become particularly widespread
due to their sufficient autonomy, adequate power reserve, and ability to operate for
extended periods without dependence on stationary energy infrastructure. At the same
time, increasingly stringent environmental requirements for airport operations,
together with the need to reduce noise levels and concentrations of harmful substances
in aircraft stand areas, are encouraging ground support equipment manufacturers to
develop alternative power solutions. The general trend towards reducing the
environmental impact of aviation is one of the key areas of contemporary international
environmental policy in the aviation sector [3].

One of these directions is the development of mobile passenger stairs with electric
drive systems. The use of electric motors makes it possible to eliminate the internal
combustion engine as the primary source of power, resulting in a substantial reduction
in local pollutant emissions. During the operation of an electrically driven passenger
stair unit in the immediate vicinity of an aircraft, no exhaust gases are produced, which
is particularly important in passenger boarding and disembarkation areas. Another
significant advantage is a substantial reduction in noise levels, which has a positive
effect both on working conditions for ground handling personnel and on the acoustic
environment of the airport. Modern ground support equipment manufacturers offer
various designs of mobile passenger stairs, including units equipped with electric and
conventional power systems [4—6].

Electric drive systems also provide a number of structural and operational
advantages. Electric motors are characterized by high efficiency, provide almost
instantaneous torque generation, and do not require an exhaust gas system. The
simplification of certain components of the power system may potentially reduce
maintenance requirements. Furthermore, the use of electrical energy makes it possible

169



TRANSPORT
INTERDISCIPLINARY RESEARCH: TRENDS, SYNERGIES, AND PRACTICAL
APPLICATIONS

to centrally manage battery charging processes and integrate specialized ground
equipment into the airport's overall energy management system.

At the same time, an electric drive cannot be considered a universal solution
without operational limitations. One of the main factors that must be taken into account
when operating electrically powered mobile passenger stairs is the dependence of
battery performance on ambient temperature. At low temperatures, the available
battery capacity decreases, internal resistance increases, and the ability of the battery
to provide the required power deteriorates. As a result, the actual autonomous operating
time of the equipment may be lower than the nominal values specified under normal
temperature conditions.

This issue becomes particularly important at airports located in regions
characterized by long winter periods and significantly sub-zero temperatures. Under
such conditions, the efficiency of electric passenger stairs should be assessed not only
in terms of energy consumption but also with regard to the operating temperature range,
the need for battery preheating, charging requirements, and the actual intensity of
technological operations.

Another important issue is battery service life and end-of-life management. Modern
electric vehicles and specialized equipment may use different types of battery systems,
including lead-acid and lithium-ion batteries. The selection of a particular technology
depends on requirements concerning energy capacity, weight, cost, service life, and
operating conditions. Once a battery reaches the end of its service life, it requires an
appropriate system for collection, recycling, or disposal. Therefore, the environmental
benefits of electric passenger stairs should be assessed comprehensively, taking into
account not only the absence of local exhaust emissions during operation but also the
entire life cycle of the energy storage system.

Passenger stairs powered by internal combustion engines, despite their obvious
environmental disadvantages, continue to be an effective technical solution under
many operating conditions. A diesel power unit provides a substantial energy reserve
in the fuel, rapid restoration of operational autonomy through refueling, and the ability
to operate for extended periods without dependence on charging infrastructure. This is
particularly important under conditions of intensive specialized equipment utilization
and when considerable distances must be covered between equipment staging areas
and aircraft stands. The modern ground support equipment market includes various
designs of mobile passenger stairs differing in their power systems, drive
configurations, and levels of automation [4-6].

Low ambient temperatures also affect the operation of diesel-powered passenger
stairs, although the nature of the problem differs fundamentally from that encountered
with electric equipment. The main challenge is to ensure reliable engine starting and
maintain the required engine operating temperature. Modern diesel engines are
equipped with preheating systems, glow plugs, and other design features that improve
starting reliability at low temperatures. When specialized equipment is operated under
particularly severe climatic conditions, additional systems for heating the engine and
its working fluids may be used.
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However, the main disadvantages of internal combustion engines during operations
performed directly adjacent to an aircraft are exhaust emissions and noise. For this
reason, the development trend among modern manufacturers is not limited to the
complete replacement of internal combustion engines with electric power systems. It
also includes the development of combined systems that make it possible to utilize the
advantages of both types of drive.

In hybrid configurations, the internal combustion engine may be used primarily for
moving the passenger stair unit around the airport, while individual working
mechanisms are equipped with electric drives. After the unit reaches the aircraft, the
main engine can be switched off, and the required technological operations can be
performed using electrical energy. Such operations may include positioning and
adjustment of stabilizing supports, extension or movement of the working section of
the stairs, positioning of the front platform, and other operations required to prepare
the equipment for passenger boarding and disembarkation. This development trend
corresponds to the broader objective of improving the environmental efficiency of
aircraft ground handling [3, 4].

Such an approach makes it possible to reduce the operating time of the internal
combustion engine in the immediate vicinity of the aircraft and, consequently, decrease
local emissions and noise in the aircraft servicing area. At the same time, a high degree
of equipment autonomy is maintained during movement across the airport. Therefore,
a combined power system can be considered one of the intermediate stages in the
transition from conventional internal-combustion-powered equipment to fully electric
ground support equipment.

A comparison of different drive systems demonstrates that the efficiency of mobile
passenger stairs should be evaluated using a combination of technical, economic, and
environmental indicators. A simple comparison of diesel fuel consumption and
electricity consumption does not provide a complete assessment of equipment
efficiency. It is necessary to consider the intensity of equipment utilization, duration of
operating cycles, climatic conditions, availability of charging infrastructure, travel
distances, maintenance requirements, and the service life of the main power system
components.

The organization of the aircraft ground handling process is also an important
criterion. If mobile passenger stairs are used for relatively short operating cycles and
remain within a particular handling area for most of their operating time, an electric
power system may provide a high level of operational efficiency. Under conditions of
intensive utilization, considerable travel distances, and insufficient charging
infrastructure, the advantages of a conventional diesel drive may remain significant. At
the same time, the organization of ground handling operations should comply with the
general principles of standardization and safety established in international practice [1,
2].

From an environmental perspective, electric passenger stairs have a clear advantage
in the immediate aircraft servicing area. The absence of local exhaust emissions and
reduced noise levels correspond to the general trend towards decarbonization of ground
handling operations and improved environmental performance at airports [3]. At the
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same time, the environmental assessment of electric equipment should also take into
account the source of electricity and the life cycle of the batteries.

Therefore, the current development of mobile passenger stairs is characterized by
a gradual transition from conventional power units to electric and combined energy
systems. However, full electrification should not be regarded as an unquestionably
optimal solution for all airports. The appropriate drive system should be selected with
consideration of specific operating conditions, regional climatic characteristics, the
structure of ground handling processes, the intensity of equipment utilization, and the
availability of charging infrastructure.

Thus, the efficiency of mobile passenger stairs should not be determined by a single
indicator but by a combination of operational, energy, environmental, and economic
characteristics. The selection of the optimal drive system should take into account the
actual operating conditions of a particular airport, which is an important prerequisite
for improving the overall efficiency of aircraft ground handling systems.
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All stakeholders in the aviation market recognize the need for a comprehensive
solution to the problems and contradictions that have accumulated over the past twenty
years. One of the key issues in determining the future of the civil aviation industry is
assessing the markets for its products, that is, forecasting the future demand for aircraft,
primarily passenger aircraft, as the global cargo aircraft market is, firstly, not as
capacious and, secondly, largely secondary to passenger aircraft.

Numerous studies have been devoted to defining the technical and economic
characteristics of advanced aircraft to ensure their competitiveness, studying the
specific requirements for advanced aircraft for regional airlines, the ability of various
aircraft manufacturers to create competitive aircraft, improving the efficiency of new
aircraft from generation to generation, and creating the necessary infrastructure in
various regions of the world [1, 2, 3, 4, 5]. However, as practice shows, development
scenarios are determined by various options for dividing market niches between the
products of various manufacturers. The absolute capacities of market niches are
determined, first and foremost, by the volume of air transport work involving passenger
transportation that airlines must perform with their existing fleet. Clearly, these
volumes of air transport work are nothing more than the demand for passenger air
travel.

Demand for passenger transportation is characterized by several key indicators:
passenger turnover, passenger flow, and average passenger journey length. Passenger
turnover is the volume of transport operations, that is, the number of passenger-
kilometers transported. Passenger flow is the total number of passengers transported,
with each passenger counted as many times as the number of actual flights they took.
The average passenger journey length is calculated as the ratio of passenger turnover
to passenger flow.

Most studies forecasting air travel demand use passenger turnover as the primary
indicator. This is primarily because airlines can more easily translate passenger
turnover forecasts into revenue estimates (airfares are charged per passenger
kilometer). However, studies commissioned by other airports focus primarily on
passenger traffic forecasts.

Major aircraft manufacturers that conduct forecasting and regularly publish
research results, such as Boeing, Airbus, and Embraer, do not disclose the details of
their own methods, limiting themselves to a general verbal description.

Thus, Airbus materials [6] indicate that the study uses a so-called "bottom-up"
approach to forecasting air travel demand. The essence of this approach is that a
demand forecast is constructed for each of the 9,188 airlines, divided into 140
domestic, regional, and intercontinental air travel markets. These forecasts are then
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aggregated first into forecasts for individual countries, and then, based on the forecasts
for each region, a forecast for the global market is created. Forecasting the size of each
air transport flow is typically based on a proprietary econometric model, constructed
taking into account structural and regional factors that influence the dynamics and
development of the global air transport system in the present and future. Forecasts are
also based on a study of the dynamics of economic development indices and other
indicators (including oil prices) published by the international company Global Insight
Forecasting Group.

At the same time, Boeing maintains that growth in gross domestic product explains
and drives the bulk of the growth in demand for air passenger travel [7]. A study by
Boeing specialists of air travel statistics for the first twenty years of the twenty-first
century showed that passenger traffic growth outpaced global economic growth by 2%.
However, this trend has virtually ceased to exist since 2021 due to the escalating global
crisis. Problems in the European Union and the war with Iran are leading to rising jet
fuel prices in several regions of the world. Furthermore, the aging fleets of the world's
leading airlines, technical problems with new-generation aircraft, and a shortage of
highly qualified maintenance personnel are leading to stagnation in transcontinental
passenger air travel. One consequence of this is that in Europe, more and more people
are preferring to travel by rail.

Embraer, the world's leading manufacturer of regional jets, also forecasts air travel
demand. Its research combines two approaches—top-down and bottom-up—[8]. The
top-down approach is based on an econometric model that shows how passenger air
travel demand depends on two factors. The first is economic growth, measured by gross
domestic product. The second is the reduction in the cost of air travel for passengers,
determined by the rate per passenger kilometer. Embraer's bottom-up approach
involves aggregating air travel demand forecasts generated for individual airlines.

One of the few forecasting methods currently available is the one proposed by the
International Civil Aviation Organization (ICAO) [9]. To forecast air travel demand,
ICAO proposes using a multiplicative form of the functional dependence of passenger
turnover on factors that have the greatest impact on the market situation:

Y=a+B-4+vy-B,

where Y is the passenger turnover, 4 and B are independent variables reflecting the
influence of various factors on air travel, and a, B, and y are constant coefficients. The
coefficients B and 7y characterize the elasticity of demand with respect to the
corresponding variable.

ICAO documents note that there may be more than two independent variables.
However, in global forecasting practice, when creating forecasts not for individual
routes, but for a route network or region as a whole, only two variables are typically
used. One variable is always a macroeconomic indicator (usually GDP), and the second
variable is an indicator characterizing the cost of transportation (most often, the tariff).
The coefficients a, B, and y in the ICAO methodology are estimated using regression
analysis. It should be particularly emphasized that the ICAO methodology focuses on
which variables influencing air transportation are appropriate to select when
constructing a model in a given case. Specifically, it provides a list of factors "worthy
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of consideration," divided into several types. Unfortunately, ICAO does not offer a
methodology for selecting from this list. Specifically, to forecast total global passenger
traffic, ICAO uses the following model:

In(Y)=a+B -In(G,) +7v-In(F)+e,

where Y, is the predicted volume of passenger-kilometers performed in year ¢; G, is
the real gross domestic product (GDP) or disposable income per capita (the main driver
of demand); F; is the real cost of air travel (the average fare or the airline's revenue rate
per 1 passenger-kilometer); o is a constant (the free term of the equation); B is the
income elasticity of demand (usually for aviation it ranges from +1.0 to +2.0,
depending on the maturity of the market); y is the price elasticity of demand (usually
negative, for example from -0.5 to -1.5); € is the random error of the model [10].

The ICAO methodology, both due to its accessibility and its high authority, is used
in many modern studies devoted to forecasting the development of aviation equipment
markets.

In particular, Transport Canada developed its own model based on this model [11].
The Canadian Air Transport Administration has developed an econometric model for
forecasting demand for passenger air travel for departing and arriving passengers
between geographic areas of Canada and between Canada and various regions of the
world. The resulting algorithms use not only data on the values of the main market
factors, but also data on departing and arriving passenger flows for previous years.
Passenger flows are structured by three transport sectors (domestic, Canada-US, and
other international), by passenger departure zone, and by purpose of travel. For
example, the following equation is proposed for non-business flights within Canada:

Y=T.0. D0.70 . [1.39 . F—0.85 . (1 +N),

where Y and T are the projected and base (actual) number of trips (passenger traffic)
between a given pair of geographic zones within Canada; O and D are the adult
population growth rates (the ratio between the projected and base year) in the origin
and destination zones; / is the index of change in real disposable income per capita in
the origin zone; F'is the index of change in air fares (the price of a flight) for the given
pair of zones; and N is the constant growth rate of the trend for the non-business
transportation sector.

Based on the fact that increasing airport service delays lead to increased airline
costs, which in turn leads to higher air travel rates, a model was proposed for the
relationship between the growth in demand for air services and the infrastructure's
ability to meet that demand. An econometric model of air travel demand was
constructed:

Y=s5-4%-BP.CV. ¢,

where Y is the volume of demand (the number of passengers or passenger turnover
on the route over the period); 4 is the fare (the average price of an air ticket on a given
route); B is the income level of the population (the average per capita income in the
regions of departure/destination or GDP per capita); C is the cost or availability of
alternative modes of transport (e. g. the price of a train ticket); s is a constant (abstract
term); a, B, v are the elasticity coefficients of demand for the corresponding factors; €
is the random error (model residuals). In particular, this model was applied to the
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analysis of the passenger air transportation market in the USA.

In general, research into forecasting demand for transportation services typically
uses models based on time series analysis. The following types of target indicator-
factor relationships are commonly used: linear, a combination of linear and logarithmic
transformations, and power functions of multiple arguments. Some studies have used
the utility function maximization criterion to construct an air travel demand model.

Thus, 1t can be concluded that the mathematical models used to forecast demand
for air transport are based on and do not take into account dynamics.

Despite the extensive observational base used for their construction and testing,
research into the applicability of models for forecasting demand in the passenger
transportation market is extremely limited for several reasons. First, the proposed
models assume a stable aviation services market, 1.e., the existence of free competition
among many airlines over many years, the absence of active market restructuring, and
the absence of exploding demand on some routes with an equally exploding decline on
others, along with the presence of a more or less stable route network. Second, the
models used globally were constructed under the conditions of macroeconomic
stability in the late twentieth and early twenty-first centuries, when real economic
growth in leading European countries and the United States was approximately 2-4%
annually, amid negative trends in air travel tariffs. Clearly, the modern aviation market
has largely ceased to meet these criteria. This justifies the need to develop other models
more suited to the specific conditions of today's international and regional economies,
suitable for forecasting demand for air travel.

Artificial intelligence is currently used to forecast demand for air transport services.
It analyzes large data sets, reveals hidden patterns, and builds mathematical models
capable of predicting future changes in passenger and cargo transportation.

Today, artificial intelligence technologies are actively used by all participants in
the aviation transport system: airlines, airports, government aviation authorities, travel
companies, and logistics operators. While traditional forecasting methods rely on
historical statistical data, artificial intelligence systems are capable of simultaneously
analyzing dozens and even hundreds of factors influencing demand.

In the first stage, Al-powered systems collect and integrate information from
various sources: historical airline data (passenger numbers, flight load factors,
revenue), economic indicators (GDP, household income, inflation), demographic data
(population, migration), tourism statistics (tourist numbers, seasonality), airport data
(flight frequency, capacity), airfare prices (fares, discounts, promotions),
meteorological data (weather conditions), and internet information (search queries,
social media). Specifically, they can simultaneously analyze airfare prices, fuel prices,
exchange rates, unemployment rates, tourist numbers, airport load factors, and search
query frequency.

The second stage involves removing errors, eliminating omissions, eliminating
outliers, normalizing data, and integrating data from various sources. A key advantage
of Al-based algorithms is the automatic recovery of missing data and its preparation
for further analysis.

In the third stage, artificial intelligence identifies the most significant factors. For
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air passenger traffic forecasting, external factors (economic growth, tourism
development, changes in visa policies, the political situation, epidemics, and fuel price
changes) and internal factors (number of flights, service quality, fare levels, route
network expansion, and airline punctuality) are used.

In the fourth stage, various machine learning algorithms are used. The most
common today are multilayer neural networks, recurrent neural networks, long-short-
term memory models, and transformers.

After training using machine learning algorithms, modern software systems
generate short-term (from a few days to 3 months), medium-term (from 3 months to 2
years), and long-term (from 2 to 10 years) forecasts. Specifically, for airports, forecasts
are generated for areas such as passenger traffic, demand for individual routes, terminal
occupancy, ground handling requirements, aircraft parking occupancy, personnel
requirements, and cargo volumes.

Thus, the use of software systems based on artificial intelligence allows aviation
transport system entities to build individual predictive models that specifically meet
their economic, technical, and social objectives.

For example, if the system predicts an increase in passenger traffic, the airport can
increase staffing levels in advance, redistribute equipment, purchase new equipment,
and adjust service schedules.

Among the most well-known developers of such solutions are companies such as
IBM, Microsoft, Amazon Web Services, as well as specialized aviation platforms
offered by SITA and Amadeus. for Developers.

Thus, when forecasting demand, artificial intelligence enables the simultaneous
analysis of hundreds of factors, automatically processing large volumes of data,
identifying complex patterns, providing more accurate forecasts, and updating
forecasts in near real-time. Artificial intelligence transforms air transport demand
forecasting from a simple statistical calculation into an intelligent decision-support
system, enabling airlines and airports to optimize route networks, improve flight
regularity, reduce operating costs, and enhance the economic efficiency of air travel.
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    U  − i ∗


    U ∗ ∈ 𝛺


    u  i ∗


  G N E  ( 𝛺 )


   (   u  i ( t ) ,   U  − i ∗ ( t ) ) ∈ 𝛺


  𝛺 =   W 1 × … ×   W  N


    J  i


    u  i


    u  − i ↦ {   u  i :  (   u  i ,   u  − i ) ∈ 𝛺 }


  𝛺


    J  i


    c  i > 0


    ∑  i = 1  N    c  i ⟨  ∇    u  i   J  i  ( U ′ ) −  ∇    u  i   J  i  ( U ) ,     u  i ′ −   u  i ⟩ > 0


  U ≠ U ′


  𝛺


  c


  1 /   c  i


    ∑  i ​    c  i   J  i  ( U )


  U


     (   c  i  ∇    u  i   J  i )  i


  c


  G N E  ( 𝛺 )


  c


    c  i


    w  k  ( t )


  F  ( U ) =  (   J 1  ( U ) , … ,   J  m  ( U ) )


  P a r e t o  ( 𝛺 ) = { U ∈ 𝛺 :   ∄   U ′ ∈ 𝛺 ,   F  ( U ′ ) ≼ F  ( U ) ,   F  ( U ′ ) ≠ F  ( U ) }


  ≼


    J  g l o b a l  ( U ) =   ∑  k = 1  m    w  k  ( t )   J  k  ( U ) ,       ∑  k = 1  m    w  k  ( t ) = 1 ,     w  k  ( t ) > 0


    w  k  ( t )


  t


  m


    J  k ( U )


   


    J  k ( U )


      F  k  ( X ( t ) , U ( t ) )


    f  k =   L  k


    F  k  ( X ( t ) , U ( t ) ) =     f  k  ( X ( t ) , U ( t ) ) −   f  k  m i n    f  k  m a x −   f  k  m i n ∈  [ 0 , 1 ]


    w  k > 0


  ≥ 0


  P a r e t o  ( 𝛺 )


  𝛺


    w  k > 0


  𝛺


  F


  w > 0


  𝑮 𝑵 𝑬  ( 𝜴 )


  𝑷 𝒂 𝒓 𝒆 𝒕 𝒐  ( 𝜴 )


  𝑺


    U  S = arg  max  U ∈ G N E  ( 𝛺 )     ∏  i = 1  N   (   J  i  d −   J  i  ( U ) )


    J  i  d =   J  i  (   U  N E )


  U


    J  i  ( U ) ≤   J  i  d


  v  ( 𝛺 ) = {    (   J  i  d −   J  i  ( U ) )  i = 1  N : U ∈ 𝛺 }


  v > 0


    ∏  i ​    v  i


  { v ∈ v  ( 𝛺 ) : v ≥ 0 }


  v  ( 𝛺 )


  F  ( 𝛺 )


  { U ∈ 𝛺 :   J  i  ( U ) ≤   J  i  d }


  G N E  ( 𝛺 )


  G N E  ( 𝛺 )


  G N E  ( 𝛺 )


  𝛺


  G N E  ( 𝛺 ) ∩ P a r e t o  ( 𝛺 )


  t


  H


    U  t : t + H ∗ = arg  min    U  t , … ,   U  t + H ∈ 𝛺     𝔼  𝜉  [   ∑  k = 0  H    J  g l o b a l  (   X  t + k + 1 ,   U  t + k  S ) +   J  T  (   X  t + H + 1 ) ]


    X  t + k + 1 = f  (   X  t + k ,   U  t + k ,   𝜉  t + k ) ,       U  t + k ∈ 𝛺 ,     X  t + k ∈   𝕏  доп ,     ∀ i ∈  { 1 , … , N } ,     k = 0 , … ,   H − 1


    U  t + k  S


  S


  t + k


    J  T  ( ⋅ )


    𝕏  доп


    U ∗  ( t )


    U  t : t + H


    J  g l o b a l


    U  t : t + H


  H


  f


   ( X , U )


    𝕏  доп


    J  T


    𝜅  f


    X  f


    J  T  ( f  ( X ,   𝜅  f  ( X ) , 0 ) ) −   J  T  ( X ) ≤ − ℓ  ( X ,   𝜅  f  ( X ) )


  X ∈   X  f


  ℓ


    U ∗  ( t ) = MPC  (   X  t ;   S  ( G N E  ( 𝛺 ) , P a r e t o  ( 𝛺 ) ) )


  S


      U ∗  ( t ) = 𝜋  (   X  t ; 𝜃 )


      U ∗  ( t ) ~ 𝜋  (   U  t ⃓   X  t ; 𝜃 )


  G N E  ( 𝛺 ) ∩ P a r e t o  ( 𝛺 ) ≠ ∅


    U ∗  ( t )


  𝜀 )


    𝕏  доп


  {   J  i }


  𝛺


  𝛹


  i


  U =  (   u  i ,   u  − i ) ∈ 𝛺


   (   u  i ′ ,   u  − i ) ∈ 𝛺


    J  i  (   u  i ′ ,   u  − i ) −   J  i  (   u  i ,   u  − i ) = 𝛹  (   u  i ′ ,   u  − i ) − 𝛹  (   u  i ,   u  − i )


  m = N


    w  k > 0


  𝛹  (   u  i ,   u  − i ) − 𝛹  (   𝜗  i ,   u  − i ) =  λ  i  [   J  i  (   u  i ,   u  − i ) −   J  i  (   𝜗  i ,   u  − i ) ]


   λ  i > 0


  𝛹 =   J  g l o b a l


    w  k  ( t )


  𝛹


  𝛺


    U  𝛹 = arg  min  U ∈ 𝛺 𝛹  ( U )


  G N E  ( 𝛺 )


  P a r e t o  ( 𝛺 )


  G N E  ( 𝛺 ) ∩ P a r e t o  ( 𝛺 ) ≠ ∅


  𝛺


    W 1 × … ×   W  N


  𝛹 =   ∑  k ​    w  k   J  k


    U 1 ≠   U 2


  𝛺


   (   U 1 +   U 2 ) / 2 ∈ 𝛺


  𝛹  (  (   U 1 +   U 2 ) / 2 ) < 𝛹  (   U 1 )


    U  𝛹


    U  𝛹 ∈ G N E  ( 𝛺 )


  i


    u  i ′


   (   u  i ′ ,   u  − i  𝛹 ) ∈ 𝛺


    U  𝛹


    J  i  (   u  i ′ ,   u  − i  𝛹 ) −   J  i  (   u  i  𝛹 ,   u  − i  𝛹 ) = 𝛹  (   u  i ′ ,   u  − i  𝛹 ) − 𝛹  (   U  𝛹 ) ≥ 0


    U  𝛹 ∈ G N E  ( 𝛺 )


    U  𝛹 ∈ P a r e t o  ( 𝛺 )


  U ′ ∈ 𝛺


    J  k  ( U ′ ) ≤   J  k  (   U  𝛹 )


  k


    w  k > 0


  𝛹  ( U ′ ) =   ∑  k ​    w  k   J  k  ( U ′ ) <   ∑  k ​    w  k   J  k  (   U  𝛹 ) = 𝛹  (   U  𝛹 )


    U  𝛹 ∈ P a r e t o  ( 𝛺 )


  𝛺


  F


  𝛺 =   W 1 × … ×   W  N


  m = N


    w  k > 0


  𝛹 =   ∑  k ​    w  k   J  k


    J  i  ( U ) = 𝛹  ( U ) +  h  i  (   u  − i ) ,     i = 1 , … , N ,


    ∑  i = 1  N    w  i    h  i  (   u  − i ) ≡ 0


  ⇒


    J  i − 𝛹


    u  i


    W  i


   h  i   : =   J  i − 𝛹


    u  − i


  𝛹 =   ∑  k ​    w  k   J  k


  𝛹 = 𝛹 +   ∑  k ​    w  k  h  k


  ⇐


    u  i


    ∑  k ​    w  k   J  k = 𝛹


  ▫


  N = 2


    w 1  h 1  (   u 2 ) = −   w 2  h 2  (   u 1 )


   (   u 1 ,   u 2 )


   h 1 ,  h 2


  N ≥ 3


   h  i


  X  ( t )


  𝜉  ( t )


  G N E  ( 𝛺 )


  S


    U  S  ( t )


    U ∗  ( t )


  w  ( t )


    U ∗  ( t )


  X  ( t + 1 )


    w  k  ( t )


    U  t : t + H


  𝛹


  G N E ∩ P a r e t o


    T  i n  ( t + 1 ) = a   T  i n  ( t ) + b     P h  ( t ) + c     T  o u t  ( t ) + q  ( t )


    P h


    T  o u t


  q


  𝜉


  E  ( t ) =   E  d a y  ( t ) + 𝜅 d  ( t )


  d ∈  [ 0 , 1 ]


    E  d a y ∈ 𝜉


  S o C  ( t + 1 ) = S o C  ( t ) +   𝜂  c   P  c  ( t ) −   P  d  ( t ) /   𝜂  d


  S o C ∈  [   s _ ,   s ¯ ]


    P  c ,   P  d ≥ 0


    P h +   P  l +   P  c −   P  d ≤   P max


  𝛺


    J  i


   ∇    u  i   u  j 2   J  i  ( U ) =  ∇    u  i   u  j 2   J  j  ( U )   ∀   i ≠ j ,   U ∈ 𝛺


   ∇    u  i   u  j 2   J  i


    J  i


  𝛹 =   J  g l o b a l


  𝛹


    J  i =   J  g l o b a l +  h  i  (   u  − i )


   h  i ≡ 0


  w  ( t )


  𝛹


    J  d


  𝑺


  t


  w  ( t )


  𝛹


    U  S =   U  𝛹


  { U ∈ 𝛺 :   J  i  ( U ) ≤   J  i  d }


  G N E  ( 𝛺 )


  G N E  ( 𝛺 ) ∩ P a r e t o  ( 𝛺 ) = ∅


  𝛥 P   =   𝜆 ·   L  D ·   𝜌   v 2 2


  𝜂   =     Q  B ·   Q  H


  F   =   ∑   (   B  i ·   C  f )   →   m i n


    𝜂 к   =   100   −    (   q 2   +     q 3   +     q 4 )


    q 2   =     K    (   t  в и х   −     t  п о в )    C O 2


  B   =     3600     Q к    Q н р       𝜂 к 100


  𝛥   V  р і к   =      (   B 1   −     B 2 )   ·   𝜏 1000


   Q h   =   φ   ·    Q n


  η ( φ )   =    η max   −   c   ·   ( φ   −    φ m ) ²


    V ̇ g   =      Q h   ·   3 . 6  η  ρ g   ·   LHV


   S g   =     Q ̄   η m   ·   LHV   ·   Δ t

