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Purpose. The article aims to provide practical recommendations for calculating
natural frequencies in axisymmetric shells using finite element methods. It focuses
on the need to develop a simplified model that can be used in any modern finite
element software package. The study analyzes the impact of the simplified homo-
geneous model on the deviation and error of natural frequencies compared to real
structures. Design / Method / Approach. The research is based on creating a
simplified shell geometry by determining parameters such as shell thickness and
density. These parameters are derived under the condition of equivalence in the
moment of inertia and mass of the cross-sectional element. These parameters can
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the simplified model. The deviations and errors in the calculated frequencies were
determined. It was demonstrated that the simplified model allows the calculation of
natural frequencies with a deviation of no more than 1% from the experimental
model, while significantly reducing computation time and the required computer
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element methods under limited computational resources. Practical Implications.
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forming modeling tasks in the mechanics of deformable solid bodies. Originality /
Value. The article presents an original analysis of a real case where a simplified
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Thin-walled shell structures are important structural elements in many engi-
neering fields. These structures are prone to resonance at their natural frequencies
under dynamic loads, making the task of determining the natural frequencies rel-
evant. This is particularly relevant when solving nonlinear dynamics problems. To
solve nonlinear dynamic problems, semi-analytical methods are most often used,
which involve low-dimensional analytical-numerical models with a small number
of degrees of freedom. Such approaches are presented in the works of (Popov at
al., 1998), (Jansen, 2002), (Amabili, 2008) and (Strozzi & Pellicano, 2013). The
use of the spectral element method (SEM) for determining the natural frequencies
in shells is presented in the work (Mukherjee at al., 2021). The simplification of
the problem by replacing the shell element with a beam element is presented in
the work of (Cela at al., 2000). When using the finite element method, the problem
is also solved using reduced-order elements (Rahman at al., 2011). However, the
analysis of transient processes based on finite elements is computationally expen-
sive. In the work of Dey and Ramachandra (Dey& Ramachandra, 2015) using the
example of a composite cylindrical shell under pulsating load, it was demonstrated
that it is not possible to obtain a solution to the problem using the finite element
method.

There is a contradiction between the resources available to the researcher and
the accurate development of the model for the part being studied in all finite ele-
ment numerical modeling packages (Abaqus, 2009; COMSOL, 2023; Hexagon,
2022). On one hand, the quality of the modeling and result itself depends heavily
on the number and quality parameters of the created finite elements. On the other
hand, computer resources in some cases happen to be insufficient for operations
with the matrices of the finite element model in case of complex geometry of the
part. This problem requires not only significant resources from the workstation
but also a lot of time to solve on condition that the model is built. Moreover, there
is a possibility that the problem cannot be solved with the tools and resources
available to the researcher. This is especially true for all tasks related to the calcu-
lation of natural frequencies of parts in the context of solid mechanics problems.
Such tasks are always resource-intensive and require a significant amount of com-
putational memory and time. A researcher without a sufficiently powerful work-
station always needs to find a compromise solution. This paper examines one such
approach, namely the use of a homogeneous model for parts with complex geom-
etry. The potential of this approach is demonstrated using the example of calcu-
lating the natural frequencies of a supersonic part of rocket engine nozzle, which
has many small cooling channels. A numerical comparison of the results obtained
for both the complex geometry of the part and the simplified one is performed.
Recommendations are provided for developing such homogeneous models for
problems involving the determination of natural frequencies of symmetric shell
structures.

Tasks and objectives

The objectives of the paper are to simplify the complexity of part’s geometry,
build a finite element model that enables creation of a high-quality model and
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further solution of the problem of determining the natural frequencies with the use
of lesser computational resources.

Materials and methods

The task of determining the natural frequencies of any part depends on the
distribution of mass and stiffness across the object under analysis. Therefore,
when developing an alternative model, the geometry is simplified while maintain-
ing the equivalence of the design's mass and stiffness. In this process, a homoge-
neous equivalent simplified model is used. This approach is not universal and is
implemented for axisymmetric shell structures with complex geometry. The stud-
ied shell is replaced with a simplified homogeneous model variant, which param-
eters are determined according to the following algorithm:

1. The geometry of the shell’s cross-section is analyzed, considering possible
variations in height. The symmetrically repeating part of the cross-section is iden-
tified.

2. The center of gravity of this part is located. If the geometry is complex, it
is replaced with a combination of simple geometric elements. For this cross-sec-
tion, its area and momentum of inertia are calculated.

3. The shell with a complex cross-section is replaced by a homogeneous
model, with its thickness and density determined based on the equivalence of the
momentum of inertia and mass.

This algorithm is demonstrated using the example of determining the natural
frequencies of a liquid rocket engine nozzle, which has a complex geometry of
small cooling channels. Main view of the nozzle is shown in Fig. 1.

J‘,’u

=

=

Figure 1 — Main view of the nozzle (Source: author)

This part has the following characteristics: it is a conical shell with a thickness
of 3 mm, diameters of 170.8 mm and 101.5 mm, and a height of 70.8 mm. The
number of nozzle’s cooling channels at the smaller diameter is N=100, with di-
mensions of 1.68%2.44 mm. These channels are symmetrically arranged with a
repeat angle of 3.60° around the circumference. At a height of 54.8 mm from the
base, the channels double in number. At the base diameter of the cone, the number
of channels is N=200, symmetrically arranged with a repeat angle of 1.80° around
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the circumference. The dimensions of these channels are 1.56x1.98 mm. It is ev-
ident that the symmetrically repeating part of the cross-section of the channel, in
the first approximation, resembles an I-beam. Thus, geometric parameters of this
I-beam, such as the area, center of gravity, and momentum of inertia, can be de-
termined. The homogeneous model represents a shell of constant thickness, the
value of which is determined by the condition that the momentum of inertia of the
symmetrically repeating part equals the momentum of inertia of a rectangle. The
base of this rectangle is equal to the base size of the I-beam. To satisfy the condi-
tion of mass invariance between the homogeneous model and the analyzed design,
we calculate the thickness of the rectangle under the condition that the area of the
rectangle equals the area of the I-beam.

The thicknesses determined by the conditions of momentum of inertia equal-
ity, 01, and area equality, OF, differ. To create an equivalent homogeneous model,
the material density of the homogeneous model is adjusted. The material density
of the analyzed geometry is reduced by a factor, which is the ratio of the thick-
nesses 01/ OF. The result of these operations is development of an equivalent ho-
mogeneous model with a constant thickness i and an adjusted density that meets
the condition of mass invariance. These parameters may vary according to the
height of the shell.

Results

To verify the correctness of the recommended approach, a numerical experi-
ment was conducted, and the results of the calculations for the real model were
compared with those for the homogeneous model developed according to the al-
gorithm. Figures 2 and 3 present the main view, finite element model, and model
elements for both the actual and homogeneous equivalent models. The homoge-
neous model features variable thickness and density. Up to a height of 16.0 mm
from the base of the conical shell, its thickness is 2.358 mm. Then, it linearly
decreases to 2.2 mm and remains constant. The density is adjusted by factors of
1.461 and 1.506 in the corresponding sections.

Figure 2 — Main view and finite element model of the experimental shell
(Source: author)
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Figure 3 — Main view and finite element model of the homogeneous model
(Source: author)

For comparison, the first 6 natural frequencies were calculated. The results of
the natural frequency values for the models for the 1st, 3rd, and Sth harmonics are
presented in Figures 4—6.

Homogeneous model

Experimental model

Figure 4 — Comparison of the values of the 1st harmonic for the experimental and
homogeneous models (Source: author)

Experimental model Homogeneous model

Figure 5 — Comparison of the values of the 3rd harmonic for the experimental and
homogeneous models (Source: author)

The frequency differences between each harmonic of the experimental and
homogeneous models are 1.23 Hz, 1.63 Hz, and 8.7 Hz, respectively. These values
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correspond to deviations in the natural frequencies of the models by 0.36%,
0.18%, and 0.93%, respectively. The error in determining the natural frequency
using the homogeneous model does not exceed 1% for all calculated natural fre-
quencies. All calculations were performed in the ANSYS system.

Experimental model Homogeneous model

Figure 6 — Comparison of the values of the Sth harmonic for the experimental and
homogeneous models (Source: author)

A comparison of parameters of the finite element models for the experimental
and homogeneous models, as well as the resources used, is presented in Table 1.

Table 1 — Comparison of resources used and parameters of the finite element
models in the experimental and homogeneous models (Source: author)

Parameters Experimental shell | Homogeneous shell

1. Number of nodes in the model 15327433 13320
2. Number of elements in the model 9829189 12960
3. Quality of the finite element mesh:

Element Quality 0.7842 0.8748

Aspect Ratio 1.965 1.6734

Jacobian Ratio 0.9624 0.9855
4. Memory resources used the solution 92.3 Gb 1.580 Gb
5. Size of the results file 6.624 Gb 10.5 Mb
6. Calculation time for the task 3720's 4s
Conclusions

The results of the comparative numerical modeling showed the following:

- when calculating the natural frequencies of axisymmetric shells with com-
plex geometry, it is advisable to use a homogeneous model. The homogeneous
model is a shell without channels, without elements of complex geometry, and has
a constant thickness in the cross-section.

- the simplification of the geometry of the experimental shell is achieved by
determining the parameters of the homogeneous model, which meet the require-
ments of equivalence of momentum of inertia and mass. The parameters of the
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model are the shell thickness and density. The equivalence condition defines the
variable thickness and density along the height of the homogeneous model.

- the obtained results showed that the deviation of the natural frequency of
the experimental model from that of the homogeneous model does not exceed 1%.

- the simplification of the model allows for calculations without using pow-
erful workstations. The number of nodes and elements in the model is reduced by
more than 1000 times, enabling the creation of a significantly higher-quality mesh
and reducing the computational error of the model. The use of computational re-
sources and the time for problem solution are also significantly reduced.
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VY cyyacHOMY CBiTi IpOHHM CTaJIM HE3aMiHHUMU IIOMIYHUKaMH1 B OaraTrbox ra-
Jy35IX, 3aBISKHA CBOIM BHHSATKOBUM MOXKIIMBOCTSIM Y 300pi IaHMX i MOHITOPHHTY.
VY CiIBCBKOMY TOCIIOApCTBI I TEXHOJIOTIT BUKOPHUCTOBYIOTHCS JUISl CIIOCTEpe-
JKCHHS 32 CTAHOM BpPOJKal0 Ta OONPHUCKYBAaHHS IMoJici. Y OymiBHHIITBI JPOHH aK-
THUBHO CIIPUSIOTH MPOBEAECHHIO TOMOTpadivHUX 3HOMOK, 1110 T03BOJISIE 3 TOYHICTIO
BHUMIpPIOBaTH 3eMeJbHI TUISHKH Ta IUTaHyBaTH OymiBenbHI poOoTu. BoHU Takox
BHUKOPHCTOBYIOTHCS IS cTBOpeHHS 3 D-Mozenelt OyaiBebHIX 00'€KTiB, IO JOTIO-
Marae MpOeKTYBaJIbHUKAM 1 apXiTeKTopaM CTBOPUTHU KiHIEBUH pe3ynbrar. Kpim
TOTO, IPOHHU 3a0€3MeUyI0Th KOHTPOJIb SKOCTI BUKOHAHUX POOIT, BUSABILIIOUH Bij-
XHWJICHHSI BiJ] IPOEKTHUX HOPM, 1110, B CBOIO YEPry, 3HW)KY€E BUTPATH Ta ITiABUIILY€E
etexruBHicTH poekTiB (Maghazei et al., 2021). Cxoke BUKOPHCTAaHHS MOYJIABE
B reoziesii (Pomenko, 2024).

B exormorii iX 3aCTOCOBYIOTH 7Sl MOHITOPHHTY SKOCTI IOBITPS Ta BOIH, CIIif-
KyBaHHS 3a IMKUMH TBAPUHAMH 1 OLIIHKU CTaHy €KOCHUCTEM 1 3MiH B HUX, TAKHX SIK
3a0pyaHEeHHS BOOH, BUpYyOKa JiciB. CUparounch Ha JOCBIJ €KOJOTi9HOTO MOHI-
TOPHMHTY Ta 3aCTOCOBYIOYHM HOBITHI TE€XHIUHI PO3pOOKH HEOOXiJHO BUKOPUCTATH
JIOCBIJ Ta MPOEKTYBAaTH MUTAHHS BEICHHS paIialliifHOTO0 MOHITOPHHTY Ha pajia-
LifHO-3a0pYAHEHUX TEPUTOPISAX 32 JOMOMOIOI OE3IIJIOTHOTO JIETAJIbHOIO ara-
pary IpoHy-I03UMETpA.

3aBasKkM CBOIW YHIBEPCAJIILHOCTI Ta 3[aTHOCTI MiJBHIIYBaTH €()EeKTHBHICTH
PI3HMX MPOLECiB, JPOHU MAIOTh BEIMYE3HUH TTOTEHIIAN JJIs TOAAIBIIOT0 PO3BH-
TKY Ta BIIPOBaJPKEHHS B HOBI chepH JisTIBHOCTI, 1110 POOUTS iX BaXKIIMBUM IHCTPY-
MEHTOM Y BUpIllIeHHi 6araThoX Cy4acHHMX BUKIUKIB. [XHS POk y MiABUIIEHH] IPO-
JYKTHBHOCTI Ta 3HW)KCHHI BUTPAT y 0ararbox rajy3six poOUTh iX He3aMiHHUMH B
YMOBaX, KOJI PECYypPCH CTAIOTh A€Aali OOMEXEHIIINMHU.

3apa3 pamiaiiiiiHuii MOHITOPUHT € KPUTHYHO BaXKJIMBOIO CKJIaIOBOIO 3a0e3Iie-
YeHHsI Oe31IeKN HaCeJICHHS Ta 3aXHUCTy HaBKOJIHMIIHBOTO cepenoBHIa. be3ninoTHi
mitaneHi anaparu (BITJIA) npencraisitoTh co00I0 MEPCHEKTUBHE PIillIEHHS, 10
JTO3BOJISIE 3/TIMCHIOBATH OTNEPATHBHUI MOHITOPUHT padialiiHOI 00CTaHOBKH, 3a-
0e3Mmeuyour TOCTYI 0 BAXKKOJOCTYIHUX 1 HEOC3MEYHHX 30H.

Bukopucranns BITJIA s pagianifHOTO MOHITOPUHTY BiJKPHBAE HOBI MOX-
JUBOCTI 711 300py JdaHWX, 1X aHamizy Ta 00poOku. OCHAIEHHS JAPOHIB Cydac-
HUMHU TIpUJIaJlaMM, 10 BHUSBISIOTH pajialiiiHe BUIPOMIHIOBaHHS, JIO3BOJIUTH
OTpUMYBaTH TOYHY iH(OpPMAIito PO PiBHI pajiamii, a TaKoXK BUSBIATH JKepesa
3abpyaneHHA. Lle, y CBOIO 4epry, JacTh 3MOTY NPHUHAMATH ONEPATHBHI pillICHHS
OO JIKBiJAIlii HACIIKIB pajialliifHUX 1HIIMACHTIB Ta TUIAHYBAaHHS 3aXOMiB IS
3arno0iranHs MONiOHUM CHTYaIlisM Y MallOyTHbOMY.

MeTa Ta 3aBgaHHA

MerTa 1aHOTO AOCTIKEHHS MOJISATAE Y CTBOPEHHI TEOPETUYHOT MOIeTi Oe31mi-
noTHoro sitansHoro anapary (BITJIA) ans papianiiiHOro MOHITOPHHTY, SIKHH 3a-
6e3meunTs TOYHUH Ta 6e3mednnii 30ip JaHuX 1o pamianiifHui GOoH y pi3HUX yMO-
BaX. Y KOHTEKCTI 3pOCTalOUMX PHU3HKIB, ITOB'SI3aHUX 13 SACPHUMH IHIUACHTAMHU,
TEXHOreHHUMH KaTacTpodamu Ta 3MiHaMH B HABKOJIMIIHBOMY CepeloBuIli, ede-
KTUBHUH pajialliiiHuii MOHITOPUHT € KPUTHYHO BAXKJIMBHUM JUISl 3aXUCTY 3/10POB's
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HACCJICHHS Ta 36ep€)}(eHHH HAaBKOJMIIHBOI'O CEpCAOBHUIIIA.
MeToponoria

TomoBHUM METOIOM JaHOTO MOCTiKEeHHs Oyina aHAJITHKA ICHYIOUNX APOHIB
Ta 1X eJeMeHTIiB (Ieraneil), sika mependayana JeTalbHE BUBUCHHS JTOCTYITHHX
KOMIIOHEHTIB, BUKOPHCTOBYBAaHHX Yy Cy9acHHUX OC3ITIOTHUX JITaJbHHUX amaparax.
Le# MeTox 103BOJIMB IPOBECTH MOPIBHAIBHUI aHaJi3 PI3HUX MOJeNel IPOHIB, iX
KOHCTPYKIIIHHAX €IEMEHTIB 1 TeXHIYHUX XapaKTEPUCTHK, 0 Mae BENHKE 3Ha-
YeHHs U1 oAaibiiol po3podku BITJIA st panianiiHOro MOHITOPHUHTY.

[Ipu mocmimKkeHHI pi3HOMaHITHUX JPOHIB Ta iX €JIeMEHTIB, TaKi K KapKacH,
MOTOPH, aKyMyJISITOPH Ta CUCTEMH HaBiranii, HaBeJeHuX Ha puc. 1. Ilpu noci-
JOKCHHI OCHOBHMM acIIeKTOM CTaJIO OIIHIOBAaHHS MaTrepialiB 3a IX Macolo, MaTe-
piayiom, MIIHICTIO Ta BIUIMBY Ha 3arajibHy MPOXYKTUBHICTh JIPOHIB Ta CIIPOMOX-
HICTB JUIS IEPEHOCY I0AATKOBOI (KOPUCHOT) Baru y BUIJISAIL TO3UMETPHYHHX NPH-
JamiB.

[icns 300py Ta cucTeMaTn3aii iHpopMAIIii Mpo iCHyroUi aeTali IpoHiB Oyna
3ailficHeHa cripo0ba 310paTy Mojenb Oe3MiIOTHOTO JITaJbHOIO anapary, o Bimo-
Bijana mocTaBiieHil 3ama4i. s moxens Oa3yBanacs Ha XapaKTCpUCTHKAX, SKi €
KPUTHYHO BOXJIMBUMH JUIsl €(DEKTMBHOTO BUKOHAHHS 3aBJaHb pajianiiHoOro Mo-
HITOPHHTY, TAaKUX K TOYHICTh, JUCTAHIIIIHE KepyBaHH:, HAIHHICTh Ta aBTOHOM-
HICTB.

TaknM 4MHOM, TOEAHAHHSA aHAIITHIHOTO IAXOAY 3 TEOPETUIHUM MOJEIIIO-
BaHHSM J03BOJMIO C(OPMYBATH YiTKE YSBJICHHS PO HEOOXi/IHI €JIEMEHTH APOHY
Ta IXHIO CYMICHICTB, 1[0 CTAHE OCHOBOIO JUIS MTOAAJIBIIOT pO3POOKH Ta BIOCKOHA-
JIeHHs1 O3MMUIOTHOTO JIITAIEHOTO araparty, 31aTHOTO BUKOHYBATH CIIeIU(IvHI 3a-
B/IaHHs B chepi pajialiifHOro MOHITOPUHTY.

O6rosopeHHsA Ta pe3ynbTaTtm

Po3MuBUBIIKCH ICHYIOUI JeTalli APOHIB MOMKIIMBO 3PO3YMITH, IO MOTPIOHO
miaOupaTH KOXKHY JIETallb OKPEMO.

Kapkacu IpoHIB MOXKYTh CYTTEBO BiJPI3HATHCS 33 Barok0 B 3aJISKHOCTI Bij
iXHBOTO PO3Mipy Ta BUKOPHCTOBYBaHUX MaTepialliB. BoHH BHTOTOBIAIOTECS 3 Pi-
3HUX MatepiaiB, sKi 320€3MeYyI0Th HEOOXiJHY MIl[HICTb, JETKICTh 1 JKOPCTKICTb.
[TnacTuk 9acTO BUKOPHCTOBYETHCS IS MAJIAX IPOHIB Yepe3 CBOIO JOCTYITHICTS 1
JIETKICTBh, aJIe BiH MEHII MIIIHNH Yy BHIIAAKY yaapiB. ByrmereBe BOIOKHO € ixeas-
HUM JUIs BUCOKOIIPOIYKTHBHUX MOJIENICH 3aBIsSKU CBOiM BiAMIHHIN MIIHOCTI Ta
JIETKOCTi. AJTFOMiHIN 3a3BHYail 3aCTOCOBYETHCS TSI CEPEAHIX 1 BEIMKUX JPOHIB,
3a0e3MeUy0Yr BUCOKY MIIIHICTh ITPH BiTHOCHO HEBEIIMKIN Ba3i, TOMI SIK METaJIeBi
CIUTAaBH, TaKi SK MarHii ab0 TUTaH, BUKOPUCTOBYIOTHCS Y BEIMKUX APOHAX IS
i ABHUIICHHS XKOPCTKOCTI. JesKi IPOHH TaKoK MOXKYTh MATH KOMITO3HUTHI KapKacH,
II0 MTOE€THYIOTh BJIACTUBOCTI Pi3HUX MarepiajliB, TaKHX K BYIJICIIEBE BOJIOKHO i
CIIOKCH/IHA CMOJIA, JUIS IOCATHEHHS JI0MaTKOBOT JIETKOCTI Ta MIIIHOCTI.

Mauti ipoHU 3a3BUYai MalOTh KapKac, Bara sIKoro koiuBaeTbes Big 30 go 200



18 Challenges and Issues of Modern Science, 3 (2024)

rpamiB, BUTOTOBJICHHX 3 JIETKUX MaTepiaiiB, TAKUX SIK IIJIACTHK a00 ByIJIeLeBe BO-
nokHo. CeperHi 32 po3MipaMu APOHU MalOTh Kapkacu Baroro Bix 500 rpamis 1o 2
KT, SIKi MOXKYTh OyTH BUTOTOBJICHI 3 OUIBII MIITHUX MaTepiaiiB, TAKHX SIK aJIIOMi-
Hill. Bemuki ApoHN MaroTh KapKacH Baroro Bix 2 1o 10 Kr, 10 BUTOTOBJISIOTECS 3
MeTaJeBUX CIUIaBiB a00 BYIVICLIEBOTO BOJIOKHA JJI 3a0e31edeHHs] BUCOKOT MiITHO-
CTi.

L]

X

ABurynu KowTponnep nonboty barapes MNepenasay Mpuimay GPS-mopynb CeHcopu Jozumetp
/ !"F _‘ g !

Pucynox 1 — 3aranbHa cxema kommiexktyBanHs BILJIA 3 nogaBanHsiM 103uMeTpy
(Ixepeso: CTBOpeHO aBTOpaMHu)

AKyMyISTOPH TaKOXK MafOTh Pi3HY Bary B 3aJIKHOCTI BiJI IX THITY 1 €MHOCTI.
Haiinommpenimunmu € nitid-nonimepsi (LiPo) akymynstopu, siki BiI3HaUarOThCsI
BHCOKOIO €HEPreTHYHOIO IIUIBHICTIO, JIETKICTIO T4 MOMKIIMBICTIO 3aps/KATUCS JI0
BesinKoi eMHOCTI. CepenHs Bara Takux akyMyJISITOPIB JIJIsl MAJIUX JIPOHIB KOJIMBa-
etbes Big 50 mo 300 rpamiB, Toxi K IS cepeHix Bara Moxe ctanoButH 400-800
rpamiB. Jlitiit-ionHi (Li-ion) akymyssiTOpy MatoTh JOBIIM LIMKJI )KUTTS, ajie ya-
CTO € BaKYUMHU — IXHS Bara Moxe Oytu B Mexxkax 200-600 rpamiB mis Mamux i
600-1200 rpamiB ajist cepeHix ApoHiB. JlesKi BeluKi IpOHH MOXYTh OCHAIIyBa-
THUCS CBUHIICBO-KICIIOTHIMH aKyMYIIATOPAMHU, SIKi € 0L BayKKuMH (1-3 kr), ane
HaJIHHUMHM Ta ICIICBUMHE, X04 1 MAIOTh HI)KYY CHEPTEeTUYHY MiCTKICTh.

Yac pobotu IpoHIB BU3HAYAETHCS EMHICTIO aKyMyJIsATOpiB. Mani npoHH 3a-
3BMYail MalOTh CepeHiil yac poOoTH 6:113bko 5-20 XBUIIMH, 10 3yMOBIIEHO O0OMe-
JKEHUM PO3MIPOM Ta BUXOASYH 3 IIbOTO MAJIMMU Ta JIETKUMH akymyissitopamu. Ce-
penHi 1poHu MOXyTh mparioBaT 20-30 XBUIMH, B TOH 9ac SK BEJIHKI IPOHH, 3a-
JIXKHO B1Jl KOHCTPYKIIi Ta MpU3HAYEeHHs, MOXYTh MaTH 4ac podoru Bij 30 1o 60
XBHJIMH a00 HaABIiTh OLIbIIE B AEIKUX BUAMAIKAX.

Bara mxe 3i0paHuX APOHIB BapifO€THCS B 3aJE€KHOCTI BifJ iX po3mipy. s
MaJliX JAPOHiB, sKi 3a3BM4ai Baxathb 10 500 rpamiB, cepeHs Bara CTaHOBUTH OJU-
3pK0. CepeHi APOHH, Bara SIKUX KONHUBAETHCA BT 1 10 5 KT, MarOTh CepeHIO Bary
6nm3bpKo 2 KT Benuki ApoHH, 3a3BU4ail IEPEeBUILIYIOTH 5 KT Ta BUKOPUCTOBYIOThCS
B IPOQECIHHNX IIIAX, MOXKYTh BOXKUTH IPUOIU3HO Bix 6 10 15 k.
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OnHak 3BaXKalouW Ha Hally MeTy HeoOXiJHO mifiOpary me i J03UMeTpH 3
neBHOIO Baroio. CepeqHs Bara MOPTaTUBHHUX MPOQeciiiHUX TO3MMETpiB Bapito-
€TBHCS B 3QJICKHOCTI Bl MoJieni Ta (DYHKIIH, aje 3a3BU4ail CTAaHOBUTH NPUOIN3HO
Big 150 mo 500 rpamis. Jlermi mozmedi, Mpu3HAYEH] IS MIBHIKOTO MOHITOPHHTY,
MOXYTb BaXHUTH 0513bK0 150-250 rpamiB, Tozi sk O1IbII cKJIaHI Ta GyHKIIOHA-
JIBHI IPUCTPOT, SKi BKITIOYAIOTH TOAATKOBI TaTYUKN a00 MOXKIIMBOCTI 00poOKH ma-
HUX, MOXyTh Baxutd Big 300 mo 500 rpamiB. Bubip mo3mmerpa 3aleXuTh Bifg
KOHKPETHUX BUMOT KOPHCTYyBaya, BKJIIOYAIOYH TOYHICTh Ta Yy TJIUBICTS.

PosmsHyBIIHN pe3ynpTaTd 310paHuX JaHUX OyIo CTBOPEHO PHUCYHOK 2 OJIOK-
cxeMy 30ipKH IpOHY-T03UMETPY.

Busnagaemo macy 30ipku aist TpukonrTepa. Kapkac BUKOPHCTOBYIOTECS Ba-
roto 160 rpamis, Tpu jonari OyayTs Baxxutd 30 rpamiB, KOHTPOJIEp MOJBOTY Ta
ce”copu (bapometp, akcenepometp, ripockon ta GPS-momyns) Baxuts 40 rpa-
MiB. Moay:b 3B’s13ky 20 rpamiB, Oarapes mitiii-noaiMepHa 200 rpam. /lozumerp
90 rpam. Bara Takoro tpukontepa Oyne ckmamgaté 540 rpamiB. MOXJIHBICTE TiA-
oMy Takoro amapaty ckiaaae 10 100 rpam gomatkoBoi (kopucHoi) Baru. Haiine-
TIIi TIOPTaTUBHI M03UMeTpH MaroTh Bary 120-180 rpamiB, TOOTO TpHUKONITEpU HE
MOXYTb OyTh BUKOPUCTaHI [UIsl IEPEHECEHHsI J0IaTKOBOTO O0OJIaIHAHHSI.

30ipka Macu g kBagpokontepa. Kapkac Baroro 197 rpam, 9otupu nonari —
40 rpam. KoHTposep monboTy Ta ceHcopu (0apoMeTp, akcelIepoMeTp, TipOCKOI Ta
GPS-momynp) BaxuTh 65 rpamiB. Momyis 3B’ 3Ky 3 OUTBIION0 JanbHICTIO mii 30
rpamiB, Oarapest JiTili-ioHHa 3 yacoM poOOTH Onu3bKo 25 XBUIMH BaxuTh 300
rpam. Josumetp 150 rpam. Maca gpony 6yz[e 782 rpama. Takuii JIPOH MO3KE T1e-
PEHOCHTH JIO3UMETPH 3 Baroto 10 1 KI, Taki K OPTaTUBHUMI, 1HIUBITyanbHINA a00
o0y TOBHUIT TO3UMETD.

Taoauus 1 — 3BeaeHi 1ani MacH eJieMeHTIB Ta caMUX anapaTiB
(Ixepeno: CTBOpeHO aBTOPaMH)

Ha3sga esiemeHTy Tpuxontep | KBaapoxontep | I'ekcaxontep
Kapxac, rpam 160 197 550
Jlomari, rpam 30 40 144
Konrponep nonsory , rpam 20 25 36
Cencopu, rpam 20 40 70
Monyni 3B’513Ky, , TpaM 20 30 50
Barapes, rpam 200 300 2500
Jlo3umeTp, rpam 90 150 180
CymapHa maca, rpam 540 782 3530
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Buznagaemo macy rekcaxonrepa. MinHui Ta BENMKUH Kapkac Baroto 550
rpaMiB, Ha SKUH TPUKPIIDTIOIOTH IIiCTh Jomareit ki OymyTh Bakutu 144 rpama.
KonTposep nonmsoty Ta yci HeoOxinHi cencopu — 106 rpam. Monyins 3B’s13Ky Ta
AHTEHA, SIKa TO3BOJIMTH KePyBaHHS JAPOHOM 3 BiJICTaHI OJM3BKO 5 KUTOMETpiB Ma-
TUMyTh Bary 50 rpamis. Jlitili-ioHHa Oarapest 3 yacoM poOOTH OJIM3BKO TOAWHU
BakuTh 2500 rpam. Hozumerp Oyne matume Bary y 180 rpamis. Bara Takoro ama-
pary 6yzne 3530 rpamiB. Takuii amapaT MoXKe HECTH JOAATKOBY Bary 10 5 KT, IIIO B
CBOIO YepTy JI03BOJISIE MEPEHOCUTH NPO(ECiiiHi JO3UMETPH 3 JONATKOBOIO KaMe-
poro mns ikcyBaHHS BuMipuB. CymMapHa Maca eIeMEHTIB APOHIB Ta HUX CaMUX
HaBejeHa B Tabumi 1.

3 ypaxyBaHHAM Cy4acHHX IOCATHCHb Y TEXHOJIOTIi IPOHIB i PO3BUTKY pajio-
MeTpii, CTBOPEHHs OE3MMIIOTHOTO JITAJIBHOTO anapary JJIsl pajxianiiiHoro MOHITO-
PHHTY, BUITIAAAE IUIKOM MOMJIMBHUM 1 IIEPCHEKTUBHUM HarpsiMoM. OHAK TaKuH
JpoH Oyze noTpeOyBaTu CTBOPEHHS BiJIIOBITHOTO anaparHoro 3ade3nedyenHs (Ca-
BUeHKO et al., 2024). Hapasi Bxe iCHYIOTh APOHU SIKi MOXKYTB JITATH 32 BH3HAYC-
HuM MapuipytoM (IToceicrak & MipomHquHKo 2024), onHak noTpiOHO Oyne
3poOuTH TakK, 100 JPOH p06I/IB 3aMipH aBTOMAaTHYHO, IO Oy/e moTpedyBaTu Horo
3aBUCaHHS Ha opHOMY Micii. CydacHi JpOHH 3a6e3neqy10T1, BUCOKY MaHeBpe-
HICTB, 3/1aTHICTh IPAIIOBATH B CKJIAIHNX YMOBaX 1 34ICHIOBATH TPHUBAJIi MOIBOTH,
10 POOUTH IX iNeaJbHUMH Il BUKOHAHHS 3aBJIaHb 3 MOHITOPUHTY pajialliiHOi
00CTaHOBKHM Ha BEIMKUX TEPUTOPIAX. [HTEerpamis JI03UMETPY- -pamiomerpy Y KOHC-
prKHlIO JIPOHa JI03BOIHUTH OTEPATHBHO OTPHMYBATH JlaHi Tpo piBHI pajgiauii B
PI3HMX TOUYKaX, [I0 3HAYHO ITiABHIINTH CPEKTUBHICTH MOHITOPUHTY Ta 3MEHIINTH
PH3HKHU IS JIIONCHKOTO JKUTTS. JIpOH-103MMETp 3MOKe BUKOHYBATH (YyHKIIi BU-
SBJICHHS pajiallifHUX 3arpo3, 300py AaHWX AJIS MTOAAJBLIOTO aHANI3y Ta peary-
BaHHS Ha IOTEHIIHHI aBapiiiHi cuTyallii, 110 pOOUTH HOTo BaXKIIMBUM iHCTPYMEH-
TOM y cepi OXOPOHH HABKOJIHUIIIHBOTO CEPEOBHUIIA Ta 3a0e3MeUeHHS paialliitHO1
6e3mnexu.

BucHoOBKM

1. B monepenHix qociimKeHHSX OyII0 3aIpOITIOHOBAHO MPOBOAUTH paiariii-
HUI MOHITOPHMHT pajialiiiHO-3a0pyJHEHHX TEPUTOPIiil 32 paXyHOK JUCTaHIIHHO
KepoBaHWX HaseMmHuX amapariB ([Tumunenko et al., 2023a; [Tmiumenko et al,
2023b).

2. Buxopsuu 3 JOCHiKEHb TPOBEICHUX B CTATTI HABEICHUX B OJOK-CXEMU
30ipKH APOHY-J03UMETPY TPUKOINITEPU Ta YACTHHA KBAJAPAKONITEPIB HE IMiIXOIUThH
JUTS TISPEHECCHHS TOAAaTKOBOTO 00NIalHAHH Baroro Oureir Hixk 500 rpam. Tpuxko-
NTEPH 3a3BHYail BUKOPUCTOBYFOTHCS JIMIIE B PO3BAKAIBHUX IIUIAX TA HECYTh Bary
He Oinprre 100 rpaM, a OiTbIa YacTUHA KBAAPOKOIITEPIB JIUIIE ISl BiIe0-3HOMKH
Ta 3/1aTHI TIEPEHOCUTH B cepenHboMy He Oinmbime 500 rpam, omHaK AesKi Mozerni
SIKi HAOJMIKAFOTHCS PO3MipaMHU J0 BETHUKUX JIPOHIB MAIOTh 3MOTY HECTH Bary 1o 1
Kizorpama. Hali0inpmn HOIUIBHUM € BUKOPHCTAHHS TeKCOKOINTEPIB, SIKi MOXYTh
HECTH Ha 001 BEJIMKHIA KOPUCHUI BAaHTAX JI0 5 KLIOrpaM Ta MarOTh JOCUTh BEJIH-
Kuii yac poboTtu. Ha Takuii amapat MoxIJIMBO Oyjie BCTAaHOBUTH NpodeciiHuit 10-
3UMETP Ta JOAATKOBY Kamepy A (piKCyBaHHS BUMIPHUB.
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3. Jlnsg momanbIMX JOCTIJKEHb aBTOPH IUIAHYIOTh 3pOOUTH 30ipKy ApOHY-
JO3UMETPY 3 OKPEMUX €JIEMEHTIB, yTOYHHUTH MEPEeNiK [UX eJICMEHTIB, BUSHAYUTH
(baxTHuHy Bary 30ipKH Ta BUTOTYBATH JIOCIITHUN €K3EMILISIP IPOHY-T03UMETPY 3
HOJaIbIINM HOTOo HaTypHUM BUIIPOOYBAaHHAM B IIOJbOBUX YMOBaX.
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Rocket engines continue to develop rapidly, with one of the main objectives
being the creation of efficient and safe systems for delivering the payload to pre-
cisely defined coordinates. Three main types of engines are used for modern mil-
itary missions: solid-fuel, liquid-fuel, and hybrid rocket engines, which combine
a liquid oxidizer with solid fuel. Each of these systems has distinct advantages and
disadvantages, and the selection of one or another solution depends on the specific
tasks at hand, balancing these factors (Glaser et al., 2023).

One of the leading areas of development in rocket technology for military
purposes has been multiple launch rocket systems (MLRS) and precision-guided
missile weapons. Multiple launch rocket systems are a type of artillery weapon
that uses munitions with rocket propulsion. MLRS are designed to deliver mass
strikes against area targets. The history of MLRS began in the 20th century with
the development of technologies, and to this day, this weapon has undergone sig-
nificant evolution. The idea of using rocket shells for salvo fire originated in the
interwar period of the 1930s. The pioneers in the creation of the first rocket sys-
tems were the Soviet Union and Germany. Initial developments focused on creat-
ing rocket fuel and studying the possibilities of launching rockets over long dis-
tances (Krepinevich, 2023).

One of the key achievements of Soviet engineering was the creation of the
RS-82 and RS-132 rocket shells, designed for installation on aircraft and tested in
1937. These were small rockets that used solid fuel and could strike both ground
and air targets. In Germany, the possibility of using rocket shells to create weapons
capable of attacking the enemy over large areas was also explored. This research
led to the creation of the Nebelwerfer mortars, which became an important step in
the development of rocket artillery. The tests showed that such shells had the po-
tential for use in salvo fire, as they could cover a significant area through multiple
launches. This led to the idea of developing more powerful multiple launch rocket
systems for use in field conditions (Bailey, 2003).

The Soviet command saw this as a way to suppress large concentrations of
enemy manpower and equipment. The goal was set to create a mobile system ca-
pable of striking targets at significant distances and characterized by high deploy-
ment speed. It was during this period that the concept of the MLRS was born—a
multiple-launch weapon capable of covering large areas through the simultaneous
launch of dozens of rockets. By the early 1940s, the famous Soviet BM-13 system,
later named "Katyusha," was developed (Prenatt, 2018). The first combat opera-
tion of the BM-13 ("Katyusha") systems took place on July 14, 1941, near the city
of Orsha in Belarus, just a few weeks after the start of the German-Soviet War.
During the attack, a Soviet battery under the command of Captain Ivan Flerov
struck a German crossing over the Orshitsa River. The powerful salvo came as a
surprise to the Germans: in less than a minute, the rockets caused significant dam-
age to the enemy, destroying artillery positions, ammunition, and equipment at the
crossing. This strike demonstrated the potential of the "Katyushas" as a means to
deliver powerful firepower against troop concentrations and fortifications
(Strong & Marble, 2011).

After the successful use of Katyushas during World War II, multiple launch
rocket systems (MLRS) continued to evolve and gain widespread adoption around
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the world. This development included improvements in mobility, accuracy, range,
as well as integration with modern information and navigation systems
(Campbell, 2020).

Purpose

The purpose of this article is to analyze the evolution of multiple launch
rocket systems, specifically the HIMARS system, as well as to study the technical
advantages of multiple launch rocket systems and their impact on combat tactics.
The article explores how advancements in accuracy and mobility affect the dy-
namics of combat, as well as considering the prospects for further development of
multiple launch rocket system technologies. The implementation of GPS signifi-
cantly enhances the effectiveness of multiple launch rocket systems by improving
accuracy, mobility, and the ability to carry out highly accurate strikes. This, in
turn, alters tactical approaches in modern warfare, allowing for the destruction of
strategic targets with minimal losses.

Data and Methods

The research is based on open sources of information, including official mil-
itary reports, news about the use of HIMARS in combat conditions, and publica-
tions on multiple launch rocket systems. Additionally, articles from scientific jour-
nals, technical documents, and studies related to the development and use of
HIMARS are also utilized. In particular, the following methods were used:

1. Comparative Analysis. This method was used to compare HIMARS with
other multiple launch rocket systems, evaluating differences in terms of accuracy,
range, mobility, and adaptability.

2. Tactical Evaluation. A detailed analysis of how the introduction of HIM-
ARS has impacted combat strategies, focusing on real-world examples and case
studies from military operations.

3. Effectiveness Assessment. The effectiveness of precision strikes was as-
sessed by examining the precision, speed, and impact of multiple launch rocket
systems in various combat scenarios, using available data and reports on its use in
military engagements.

4. Literature Review. A review of open-source publications, technical docu-
ments, and scientific research on the development, deployment, and operational
use of HIMARS and similar systems in combat.

5. Data Synthesis. Data gathered from military reports, news articles, and
technical studies were synthesized to draw conclusions about the strategic and
operational implications of multiple launch rocket systems in modern warfare.

Description of the MLRS system design

After World War II, multiple launch rocket systems continued to develop in
the Soviet Union and other countries. The focus was primarily on improving the
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mobility and power of the systems. The Soviet Union continued to refine the BM-
13 system ("Katyusha"), developing new versions with improved accuracy and
range. During this period, MLRS such as the BM-21 "Grad" (developed in 1960)
emerged, becoming the cornerstone of Soviet artillery for many years and being
used in numerous local conflicts. In the United States, the Multiple Launch Rocket
System (MLRS) was developed, which would later become the foundation of
American rocket artillery.

The BM-21 "Grad" is a Soviet-era multiple rocket launcher system (MRLS)
designed for artillery support and capable of delivering heavy firepower over a
large area. It was introduced in 1963 and became one of the most widely used
rocket artillery systems in the world. Its design is based on simplicity, ruggedness,
and effective firepower, making it highly suitable for both offensive and defensive
operations (Nistorescu, 2024).

The BM-21 is mounted on a Ural-375D or Ural-4320 6x6 truck chassis,
providing the system with a mobile platform for rapid deployment and relocation.
The truck has a special platform to mount the launcher frame, which is capable of
holding 40 rocket tubes. The launcher system is designed to fire rockets in a rapid
salvo, creating a saturation effect over a large area.

The BM-21 fires the 122mm Grad rockets, which are available in a variety of
configurations, including high-explosive fragmentation (HE-FRAG), incendiary,
and smoke rockets, as well as chemical and cluster munitions. The rockets are
designed to be inexpensive to produce and easy to maintain, making the system
an attractive option for both state military forces and irregular armed groups. The
range of the rockets is typically between 20 and 40 kilometers, depending on the
type of warhead and the trajectory (Campbell, 2020).

The system uses a simple yet effective fire control system, with fire adjust-
ments made manually or using basic targeting information from reconnaissance
units or forward observers. The BM-21 does not have advanced guidance or tar-
geting systems but relies on its firepower and the volume of rockets launched to
saturate target areas. It can fire all 40 rockets within a few seconds, creating an
intense impact on enemy forces or infrastructure (Dantis, 2023).

The BM-21 is highly mobile and can be rapidly deployed or relocated. The
system can be set up and fired in minutes and is effective in both open and
mountainous terrain. However, it requires a relatively large crew and logistical
support for operations, including the transportation of ammunition and fuel.

The early development of MLRS systems was largely initiated during the
Cold War by the United States, with the M270 MLRS being one of the first mod-
ern systems to represent the capabilities of rocket artillery in the 1980s. However,
the earliest MLRS designs were heavily influenced by the lessons learned from
earlier rocket artillery systems like the BM-21 and Soviet-era Katyusha systems
(Gady & Kofman, 2023).

The M270 MLRS is a tracked system mounted on the M2/M3 Bradley Infan-
try Fighting Vehicle chassis, providing high mobility, armor protection, and cross-
country capabilities. The system features a 12-tube launcher capable of firing
227mm rockets, providing a much larger payload than the BM-21.

The M270 is capable of launching both guided and unguided rockets,
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including GMLRS (Guided Multiple Launch Rocket System) rockets, which have
arange of up to 70 kilometers and can deliver highly accurate strikes. The system
is also capable of firing ATACMS missiles, which have a much longer range, up
to 300 kilometers, depending on the variant. The use of precision-guided rockets
greatly improves accuracy and reduces collateral damage compared to earlier sys-
tems like the BM-21 (Strong & Marble, 2011).

The M270 MLRS is equipped with an advanced fire control system, including
GPS guidance for precise targeting. It can quickly fire rockets at pre-determined
targets with minimal crew involvement. The system can fire rockets in rapid suc-
cession, with a full salvo of 12 rockets being launched within 30 seconds. The
crew typically consists of three personnel: the driver, gunner, and crew chief
(Harrison & Evans 2019).

The M270 is designed for fast mobility and can be deployed in various ter-
rains, including forests, mountains, and urban environments. It has a robust ar-
mored hull, providing protection from small arms fire and shrapnel. It is also ca-
pable of quickly relocating after firing to avoid counterattacks. The comparison
of these two systems is presented in Table 1 (Pomper & Tuganov, 2023).

Table 1 — Comparison of BM-21 and Early MLRS (Source: Qian & Chen, 2022)

Feature BM-21 "Grad" Early MLRS (M270)
Launch Platform 6x6 truck chassis Tracked M2/M3 Bradley chassis
Rocket Type 122mm Grad rockets 227mm rockets, GMLRS, ATACMS
Firing Capacity 40 rockets 12 rockets
Range 20-40 km 70 km (GMLRS), 300 km (ATACMS)
Accuracy Low (unguided) High (guided and unguided)

Fire Control System Manual/Basic Advanced (GPS, computerized)
Mobility High, off-road capable High, but tracked
Protection No armor Armored for crew protection
Deployment Time 3-5 minutes 3-5 minutes

If we analyze the presented characteristics, we can observe the next step in
the development of multiple launch rocket systems, which will guide their im-
provement in the coming years — the implementation of positioning and orienta-
tion systems to enhance the accuracy of the rocket launcher.

MLRS Operation Process with GPS

The integration of the MLRS with GPS significantly enhances the accuracy,
efficiency, and effectiveness of the system. The GPS system enables precise tar-
geting, real-time navigation adjustments, and optimized mission execution. Below
is a detailed breakdown of how the MLRS operates in conjunction with GPS:

1. System Initialization and Pre-launch: The MLRS system is positioned, and
GPS is initialized to track the system’s position. Target coordinates are entered,
and the GPS provides real-time updates to optimize the firing solution.

2. Firing Process: The fire control system calculates the launch parameters
using GPS data. Guided rockets (such as GMLRS) receive midcourse guidance
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via GPS to adjust their trajectory for precise targeting.

3. Post-launch Operations: Real-time feedback from the GPS system helps to
evaluate the effectiveness of the strike. The system may reposition itself, with GPS
aiding in accurate navigation.

4. Coordination and Communication: GPS data is integrated with command-
and-control systems for effective coordination with other units. MLRS systems
deliver coordinated strikes, with GPS ensuring synchronization and precision.

5. Post-mission Data and Analysis: GPS data is logged and used for after-
action analysis to improve future missions.

By the time GPS was first used in multiple launch rocket systems and high-
precision missile weaponry in the 1990s, satellite positioning systems began to
actively develop in several countries, including the USA and the USSR, and later
in other countries. Here are the key points regarding the use of satellite systems in
these countries.

The United States began deploying the global positioning system (GPS) in
1978. It became fully operational by 1995 when the number of satellites in the
orbital constellation reached the necessary level for global coverage. Multiple
launch rocket systems (MLRS) started using GPS to improve accuracy in the
1990s. Specifically, the GMLRS (Guided Multiple Launch Rocket System), part
of the MLRS, uses GPS for precise targeting.

The Soviet Union (USSR) started developing the GLONASS satellite navi-
gation system in 1976. The first satellites were launched into orbit in 1982, and
by the early 1990s, GLONASS became operational within the USSR. Russia used
GLONASS in precision-guided missile systems and multiple launch rocket sys-
tems, such as the Tochka-U tactical missile system and the Smerch, although GPS
was also used in some cases to enhance accuracy.

China began developing its BeiDou satellite navigation system in the 2000s.
Initially, the system used satellites with regional coverage, but by the 2010s, it
began evolving into a global network. China integrated BeiDou into its precision-
guided systems and high-precision artillery. Multiple launch rocket systems, such
as the A-100, and medium-range missiles began using this navigation system to
improve targeting accuracy.

The European Union started developing its Galileo satellite navigation sys-
tem in the 2000s, with plans to achieve full coverage by 2020. Despite the later
launch, EU countries began integrating Galileo into their precision-guided wea-
ponry and artillery in the 2010s. Countries such as Germany, the United Kingdom,
and France used GPS and later Galileo in their systems, such as the Mars II.

India developed its regional satellite navigation system IRNSS (NavIC) in the
2000s. The system became operational in 2016, and its use in military applications
has significantly increased since then. India began integrating NavIC into its sys-
tems, including artillery and missiles, to improve targeting accuracy in systems
such as the Pinaka (Plessis, 2023). Thus, satellite positioning systems have be-
come a key element in enhancing the accuracy and effectiveness of multiple
launch rocket systems and precision-guided missile weapons in many countries.



Challenges and Issues of Modern Science, 3 (2024) 29

Limitations and challenges

While Multiple Launch Rocket Systems offer significant advantages in terms
of firepower, range, and the ability to deliver a large volume of rockets on target
quickly, they also face several limitations and challenges. These challenges can
affect the operational effectiveness, strategic use, and overall success of MLRS in
various military operations. One of the key limitations of early MLRS was the
lack of precision targeting. In conventional MLRS systems, rockets were typically
unguided, relying on the accuracy of the launcher’s position and fire control sys-
tem. While the development of guided rockets (such as GMLRS) has significantly
improved accuracy, even modern systems can still experience challenges with tar-
geting precision under certain conditions, especially in complex terrains or ad-
verse weather conditions. Even guided rockets can face issues related to GPS jam-
ming or interference, which can degrade their targeting ability. When operating in
environments where GPS signals are obstructed or spoofed, MLRS can lose its
accuracy, leading to the potential for collateral damage or mission failure.

MLRS, like all artillery and rocket systems, are susceptible to countermeas-
ures that can diminish their effectiveness. These countermeasures include radar
jamming, electronic warfare, and the deployment of anti-artillery systems such as
counter-battery radars and interceptors designed to neutralize incoming rockets.
The cost of purchasing, operating, and maintaining MLRS platforms can be pro-
hibitively high for some countries. Modern systems like the M270 or M142 HIM-
ARS, along with their guided rocket munitions, require significant investment in
both hardware and operational costs. Additionally, the maintenance of these sys-
tems, especially the advanced electronics, fire control systems, and complex
rocket launchers, requires a high level of technical expertise (Plessis, 2023).

The operational effectiveness of MLRS can be heavily influenced by envi-
ronmental conditions, such as extreme weather (e.g., rain, snow, or extreme heat),
and the nature of the terrain. Harsh weather can affect the guidance systems of
rockets, the accuracy of fire control systems, and the comfort and functionality of
the crew operating the system (Hill, 2021). Despite the impressive range of mod-
ern MLRS, there are still constraints related to the maximum effective range of
the rockets. The maximum firing range for systems like the GMLRS is typically
around 70-90 kilometers, but this range may be insufficient for some tactical sit-
uations, particularly when engaging distant targets. The performance of rockets
can also vary depending on the type of warhead or payload used, and their effec-
tiveness can be diminished in specific target environments, such as heavily forti-
fied positions or protected targets. The need to deploy a large number of rockets
to ensure target destruction can increase the logistical burden and limit the effec-
tiveness of MLRS in prolonged engagements (Russo, 2018).

The concept of separating the solid-fuel casing

One of the main problems limiting the range and accuracy of missile flight in
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multiple launch rocket systems is the weight of the missile, caused by the use of
a heavy solid-fuel casing and large dimensions. When the missile begins its flight,
the solid fuel in the engine burns off, but the mass and size of the missile, including
the casing, remain significant, creating additional air resistance and reducing the
flight range. Moreover, after the solid fuel is exhausted, the control of the rocket
completely depends on the gas-dynamic rudder system. However, due to the large
size of the rocket's body, the effectiveness of this control system is limited, as well
as the possibility of precise targeting.

To solve this problem, a concept has been proposed that involves separating
the solid-fuel casing of the missile after the main fuel burns out, leaving only the
warhead and guidance system for further flight.

After the fuel burns out, a specially designed mechanism separates the mis-
sile's casing, which can be ejected using pyrotechnic charges or mechanical grips.
This allows for the removal of mass that no longer serves any functional purpose,
reducing the missile's size and significantly decreasing air resistance.

The separation of the heavy casing after the fuel burns out immediately re-
duces the overall mass of the missile. The reduced length lowers aerodynamic
drag, allowing the missile to achieve greater flight range. This technique also re-
duces the need for additional control and stabilization systems, as the remaining
part of the missile has smaller dimensions and weight.

After the separation of the solid-fuel casing, the missile continues its flight
with high manoeuvrability, as its gas-dynamic control system operates more effi-
ciently with reduced resistance. This improves guidance accuracy and enables the
missile to reach its target more precisely at long distances.

Analysis of current systems using the example of
HIMARS evolution

The development of HIMARS began in the mid-1980s when Loral Vought
Systems started exploring the possibility of creating a highly mobile rocket artil-
lery system capable of air transport. In 1990, the U.S. Army articulated the re-
quirements for a lightweight version of the Multiple Launch Rocket System, lead-
ing to the creation of the HIMARS prototype, which was first demonstrated in
1994. In early 1996, Lockheed Martin received a contract to assemble prototypes
of HIMARS, which underwent testing in 1998. The system was certified for use
by the military in 2005, and the first unit to receive HIMARS became part of the
XVIII Airborne Corps of the United States.

HIMARS was first used in combat in 2010 during operations in Afghanistan.
Since then, the system has been actively employed in various conflicts, including
the wars in Iraq and Syria.

Since the early 2020s, HIMARS have been delivered to Ukraine as part of
military assistance from the United States. This event has attracted the attention
of the international community and marked a significant milestone in equipping
the Ukrainian armed forces with modern weaponry. It is suggested to consider
several generations of this type of missile (Krepinevich, 2023).
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M-26 Rocket

The M-26 Basic Rocket is a widely used ammunition type for Multiple
Launch Rocket Systems (MLRS) today. This free-flight, single-stage solid pro-
pellant rocket is capable of delivering conventional munitions to ranges between
ten kilometers and thirty-two and a half kilometers. The M-26 functions as a high-
volume area fire weapon system, making it effective against personnel and lightly
armored targets. Due to its large impact area, it should not be fired within two
kilometers of friendly troops, except in extreme situations.

The M-26 rocket carries 644 Dual Purpose Improved Conventional Muni-
tions (DPICM) submunitions, which are known to have a tendency to malfunction.
Tactical maneuver plans must account for movement restrictions that may arise
when using M-26 rockets in areas where subsequent friendly maneuvers could be
necessary based on the tactical situation. Currently, M-26 rockets are not a suitable
option for engaging hard, moving, or point targets due to their accuracy and mu-
nition effectiveness (Prenatt, 2018).

ER-MLRS

The Extended Range Multiple Launch Rocket System is an advancement of
the existing M26 Dual Purpose Improved Conventional Munition rocket. ER-
MLRS is a free-flying, single-stage solid propellant rocket designed to deliver a
variety of conventional munitions over greater distances compared to the M26
rocket. This system offers commanders increased flexibility by enabling expanded
cross-border fire capabilities and allowing continuous fire during rapid offensive
operations. Survivability is significantly enhanced during defensive actions, as
commanders can now target the enemy's long-range artillery and rocket systems.
The ER-MLRS can be launched from both the MLRS M270 and the High Mobil-
ity Artillery Rocket System. In addition to extending the range of MLRS and
HIMARS, the ER-MLRS also has a substantial positive impact on the accuracy
and reliability of its submunitions. Notably, it replaces the M-77 submunition used
in the M-26 with the XM-85 DPICM submunition, which features a self-destruct
fuse mechanism. This enhancement reduces the dud rate to 1% or lower, compared
to the M-77's dud rate, which can be as high as 5% (Prenatt, 2018).

GMLRS

The Guided Rocket of the Multiple Launch Rocket System is a modification
of the Extended Range Rocket. GMLRS is an inertially guided, single-stage solid
propellant rocket designed to deliver a variety of conventional munitions over sig-
nificantly greater distances with much higher accuracy than the M-26 or ER-
MLRS free-flight rockets. Equipped with a DPICM warhead, the GMLRS will
provide division and corps commanders with an organic capability to engage en-
emy air defence systems, fire support systems, as well as soft targets and personnel
at extended ranges using considerably fewer rockets. The minimum range of the
rocket is between ten to fifteen kilometres, while the maximum range extends
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from sixty to seventy kilometres (Qian et al., 2022).
MSTAR

The Multiple Launch Rocket System (MLRS) Smart Tactical Rocket
(MSTAR) is an inertially guided, single-stage, solid propellant rocket designed to
deliver smart, multifunctional submunitions over significantly greater distances
with enhanced accuracy compared to the basic M26 or the Extended Range MLRS
free-flight rockets. MSTAR represents a modification of the MLRS Guided
Rocket program, integrating smart, multifunctional submunitions into its warhead
while utilizing the same guidance, control section, and rocket motor.

MSTAR carries one to four versatile smart submunitions, reaching ranges of
over fifty kilometers. These submunitions have the capability to detect, engage,
and neutralize both manpower and equipment, whether stationary or moving
(Plessis, 2023).

ATACMS Block I and IA

The Army Tactical Missile System (ATACMS) Block I is a conventional,
long-range, surface-to-surface guided missile featuring a semi-ballistic flight path
and equipped with an anti-personnel, anti-materiel (APAM) warhead. These
missiles are strategically distributed worldwide as part of the ammunition supply
for corps Multiple Launch Rocket System (MLRS) battalions and can be launched
from any MLRS M270 or HIMARS launcher. The Block I variant can deploy 950
M-74 APAM grenades over a maximum range of 165 kilometers. The ATACMS
Block I was first introduced in September 1990 and successfully utilized in
combat during the Gulf War, with 1,545 missiles currently in active deployment.
The Army Tactical Missile System Block IA is an enhanced version of the Block
I missile. This variant incorporates a global positioning system receiver that
continuously updates the missile's location during its flight, which greatly
improves accuracy for effective strikes at longer distances.

The Block IA can deliver around 300 M-74 APAM grenades with a maximum
range exceeding 300 kilometers (Campbell, 2020).

ATACMS Block Il and IIA

The Army Tactical Missile System (ATACMS) Block II is a conventional,
long-range, surface-to-surface, guided, semi-ballistic missile that incorporates the
ATACMS Block IA missile along with Brilliant Anti-Tank (BAT) submunitions.
The propulsion, guidance, and control sections of Block II remain identical to
those of Block IA. The warhead for Block IA is modified to carry and deploy
thirteen BAT submunitions over a distance of 140 kilometres (Bailey, 2003).

Comparison with Traditional Systems

The comparison of the effectiveness of multiple launch rocket systems with
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engine separation after fuel burn-out versus single-stage rockets, using the evolu-
tion of HIMARS as an example, can be conducted across several key parameters,
such as aerodynamic drag, flight range, maneuverability, and missile weight. Let’s
examine each of these factors to highlight the differences and advantages.

1. Aerodynamic Drag: Once the solid-fuel casing is detached after solid fuel
burn-out, the length changes, which leads to a decrease in the frictional resistance
component of the body. This leads to improved flight performance, allowing the
missile to achieve greater speed and range. HIMARS, as a single-stage system,
maintains its full length throughout the flight, which results in higher aerodynamic
drag and reduced efficiency compared to a system that sheds unnecessary parts.

2. Flight Range: By shedding the heavy casing after the fuel is consumed, the
missile becomes lighter and more streamlined, enabling it to cover longer dis-
tances than its initial design would suggest.

3. Maneuverability: After the engine burns out and the casing is discarded,
the missile’s smaller, lighter structure enhances its maneuverability. The reduced
drag allows the missile’s control system to operate more efficiently, improving its
ability to adjust flight paths and hit precise targets over long distances.

4. Missile Weight: The separation of the engine casing reduces the missile's
overall weight, which enhances its efficiency.

5. Detection decreases: A smaller missile size makes it less visible to radar
and other detection systems, lowering the chances of early interception. By reduc-
ing both size and weight through component separation, the missile achieves a
stealthier profile, further enhancing its survivability and effectiveness in reaching
its target undetected.

Key findings

Separating the solid-fuel engine casing after burn-out significantly reduces
the missile’s weight and aerodynamic drag, allowing it to achieve greater flight
range and efficiency compared to single-stage systems. With reduced mass and
size, the missile becomes more maneuverable, allowing its guidance systems to
operate more effectively. This results in increased precision and adaptability over
long distances. A smaller missile profile reduces its radar signature, making it less
likely to be detected and intercepted. This advantage enhances the missile’s
chances of reaching its target successfully. The lighter post-separation structure
reduces the load on control and stabilization systems, simplifying the missile's
design and lowering the need for complex stabilization mechanisms.

Conclusion

Modern and highly effective weapon systems combine long-range capability,
mobility, and precision. Their role in future conflicts will only grow as technolo-
gies advance and fire support systems improve, making them an indispensable
part of modern armies' arsenals. Ongoing research and development are crucial
for the continuous enhancement of missile systems. As military threats evolve and
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combat environments become more complex, extending range, improving accu-
racy, and increasing adaptability of missile systems become essential. Implement-
ing innovations, such as separating the spent engine section, will provide armed
forces with a decisive advantage on the battlefield, ensuring the relevance of mis-
sile systems in future conflicts.
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Rocket technologies continue to develop rapidly, with one of the primary ob-
jectives being the creation of efficient and safe systems for fuel and oxidizer de-
livery in propulsion systems. Hybrid rocket engines, which combine a liquid oxi-
dizer and solid fuel, offer distinct advantages over traditional liquid and solid-
propellant engines. They provide increased safety, enhanced thrust control, and
operational simplicity, making them attractive options for modern space and de-
fense missions (Glaser et al., 2023). Maintaining stable pressure within oxidizer
tanks is critical for continuous delivery to the combustion chamber. A promising
solution for hybrid engines involves pressurizing the hydrogen peroxide (H20:)
tank using a hybrid gas generator powered by liquid oxygen (LOX) and solid fuel
(HTPB). This approach stabilizes tank pressure, enhancing oxidizer delivery and
engine reliability.

Hydrogen peroxide (H-0:) is employed as the primary oxidizer in this system.
Upon decomposition into water and oxygen, H20: releases significant heat, mak-
ing it effective for use in rocket propulsion systems. With concentrations above
85%, hydrogen peroxide is a powerful and stable oxidizer that has seen wide ap-
plication in rocketry. In the proposed pressurization system, a liquid-oxygen gas
generator produces hot gases that pressurize the H.O: tank, maintaining the pres-
sure required for oxidizer delivery.

The hybrid gas generator, utilizing liquid oxygen and solid fuel (HTPB), is a
key component of this system. It initiates combustion, producing hot gases (CO:
and H:0) directed into the hydrogen peroxide tank to create the necessary pres-
sure. A major advantage of hybrid systems is their ability to function with minimal
moving parts, increasing reliability and simplifying operation. Using the same
solid fuel in both the gas generator and propulsion system also improves efficiency
and reduces system mass. One significant benefit of hybrid systems is the precise
control of the oxidizer-to-fuel ratio (O/F), which supports stable combustion and
high system efficiency. Adjustable LOX injectors allow combustion optimization
based on operational conditions, which is particularly valuable when the engine’s
operational mode changes (Cantwell et al., 2010).

In conclusion, the proposed hydrogen peroxide tank pressurization system
using a hybrid gas generator presents a promising solution for modern rocket tech-
nology, offering a combination of reliability, efficiency, and control flexibility.
These characteristics make it suitable for a range of rocket missions.

Research question

Can a hybrid gas generator powered by liquid oxygen and solid fuel stabilize
the pressure in a hydrogen peroxide tank to enhance the efficiency and reliability
of hybrid rocket engines used in space and defense applications?
Data and methods

To achieve the study's objectives, both experimental data and theoretical mod-

eling results are employed. The experiments analyze thermal loads, hydrogen per-
oxide tank pressure, and combustion processes in the hybrid gas generator, fueled
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by liquid oxygen (LOX) and solid fuel (HTPB). The modeling examines combus-
tion reactions, particularly the formation of CO. and H2O gases, which are used
to pressurize the oxidizer tank. Additionally, the study assesses erosion and cool-
ing efficiency to ensure system durability. Liquid oxygen flow is regulated
through adjustable injectors to optimize combustion and improve system stability.

Literature review and patent analysis

Hybrid engines leverage the benefits of liquid and solid propulsion systems.
Their inherent safety, due to separate oxidizer and fuel storage, reduces ignition
risks compared to liquid engines (Shih-Sin et al., 2024). Hybrid engines also allow
for precise thrust control via adjustable oxidizer delivery, a key ad-vantage in mis-
sions requiring variable power output.

Patent NASA CR-183975: Details optimized oxidizer feed systems and in-
jector designs for LOX-HTPB hybrids, enhancing combustion stability and safety
(Claflin & Beckman, 1989).

Patent EP654321: Highlights erosion-resistant coatings for high-temperature
components, extending system lifespans.

Scientific Studies: Research on aluminum additives to solid fuel shows im-
proved calorific value and increased specific impulse (Glaser et al., 2023; Meng
etal., 2024).

These advancements underscore the hybrid system’s suitability for modern
aerospace applications.

Description of the system design

The design of hybrid pressurization systems utilizing liquid oxygen (LOX)
and solid fuel (HTPB) requires high precision and efficiency to ensure stable en-
gine performance. This section provides an in-depth review of the system compo-
nents, their functions, and the processes involved in pressurizing the hydrogen
peroxide (H202) tank.

The H20: storage tank is a sealed container engineered to withstand high pres-
sures and varying temperatures. Hydrogen peroxide is used at concentrations ex-
ceeding 85%, providing an effective and stable oxidizer suitable for rocket appli-
cations. The tank must maintain consistent pressure levels to ensure reliable H.0-
delivery to the combustion chamber. This pressurization is achieved through hot
gases generated by the hybrid gas generator and directed into the tank.

A primary challenge in working with H20: lies in managing its thermal sta-
bility. Elevated temperatures can accelerate H.O> decomposition, posing a safety
risk. To mitigate this, the tank is constructed from heat-resistant materials and in-
corporates temperature control mechanisms, maintaining H-O: within safe oper-
ating limits.

The hybrid gas generator is a critical component of the pressurization system,
generating the hot gases needed for H.O: tank pressurization. The generator com-
busts HTPB solid fuel in the presence of liquid oxygen (LOX), with HTPB provid-
ing high stability and LOX acting as the oxidizer. During combustion, HTPB
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reacts with LOX, producing carbon dioxide (CO:) and water vapor (H20) as pri-
mary combustion products. The reaction can be represented by the equation:
Combustion Equation:

C,Hs0 + 60, » 4C0O, + 3H,0 (1)

These combustion gases are directed into the H20: tank to create the required
pressure. To enhance fuel performance, additives such as aluminum or aluminum
hydrides (AlHs) are introduced, which increase fuel density and boost the specific
impulse (Isp) of the system (Cantwell et al., 2010).

Although H-0: itself can decompose to generate pressurizing gases, LOX is
employed to achieve higher energy release and cleaner combustion products. Un-
like peroxide-only systems, this hybrid approach ensures more stable tank pres-
surization and efficient oxidizer delivery.

The solid fuel includes additives such as aluminum or aluminum hydrides
(AlIHs) to increase fuel density and calorific value, boosting specific impulse. An
alternative composition, based on crotonaldehyde (CsHeO), is suggested due to its
low melting point (<—100C), allowing better thermal management in cryo-genic
conditions.

The gas product delivery system channels hot combustion gases from the hy-
brid gas generator to the H>O: tank. Given the high temperatures involved, these
pipelines must be constructed from heat-resistant and erosion-resistant materials.
Ceramic coatings are applied to the inner surfaces, significantly enhancing ther-
mal stress resistance and preventing pipeline degradation. The use of high-tem-
perature materials and insulation throughout the system minimizes heat loss and
pressure fluctuations, ensuring stable pressurization.

To ensure safe operation, advanced cooling systems and thermal barriers are
employed to reduce gas temperatures below 1500°C before entering the H-O-
tank. This is essential for preventing thermal damage to the tank walls and main-
taining structural integrity.

The combustion chamber of the gas generator must withstand intense thermal
and mechanical loads. Studies recommend using ceramic coatings to shield the
chamber walls from erosion and damage caused by high-temperature combustion
products. These coatings extend the operational life of the combustion chamber
and nozzles, enabling prolonged operation without frequent component replace-
ments.

Nozzles are essential for directing the flow of hot gases into the H.O: tank.
Their shape and design are optimized to facilitate efficient energy transfer and
pressurization. By carefully controlling the direction and velocity of gas flow, the
system achieves precise pressure levels within the H.O: tank.

Adjustable injectors control the precise delivery of liquid oxygen (LOX) into
the combustion chamber, enabling the adjustment of oxidizer flow rates based on
engine conditions. This feature is essential for maintaining an optimal oxidizer-
to-fuel (O/F) ratio, which is critical for stable combustion and maximizing system
efficiency. The adjustable geometry of these injectors ensures optimal combustion
even as flight conditions change, minimizing risks associated with instability in
the combustion process.
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System operation process

The hybrid pressurization system operates through a sequence of precisely
controlled steps to ensure reliable performance and safety.

The process begins with injecting liquid oxy-gen (LOX) into the combustion
chamber of the hybrid gas generator. LOX is delivered via adjustable injectors,
which ensure an even distribution of the oxidizer over the surface of the solid fuel
(HTPB). Since LOX is a cryogenic substance, it is stored and transported at ex-
tremely low temperatures, requiring sealed and insulated systems to prevent leak-
age and evaporation.

The flow of LOX is controlled in real time to maintain a stable oxidizer-to-
fuel (O/F) ratio, which is crucial for efficient combustion and system stability.

Once the LOX reaches the chamber, the solid fuel (HTPB) is ignited. Com-
bustion occurs, releasing a significant amount of heat and producing hot gases,
primarily carbon dioxide (CO2) and water vapor (Hz20). The chemical reaction is
represented as (1).

The hot combustion products are directed into the H20- tank to generate the
required pressure for oxidizer delivery. Aluminum additives in the solid fuel en-
hance the calorific value, leading to in-creased specific impulse and better overall
efficiency.

The gases are transferred through pipelines made from heat-resistant materi-
als with ceramic coatings to prevent erosion and degradation caused by high tem-
peratures.

Once pressure is established in the H20: tank, the oxidizer is fed into the en-
gine's combustion chamber. Hydrogen peroxide decomposes into water and oxy-
gen, releasing significant heat according to the reaction:

2H,0, - 2H,0 + 0, )

This reaction provides oxygen for oxidizing the solid fuel in the main engine,
generating thrust. Catalysts can be used to accelerate H-O. decomposition, en-
hancing reaction efficiency and oxidizer delivery speed (Cantwell et al., 2010).

A key aspect of the hybrid system’s operation is managing the oxidizer-to-
fuel ratio (O/F). This ratio can vary during different flight stages, requiring precise
LOX flow control. Adjustable injectors allow modification of the flow rate based
on the system’s current requirements.

An optimal O/F ratio ensures combustion stability and engine efficiency. An
increase in the O/F ratio beyond optimal levels can lead to oxidizer deficiency,
resulting in unstable combustion and reduced efficiency. Studies propose solutions
for optimizing oxidizer delivery, enabling the system to maintain a stable O/F ratio
throughout the flight.

Hybrid systems offer the flexibility of thrust control through precise LOX
flow management. Adjusting the oxidizer delivery allows modification of engine
operation modes, which is especially important under varying flight loads. Accu-
rate thrust control is achieved by regulating pressure in the H.O- tank and control-
ling oxygen delivery (Glaser et al., 2023).
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Limitations and challenges

Despite numerous advantages, the proposed pressurization system based on
a hybrid gas generator also encounters certain limitations that must be considered
to ensure reliability and efficiency under real-world conditions.

Thermal Resistance and Erosion Protection: A major limitation of the system
is the high temperature generated during fuel combustion, reaching up to 3000 K.
Even with the use of ceramic coatings and high-temperature-resistant materials,
prolonged exposure to such extreme temperatures may lead to material degrada-
tion and reduced efficiency over time. Future research may focus on developing
more durable materials and coatings that would enable the system to withstand
extreme thermal loads during long missions.

Instability of the Oxidizer-to-Fuel (O/F) Ratio under Variable Conditions:
Controlling the oxidizer-to-fuel (O/F) ratio is critical for combustion stability and
system efficiency. Under varying pressure conditions or as fuel is consumed, in-
stability in the O/F ratio may occur, resulting in deviations from the optimal ratio.
This could lead to unstable combustion and a decrease in specific impulse. Further
studies could focus on the development of more precise and adaptive oxidizer
delivery systems that automatically adjust supply in response to changing condi-
tions.

Pressure Control in the H2O2 Tank: Maintaining stable pressure within the
H-0: tank is essential, but fluctuations in temperature and the intensity of incom-
ing hot gases can lead to variations that may trigger uncontrolled decomposition
of H20:. This poses potential safety risks to the system. To mitigate this, highly
sensitive sensors and effective temperature and pressure monitoring systems are
required to promptly respond to changes.

Longevity Limitations for Long-Term Missions: While the use of high-tem-
perature ceramic coatings enhances component lifespan, repeated thermal cycles
and loads in long-duration missions, such as interplanetary flights, may compro-
mise system durability. This limitation calls for additional research into coatings
with even higher resilience to thermal fluctuations, ensuring consistent perfor-
mance over extended missions.

Comparison with Traditional Systems

Hybrid engines using LOX and HTPB occupy an intermediate position be-
tween liquid and solid rocket engines, combining some of their respective ad-
vantages with certain constraints.

Compared to Liquid Rocket Engines: Liquid rocket engines provide high spe-
cific impulse and precise thrust control but rely on complex delivery systems with
numerous moving parts, which increase the risk of malfunctions and maintenance
costs. In contrast, hybrid systems have simpler designs with fewer moving com-
ponents, enhancing reliability and reducing maintenance costs. However, hybrid
systems are still less capable of real-time control precision compared to liquid
engines, particularly under variable operating modes.

Compared to Solid Rocket Engines: Solid rocket engines are known for high
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fuel density and low operating costs but lack flexible thrust control. Hybrid en-
gines offer flexibility in O/F ratio adjustment, making them better suited for mis-
sions with changing loads. However, hybrid systems tend to have lower thermal
resistance than solid systems, which may require additional thermal insulation
measures.

Environmental Sustainability and Safety: Hybrid systems using H.O: as an
oxidizer are less toxic and safer to handle compared to liquid oxidizers like N2Oa,
making them a more environmentally sustainable choice for space missions. Com-
pared to traditional solid and liquid systems, hybrid engines with H2O- also pro-
duce fewer toxic emissions, an essential consideration for long-term space mis-
sions.

Thus, hybrid systems offer a unique set of advantages and limitations. They
present a compromise between control flexibility and design simplicity, making
them promise for multipurpose and reusable missions as well as interplanetary
exploration. Future research should focus on optimizing these systems to improve
their performance and resilience under real flight conditions.

Calculations and analysis

To comprehensively evaluate the efficiency and performance of the hybrid
pressurization system based on liquid oxygen (LOX) and solid fuel (HTPB), sev-
eral critical calculations are essential. These include determining the pressure in
the hydrogen peroxide (H-0:) tank, specific impulse, thermal loads on compo-
nents, and overall system efficiency, particularly with the addition of aluminum-
based fuel additives.

Calculation of pressure in the H,0, tank

The hydrogen peroxide is stored under pressure, which is maintained by hot
gases generated from the hybrid gas generator. The pressure in the H-O: tank can
be calculated using the ideal gas law:

n'‘R'T
P = v

3)

where: P — is the pressure in the tank; n — is the number of moles of gas; R — is
the universal gas constant (8.314 J/mol-K); T — is the gas temperature; V — is the
tank volume.

Accurately determining this pressure requires knowledge of the tank volume,
the temperature of the gases, and the total moles of gas produced during combus-
tion. The combustion products, primarily carbon dioxide (CO:) and water vapor
(H20), are channeled into the tank to generate sufficient pressure for consistent
H:0: delivery to the combustion chamber (Glaser et al., 2023).

Calculation of system specific impulse

Specific impulse (I ) is a fundamental parameter for assessing rocket engine
efficiency and is calculated as follows:
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F

I = 4)

m-go

where: F — is the engine thrust; m — is the mass flow rate of the fuel; g, — is the
standard gravitational acceleration (9.81 m/s?).

The inclusion of aluminum or its hydrides (e.g., AlHs) as additives in the solid
fuel significantly boosts fuel density, thereby enhancing the specific impulse of
the system. Studies indicate that aluminum additives can increase 5, by as much
as 25 seconds, which translates to substantial improvements in system efficiency
(Cantwell et al., 2010).

Thermal loads and cooling

The high temperatures resulting from the combustion of HTPB with LOX
necessitate a detailed evaluation of thermal loads on system components. Com-
bustion temperatures can reach up to 3000 K, exerting considerable thermal stress
on the combustion chamber walls and nozzles. To calculate thermal loads on the
chamber walls, the following equation for heat flux (Q) is used:

Q=a-A- (Tgas = Tyau) (5
where: Q — is the heat flux; a — is the heat transfer coefficient; A — is the heat
exchange area; Ty, — is the gas temperature; Ty,q; — is the wall temperature.

To mitigate thermal degradation and reduce erosion, ceramic linings with
high heat resistance are applied to chamber walls and nozzles. This protective
measure significantly reduces the risk of overheating and component failure. Var-

ious active and passive cooling technologies, as described in recent studies, en-
hance component resilience to thermal stress (Claflin & Beckman, 1989).

System efficiency with fuel additives

Fuel additives, particularly aluminum or its hydrides, are proven to increase
fuel density and calorific value. Studies show that aluminum addition can improve
the fuel's energy output by 15-20%, contributing to a higher specific impulse and
enhanced engine performance. These enhancements are achieved without signifi-
cantly increasing the system's overall mass, making aluminum additives a cost-
effective means to boost efficiency.

Further improvements are attainable by optimizing the oxidizer-to-fuel (O/F)
ratio. Maintaining an optimal O/F ratio is essential in hybrid systems, as devia-
tions can lead to unstable combustion. The use of adjustable LOX injectors allows
for precise control of the O/F ratio, ensuring stable combustion across all phases
of operation.

Advantages of the system
The proposed hydrogen peroxide (H:0:) tank pressurization system, which

utilizes a hybrid gas generator with liquid oxygen (LOX) and solid fuel (HTPB),
offers substantial advantages over traditional oxidizer and fuel delivery systems.
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These benefits encompass both technical design improvements and practical ap-
plications suited for rocket and space missions.

Compactness and reliability

A key advantage of the proposed system is its compact design and high reli-
ability. Hybrid systems typically have fewer moving parts than liquid rocket en-
gines, which reduces the likelihood of malfunctions and simplifies maintenance.
For instance, the hybrid gas generator in this system utilizes the same solid fuel
(HTPB) for generating hot gases for pressurization and providing primary thrust,
thus minimizing the need for multiple fuel components.

Additionally, using H20: as an oxidizer enhances safety relative to more haz-
ardous traditional liquid oxidizers, such as nitrogen tetroxide (N20Oa4), which pose
higher toxicity and handling risks.

Increased specific impulse

Adding aluminum compounds to the solid fuel has been shown to increase
the system’s specific impulse. Studies indicate that aluminum or its hydrides can
significantly boost the calorific value of the fuel, thereby improving combustion
efficiency and raising specific impulse by up to 25 seconds. This improvement is
particularly advantageous for space missions where higher fuel performance con-
tributes to reducing rocket mass and extending flight range, enabling hybrid sys-
tems to compete effectively with both liquid and solid rocket engines.

Thrust control flexibility

Hybrid engines are notable for their flexibility in thrust control. The use of
adjustable injectors for LOX delivery enables variation in oxidizer flow into the
combustion chamber, facilitating precise thrust management based on real-time
flight conditions. This flexibility is especially beneficial for missions with variable
loads or changing objectives, as it enables hybrid systems to be used for both lift-
off and in-flight orbital adjustments.

Safety and environmental sustainability

Hydrogen peroxide (H20-) as an oxidizer offers distinct safety and environ-
mental benefits. H20: is less toxic than alternatives like hydrazine or N2Oa, mak-
ing it safer for handling and storage. Furthermore, H.O. decomposes into water
and oxygen, producing no harmful byproducts, which supports environmental sus-
tainability in space missions.

In addition, H20: is easily stored and transported under cryogenic or insulated
conditions, simplifying the infrastructure required for its use. These characteristics
make H:O: an ideal oxidizer for both launch vehicles and small satellite propul-
sion systems, broadening its practical applicability.
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Extended system lifespan

The use of advanced materials, such as heat-resistant ceramic coatings, sig-
nificantly extends the lifespan of system components. Ceramic coatings protect
combustion chamber walls and nozzles from erosion, reducing the need for fre-
quent maintenance and replacements. This advantage is especially important for
space missions, where access to maintenance is limited, and it minimizes the risk
of in-flight failures, which is essential for long-duration missions like interplane-
tary exploration.

Application in multipurpose missions

Thanks to its unique attributes—such as compactness, flexibility in thrust
control, and an optimal fuel-to-oxidizer ratio—the proposed hybrid system is suit-
able for a broad range of missions. This includes suborbital flights, interplanetary
missions, and reusable rockets where reliability and efficiency are paramount. Hy-
brid systems are particularly promising for use in reusable rockets and small sat-
ellites, offering high performance at relatively low operational costs.

Practical applications and prospects

Hybrid rocket systems, like the one proposed, have applications across vari-
ous fields, including space exploration and defense, owing to their combination
of high performance, thrust control flexibility, and reliability. This section ex-
plores practical examples, potential for scientific and commercial missions, and
future technological advancements.

Examples of practical applications

Hybrid rocket engines have demonstrated their potential in successful
launches, such as the suborbital commercial vehicle SpaceShipOne, which used a
hybrid engine with nitrous oxide (N-O) and HTPB. This project highlighted the
safety and flexibility of hybrid systems, establishing a foundation for future com-
mercial developments. Hybrid engines also support the launch of small satellites
(CubeSats) and compact payloads. Their simplified design and fewer moving
parts make them well-suited for small- and medium-sized satellites, where effi-
ciency, weight, and cost are key considerations. Additionally, these systems can
be adapted for reusable rockets and multi-mission platforms.

Prospects for space missions

Hybrid engines hold significant potential for interplanetary missions, where
reliability and efficiency are essential. The ability to precisely control thrust makes
them suitable for missions with diverse objectives, such as orbital adjustments or
maneuvers. For instance, hybrid engines could facilitate the delivery of scientific
instruments to planetary orbits or support trajectory adjustments during interplan-
etary flights. Their long-duration operational capability and minimal maintenance
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requirements make hybrid engines ideal for planetary exploration missions.
Furthermore, hybrid systems are adaptable for lunar and Martian missions,

where durability and reliability are vital. These systems could serve as primary

propulsion for landing and in-orbit maneuvers on extraterrestrial surfaces.

Potential for reusable rockets

An emerging trend in space technology is the development of reusable rock-
ets, which can perform multiple flights with minimal refurbishment. Hybrid pro-
pulsion systems are well-suited to this purpose due to their simplified design, re-
sistance to thermal loads, and low operational costs. The use of durable materials,
such as ceramic coatings, extends component lifespan, reducing the need for fre-
quent replacement and repair.

Reusable rockets equipped with hybrid engines could be employed for com-
mercial satellite launches and scientific research missions. As interest in reusable
systems grows, hybrid engines offer a cost-effective and reliable solution.

Opportunities for optimization and further development

Despite notable progress, hybrid rocket systems continue to evolve. Key op-
timization areas include fuel efficiency enhancement through additives like alu-
minum compounds, which increase energy density and reduce system mass. Stud-
ies indicate that such additives can increase the fuel's calorific value by 15-20%,
resulting in marked performance improvements.

Further research areas include advanced materials for improved thermal re-
sistance, optimized oxidizer delivery systems, and refined control over the oxi-
dizer-to-fuel (O/F) ratio. Active cooling technologies are also being explored to
enhance system reliability under extreme conditions.

Commercial potential

Hybrid engines present an ideal solution for commercial companies aiming
to reduce space launch costs. Their simplicity and safety make them attractive for
private firms involved in launching small satellites and conducting suborbital
flights. Furthermore, hybrid engines can be incorporated into reusable rockets,
offering new opportunities to reduce commercial launch expenses.

Key findings

1. Compactness and Reliability: Hybrid systems are characterized by their
compact and robust design, which minimizes the number of moving parts, reduc-
ing mechanical complexity and failure rates. Utilizing the same solid fuel (HTPB)
in both the gas generator and the main engine decreases the overall system mass
and simplifies operation, enhancing reliability and efficiency.

2. Increased Specific Impulse: The addition of aluminum to the solid fuel no-
tably boosts specific impulse, increasing it by up to 25 seconds. This enhancement
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in performance positions hybrid systems as competitive alternatives to traditional
rocket engines, especially in missions where fuel efficiency is critical.

3. Thrust Control Flexibility: Adjustable LOX injectors enable precise thrust
management, offering the ability to adapt to real-time flight conditions. This flex-
ibility makes hybrid systems suitable for reusable and multipurpose missions, in-
cluding liftoff, in-flight orbital adjustments, and interplanetary maneuvers.

4. Environmental Sustainability and Safety: The use of hydrogen peroxide
(H20) as an oxidizer reduces toxicity, offering a safer and more environmentally
friendly alternative compared to conventional oxidizers like nitrogen tetroxide
(N204) or hydrazine.

5. Technical Solutions for Durability and Stability: Advanced ceramic coat-
ings and adjustable injectors contribute to the system's durability and thermal sta-
bility. These patented solutions prevent component erosion and high-temperature
damage, thereby extending the system’s lifespan and improving operational
safety.

Conclusion

This article has presented a comprehensive analysis of a hybrid gas genera-
tor system utilizing liquid oxygen (LOX) and solid fuel (HTPB) for pressurizing
a hydrogen peroxide (H202) tank in rocket propulsion applications. Through an
in-depth examination of system design, combustion processes, technical chal-
lenges, and performance metrics, this study integrates findings from scientific lit-
erature and patents, laying a strong foundation for advancements in hybrid pro-
pulsion technologies.

The analysis underscores the distinct benefits of hybrid systems:

— The simplified architecture minimizes moving parts, enhancing reliability
and reducing maintenance demands.

— The combination of LOX and HTPB, further improved with aluminum ad-
ditives, achieves high specific impulse and better engine efficiency.

— The use of H20- as the oxidizer provides a safer and more environmentally
friendly alternative to conventional options, making this system suitable for a
wide range of commercial and scientific missions.

Experimental and theoretical findings confirm the feasibility and scalability
of this technology, making it well-suited for reusable rocket designs and interplan-
etary missions. The hybrid system demonstrates its potential in ad-dressing the
critical needs of reliability, efficiency, and sustainability, all of which are para-
mount in modern aerospace applications.

Future research directions:

— Exploring advanced fuel additives and formulations to enhance perfor-
mance and energy density.

— Investigating high-temperature and erosion-resistant materials for pro-
longed operational lifespans.

— Developing more adaptive and precise oxidizer injection technologies to
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maintain stable combustion under varying conditions.
Improving cooling systems to handle extreme thermal loads efficiently.
Moreover, conducting real-condition tests and long-term durability studies
will provide critical insights into transitioning this hybrid propulsion system into
operational environments. These advancements could play a transformative role
in the future of hybrid propulsion systems, particularly for space exploration and
defense applications.
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Over the years of rocket and space technology development, a robust theory
of fin design has been established. However, the challenge of selecting the most
optimal parameters for the cooling system remains unresolved (Leonardi et al.,
2019; Desai & Kuzhiveli, 2022). This is due to the numerous factors that influence
the process, as heat transfer through the finned surface depends on the geometric
parameters of both the channel and the fin, the thermal conductivity of the wall
material, the heat transfer coefficient, and more.

Furthermore, the authors of existing fin models were constrained by the man-
ufacturing technologies available at the time, limiting the analysis to straight, tri-
angular, and trapezoidal fin shapes. Recently, this situation has changed with the
rise of a new and increasingly popular technology for producing liquid propellant
rocket engine (LPRE) chambers — additive manufacturing (Vekilov et al., 2021).
The development of technical capabilities for producing complex-shaped struc-
tures has created a demand for new modeling and analysis methods to fully lever-
age these advancements. A prime example of such technological progress is illus-
trated in the article (Bondarenko & Tkachov, 2024). The use of 3D printing effec-
tively eliminates the limitations imposed by traditional manufacturing methods,
such as milling, assembling tubular chambers, or using corrugated spacers. There-
fore, this study will focus on ribs with variable thickness and arbitrary shapes.

Moreover, the modern advancements in computing technology eliminate the
need for compact and simplified analytical expressions in calculations, enabling
the use of more efficient numerical models (Anexceenko & Byuapcekwuii, 2024;
Dubrovskiy & Bucharskyi, 2023).

The developed model is designed to complement the previously proposed
mathematical model of the cooling system for liquid propellant rocket engine
chambers (Byuapcekuii & Cirocapes, 2024). The presented approaches to heat
transfer calculation can enhance cooling system efficiency. This improvement
could help address issues related to thermal loads in efficient aerospike nozzles,
as described in (3omoTbKO0, 2024).

In addition, the developed mathematical models are applicable not only to
LPRE chambers but also to other components, such as gas generators, flow-cooled
turbine stators, heat exchangers. For instance, reducing the mass and improving
the efficiency of the heat exchanger’s finned surface represent important steps for
advancing pressurization system, as noted in (MitikoB & Cemuenko, 2023).

Objective and Tasks

The objective of this study is to develop a mathematical model for a LPRE
cooling fin with an arbitrary thickness variation.

To achieve this objective, the following tasks must be completed:

— derive an equation for the temperature distribution along the fin's height
based on established heat transfer laws, select appropriate boundary conditions,
and reduce the equation to a dimensionless form;

— conduct test calculations to verify the accuracy of the developed model.
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Materials and Methods

This study examines the cooling system of the LPRE chamber featuring a fin
with a variable cross-section (see Fig. 1).

The effects of the combustion chamber and the outer wall will not be consid-
ered, and the symmetry of the fin allows us to analyze only half of it for the sake
of computational convenience. For the portion of the fin under consideration, we
will establish a Cartesian coordinate system, define the primary geometric dimen-
sions, and designate an elemental volume, Ax (see Fig. 2).

X/

/ *
\, / 77 Y

ho

™

q=0
(symmetry)

Figure 2 — Section of the fin under consideration (Source: Authors)

The study focuses on tall, thin fins made from materials with high thermal
conductivity. This implies that temperature variations along the thickness of the
fin can be neglected, making the fin temperature a function of its height. Addi-
tionally, it is assumed that the heat transfer coefficient between the fin and the
coolant is known and remains constant along the entire height of the fin. The data
used for the test calculations are presented in Table 1.
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Table 1 — Initial data for calculating heat transfer in a fin (Source: Authors)

Parameter Value
Half width of fin base, mm 0.5
Fin height, mm 3
Material thermal conductivity coefficient, Wt/m/K 300
Cooler heat transfer coefficient, Wt/m*/K 20000
Fin base temperature, K 900
Cooler temperature, K 300

Like the approach taken in (Yang & Naraghi, 2020), numerical methods for
solving differential equations were employed to calculate complex geometries us-
ing the model. In this study, the fourth-order Runge-Kutta method, implemented
in the NDSolve function of the Wolfram Mathematica software, was utilized for
this purpose.

Results

To develop the mathematical model, we apply the fundamental laws of heat
transfer to the fin based on the established assumptions. According to Fourier's
law, the heat flow through the left boundary of the control volume is given by:

S
e = dx '

where A1 — thermal conductivity coefficient, T — temperature of the fin, f —
cross-sectional area of the fin and x — coordinate along the height of the fin. The
heat flow through the right boundary is calculated in a similar manner:

Q+ — _A+Wf+'

The amount of heat removed from the fin at the section Ax, according to the
Newton equation, is given by:
dQ =a (T —Ty,) S,
where S — lateral surface area of the fin. Therefore, the heat flow balance can
be expressed as:

Q™ —dQ =Q",

can be rewritten as:

= a (T =Ty) S. (1)
In this case, the perimeter of the fin can be expressed as:

N=2+L=L.
Then, the cross-sectional area is given by:

f=6L=61I
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The lateral surface area is given by:

S=1IIm,
where m — length of the generatrix, which can be expressed as follows:
_ Ax
" cos(a)’

where a — inclination angle of the fin (see Fig. 2). We can use the basic trig-
onometric identity to convert the known quantities:

1T tan? (@) = 1+(A5)

Then, the lateral surface area can be rewritten as:

cos(a)

A 2
=MNAx [1+(—].
S x +(Ax)

By substituting the expressions for the geometric parameters into equation
(1), we can divide both sides of the equation by II Ax to obtain:
_dT~
+2° £+ - 2
Vo) a (T = Ty, 1+<M)
Ax tiq Ax

Let Ax — 0 and take the limit:
d dr ds\2
E(AS E)=Q(T_Tliq) 1+(E) . (2)

To close this equation, we will apply the following boundary conditions: we
will assume that the wall temperature at the base of the fin is specified as:

atx=0-T(0) =T,

and that the heat flow through the top of the fin is zero:

t h ar 0
atx =hy—»>—=0.
O dx
Since the equation will be solved numerically, it must be transformed into a
dimensionless form to minimize calculation errors. The parameters a, h, T, were
selected as the fundamental quantities, with all other quantities expressed in terms

of these. Taking this into account,

__a ho ——
a=—=1hy = p=bTo=g =1
f—i.g_i.'f_i.'f, _Tlﬂ.__i.
Thy' T hy' T, T T, " T ah,

equation (2) can be expressed in dimensionless form as:
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To verify the derived equation, test calculations of the temperature distribu-
tion in the fin were performed. Three variations of the fin shape were considered
during the calculations:

1. straight fin;

2. wavy fin;

3. fin with a smooth thickening toward its base.

The results of solving this equation, using the initial data provided in Table 1
for the selected fin shapes, are presented in Figure 3.
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Figure 3 — Calculation Results Based on the Proposed Model (Source: Authors)

As observed, the calculation results align with theoretical concepts regarding
heat transfer processes in fins. For instance, as the lateral surface area of the fin
increases (due to its waviness), the heat transfer process becomes more efficient,
resulting in a decrease in the temperature at the top of the fin. Conversely, when
there is a local thickening at the base of the fin, the amount of heat transferred to
the fin increases, leading to a rise in the temperature at the top of the fin.
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Conclusions

In this study, a novel mathematical model of a fin with an arbitrary thickness
variation was developed. To achieve this, a differential equation for temperature
distribution along the height of the fin was derived based on established heat trans-
fer laws. Subsequently, appropriate boundary conditions were selected, and the
equation was transformed into a dimensionless form for numerical solution.

Test calculations were also performed using the developed model, confirming
its accuracy.

Future work on this model can focus on refining the heat transfer processes
in the fins. This may include accounting for variations in the material's thermal
conductivity with changes in temperature, calculating the temperature distribution
across the thickness of the fin, and conducting optimization calculations for fin
design.
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Ha croronniniHiii 1eHs, 4yepe3 BUCOKHH PU3UK MTOLIKOPKEHHS TEIJIO- Ta eJle-
KTPOCTaHIII}, aKTyaJbHO CTOITh NUTAHHS MPO 3a0e3nmeueHHs 00irpiBy B XOJOIHI
MOPH POKY POOOYMX IPUMILIEHb, TAKUX SIK JIKapHI, IIKOJIN, IPOMHUCIIOBI Ta 000-
POHHI i AIpHUEMCTBA.

OnHuM 13 BapiaHTIB pO3B’sI3aHHS 1Ii€] 3a/1a4l € BCTAHOBJICHHSI PE3EPBHUX KO-
TIIiB, 0 OyIyTh MPAIFOBATH HA PIAKOMY MANWBi, SIKE 3HAYHO MPOCTIIIe TOCTaB-
JATH aBTOTPAHCIIOPTOM Yy Pa3i MOIMIKOHKEHHS LEHTPAIbHUX MaricTpaniei.

Jlst ekoHOMIT KOIITIB MaJMBOM MOXKe OyTH Ma3yT, SKHUH B JIeKUJIbKa pasiB jie-
IICBIIHH 32 U3eIbHE NajbHe. Uepes Te, 0 BCTaHOBICHHS 03HAUYCHUX KOTIIiB PO-
3IIIAETHCS SIK THMYACOBE PILIEHHs], MOTEHIIHHE 3a0pyIHEHHS HABKOJIUIIHBOTO
cepenoBuIna Oyne HU3bKIM.

MeTta

MeTtoro po0OTH € aHai3 ICHYIOUYNX KOHCTPYKTUBHUX PIllIEHb JJISi CTBOPECHHSI
Ma3yTHHUX MaJILHUKIB Ta MOOYI0Ba METOAMKH X po3paxyHKy. Hacammepen HeoO-
X1IHO MaTH MOXJTMBICTh PO3PaxyBaTh FeOMETPUYHI MapaMETPH MaIbHHUKA, IO Bi-
JUIOBiIany O 3aJaHUM TTOYaTKOBHUM YMOBaM, a TaKOX (hakesy MoiyM’si, SsKMi BiH
yTBopro€. Lli naHHi 103BONSTH MOYATH PO3POOKY CUCTEMH OMAICHHS Ha OCHOBI
TaKOro I1aJIbHUKA.

HAaHi Ta meTOogM

Jst eeKTUBHOTO CIIAJIFOBaHHS B TOIILI PiJIKe MaJIbHE PO3MIITIOETHCS TTiJT Yac
nozayi B Tonky koria. Jasi, 3MilIyro4nch 13 10CTaTHhOIO KUIBKICTIO MOBITPS, 1S
aepo30JIbHA CyMill 3aiiMaeThes. [OpiHHS Ma3yTy BilOyBA€THCS TOJIOBHUM YHHOM
B ra3oBiii ()a3i, Koiu HOro Kparwii BUIIAPOBYIOTHCS 3a PaXyHOK Teruia Bia (akery
noym’st. 31 3MEHIIEHHAM PO3Mipy Kpariellb, Ha K€ po30MBa€ThCS MaInBO, BUIIA-
POBYBaHHS Ta 3rOpaHHs MIPUCKOPIOETHCS. [1oBITpst, HEOOXiHE AJIs 3rOpPaHHsL, 3a-
JIeXHO BiJl THITy MAJbHUKA, MOXE TTOAABATUCS, SIK Pa3oM i3 MaJbHUM B Hpoleci
PO3IUIICHHS TaK 1 OKPEeMO IiCysl OYaTKy po3nuiieHHs. J[o TOro * iCHyIOTb pi-
IIEHHS, B SIKUX YacTHHA ITOBITPsI MOTPAILIsI€ B TONKY Pa3oM 3 IaJbHUM, a iHIIa —
MOJIAETHCSI YK€ B CaMy TOMKY. Y [bOMY BHIIAJIKy TOBITPSI PO3ALIAETHCS HA Hep-
BUHHE (T€ 1110 i€ 3 MAIbHIM) Ta BTOPHHHE.

VY pasi BUKOPHCTaHHS Ma3yTy CJIiJl BpaxoByBaTH, 110 Horo 3aiiManHs BifOy-
Ba€eThCs 3a Temrieparyp, Bunux 0°C. ¥ pasi 3MeHIIeHHS 1i€l TeMIepaTypH Biaoy-
BA€THCS MOMYTHIHHSI TTAJIMBA 3 YTBOPEHHSM KPUCTAJIB JIbOJY Ta BHIUICHHSM Ia-
padiHOBUX BYINICBOAHIB, SKi 3a0pYJHIOIOTH (DiIBTPH Ta 3HAYHO 30UIBIIYIOTH T'yC-
TuHY. Take SBUIIE 3yMOBIIIOE HEOOXiTHICTh BCTAHOBJICHHS CUCTEMH HiAirpiBy ma-
JIHOTO.

Ma3yTHi TaJIbHUKH TOJIOBHUM YHHOM PO3MOAUISIIOTECS 3a CIIOCOOOM pO3IH-
nenns nanmsa (Baukal Jr, 2012, pp. 309-324):

— MeXaHIYHe PO3IMWICHHS,;

— PO3MWICHHS MapoM abo MOBITPSIM.

MexaHi4Hi pO3MIIIOBAYi MPAIOIOTH MUISIXOM TOAaY1 JU3ETHHOTO ManuBa i
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BUCcOKUM THCKOM 2 — 7 MIla (Basu et al., 2000, p. 84) 3anexHo Bij HeoOXiqHOT
MOTYXHOCTI KOTJIA.

KoHcTpyKIist manbHUKa 3 MEXaHIYHUM PO3IWICHHSIM Ma€e pO3NOLIbHY BCTa-
BKY, KaMepy 3aKpy4eHHsS Ta po3mmIoBaibHE corio (pucyHok 1). Koncrpykiis
PO3IOALIFYOT BCTAaBKH Nepeadayae HassBHICTh OTBOPIB, PO3TAallIOBAHUX OJIMIKYE 10
CTIHOK manbHuKa. [Ipoxomsun yepe3 Taki BCTaBKH IOTiK pO30UBAETHCS Ha OiIbII
IpiOHI YaCTHHM 1 IIPSAMYeE 0 KaMepH 3aKpydeHHA. Y Hill manbHe 3aKpydyeThCs,
MPOXOASYH Yepe3 CIipaibHO PO3TAIIOBaHI HAIIPSIMHI, IICIIS YOTO MPUCKOPIOETHCS
4epes 3BY)KCHHs B PO3NUIIIOBAIEHOMY COIUI Ta NOTPAIUISE B TOIKY. Po3mueHHs
BiZIOyBa€THCS 3aB/SIKM 3HAYHUM BiJLIEHTPOBUM CHJIaM Y PO3IrHaHOMY ITOTOLI, IO
BUXOZUTB i3 COTIIA.

TonoBHUM HEZOJIIKOM Takoi KOHCTPYKIIi € By3bKHI Jiana3oH peryaroBaHHI
HOTYXKHOCTI 4epe3 MOTIPIICHHS PO3MWICHHS y pa3i 3MEHIIICHHS THCKY ITaIbHOTO.
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Pucynok 1 — Ma3yTHHii NaJbHUK 3 MEXaHIYHUM PO3NUJICHHAM
(I:xepeso: Basu et al., 2000, pp. 83—84)

JJis pO3NHMIICHHS TaKOX MOXE 3aCTOCOBYBATUCH IIBHIKUHN IOTIK Ta3y, KU
CTUKAETHCS 3 TIOBUTLHUM MOTOKOM TAJIBHOTO. 32 TAKUM TPUHITUIIOM MPAIIOIOTh
MAJEHUKA 3 TTAPOBHM a00 MOBITPSHUM PO3MIIIOBAILHUM CEPEIOBHIIEM (PHCY-
HOK 2). Y cy4JacHHMX NaJIbHHKaX HeoOXilHa BUTpATa PO3MIIIOBAILHOTO a3y 3Ha-
xomuTbes B Mexkax 0.02 — 0.1 kr Ha Kiorpam najixbsHOro. THCK MaTbHOTO HA BXOI
JocTatHhOo MaT B Mexax 0.2 — 0.25 MIla, 3a mux yMoB map abo TOBIiTps mojaa-
ethes mig Tuckom 0.5 — 0.75 MIla.

Y TOpiBHAHHI 3 MEXaHIYHAMH HaJbHUKaMH, DPO3IMIICHHS BiIOyBa€ThCS
OUTBIII SIKICHO 1 3’ SIBISAETHCA MOJKIIMBICTB PETYITIOBATH NOTYKHICTh KOTJIA B 3HAYHO
OLIBIINX Jiala30Hax.
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Pucynoxk 2 — Ma3yTHuii NaJbHUK 3 NAPOBUM PO3NHIIOBAIbHUM CepeioBHIIeM
(I:xepesio: Basu et al., 2000, p. 94)

PosnutoBadi HU3bKOTO THCKY (PHCYHOK 3) JI03BOJISIIOTH CIIPOCTUTH KOHCTPY-
KIIiFO0 MaJbHUKA Ta Pa30M i3 IIUM 30€pErTH BHCOKY SIKICTh PO3MHJICHHS Ma3yTy.
IoBiTpsHMIt MOTIK pyxaeThes 31 mBUAKicTio 70 — 100 M/c i HaATUIIKOBUM TH-
ckom 2 — 7 KIla (Basu et al., 2000, p. 102).

UYepes HIKUUH THCK y CUCTEMI JUISl PO3MUIICHHS, SIK IPABUIIO, BUKOPUCTOBY-
€THCS BCE HEOOXI1/THE JJIsl TOPiHHS MOBITPSI.

lﬂosin)x

PijIKe naImBo

|

Pucynok 3 — Ma3yTHuii nan1bHIK HU3bKOro THCKY ([I:kepesio: CTBOpeHo aBTOpamMu)

I3 BuIIE3a3HaUCHHUX BH/IIB MAJIBHUKIB HAHOLIBII IPUIATHUM VISl KOTJIa Ofla-
JICHHS € PO3MIIIOBAY HU3BKOTO TUCKY 3aBISIKH MIPOCTiil KOHCTPYKIII Ta BiTHOCHO
HEBHCOKHM 3HAUEHHSIM THCKIB IOBITPsS 1 manbHOTO Ha Bxoxi. Lle B cBolO uepry
POOHUTH KOHCTPYKIIIIO CHCTEMH TIPOCTIMIONO Ta [AemeBor. Hemomik, skum € Mana
MOTY>KHICTB, TIOPIBHSHO 3 IHIIMMH BapiaHTaMH MaJIbHUKIB, HE BiAIrpae cyTTeBOT
poii gepes Te, o KOTeN MPU3HAYCHUH s HarpiBy Boau. Bin Moxe OyTH BHKO-
HaHWi1 63 BUCOKOTO MUTOMOTI'O TETJIOBHIIIEHHS B TOIILI.
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s moOynoBY reoMeTpii majJbHUKa HEOOX1THO 3HAWTH AiaMETPH MAaJIUBHOI i
TIOBITPSIHO1 MaricTpaii (pUCYHOK 4).

rl'[ﬂ}'[ D nan

PucyHok 4 — TeoMeTpuYHi XapaKTePUCTHKH IU3€JIbHOIO NAJIbLHUKA HU3bKOIO THCKY
(Ixepeso: CTBOpeHO aBTOPaMH)

BHyTpilHii qiamMeTp nanuBHOi TpyOu D,,; 3HAXOJUTHCS 32 MACOBOIO BUTpa-
TorO nanuBa G, :

Dyan = /4Gy )B60T " Py * Bran), M = 188 [~ am (1)
1€ Pran — MIITBHICT HaIUBa KI/M>;
ne G, — MacoBa BUTpara IMajnuBa Kr/TO;
Yan — MIBAAKICTH TOAAYi MANBEHOTO, OepeThes B Mexkax 0.1-1 m/c.
MacoBa BUTpaTa NaJIbHOTO 3HAXOAUTHCS 32 3HAYCHHSM TEIUIOBOT MOTYKHOCTI
NaJbHUKA.

Gpan = %. Kr/c = 3600%Kr/r0a )

ne W — temnoBingaua manbHrka, KBT;
Jie Q — TerIOTBOPHICTh Ma3yTy, siky MoxHa npuiiHsaTu 40000 KB1/kr;

[Tnoma 3pi3y mamuBHOTO coria A,

Gran 2
Apan = 1967”nanm,MM 3)

1€ Upan — KOeDillieHT PO3IIMPEHHS MAJUBHOTO COILIA KI/M>, OepeThcsa B MexkKax
0,2- 0,3; P, — THUCK TaluBa Ha BXOMAiI O COIUIA, 3HAXOIWTHCS B MeEXax
30 — 150 KIIa.

BHyTpinHiii 1iaMeTp Ha BXOAi A0 MOBITpsHOTO NMarpyoky D,:

Ga

D, =188 |-=-

, MM 4

1€ p, — WIIBHICTB TOBITPS KI/M?;
G, — MacoBa BUTpaTa HOBITPS KI/C;
Y, — MBHUIKICTH MMoja4i MoBiTps, 6eperscs B Mexxax 70—100 m/c.
IMoBiTpst mopaeTses 3 KoedinieHToM HauMIKy a=1.1-1.15, mo 3abe3neuye
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MOBHOTY 3TOPaHHS:
G, = a-13.5G,,,, kr/roj (5)

[Tiromma Ha BUXOi 3 MOBITPSIHOTO cotuia A, :

A, =196-2 \/: MM? (6)

Je U, — KoedilieHT po3IKpeHHs NOBITPSHOTO coruia, 6eperbes B Mexxax 0.6—0.8;
P, — THCK TIOBITpS Ha BXOJIi, 3HAXOIUThCA B Mexax 2—7 Klla;
— 00’ eMHa BUTpaTa MOBITPSI, M>/TO/.
JowxuHa monym’st L B nepiomy HadmmxenHi (Pourhoseini, et al., 2021):

L=2(42+% )da,M (7)

PesynbTatmn

Po3paxyHox po3mipiB nansHUKa poBeaeHo 3a hopmyinamu 1-6. IToTyxkHICTh
TOIKH KoTiia 6epeTbest piBHOW 30 KBT, 10 BinnoBinae 3HaUSHHAM /IS IPOCTOTO
HaCTIHHOTO KoTIa. B Tomii kotia Oy/ie BUKOPUCTOBYBATHCS JIMIIE OAVH MaJIbHUK:

Gy = 3600 = 2.7,kr/rog (8)

39000
[IBraxicTh mogavi manbHOTO Uy, mpuitasTa 0.25 m/c:

Dyan = 18.8 /89003 = 2.07, MM 9)

Tuck nanpHOro Ha BXomi Ao coma By, = 30 KIla, xoediuieHT po3umupeHHs
comia Uy,, = 0.2:

2—7 = 0.512, Mm? (10)
V59030000

dian /‘”“a“ /‘“’512 0.81, MM (11)

Hapmmoxk nositpst a=1.15:
G, =1.15-13.5-41.9 =, kr/rog (12)

IIBuakicTe mogavi mositTps 15 m/c:

Anan = 196

41.9

D, =188
1.22-15

= 28.39, MM (13)

Tuck nositps Ha Bxoxi 1o comna P, = 7 KIla, koedinieHT po3mmpeHHs comia
U, =0.6:
A, = 1961z /122 /122 = 147.9 , MM? (14)
7000

/‘“‘a /‘”“ =132, MM (15)
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JomxuHa dakesry nomym’st CTBOPEHOTO MaJbHUKOM:

L =2<42 +%) 0.0137 =12, m (16)
“/1.22
OTpuMaHi po3Mipyu BUKOPHCTaHi JUIsi CTBOPEHHS €CKi3y NajbHUKa (pUCY-

HOK 5)

SR R
g\
- / A .
A
T L e e =5
o e
Al .

Pucynok 5 — Orpumani po3Mipu Au3e1bHOI0 NaJbHUKA
(Ixepeso: CTBOpeHO aBTOpaMH)

BuCHOBKM

Bysu po3kpuTi 0CHOBH pOOOTH HAHOLIBII PO3MOBCIOHKCHUX Ma3yTHUX Tallb-
HUKIB — MEXaHIYHUX Ta 3 PO3MILTIOBAIEHUM CEPEIOBHIICM.

Ha ocHOBI nanbHHKa 3 PO3NUIIIOBAJIBHUM CEPEOBHIIEM, SIK HAHOLIbII Mpak-
TUYHOTO JJIsl CTBOPEHHS MPOCTUX CHCTEM ONaJIeHHsI, Oyia moOyIoBaHa METOANKA
PO3paxyHKy HOro reOMETPUYHHX XapaKTEPUCTHK Ta PO3MIpIB (akeny moiaym’s,
IO BiH yTBOpIO€E. byna nmpogeMoHCcTpoBaHa MOCIIOBHICTE PO3pPaxyHKIB.

OTpuMaHi pe3yibTaTd Aal0Th MOXIIHBICTh OIIHUTH CKJIAAHICTH OAAIBIION
PO3pOOKHU KOTJIa Ha OCHOBI JAHOTO MAJTBHUKA.
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PakeTHi ABUrYHHM BiIrpatoTh KIIOYOBY POJIb Y PaKETHO-KOCMIUHIH TEXHILI Ta
BUKOHYIOTH LIMPOKHI CIIEKTp 3a1ad. Po3poOka pakeTHOTO OBHTYHA € CKJIAJHHM
Ta KOMIUIEKCHUM IPOLIECOM Yepe3 BEIUKY KUIBKICTh CIIOMyYEeHHUX BY3JIiB Ta €KCT-
peMaibHI peXUMH POOOTH, IO BIACTHUBO IS PAKETHOI TEXHIKH.

CyuacHi TeHaeH1i{ po3BUTKY pakeTHO-KocMiuHO1 TexHiku (PKT), Ha BiqMiny
BiJl IPUHIIAIIIB PO3POOKH B MHHYJIOMY, C€pell TOJIOBHUX KPUTEPiiB OnmTHMi3amii
MAroTh KiHIIeBY BapTiCTh KOHCTPYKIIIi i, BiATTOBITHO, BapTiCTh 3amycKiB. [HkeHEepH
NparHyTh CKOPOTUTH KUJIBKICTh JOPOTMX €KCIEPUMEHTIB Ta MOKPAIUTH iX iH]o-
PMaTHBHICTB. 3a BCIO iCTOPiI0 OyJI0 CIIPOEKTOBAHO BENMKY KiNBKICTH BapiaHTIB pa-
KeTHUX JIBUTYHIB, OTHAK BU3HAYEHHS HAWONITUMANIBHIIIO! CXEeMH Ha eTarli IIPOEK-
TYBaHHS € JOCHUTH HEOIHO3HAYHOIO 3anadyeto. CamMe TOMY OIJHUM i3 aKTyalbHHX
HAaIpsSIMKiB PO3BHUTKY PaKeTHHX ABUTYHIB € CHHTE3 €()EeKTUBHHX KOHCTPYKTOp-
CHKO-TEXHOJIOTIYHUX DIllIeHb NMPU NPOEKTYBAHHI PAKETHUX IBHTYHIB 3 BUKOPHUC-
TaHHSM KOMII IOTEPHO-IHTEIPOBAaHUX TEXHOJIOT1H.

PakeTHWIT ABUTYH € CKJIaTHOIO TEXHIYHOK CHCTEMOIO i BUKOpUCTaHHS edek-
TUBHHUX MaTeMaTHYHUX MOJENEH Ta aBTOMAaTH30BAaHOIO HPOLECY MPOEKTYBaHHS
JIO3BOJIUTH CIIPOCTHUTH IPOLIEC IPOEKTYBAHHS Ta aHAJi3y PaKETHUX JIBUT'YHIB. Ma-
TEeMaTH4HI MOJIeJIi KOHCTPYKIIH Ta cepeJOBUIIA TPOEKTYBAHHS MalOTh OyTH THY-
YKAMH Ta YHIBEPCATFHIMH JIJIs TOTO 00 MOKPUTH YCi 3araibHi MOTpeOn aHaTi3y
Ta pO3pOOKH PAKETHOTO JABUI'YHA Oy/ib SIKOT CXEMH Ta THILY.

MeTta

MeToto TOCHiPKEHHS € aHalli3 HAKOIMYESHOTO JOCBIY Y IPOEKTYBAaHHI pake-
THHX JIBUT'YHIB 3 BUKOPHUCTAaHHIM KOMIT FOTEPHO-IHTETPOBAHUX TEXHOJIOT1i Ta BU-
3HAYEHHS aKTyaJbHUX HANPSIMKIB PO3BUTKY AAHOTO MHUTAaHHS, IHCTPYMEHTIB JUIs
BUPIIICHHS HAyKOBO-MIPAKTUYHUX 3a7a4.

O6roBopeHHs

[TpoekTyBaHHS — lie BAKOPUCTAHHS HAYKOBUX NPUHIIMUIIIB, TEXHIYHOI iH(pOP-
Maii 1 ysSIBY JUIs BU3HAYE€HHS MEXaHIYHOI CTPYKTYPH CUCTEMH, IPU3HAUYCHOT JUIs
BUKOHaHHS 33JaHuX (YHKIIH 3 MakCHMaJbHOI €KOHOMIYHICTIO Ta e(eKTHUBHI-
ctro. KoHCTpYKTOp MpHiiMae yyacTb y po3poOlli Ha yCiX eTamnax, BiJl KOHIIEHIIiT 10
cepiiiHOro BUpOOHMITBA. [HIII crieriagicTd By3bKOTO NMPO(MLI0 BUKOHYIOTh OK-
pewmi 3a7a4i. Yac, 06’e€M 1 HOCIIITOBHICTh BU3HAYAE KOHCTPYKTOP, BUXOJSTUH 3 KOM-
TUIEKCHUX BUMOT JI0 BHPIIIEHHS 3arajbHOI 3a/1a4i 1 BpaXyBaHHS KiHI[EBUX CTPOKIB
po3pobOku MaiibyTHROTO BUpOOY. [Iporiec mpoekTyBaHHS CKIIAIAETHCS 3 TAKHUX €Ta-
MiB:

1. HayxoBo-gocuigaunbski poooru (H/P);

2. KoHuenrtyaibHUI NPOEKT;

3. Eckiznnit nmpoexr (EIT);

4. TexHIYHUI NPOEKT;

5. BurorosyieHHs;

6. BunpoOyBaHHsi;



64 Challenges and Issues of Modern Science, 3 (2024)

7. Excruryararis.
Haii0inpi TpynoMicTKUMH € eTanu 3 — 4, a HaifOUIbII BapTiCHUM € eTan 6.

[Mpr3HaveHHs; MNocTaHoBKa
3aadi; AHauorM Ta NPoTOTUNK;
JouinsHicTb

HaykoBo-focnigHi
po6oTK

A

KoHuenTyanbHWiA
NPOEKT

|| MPOEKTYBAUILHI PO3PAXYHKU: TEPMOANHAMIUHI,
rigpasnivHi, TeENN0BI, NapaMeTpiB arperartis
OBWIYHa, Ha MILHICTB, iHLW...

Y y - 3
[— Y3rogpkeHHsA napameTpie

—— MepeBipoyHi pozpaxyHKK

J by

TexHIYHWIA NPOeKT

Ecki3HWiA npoekT

DR
Ekcnnyartatlis yTunizauis BUroToBNEHHS

Pucynok 1 — Aliroput™M NpoeKTyBaHHS PaKeTHUX ABHTYHIB
(Ixepeso: CTBOpeHO aBTOpaMHu)

VY nporeci npoBeieHHs! HayKOBO-OCIJHULIBKUX POOIT BiIOYBa€ETHCS MPOLEC
(hopmyBaHHs BUMOT 10 KoHCTpYKIii. HP € omHIM i3 eTarmiB BUpIMICHHS HAyKOBO-
npakTHYHUX 3anga4. Pesymsratom HJIP € chopmysboBaHe TeXHIUHE 3aBIaHHS
(T3).

Jst epekTHBHOTO NMPOBEACHHS MOAIOHUX pOOIT HEOOX1THO MaTH HAKOIIMYEHY
EHEepreTHYHi TMapaMeTpH, eKCIUTyaTalliiiHi XapaKTepHCTHUKH, 3aCTOCYBaHHS,
cxeMu, Tomlo. Lle cToCyeThCs He JnIIe KOHCTPYKIIl pakeTHOTO JABUTYHA Ta HOTo
BY3JIiB, aJie i BJACTHBOCTEH KOMIIOHEHTIB ITaJIBa Ta MaTepiaiiB, 3 IKHX MOXE BHU-
TOTOBJISITUCS KOHCTPYKLIsi, Tomo. HakonudeHHst yciei HeoOXxigHoi iH(popmarii
MOXKe BiJJOyBaTHCs 3 BIAKPUTHX JDKepen 3 iX BepHikalieto, 31 crenianizoBaHoi
JITepaTypH Ta BJIACHOTO JOCBiTYy MOTEpeaHiX po3po0oK. Takok MOXKIIMBE BUKO-
PHUCTaHHS CIIEIiajli30BaHUX MPOAYKTIB (Y HAIIOMY BHIIAJKy — IMPOTPAaMHOTO 3a-
Oe3mneuenHs). Take mporpaMHe 3a0e3MeueHHs] MOXKE BiTHOCUTHCS 10 aBTOMATH30-
BaHOI cucreMu HaykoBuX jnociiukeHs (ACHJI). o ACH/L BizHOCSTECS cepeno-
BuIIIa 00poOKH i 30epiraHHs pe3yasTaTiB BUIPOOYBaHb OT SIK, HAPUKIAMI, TaKeT
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«IGOR Pro» (WaveMetrics, 2021).

AHauti3 pe3ynbTariB BUMIPOOyBaHb J03BOJISIE HAKOIIMIHUTH JOCBiJ] Ta BUKOPH-
CTOBYBaTH Horo y mailOyTHboMy. Takox 30ip i cucTeMaTH3alist MarepiaiiB Ipo
KOHCTPYKTHBHI OCOOJMBOCTI MOTIEPEAHIX pO3POOOK Ja€ 3MOTY BUKOPHCTOBYBATH
BIANpaIbOBaHi, HA/ilHI By3JIM y HOBUX p0o3po0Kax. 3a3Bu4ail OUIbIIICTE TaKol iH-
(hopmarii € 3aXHIICHOI0 IHTENEKTYaIbHOIO BIACHICTIO BUPOOHMKA Ta Y BiAKpH-
TOMY JocTyti ii He Oararo. Jlemo MoXXHa 3HANTH y Mepexi iHTEpHET, ajie Taka
iHpopMalis He € HaAiliHOIO 1 MOTpedye Y3roKeHHs 3 BepU(IKOBaHUM JpKepe-
J1amMu. BiaacTHBOCTI KOMITOHEHTIB ITAJIMBa IUIA BJIACHOI 0a3M MaHMWX MOXKHA 3aIlo-
3uuutd 3 nporpamHux mnakeriB «REFPROP NIST» (NIST, 2013), «RPA»
(Ponomarenko, 2024). TouHi xapakTepHUCTHKH MarepiajiB, IO BHUKOPHUCTOBY-
I0ThCSl, 3a3BUYall HAJTAFOTHCS X BUPOOHUKOM 1 € TIPUKJIaJIOM HaKoMM4YeHHs iHdo-
pMaIlii 3 BIIaCHOTO TOCBiY.

“ IMAGE2.RFP - REFPROP (R134a) - NIST Reference Fluid Properties (DLL version 9.0119)

File Edit Options Substance Calculate Plot Window Help Cautions

Them. Suf
Temperature| Pressue | Densty | Enthaipy | Eniropy Wiscosity
MPa) | (kg/m] Frandtl | Tension

Lo Cond
ko) | IACK) | ok | o0 | Pas o
0000 | 10000 | 3628 | 44484 | 16707 | 101 | 14091 | 13863 | 1.0188 |Undefied
0000 | 17%2 | &7 | 462s | 1%l 603 | 14655 | 13544 |0.0048750

1.7408 049, 471 93422 | 11829 | 21895 |0.0050386
20000 052 458 9375 ET 51a | indefioed

] 3 [IMKS - 3: T_s plot: R134a

070, 365
073, 323
086, 284
084, 2 247

o
=3
Temperature (K)

Pressure (MPa)

mﬂ/_\

0.000 0250 0750

0.500
Mass Fraction (R23)

Cunent Fluidt R34 Cunent Table: ataon _ Fief. State: Default

PucyHok 2 — TepmoaunamiuHi Ta rizpoaunamivni BiactuBocti peuoBunu R134a
(dxepeso: NIST, 2013)

KoHnentyansHUH MPOEKT € KOHKpETH30BaHUM MponosxeHHsM H/IP. Buxo-
JISI9M 3 IpoaHastizoBaHol iHdopMarii Ta 10cBiLy HaliHNX pillIeHb, KOHCTPYKTOPH
MarOTh MOXKJIMBICTh PO3POOHUTH KOHCTPYKIIIIO KPaIly 3a MPOTOTUITN X KOHKype-
HTHI KOHCTPYKII IIUISIXOM BIIPOBA/DKEHHS 1 CHHTE3y €(EKTUBHUX KOHCTPYKTOP-
CHKHUX PillICHb.

Ha eramax 3 — 4 KOHCTPYKTOpPOM BU3HA4aIOThCSl YACOBI paMKH Ta 00’ €M poOiT,
iX pO3MOmiN KOMIIETEHTHHM CIieriamicTaM. BinOyBaeTbcsi mporec peasizariii
BIPOBA/KEHUX KOHCTPYKTOPCHKO-TEXHOJOTIYHUX pimeHb. [licis y3rompkeHHs
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EII Bunyckaerbes cam EII, KOHCTpYyKTOpChKa Ta €KCIUTyaraliiiHa JJOKyMEHTallis.
Ha nux ertamax moBCIOZHO BUKOPHCTOBYIOTHCS CHCTEMH aBTOMAaTH30BaHOTO MIPO€E-
KTyBaHHS 1 po3paxyHKy (CAIIP) Ta cucremu aBTOMaTn30BaHOTO MPOEKTYBaHHS
texHojnoriuaux npouecis (CAIIP TII), makeTn mporpam, Mo JO3BOJSIOTH BHKO-
PHUCTOBYBaTH MaTeMAaTHYHI Omepariii Ta iHii.

s mpoBeneHHs HEOOXiTHUX PO3PaXyHKIB BHKOPHUCTOBYIOTh peai3amito iH-
JKCHEPHUX METOIUK Ta YHCEIbHUX METOMIB Y MPOTPaMHUX ITaKeTaX, HAIPUKIA]
TaKuX sK: pimeHHs Big «Ansys» (Ansys, Inc, 2024), «SolidWorks Flow
Simulation» (Dassault Systémes SE, 2024), «CEA» (NASA, 2024), «Propep»
(Cooper, 2016), «Open Modelica» (Open Source Modelica Consortium (OSMC),
2024), ksMATLAB» (The MathWorks & Cleve Molerd, 2024) Toro.

Pucynoxk 3 — Pe3yabTaT MoeTI0BaHHSI COPOUKH PereHepaTHBHOIO 0X0JIOMKEeHHSI
PP/l y cepenosuui SolidWorks Flow Simulation ([[xxepesio: CTBopeHo aBTopaMmu)

Po3pobka kpecieHb, TpUBUMIpHE MOJICIIOBaHHS JJIsl BUKOHAHHS 3arajisHOTO
CKJIQIaHHs Ta MONEPeIHIX PO3PaxyHKiB 3a JOIIOMOTOIO BUILCHABEICHHUX ITAKETIB
MpOrpaM BUKOHYETBCS 32 JIOTIOMOTOI0 TaKMX IMPOrpaMHMX MakeTiB sik: «Autodesk
Inventor» (Autodesk, Inc, 2024), «SolidWorks» (Dassault Systémes SE, 2024),
«CATIA» (Dassault Systémes SE, 2024), «Autodesk AutoCAD» (Autodesk, Inc,
2024) Ta in.

Crocrepiratoun 3a TeHneHuisMu po3BuTky PKT MoxHa HOMITUTH 301I7Tb-
LIEHHs poJi aANTHBHOTO BUpOOHMNTBA. CydacHi KOHCTPYKIii MaloTh Bce O1Tb-
K BIZICOTOK BY3JIiB BUTOTOBJICHHX 3a JJOMOMOIOI0 aJUTUBHHUX TeXHoJorii. Lle
norigyanit kpok po3BuUTKy PKT, OCKijgbKM BUKOPHCTaHHS aJNTHUBHUX TEXHOJIOTIH
JI03BOJIsIe 3a0e3neunTH HeoOXiAHyY, paHille He IOCTYITHY TOYHICTh BUTOTOBIICHHSI,
3 PI3HHUIEIO y XapaKTEpPUCTHKaX M TOTOBUMHM BHpoOamu He Ounbie Hix 4%
(Soller at al., 2015, p. 4). Jlo mepeBar TakoX BiIHOCHTHCS MTOKPAIIECHHS MacOBO-
rabapuTHUX  XapaKTEpPUCTUK. ABTOMAarTH30BaHa CHUCTEMa TEXHOJOTIYHOI
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MiJITOTOBKH BUPOOHHUIITBA € HE3aMIHHUM 1HCTPYMEHTOM IPH BUTOTOBJICHHI KOHC-
Tpykuii 3D gpykom. [lo momiOHMX mporpaMHUX HakeTiB BigHOCATHCT «CATIA»
(Dassault Systemes SE, 2024), «Siemens NX CAM» (Siemens AG, 2024) Ta
iami CAM 1 CAPP cucremu.

Pucynok 4 — PesynapTar anaiizy KyTiB ATPUMKH 1151 IPYKY 32 TexHoJoriero Laser
Powder Bed Fusion cepenopuii Magics ([Ixepeso: Kokkonen at al., 2016, p. 96)

KomyHikalis MiXk CrieljiaJiiCTaM¥ € He MCHII BaKJIMBUM aCIICKTOM KOHCTpY-
f0BaHHs. Pe3ynprar poOOTH KOXKHOTO CIeNiaNicTa, TPpyIH, BTy, CEKTOPY Mae
BIAMOBIaTH 3arajibHOMY BEKTOPY pO3poOKH KoHCTpyKii. EdexTrBHa KOMyHiKa-
1is TO3BOJIUTH YHUKHYTH OMMJIOK Ta HPUIIBUIMINTH IPOLEC PO3POOKH BUPOOY.
KomyHixarist Ta 00MiH iHopMatieto mae Oyt 3axuineHumu. Lle no3Bonute yoes-
MICYUTH 1HTENEKTyaJbHYy BIJIACHICTH Ta MONEPEIUTH MOTPAIUIIHHS PO3POOOK Yy
pykun HebaxaHux oci06. Bukopucranus taxoro I13 sk «Autodesk Vaulty
(Autodesk, Inc., 2024) Ta aHANOTiYHHUX TO3BOJHUTH 33J0BOJIBHHUTH IIi TOTPEOH.

Buxozsiun 3 nepepaxoBaHOro BHIIE, HACTYITHUM €TarioM PO3BHTKY PaKeTHO-
KOCMIYHOI TEXHIKH, KU MOXXe 3MIiHWTH Tajiy3b, € yHi(iKalis pi3HOMaHITHHUX
MIPOTrPaMHUX CEPEOBHUILL, 10 BUKOPHCTOBYIOTHCS B MPOIIECi PO3POOKH 1 POEKTY-
BaHHs. CTBOPEHHS €IMHOTO, IHTETPOBAHOTO 1 BCEOXOILTIOIOUOTO IUKITY HPOEKTY-
BaHHS BY3JiB € HaJ3BUYalHO IEPCIEKTHBHUM HamNpsiMKoM. lle 103BonuTh He
TUIBKM 3HAYHO Mi/IBUIIUTH €(EeKTHBHICTh pOOOTH iHXKEHEpiB, aje it CyTTeBO 3Me-
HIIUTH NOTPeOy y MPOBEJACHHI YHCENbHUX (I3UYHUX EKCIIEPUMEHTIB, SIKi € JIyxkKe
BUTPATHUMH, SIK 3 TOUKHU 30pYy 4Yacy, TaK i pecypciB. 3aBIsiku Takii yHigikamii mo-
»kHa Oy/le ONTUMI3yBaTH BCl €Tany MPOEKTyBaHHs, nmoduHatoun Big HJIP ax mo
yrizanii. [le He TiITbKA CHpUATHME CKOPOYCHHIO Yacy Ha PO3pOOKY HOBHX MO-
Jienieid, ane i 3a0e3rneuuThb OibLI TOUHI 1 HaliHI pe3ysbTaTd, U0 B KiHIEBOMY
MiACYMKY HiJIBHIIHUTH SIKICTh T2 KOHKYPEHTOCIPOMOXHICTD MPOIYKILI.
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OnHMM 3 KPOKIB y IbOMY HamlpsiIMKy € po3poOka cepenosuma « CATIA V6
(Dassault Systémes SE, 2024) 3 xonnenmieto PLM (Product Lifecycle Manage-
ment — cucTeMa KepyBaHHs JKUTTEBUM LMKJIOM BUpoOy). Lleii cepric mo3Boisie
MiATPIMYBATH CIIIBHY MiSUTbHICTH KOMITAHIH Ta 3MiHCHIOBATH HAKOITMIEHHS 1 00-
MiH iH(OpMaIli€l0 Ha BCIX CTalisX XKUTTEBOTO LUKIY BUPOOY BiJl MPOECKTYBaHHS
JI0 3HATTS 3 BUPOOHUIITBA Ta HA BCIX NUISHKAX PO3IMIMPEHOTO MiATPHEMCTBA.
PLM-miaxia 0XOILTIOE BCiX YYaCHUKIB Tporecy (IiIpo3aiIi miAIpHeEMCTBa, Horo
0i3Hec-mapTHEpiB, MOCTaYaJbHUKIB i 3aMOBHHKIB) 1 JO3BOJISIE IM BHUCTYNAaTH 5K
€/IMHE I1iJIe B AISUTBHOCTI 3 PO3POOKH, IIPOCKTYBaHHS, BUPOOHUIITBA, EKCILTyaTaIlil
Ta TEXHIYHOTO 00CITyroByBaHHs BUPOOIB.

BrpoBamkerHs mopiOHOI CHCTEMH HaAaCTh MOKITHBICTB:

— CrBOpHTH €IMHUHI apXiB KOHCTPYKTOPCHKOI Ta TEXHOJIOTIYHOI IOKyMeHTa-
i1 PO MPOXYKTH.

— OO0’emHaTH yCiX yYaCHHUKIB pO3pOOKH Ta eKCIUTyaTamii BUpooy.

— KepyBatu igesMu Ta KOHIEIIISIMA Ha yCiX eTanmax po3poOKH.

— OO’eKTHBHO OIIHIOBATH MOKIIMBOCTI Ta PECypCH MiINPHUEMCTBA Ta e(eK-
THUBHIIIE HUIMH PO3MOPSHKATUCS.

— 3abe3neynTH KOHTPOJIb SKOCTI SIK ITijl Yac BUPOOHHUIITBA TaK 1 IMiJ] 4ac eKc-
TuTyatanii.

MoxIJIMBOCTI, sKi pononye cucrema PLM TticHO neperutitaeTses 3 ¢inoco-
tiero pyxy New Space. Okpemi nuBepcudpikoBaHi mianpHEMCTBA, 0 BUPOOIII-
10Th KoMroHeHTH PKT, 3M0kyTh 01716111 €()eKTHBHO CITIBIPAIFOBATH OJVH 3 OJHUM
Ta KOHKYPYBaTH MiX CO00I0, III0 B CBOIO YEpry NPHBEE A0 3HIDKCHHS BapTOCTI
KOCMIYHHX TIOJILOTIB 1 TIOJIOJAHHIO «3aCTOIO» Y TexHiuHOMY po3BUTKY PKT. 36i-
JBIICHHS! KOHKYPEHTOCIIPOMOXHOCTI HOBHX IIJIIPHEMCTB BiZJHOCHO MOHOTIOJIiC-
TIiB Tally3i CTaHEe TI€I0 CaMOI0 PYIIIIHOO CHIIOKO, IO JO3BOIUTH ITOJOTATH 3aCTil
y po3Butky PKT.

YsaBHa mogens |— —— —— j
Y ¢
MpadhiyHa MaTtemaTniHa
MoAesb Moaenb
Y

diznyHa mogenb

'y

PucyHok 4 — AropuT™ mMojieJIl0OBaHHSI PAKeTHUX ABUTYHIB
(I:xepeno: CTBOpeHO aBTOpaMu)
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Jnst BUpileHHsT MaiiOy THIX HAyKOBO-TIPAKTUYHKX 3314 IIPOIIOHY€ETHCS CTBO-
putu cratnaay Mmozens PPl. TepmonnHaMmiuHi TapaMeTpH, Taki K iJeaTbHUHN TH-
TOMUH IMITYJIEC, BUTPATHUI KOMIUICKC Ta 1HIII, SIKi € OCHOBOIO CTATHYHOT MOJIETI,
II0 MPOTMOHYETHCS, JOCUTh CKJIAAHI y miapaxyHkax. ToMy st iX BU3HA4eHHS y
Mozeni, o po3pooisieThest, OyJe CTBOpeHO 0a3y NaHWX TEPMOJMHAMIYHHX Iapa-
METPIB MPOLYKTIB 3TOPSHHS U1 OCHOBHUX NMAJMBHUX Nap KOMIIOHEHTIB, III0 Ya-
cT0 BUKOpUCTOBYIOThCA Yy PPJI. lle mponoHyeThcs BUKOHATH 3 BUKOPUCTAHHAM
nporpamuoro kommiekcy «RPA» (Ponomarenko, 2024) abo noxioxux. Tepmonu-
HaMiuHi Ta TIAPOAMHAMIYHI TapaMeTPH OKPEMHX KOMIIOHCHTIB aHAJIOT1YHUM YH-
HOM BM3HAU€HO 3a JOMOMOrow mporpamHoro xommuiekcy «REFPROP NIST»
(NIST, 2013). 3HadeHHS IPEACTABIATUMYTH COO0I0 OaraTOBUMipHHH MacuB Jia-
HUX, Ji¢ OIyKaHWH IapaMeTp 3aJISKUTh BiJl JEKUIbKOX (i3UUHHMX BeawduH. s
BHU3HAYCHHS NMPOMDKHUX 3HAYE€HB 3aCTOCOBAHO OaraToBUMIpHY IiHIIHY iHTEpHO-
JALI0.

Kamepa sropsiHHs:

Il'lPlT.iLL = IHHTO (km' PK’ To.th Tl‘l.BX' AR)
Bin = BiLLO (kmt PK' To.th Tl‘l.BX)
GK-Bi,El:PK.FKp (D
G- (km+1) =G,
Geo (km+1) =G km
I'azoreneparop:

Ter = Tero (KMyr, Brr, To pxres Tpxrr)
Rer = Revo(kMer, Pory To e Trprr) ()
ke = kotkm)
Typbina:
NT=77T'GT'LaZI
Lyg Ui = D) = ley Ry Ty (1= o/ Peand ™ ™50) (3
L, r—
Ty = T + (7052 52)

Hacoc:

NH . nH - GH . ( Pu.ux—Pu.px )

pKOMH(PH.vaTH.Cp)
(TH.BMX_TH.BX)'PKOMH(PH.cvaH.cp)'UH'CPKOMH(PH.Cp»TH.Cp)
(PH.BI/IX - PH.BX) = (1-73)

BusnauenHs ocHOBHuX mapameTpiB arperariB PP/l e BaximBuM eramom
npoekTyBaHHs cucteM PPJI. Ile 103BossiE CKOPOTUTH YaC HA IPOEKTYBAHHS arpe-
rariB, OCKIJIBKH 1Ie, IIEBHOIO MIpOI0, € iTepaTHBHUM HpouecoM. Peanizamis cuc-
TEMH PiBHSIHD MOXUINBA Y OyIb IKOMY MaKeTi IMPOTrpam, 110 J03BOJISIE BUKOPUCTO-
BYBaTH MaTeMaTH4Hi onepallii. [i BUKopHCTaHHS 103BOUTH TIPOBOMTH HOTIEPE-
Hill aHami3 eHepreTnyHNX napameTpis PP/l sk ckimagHOi TEXHIYHOT CHCTEMHU.

Hanpukman, ofHielo i3 BaXKIMBHX 3aJad € aHANi3 BIUIMBY 30BHIIIHIX Ta

(4)
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BHYTpIIIHIX (DaKTOpIB Ha MapameTpu ABUryHA. BupinieHHs wiel 3a1a4i 103Bosie
MIPOEKTYBATH CUCTEMH aBTOMAaTHYHOTO PETYITIOBaHHS IBUTYHA. J{0 30BHIMIHIX (a-
KTODIB, 5IKi BIUTMBAIOTh HA POOOTY JBUTYHA, BITHOCSTHCS BIIXUJICHHS BiJl HOMiHa-
JBHUX 3HAa4YEeHb TUCKY 1 TEMIIEpaTypy KOMIIOHEHTIB MTaJMBa Ha BXOJi B IBUTYH Ta
BIAXMJICHHS TiIPaBIiYHOI XapaKTepUCTUKHU JpoceriB. Jlo BHyTpimHiX (akTopiB
BiTHOCATHCS BiIXWMICHHS Bl HOMIHAIBHUX 3HAYEHb TiIpaBIiYHMX OTIOPiB Maric-
Tpasieii, o KPUTHIHUX TepepisiB, BuTpaTHOTO KoMIutekcy i KKJI arperaris.

[Nopanbina MoaepHizallisi CHCTEMH PIBHSIHb MOXKE PO3BUBATHCS, HAIIPUKIIA,
IIITXOM 3aCTOCYBaHHS IapagurM 00’€KTHO-OPI€HTOBHOTO IporpamyBaHHs. Ye-
pe3 IeKOMIIO3HUIIII0 CHCTeMH piBHAHB Moziesi PPJ] 3’ sIBisieThCsl MOXKIIUBICTB CTBO-
putH (QYHKIIOHATBFHO HE3aJNeXHi Ta ACKIAPAaTHBHI KOMIIOHEHTH, IO ONHCYIOTh
arperati PPJ]. V TakoMy BHUNaJKy BiAKPHBAETHCS MOXJIHMBICTH 10 KOMITO3HII|
KOMIIOHEHTIB Y 1HTYITHBHO 3p0O3yMUIOMY MOPSAKY, HOAIOHO 10 peaJbHOTO CKIIa-
JaHHs koHCTpyKuil PP/I.

Ha pucynky 5 HaBeneHo mpuKkIiaa qaHoi peamizamii crarnaaoi moxeri PP/l y
cepenosuii Open Modelica, 1110 3acHOBaHe Ha 00’ €KTHO-OPIEHTOBAHIH, eKIapa-
TUBHIH, MynbsTHIOMeHHIH MoBI Modelica (Open Source Modelica Consortium
(OSMC), 2024).

Turb_open

=

Chamber
—

Messages & x

-

Bee  Yoenownewss  Mpenympemaers  Ouwwbion  CIMS_test calc ]

Simulation of CIMS_test_calc finished. 100% Orwiera vonenuposaa | 8| [Omipbims daiin ssona

Komwnsums | Beisecti

The initialization finished successfully without homotopy method. “
##8 STATISTICS #84
The simulation finished successfully.

v

& noveercrone o Mosemmposame Bomon padwca @ Otnanka

Pucynok 5 — Cnpomene mogenoannsi PP/l y cepenopumi Open Modelica
(Ixepeno: CTBOpeHO aBTOpaMH)
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OpmHAM 13 TEPCIeKTUBHUX HAINpSMKIB MOJEpHi3allil mpouecy KOHCTPYIO-
BaHHS paKeTHHX JIBUTYHIB € BUKOPHCTaHHS mTyyHOro intenekry (ILI). lana te-
XHOJIOTIi 3HAXOIUTHCS Ha €Talll CBOTO CTAHOBJICHHS 1 3HAXOOHUTH CBOE 3aCTOCY-
BaHHs y OaraThox ranmyssx, Bkmodatoun PKT. Ins toro mo6 Bkmrountu 111 y
eTany LUKy KOHCTPYIOBAaHHS PaKETHHX JABUTYHIB Ta BUKOPHCTOBYBATH HOTO JUIS
aBTOMaTH3amii i onTHMi3amii TporeciB, HEOOXITHO CIIOYATKy HABYUTH HOTO
pomy. OngauMm migxoaiB y 11 € MamHHe HaBUaHHS, SIKE TPYHTY€ETHCS HA BUKO-
pHUCTaHHI TEBHUX OOCSTIB JaHUX Ta alTOPUTMIB.

Hoctyn LI 1o 6a3u faHuX KOHCTPYKIiH paKeTHUX JBUTYHIB, TEPMOIUHAMI-
YHUX Ta TiIPOAWHAMIYHUX BIACTHBOCTEH KOMITOHEHTIB MalWBa, alTOPUTMIB
KOHCTPYIOBAaHHsI, BATOTOBIICHHS Ta BUIIPOOYBaHHs JO3BOJIHMTH HA0ArarTo IIBU/IIE
BUPIIITYBaTH TPUBiaJbHi 33aJa4i, 0 YaCTO CTOATH Iepe]] iHKeHepaMIL.

IpuBatHa aepoxocmiuna kommanist LEAP71 3asense, mo Biitky 2024 poky
BOHH 3 TEpIIOi CIpoOW MpOBENH YCIINIHI BOTHEBi BUNpoOyBanHs PPJl Tsroro
5 xH, mo OyB CPO€EKTOBaHM Ta BUTOTOBJICHUH (PaKTHYHO O€3 y4acTi JIIONeH.

[LEAP

University of

Sheffield

Pucynok 6 — Boruesi BunpodyBannsi PPJ] Burorosienoro 3a qonomororo LT
(LEAP 71, 2024)
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IMpouec craB moxiuBuM 3aBasiku 11T «Noyrony», po3poOku BuIe3a3HaueHOT
KoMITaHii. BkazaHo, 1110 BiJx mocTaHOBKH TeXHIYHOTO 3aBaanus misa I go 6e3mo-
CepeHbO BUI'OTOBJICHHS KOHCTPYKLIT IPOMIILIO MEHIIE HIX J[Ba THXKHI. ABTOMa-
TUYHE BUTOTOBIICHHS KOHCTpYKLii PP/] cTamo MOXITMBIM 3aBISKH BUKOPUCTAHHIO
TEXHOJIOTI] aJUTUBHOTO BHPOOHMITBA. TpajnIiiiHI METOAM KOHCTPYIOBaHHS Ta
BUTOTOBJICHHA 3a0e3edyBaiii O aHaJOTi9HUI pe3yibTaT MPOTIroM 0ararbox Mi-
CSIIIiB, MOYKJINBO HaBIiTh MPOTIATOM JeKiabKoxX pokiB. (LEAP 71, 2024)

Pucynoxk 7 — PP/I Burorosienuii 3a nonomoroxo LI na crenni (LEAP 71, 2024)

Ha npomy npukmani mu Moxemo Oaunty, 1mo Bukopuctanss LI «Noyron»
no3Bonmio 3aminuT Bukopuctanus CAD, CAE, CAM, CAPP cucrem. PozButox
Ta BrpoBakeHHs 111 mpu KOHCTPYIOBaHHI paKeTHHUX JBUTYHIB JO3BOJUTH 1HXKE-
HepaM CKOHLIEHTPYBATHCs Ha PO3po0Ili HOBITHIX TEXHOJIOTIH Ta HAYKOBUX JIOCITI-
JOKEHHSI, OCKUTbKY HOBHH 1HCTPYMEHTAPii 3HAYHO MOJIETIIATE Ta IPUCKOPHUTE PO-
00Ty HaJ KOHCTPYKIiSIMH.

Honamemmii po3BuToK KoHIENIi1 PLM 4u 11 HOXigHOT HEeMOXJIHBHA Oe3 BU-
kopuctauss 1, ockinbku Ha HHOTO MOXKHA TTOKJIACTH HE TIJIBKH 33J1a4i KOHCTPY-
FOBaHHS, a 1 OLIHKY MOXKIIMBOCTEH Ta peCypcCiB MiAMPHEMCTBA, BUTOTOBIICHHS KOH-
CTPYKLiil Ta KOHTPOJIb iX SKOCTI.
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Modern English scientific and technical literature are based on the norms of
the English language with certain features. In particular: a large number of spe-
cialized terms and words of foreign origin are used; a detailed selection of lexical
units is carried out for the most accurate expression of thought; special attention
is paid to service words that provide a logical connection between individual ele-
ments of statements.

Scientific and technical texts refer to the scientific style and are used in the
spheres of scientific activity, scientific and technical progress of society, education
and training. All of the above-mentioned peculiarities determine the relevance of
the research.

When translating scientific and technical literature, it is necessary to take into
account that although the language of these texts is part of the national language
and uses its lexical and grammatical set of expressions, it also has its own style,
corresponding to the purpose and tasks of scientific style. The features of termi-
nology and grammar, characteristic of scientific texts, determine it.

The language of scientific and technical literature is characterized by the use
of a large number of terms, various abbreviations, the preference for some syntac-
tic abbreviations over others, the peculiarities of the translation of certain gram-
matical constructions, the use of ellipsis to express thoughts, etc. One of the key
stylistic features of scientific and technical literature is brevity in the presentation
of material and clarity of wording.

Objective and tasks

The purpose of the paper is to study the lexical and grammatical levels of
technical documentation in the English and Ukrainian languages, as well as to
analyze the means of expression of English technical documentation in the
Ukrainian language in the field of electrical engineering and computer technology
in order to achieve adequacy.

This purpose required solving the following tasks: to analyze functional styles
and linguistic means of their expression; to determine the main characteristics and
features of scientific and technical texts; to analyze the functional purpose and
main classifications of instructional texts; to determine the basic concepts of pro-
fessional competence of future translators; to define the problems, lexical and
grammatical features of scientific and technical terminology; to analyze the trans-
lational transformations of scientific and technical terminology from English to
Ukrainian; to form recommendations on the translation of scientific and technical
terms into Ukrainian.

Materials and methods

Research methods: theoretical study and analysis of literary sources on the
problem of research; methods of linguistic analysis: descriptive and comparative
methods, methods of classification and systematization. The main method, that is
used for the research is the descriptive approach referring to the method of ana-
lyzing and documenting languages as they are actually spoken or written by native
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speakers, without imposing prescriptive rules or judgments about correctness. De-
scriptive linguistics focuses on observing and recording the patterns and structures
of language, including phonology (sounds), morphology (word formation), syntax
(sentence structure), semantics (meaning), and pragmatics (language use in con-
text).

This approach aims to describe languages objectively, without evaluating
them based on any external standards or norms. Descriptive linguistics is often
contrasted with prescriptive linguistics, which involves prescribing rules and
norms for language use based on subjective opinions or social conventions.

As a scientific basis for the analysis of the use of translation tools in the pro-
cess of translating English-language technical documentation, simple and com-
plex terms, terms-phrases, abbreviations and syntactic structures in the fields of
electrical engineering and computer technology were used.

Results: lexical peculiarities of scientific and
technical texts

One of the main differences between the language of technical literature and
the language of fiction is the high level of use of specialized terms in the text,
which are often not even found in terminological dictionaries. With the develop-
ment of scientific knowledge, the need for new definitions of concepts increases,
which leads to the expansion of the vocabulary, the main part of which is defined
by new terms. It is important to have deep knowledge of new terminology and to
be able to express it accurately in the native language during the translation of
scientific and technical literature. This is one of the key challenges in the process
of such translation (Al-Abbas & Haider, 2021).

The main requirements for translation include:

1. Accurate reproduction of the content of the original text.

2. Clear expression of ideas in the shortest and most concise form, corre-
sponding to the style of Ukrainian scientific and technical literature. It is important
to avoid transferring the specific features of the English language, because the
goal is to express ideas in the native language in a modern way, taking into account
modern standards.

3. The translation must fully comply with generally accepted norms of the
Ukrainian language. When translating, we should take into account the absence of
some terms in the Ukrainian language and syntactic structures specific to English.
It is also important to pay attention to the peculiarities of the location of semantic
accents in sentences: the Ukrainian language is characterized by a strengthening
of the semantic content at the end of the sentence, while the English language is
characterized by a weakening of the semantic accent at the end. Thus, it is im-
portant to consider that the Ukrainian sentence emphasizes the last, while the Eng-
lish sentence determines the main emphasis at the beginning.

The language of scientific and technical literature is characterized by the ab-
sence of emotionality, figurative comparisons, metaphors, elements of humor,
irony, and other means of expression (Al-Abbas & Haider, 2021).
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Although the language of scientific and technical literature is characterized
by a large number of special terms, it also includes a significant number of com-
monly used words and expressions. Polysyllabic words make up a large part of
this vocabulary. Sometimes only grammatical features are not enough to accu-
rately determine the meaning of a polysemantic word; it is also necessary to take
into account its lexical connections (Hosshanthika, 2022). Thus, the reproduction
of the meaning of the verb to suggest depends on whether the subject of the action
performs the role of an animate or inanimate object. In the case of an animate one,
it can be translated as npononysamu or npunycxkamu:

We suggest a new method of work.

Mu 3anpononysanu Hoguil Memoo pobomu.

In a situation where the object is inanimate, the appropriate translation of the
word is HagoOumu Ha OyMKY Or 00380AMU NPUNYCIUTNU

This evidence suggested that the acid was essential.

L]i 0ani 0oz6onunu npunycmumu, wo KUcioma HeoOxioHa.

In other cases, on the contrary, choosing the correct lexical meaning of a pol-
ysemantic word depends on taking into account its grammatical connections. For
example, such meanings of the verb to assume, such as accept or acquire, appear
when this verb is joined by an addition expressed by a noun:

All deposits of uranium will assume tremendous importance.

Vei noxknaou ypawny nabyeaioms eenuuesHo20 3HAUEHHS.

In the context of assuming or relying, the verb to assume is used in the objec-
tive infinitive inflection (in the complex subject), as well as before the object de-
fined by the subordinate clause:

The most common alternating current for lighting is assumed to go through
50 cycles in 1 second.

Ipunyckaemvcs, wo 015 0CEIMIEHHA Yacmiule 8Cb020 GUKOPUCTNOBYEMBCSL
sminnuti cmpym 50 nepiodis 3a cexyndy (50 I'y).

We assume the compressor to be adaptable to any power source.

Mu npunyckaemo, wo Komnpeccop MoxcHa npucmocysamu 00 6y0b-AKo2o
Ooicepena enepeii.

When translating scientific and technical literature, it is recommended to fol-
low the sequence of work with the text:

1. Familiarize yourself with the text or a separate paragraph, try to understand
its general meaning.

2. Consider each complex sentence separately, breaking it into simple parts:
complex sentences — into main and subordinate clauses, and complex sentences —
into simple sentences.

3. When analyzing complex sentences, where their constituent elements can
be immediately identified, it is recommended to find the predicate of the main and
subordinate clauses.

4. In each sentence, determine the predicate group, and then find the subject
group and the object group.

5. To start translating a sentence, you should define the group of the subject,
and then move on to the translation of the group of predicate, object and circum-
stances.
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6. When looking up unknown words in the dictionary, it is recommended to
predict their part of speech in a sentence. In this case, one should refrain from
choosing the first meaning of the word, and instead familiarize oneself with all
the meanings of this part of the language and choose the most appropriate mean-
ings for the context for the translation of the text.

Different approaches can be used when translating scientific and technical
literature:

1. Translation based on equivalents available in the Ukrainian language, i.c.
stable and appropriate correspondences between the two languages, which, in
most cases, do not depend on the context. For example: viscose — gickosa,; cedar
— kedp; heating — naepis; loss— empama.

2. The use of analogs in translation, which involves the use of words from the
synonymous series. In such situations, one foreign word may have several Ukrain-
ian equivalents, for example: bunching— epynysanns, eapiroeanns, 30uparns,
Hakonuuenns, allowance — 003611 00 w020-HebOyOb, OONYUeHHsL.

It is necessary to choose the option from this series that best fits into the spec-
ified context.

3. Calculation or literalness of the translation includes the transmission of an
English word or expression by its exact reproduction by means of the Ukrainian
language, for example: multistoried — 6acamonosepxosuii; motor convertor —
08U2YH-Nepemeoposay; superpowersystem — Haomiyna cucmema; sky-scraper —
Xmapouoc.

During the literal translation of the sentence, no rearrangements occur; the
sentence structure is preserved, and each word is translated as it appears in the
dictionary (taking into account the context). Literal translation is used when most
of the English words in the sentence have equivalents in the Ukrainian language,
and when the structure of the sentence fully corresponds to the Ukrainian lan-
guage.

Radio men well know that alternating current is the very current that makes
radio possible.

Paoucmu dobpe 3naromv, ugo 3miHHUL CIPYM — Ye MOU camuti Cmpym, AKuil
POOUMb MOANCIUBUM PADTI038 A30K.

But it is not always possible to translate literally.

Before the coming of frail way and the steam ship the volume of world trade
was very small compared to what it is today.

o suHuKHeHHA 3aI3HUX 0opie Ma naposux cyoex o0cse c8imoeoi mopeieii
NOPIGHAHO i3 CYYACHUM 00CA2OM 0)8 HEIHAYHUM.

The literal translation for this sentence is incompatible with the norms of the
Ukrainian language, and the word coming cannot be translated by the word
npuxon in this sentence. It is recommended to choose one of the possible answers
for the word coming. The nouns railway, steamship must be given in the plural,
which is more suitable for the Ukrainian language.

However, there are situations when an English word has an analogue in
Ukrainian, but the context does not allow using any of the definitions given in the
dictionary. In this case, it is necessary to check whether the context gives the sen-
tence an additional nuance that is not found in the words from the dictionary, and
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to choose a complete version of the translation that corresponds only to a specific
case (Thnatiuk, 2022).

The verb to telescope in different meanings corresponds to the Ukrainian
words with the meaning to fold, to compress, but none of these meanings is suit-
able for translating the word in a sentence.

Time is a remarkable thing for any measurement, but it telescopes when
events come quickly one after another.

Yac — yydosa piu 0na 6y0b-AKUX GUMIPIOBAHY, de 8il CKOPOUYEMBCS, KO
noOii NPOMUHAIOMb WEUOKO 0OHA 3a THULOTIO.

4. For English words that do not have lexical equivalents in the Ukrainian
language, a descriptive translation can be used. This involves conveying the mean-
ing of an English word using a more or less common explanatory formulation.

For example:

a) prompt-period accident modrcra nepedamu ruuie onucosum nepekiaoom —
asapis, noe’s3aHa 3 Nepexo0oM peaxkmopa 00 MOMEHMANbHO-KPUMUYHOZO pe-
oHcUMY;

0) standard performance — cmanoapmuuii noxasHuxk egpexmugHocmi pobim-
HUKA, AKUL He0OXiOHO docsaemu OJisl BUKOHANHS 3A80AHHS 3G 00HY 200UHY, GU3HA-
YeHuil i BUKOHAHHS HOPMU.

Descriptive translation is also used to explain newly created words. When
translating words that are not in the dictionary, it is necessary to determine their
meaning according to the context, while taking into account the word-forming
elements of the given word and the main means of forming new words (Maksy-
menko et al., 2023).

5. Transliteration is the process of translating Ukrainian writing into English
using letters, regardless of the pronunciation of the English word. To use translit-
eration, you can even not know the pronunciation of an English word, because it
is enough to limit yourself to visual perception: retarder — pemapdep; transposi-
tion — mparcnosuyis; irradiation — ipadiayis; maser — maszep.

The transposition technique can be used when the concept highlighted in the
English text evokes associations that are closely woven into the Ukrainian reader's
imagination. In cases where this does not happen, the transliteration should be
accompanied by an appropriate note that explains the essence of this concept:

Airlift — epnigpm (nnesmonionimau); computron — komnympon (bacamoene-
MEHMHA 1amMNa O TIYUTbHUX 0ONAOHAHD).

However, it is important to remember that when transliterating, the English
names are often pronounced differently than in their native language, and the Eng-
lish people may not understand them. Frequent use of transliteration can lead to
"pollution" of the Ukrainian language and make it difficult to better understand
the essence of the original.

7. Transcription consists in reproducing the pronunciation of an English word
using the letters of the Ukrainian alphabet, that is, transferring its phonetic sound.

White spirit — Vaumcnipum; fan — gpen; Whitehall — Vaumxon.

Transcription is the main method of translating names and titles, which, like
transliteration, is used in cases where it is necessary to preserve the brevity and
specificity of a foreign word. In cases where these stylistic expressions are not
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decisive, it is more appropriate to use a descriptive translation, since transcription
creates a new lexical element that can be unpredictable for the reader.

Results: grammatical peculiarities of scientific and
technical texts

In addition to lexical conversion, grammatical methods of translating the orig-
inal text are also widely used. This includes the following grammatical and syn-
tactic transformations: addition, deletion, replacement of parts of speech, replace-
ment of state, change of word order, syntactic assimilation, sentence segmenta-
tion, sentence combining, model sentence replacement, model sentence replace-
ment. A grammatical shift in translation occurs when the grammatical structure of
the source sentence differs from the structure of the target language, and the lin-
guistic tradition of the target space requires such changes and agreements (Mos-
kaliuk, 2020).

Therefore, we would like to emphasize that when translating into Ukrainian,
it is necessary to ensure maximum adaptation to the English text in accordance
with all linguistic norms and stylistic features of the Ukrainian language. Thus,
the reader can easily and effectively familiarize himself with the text content of
the document, analyze them and practically follow these texts. In addition, it
should be noted that mainly in order to achieve an adequate translation, the trans-
lation is complex and complementary, i.e. in one sentence several translation tech-
niques are used at the same time. Consider the following example:

Do not exceed the maximum water level indicated in the inner pot to prevent
overflow.

Hnsa 3anobieanus nepenosHennio He HAIUSALMe 00U 8UUje MAKCUMATLHOSO
DI6HS, AKUL 6KA3AHUL Y BHYMPIWHILT KACMPYJIL.

The translator resorted to grammatical substitution — the substitution of a part
of speech: the verb to prevent was replaced by the noun prevention. Thirdly, the
lexical unit maximum in the Ukrainian version is reproduced using adaptive trans-
coding. In addition, the sentence has changed even at the syntactic level due to the
observed use of permutations. Therefore, among the transformations of grammar
and syntax, the most specific weight is occupied by the replacement of parts of
the language and the assimilation of syntax. The frequency of use is accompanied
by a change in word order and addition. Substitution of sentences and conjunction
of sentences are less often used.

When translating manuals for example for the use of household appliances,
we can use the style and approach of technical translation. In order to perform
their work effectively, translators must fully understand the source language and
the target language, possess basic subject knowledge, and develop in the field of
translation studies to acquire the necessary skills and abilities. Note that transla-
tion is also open to innovation. Today, technical translation encompasses the ap-
plication of machine translation systems and translation automation systems.
However, such an activity requires not only a lot of energy and time, but also
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concentration and thoroughness, as translators will face many problems and diffi-
culties in their work. First of all, it is necessary to remember that the operating
texts are characterized by stamps, jargon, various abbreviations, etc. In addition,
complications during translation can be factors such as time, deadlines for sub-
mission of finished materials or working conditions of the translator. In order to
avoid any problematic situations, it is extremely important to know the details of
reproduction that are characteristic only of such texts (Novikova & Suima, 2024).

In the course of the study, a transformational analysis was carried out, which
revealed the use of lexical, grammatical and syntactic transformations of the trans-
lation. When reproducing texts for using household appliances in lexical transfor-
mations, tracing paper, texts, antonyms, descriptive translation are most often
used. Grammatical transformations include replacement of parts of speech, re-
placement of status categories, additions. At the syntactic level, translators use
more techniques of changing word order, syntactic assimilation, and sentence
structure. However, not all explanatory texts have the correct translation, as there
are many lexical-grammatical and stylistic errors (Suima, 2024).

During the research, it was determined that grammar and vocabulary in sci-
entific and technical literature have their own unique features that distinguish
them from the general language norm. Scientific and technical literature is char-
acterized by the use of specialized terminological apparatus, technical accuracy
and objectivity of speech. It is noted that the use of scientific and technical lan-
guage requires from the author not only deep knowledge in a specific field, but
also the ability to clearly and succinctly express his thoughts. The analysis of
grammatical structures and lexical means allows us to identify trends in the use of
linguistic means in scientific and technical literature and reveal their influence on
the understanding of texts.

Conclusions

It was found that the effective use of grammatical and syntactic transfor-
mations in the translation of texts is important for ensuring a high-quality and
understandable text. They allow you to adapt the language material to the cultural
and linguistic characteristics of the target audience, making it easier to understand
the texts. Secondly, the study of various types of grammatical and syntactic trans-
formations, such as addition, deletion, replacement of a part of speech, replace-
ment of state, change of word order, made it possible to determine optimal trans-
lation strategies to increase the comprehensibility and accuracy of texts. In gen-
eral, it can be concluded about the importance of studying and using grammatical
and syntactic transformations when translating texts for the use of household ap-
pliances as a key element of improving the quality and efficiency of communica-
tion in this specific genre of texts.

As a result of the analysis of texts for household appliances, a number of
features were revealed that affect the quality and comprehensibility of the trans-
lation into Ukrainian. An important part of the work was the definition of strate-
gies and methods that contribute to the high-quality translation of texts. The study



82 Challenges and Issues of Modern Science, 3 (2024)

also takes into account the cultural and psychological aspects of translation, bal-
ancing technical accuracy and accessibility for different categories of consumers,
as they affect the user's perception of information. A balanced consideration of
technical accuracy for different categories of consumers is important.

In the second chapter, it is emphasized that the effectiveness of translation
tools makes it possible to significantly facilitate the process of adapting technical
documentation, however, it is important to emphasize that caution is necessary
when using these tools, since technical specificity can lead to inaccuracies and
inaccuracies in translation. The study emphasized the importance of understand-
ing the context and specificity of terminology in the fields of electrical engineer-
ing and computer technology.

As aresult of the conducted research, dealt with the peculiarities of the repro-
duction of culturally specific information during the translation of technical texts
from English to Ukrainian, a number of important aspects that affect the quality
and efficiency of the translation were revealed. It has been established that cultural
differences have a significant impact on the perception of technical information,
which determines the need to carefully consider the context and cultural features
of both the source and target audiences, it is emphasized that the effective trans-
lation of technical texts requires not only accuracy in the transmission of termi-
nology, but also adaptation its to the cultural context.
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st morped MammHOOYAiBHOT MPOMHUCIIOBOCTI 4acTO BUILIABJISIIOTH CTAJI pi-
3HUX MapoOK, PiBHOIIIHHI 32 MEXaHIYHUMH BIACTHBOCTIMH, ajie Pi3Hi 3a MpU3Ha-
YEeHHSM 1 co0iBapTicTIO BUpoOHUITBA. ToMy 3’ SIBIISIETHCS HEOOXIAHICTH PO3POOKH
MOJIeTIeH, 3a SKUMHU MOJKHA 00’ € JHyBaTH MapKH CTajJel B TPYIH, Jaji B IUX TPy-
nax 3HaxXOJUTH MaTepiajiy, sKi ayxe OIU3bKi 32 BIaCTUBOCTSIMU. Taku crai-IBii-
HUKH MOXYTh OyTH B3a€MO3aMiHHUMH JJISI PO3POOKH Pi3HUX KOHCTPYKTHBHHX
eJIeMEeHTiB IPUCTPOiB npukiIagHoi MexaHiku (FOmkesny & Iraarkun, 2024). Byno
BUBYCHO peajibHy HOMEHKJIATYpy CTaJleil Ta BUKOHAHO 30ip JaHUX IPO MEXaHi4yHi
BIIACTHUBOCTI METAJONPOKaTy Ha 9 mimampueMcTBax Ykpaiaum (AmdeBchkuii MK,
«3anopixkcranby, M3 im. [lerpoBchkoro, €HakiiBebkuit M3, JIHinpoBchkuit MK
im. J3epxunchkoro, KpuBopizekuit MK, lonenpkuit M3, MakiiBcekuit M3, AT
«/lninpocnercraney). st NpOBeAECHHS aHATITHYHOTO TOCTIUKEHHS BETMYE3HUX
MacHBiB JaHUX HEOOXIHO 3aCTOCYBAaTH pi3Hi 3ac00H 3 iH(pOpMAIiifHUX TEXHOIO-
riii. Lle 00yMOBHIIO CTBOPEHHSI OCHOBH ISl MATEMATUYHOTO TIPEICTABICHHS KOHC-
TPYKTHBHHX €JIEMEHTIB, SKE CTaJ0 0a3ucoM IpoBeAeHH: Takux pooit (FOmkeBna
& Irnarkun, 2023):

— BWABJICHHS Ha MPOMHCIIOBHX MiJIPHEMCTBAX MapoK CTasiel, OIM3bKUX 32
MEXaHIYHUMH BJIACTUBOCTSIMH, TOOTO ABIMHHUKIB Ta B3a€MO3aMIHHUKIB;

— 00'eslHaHHS B HETPAAWIIHHI TPyNMU Ta MiJBHIICHHS CHELialli30BaHOCTI
KJIaCiB CTaJe;

— YHOPSAKYBaHHS MapO4YHOTO COPTAMEHTY METAJIONIPOKATY 3a PI3HUMH KpH-
TEPIAMH.

KpiMm MoCSTHEHHS IUX pe3y/bTaTiB, 3alPOMOHOBAHHUI ITiIX1/1 J03BOJISE BUPI-
IIyBaTH JOKaJIbHI IPOOIEMH, SIKi HEMHHYYE BHHUKAIOTh HA €Talll MPOEKTYBAHHS
a00 po3pOoOKM HOBUX KOHCTPYKTHBHHX €JIEMEHTIB i TEXHOJOTIYHUX MPOLECIB 1X
3MIIHIOBAIEHOI 00pOOKH. AHa3 JIiTepaTypHUX JPKEpes 32 OCTaHHI I’ SITh POKIB
CBIZIYUTH, 1110 aHATITUYHUM JOCIIKCHHSM, [II0I0 PO3POOKH MPHUHIIUIIIB MaTeMa-
THUYHOTO NPEJICTaBJICHHS MapoOK CTaJlell KOHCTPYKTHBHUX €JIEMEHTIB He OyJIo mpu-
JIJICHO HAJIS)KHOI yBaru, TOMY HayKoBa po0ieMy 10ci HOTpedye CBOTO JIOTIYHOTO
BupimeHHs. Onepxani B p060T1 pe3yabTaTh € HOBUMH, BXKJIMBHMU 1 KOHIIENTya-
JbHO-TEOPETHIHIMH, SKi 0a3yl0ThCsl HA o6po6u1 JIQHHX OICPIKAHMX 3 9 npoBia-
HUX HiANPUEMCTB YKpaiHH, 3a 3aBJaHHsIMH IPOBIHUX MIHICTEPCTB 1 HE € POCTO
I[IKaBICTIO Ta MpEJCTaBlieHI B PI3HUX HAyKOBUX 3BiTax 3 JIEPIKABHOKO peecTpa-
iero. BumesnkiiazeHa 3HAUNMICTh PE3yNbTaTIB, SIK B HAYKOBOMY, TaK M B TpaK-
TUYHOMY KOHTEKCTI IOKa3ye, IO TpeCTaBlIeHa TeMa BIANOBIae Cy4aCHUM TEH-
JICHIIISIM ¥ IPO0JIeMaM MaITHHOOY/TyBaHHS.

[IpencraBieHa KOHIIEMIST MAaTEMATUIHOI MOJIENI JAaHUX OyJe CIPHUSTH PO3-
BUTKY HAyKOBOI J{yMKH, IIO /10 iHOpManiiHOT0-aHATITHYHOTO OIHCY KOHCTPYK-
THBHHX €JIEMEHTIB i METO/IIB KJIaCTEPHOTO aHANi3y B MPUKIaIHIi MexaHili. Kon-
LEMNLis MPEACTaBICHHS CEMaHTHYHMX MOSATH HNPUKIJIAJHOI MEXaHIKM MaTeMaThy-
HUM OITMCOM ITiHIMA€ BaXKJIMBi MUTAHHS CTBOPEHHS €JIEMEHTIB IITYYHOTO iHTe-
JIEKTY, 110 MOXKE BIUIMBATH IPH PO3IOBCIO/KEHHS MOJIOKEHb Li€l poOOTH Ta Ho-
nmanpmmx myomikamiin (FOmkeswy & IrHatkmn, 2023; HOmkeBnu & IraatkuH,
2024) Ha cycminsHe 0OOTOBOPEHHS Y BiTIOBIIb HA TIPOOIeMH aHai3y 0a3 JaHUX B
raiy3i MalIMHOOY/TyBaHHS.
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TeopeTuuHe NigrpyHTsa

[TpoBoxuIMCh TOCTIKEHHS, CIPSMOBaHI Ha BU3HAYEHHS CYKYITHOCTI KJIacH-
(ikaniitHux mapamMeTpiB cTaneil. 3a JomoMororo 0e3midi paKTHIHUX NaHUX, SKi
OTpHUMAaJH Ha3By Kiacu(iKariifHIX O3HAK, 1 CIIeIialbHO PO3POOICHOTO IS BUPi-
IICHHS ONTUMI3alifHUX 3aBIaHb IPOTPaMHOT0 3a0e31eYEeHHsI, MOXKHA BUAIIIUTH 3
HasBHUX MapoOK CTaJli ONTHMAaJbHI 00'€KTH, SIKi HAWOUIBII TOBHO BiIIMOBiNAIOTH
KOHKPETHUM yMOBaM ekciutyaranii. OfHak aHi y BITYM3HSHIN, aHl B 3apyOiKHIN
MIPOMHUCIIOBOCTI HEMa€e OPEHIOBHX COPTAaMEHTIB i HOPMAaTHBHO-TEXHIYHOI JOKY-
MeHTauii Ha MetanypriiiHy npoaykuiro. (Kammnosckuii & 3aiiuesa, 2021), siki 6
JIO3BOJISLIIN TiAOMpaTH 3aMiHHUKH CKJIaTHOJIETOBaHUX cTaneil. [Ipu oMy kpuTe-
pii SIKOCTI HITBOBOTO MPOAYKTY BCTAHOBIIOIOTHCS 1ICHYIOUMMH CTaHJIapTaMH, TH-
HOBUMH TEXHOJIOTISIMU Ta 1HITUMU HOPMAaTHBHUMH JOKYMEHTaMH B JIOITYCTUMUX
MeKax. MIMOBIpHO, OCTaHHE TIPOIMKTOBAHE THM, 11O PO3POOHUKHM HOPMATHBHUX
JOKYMEHTIB IIParHyTh MiATPUMYBATH TEXHOJOTIUYHHI NPOIIEC, HACKIIBKHU IIe MO-
JKITUBO, B KOHKPETHIN 00paHiil 30Hi pobortu. Jleski kputepii, B cuity cBoei ¢i3uy-
HOT IPUPOAN, MOXKYTh CYyNIEPEUUTH OAMH OJHOMY. Hanpukimaz, migBHILCHHS TBe-
pIoCTi Marepiany MOXKe CYNepeyuTH 3MiHaM ILIACTHYHOCTI, KPUXKOCTI i T. A. Y
3B'A3KYy 3 IIMM IIOCTA€ 3aBJAHHS PAH)XUPYBAHHS 32 BAKIUBICTIO KPHUTEPIiB KO-
CTi... 3ajJayy MOXXHa BHPIIIUTH 3a JONOMOIol0 (pakranbHOro Qopmaiizmy
(Volchuk, 2017). Ilpore, aHamiTHYHE MaTeMaTWYHE MPEICTABICHHS O3BOJISIE
PO3B’si3aTH HE TUIBKH 3ajauyy PaH)KyBaHHs, a W BU3HAYUTH CYKYIHICTb 3B’SI3KIB
MiXk 00’ €xTaMu iHPOPMAIITHOTO MOJIETIOBaHHSI — MapKaMH CTallei 1 KOHCTPYK-
TUBHHUMH eJleMeHTaMu. Mapku craiii MOXKyTh OyTH 00’ €HaHI 3a PiBHAMHU OJIN3b-
KOCTI MEXaHIYHUX BIacTUBOCTEH B (DikcoBaHI HAOOpW, a came, HETPaTHINiHHI
KJIacH, B MEXax SIKUX MOXKe OyTH NpOBe/IeHNH MOPIBHSAJIBHUIT aHalli3, B TOMY M-
CJ1i 32 JIOTIOMOT0X0 paHXKyBaHHs. TaKKM YMHOM, i3 BUXiTHOTO HA0OpY JaHHUX CTBO-
PIOEThCS HOBA CTPYKTYPOBaHA iHdopmalis po MapKH CTaseii, ka J03BOIIIE BHi-
KOHYBaTH omnepauil yHi(ikalii MeTaJeBux MarepiaiiB BiTHOCHO 3aJaHOTO KOHC-
TPYKTUBHOTI'O €JIEMEHTA.

MpakTuyHe 3Ha4YeHHA pe3ynbTaTtiB

Pesynsrarom CTPYKTYpYBaHHS iH(opMaIlii MOXKHA BBAXKAaTH BIIOPSAIKYBaHHS
MapoK craJieil 1jIs: eKOHOMIT JeryROUnX €JIEMEHTIB; 3HIKCHHI CHEProBUTPAT Ha
TOHHY TIPOIYKIIT 32 paxyHOK pamoHam3au11 SIK TIOTIEPE/THBOT, TaK i ocTaTouHol
TepMiYHOT 00POOKHM; TiIBUIIEHHS HAAIHHOCTI KOHCTPYKIIii TpH 30epekeHH] piBHA
BUTpaT Ha ii BUPOOHMIITBO; 3HIKEHHsI CO0IBAPTOCTI KOHCTPYKTHBHUX €JIEMEHTIB
npy 30epekKeHHI CTYNEeHs CIIy>)KOOBHX XapaKTePHCTHK BiATIOBIAHO IO BUMOT HOP-
MaTUBHO-TEXHIYHOI JOKyMEHTAIIIi.

HaykoBa HoOBU3Ha pe3ynbTaTtis

«bararo ckJIaJHUX MPOLIECIB Ta SBUII Y IPUPOIi CKIQJTHO OMHCATH i3 3aCTO-
CYBaHHJIM TPATUIIIHHUX METONWK. PearmizyBaTu neTepMiHOBaHWH crociO, sSKuit
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3aCTOCOBYETHCS JUIsl OLIIHIOBAHHS MEXaHIUHHX BJIACTUBOCTEH MacHBHHUX MeTalle-
BUX BUPOOIB, IO 3aCHOBAHWI Ha aHAaJTi3l MPHYMHHO-HACIIIKOBHX 3B’S3KIB, —
CKJIaJIHE cy4yacHe 3aBAaHHs. Lle MOsSCHIOETHCS THM, 1110 TEXHOJIOTis BUPOOHUIITBA
CKIagHMI OaraTomapamerpuanuii npomecy (Volchuk et al., 2023). Konnenmis ma-
TEeMaTU4YHOI MOZIENI CTPYKTYPH JaHUX Ja€ HOBY CUCTEMY IOIVISIIB Ha CTBOPEHHS
AHAJIITHYHOTO ONKCY B 0araTOBHMipHOMY IIPOCTODI, B IKOMY OCi KOOpPJMHAT Bij-
MIOBITAIOTH Pi3HUM THIIAM XapaKTePHCTHK KOHCTPYKTUBHUX eneMeHTiB. [Ipeacra-
BJICHHSI MApOYHOTO COPTAMEHTY CTaJIeH, sIK iHpOpMaLiHHUX 00’ €KTIB, B 4aCTOMY
BUTIAJIKY, B TPUBUMIpPHOMY TPOCTOPi TOJIOBHIIINX CIY>KOOBHX XapaKTEPHUCTHK
KOHCTPYKTHBHHX €JIEMEHTIB € HAOYHHMM 1 BIIOMHM. YIieplie 0araToBUMipHICTb
JIOTIOMArae TOCIIANTH BiTHOIICHHS 1 B3a€MO3B'I3KH MK MapKaMH CTaJeH i KOHC-
TPYKTUBHUMH €JIEMEHTaMH, SIK iHPOpMaliiHUMHU 00’ €KTaMi MHOXHH 3 ypaxy-
BaHHSM BCIX MOXKJIMBHUX ITOKa3HUKIB SIKOCTI.

KoHuentiist TeOpeTHKO-aHaTITUYHO IPEICTaBICHHS KOHCTPYKTUBHUX eJieMe-
HTIiB B 0araTOBUMipHOMY MPOCTOPi MEXaHIYHUX BIACTUBOCTEH BIEpPILE JO3BOJISE
MepeiTH 10 pO3pOOKH MaTeMaTUYHOI MOJIEI CTPYKTYpH JaHHX, sIKa 3aCTOCOBYE
ANTOPUTMH BU3HAYCHHS CYKYITHOCTI 3B'SI3KiB MK 00'€eKTaMu iH(pOPMAIifHOTO MO-
JIeTIFOBaHHS — MapKaMH CTaJlel i KOHCTPYKTUBHUMH €JIEMEHTaMH, 1 BEJIe 10 CTBO-
PEHHSI CHCTEMH METO/IIB Ta aJlTOPUTMIB HETpaIuIiiHOI KilacTepu3anii KOHCTPYK-
HiifHuX MarepiaiiB. KoHuenuisi nmpornoHye HOBY OpHTiHaJIbHY CHCTEMAaTH3allilo
BUXITHOI iH(OpMaIIii 3 ypaxyBaHHSIM HMOBIpHICHHX HapaMeTpiB, IO IiABHIIYE
JIOCTOBIPHICTB MOPIBHSUILHOTO aHANI3y XapaKTEPUCTUK KOHCTPYKTHBHOTO eJeMe-
HTa 1 MOKAa3HHKIB AKOCTi cram. Lle, Hacammepen, qae MOXJIUBICTD 31 CTaTHCTHY-
HUM (paKTUUHHM PO3MHUTTSM I'paHUIb iHPOpMaliHHUX 00’ €KTIB (32 paXyHOK Iiii-
cHOI iH(opMaIii oepxkaHoi 3 Taboparopiil MEXaHIYHIX BHIIPOOYBaHb PI3HUX Mij-
MPUEMCTB) 3pOOUTH EKCTIEPTHUM MiJ0Ip IPYITH MapoK CTajei JUis BUTOTOBJICHHS
KOHCTPYKTHBHOTO €JIEMEHTa, TAKOK B PaKETHO-KOCMIYHIHN rairysi.

MeTta Ta 3aBgaHHA

CTBOpPUTH KOHIETIIII0 MOJIEJi aHAJITHYHO-MAaTEeMaTUYHOTO TPE/ICTABICHHS
KOHCTPYKTHBHHX €JIEMEHTIB B IIPOCTOPI OKa3HUKIB SKOCTI MapOYHOTO COpTaMe-
HTY CTaJel, IpU3HAYeHUX IS iX BUPOOHUIITBA.

3aBmaHHA JOCITIHKEHHS MOXKHA 3BECTH 10 PO3POOKH KOHICIIH Mozeni
IIPEJICTaBICHO] OIIUCOM:

1) BuOOpYy HaBYAIOUMX MPEICTABHUKIB 3 00paHUX KJaciB (CyKymHOCTeEH) cTa-
et 3 Oyab-IKUX KOHKPETHHX ITOKAa3HHKIB,

2) abo X BUIUICHHS HABYAIOUMX BHOIPOK cepell MapOK cTalleil MicJisl OLiHKH
3a KPUTEPISIMH 3 yCiX MOPiBHIOBAHUX XapaKTEPHUCTHK.

MeToponoria

Merton nocmimkeHHS 0a3yeThCsi Ha SCHOMY 1 UITKOMY PpO3DIAIl eTariB
00 EKTHBHOTO MPOIECY CEMAaHTHYHOIO OMHKCY CTPYKTYPH IaHUX, SIKUH OyB Mpo-
BEICHUI TIpy 00pOOIIl MEXaHIYHUX BIACTUBOCTEH OJepkKaHUX 3 9 MiANMPHEMCTB.
IIpu 1pOMY 3aCTOCOBAaHO TEOPETUKO-aHATITHUYHUN TIiAXiM 10  CTBOPEHHS
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KOHIICTIIIT PO3B'sI3aHHS 337a4i (JOPMYBaHHS MATEMAaTUYHOI MOJIENI JaHWX 3aJie-
JKHO BiJl BAMOT JI0 KOHCTPYKTUBHHX €leMeHTIB. Takuii akTyaabHUI METO] aJeK-
BaTHO BIZITMOBIIa€ METI CTBOPEHHS KOHIICTIIIIT MOJICTi aHATI THYHO-MaTeMaTHYHOTO
MIPEACTaBICHHS KOHCTPYKTHBHUX EIEMEHTIB Y IIPOCTOPi MOKA3HUKIB AKOCTI. Onme-
pKaHHS KOHIICHIIT MOJIEIi — II€ € JOCATHEHHS HayKOBOTO pe3ynbrary. CeMaHTH-
YHO-MaTeMaTHYHIH OTFC MOJEIi MOKe OyTH aganTOBaHHUH IS aHAJIOTIYHHX J10-
CIiJIB TEXHOJOTIYHUX IMPOIECiB BUTOTOBICHHS AeTanel MammH. ONMicaHnil HU-
JKUe METOJ| JACTaTi30BaHO JIa€ PO3YMIHHS MPOIIECY OJCP KaHHS KOHIICTIIT MOJeITi
JIAHUX KOHCTPYKTUBHHX CJIEMEHTIB.

Marepianu Ta meTogu

BiniOpani xapakTepHCTHKU CTajeld A METaIOBHPOOIB y3aralbHIOBAIH Y
BUDIISA/I TaOJHIIb, SIKI MAIOTh HACTYITHY CTPYKTYPY KOJIOHOK: MapKa CTaJld; 3aBOJI-
BUPOOHUK; IPO(dish TIepepi3zy METAIONPOKaTy; THIIOPO3MipH; XapaKTepHUHA po3-
Mip; 68 ; Or; O; V; KCU; 3 s , s/ Or; 8/ 0. TakuMm uuHOM, Oy0 OTpUMaHO
reHepaJIbHy CYKYIHICTh NOKa3HHKIB CTaJeH.

JlaHi 3 TabaMIb BBOIWIM B KOMIT'IOTEp 1 30epirajiv B TEKCTOBUX (haiinax, sKi
KOHBEPTYBaJH B cepenoBuie oOpoOku iHdopmarii. [lonepenniit ananiz maaux
BUKOHYBAJIM B IHTETPOBAHOMY CEPEOBUILI PO3POOKH €KCIIEPTHUX CUCTEM [HTep-
Excriept (GURU), mo nmoennye cucteMu enekTpoHHUX Tabnuns, CY B/, BHYyTpI-
IIHIO QITOPUTMIYHY MOBY IPOTpaMyBaHHs BUCOKOTO piBHs, MOBY 3anuTiB SQL Ta
CEepeIOBHINE CTBOPEHHS 1HTEJIEKTyaIbHUX MPABHJI, IO JA€ SIBHI NIEPEBArH IIepeN
TpaaMUiiiHUMH cucTeMaMu oOpoOku iHpopmauii. JlocmipkeHHsT BUKOHATIH ISt
craner (FOmkesnu & Irnarkun, 2023):

1) BynreneBux 3Buuaiinoi sxocti (Cr3km, Cr3nc, Cr3cm, Cr3l'ne, Crsmc,
CrS5cr 1a iH);

2) sxicHux Byntenesux (10, 20, 25, 30, 35, 40, 45, 50);

3) neroBanux (20X, 35X, 45X, 0912, 0912C, 10I"2C1, 1412, 192, 50T,
10XCH/J, 15XCHA, 10XHTII, 14I"2AD, 15T2A Ta in.).

[Ticnst BU3HAYEHHS [TOYAaTKOBUX TPAHMYHHMX BHMOT JJIsi MEXaHIYHHUX BIIACTH-
BOCTEH KOHCTPYKTHBHHX €JIEMEHTIB BIINOBIZHO 10 HOPMAaTHBHHX JIOKyMEHTIB
(dopmyeThbes MacuB aHuX. [Ipu 1bOMY MOXYTh BUKOPUCTOBYBATHCS 0a3u JaHUX
(haKTHYHUX 1 HOPMAaTUBHHUX XapaKTEPHCTHK MapOK CTaJIEH 10 KOXXHOMY KOHCTpY-
KTHUBHOMY ejieMeHTy. ClijibHe BUKOPUCTAHHSI CTaHIAPTHUX 13 HOPMATHUBHOT JIOKY-
MeHTalii, eKCIIepUMEeHTAIbHIX BUOpaHUX 31 3BITIB 32 HAyKOBO-IOCIITHUMH PO-
6oTamu 1 (paKTHYHMX, BU3HAUYEHHUX y NMPOMUCIOBHX JIAaOOPATOPisX MPU MOTOKO-
BOMY BUPOOHUIITBI MEXaHIYHUX XapaKTEPUCTUK CTaJleH, J03BOJISI€ BUSBUTH MOKa-
3HUKHU SKOCTI, SIKi (YHKIIIOHATBHO HE 3aJIeKaTh OAWH Bix omHOro. Ilicis mporo
HeoOXiaHO CHCTEMATH3YBaTH BUXITHY iH(bopMaui}o 3 ypaxyBaHHSIM CTaTUCTHUY-
HHX apPaMETPiB i CTBOPHTH OCHOBY MOJEIi CTPYKTYPH JaHHX KOHCTPYKTHBHHX
€JIEMEHTIB, B TOMY YHMCII Y BUIVISII MaTeMaTHIHNX MaTpHIlb i CIICKTPOHHHX Tab-
nuue. Lle nigBuiye 10cToBIpHICTS pOOOTH MOZIEINI OPIBHSUILHOTO aHANI3y HOKa-
3HUKIB SKOCTI 1 Ja€ MOXJIMBICTH PO3POOMTH alTrOPHUTM IiAOepy pauioHaIbHOT
MapKH CTall Jyisi BATOTOBJICHHS] KOHCTPYKTHBHOTO €JIeMEHTa.
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Mo>xnusicTb pennikauii gocnigXeHHs

Mertonu i METOAOJIOTISI aHAIITHYHOTO JOCHIPKEHHS ONUCAaHI JJOCTaTHBO I10-
BHO, Ha iX OCHOBI MOKHA TIOBTOPHTH aHAJTI3 JAaHUX B Pi3HUX Taly3sx 3HaHb. Tek-
CTOBI JlaHi JAOTh HAOYHE MPEACTABIICHHS PO CTBOPEHHS OCHOBHHX IOJIOKCHB
KOHIIEIIII{, [0 Ia€ JOCTYIHICTH 1HIIIM JOCTIJHUKAM 10 1 3acTocyBaHHs. Bukia-
JIeHI TporiecH 30UpaHHs i 00pokyu iH(opMamii BU3HAYAIOTH IPO30PIiCTh GopMy-
JroBaHHs KoHUenii. [ToBHMI onKc cucTeMu NONISAAIB Ha CTBOPEHHSI MaTeMaTHy-
HOI MOJIeJTi JAHUX BKITIOYAE BCi KITFOYOBI A€TalNi, SKi JO3BOJIIIOTH iHIIIM aBTOpam
3aCTOCOBYBATH IIPEACTABIICHI METO/IN K aHAJIOTTYHUM a00 HOBHM BUIIaJKaM.

O6roBopeHHs Ta pe3ynbTatm

Ha ctpykTypy Ta BIacTHBOCTI OaraTboX MarepiaiiB BIUIMBAIOTh METOIMKH iX
OTpPHUMAaHHS, peXXUMH 00poOeHH:, Pa3oBuii i XiMivauii ckiran Tomo (Hlushkova
etal., 2023). [ToOynoBy MateMaTn4HOi MO CTPYKTYPH JaHUX KOHCTPYKTHBHUX
€JIEMEeHTIB HeOOX1/THO IOYNHATH 3 MPEICTABICHHS IX B MTPOCTOPI MOKA3HUKIB SKO-
CTI KOHCTPYKLIHHMX MaTepiajiB, y TOMY YHCIi, B BUNIsAI 1H(OpMALIHHUX
00’exTiB. Mapxka craui sk iHpopmariianii 00'ekt (FOmkenu. & Iraatkun, 2024)
MOXKe OyTH MpecTaBlieHa CUCTEMOO O3HAYEHb.

Ty Myyfepm (1)

3 [[LOTO BUILIHBAE, [0 CTAJIb 33JaHOT0 XIMIYHOIO CKJIaJly MOXKHA TIO3HAYUTH aHa-
JIOT1YHO

Tv Sm(Xs)jcptna (2)

o3Haku Mapku cram (FOmkeBna & IrHarkun, 2023) mO3HAYAOTHCS ITOCIIOBHI-
CTIO 1HJIEKCIB

{vmfncptns}, 3)

CTajb Mapku m Mae HaOip MexaHiyHMX BiactuBocted (FOmxkeBnu & IrHatkuH,
2024), axi € kooparHaTamMu iHHOPMAIIHHOTO 00'EKTY B TPOCTOPI MOKA3HUKIB SIKO-
CTi KOHCTPYKIIHHUX MaTepiaiiB

1 2 i P
{avmfcptns' O-vmfcptns' R O-vmfcptns' R O-ymfcpms}s (4)

J€ Oy feptns — NO3HAUEHHS MEXAHIYHUX BIACTUBOCTEH - G CTalli - m 3 HOMEPOM-
IH/IEKCOM - i, p - KIJIbKICTh IIOKa3HMKIB 200 03HAa4YeHOi CYKyNHOCTI iHaeKciB (i =
1; p).
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IIpuyomy
c'=op,0%=01,06%=0,0*=y,c =KCU, ... %)

ne T — npedikc 00podku, npusHaveHoi 3rigHo 3 JICTY, TY abo 3a iHmmMu HOp-
MaTUBHUMH JOKYMEHTAMH JUIS CTall; v — iHOEKC BUAY 0OpoOKu: TepMmidnoi — 1,
3MIIHIOBATBHOT — 2 200 PO3MIIIHIOBAIBHOT — 3 1 T. iH.; M — MO3HAYEHHS MapoK
craseii BignoBigaux 1o ACTY, TY abo iHmIiX HOPMATUBHHUX TOKYMEHTIB; S — I0-
3HAYEeHH CTajiell B HEOOPOOJICHOMY CTaHi; M — iHAeKC (YMOBHUI TOPSAKOBHI HO-
Mep) MapKH CTaji; f — yMOBHHHU iHAEKC MiMPUEMCTBA; ¢ — IHACKC CTaHy METaIy:
JIMTHUH, X0J01HONe(POPMOBAHNH, rapsiae-1e(OpMOBaHHH; p — IHIEKC reOMeTpUY-
HOTO MPO(DITIO eIeMEHTY KOHCTPYKIIil; £ — iIHACKC po3Mipy Ipodiss, SKOMY TaKoXK
BIAMOBIJa€ BETMYUHA IUIOLII MONEPEYHOTO epepi3y MeTalieBoro BupoOy; # — iH-
JIEKC IIJIbOBOTO MpHU3HA4YECHHS; X; — BEKTOP (PAKTHYHOTO XIMIYHOTO CKIIAmy; S —
1HIEKC IUIABMIIFHOTO XIMIYHOTO CKIJIQAy CTali, [0 CTABUTHCS Y BiIMTOBIIHICTH HO-
Mepy B XKypHaJli J1abopaTopHUX BHNPOOYBaHb MiJIPHUEMCTBA-BUPOOHMKA ab0 B
cepTudikari IKOCTI Ha METAIONPOAYKIifo. TakuMm urHOM, iH(OpMALiHHIMH 00'-
€KTaMH MPOCTOPY O3HAK KOHCTPYKTUBHHX €JIEMEHTIB BHCTYNAlOTh CTalli, Mpel-
CTaBIICHI B 0araTOBUMIipHii CHCTEMi KOOPJMHAT MEXaHIYHHUX BIACTHBOCTEH. Y HO-
PMaTUBHO-TEXHIUHIM JOKyMEHTAIlil 3a3BHYail PeICTaBIeH] MACUBHI CIIUCKHU (i-
3UKO-MEXaHIYHHUX BJIACTUBOCTEH, SIKi HE BPaXOBYIOTh (DAaKTHIHUI CTaTHCTHIHUI
pO3KuA iX 3HaUEHb, 1110 BUHUKAE ITPYU BUPOOHUIITBI METAIONPOKATY 3 YHCICHHUX
BUIIB Mapok cTayeil. Y ¢opmanizoBaHOMYy ONHCI KOHCTPYKTHBHUX EJIEMCHTIB
MO)K€ BUKOPHUCTOBYBATHCS OJHA OCHOBHA CIIO)KMBYA BJIACTUBICTh, CyKYIHICTb Xa-
PaKTEepPHUCTHUK, IHTErpaTbHUH IMOKa3HHUK SKOCTi a00 O€3p03MipHi 03HAKH.

Haiiyacrime [uisi XapaKTepUCTHKA KOHCTPYKTUBHHX €JIEMEHTIB BUKOPHCTO-
BYETBCS O/INH 3 CIIOKMBYHX ITOKa3HUKIB, SIKHH YMOBHO BBAXKA€THCS OCHOBHUM a00
TOJIOBHHUM cepejl ycboro Habopy. Takuii miaxia Moxke poOMTH NPECTaBICHHS PO
MeTanoBupi®d HemoBHUM. OJHAK MOXYTH ICHYBaTH II€BHI BaXKIMBI MOKA3HUKH
KOHCTPYKTHBHHX €JIEMEHTIB, B MiHIMJIbHIH KIJIBKOCTI, 38 HAHO1JIb1I TTOBHOIO Bil-
MOBITATBHICTIO KPUTEPIsM Ipane3aaTtHicTh. L{i moka3HUKH MOBUHHI OyTH 00TpYy-
HTOBAHO MiiOpaHi 3 PI3HOMAHITTA HASIBHUX XapaKTEPUCTHK METAIEBOTO BUPOOY,
IO MICTATHCS B HOPMAaTHBHO-TEXHIUHIH HOKyMeHTaui'l'

BukopucTaHHs aHMX HOPMAaTHBHHX JIOKYMEHTIB B 3aBIaHHSX PaHKHpY-
BAHHS, YIOPAIKYBAHHA, CTPYKTYPYBaHHs, IPYIyBaHHS, knacudikamii, 3amiHy,
yHiikalii, MoaentoBaHHs, onTuMi3aiii i ceprudikalii Mapok crajel 3Ha4HO
yCKJIaJTHIOE 00pOOKY 1 MpecTaBIeHHS OCIIIKYBaHUX XapaKTEPUCTHK, IPaKTH-
YHO He BioOpakae B3a€MO3B'SI30K MK HUMU. [Ipy IbOMY BHKIIIO9Aa€THCS BU3HA-
YeHHs! PYHKIIOHAJILHO 3aJIEKHHUX XapaKTEPHCTHK.

3acrocyBaHHA 6a3 JaHWX OTPUMAHHX 13 MiJIPHEMCTB BUPIIIYE IMOCTABICHI
3aB/IaHHS BU3HAYEHHS IEpelliKy MapoK cTalyieil, ki MaloTh (aKTHYHI 3HAYCHHS
piBHIB (i3MKO-MEXaHIYHUX BJIACTHMBOCTEH KOHCTPYKTHBHOTO eneMmeHrta. Ilpu
I[bOMY, YMM OiJIbIIIa KUIBKICTh MIINPUEMCTB, Ha SKHMX 310paHO TEXHIYHI AaHi PO
MapKH CTaji | KOHCTPYKTUBHI €JIEMEHTH, TUM OOIPYHTOBAHIIINM Ta JOCTOBIpHi-
mmM Oyrie pe3ysbTar iX MaTeMaTuIHo1 0OpOOKH.
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JAnst NOpiBHSHHS OHOTHITHMX MEXaHIYHUX BJIACTUBOCTEH PI3HUX MapoK cTa-
JIel BUKOPUCTOBYETHCSA KOMOIHaTOpHUH MeTon. Lle mpu3BOAUTE O BEIHKOTO 00-
cary mnopiBHsHb. Tomy 11 Habopa cranei, MPOMOHOBAHUX JUISi BUTOTOBJICHHS
KOHCTPYKTHBHOTO €JIEMEHTa, MOYXHAa BH3HAYMTH HABYAIBbHI BHOIPKM 1 IpaBmIia
BBE/ICHHSI B HUX. [Ipy 1bOMy B HaBUaJIbHHX BHOIpKax Mae OyTH MakcuMalbHa
IIUTBHICTH PO3TAITyBaHHS MapOK CTaleH.

Bu3HayeHHs1 1

HapyanbHa BuOipKa npu HeTpa uLiiHiN Kiacu(pikaii KOHCTPYKTUBHHX elle-
MEHTIB — IIe CyKYITHICTb MapoK, sIka YTBOPIOE KJIac B 03HAKOBOMY IIPOCTOPI, Ta Y
SKAH HA0OpH MEXaHIYHUX BIACTHBOCTEH CIIPSIMOBYIOThCS K 3HAYEHHSM KOOPIIH-
HAaT LEHTpa TSKIHHA MHOXUHU

1 i P
lefcptns' ad lefcptns' R O-vlfcptns
1 i P
szfcptns' ad 0-vzfcptns' R O-vzfcptns
p
1 i p - {O-UllfCanS’ o Jvufcptns} (6)
Jvmfcptns' = Yvmfeptns’ 0 Yvmfeptns
1 i P
JZvacptns' T 02vacptns' ) J21;Mfcptns
{ol o2 ol a” } - _
nae vmfceptns) “vmfeptnsy o Yvmfeptns’ ) Yvmfeptns KOOp/AMHATH TOIKM
. . . 1 2 i
MapkKu CTajgl C 1HACKCOM-HOMEPOM m; {Uvufcptns' Uvufcptns' ey O'chpms,
, Glfufcptns} — KOOpJAWHATHU LICHTPa Barvu Kjacy B HpOCTOpi O3HaK; M - HOMED

OCTaHHBOI MapKH B CIIUCKY; II — IHJIEKC [IEHTPY Baru.
Bu3HayeHHs1 2

Kinac craneif KOHCTpYKTHBHOTO €JIEeMEHTa B IIPOCTOPI MEXaHIYHHX BIACTHUBO-
CTeH sIBJIsIE COOOI0 CTATUCTUYHY XMapy TOUOK, KOXKHA 3 SIKHX XapaKTepH3ye CTab,
30CepepKeHy HaBKOJIO 11 IIEHTPY CTaTHCTHYHOI Bark B MeXax 331aHHUX BiIXHUJICHb,
TaKUX K CepeHbOKBAIPATUUHUI KOPiHb, TOBIpUMii iHTepBa i iH. Halikpamum
3HAYEHHSIM CTaHJAPTHOTO BIIXWICHHS O Bifl LEHTPY Kiacy IpH HOPMAJIbHOMY
PO3IOALTI MEXaHIYHUX BIACTUBOCTEH PO3IVISHYTUX CTaJICd CJIiJi BBAXKATH BEIU-
ynny 6 = 1,0 £0,2.

BukoprcToByroun o0OMexeHy TO4ATKOBY Bl)IOMy MHOXKEHY MapoK CTaliei
(xoua 6 3 oxHiel), sIKi 3aCTOCOBYIOThCSA Ha Pi3HUX l'IlZalI/IEMCTBaX JUISl BUTOTOB-
JICHHSI KOHCTPYKTHBHOTO €JIEMEHTa, MO’KHA BUKOHATH BapiaHTHUI O BCi€l re-
HepaJIbHOI CYKYITHOCTI MapoK Ha Kiacu cpopMOBaHi HaBKOJIO HaBUAOYOi BUOIPKH
3 MONEPeIHbO 3aJaHUMHU PIBHAMH MEXaHIYHHUX BIACTHBOCTEH i MaKCHMaJIbHOIO
IIITBHICTIO PO3TALIyBaHHS TOUYOK-CTallel BcepeauHi HuX. Yepes Te, o Ul KoX-
HOTO KJlacy Mo)ke OyTH BHOpaHO KiJIbKa OMM3BKO pO3TAIllOBAHWX HABYAIOYUX 1H-
(hopManiiHUX 00’ €KTIB, TO AJI HABYAIOYOT BUOIPKH HEOOX1THO BUAUTUTH MiHiMa-
JBHY KUIBKICTH cTaneil. TakuM YHHOM, BHKOPHCTOBYIOYHM C(OPMYIHOBaHI
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BU3HAYEHHS, 3a/1ady CTPYKTYpH3alil MaTepiaiiB KOHCTPYKTHBHUX €JIEMEHTIB MO-
JKHa MIPUBECTH 10 TIOUTYKY B BUX1IHOMY MacHBi JaHWUX, HABYAIOUYMX BUOIPOK, Po-
PMYIOYMX HaBKOJO ceOe pallioHajbHI MEeXaHIuHi BIaCTHBOCTI SIKi BiJIOBIAIOTH
KpalyM IIPEACTaBHUKAM Cepel MapoK 3 YTBOPEHHUX KIIACiB CTalel.

MexaHiuHi BIaCTHBOCTI € OCHOBHHMH ITOKa3HUKAMH SKOCTI METaJleBUX BU-
po0iB, i MAIOTh CTOXaCTUYHHI XapakTep, IO BU3HAYAETHCS [ialma30HOM Bapiarlii
BHACJIIZIOK Pi3HUIII CTIOCO0iB BUPOOHHUIITBA i KOIMBAHB XIMIYHOTO CKIIAy B Pi3HUX
iaBKax. ToMy IOKa3HUKM SIKOCTi KOHCTPYKLIHHUX MaTepiajiB | KOHCTPYKTUBHUX
SJICMCHTIB BHTOTOBJICHUX 3 HUX MAlOTh CTaTHCTHYHHN PO3KHA. TakUM YHHOM,
3HAYECHHSIM MEXaHIYHHUX BIACTUBOCTEH CTallel MpuTaMaHHUH IMOBIpHICHUIT Xapa-
KTep, 110 3TiTHO 3 YCTAICHOI TPaIuIli€lo, He OepeThes 0 YBaru BUPOOHUKAMH i
CIO’KMBa4aMH KOHCTPYKTHBHHUX €JIEMEHTIB. B pe3ysbTari 11e Ipru3BOIUTE JI0 TOTO,
II0 iIHTepBaJIX 3MiHN (PaKTUIHNX MEXaHITHHX BIIACTHBOCTEH OaraThboX MapokK cTa-
JIel IepEeKPHUBAIOTHCS, 11€ BEJE 0 TOTO, 110 3aaCH MIIHOCTI €JIEMEHTIB KOHCTPY-
KIIii BHKOPHCTOBYIOTHCS HE B TIOBHIH Mipi, X BapTiCTh 3pocTae 3a paXyHOK BHPO-
OHUIITBA JIETOBAaHUX CTajel 3 ONM3bKUMM 3HAYCHHSIMU MEXaHIUYHHX BJIaCTHBOC-
Tel, MONKT Ha METAJIONPOKAT MAJIa€, 8 KOHKYPEHTOCIPOMOXKHICTh METAJIONPOIY-
KU1 3HIKYETHCS. 3aCTOCYBaHHS apaMETPIiB CTATUCTUYHOTO PO3KUILY XapaKTepH-
CTHK JO3BOJIUTH, MATEMAaTUYHO OIMCATH BIPOTiJHICTH CIIO)KUBYMX HepeBar KOHC-
TPYKTUBHHX €JIEMEHTIB, Y TOMY YMCIIi YTBOPEHI CyKYNHOCTSIMH Pi3HHIb MEXaHi-
YHUX BJIACTUBOCTEH ABOX pi3HHX cTayeid. TakuM 4MHOM, Ofep)KaHO KOHLCTILIIO
MOJICJTi TaHUX KOHCTPYKTUBHHUX €JIEMEHTIB, OCHOBHI TIOJIOKCHHS, SIKOT IPE/ICTaB-
JIeH] B BUCHOBKAX.

BuCHOBKM

1. 3anponoHOBaHO aHAITHIHO-MAaTEMAaTHIHMH IiJXiJ 1O CTBOPEHHS CTPYK-
TYPH IaHUX KOHCTPYKTHBHUX €JIEMEHTIB.

2. CTpyKTypa DaHUX KOHCTPYKTUBHHX €JIEMEHTIB - II€ PI3HOBHJ aHAIITHY-
HOTO MaTeMaTUYHOTO OIIUCY, 110 XapaKTepHU3y€e pO3TallyBaHHS 00'eKTiB y Oararo-
BUMIpPHOMY IIPOCTOPi O3HAK.

3. Inpopmariitaumu 00'eKTaMu MPOCTOPY O3HAK KOHCTPYKTHBHUX CJICMCHTIB
BUCTYIIAIOTh CTaJI, MPEICTaBJICHI B 0araToBUMIpHiil CHCTEMI KOOpJMHAT MeXaHi-
YHMX BJIIACTUBOCTEMN.

4. Monenb 1aHUX KOHCTPYKTHBHHUX €JIEMEHTIB MIOBUHHA BKIIFOYATH XapaKTe-
PHCTHKHM CTaTUCTUYHOTO PO3KHIY peallbHUX MEXaHIYHHUX BIIACTUBOCTEH MapoK
cTaJieil, 0 JO3BOJUTH BUPIIIUTH MTPOOIEMH OPIBHAHHSA KOHCTPYKIIHHUX Mare-
piaiiiB, KOTpi BUHUKAIOTH IIPU BiJICYTHOCTI OOMIKY JTaHUX, SIKi 3HAXOZSTHCS 32 Me-
JKaMH BUMOT HOPMaTUBHHX JOKYMEHTIB.

5. AHajiTHYHA MareMaTHYHa MOJEJNb IPECTABICHHS MapoOuyHOTrO copTrame-
HTy CTaJled B MPOCTOpPI MEXaHIYHUX BIACTHMBOCTEH KOHCTPYKTHBHHUX €JIEMEHTIB
MO)KE TEOPETUYHO OITMCATH B3a€MO3B'3KH MK MapKaMH cTajel 1 KOHCTPYKTHB-
HHMH €JIEMEHTAaMH 3 YPaXyBaHHSM BCIX MOXKIIMBHUX XapaKTePHCTHUK.
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ManbyTHi gocnip>xeHHs

BinkpuBaeThesl mepcHneKTHBa CTBOPEHHS MAaTEMaTHYHOTO arapary KilbKic-
HOTO aHaNi3y Pi3HUX MapoK CTajiel 3a BCiMa MOXIIMBUMH XapaKTEPUCTUKAMH, SIKi
MOXKYTb OyTH 3alIpOIIOHOBaHI [UIsl CTBOPEHHSI HOBUX KOHCTPYKTHBHHX €JIEMEHTIB.
e no3BonuTh MOOYAyBaTH aHANITHYHY CUCTEMY PaHKyBaHHS 1 BIIOPSIKYBaHHS
MapoK cTaJieii, Ha OCHOBI SIKOT MOJKHA BUOMPATH 3aMiHHUKH JIOPOTUM CKJIaTHOJIE-
TOBaHUM CTaJISIM, 1110 HaJacTh MOXIIBOCTI:

— EKOHOMII JIETYIOUHX €JIEMEHTIB;

— 3HIKEHHS €HEpProBUTPAT HA TOHHY IPOIYKIIii;

— migbopy MarepialiB i3 MiIBUILICHOIO HAaIHICTIO 32 30epeKeHHSI PiBHS BU-
Tpar;

— 3MEHILEHHS CO0IBapTOCTI KOHCTPYKTHBHUX €JIEMEHTIB 38 HE3MIHHOCTI pi-
BHSI EKCILTyaTalliiHIX XapaKTEePUCTHUK.
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Bnnuse wBMAKOCTI OXONOmKEeHHA Ha cha3oBum
CKNnap Ta BNacTtuBoCTi 6aratToKkKOMNoOHEeHTHUX
cnnasiB AICoCrFeNiV 3 pogasaHHam Mn ta Si

Onexcanpp KywHepbos 'y Banepin bawes =,
Ceprin Pabues

Purpose. This paper is devoted to the study of the mechanical properties and
structure of multicomponent high-entropy alloys of the AICoCrFeNiV system with
the addition of Mn and Si in as-cast and splat-quenched state. Design / Method /
Approach. The as-cast ingots of AICoCrFeMnNiSiV multicomponent samples
were prepared using a Tamman furnace under an argon atmosphere. The alloy
films were fabricated using the well-known splat-quenching technique. The cooling
rate, estimated based on the film thickness, was ~10° K/s. Findings. It has been
established that the as-cast alloys have a multiphase structure, which includes
solid solutions with a BCC lattice and ordered solid solutions of the B2 structural
type, whereas the rapidly quenched alloys contain only disordered BCC solid so-
lutions. It has been shown that the increase in the level of microstresses and dis-
location density during rapid solidification contributes to the improvement of the
mechanical properties of the studied alloys. The enhanced strength characteristics
are due to the significant distortion of the crystal lattice caused by differences in
the atomic radii of the elements. Theoretical Implications. This study advances
the theoretical understanding of high-entropy alloys by explaining the relationship
between cooling rates and the resulting phase structures and mechanical proper-
ties. Practical Implications. With an increase in cooling rate, the dislocation den-
sity, level of microstrains and microhardness of the AICoCrFeMnNiSiV multicom-
ponent alloys increase. Originality / Value. This study provides novel insights into
the phase composition and mechanical properties of multicomponent alloys with
varying cooling rates. The research highlights the distinct structural differences be-
tween as-cast and splat-quenched alloys. Research Limitations / Future Re-
search. The current study is limited by the scope of cooling rates and alloy com-
positions investigated. Future research could explore a broader range of cooling
rates and additional alloying elements. to further understand their effects on the
phase composition and properties of high-entropy alloys. Paper Type. Applied Re-
search.
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OcraHHIMH POKaMH y Tajy3i MeTanyprii 3'sBUBCS IHHOBALIITHUIT HAIIPSIMOK —
po3poOka GaraToKOMIIOHEHTHHX BUCOKoeHTpomiitaux cruasiB (BEC). Ha Bimminy
Bil TpaJMLITHOT METOMKH, 3T1/THO 3 KOO CILIaBU CTBOPIOIOTHCS Ha OCHOBI OI-
HOTO-IBOX TOJIOBHHMX €JIEMEHTIB 3 IOJaBaHHAM HE3HAYHOI KIIBKOCTI IHIINX IS
nokpamteHHs BiactuBocteid, BEC mpononyrots npuHImnoBo Hosuii miaxia. BEC
- IIe CIUIaBH, IO CKJIAJAIOTHCS 3 M'SATH 1 OiJbIlIe OCHOBHUX €JIEMEHTIB (3a3BHYait
Bix 5 mo 13) y mpubnmsHO piBHHX aTOMHUX Tmporopiisx. Kirrodosa ocobmuBicTh
X MaTepiajiB mossrae y crabinizauii ¢asu TBEPAOTro PO3UNHY 3aBISKH 3HAYHO
BUIIIH KOH(DIrypamiiHiii eHTpoIIii 3MilTyBaHHS IIOPiBHSHO 31 3BUYAHUMHE CILIa-
Bamu. KoHdirypaniitna eHTpomist 3MintyBaHHs i1 yac popMyBaHHS CIUIaBY pery-
JSIPHOTO PO3YMHY BU3HAYAETHCS 32 (DOPMYIIOI0:

ASmix =—-R Z?:l Ci In Ci, (1)

JIe ¢; - aTOMHa YacTKa i-I'o KOMIIOHEHTa, a R - yHiBepcasibHa ra3oa crana. [1inBu-
IIEHHS eHTPOMIi 3MIITyBaHHSA IPU3BOIHUTE 10 3HIKEHHS BUTRHOI eHeprii ['i006ca
CILIABY, 1110, B CBOIO YEPTy, MiJBHUIIY€E CTA0IIBHICT TBEPAOTO pO3unHy. MakcuMa-
JIbHA EHTPOIIis 3MIITyBaHHS AOCATAETHCS, KO BC1 KOMITOHEHTH IIPUCYTHI B PiB-
HHMX aTOMHHUX 4acTKax. Takui MiIxijJ 10 CTBOPEHHs CIUIABIB BiJIKPHBAE HOBI MO-
JKIIABOCTI JJIs1 pO3pOOKH MaTrepiajiB 3 YHIKaIbHAMHA BIACTHBOCTIMH, SIKi Ba)KKO
a00 HEMOXXJIMBO AOCATTH TpaauuiiiHnmu Metogamu. BEC MoxyTh aeMOHCTpY-
BaTH MiIBUIIEHY MIIHICTh, TBEPHICTh, 3HOCOCTIMKICTh, KOPO3iiiHy CTIHKICTH Ta
iHIm mokpamieHi xapakrepuctuku (Miracle & Senkov, 2017; Brechtl & Liaw,
2021; Zhou et.al., 2023; Firstov et.al., 2023; Girzhon et.al., 2023; Karpov, 2024;
Singh et.al., 2024). JocnimkenHns B rainy3i BEC npomoBxyrThCs, 00IIsIFOYH pe-
BOITIOIIiifHI 3MIHU B MaTepialo3HABCTBI Ta iIHXKEHEPii MaTepiaiB.

Y BEC 3Ha4eHHs eHTporril 3MiH_[yBaHH$[ 3a3BHUail KOUBAETHCS B MeXax 12-
19 I[)K/(Monb K). 3aBnsaku BHCOKii eHTponn 3MIITyBaHHS y CprKTypl BEC no-
BUHHI OyTH NPHUCYTHI JIMIIE MPOCTI TBEPIi PO3YHHH 3 KPHUCTAJIIYHUMH CTPYKTY-
pamu tuny ['TIK a6o OLIK. OmHak, O1TbII Mi3HI JOCIIHKSHHS [TOKa3allH, 10 Bij
CKJIa /1y CIUIaBy Ta KOHLEHTpaLiil loro KoMnoHeHTiB, y crpykrypi BEC Takox mMo-
JKYTh YTBOPIOBATHUCS KPUXKi IHTEpPMETANIYHI CIIOTYKH, CKIIAIHI MIKPOCTPYKTYPH
Ta HaBiTh aMopdHi (a3, 1o iHOAI OyBa€c KOPUCHUM JIsl MOMIIIIIEHHS eKCIUTyaTa-
[iitHuX XapakrepucTuk ciuasiB. s omucy BEC okpiM eHTpomii 3MilryBaHHS
AS,,i, OyJIH 3aIIPOTIOHOBAHI TAKOX 1HII TEPMOAMHAMIYHI Ta PO3MIipHI ITApaMeTpH,
SKI MOXXHa BUKOPUCTATH JUIsl IPOrHO3yBaHHs (hazoBoro ckinany BEC. [lo takux
nmapaMeTpiB BITHOCATE: SHTAIBIIIIO 3MilTyBaHHS AH,,,;, , TOTIOJOTIYHUI TapaMeTp
d, 1110 XapaKTepu3ye PI3HHULIO y aTOMHUX pajilycax KOMIIOHEHTIB CIUIaBy, TEPMO-
JMMHAMIYHHN mapameTp 2 Ta KOHIIEHTpaIlito BaJeHTHHX (s+d) eleKTpoHiB y po3-
paxyHKy Ha ofuH atoM (valence electron concentration, VEC). Meroanky Bu3Ha-
4YeHHs MUX napameTpiB HaBeneHo y (Miracle & Senkov, 2017; Brechtl & Liaw,
2021; Zhou et.al., 2023).

OnuuM 3 Halle(heKTUBHIMNX CITOCOOIB MOKPANIEHHS BIACTUBOCTEH MeTale-
BUX MarepiaiiB € MmBUAKe rapryBaHHs. L{eit MeTox 0a3yeTbest Ha HaIBUAKOMY
OXOIIOKEHH] po3IuIaBy (31 WBHAKICTIO, 10 mepesumye 10* K/c), mo no3somse
OTPUMYBATH HIMPOKHH CIIEKTPY METACTA0UILHUX CTPYKTYPHHX CTaHIB Y CIUIaBaXx.
Cepen HHX OCOONMBO IIKAaBUMHM € HAHOKPHUCTANi4HI Ta aMOp(Hi CTaHW, SKi
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XapaKTepU3YIOThCsl BUHATKOBUM HoenHaHHAM BiactuBocteld (Kushnerov et.al.,
2021,2023). 3aBasku HbOMY, IIBUAIKE TaAPTYBAHHS PO3TIISAAETHCS SK IIEPCIICKTHB-
Hu# niaxix o creopenHs BEC 3 nmokpamennmu xapaktepuctukamu (Brechtl &
Liaw, 2021; Zhou et.al., 2023; Bashev et.al, 2023; .Polonskyy et.al, 2024).

MeTta

Jana poGoTa npucBsYeHa JOCIIKEHHIO BIUIMBY HIBUAKOCTI OXOJIOIKEHHS
Ta EJIEMEHTHOTO CKJIaay Ha MIKpOTBEpHiCTh, (pa30Buil CKIIaa Ta mapaMeTpH TOH-
koi ctpykrypu BEC cuctemu AICoCrFeMnNiSiV. JlocnimkeHi crijiaBi MiCTHIN
Mn Ta Si y HU3BKHX KOHIEHTPAIliSAX SIK APYTOPATHI €IEMEHTH IS TIOKPALICHHS
(i3MYHUX BIIACTHBOCTEH CIIABIB.

Marepianu Ta meTogu

JIuti 3pazku BEC cuctemn AlCoCrFeMnNiSiV i3 HOMiHANEHUMH XiMid-
HUMH CKJIaJJaMH HaBeICHUMH y TaOn 1. Oy oTprMaHi 3a JOIMOMOTO0 1aboparo-
pHOi meui TamMMaHa i3 BHKOPHCTAHHSAM MiJHOI BIJIMBHHII (IIBHAKICTH OXOJO-
mokenns ~10% K/c). s 3a0e3nedeHHs oIHOPiAHOCTI 3pa3Ky HeperlIaBIIsIucs Io-
HaiimeHIe Tpudi. [licis 1boro YacTuHa 3pa3KiB BUKOPHCTOBYBAIACS JJisi BUPOO-
HUIITBA 3arapToBaHux 3 pinkoro ctany(3PC) mwriBok MeTomoM splat-0XoaomKeHHS
(splat-quenching). Ieit meTox momsirac B po3Ma3yBaHHI Kparuli po3IUIaBYy, sKa BU-
CTpLIIOBaJIacs CTpyMEHEM iHEPTHOTO Ta3y (aproHy) MiJi BACOKMM THCKOM, 110 BHY-

TPIIIHI MOBEPXHI MiTHOTO MIITIHAPA, IO 00epTaBCs 3 BUCOKOIO MIBHIKICTIO (~
ad

cps’
JIe ¢ — TEIUIOEMHICTD IUTIBKH, p — TYCTHHA MaTepiaiy, o — KOe(ilieHT TeIUIonpo-
BITHOCTI, 6 — Ha/JIMIIIKOBa TeMIlepaTypa, a 6 — ToBimHa 1wiiBku (Bashev et.al,
2023; .Polonskyy et.al, 2024) . OckiibKH TOBIIMHA OTPUMAaHKX IJIIBOK CTAHOBMJIA
~40 MKM, po3paxyHKOBa IIBHAKICTH OXOIOMKeHHs Oyia 6museko 10 K/c. Pentre-
Ho(a30Buil aHaII3 3pa3KiB i IUIIBOK MpoBoxuBcs Ha mudpaxkromerpi JJPOH-2.0 3
BUKOPHCTaHHAM MOHoXxpomaruzoBaHoro Cu Ko BumpominioBaHHS. MikpoTBep-
JicTe BUMiproBanacs Ha MikporBepaomipi [IMT-3 npu HaBaHTaxeHHi 100r.

8000 06/xB). I1IBUIKICTH OXOJIOMKECHHS OIliHIOBaacs 3a popmysnoro V=

Taomuua 1 — HominaabHi XiMiyHi ckjIaau 0araTOKOMIOHEHTHUX CILIaBiB cHC-
Temu AlICoCrFeMnNiSiV (at.%) ([lxepeso: po3po0;1eHo aBTOpaMu)

Howmep cniiaBy | Al Co Cr Fe Ni Mn Si \Y
1 16,66 | 16,66 | 16,66 14,5 16,66 | 0,5 | 1,66 | 16,66
2 1429 1429 | 1429 | 26,71 1429 | 043 | 1,43 | 14,29
3 28,57 | 14,29 | 14,29 | 1243 | 1429 | 043 | 1,43 | 14,29
4 25 12,5 12,5 23,37 12,5 0,38 | 1,25 12,5

Pe3ynbTatn Ta ix o6roeopeHHs

I3 BukopucranusMm nanmx TaOm.l ta ganwmx 3 (Takeuchi & Inoue, 2005;
Miracle & Senkov, 2017) Gynu oGuucieHi 3HaueHHs TapaMeTpiB AS,,iy » AH iy,
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8, Q ta VEC (1ab6n.2). 3a audpakrorpamamu (puc 1) Oyio BuzHadeHO (a3oBHH
CKJIaJ] TOCHIPKEHNX CIUIABIB, MapaMeTPH KPUCTATIYHOI PEIIITKH Ta TOHKOI CTpY-
KTypu (o0yacTi KOTepeHTHOro po3CiloBaHHS L Ta MiKpoHanpykeHHs Aa/a)
(tabn.3). I'yctuHy amciokaniii p Oymo Bu3Ha4eHO 3a qudpakmiitanm mikom (110).

a (110) ¢
cruias |
(100)+ oo GO e (Bl0)o
cruias 2
g
=
=
=)
=]
(=]
=
—_ cruiaB 3
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. v . . v v v ———T—
20 30 40 50 60 70 80 90 100 110 120

110) ¢
6 (110)
cruas 1

(220) 0 (310) 0

é‘ cras 2
T
=
=)
=)
S
=

cruias 3

crutas 4

f\w_ J\ A AN
T T T T T T T T T T T T T T T T T T
20 30 40 50 60 70 80 90 100 110 120

20, °

Pucynok 1 — Indppaxrorpamu sutux (a) ta 3PC (0) 3pa3kiB goc/aigKeHux criaBis
(I:xepesio: CTBOpeHO aBTOpaMM)
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Taoauusg 2 — 3HayeHHst napameTpiB AS iy » AH iy, 0, Q@ Ta VEC 10151 cn1aBiB
cucremu AlICoCrFeMnNiSiV (H:xepesio: po3po6jeHo aBTOpaMu)

Homep cnuiaBy AS ix AH i\ o Q VEC
1 15,52 -17,04 5,18 1,6 6,76
2 15,18 -14,6 4,96 1,84 6,94
3 15,07 -18,98 5,78 1,3 6,22
4 14,97 -16,81 5,66 1,48 6,45

Taoauusa 3 — ®da3oBuii ckJiaj, napamMeTpu TOHKOI cTpyKTYpH ( L, Aa/a, p ) Ta
MmikporBepaicts (Hp ) nociaipxennx cinasis (:kepesio: po3podieHo aBTopamMu)

Cnaas Da3zoBuii CKIA L,um | Aa/a |H,, MIla p, cm 2
Cnnas 1 qutnii | OLK + B2 (a=0,2888 uMm) 20+2 | 3,2-107 |6800+300 1,6-10'%
Cmas 1 3PC OLIK (a=0,2882 um) 34+2 | 3,8 -1073/6900+£300 2,6-10'%
Cnnas 2 mutuii | OLK + B2 (a=0,2882 uM) 30+2 | 2,5-10 314800+200 6,3-10"!
Cmuas 2 3PC OLIK (a=0,2879 um) 25+2 | 2,8-10 316200+300 6,8-10"
Cnnas 3 qutnii | OLK + B2 (a=0,2888 uMm) 35+2 | 1,6-10 316500+300 4,6-10"
Cmuas 3 3PC OLIK (a=0,2887 uMm) 33+2 | 1,8-10 -3|7500+300 5,4-10"
Cnnas 4 mutuii | OLK + B2 (a=0,2886 uM) 37+2 | 1,5-10 314600200 4,6-10"
Cmutas 4 3PC OLIK (a=0,2881 uM) 33+2 | 1,7-10 3|5600+200 5,7-10"

Awnani3 nudpaxrorpam J103BOJIMB BCTAHOBUTH, 1110 AociimkyBani BEC y nu-
TOMY CTaHi MaroTh JBO(a3Hy CTPYKTYpY Y SKii IPUCYTHI HEBIOPSAAKOBAaHUH TBe-
pruii po3unH OLIK Ta BropsiikoBaHUil TBEPAH PO3YHH 13 CTPYKTYPHUM THIIOM
B2 (CsCl). Lle nerko MOsSCHUTH, aHANI3yIOUU 3HAYCHHS ITapaMeTpiB HABEICHUX Y
tabm. 2. Y (Miracle & Senkov, 2017; Dufanets et.al., 2020; Brechtl & Liaw, 2021;
Zhou et.al., 2023) cTBepmxyeThes, mo y cTpykrypi BEC 3 mapamerpamu Q > 1,1
Ta 0 < 6,6 % HOpPMYIOTHCS TBEPl PO3YMHU 3aMillieHHs (TIPOCTI Ta BIOPSAKOBAHI)
3aMICTh CKJIAJHHAX IHTEPMETAIIYHHUX CIONYK Ta amopdHuX ¢a3. ABTOpu poOOT
[20; 21] nporHO3yIOTh yTBOPEHHSI HEBIOPSIKOBAHMX TBEPUX PO3UHMHIB 32 YMOBH,
III0 CHTAJBIIIS 3MIITyBaHHS 3HAXOAUTHCS B Mekax Bifg —15 mo 5 k/[x/Monb, a & He
nepesuiye 4,6 %. Tun KpUCTaNIvHOI PEIIITKY TBEPAUX PO3UYHHIB, IO YTBOPIO-
tothest y BEC moB'si3aHumit 3 KoHIEHTpaniero BaneHTHHX enekTpoHiB (VEC). ¥V
(Miracle & Senkov, 2017; Brechtl & Liaw, 2021; Zhou et.al., 2023) cTBepmKy-
etbes, mo pu VEC > § dopMyeTses TBepauii po3unH 3i cTpykryporo 'K, mpu
VEC < 6,87 — OLK, a B mianma3oni 6,87 < VEC < 8 odiKyeTbCsl yTBOPEHHS JTBO-
(haznoi cTpykTypH i3 TBepaux po3uuHiB tunmy OLIK Ta I'TIK. Haromicte, moci-
mxenns (Krapivka et.al., 2015; Gorban et.al., 2022, 2023) nponoHyTh A€IIO0
iHmi criBBigHOIEHHA: popmyBanHs cTpykrypu ['LIK mporrnosyerses npu VEC
> 8,2, OIK — mpu 4,25 < VEC < 7,2, a nBodazHoi crpykrypu (OLIK + I'LIK) —y
inTepBaii 7,2 < VEC < §,2.

3 Tabm.2 BUAHO, MO €HTAJbIIS 3MIITyBaHHS AH, JUTA YCIX JOCIIIKECHIX
CIUIaBiB Ma€ JIOCUTH BEJHKI BiJ €MHI 3HAYCHHS, IO CIIPHSI€ YTBOPEHHIO BIOPSI-
KOBaHUX TBepAMX po3uuHiB. Husbke 3HaueHHs VEC crpusie yTBOopeHHIO ¢a3u
OLIK. Lli ¢pakTopn pazoM IpuU3BOIATH 10 yTBOpeHHs cyMimi ¢a3 OLIK i B2 (Bmo-
psnkoBaHa Bepcis OLIK). Bunstkom € crmmaB 2, s sikoro 3HadeHHs VEC
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3HaXOJUTHCS B niama3oHi, Ae 3a ganumu (Miracle & Senkov, 2017; Brechtl &
Liaw, 2021; Zhou et.al., 2023) mepeBa)KHO CHIOCTEPITa€THCS CyMiIll TBEPIUX PO3-
yuHiB ['LIK + OLIK. Ane, sikuio BuxoauTH i3 Kputepii, HaBenenux y (Krapivka
et.al., 2015), yci mochmimKeHi CIIaBM MArOTh SBISATH cOOOIO MPOCTI TBEPAI PO3-
4yuHH i3 periTkoro OLIK.

Tum gacom muppaxrorpamu 3PC ImITiBOK JOCHIIKEHUX CIUIaBiB HE MalOTh
HaJICTPYKTypHOTO MakcuMyMy (100) xapakTepHOTo I BHOPSIIKOBAHOI (ha3u B2,
i, omxe, 3PC miBku MicTaTh uie HepropsinkoBany OLIK ¢a3y. Ha namry gymky,
BHCOKA IIBUAKICTH OXOJIOMKECHHS MPH (POPMYBaHHI TOHKOI IUTIBKH ITOBHHHA TIEpe-
IIKO/IKATH TOsIBI CTPYKTYD 1 (ha3, XapakTepHUX ISl OLIbII PIBHOBOKHHUX CTaHiB,
1[0 YTBOPIOIOTHCA Y JIMTHX 3pa3Kax.

3HaueHHs NapaMeTpiB PEIIiTKU JOCIIKYBaHUX CIUIaBiB CB114aTh PO T€, IO
TBEpIi PO3YMHH BOYCBHIH YTBOPIOIOTHCS Ha 0cHOBI perriTku Cr (a = 0,2884 HM),
3 OISy Ha BUIY TEMIIEpaTypy IUIaBJICHHS IbOTO METATY.

Bucoxki mokazauku MikporBepaocti BEC cucremun AlCoCrFeMnNiSiV mo-
JKHa TIOSICHUTH HAsIBHICTIO Y KPUCTAJIYHIM PELIiTI{ aTOMIB €JIEMEHTIB 3 Pi3HUMH
pO3MipaMH, EIEKTPOHHOK CTPYKTYpPOI 1 TEPMOIMHAMIYHUMH BIACTUBOCTSMH.
Lle npu3BOAUTH 0 3HAYHOTO BUKPUBIEHHS (Aa/a) KpucTaniyHoi peuritku. B pe-
3YIBTATi MIBUIIYETHCS TBEPHICTD CIUTAaBiB. SIK BUAHO 3 Tabm. 3, MIKpOTBEPIiCTh
3PC cruiaBiB BuIla, HIXK Yy JUTHX ciuiaBiB. Lleil pe3ynbTar He € HECOOIBaHUM,
OCKITBKH MIKPOCTPYKTYpa Ta (pa30BHii CKJIAJ JUTOTO CIUIABY IICNsA PO3May Iie-
peOyBaroTh y OUIBIN piBHOBaXKHOMY Oaratodasnomy crani, Tomai sk 3PC cmiaBu
MAaroTh BUIIHN piBeHb MiKpoae(hOpMalliil Ta TYCTHHU TACIOKAIIIH.

BuCHOBKM

Ha mincrasi gocnimkenns BEC cuctemu AlCoCrFeMnNiSiV y nutomy Ta
3arapTOBaHOMY 3 PiJFIHU CTaHIi, MOJKHA 3pOOUTH HACTYITHI BUCHOBKU:

1. JIuti crutaBu MaroTh Oaratogaszny crpykrypy OLIK + B2, B Toit ac sik 3PC
TUTiBKH CKJIAJAF0THCS 3 HEBIOPAIKOBaHUX TBepauX po3unHiB OLIK. Takum unHOM
M IBUIIICHA MIBUIKICTH OXOJIOJKEHHS 3a1100irae YyTBOPSHHIO Y CKJIaIi JOCIiIKe-
Hux BEC a3 BopsaxoBaHOTO TBEPIOTO PO3UHHY.

2. 31 30iIpIICHHSM IIBHIKOCTI OXOJOKECHHS piBeHb MiKpomedopMariii,
IIUTBHICTH TUCIIOKAIIN 1 MIKPOTBEpAICTh 0araTOKOMIOHEHTHHUX CILIABIB CHCTEMHU
AlCoCrFeMnNiSiV 3pocrae.

3. [TixTBepmkeHO MPOBITHY POJb EIEMEHTa 3 BUILOI0 TEMIIEPATYpPOIO I1JIaB-
JICHHS SIK OCHOBHM YTBOPEHHS TBEPIOTO PO3UMHY B TOCIIKYBaHUX CIUIABAX.
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Purpose. The purpose of the work is to improve the main indicator of the economic
efficiency of the production of bakery products - the saving of electricity for heating
inside the baking chamber. Design / Method / Approach. Achieving the goal in
the work is carried out by eliminating the possibility of supplying excess heat from
heaters by modernizing the automated baking temperature control system. A math-
ematical model of the automated control system for the temperature mode of bak-
ing in a tunnel-type bakery oven was developed using the methods of designing
intelligent control systems. The technological process is controlled using a fuzzy
controller. Findings. Control of the parameters of the internal environment in the
cameras was achieved by automated control of actuators. Conducting the techno-
logical process from start to finish without operator intervention provides the pos-
sibility of remote change of baking modes without stopping the process. Control
algorithms for the technological process of baking bakery products have been de-
veloped, which exclude incorrect operations. Theoretical Implications. According
to the results of theoretical research on the mathematical model of the fuzzy control
system of the technological process of the production of bakery products, surfaces
of the fuzzy control of the technological process of baking by capacity and humidity
were obtained. Practical Implications. The proposed automated system for con-
trolling the temperature mode of baking bakery products, the operation of the
heater and humidifier is adjusted by a fuzzy controller. Originality / Value. The
simulation results show that the use of fuzzy controllers in automatic control sys-
tems allows controlling temperature and humidity at the stages of bread baking.
Research Limitations / Future Research. The fuzzy controller proposed in the
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HaiickiiagHimoro 1 BiAMOBINaIBHOIO ONEPAIIi€r0 IPUTOTYBAHHS XJ1i0a € BHUIIi-
yka. Bumiuka — 1me mporec mporpiBy TICTOBHX 3ar0TOBOK, IO MPHUBOTHUTH IO iX
MEPETBOPCHHS 31 CTaHy TiCTa B cTaH xJi0a. [y Bumiyky xJ1ida i XJ1iOHUX BUPOOiB
3a3BUYail 3aCTOCOBYIOTHCS I1€Yi, B IKUX TEIUIO, IO BHUIIKAE 3 TiCTa XJIi0, epeaa-
€THCS] TEPMIYHUM BUIIPOMIHIOBaHHSM 1 KOHBEKII€IO NPU TEMIIEpaTypi TEIIOBi-
nmarounx nmosepxoHs 300—400°C i cepenosuma nexkaproi kamepu 200-250°C. Haii-
ONTUMAJIFHIIIIAM BapiaHTOM aBTOMATH3AIlil IPOLIECy BHITIYKH € aBTOMaTHIHE pe-
TYJIIOBaHHS BOJIOTOCTI B 30HI IAPOBOTO 3BOJIO’KEHHSI I€Yi, TEMIIEpaTyp BHITIKaHHSI.
OpnHak CTBOPEHHS Takoi CHCTEMH PETyIIOBAHHA € CKIAQJHHM 4Yepe3 HeOCKOHa-
JICTh MPWIAJB BUMIPIOBAHHS BOJIOTOCTI 1 TEMIIEpaTypH BUITIKaHHS.

HeTouHoCTi MiATPUMKH TEMIIEpPaTYpHOTO PEXKHUMY Ta BOJIOTOCTI BCEPEHHI
Tevi 4acTo MPU3BOSTH JI0 3HIKEHHS SKOCTI BUPOOIB 1 1O IEpEeBUTPATH EIEKTPO-
e”eprii. Taki BiIXWJICHHS BiJ IMapaMeTpiB TEXHOJOTIYHOTO TPOLECY BEAYTh IO
MIBUILEHHS COOIBaPTOCTI FOTOBOT XJ11000YyIOYHOT MPOAYKLil, TOMY BUPIIICHHS
JaHOTO 3aBIaHHS € aKTYaJbHOI HAyKOBO-TEXHIYHOO 33/1a4€HO0.

B 1aHOMY NPOEKTI CIIPOEKTOBAHO CXEMY aBTOMAaTHYHOTO PEry/IIOBaHHS TPU-
BAJIOCTI BHITIYKH 3 KOPEKITIEIO 32 TEMIIEPaTypoOrO B APYTii 30HI MeKapHOi KaMepH,
Jie BiOyBa€eThCs BUIIUKA M'SKYLIKH. 3aCTOCYBaHHS TaKol CXEMH aBTOMaTh3allii
TOBMHHO TPHBECTH JI0 MOKPAIICHHS SKOCTi MPOIYKILii, 10 BUIKAETHCS, 1 3MEH-
HICHHS OpaKy.

O0'exTOM IOCHIKEHHS € TEXHOJOTIYHHUHA MPOIEeC BUINIYKA XI1000YITOTHIX
BUPOOIB B KOHBEKILIHHIH TIe4i 3 eNEKTPUYHHUM MiAIrPiBOM.

[penmer mocmimkeHHS. 3HIKEHHS €HEPrOEMHOCTI poOOTH XITiOOomeKapHOL
mevi LUISIXOM aBTOMaTH3allil Ipolecy KepyBaHHs 3 BAKOPHCTAHHSIM MaTeMaTH4-
HUX METOJB, aJITOPUTMIB, iHPOPMAIIITHOTO Ta MPOrPaMHOTO 3a0e3NCUCHHSI.

Llini Ta 3aBgaHHA

im0 TOCTIIKEHHST € MOJIMIIEHHSS OCHOBHUX ITOKA3HHUKIB €KOHOMIYHOT
e(heKTHBHOCTI BUPOOHUIITBA — EKOHOMISI €NIEKTPOCHEPTIi Ha MiirpiB BcepenuHi
KaMepH 32 PaxyHOK BUKIIOUEHHS MOXKJIMBOCTI Mi/IBEIEHHS 3aiBOI KIJIBKOCTI Te-
ria Big TEHIB nursxom MofepHi3allii aBTOMaTH30BaHOT CHCTEMH YIIPaBIIiHHS Te-
MIIEpPaTyPHUM PEXKHUMOM BUITIKAHHSL.

s BumikaHHA X1i0a Ta XIOHUX BUPOOIB 3a3BHYAil 3aCTOCOBYIOThCS TIeUi, B
SKHAX TEIUIO TICTY-XJi0y HepeaaeTbcsi TEePMOBHUIIPOMIHIOBAHHIM Ta KOHBEKIIIEIO
IpH TeMIieparypi Termoignatounx nosepxonb 300—400°C Ta cepenoBuina rneka-
pHoi kamepu 200-250°C. HaifonTuManpHIIINM BapiaHTOM aBTOMAaTH3allii Mpo-
lecy BHIIUKM € aBTOMAaTH4YHE PEryJIrOBaHHS BOJOTOCTI B 30HI NMapO3BOJIOKEHHS
Tedi, TeMIeparyp KipKu Ta M'IKyIIy IPOIYKIIii.

OCHOBHHUM 3aBJIaHHSIM [TPOEKTOBAHOT aBTOMaTH30BaHOT CUCTEMH YIPaBIIiHHS
TYHEJBHOI XJTi00TIeKapChKoi Tedi €:

— PerynroBaHHs TeMIlepaTypH y KOKHIM Kamepi BHIIUKH 3 BUKOPHCTaHHSIM
TEHis.

— PerymoBanHsl TeMneparypy rapsiioro HOBITPS, siKa BiZIOMpaeThCst 3 medi
IUISTXOM 3MiHU YaCTOTH OOEpTaHHS eIEKTPOIBUTYHA.
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AdocnipkeHHA CUCTeMMn KepyBaHHA Npouecom
BMnikaHHA xniba

BurmikanHs 60pOIIHIHUX BUPOOIB Yy MeYax € KOMIDICKCHUM IPOIecOM 3Had-
HOTO CTyHEHs ckiiagHocTi. s #oro BUBYEHHSI JOLUIBHO PO3MIISIATH BUITIKAHHS
BUPOOIB y Iedi K CYKyITHICTh KiIBKOX TEIUIOBHX IIPOLECiB. 3HAYHUN BHECOK y
PO3BUTOK 3HaHBb I0JI0 IPOLECIB, 10 BiOYBaIOTHCS B TICTi-X101, 3p00OIEHO BUe-
aumu [Ipunena H. (Ilpunena & Tomans, 2023), Bomrox M. /1. (Bomrox & Mem-
k0B, 2020). Cepen npaiip y aHINIOMOBHOMY CETMEHTI HayKOBOI JIiTepaTypy MOXKHA
Big3HauuTH aBTOopiB Kambourova, V. (Zheleva & Kambourova, 2005), Mistry, H
(Mistry et al., 2006), Altamirano-Fortoul, R. (Altamirano-Fortoul, 2012).

[HoMM npouiecom, sSiKMit Hapasi TaKoX JI0CTaTHHO BUBYECHUM, € TEIIIOMACO0-
OMiH MK TICTOM-XJTIOOM 1 cepeZoBHIIEM NEeKapHOi KaMepH Iedi. Y XOIli YHACIICH-
HUX JOCJTIPKeHb OyB OTPUMaHHUil MacuB JaHHMX IIOJO BIUIMBY Ta ONTHUMAaJbHUX
3Ha4YeHb TEMIICPaTypH, BOJOTOCTI, BITHOCHOI IIBHIKOCTI CEpeNOBHIIA MTEKAPHOI
KaMEepH Ta TEIJIOBOTO MOTOKY, 1[0 CIIPHHMAEThCS BIAKPUTOIO Ta KOHTAKTHOIO T10-
BEpXHSIMH BUPOOIB YIIPOJOBK MPOLECY BHITIKAHHS IPH Pi3HUX PEKUMAX TEII00-
OMiHy (pajaiauiiiHnii, KOHBEKTUBHUMN, MIKDOXBHJIBOBHI Ta IX KOMOIHAILT).

ABTOMAaTH30BaHE PETYIIOBAHHS PEXXUMY BHITIKAHHS XJ11000yI09HIX BUPOOiB
y XJIIOONEKapChKHX TMeyax Oy/b-SKMX KOHCTPYKIH 341HCHIOETHCS BiAMOBIIHOO
3MIHOKO TeMIIepaTypH Ta TPUBAJIOCTI BUIIKaHH:. B TaHOMY BHIIaIKy OIHIEH0 3 OC-
HOBHHUX OOCTaBHH, 1110 BIUIMBAIOTh HA TUHAMIKY TEIUIOBUX IPOIIECIB Yy Meui, € po-
3CiIOBaHHS TEIUIA 3CEPEIMHH Ievi Ha30BHI yepes 11 cTiHu. BukopuctanHs TO4HOTO
MaTeMaTH4HOTO ONHKCY JIAHOTO MPOLECY 3 ypaxyBaHHIM Au(epeHIialbHUX PiB-
HSIHb TEIUIONIPOBITHOCTI € CKJIAJHUM Y PCalbHUX CHCTEMaX aBTOMATHIHOTO YIi-
paBiiHHS Temnepatrypoio. Tomy B poOOTI Il «iZeajJbHOT0» BHIAJKY IUIOCKOT
TPHILIApOBOi CTiHM 3aIPONIOHOBAHO YHCEJbHY MATeMaTUYHY MOJENb JAUHAMIKH
3MIHHM TEMIIEpPaTypH.

Ha nepuioMy etami Jj1s CTBOPEHHS 1 JOCIIDKCHHS CHCTEMH KepyBaHHS HPO-
[[ECOM BHUIIIKaHHS XJIi0y HEOOXiMHO OTPHUMATH JIiHIIHI MaTeMaTHYHI MOJIEII MPO-
recy. XIiOoneKapehKy MY MPEICTaBICHO SK OaratornapaMeTpUIHAN OTHOEMHIC-
HUI 00°€KT, SIKUI XapaKTepU3y€eThCs PSIIOM TEXHOJIOTTYHUX 1 TEIUIOTEXHIYHHUX Be-
nguH. BuaineHo 1Bi eMHOCTI: TiepIia — EMHICTh TOTIKH, IpyTa — EMHICTh KaMEpH
BuMikaHHs nevi. [IpoBeaeHO aHaTITHUHKIA PO3PaXyHOK CTATHYHUX 1 AMHAMIYHUX
XapaKTEePUCTHK JUII €MHOCTI TONKHU. B ycraneHoMy pexumi poboTa TOIKH ONHU-
CYETBHCSI HACTYITHUM PIBHSIHHSM TEIJIOBOTO OajlaHCy:

QT - Qc = 0, (1)
Je Q, — MOTY>KHICTh TEIUIOBOTO MOTOKY, 1[0 HAJXOAMTH JI0 TOIKH, KBT; Q. — mo-

TYXHICTh TEIIOBOTO TOTOKY, III0 BUXOIUTH 3 TOIKHU, KBT.
B cBoto uepry:

Qr =0Qx + Qc]) + 0, + Qpeuﬂ )

ne @, — MOTYXHICTh TEILIOBOTO IMOTOKY, 1[0 HAIXOAUTH JIO TOIKH 32 PaXyHOK Xi-
MIYHOI TEIUIOTH HaiauBa, KBT; Qq, — MOTY>KHICTb TEIJIOBOTO MOTOKY, IO HATXOTUTh
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JIO TOTIKM 33 PaxXyHOK (i3W9IHOI TETUIOTH NayimBa, KBT; Q, — MOTYXHICTh TEII0-
BOT'O MOTOKY, 10 HAJXOJUTh JI0 TOTIKH 3 TIOBITPAM, KBT; Qpey — MOTYXKHICTB TeTI-
JIOBOTO MOTOKY, [0 HAJAXOIUTh JI0 TONKH 3 PEHUPKYISAILIHHIMY razamu, KBT.

BXigHUMHU BeTHMYHMHAMH JJIs1 PIBHSHHS TONKY €: BUTpara nanusa G, Mo no-
JA€THCS [0 TOTKH; BUTPATa rasiB PEUUPKYIALIT Gpey, 10 HAIXOIATH IO TOIKH, i
TEMIIEPaTypa ra3iB pemUpKyIsii 6y, BuxiqHow BenuunHo0, TOGTO peryIor-
9HM NapaMEeTPOM JaHOi TJITHKH, € TEMIICPaTypa IMMOBHX TasiB 6.

PiBHSHHS TUHAMIKH JUIS TOTIKM MOYKHA OTPHMATH, AKIIO NPHIAHATH 110 yBArH,
1110 3MiHa TeMIlepaTypH JUMOBHX rasiB B Hil 3a yac dt z[opu;moe Ppi3HHLI MK
KIJBKICTIO TEIUIOTH B OAMHHILIX 4acy, IO MiJBOIUTHCS, 1 KUIBKICTIO TEIUIOTH B
OJIMHUIISAX Yacy, IO BiBOAUTHCS:

d(A@a)

T + A@ = KllAG KlZAGpeLl + K13A9peu, (3)

e Kiq, Ky, K13 — Koe(bmleHTH nepenavi Tonku; T; — MoCTiliHa 4acy TOIKH.

Kepyrouoro Benm4uHO0 NpuiiHATa 6, — TeMIepaTypa AMMOBHX Ta3iB Ha BU-
xoni 3 Torku, °C, a BenmauHamu 30ypeHs — BuTpara napu Gy, KI/Tog; CTYIIiHb Cy-
XocTi napu X,; NOTYXKHICTh i Gy, KI/TOa; CepeaHs TeMIleparypa cepeaoBHIIa
neKxapHoi kamepu 0, °C Ta mapuiansHUil THCK Tapy B KaMepi Bumikanus Py, kI1a.

CrpomryeMo Ta mpuiMaeMo TMPHITYIICHHS: TEIUIOBIAOIp 1 TEIUIOBiAma4Ya Me-
Tay KOHBEEpPY NPHUOIN3HO PIBHI Ta B3a€EMHO KOMIICHCYIOTBCS; BTpaTu TeIuia B
OTOYYIOYE CepeOBHILIE HE3HAYHI; TEMIepaTypa LIEHTPa TICTOBHX 3arOTOBOK B Me-
JKaX KaMEpH BHUITIKAHHS HE 3MIHIOETHCS, a PO3MOILT TEMIIepaTyp Bill LIEHTpa 10
HOBepXHi Oyae JTiHIHUM. 3 ypaXyBaHHAM NPUHHATHX MO3HAYCHB Ta IPHITYIICHb
PIBHSIHHSI TETUIOBOTO OanaHCy KaMepy BUIIKaHHS Medi B yCTAICHOMY PEXKHUMi Ma€e
BUIVISL:

QH+QI‘_QC_QT=0' (4)
ne Q, — MPHTIK Teria 3 HACHYCHOI Maporo; (. — MPUTIK TEIUIa Bill IIOBEPXOHB,
110 IPit0Th; Q. — TEIIO0, 10 BiIHOCUTHLCS BEHTIIAIITHOKO CyMIIIIIIO B BUTSHKHUN
KaHaJT; (). — TETIo, M0 BiTHOCUTHCS TICTOBUMH 3arOTOBKAMH.

[MigcTaBisiFodn BiTOMi 3aJI€KHOCTI JUIS CKIIQJOBUX PIBHSIHHS TEIIOBOTO Oa-
JIaHCY, JIiHeapu3yloun Horo ta poOisvM BiANOBIIHI NMEPETBOPEHHS, OTPUMYEMO
PIBHSHHS JHHAMIKH:

Gey S = 2 Q. 5)
ne Q; — NoMaHK! yHiBEPCAILHOTO PIiBHAHHSA OaaHCy TEIUIOTH B CTATHIL; Gy, =
Vey * Pc = Cc — TETIOEMHICTE 06 °€KTa K CyMa TETMIOEMHOCTI TAPOTIOBITPSHOTO Ce-
penoBHIIa i MeTaly B Mekax kamepu Bumikanas, k/x/K; G, — maca meraiy, mo
cripmsic TEMIO0OMiHy, KT; p, — TyCTHHA cepenoBuma, kr/m>; C,, C,, — IUTOMA Te-
TUIOEMHICTH BIATIOBITHO cepenoBuIIa Ta MeTaiy, kJ[x/krK.

3 ypaxyBaHHSIM BEJIUKOI BOJIIOTOCTI MAPOIOBITPSIHOTO CEpEeIOBHIA B KaMepi
BUIIIKaHHA I1€4i 32 YMOBH PO3pPaxyHKy ii TEINIOEMHOCTI MOXHA JOIMYCTHTH, IO
TYCTHHA CEPEIOBHINA JOPIBHIOE TYCTHHI ITapH, a IIUTOMA TCIUIOEMHICTE Cepelo-
BUIIA — TUTOMIH TeIJI0EMHOCTI apu (p, = py, C. = C):
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a(a6c)

T.
2 at

+ Agﬂ = Kz]_AGn + KzzAxZ - K23AGx + K24A0Ll - KZSAP‘I’U (6)

ne Koq, Koz, Koz, Kou, Ky5 — KOGOILEHTH Iepeaui kKaMepy BUNKaHHS nedi; Ty —
NOCTil{Ha Yacy KaMepH BHUIIKaHHS I1edi.

[NapameTpruHa cxema KaMepH BHUITIKaHHS I1€4i, K 00°€KTa peryIoBaHHs Te-
mneparypu 0, °C, npencrasnena Ha pucyHKky 1.

Gp Transfer Fend
n 0.02
141841

x2 Transfer Fond

45
142 2541

iH -

Transfer Fené. Display!

od |

Pn Transfer Fen?

)
&

Pucynox 1 — CTpykTypHa cxeMa MojieJli TeMIIEPATYPHHUX PeKUMIB podoTH
xjaidonexapcebkoi neui (I:xepesio: CTBopeHo aBTOpaMu)

CTBOpEHHSA HeUiTKOro KoOHTporsiepa Aansa perynioBaHHSA
TeMnepaTtypHMX peXxumiB i BoJsioronepeHeceHHs

MeTot0 10CTiDKEHHS B €KCTIEPUMEHTANIBHIHM YaCTHHI € CTBOPEHHSI HEYITKOTO
KOHTpOJIepa JUIsl BU3HAYCHHS Yacy BUIIKAHHS XJ1i0a 3 BAKOPHCTAHHAM BXiJJHUX Ta
BUXITHUX mapaMeTpiB. KoHTpoep 3a0e3neunTs: BHOIp HEOOXITHOTO peKuMYy, Ha-
rpiBaHHs KaMepH 10 MOTpiOHOI TeMmneparypu, ONTHMallbHy BOJIOTICTb, BUTpATy
BOIM Ta CIIEKTPOCHEPTii, BIAMOBIMHY CTairo s BHIiKaHHA. [locTiiiHO KOHTpO-
JIFOIOYH MPOILIEC BUITIYKH, IHTEJIEKTyaIbHa CHCTEMA 33 MOTPEOH BUACHO HAIAE€ HE-
00XiHI KOPEKTHBU. AHANI3YIOUH TOCIIIKCHHS BUCHUX Y HayKOBOMY HAIPSIMKY
YIpaBJiHHS BUIIYKOIO XJ1i0a, OyB 00OpaHuUil MeTO/1, 3aCHOBaHUII Ha HEYiTKil J10-
rimi.

Heuitke moznentoBanHs B cepenopuili MATLAB BUKOHYETBCS 32 TOTIOMOT OO
nakety posmuperas Fuzzy Logic Toolbox.

Ha ocHOBI nipoBezieHOTO aHalli3y 3aCTOCOBAHO aJITOPUTM MamiaHi SIK OCHO-
BHUI METOJ HEYiTKOTO BUCHOBKY JJIs1 TOOYIOBH ONTUMAIBHOT MOJIEII 1HTEIEKTY-
aJBHOTO ynpasiiHHs. J{i1s cTBOpeHHs HeviTKol Mozesi MaMaaHi HeoOXiHO OTpH-
MarH pe3yJbTaTd 3 TPhOX BXIJIHUX JIAaHHUX Ta JIBOX JIaHUX PEryJIIOBaHHs TeMIiepa-
Typu. HeoOxizHo: 3a1ati mapaMeTpy HEWiTKOT MOAENI pPEeTYNIOBaHHS TeMIlepa-
TypH B KaMepi; copMyBaTH OCHOBY NPABIJI; TIOCTABUTH Ta MOOYLyBaTH QyHKIIiIO
NPUHAJIEKHOCTI; BUBECTH pilleHHs. [HTepdeic anropuTMy 1moka3aHo pUCYHKY 2.



Challenges and Issues of Modern Science, 3 (2024) 105

~
~ -
Temnepatypa = -
. . .
(mamdani)
Cragis - b =~
-~ =
.
E— 3sonoxyeay
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Pucynok 2 — Intepeiic aaropurMy He4iTKOro ynpasJiiHHs
(dxepeso: CTBOpeHO aBTOPaMH)

Jlnst ynipaBIiiHHS BUITIYKOIO B TIIYHIN Kamepi Oyiio BU3HaUeHO 3 BXiJHI HEYITKi
3MiHH:

— Temmeparypa kamepu. Po30UTTs 3MIHHOT 311iCHEHO Ha 3 JIHTBICTUYHI Te-
pMu piBHOMIpHO B ianasoni Bix 0 1o 260°C: T; — Hu3bKa Temneparypa, T, — ce-
penHs TemMreparypa, T; — BUCOKa TEMIIEpaTypa 3 OIMCOM T'ayCOBCHKIMH (PyHKIIi-
SIMH TIPUHAIIESKHOCTI.

— Bosoricts kamepu. Po30uTTst 3MiHHOT 311iCHEHO Ha 3 JIHIBICTHYHI TEpPMH
piBHOMIipHO B niana3zoni Bin 0 no 100%: V; — Hu3bKa Bonoricts, V, — cepeans
BOJIOTICTb, V3 — BUCOKA BOJIOTICTH 3 OTIMCOM I'ayCOBCHKMMH (DyHKIIISIMH ITpHHAJIE-
JKHOCTI.

— Cranii BumikauHs x;1i0a (3BOJIOKEHHs, 00CMakKyBaHHsI, BUMiKaHHs). Po3-
OuTTS 3MIHHOT 3/ificHeHO Ha 3 JiHrBicTH4HI TepMu: S; — 1 craxis; S, — 2 crajis;
S5 — 3 cragist 3 onricoM (QYHKIIIH TPUHATICKHOCTI THITY CIHIJTITOH.

Habip BUXiTHUX JIHTBICTUYHUX 3MIHHAX BH3HAYEHO JBOMA C€JICMCHTAMH:

— PerynroBaHHA cIIO)XMBaHOI TOTY>KHOCTI HArPiBAJIBHOTO €JIEMEHTA IEKapHOi
nieyi. Po30UTTsI 3MIHHOT 311iiCHEHO Ha 3 JIHIBICTHYHI TEpPMHU PIBHOMIPHO B Jiara-
30Hi Bif 1,8 10 8 kBT: P; — HU3bKA NOTYXKHICTh, P, — cepeHs NOTYKHICTb, P; —
BHCOKA HOTY)KHICTh 3 OIIFICOM TPUKYTHUMHU (DYyHKIIISIMHA IPUHAJICKHOCTI.

— BBIMKHEHHS Ta BUMHKaHHS NapoBOTO 3BOJIOXKYyBaua. Po30OWTTS 3MiHHOI
3IifiCHEeHO Ha 3 JTIHTBICTHYHI TEPMH PIBHOMIPHO B JAiana3oHi Bix 24 mo 28%: MV,
— HU3bKa BoJoricth, MV, — cepeqHs BOJIOTICTb,

Ha ocHOBI SIKiCHUX XapaKTepHUCTHK BCTAHOBIICHO 0a3y MPpaBHII, 0 OMHICYIOThH
poboty o6'exra ynpasminHs (OY), «AKIIO..., TOAL..»: HepeadadaeTbcss BUKOPHC-
ToByBaTH iH(opmariro nmpo OV, HOro MOTOYHUHN CTaH 32 YMOBH MpPaBHIA, i3 BU-
CHOBKY BHBOJHMTHCS KEPYIOUMI CUrHalI, 10 npuBoanTsh OV y GakaHuii cTaH.

Anroput™M (YHKIIIOHYBaHHS HEUYITKOTO PETYISATOpA MPEACTABICHHH y BU-
DIl [IPpaBW, Ha OCHOBI SKMX Yy TIPOrPaMHOMY KOMIUIEKCI PEryIro€Thes
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TEXHOJIOTIYHUH TapaMeTp CUCTEMH YNpaBiiHHs. {1 KOPEKTHOTO (YyHKIIOHY-
BaHHS HEYITKOTO PETyJIsATOpa, 3aCHOBAHOTO Ha TAaHUX YMOBaX 3MiHU TeMIIEpaTypH
Ta BOJIOTOCTI B Kamepi, OyJ10 ckiazeHo 0a3y npaBwil, Ha MiZCTaBl IKUX PEryoBa-
TUMETBCS TEXHOJIOTIYHAHN Tpo1iec (IUB. PICYHOK 3).

1. If (Temneparypa is T1) and (Cragia is 1) and (Bonoricte is V1) then (Momyskricte is P1)(3sonokysay is MV3)
2. If (Temnepartypa is T2) and (Cragia is S2) and (Bonoricte is V2) then (MomysHicte is P2)(3ronoxyeau is MV1)
3. If (Temnepartypa is T3) and (Ctagia is S3) and (Bonoricte is V3) then (MonyxxicTe is P1)(3sonoxysay is MV1)
4. If (Temnepatypa is T1) and (Cragia is S1) and (Bonoricte is V2) then (MotyxHicte is P3)(3ronoxyeau is MV3)
5_ If (Temnepartypa is T2) and (Cragia is $2) and (Bonoricte is V3) then (Monpkxicts is P3)(3sonoxyeav is MV2)
6. If (Temneparypa is T3) and (Cragia is 53) and (Bonoricte is V1) then (MotysHicTe is P2)(3sonoxyeau is MV3)
7. If (Temneparypa is T1) and (Cragia is $1) and (Bonoricte is V3) then (Monpkuicts is P3)(3sonoxysay is MW1)

_ If (Temnepatypa is T2) and (Craain is 52) and (Bonoricte is V1) then (MomyxHicte is P2)(3sonokysay is MV3)

[
([
(
([
(
[
: (
9. If (Temnepatypa is T3) and (Craaia is S3) and (Bonoricte is V2) then (MoysnicTe is P1)(3sonoxysay is MVT) (
}
}
}
}
}
}
}
}
}

10. If (Temnepartypa is T1) and (Cragin is S2) and (Bonoricte is V1) then (MoTyekHicTs is P3)(3sonoxyead is MV1) (1)
1. If (Temneparypa is T1) and (Crapis is S2) and (Bonoricts is V2) then (Momyekkicts is P3)(3eonoxyeay is MV1) (1)
12. If (Temneparypa is T1) and {Cragis is 52) and (Bonoricts is V3) then {MomyknicTs is P2)(3sonoxysad is MV2) (1)
13. If (Temneparypa is T1) and (Ctagis is 53) and (Bonoricts is V1) then (Momykkicts is P3)(3eonoxyeay is MV3) (1)
14_ If (Temnepartypa is T1) and {Cragis is 53) and (Bonoricts is V2) then {MomysknicTs is P3)(3sonoxysad is MV2) (1)
15. If (Temneparypa is T1) and (Ctagis is $3) and (Bonoricts is V3) then (Momykkicts is P3)(3eonoxyeay is MV3) (1)
16. If (Temneparypa is T2) and (Cragis is S1) and (Bonoricts is V1) then (Momyekkicts is P1)(3eonoxyeay is MV1) (1)
17. If (Temneparypa is T2) and (Ctapis is 51) and (Bonoricts is V2) then (Momykkicts is P1)(3eonoxyeay is MV3) (1)
18. If (Temneparypa is T2) and (Cragis is S1) and (Bonoricts is V3) then (Momyekkicts is P2)(3eonoxyeay is MV1) (1)
19. If (Temneparypa is T2) and {Cragis is 53) and (Bonoricts is V1) then {MomysknicTs is P2){3sonoxysad is MV3) (1)
20. If (Temnepatypa is T2) and (Cranis is 53) and (Bonoricts is V2) then (MoyekuicTs is P2){3sonowysay is MV2) (1)
21 If (Temneparypa is T2) and {Crapgia is 83) and (Bonoricts is V3) then (MonypsHicts is P2){3eonoxyeay is MV3) (1)
If and and Then and
Temnepatypa is Crapin is BonoricTe is MoTy#HICTL is 3sonoxyeau is

Pucynok 3 — IIpaBujia ¢pyHKUiOHYBAHHS CHCTEeMH HEYiTKOTO BHCHOBKY
(Ixepeso: CTBOpeHO aBTOPaMH)

PesynbTatmn

[ToBepxHi KepyBaHHS TEXHOJOTTYHUM IMPOLECOM 3a MOTYXKHICTIO Ta BOJIOTI-
CTIO B KaMepi eyl HaBeICHO Ha pUCYHKax 4 Ta 5.

3rigHo 3 pucyHKamMu 4 Ta 5, aHaJi3 II0Ka3as, 10 OTPUMaHa CHCTEMa yIpaB-
JIHHS 371aTHA MPAIIOBaTH IIIKOM 33/I0BUIbHO. TakoXk, BUKOPUCTOBYIOYH IMYyHKT
MeHro "lleperisin mpaBui'', MOXKHA TIEPEBIPUTH AAEKBATHICTH 3T€HEPOBAHOT MO-
Jei.

MoTyxHicTe

Temnepatypa

Crapis

PucyHnok 4 — IloBepXHsI HEHiTKOr0 KepyBaHHSI TEXHOJIOTTYHHM MPOLECOM BHITIKAHHS
3a nory:kHicTio ([[’kepesio: CTBOpeHo aBTOpaMM)
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3BONONYBAY

Temnepatypa 3

Pucynok 5 — IloBepXHsI HEYiTKOr0 KepyBaHHS TEXHOJIOTIYHUM NPOLECOM BHIIKAHHS
3a BoJioricTio (I:xepesno: CTBOpeHO aBTOpaMu)

BuCHOBKM

ITpu mopepHizawii cucTeMy ynpaBiliHHS XJIIOONEKaPCHKOIO Y40 MOCTaB-
JIeHI 1 BUpIIIEHI HACTYTIHI 3aBJaHHS: KOHTPOJb MapaMeTpiB BHYTPIIITHBOTO cepe-
JOBHILA B KaMepax IUIIXOM aBTOMATH30BAHOTO YIIPABIiHHSI BUKOHABYNMH MeXa-
Hi3MaMHu; TIPOBEICHHS TEXHOJIOTIYHOTO MPOIIECy Bij MOYATKy 0 KiHIlA Oe3 BTpY-
YaHHS OllepaTopa, MpH LBOMY 3a0e3MeuyeThCS MOXKIUBICTh TUCTAHIIHHOT 3MiHH
PESKMMIB BUIIYKH 0€3 3yIMHKH IIPOLECY; YIPaBIiHHS TEXHOJIOTIYHIM IPOLECOM
nevi JJIsl peryJaroBaHHs TEMIIEPaTypHUX PEXXUMIB 1 BOJIOTOIIEPEHECEHHS 3 BUKO-
PHCTaHHSIM HEYITKOTO PEryisiTopy; po3po0Ka aJropuTMy YIpaBliHHS TEXHOJOTI-
YHUM MPOLIECOM BUMIUKH XJ1000y104HOT IPOAYKIIIT, SIKI BUKIIIOUYAIOTh HEKOPEKTHI
omnepauii. BipoBa/keHHS aBTOMaTH30BaHOT CHCTEMH YIIPABIIIHHS TEXHOJIOT T YHUM
NPOLECOM JJ03BOJISIE MiIBUIINTH €(EKTHBHICTh NPOLECY 32 PaXyHOK CKOPOYCHHS
eTarry po3irpiBy medi Ta SKICTh TOTOBOI XJI1000YIIOYHOT MPOAYKINT MUITXOM TOY-
HOTO IOTPUMAaHHS TEXHOJOTYHMX ITapaMeTpiB.
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ITepion (abo kpok) muckperw3amii 3a 4acoM At € Ba)XJIMBUM TapaMeTpoM
Oynp-sKoi iHpOopMaIifiHo-BuMiproBanbHOI TexHooril (IBT) Tak camo s k 1 Oynb-
sKoi iMiTarditnoi moxeni. Moro BUOIp TIOB'sI3aHUI 3 HEOOXITHICTIO 33T0BOJIEHUTH
JIBOM TIPOTHIIC)KHAM BHMOTaM. 3 OHOTO OOKY, KPOK TUCKPETH3AIil TOLUiTHHO BH-
Oupartu OLIBIIMM Ui TOrO, a0W 3HW3UTH HABAaHTAKCHHS Ha OOYMCIIIOBAJIbHI 3a-
co0u mizx 9ac 0O6poOIeHHsT BUMipIoBabHOI iH(GopMaii. 3 iHmoro 60Ky, Horo Be-
JIMYHMHA IOBUHHA OyTH IOCUTH MaJlolo, a0U 3a0€3MeUnTH Ipale3aTHiCTh MOAei
00'eKTa KOHTPOJIIO, 3aKJIaIeHOI B aJTOPUTMH OIIHIOBaHHS (HANPHUKIAL Y QLIBTp
Kanmana), i ii gocTaTHiO OIM3BKICTH 10 OE3MEpEepBHUX NPOLECIB, IO BHpaXKa-
IOTBCSI IIEF0 MOZAEIUTIO. J[0IaTKOBO CITiJi BpaXxOBYBAaTH, IO KPOK AWCKPETH3AIil
IBT noBuHEH OyTH KpaTHUM JI0 KPOKY AMCKPETH3ALli1, IPUHHATOMY B KEPYIOUOMY
00YNCITIOBaIPHOMY KOMIDICKCI (ABTOMAaTH30BaHIM CHCTEMi KepyBaHHS TEXHOJOTi-
yanMu niporiecamu — ACY TII), To6To miepiony abo TakTy, 3 IKUM CHCTEMA 3UUTY€
MOKa3aHHs BUMIPIOBayiB, IPOBOJHUTH o6p061<y JaHuX 1 popMye Kepyrodi BIUTHBH.

[Turanust BUOOPY KpOKy z[I/ICerTI/Bauu 3a3BUYai PO3MISAAETHCS OTHOUYACHO
y IBOX paKypcax: sk CTOCOBHO IMiTalliiHOr0 MOJICIIOBAaHHSI, TaK i CTOCOBHO pe-
amizanii IBT. He 3Bakatoun Ha Te, 0 KPOK AUCKPETH3aLlil MO)Ke OyTH pi3HUM B
000X IMX BUMAIKaX, THM HE MEHIII HAHOJIBIII pallioHAILHUM CJIi] BA3HATH MiAX1]1,
KOJIM pO3POOHUKH BHOMPAIOTh OJHAKOBHH KPOK TUCKPETH3AIlii K IS iMiTaIiii-
Hoi mMozeni Tak i IBT, Tomy 110 B 000X nux 06'ekrax 3akjiajeHa, 0 CyTi, OJHA i
Ta cama MozeNb 00’ €KTy, 1 il KOpekTHe QyHKIIIOHYBaHHS BH3HAYA€ThCA (cepen iH-
X (pakTopiB) MPaBUIHLHUM BHOOpPOM BennunHU At. MonemoBanas podortu IBT,
BOYEBHU/Ib, CJIi/I TPOBOUTH 3 KPOKOM, SIKMH Oyzie peanizoBaHui Ha mpakturi. [Ipo-
BOAMTH IMiTallifiHe MOIEIIOBaHHS IPOLECY KepyBaHHs 00 €KTOM aBTOMaTu3allii 3
Oyab-KAM KPOKOM, BIIMIHHUM Bifl KPOKY, ipuitHaToro s IBT, 1 sikwii amst qanoi
MOIEIi 110 BU3HAYEHHIO MIOBHHEH OYTH NPaBHIBHUM, MPEJCTABISETHCS HEJOI1ITh-
HUM. 3 iHIIOTrO OOKY, MpaBUWIIbHICTH BUOOPY At Moxke OyTH MiATBEp/KEHA JIHIIE
caMHMM MOJIeJIIOBaHHAM. TakuM YMHOM, OOpaHuil KpOK JUCKpeTu3allii MOBUHEH
OyTH oHAKOBO MPUHHATHUM sIK 1u1st IBT, Tak i 1uist mponecy MoJeIoBaHHs, a IpH
BUOOpi At NMOBMHHI BpaxOBYBAaTHCS SIK aclleKTH, HOB's3aHi 3 peainizauiero [BT
(3ramani B momepeaHboMy ab3aili), Tak 1 CyTHICTh IMITALIHHOTO MOJECITIOBAHHS.
[IpobnemaTrka BU3HAYEHHS MOTPIOHOTO KPOKY AMCKPETH3ALil AETAIBHO PO3IIIs-
HyTO B poboti CaiimoH Ta iH (2017). B poboti Mimpu Ta i (2020) et Bubdip
MPOBOJUTHCS EKCIIEPUMEHTAIBHUM IIUIIXOM 3 BUKOPUCTAHHSM PpealIbHOTO
00’€KTYy, 110 Ha MPAKTHII HE 3aBXKU € MOXIBHM.

MeTta

Meroto gociiKeHHs € GOpMYIIIOBaHHs pEKOMEHIaNiil y BUIIISAI METOJUKH
II0/I0 BU3HAUEHHS Ta PaIliOHAIBHOTO BHOOPY KPOKY AMCKpeTH3amii iMiTamiiHol
MOIeNi, sIKa CTBOPIOETHCS T1iJ] Yac NPOEKTYBaHH 1H(OpPMAaIliifHO-BUMIpIOBAIbHOT
TEXHOJIOT11, TaK caMo SIK ¥ KpPOKy AMCKpETH3allii, 3 IKuM Mae mpairoBaru IBT B
cBoiit peamizanii B ACY TII. Meronuka noBuHHa 0a3yBaTHCs HA XapaKTEPUCTH-
Kax camoi Mojielli, TOOTO Ha mapamMeTpax Ta OIHCax, SAKi BioMi po3poOHUKaM, i
BCTAHOBJIIOBATH IIPOCTI, SICHI Ta 3py4Hi y BUKOPHUCTaHHI IpaBmiia. Meroanka Mae
JTO3BOJISITH 0OpaTH MOTpiOHUI Kpok mie Ha etami npoektyBanHs ACY TII, konu
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MOXXJIMBICTh IIPOBE/ICHHSI €KCIIEPUMEHTIB 3 pealbHuM, (i3NdHUM 00’ €KTOM BiJl-
CYTHSL.

MeTop

[Tix yac mpoekTyBaHHA 1H(POPMALIHHO-BUMIPIOBAIBHUX 1 KEPYIOUUX CHCTEM
KpHTEpieEM NPaBWILHOCTI BUOOPY KpoKy At 3a3BHYail € 3HAXOPKEHHS BETMYNHH
MOXUOKHM, BUKJIMKAHOT JUCKPETU3AlIEI0 CUTHANIB, Y HEOOXiTHNX Mexax. [1oxuo-
KOO TUCKpeTH3allil BBAXKa€ThCS BiAMIHHICTD NIHCHUX 3HAU€Hb CUTHAIY Y TUCKpe-
THI MOMEHTH 4acy Ha BUXOJII aHAJIOTOBOI CUCTEMH BiJ OOYHMCIEHHX 3HAUYCHb Ha
BUXOl TO{ IHICKPETHOI CHCTEMH, SIKa 3aMillla€ aHaJOTOBy. BimHocHMIA cepenHiit
KBa/IpaT MOXUOKH JANCKPETH3ALT:

2_
A JCBP{X ’ ( 1 )
e aﬁ — CepeaHill KBapaT MOXUOKH AUCKPETH3ALlii, GCZE " CepeIHill KBaIpaT BH-
X1IHOT'O aHAJIOTOBOT'O CUTHAIY.

VY cucrtemax mepenadi JaHUX MOPIBHIOIOTHCS MEPBUHHMAN BXITHUH 1 BITHOB-
JICHUH BUXIZHUI aHAJIOTOBI CUTHAJIH, @ 3aMiCTh TOXHUOKHM TUCKpeTH3allii BUKOPH-
CTOBYIOTh IOHSTTS IIOXUOKH BiTHOBJICHHS CUTHATY. BiTHOCHWMIA cepenHii kBagpar
[MOXUOKH BiJTHOBJICHHS:

Ap=—-, 2

ne o2 — CepeIHill KBaapar MOXHOKHU BiTHOBIICHHS, O-CZE L CepelHii KBaapar BXij-
HOTO aHAJIOroBOro curHaiy. [loxubka MUCKpeTH3allii, 1[0 BUHUKAE TPH JTUCKPE-
TH3aIIil 32 9aCOM aHAJIOTOBOTO CHUTHAIY Ha BXOJi 1H(OpMaIiHHO-BUMIPIOBAIBHOT
JIUCKPETHOI CUCTEMH, TaK CaMo sIK i MOXHOKa, [0 BUHUKAE MPU TeHeparlii Juc-
KPETHOTO CUTHAITY, SIKili 3aMiIIae iMiTOBaHHUIA aHAJIOTOBUI CUTHAJ, € HE IO 1HIIE,
SIK TIOXHMOKa BiTHOBJICHHS CHTHay. Uepe3 0OMEKeHYy CMYTy MPOITyCKaHHS CHC-
TEMH TOXHOKa TUCKPETHU3allii Micis MPOXOHKEHHS CHTHANy 4Yepe3 CHCTEMY B
MPAaKTUYHO Peali30BaAHMX BUMAAKAX 3MEHIIIYETHCS:

AZ< AZ 3)

To6To A2 MOYe BUKOPUCTOBYBATHCS B SIKOCTI BEPXHBOT TPAHHIII OIlIHFOBAHHS
IMOXHUOKH ,Z[I/ICI(peTI/ISaI_lﬁ CHCTEMHU.

B 3aza4i BiIHOBJICHHS CUTHAIY KIIFOYOBY PoIib Bixirpae Teopema KorenbHu-
koBa («reopema HaiikBucra — lllenHOHa», «Teopema BIATIKIB»), sika BU3HAYaE,
1110 BiJIHOBJICHHSI aHAJIOTOBOTO CHI'HAJY MICIIsl HOro IUCKpeTH3alii Moxe OyTH BU-
KOHaHe 0e3 BTpar, SIKIO YacToTa JIMCKPETH3allii CUrHaiy fy Oyze BiAmoBiiaTi Ha-
CTYIHIH HEepiBHOCTI:

fn>2f; 4

i€ fr — BEpXHS 4acTOTa, STKOI0 OOMEKEHHI CIIEKTpP IMEPBHHHOTO CUTHAY. JloTpu-
MaHHS JAaHOTO CITiBBiTHOIICHHS 3a0e31e4uy€e TOUHE BiTHOBIIEHHS IEPBUHHOTO aHa-
jgoroBoro curHaimy. OpnHak, Teopema KorenbHUMKOBa 3acTOCOBHA JIMILIE B


https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B9%D0%BA%D0%B2%D0%B8%D1%81%D1%82,_%D0%93%D0%B0%D1%80%D1%80%D0%B8
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D0%BD%D0%BD%D0%BE%D0%BD,_%D0%9A%D0%BB%D0%BE%D0%B4
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iZleaTi30BaHUX YMOBaX, KOJIM CIIEKTP CHTHaly oOMexxeHui. PeanbHi curnamu ma-
IOTh HECKIHUYCHHHH CIIEKTp 1, BiIIOBITHO, HE MAIOTh IPAaHMYHOI 9acTOTH. ToMy
peanisyBar Gpopmyiy (4) B CTPOrOMy BHUIVISIII HE TPEICTABISETHCS MOXKIMBHM.
Ha mpaxTwmi amst po3paxyHKiB f; B SIKOCTi TpaHUYHOI IPHUIMAIOTh TaKe 3HAYCHHS
YaCTOTH, SIKE XapaKTepPHU3y€eThCs THM, 1110 B Mexxax Bix 0 10 fr 30cepe/nkeHa eBHa
3a/aHa yacTWHA BCiei moTyxHocTi curHany. [TogiOnuit BuOip rpaHudHOl YacTOTH
MIPUBOIUTD IO TIOSIBM IIOXHUOKY BiTHOBIICHHSA. 3HAYCHHS BiIHOCHOI MOXHOKH BifI-
HOBJICHHS CUTHAJTy BU3HAYa€ThCs BIHOMIECHHSM ITOTYXHOCTI, YKJIaJJeHOT Yy MeKax
TPaHUYHO{ YaCTOTH, JIO 3aTaIbHOI MOTYKHOCTI CUTHAITY. YacTHHA MOTYXKHOCTI CH-
THaIy, yKIajeHa B Mexax [—fr; + fr], oGuncmoeTbest Ha ocHOBI piBHOCTI [Tapce-
BaJIA IO (POPMYII:

f
poian _ Lop SGmOAf_ fy " s@rp)df

= 5
! [T s@rpar — fserpas )
BimHOCHUI cepenHiit KBagpaT MOXUOKK BiAHOBICHHS:
2 [F°s@rf)ar .
g: e T ( _ PfBl,ClH) (6)

I ° s@nprar

3acrocyBaHHs cHiBBiAHOMEHB (5), (6) HEOOXiAHO IS OOTPYHTYBaHHS BU-
0opy BenuunHM KpoKy auckperusauii aust IBT i, BiamoigHo, — Uit NpoBeAeHHS

BiAH o . .
MozemoBaHHs. Hanpuknaz, 3agaemocs BeJ‘II/I‘II/IHOIOPf = 0,99, gKii BIIIOBI-

Jla€ BiTHOCHUH cepeqHiil KBaapaT MOXNOKK AUCKpeTH3amii He Bumie 2% 1, Kopuc-
TYIOUUCH (HOPMYIIaMH, SIKi OIIMCYIOTh MOJIEIII CUTHAJIIB, HAsIBHUX B 00 €KTI, Ofiep-
JKYEMO 3HAYCHHS BEPXHBOI IPaHUILIi CIIEKTPA, @ TAKOX MPUITYCTHUMY 110 (4) TpaHHu-
YHY YacTOTY Ta MAaKCUMAaJIbHUH MEePi0J] AUCKPETH3ALT JUTsl KOYKHOTO BHJY CUTHAITY
NpH 33JaHOMY PiBHI CepeIHBOro KBajpara MOXUOKU. 3 OTPUMAHUX Pe3yJbTaTiB
BUOMPAEMO HaMEHIIHH 3 IEPiOIiB.

Criz 3ayBaKUTH, IO KPiM XapaKTEPUCTUK CUTHAIIB i1 9ac BUOOPY YaCTOTH
JIICKpETHU3allii TaKo)K HOBUHHI BPaxOBYBAaTHCS JWHAMIYHI XapaKTEePHUCTHKH 00'e-
kTa. [Ipr MOZETIOBaHHI KPOK JUCKpETH3aLlii BHOUPAIOTh HE MEHIIE BETUYUHH JI0-
MiHyI040i TOCTiIHHOI 4acy o0'ekra. PexkoMeH/IOBaHEe 3a KIIACHKOI 3HA4YCHHS:

1 1 . .
(g - E) B1J 4aCy BCTAHOBJICHHA. Yac BCTAHOBJICHHS, HAIIpUKJIAA, AJI1 allepl1oAn-

YHOT JIAHKH MEPLIOTO MOPAAKY 3 OCTiHO0 Yacy T, ctanoBuTh 3 75. Toxi pexome-
H/IOBaHUH KPOK JMCKpETH3allii CTAHOBUTE!
1,1

At = (— + g) T, 7)

2
IcHyIOTH TakOX iHII peKOMEHMamii, mpoTe BCi BOHM OIM3bKi 10 HaBeneHoi (7).
Hamnpuknan, Bijoma Taka peKoMeH/allist, 100 BUOOPY KPOKY JMCKPETH3ALi] 11~
(hpoBoi MozIeNTi Y CIIBBiTHOMIEHH] IO MOCTIHHUX Yacy 00’ €KTy MOJETIOBAaHHS:

at=(+3)T, 8)

2 4

Hageneny meronuky, sik mokaszano B po6oti Masypenko (2016), Oyio 3acto-
COBaHO Ta MiATBEP/UKEHO ii KOPEKTHICTH IiJ| 4ac CTBOPEHHs iH(opMariiiHo-
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BUMIPIOBAJIbHUX TEXHOJIOTIH.
PesynbTatm

PesroMyeMo oTprMaHi pe3ylnbTaTH y BUIIAAI MeTOOUKH. TlocimoBHICTE Iiit
3 BU3HAUCHHS KPOKY JMCKpeTH3alii [uis peanizanii neBHO1 iHpopManiitHO-BUMi-
PIOBAIIBHOI TEXHOJIOTIi BUTTIAJAE TAKAM YHHOM.

1. 3a popmynamu (5) Ta (6) po3paxoByeEMO KPOK JHCKPETH3aLlii BUXOIIUH 31
CIEKTPaJIbHUX BIACTUBOCTEH CHUTHAIB.

2. 3a popmymoro (7) BU3HAYaEMO KPOK AUCKPETH3AIi1, BUXOISIIH 3 JIHAMIY-
HUX BIACTHBOCTEH 00’ €KTY.

3. Bubupaemo MeHIIe 3 IBOX OTPUMAHHUX 3HAYCHB.

4. OtpuMaHe 3HaYE€HHS KPOKY ANCKPETH3aIlil 3MEHIIyEMO TAaKUM YHHOM, a0OH
BOHO OyII0 KpaTHHM [0 3Ha4eHHS TpuBaiocTi Takty pobdoru ACY TII, TobTo
KPOKY IUCKpeTu3alii, mpuiiaatomy B ACY TII.

Jaii HeoOXiTHO TPOBECTH MOJICIIOBAHHS Ta IEPEBIPUTH aJeKBATHICTh HUQ-
poBoi Mozieni 3 BUOpaHUM KPOKOM AucKpeTH3arii. [InTanHs anekBaTHOCTI Mojie-
Jel po3rIsHyTO B podoTi JKydenko Ta iH. (2019).

BuCHOBKM

B pesynbrati MpoBeNeHNX OCTIIKEHb 0ylI0 po3poOiIeHo 3pydHy Ul Mpak-
THUYHOTO BUKOPHCTaHHSI METOJTUKY BUOOPY KPOKY JHCKpeTH3allii Mozeni B iHdop-
ManiiHO-BUMIpPIOBAJIbHUX TEXHOJIOTISX. 3allpOIIOHOBaHA METOAMKA 00’ €THY€E Me-
TO/IM, OCHOBaHI Ha BUKOPUCTAHHI PI3HUX XapaKTePUCTHK 00’ E€KTY, SIK TO CHIEKTpa-
JIbHI XapaKTePUCTUKH CUTHAIB, IMHAMIYHI XapaKTePUCTUKH JIAHOK, & TAKOXK CyTO
TEXHIYHI mapameTpH, sik To TakT podoru ACY TII, B sikiii Oe3nocepesHbo peati-
3yetbest IBT, Ta BogHOUac He moTpeOye MpoBeaeHHs BUIIPOOYBaHb 3 peabHUM
00’€KTOM.
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Purpose. The purpose of the paper is to explore the possibilities of integrating the
micro:bit microcontroller with external devices through UART, 12C, and SPI proto-
cols to create modular and distributed sensor networks in robotic systems. The
article focuses on the compatibility issues of these protocols with other devices and
possible solutions. Design / Method / Approach. The paper uses an experimental
approach, examining the use of standard communication protocols to connect mi-
cro:bit with external sensors and controllers, such as Raspberry Pi, to build a mod-
ular sensor network. Findings. It was found that micro:bit supports all major com-
munication protocols, but there are compatibility issues with the radio protocol and
external devices. UART, I2C, and SPI allow micro:bit to integrate with a wide range
of sensors and devices, but additional configuration is needed for stable operation.
Theoretical Implications. The article demonstrates that the use of standard pro-
tocols for integrating devices into robotic systems is a key aspect of creating mod-
ular sensor networks. It shows that micro:bit can be an important component to
developing such systems. Practical Implications. The results can be applied in
educational projects and for the creation of modular robotic systems where mi-
cro:bit acts as a manager module of different sensors. This expands the potential
use of inexpensive microcontrollers in real-world scenarios. Originality / Value.
The article contributes to research on integrating micro:bit into robotic systems,
which is important for educational robotics, as it shows new possibilities for using
microcontrollers in distributed systems. Research Limitations / Future Research.
The limitation of the study is that it is based on theoretical assumptions about pro-
tocol stability when connecting multiple modules. Future research should focus on
real-world testing of compatibility with other devices and optimizing wireless com-
munication. Paper Type. This is a technical note with both experimental and theo-
retical elements, exploring the issues of integrating micro:bit into distributed sys-
tems.
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In modern robotic systems, distributed sensor networks play a crucial role in
providing efficient data collection, processing, and transmission for real-time de-
cision-making. These networks can be built using microcontrollers and connected
sensors with configured communication protocols. Modern microcontroller
boards are becoming increasingly powerful and often include basic sensors, mak-
ing it easier to integrate them into robotic projects. One of the most attractive
options today is the micro:bit board from BBC, which includes built-in sensors
and supports wireless communication through its built-in radio channel (Ruch,
2022).

Micro:bit also provides an additional layer of abstraction that significantly
simplifies the programming and configuration of communication protocols. This
makes micro:bit a convenient tool for building distributed sensor networks using
standard communication protocols such as UART (Universal Asynchronous Re-
ceiver/Transmitter), I2C (Inter-Integrated Circuit), and SPI (Serial Peripheral In-
terface). Therefore, it is important to explore how micro:bit can be used to build
distributed sensor networks with flexible architecture and reliable communica-
tion, as well as its integration into more complex systems like ROS2 (Robot Op-
erating System 2), where communication capabilities play a key role in ensuring
the reliability and efficiency of such networks.

Purpose

The purpose of this study is to explore the possibilities of integrating mi-
cro:bit into robotic systems using standard communication protocols. The central
micro:bit module will be connected to the Raspberry Pi 4 via the UART protocol,
which ensures full-duplex data exchange. [2C will be used for inter-module com-
munication, allowing for the creation of a distributed sensor network, while SPI
will serve for connecting powerful sensors to individual microcontrollers. Special
attention is given to the use of the built-in micro:bit radio protocol as a backup
channel for wireless communication between modules, enabling reliable commu-
nication in the event of failures in the primary communication channels or when
modules are remotely located.

This study also addresses compatibility and reliability issues of the mentioned
protocols when building scalable sensor networks, as well as their integration with
more powerful systems such as ROS2.

Materials and Methods
Hardware component

In recent years, the micro:bit board from BBC has gained significant popu-
larity due to its ease of use and accessibility for various age groups, from school-
children to developers and students. It is widely recognized as a convenient and
powerful tool in STEM (Science, Technology, Engineering and Mathematics) ed-
ucation, making it easier to teach fundamental concepts in programming, electron-
ics, and robotics. Micro:bit is equipped with several built-in sensors, such as an
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accelerometer, magnetometer, thermometer, and light sensor, which makes it suit-
able for creating basic sensor networks without the need for additional devices.
Despite its small size (approximately half the size of a credit card), the micro:bit
can be easily integrated into various projects (Vostinar, P., & Kneznik, J. 2020).
For more convenient interaction with digital ports, an additional connector can be
used, allowing the board to be connected similarly to a cartridge.

This research utilized several micro:bit v2.2 boards, functioning as the main
communication module, a connected module, and a module interacting via the
radio protocol. Each of these modules, in addition to built-in sensors, supported
the connection of external sensors via standard communication protocols. This
enabled the creation of distributed sensor networks, where certain modules could
interact without direct wired connections. Micro:bit supports wireless communi-
cation through a radio channel, which operates over distances of up to 20 meters.
This radio protocol is particularly useful for robotic systems, where individual
modules can identify themselves before physically connecting to the main mod-
ule. Such an approach is effective for robots with interchangeable parts, allowing
them to be detected before being physically connected or for providing a backup
communication channel in case of wired connection failures.

A Raspberry Pi 4 single-board computer was used for data collection and pro-
cessing, serving as the central processing unit for signals from all the micro:bit
modules. The computing power of the Raspberry Pi allows to use it in robotics
and IoT (Internet of Things) projects (Ahmad, B. et al., 2023). Using Raspberry
Pi board in the research allowed for complex calculations that would otherwise be
impossible on the micro:bit due to its limited resources.

Thus, the hardware architecture of this research combined the accessibility
and modularity of micro:bit with the processing power of Raspberry Pi, enabling
the creation of a distributed sensor network for real-time data collection and anal-
ysis. This is particularly relevant in the context of STEM education, where mi-
cro:bit helps to practically teach the basics of sensor systems and robotics.

Software component

The micro:bit platform is distinguished by its high level of abstraction, which
greatly simplifies programming for users of different skill levels. Thanks to this
additional abstraction layer, micro:bit can be programmed using a variety of lan-
guages and environments, most notably JavaScript (via the MakeCode block edi-
tor) and Python. For educational purposes and simpler tasks, the MakeCode envi-
ronment allows users to program micro:bit using a block-based approach, making
it especially suitable for young students or beginners. The blocks can also be con-
verted into JavaScript code, providing an easy transition to text-based program-
ming (Cederqvist, AM. 2022).

When more advanced control over the hardware is required, micro:bit also
supports MicroPython. This lightweight version of Python is specifically opti-
mized for microcontroller programming and offers a syntax very close to that of
standard Python. However, certain functions in MicroPython are tailored to the
specific needs of microcontroller environments, such as handling GPIO pins and
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interacting with onboard sensors. This research relied on the functionalities pro-
vided by MicroPython, which was sufficient to implement the desired features
without needing to delve into the lower levels of abstraction available through C.
For more advanced tasks that require low-level control of the hardware, C pro-
gramming can be employed. This approach gives developers direct access to mi-
cro:bit's internal registers and peripherals, which can be crucial when optimizing
performance or handling hardware interruptions. While MicroPython is easier and
faster to use for most tasks, C provides the flexibility to maximize the hardware's
capabilities when necessary.

On the Raspberry Pi 4, which served as the central processing unit for the
distributed sensor network, the Raspbian (a Debian-based Linux operating sys-
tem) was installed. This system provided the necessary environment to run ROS2,
which is widely used in robotics for handling sensor data, executing control algo-
rithms, and managing communication between various hardware modules (Car-
reira, R. et al., 2024).

In this research, ROS2 played a key role in integrating the data from the var-
ious micro:bit modules into a unified system. Through ROS2, it was possible to
manage the sensor data streams coming from multiple sources, visualize the col-
lected data in real-time, and analyze sensor readings for further processing. By
leveraging ROS2’s modular architecture, the system could be easily scaled to in-
clude additional micro:bit modules or other sensors connected via Raspberry Pi.

Moreover, ROS2 enabled seamless communication between the different
components of the network, allowing the Raspberry Pi to interact with the distrib-
uted micro:bit modules, process the data, and send commands back to individual
sensors. This setup facilitated real-time control and decision-making, crucial for
efficient robot operation in dynamic environments.

Through the use of MicroPython on micro:bit and ROS2 on Raspberry Pi,
this system demonstrated how low-cost microcontrollers can be effectively inte-
grated into more complex and powerful robotics frameworks.

Communication protocols and architecture

The BBC micro:bit microcontroller offers a flexible approach to building sen-
sor networks with its support for several communication protocols, such as UART,
12C, and SPI, while also providing a built-in radio protocol for wireless commu-
nication. Despite the additional abstraction layer that simplifies programming, this
study aims to explore how these communication protocols can be effectively uti-
lized to create a robust, distributed sensor network. The network was designed to
ensure reliable data transmission in real-time, even under potential communica-
tion failures. According to research (Zhuang, C. 2024), the UART, 12C, and SPI
protocols each have their unique advantages and limitations for integration into
measurement and control devices, allowing for an informed choice of the appro-
priate protocol for a specific system. This study detailed how these protocols im-
pact the reliability and performance of sensor networks in distributed robotics sys-
tems.

The system was built with several micro:bit v2.2 boards, where each board
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had specific responsibilities: one functioned as the central module connected to a
Raspberry Pi 4, while the others acted as peripheral modules that communicated
through various protocols depending on their roles. Figure 1 has visually represent
the central micro connected to the Raspberry Pi via UART, with additional mi-
cro:bit modules connected through 12C, and high-speed sensors linked via SPI.

Sensor =%
Swith"***
= SPI

s o

Figure 1 — System Architecture for distributed sensor networks (Source: Authors)

It also shows remote modules communicating over the radio protocol, high-
lighting the redundancy in the communication channels.

Communication protocols:

— UART: The central micro:bit was connected to the Raspberry Pi 4 using
the UART protocol, enabling full-duplex data transfer. This connection served as
the backbone for the network, transmitting data between the distributed micro:bit
modules and the Raspberry Pi. The real-time processing of sensor data and control
signals was handled by ROS2, which was installed on the Raspberry Pi.

— 12C: The 12C protocol was used to interconnect the micro:bit modules, al-
lowing multiple peripheral devices to communicate with the central module. Each
micro:bit module, assigned a unique address, contributed to the distributed sensor
network. This configuration enabled scalable communication across several mod-
ules without adding extra wiring for each device.

— SPI: High-speed sensors, such as cameras or motion detectors, were con-
nected to the micro:bit boards via the SPI protocol. Although SPI requires addi-
tional GPIO pins for each connected sensor, it provided the necessary speed and
efficiency for transmitting large amounts of data. The microcontroller handled
these high-speed sensors to offload processing from the Raspberry Pi.

— Radio Protocol: One of the key features of micro:bit is its built-in radio
protocol. In this study, the radio protocol was used to establish a wireless mesh
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network between the micro:bit modules, allowing communication across dis-
tances up to 20 meters. This was particularly useful for scenarios where the mod-
ules were not physically connected via I12C, as the radio protocol acted as a backup
channel when primary wired communication failed. The central micro:bit served
as a bridge between the wireless nodes and the Raspberry Pi, translating data be-
tween different communication layers.

The final architecture represented a hybrid approach, leveraging both wired
and wireless communication. The architecture ensured redundancy and robustness
by allowing fallback to the radio protocol in the event of 12C failure or module
disconnection. Additionally, SPI provided high-speed communication for com-
plex sensors, while UART maintained full-duplex communication with the Rasp-
berry Pi for real-time data processing.

Experimentation Process

To validate the functionality and reliability of this hybrid communication sys-
tem, a series of experiments were conducted, including the following steps:

1. Initial integration: the experiment began with connecting the central mi-
cro:bit to the Raspberry Pi 4 through UART for real-time, full-duplex data trans-
mission. The setup ensured that ROS2 on the Raspberry Pi could handle the in-
coming data from the distributed network efficiently.

2. Peripheral sensor integration: additional sensors were connected to the mi-
cro:bit modules using SPI. Stability tests were conducted to evaluate the reliability
of SPI communication under different data loads and conditions.

3. Radio communication between modules: the radio protocol was tested to
assess the performance of wireless communication between the micro:bit mod-
ules. The experiment examined the feasibility of using the radio protocol as a
backup for the I2C connection, ensuring that the system could maintain commu-
nication even in case of failures.

4. Data analysis: the data collected from the micro:bit modules was transmit-
ted to the Raspberry Pi and processed in ROS2. The analysis focused on visuali-
zation of the sensor data, performance evaluation of the network, and command
execution on the peripheral modules. Additionally, the experiment assessed the
impact of radio protocol range on system performance.

Particular attention was given to the reliability of the system when using the
radio protocol as a backup communication channel. In cases where the 12C con-
nection was interrupted, the system automatically switched to radio communica-
tion, minimizing data loss. This feature ensured that the network remained opera-
tional even in scenarios where wired connections were compromised.

Discussion and Results

The results of the study showed that micro:bit can be effectively integrated
into distributed sensor networks through standard protocols such as UART, 12C,
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and SPI. UART demonstrated stability for full-duplex data exchange between the
micro:bit microcontroller and the powerful ROS2 platform on the Raspberry Pi 4,
allowing for real-time control of peripheral modules and data processing.

The 12C protocol exhibited sufficient bandwidth for connected modules but
required additional configuration for stable operation with a large number of mod-
ules. The micro:bit radio protocol proved to be an effective means of providing
backup wireless communication between modules. However, it was found that
simultaneous use of radio and BLE is not possible, limiting its application in Blue-
tooth scenarios. The SPI protocol demonstrated high data transfer speeds but
needed extra configuration for compatibility with various devices. This protocol
is well-suited for sensors that require high-speed data transmission.

Conclusions

The study confirmed that micro bit can be effectively used to build distributed
sensor networks by integrating through UART, 12C, and SPI with external sensors
and more powerful platforms such as ROS2. The radio protocol provides a reliable
backup communication channel, enhancing the system's reliability during failures
of primary channels and facilitating interaction with modules disconnected from
the central unit. However, issues of stability and compatibility when connecting a
large number of devices require further investigation. Future work should focus
on optimizing the performance of protocols and improving wireless communica-
tion, including support for BLE.
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Purpose. This study aims to justify the selection of parameters for a launch vehi-
cle's pitch angle program during the insertion of spacecraft into circular orbits. The
goal is to improve the accuracy and efficiency of the insertion process, optimizing
the delivery of payloads to their target orbits. Design / Method / Approach. The
research develops a detailed mathematical model that defines the pitch angle of a
launch vehicle, specifically focusing on the relationships between the vertical and
horizontal velocity components. These velocity components are represented as
parabolic functions, and the model's coefficients are chosen based on numerical
simulations using real flight data from the Falcon 9 rocket. Additionally, an analyti-
cal approach is presented to evaluate how different parameters influence the final
orbit insertion. Findings. Analytical dependencies for model parameter selection
are established, closely matching numerical simulations and confirming the validity
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Binpuricte CynmyTHHKOBUX CHCTEM JUIS IIATPUMKH CTaOiIBHOCTI YIpyIry-
BaHHS CYITyTHUKIB y MPOCTOPi 32 iCHYIOUMMH TEXHOJOTiSIMH BHKOPHUCTOBYIOTH
KpyroBi op0Oitu. BuBijg kocMiuHMX anapariB Ha Taki OpOiTH 3/1iHCHIOETHCS pake-
TaMHU-HOCISIMH, JJISL SIKUX BRXIMBHM € BHOIp ONTHMaJIbHOIO KyTa TaHTaxy, LIO
MOXKE CHPUATH a00 301JIBIIEHHIO KOPHCHOTO HaBaHTAXXEHHS, II0 BUBOAMTHCS Ha
opOitu, a0 BUBi 33/1aHOTO HAaBaHTAKEHH: Ha O1IbII BUCOKI opOiTH. IcHYE€ KinbKka
MetoniB opmysanHs Takoi nmporpamu (Keba & Kulabukhov, 2023; Dwi et al,
2017; de Volo et al, 2017; Wang et al, 2022; Aksen et al, 2024). B (Ke6a & Kyna-
OyxoB, 2024) 3amporroHOBaHU METO/ BUOOPY MPOTPaMHU KyTa TaHT XYy, IKUH BU-
3HAYa€ThCS BIAHOLIEHHSIM TOPU30HTAIBHOI 10 BEPTHKAJIBHOI CKJIQJI0BOT IIBHIKO-
cTi monboTy. B sikocTi Mozmei pyXy 3arponoHOBaHi MapabomigHi MOAENTI IIUX CKIa-
JIOBUX LIBHJKOCTEH PyXy pakeT-HOCIIB, sIKi OJIM3bKi IO peajlbHUX MPOIEciB, OTPHU-
MaHHX 3 paketu-Hocisg Falcon 9 (Shahar603, 2020). Bymo Takox 3amporoHOBaHO
METOAMKY 0OpaHHs Koe(illieHTIB TaKUX MOJIeJIel 3a XapaKTepUCTHKaMH PaKeTH-
HOcig. Ane B miel Mozeni He Oyny BCTaHOBIEHI 3aJIeKHOCTI MK MapaMeTpaMu
00paHHs JIeAKUX KOCQIIlEHTIB MOfIei, ki 0 3a0e3meuyBaid BUBIA KOCMIYHOTO
arapara Ha 3aJlaHy BHCOTY 3 33/IaHOIO IIBHIKICTIO.

MeTta Ta 3aBgaHHA

OnTHMi3aniss mporpaMu KyTOBOTO PyXy PaKeTH-HOCIS 3a KyTOM TaHTaXy €
KPUTUYHO BAXKITUBHUM 3aBIAHHIM JIJIsI KOCMIYHOT Tajly3i, OCKIJIbKH 0€3M0CePEaHBO
BIUTMBA€ Ha e()eKTHBHICTH BUBOIY KOPHCHOTO HaBAHTAXCHHS HA 3a[aHi opoOitn. Y
nornepeaniin podoti (Keba & Kymabyxos, 2024) Oyna 3amporoHOBaHa MOJICIb
PyXYy, sika 6a3yeTbcsi Ha napaboMiyHUX (YHKIISIX, [0 ONUCYIOTh BEPTUKAIBbHY i
TOPH30HTAJIbHY CKJIAJIOBI IIBUAKOCTI. [IpoTe 3aMIIaeThCs HEBHPILICHUM ITH-
TaHHS BCTAHOBIICHHSI aHAITHYHUX 3aJICKHOCTEH MK IMapaMeTpaMu 1€l Mozaeti
Ta KiHIICBIMH XapaKTEPUCTUKAMH OpOITH KOCMIYHOTO arapara.

Mera po0oTH mossirae y po3pooOii Ta 00rpyHTYBaHHI MaTeMaTHYHOT MOJiei
JUIsl BA3HAUCHHSI ONITUMAJIbHUX [apaMeTpiB KyTOBOTO PyXy paKeTH-HOCIS Iij 4ac
BUBOJly KOCMIYHOI'O arapara Ha Kpyroi opOiTH, 1110 JJO3BOJMTH MiABUIINTH ede-
KTHBHICTh BUKOPHUCTAHHS €HEPreTHYHUX MOXJIUBOCTEH PaKeTH-HOCIS.

Jnst OCATHEHHS IMOCTaBJIEHOT MeTH HeOOXiJIHO BHKOHATH HACTYIHI 3a-
BIIQHHSL:

— BCTAaHOBHUTH aHAJITHYHI 3aJIC)KHOCTI MK ITapaMeTpamMu apadoIigHoOi MO-
JIeITi CKJIaJOBUX IMIBHIIKOCTI Ta KIHIIEBUMH XapaKTePUCTUKAMHU OPOITH;

— pO3pOOHTH METOIUKY BU3HAYE€HHsI ONTUMAJIBHUX MapaMeTpiB MOZIEl JUIs
3aJ1aHNX XapaKTEepUCTUK KPYroBoi opOiTH;

— NpoBecTH BepudiKamilo OTPUMaHHUX PE3yNIbTaTiB HIISIXOM IOPIBHSIHHS 3
JTAHUMH YHCEIILHOTO MOJICITIOBaHHSI.

OO0'exTOM OCIIKEHHS € MPOLEC PyXy pakeTH-HOCIS Ha aKTHBHIN TUISHI
Tpaekropii. [IpeaMeToM AOCHIKEHHSI € MareMaTu4yHa MOJENb MPOrpaMu KyTo-
BOTO PyXy pakeTH-HOCIs 32 KyTOM TaHTaXy, Ika OCHOBaHa Ha mapadosiuHux ¢y-
HKITISIX CKJIQIOBUX IMIBUIKOCTI PYXY.
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O6roBopeHHsA Ta pe3ynbTaTu

PosrisnaeTbest 3a1aua CTBOPEHHS MPOTPpaMK KyTa TaHTaxy PaKeTH-HOCIS 3
IHEPIITHOI0 CHCTEMOIO HaBEJEHHS ISl BUBOAY KOCMIYHOTO amapara Ha KpyTOBY
op0Oiry. [Tokazano B (Keba & KymaGyxos, 2024), mo IOUiIbHO CTBOPIOBATH IIPO-
rpamy B OpOiTaJbHOI CHCTEMI KOOP/AMHAT, B SIKi KYT TaHTaXy B IPOLECI BUBOIY
Ha KpyroBy opOiTy B KiHIEBiii TOYIll MOBHHEH IOPIBHIOBATH HYJIO, IO 3HAYHO
CIIPOIIYy€ MOJIENb KyTOBOTO PYXY. 3B'I30K MiXK IHEPIIIHOKO 1 OPOITATEHOK CUCTE-
MO0 KOOpJMHAT IIOKa3aHuil Ha puc. 1.

Ha puc. 1 BBeneHi HactymHi no3HaueHHs: YOX — iHepuiiiHa cucremMa Koop-
muHat; Y'O'X! — opbitansHa cucTeMa KOOPAUHAT; X1, 1 — KOOPAUHATH PAKETH B
IHepIiHHIA cucTeMi KOOpPOUHAT; 6 — KyT TaHTaXy B iHEPIiHHINA CHCTeMi KOOpAH-
HaT; 0; — KyT TaHTaXy B OpOITaNbHIN CHCTEMI KOOPIAMHAT; Y — HEHTPAIbHUHN KYT
MOBOPOTY OpOITaJIbHOI CHUCTEMH KOOPAMHAT BiTHOCHO 1HEPLIHHOI; X — MPOEKIis
MIBUIKOCTI Ha OCh X B IHEPIIIIHOT CHCTEMi KOOPAWHAT;  — MPOEKIIis MIBHIKOCTI
Ha OCh Y B iHEPIiHOT CHCTEMi KOOPIMHAT.

Pucynok 1 — 38’30k iHepuiiiHoi i opOiTaaBHOI cHCTEM KOOPAUHAT
(q:xepeno: CTBopeHo aBTOpaMu)

BcraHoBieHa 3aNeXHICTh MK KyTaMH TaHTaXy B iHEpUiHHIHN 1 opOiTambHIN
cucreMax koopanHar. KyT TaHraxy B iHepIiiHil cucTeMi KoopAnHaT Oy/ie BU3Ha-
YaTKucs BUPa3oM

_ y
0= arctg (1

B op0itanbHOI crcTeMi KOOpAMHATH 3HAYCHHS KOOPIMHATH PakeTH 10 oci Y 1
Oyne
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yi =Rg+h )

ne Rs — paniyc 3emui; h — Bucora opbitu.
LentpanpHuii KyT B iHEepIiliHIA cHCTEMi KOOPIMHAT MOXKHA BU3HAYUTH Ha-
CTYITHUM YHHOM

y = arctg R3X+1y1' 3)

3B'SI30K M) KyTaMH TaHTa)XXy B IHEpIiiHIH 1 OpOiTaIbHIN CUCTEM KOOPJHHAT
Oyzme

6, =0+vy. 4

[Tpu BUBOAI KOCMIYHOTO anapara Ha KpyroBy opOiTy KiHIleBE 3HAYCHHS KyTa
TaHTaXy B opOiTanbHill cucTeMi KOOpAWHAT IOBUHHO JOPiBHIOBATH HymO. Tozi B
IHEepLIHHIN crcTeMi KOOPIUHAT B MPOrpaMi TaHTaxy Ha KiHLEBIH IUTBHMII 1MO-
JBOTY MOBUHHO BHKOHYBATUCS YMOBA

6=-y. )
Ha mincTaBi aHamizy 3MiHH IIBHIKOCTI Ta IPOTPaM TaHTaXy 3allPOMOHOBAHO
BUOIp Mporpamy TaHraxy 3a 3aKOHOM

8 = arctn = (6)
Vy
Jlyis BUOOPY MOJIETi 3MIHHU IIMX CKJIQJOBHUX INBUIKOCTEH OyJIM B3STI XapaKTe-
PUCTHKHM 3MiHM IUX mIBUAKOcTel Ha paketi-HOCI Falcon 9 FT, sxi HaBeneHi Ha
puc. 2 (Shahar603, 2020).
KoxkHy 13 IUX CKJIaJ0OBUX IIBHIKOCTI MOXKHA OIKCATH MEBHOI MareMaTH4-
HOIO 3aJIEKHICTIO. 3aIPOIIOHOBAHO OIMCATH 11i 3aJIe)KHOCTI napaboaiyHuMu (yH-
KIISIMU Y BUTJISIL:

0, ko t<t;
h(t) = {axt2 + byt + ¢y, AKWO £ > t;’ )
V,(t) = ayt® +byt+cy, ®)

Ie a, b, ¢ — AesKi mocTiiHI KoeQiIlieHTH.
BpaxoByroun BHI 3MiHM CKJIAJOBHX IIBHIKOCTEH, sIKi TpEACTaBIEHI Ha
pHC. 2, MOJIeN IPECTaBICHI y BU/I

_ 0, akio t<ty )
V() = {kl(t —t))% akmo t >t ©)
2
Vy(t) = _kz(t - tcp) + Vymax, (10)

Jie 1 — 4ac BEPTUKAIBHOTO 3JIbOTY PaKeTH-HOCIS; f, — CEPEHIN yac noipoTy pa-
KETH-HOCIS Ha aKTHBHIN TUTBHUI; k; 1 k2> — IOCTIMHI KoedimieHTH, SKi 00YUCITIO-
IOTHCS 3 YMOB OTPHMAaHHS KiHIIEBOT IIBUIKOCTI Ha 3a/IaHill BUCOTI i MAKCUMAaJTbHIH
MIBUAKOCTI Vypayx IO TOPU3OHTAJIBHIH CKIIAIOBIH MIBUAKOCTI
v,
k,=—"2—
L (te—t1)?’
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k _ VKp_Vymax
2 ==

2 >
tép

ne Vip — KpyroBa HIBUKICTb, SIKY TOTPIOHO TOCATTH pakeTi-HOCII0 Ha 3afaHii Ki-
HIICBIH BUCOTI; fx — 9ac TONBOTY PaKeTU-HOCIS HAa aKTHBHIN TUISHII.

Velocity components

—— V horizontal
— WV vertical
V abs

8000 4
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T T T T T
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Pucynok 2 — Xapakrep 3MiHH FrOPU30HTAJIbHOI i BEPTUKAJIBHOI CKJIATOBUHX
LHIBUAKOCTI pakeTu-Hocis (I:xepesio: CTBopeHo aBTOpamMu)

BuXiIHUME JaHUMH J0 CTBOPEHHS MPOTPAMHU PYXy IO TAHTAXKY 38 METOIH-
KOIO, 1110 POIOHYETHCS, € BUCOTA OPOITH A, Yac MONBOTY #, 4aC BEPTUKAIHLHOTO
37ILOTY PAKETU-HOCIs #7 1 KPYTOBa IBUIKICTh Vyp, SIKa 3AJIE)KUTD BiJ] BUCOTH 1 MOXKE

6yTI/I BHU3HAYCHA BUPA30M
GM
Vi = /ma (11)

ne G — rpasiraniiiga crama 6.67430 X 1071 M3 /kr-c?; M — maca 3emii
5.972 x 10%* kr; R3 — paaiyc 3emi 6.371 X 10° m.

Benwunna V), 4, moBuHHa 3anexkatn Bix Vi, i 3a0e3nedyBaTi BUBiI KOCMid-
HOTO amapara Ha 3ajany BucoTy. [1{006 3a0e3mednTy 1110 yMOBY 1 BU3HAYUTHUCH 3 ii
BEITMYHMHOIO OYJIO0 POBEIEHHST MOJICTIOBAHHSI PyXY PaKETH-HOCIS 32 BU3HAUYCHOIO
METOIUKOIO 3 Pi3HOIO Vpqy st BUCOT 300, 400, 500, 600 Ta 700 kM. Pesynsrar
MOJICTIIOBaHHS, KUH 3a0e3euye BUBIJ Ha KpyroBy opOity Ha Bucoty 500 kM Ha-
BeJICHHI Ha puc. 3, 4.
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Takox 3arpoONOHOBAHO MIIX1JT IJIsi BU3HAUCHHS ITi€] 3aJIeKHOCTI aHATITHIHO.
Jist 1bOTO BUMAKY PIBHSHHS BEPTUKAIBHOI IIBHIKOCTI Oy/ie MaTH BUIVIS:

‘4'Vmax 4Vmax
V,(t) = fz t2 + X ¢ (12)

e te

3Bigku BucoTta opOiTH h BU3HAYAETHCS K IHTETPaJl bOTO PiBHAHHS:

Rh(t) = foteVy(t)dt — fote(fzwgnaxtz + 4V};7:ax t) dt = 74;/3:;,” 3+ ZV};:nax 24+ C (13)

i€ f, — Yac 3aKiHYEHHS aKTUBHOI JIUISTHKH PyXY.
BpaxoByrodi mo4aTkoBi i KiHIIeBl YMOBH OTPUMY€EMO:

h(te) = =2 6 + =20 2. (14)
Crpomryroun BHpa3, MaeMo:
h(te) = = Vymaxte- (15)
3BiIKHA
Vmax = 502 (16)

To6T0 Vymax IPSIMO MPOTIOPIIHHE 3aJIEKHUTH BiJ BUCOTH OPOITH Ta 3BOPOTHO
MPOTOPIIIHHE Bij t. — Yacy aKTUBHOI JUISHKY pyXy. Pe3ynbraTu unceabHOro Mo-
JEeMIOBaHHs 1 aHaJIITUYHI 3a/1eXKHOCTi BU3HA4YeHHS V), HaBeleHi B TaOM. 1.

Vy max for target h=500000, Vabs=7616.5

600000 A
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400000 -
E_ 300000 1
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200000 A
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PucyHok 3 — 3Ha4eHHs1 MAKCMMAJIbHOI BePTHKAJbLHOI IIBUAKOCTI Vymax 1151 0pOiTH
500 kM ([I:xepesio: CTBOpeHO aBTOPaAMH)
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Pucynok 4 — IIporpama Tanra:xy 0 i ckiasoBi iBUAKOCTI 17151 OpOiTH BHCOTOIO
500 xkm ([Ixepeso: CTBOpeHO aBTOPaMH)

Ta6auus 1 — Pe3yabraTn yuceabHOro MoJAeTIOBAHHS | OTPpUMAaHi aHATITHYHI 3a-
JiexkHOCTi BUBHAYeHHs V.4, Bin BUcoTH (I3Kepesio: po3podiieno aBropamu)

Bucora op6iTH,| 3Ha4eHHS Vymax OTPHMaHe YH- | 3HAYeHHS Vymax OTPHMAaHe aHATi-
KM ceJIbHUM MOJETIOBAHHAM, M/C THYHO, M/C
300 749,8 750
400 1001,3 1000
500 1249,1 1250
600 1501,0 1500
700 1749,4 1750
BUCHOBKM

Po3pobiena mMaremaTHyHa MOJIENb JUIS BU3HAUEHHS IapaMeTpiB KyTOBOTO
PYXy pakeTH-HOCISI TIpU BUBOJI KOCMIYHOTO arapara Ha KpyroBi opOiTH, ska BU-
KOPHCTOBY€ TapabosivyHi (yHKIIi BEPTUKAIGHOI Ta TOPU30OHTAIBHOI CKIAJOBUX
MIBUAKOCTI.

OTprMaHa aHATITUYHA 3aJICKHICTH OOpaHHSA MapaMeTpiB 3alPOIOHOBAHOL
Mozieni Bil KIHIEBHX JaHUX PyXy PaKeTH-HOCIS IIPU BUBOJI KOCMIYHOTO arapara
Ha KpyroBy opOiTy. O3HaueHi aHaTITHYHI 3aJIe)KHOCTI TapaMeTpiB Moei 30ira-
I0TBCSL 3 PE3yNbTaTaMU YUCEIBHOTO MOJICIIOBAHHS, LIO IATBEPIKYE JOCTOBIp-
HICTh OTPHMAaHUX PE3yJbTaTiB.
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CTBOpeHa MareMaTH4Ha MOJENb MOXe OyTH BHKOPHCTaHa /s BU3HAYCHHS
e(heKTHBHOI MPOTpaMu KyTOBOTO PyXy paKeTH-HOCIA 32 KyTOM TaHTaXy i Jac
BUBOJIy KOCMIYHOTO arapara Ha KpyroBi opOiTH.
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Purpose. We considered a non-stationary optimal control system with delay. Non-
stationary optimal control systems are described by systems of differential or dif-
ferential-algebraic equations. Variable coefficients do not allow, in general, to con-
struct a solution to such systems in quadratures. Numerical or asymptotic methods
are used to solve such systems. Design / Method / Approach. In this paper, as-
ymptotic methods are used, in particular, the Feshchenko-Shkil' method for inte-
grating singularly perturbed systems and the Wasow’s method for systems with an
unstable spectrum. Findings. In this paper, we construct a transformation that re-
duces the optimal delay control system to a system that does not contain terms
without rejecting the argument. This transformation makes it possible to integrate
the system by the method of steps without solving systems of differential equations
at each step. Theoretical Implications. The system of equations obtained as a
result of the transformation of the original system is somewhat easier to study in
terms of building a solution. However, the problem of optimizing the control of both
systems requires both a separate mathematical study and clarification of the prac-
tical reality of spectrum instability in such systems. Practical Implications. If the
instability of the spectrum is caused by the degeneracy of the main matrix, this
leads to the unboundedness of the system solution as the small parameter ap-
proaches zero. The aforementioned growth of the solution can create emergency
situations in real systems. Originality / Value. The delayed control systems in the
described formulation are studied for the first time. Research Limitations / Future
Research. Future research concerns solving the problem of optimal control of sys-
tems with an unstable spectrum and studying the question of the reality and phys-
ical meaning of turning points in specific systems. Paper Type. Conceptual Paper.
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3ajaui onTuMizanii mporecy KepyBaHHS, IO OIHCYETHCS CUCTEMOIO Ande-
peHmianbHuX a0 audepeHIianbHO-aIreOpIIHIX PiBHAHD BUNNISAY

.

dx
eB(t, ¢) Frin A(t, &)X+ C(t, &)u

HEOIHOPa30BO mociimKyBaiuchk y mpansx B. II. Sxoemsa, O. B. Tapacenko y
3B 53Ky 13 IIMPOKUMH NPAKTUYHUMH 3aCTOCYBaHHIMH, 30KpeMa Yy paIiOTEeXHill.
3anmcaHa cuctemMa aiareOpuuHoO-An(pepeHIiaIbHUX PIBHSIHB ONUCY€E HECTAIllOHa-
pHUII Ipolec Ha JOCHTH BEINKOMY ITPOMIXKKY dacy.

Peanphili cuctemi 31e01bII0r0 MOTPIOCH NESIKMKA Yac Ui pearyBaHHS Ha
BXIiTHUH CHTHAJ 9¥ 30BHILTHIO Jif0, TOMY CHCTEMH KepyBaHHS 3 IMICIIII€I0 BUBYA-
I0TBCS TIPH PI3HUX MOCTaHOBKax 3ana4 ontuMizanii (Boykov & Krivulin, 2021;
Michiels, 2021; Stanzhytskyi, 2023). [Ipukmagom 3ragaHoi CHCTEMH € CHCTEMa
JMIHIAHUX PIBHSHD 3 MICISAIIE€I0 BUDISTY

£ = A(t, &) + B(t,0)(t — A, ) + C(t, £, (1)

Tyt A(t, ) Ta B(t, &) — xBaaparHi Matpuili n-ro mopsaaky, C(t, €) — (n x m)-
marpuns, X(t, £€)— n-BUMIpHUN BEKTOp cTaHy, U (t, £)—m-BUMIpHHUI BEKTOP KEPY-
BaHHs, &> 0 — nitficHuid Manuii mapamerp, ¢ € [0; T]. T<+ oo,

IIMono ocTanHBOTO AOAaHKa cUCTeMH (1), TO BEeKTOp KepyBaHHS MOXE TaKOX
MICTUTH BiJXWJICHHS apI'yMEHTY, [0 Ha3MBAIOTh 3alli3HEHHSIM KepyBaHHs. 3aru-
CaHi BHIIIE CUCTEMH MOYKHA BBEICHHSIM IOBIIBHOTO Yacy ¢ = £-73BECTH JI0 CUCTEM
3 MOBUIHHO 3MIHHUMH KO€(]illiEHTaMH, J0 SIKMX MOXXHA 3aCTOCYBATH aCUMITOTH-
yHi MeTonn Pemenka-11Ikins, mepeBaroio SKUX nepes YHUCEIbHIMH METOAAMH €
AHAIIITHIHUH 3aITUC PO3B'SI3KY.

MeTa i 3aBgaHHAa

PosnisiHemo 3a1a4y onTUManbHOTO KepyBaHHs cuctemoro (1). s sragaHoi
CHCTEMH CTaBUTHCS OCHOBHA IIOYAaTKOBA 3aJ/ia4a: MoOyayBaTH po3B'I30K, SIKHH Ha
MPOMIXKKY ¢ € [- A; 0) 33I0BOJNBHSIE YMOBY

X(t,e) = g(t, o). 2)

[MocranoBka 3aaadi MoOyI0BH ONTUMAIILHOTO PO3B’s3Ky cucrtemu (1) Ta Bin-

IIyKaHHS TAaKOTO BEKTOPY KEpyBaHHS, 100 3a/I0BOJLHUTH KPHUTEPi SIKOCTI BU-
sy (Stanzhytskyi et al., 2023)

Je) = (T, ), W)~ inf

y 1iii poOOTi HE PO3MIANATUMETHCS, 1€ CKIIaJaTUMe MpeaIMeT OKPEMOTO JOCITi-
JokeHHs. OCKITIBKY KOS(IIIEHTH CHCTEMH € 3MIHHUMH BEJIMYMHAMM, TO TaKi CHC-
TEMH Yy 3araJlbHOMY BHITAJIKy HE 3BOIATHCS 10 KBAIPATYP, OTXKE MOTPEOYIOTH 3a-
CTOCYBaHHS YUCEIIFHUX a00 aCHMITOTHYHHUX METOJIB. 3aCTOCYEMO ACHMIITOTHY-
Hu#t meton ®Pemenka-11Ixins st moOynoBu GyHIaMEHTaIBHOI MATPHII JiHIHHOT
CUCTEMH, IO YTBOPEHaA i3 cucTteMu (1) BIAKMIAHHSIM JOAAHKIB i3 3alli3HCHHIM Ta
BEKTOPY KepyBaHH!, a TakoX MeTo B. Ba3zosa, po3poOieHuii 1t iHTeTrpyBaHHS
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CUHTYJIIPHO 30ypPEHUX CHCTEM 13 HeCTaOIIbHUM CIICKTPOM TOJIOBHOT MaTpuili. Ha-
SBHICTh (DyHIAMEHTAIEHOI MAaTPHIl Ja€ MOXKJIMBICTB 3BecTH cuctemy (1) mo Ta-
KOi, 1110 He MICTHUTb JI0JJaHKiB 0€3 BIAXHMJICHHS apryMEHTY, OTKe JUIsl IHTerpyBaHHS
noTpedyBaTUMe TiTbKH BUKOPHCTAaHHS METOLY KPOKiB O3 pO3B’sI3yBaHHS CHCTEM
mudepeHianbHUX PiBHIHB HAa KOKHOMY Kpolii. Briepiie Take nepeTBopeHHs CH-
CTEM i3 3aIi3HEeHHAM Y BHITAAKY CTaOUTFHOTO CIEKTPY TOJOBHOI MaTpHIli OyiI0 BH-
koHaHo y mparsgx M. 1. Hlkins ta FO. I1. ITiguenka. Y il po6OTi BHKOHAEMO TO-
JiOHe MepeTBOPEeHHs Ul CUCTEMU ONTUMAaJIbHOTO KEPyBaHHS i3 3aIli3HEHHSIM Y
BUTIAJIKy HECTAO1ILHOTO CHIEKTPY. Brieprie mocimkeHHsI CHCTeM 13 HeCTa0lmbHUM
CIIEKTPOM, 1 30KpeMa, i3 TOUKaMH IIOBOPOTY, po3rnoyaro y npausx B. M. Jlefigypu.

AcHUMITTOTHYHE 300pa)keHHS PO3B’sA3Ky Oymb-sAKOl 3afavi omTuMisarii icTo-
THO 3aJIC)KUTH BiJl CIIEKTpPY B'S3KH MaTpulb (y BUNAIKy AudepeHianbHO-anreo-
PUYHUX PiBHSAHB) 200 Bifl CHIEKTPY TOJIOBHOI MAaTPHIlI CUCTEMH (UL cyTO audepe-
HIliaJbHUX PiBHSHB). OCKIIbKY Ha/iai HTUMEThCs po cuctemy (1), To 3anuiiemMo
il XapaKTepUCTUYHE PIBHIHHS:

A(t,0) — A(HE. (3)
MaTepianu i meToam

BukopucTaemMo 3rajgaHi BUIIE aCHMITOTAYHI METOIH s MOOYI0BH (yH1a-
MEHTaJIHHOI MAaTPHUIli CHCTEMH
ax

e = At 0%, &)

yTBOpeHoT i3 cucremu (1). BumararuMeMo BUKOHAHHS TAKUX YMOB:
1°. Marpunsa A(¢, €) 300paxkyeTbes 301KHAM CTENIEHEBUM PAIOM

A(t,€) = Xito Ar(D),
Jie IONaHKH ITPABOT YaCTHHU € HeepepBHUMH (QYHKIIISIMH Ha TPOMIKKY HOOYI0BH
PO3B's3Ky. AHAJOTIYHUMHU PSIIAMH TaKOXK 300paKYIOThCS 1HILI MaTPUIll CUCTEMH
(1) Ta movaTKOBHIT BEKTOP (2).
2°, KopeHi XapakTepHCTUIHOTO PiBHAHHS (3), TOOTO BIIACHI 3HAYEHHS Mart-
puti A(t, 0), € mpoctumu s ¢ € (0; T, i 30iraroTbes B Touwi ¢ = 0, mpuIomy €
CYTO YSIBHUMH, a Came:

3°. Icnye HeocoOmMBa Matpuus 7(¢) Taka, IO CIPABIKYEThCS PIBHICTh
T 1A,(O)T = A@®) = diag{1,(t), 2,(@&),.., A, (O}

Cucremy piBHSHB 13 TAKOIO MaTPHICIO HA3UBAIOTh MaiKe J1arOHaJIbHOIO.

[Tobynyemo dyHnamentanbHy Marpuilio cucreMu (1). OdMexumocs nuie
ANTOPUTMIYHOIO YaCTHHOIO TTOOYIOBH 0€3 JOBEIECHb MaTEeMAaTHYHUX TBEPKEHb.
JetanbHi 3amucu peKypeHTHHX (opMyIT i acHMITOTHYHI OLiHKK HaBeaeHo B (Ca-
MyceHko et al., 2024).

ITincTaHOBKOIO

X(t, &) = U(t,e)Z(t, €),
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ne U(t, &) — kBampaTHa MaTpHLs PO3MIpY 71, IKA 300pPaXKyeThCS PAAOM BHUIIISLY
(3), micTameMo cHCTeMy PiBHSHB I HEBimoMoro BekTopa Z(t, £):

U(t, ) % - (A(t, Ut €) — ¢ d”‘f)) (t, ©),

Hesimomi Marpui 306pakenns U(t, €) GynyBaruMeMo Tak, 1100 CIpaBIKy-
BaJIUCS TaKi TOTOXKHOCTI:

du(te) _

A(t, e)U(t, ) — ¢ et

Ut e)(At, &) + €™ 1Chua(t, €).

[pupiBHIOIOYN KOe(IIliEHTH MPH CTETEHSAX MaJoro IapaMeTpa B OCTaHHIH
TOTOXKHOCTI, JICTAHEMO PIBHSHHS [T BA3HAYEHHS TIEPIIUX 71 JOJAHKIB P AJIst
HeBizomoi matpurt U(t, €), Ta Bupa3 st MOXUOKH Cp, 41 (¢, €), 10 YTBOPIOETHCS
HE CKOMIICHCOBAHNUMU JONAHKAMH.

CrcTeMa MAaTpUYHUX PiBHSHB JUI BASHAYCHHSI HEBiIOMHX JTOIAHKIB y 300pa-
xerti U(t, €) = Yp—o Ur (t) mae Bunsin

Ao () Uy (t) — Up(£)A(t) =0,
A (®U(D) — U (DAo(8) = 22D 4 B (8, Uy, £),k = 12, .m.
Tyr Ao(6) = A() = diagy (£), A(0),, An(D)}.
3acTocyBaHHS OMKMCAHOI MPOLIEAYPHU IPUBOIAMTH 10 CHCTEMH PIBHSHB
dz -
ed—j = (A(t, &) + €™ Cpy4 (L, €))7,
110 3 TounicTio 10 0 (e™*1) inTerpyernes y kBagparypax:
Z(t,e) = U(t,e)exp {7 ! fot A(s, €)ds} ¢,
oTIKe, MaTHMEMO (DyHIaMeHTaNbHy MaTpuiio cuctemu (1):
m
X(t,e) = U(t,e)exp {71 fot A(s,£)ds}U™L(0,€) + £9+1C, 44 (8, £),

matpuiis Cy, 41 (t, €) € piBHOMIpHO 0OMEKeHO0 HaBKoI0 ToukH (0; 0).
Jami ckopucTaBIICh GOPMYIIOI0

(A+B)1=A"1—AYE+BA ) 1BA™Y,
3HANIEMO
mq
X"t &) =exp{—e?! fot A(s, )ds}U™(t, &) + €9+1D(t, €),
ITicost migcTaHOBKA
X(t, &) =X(t, &)yt )
3 ypaxyBaHHSAM Bupasy mnsi X~ 1(t,€), micraHeMo cucTeMy, IO 3 TOYHICTIO JIO

md
0 (sq“) HE MICTUTHME JIO/IaHKiB Oe3 BiIXWJICHHS apryMEeHTY (3aIli3HeHHS):

y mq
g% = M(t,&)y(t — A €) + N(t, &)U + €9+ 1R(t, €). )
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PesynbTatm

TakuMm 4MHOM, CHCTEMY ONTHMAIBHOTO KepyBaHHs (1) i3 3ami3HEHHSM 3Be-
JICHO IO CHCTEMH PiBHSAHB (5), 0 HE MICTUThH €JIEMEHTIB 0e3 BiIXHICHHS apry-
MEHTY, III0 Ja€ MOXKJIBICTD iHTETPyBaTH OCTaHHIO METOJJOM KPOKiB, HE pO3B’s3Y-
104U Ha KO)KHOMY KpOLli CHCTEMY 3BHYAiHUX qudepeHuianbHuX piBHsAHb. [100y-
JIOBa TIEPETBOPEHHSI, 3BUYAIHO, TIependadae po3B’ I3yBaHHA CHCTEMH O(epeHti-
aNBHUX PIBHSHB, aJIe 1Ie BiI0YBAETHCS OJMH pa3, a He Ha KOKHOMY KpOLIi.

BucHOBKM

Cuctema (5), oTpuMaHa B pe3ybTari nepeTBOpeHHs cucteMH (1) € nerio mpo-
CTILIOIO TSI TOCTIDKEHHS 3 TOYKH 30py MoOynoBH po3B’si3Ky. [Ipore 3amada on-
TUMi3anii kepyBaHHs cucteMamu (1) 1 (5) norpedye sik OKpeMOro MaTeMaTH4YHOTO
JIOCII/KCHHS, TaK i 3’ ICYBaHHS MUTaHb PO MPaKTHYHY pealTbHICTh HECTa0IbHO-
CTI CIIEKTPY y TAKHUX CHCTEMax. SIKII0 HeCTaOIbHICTh OB’ sI3aHa 13 BUPOHKCHHIM
TOJIOBHOT MaTpPHIIi, TO II¢ IPU3BOIUTH O HEOOMEXEHOCTI (3pocTaHHi mpu £ — 0)
PO3B’SI3Ky CHCTEMH, 110 MOXKE CTBOPIOBATH aBapiiiHi CUTYyallii B peaJIbHUX CUCTe-
Max. Taxk, y Teopii JiHIHHUX CHCTEM 31 3MIHHIUMH KOe(DillieHTaMHU TOCIiIKY€E€ThCS
TakK 3BaHa «CTIMKICTh PO3B'A3Ky Ha CKIHUEHHOMY NMPOMIXKKY». HecTilikicTio Ha3u-
BAaIOTh CUTYAIIiI0, KOJHM PO3B'SI30K NEPEBHUIYE Halepen 3aJaHy BeandnHy. Hass-
HICTh KEpPyBaHHS Jla€ MOXKJIMBICTh YHUKAaTH TakuX 3pocTansb. llle omun Hampsm
JIOCIIIKEHb CTOCYETHCS TIOOYIOBH PO3B’SI3KY anreOpiaHO-ar(epeHIiaTbHAX CH-
CTEM i3 HeCTaOlIbHUM CIIEKTPOM Y pa3i TOTO)KHOTO BUPOKEHHS MaTPULIi TIPH T10-
ximHii. Tyt came o3HaueHHs1 HecTablIbHOCTI oTpedye aHamizy. JocmipkeHHs B
I[bOMY HAIpPsIMKY ITPOBOIXUTHMYThCS HaJalli.
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MeToamka CynyTHUMKOBOro MOHITOPMHIY
BUpybyBaHHA niciB 3a paHmmm Sentinel-2A/B

AmuTtpo Mosrosui “'y Bonogumup KopumHcbkum =,
AmMutpo CBuHapeHKo

Purpose. The main goal of the research was development and testing of the meth-
odology of automated processing and analysis of multispectral satellite images of
medium spatial resolution for the detection of deforestation. Design / Method /
Approach. Experimental testing of the proposed methodology was carried out in
the south-west of Ivano-Frankivsk region using free archival images of the visible
and IR ranges from Sentinel-2A/B satellites. Findings. The results obtained during
the conducted research confirmed the possibility and high efficiency of using im-
ages from Sentinel-2A/B satellites to detect and assess the dynamics of felling of
wild and protected forests. In only one test area, the area of identified fellings in 2
years amounted to more than 300 hectares. Theoretical Implications. The ad-
vantages of using the normalized difference index of time changes NDI for a given
pair of satellite images of different times and selected spectral channels is de-
scribed. Thanks to NDI, the accuracy and stability of the results of the detection of
temporal changes increases, as well as the influence of such factors as differences
in the illumination of different time images, the presence of scattered clouds, etc.,
is reduced. Practical Implications. Due to the high degree of automation, the de-
veloped technique can be implemented as software in the form of a geo-informa-
tional web service that can function in the interests of a wide range of public ser-
vices. Originality / Value. Necessary stages and sequence of processing remote
sensing data were determined, and methods, algorithms and software tools for
processing images were selected, and proprietary algorithms and programs were
developed to increase the degree of automation and efficiency of image pro-
cessing. Research Limitations / Future Research. This study was limited to the
use of multispectral imagery from the Sentinel-2A/B satellites (MSI imager). Future
studies involve the use of additional data from Landsat-7 (ETM+ imager), Landsat-
8 (OLI imager), Landsat-9 (OLI-2 imager) and Terra (ASTER imager). Paper Type.
Applied research, methodological article.

Keywords:

satellite monitoring, Sentinel-2A/B, multispectral imagery, deforestation detection,
automated image processing, normalized indices, change index (NDI)
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3a0e3neueHHs] PEerysipHOrO MOHITOPUHIY BEJIMKHX JIICOBUX MAacHBIB € Ha
CBOTOJIHI Jy’Ke BaXKIMBHM 3aBHaHHAM Ut Oaratbox kpain (Hnatushenko et al.,
2017; Ye et al., 2021; Vanegas-Cubillos et al., 2022), i Ykpaina He € BUKITIOUCH-
HaM. HasBHICTH aKkTyalibHOI Ta JTOCTOBipHOI iH(pOPMAILIii 00 JICOBUX MAacHBIB
JI03BOJISIE 31 CHIOBATH €()EeKTUBHUI KOHTPOJIB 38 JJIOTPUMAaHHSIM OCHOBHUX I10JI0-
JKeHb 3aKOHO/IAaBCTBA 3 OXOPOHH JUKHUX Ta 3aIMIOBIIHUX JICiB, & TAKOK YHHHUX Ipa-
B smicoxopuctyBanHs (Bullock et al., 2020; Mozgovoy et al., 2017), Hanpuxaz;

- BUSIBJICHHS] MACOBUX BHPYOOK JMKHX Ta 3aIllOBIHUX JIICIB;

- BU3HAUEHHS MEX Ta IWHAMIKH 3MiHH IIPOMHUCIIOBHUX BHPYOOK;

- BUSIBJICHHS TIOPYIIEHb YHHHUX NPABUII NPU BUIUICHH] TUISTHOK i TPOMH-
cioBi abo caHiTapHi pyoKw;

- KOHTPOJIb TOCTIOJIapChKOT TisUIBHOCTI Ha TEPUTOPISX, IO MOCTPAXKIAIH Bl
BupyOku miciB (Mozgoviy et al., 2007);

- aHaJIi3 HACIIJKIB BUPYOOK, MOHITOPHUHT JHHAMIKH Ta XapakTepy 3MiH (epo-
3is IPYHTY, BiTHOBJICHHS POCIMHHOCTI, 3MiHa IOPOIHOTO CKJIANY JIicy, 3200109y~
BaHHSI, OITyCTENIOBAHHS TOIIO).

Henockonarne ympaBimiHHS JTiCOTOCIOAaPCHKOIO Ta JICOOXOPOHHOKO HisThHI-
CTIO NMPHU3BOJUTH A0 3HAYHOTO 3MEHIIEHHS IUIONI JIICIB, Yepe3 110 MOPYIIY€EThCs
OaraHc MPUPOAHUX EKOCHCTEM Ta 3MEHIITY€ETHCS 0i0piI3HOMAHITTS, ITOTiPIITY€ETHCS
SIKICTh IPpyHTY TOIIO. [Ticas cyIipHUX a00 HEMPOIyMaHUX PyOOK CXIJIH BTpava-
I0Th 3aTHICTh 3aTPUMYBATH BOJIOTY, Yepe3 IO OIaau Oe3IMePEeIIKOIHO CTIKAIOTh
y piYKH, BUKJIMKAIOYH 1X IIEPENOBHEHHS Ta po3nuBH. [Ipy nboMy 3HaYHO MiABH-
IIYIOTHCS] PU3UKH NOBEHEH Ta MaBOJKIB, a TAKOXK BUHUKAE HeOe3IeKa CXOIKeHHS
CHITOBHX JIaBUH 4H ceiB. KpiM Toro, nepeBa)kHa 4acTHHA X BUPYOOK BEAETHCS
HPOMHUCIIOBHM CIIOCOOOM 3 BUKOPUCTAHHSIM CIICLITEXHIKU (30KpeMa He3aKOHHI Ma-
COBi OpakoOHbEPCHKI BUPYOKH Ha TEPUTODIi 3armoBiHuUKIB). HaBiThk miaHoBi Ta ca-
HiTapHI BUPYOKH BEAYThCS 3 TPYOUMH MOPYIICHHAMH iICHYFOUMX HOPMATHUBIB (Ha-
NPUKIIJ, BUPYOyBaHHS 3[J0POBHX JIEPEB 3aMiCTh 3aCOXJIMX, IPYIIOBI BUPYOKH Ha
CXHJIaX TOIIO).

dopmynioBaHHA Npobnemm

Benuka KiNbKiCTh HECAHKI[IOHOBAHHUX Ta OPaKOHBEPCHKUX BHPYOOK JIiCy, a
TaKOX IXHS PO30CEPEHKEHICTh HA BEITMKUX TEPUTOPISX 00YMOBIIIOE BUCOKY TpPY-
JIOMICTKICTb Ta HEIOCTATHIO OIIEPATHBHICTD MPOBENCHHS TPAAULIHHNX HA3EMHUX
METOIB KOHTPOJIIO, TAKUX SIK €repchKi 00xoan abo aBTOMOOUIBFHE Ta KiHHE TaT-
PYJIIOBaHHS.

Hacamnepen 1ie BitOyBa€eThCs 4epe3 CyTTEBY BiAIAJICHICTD MIEPEBaXKHOT O1JIb-
IIOCTI TaKUX BUPYOOK BiJ HACEJIEHUX ITyHKTIB, HU3bKY AKICTh AOPIir abo iXHIO Bi-
JICYTHICTB, & TAKOX Ba)KKOJIOCTYITHICTH OKPEMHUX JIUISTHOK, III0 0COOJIMBO XapakTe-
pHO s G6araThoX JIICOBHX MacuBiB Ha Tepuropii Kapmarcekux rip. Perymsapue
MOBITPSTHE TATPYJIIOBAaHHS 3 BAKOPHCTAHHSM JIITaKiB Ta IeliKONTEPiB 3aHAATO J10-
pore HaBiTh JUII HEBEIHMKHUX TEPUTOPiH, a Oe3minoTHi nitanbHi anapatu (BIIJIA)
He 3a0e31euyoTh He0OX1/THOT IIIONIi MOKPHUTTS. AJie HalHOUIbII TPOOIEMHUM Mi-
CIIeM Y 3aBJIaHHAX KOHTPOITIO, K IPABMIIO, € JIFOACHKUH (akTop (HendamicTs, 3710-
YMHHA 0€31sUTbHICTD, KOPYIILis TOIIO).
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YV Kapnatax 0CHOBHI JIiICOBI MACHBH PO30CEPEPKEH] Ha BAXKKOJOCTYITHUX T'ip-
CBKHX Ta MaJIOHaCeNeHNX TepuTopisax. [Ipu 1ipoMy nepeBakHa YacTHHA HaHO1ITb-
IIMX JIICOBHX MACHUBIB BiJIPi3HAETHCS 3HAYHOIO BiJIAJICHICTIO BiJl HACCICHUX ITYy-
HKTiB. Lle 3yMOBIIIO€ BHCOKY TPYIOMICTKICTh Ha36MHHX METOIIB CIIOCTEPEKEHB
(aBTOMOO1TBHE Ta KIHHE MAaTPYJIIOBAaHHs) Yepe3 HEAOCTATHHO IIIIbHY JOPOXKHIO
Mepexy. PerymsapHe MoBITpSHE MaTPyIIOBAHHS 3 BUKOPUCTAHHSAM JIITAKiB Ta Telli-
KOIITepiB 3aHATO TOPOTe HABITH ISl HEBEIMKUX TepHuTopii, a BIIJIA He 3a0e3me-
YyIOTh HEOOX1/THOT IO HOKPHUTTS.

[epepaxoBasi BuIe npodieMu MOXKYTh OyTH e(hpeKTHBHO BUPIIICHI 3a TOTIO-
MOTOI0 Cy4acHHMX CYIYTHHKIB QuCTaHLiitHOro 30HmyBaHHsA 3emui ([33), sxi B
OCTaHHI POKH IIMPOKO BUKOPHUCTOBYIOTHCS ISl BHPIIMICHHS IIMPOKOTO KOla 3a-
BIaHb ckoyiorivHoro MoHitopunry (Dolinets & Mozgovoy, 2009) Ta KOHTPOITIO
Ha3BHUaitHuX cutyariit (Hnatushenko et al., 2016).

Ie 06yMoBIIeHO unceHHUMH TiepeBaramu J[33, Takumu sIK:

- abcomoTHa 00'€KTHBHICTH Ta BHCOKA IOCTOBIPHICTH (CYIyTHHKOBI 300pa-
JKEHHSI JJ03BOJIAIOTH MOBHICTIO BUKJIIOYUTH JFOACHKI TIOMUJIKH, 8 TAKO)K HABMHICHE
CTIOTBOPEHHS Y1 MPUXOBYBAHHS BAKITHBOT iHpopMaii);

- IHPOKA OIJISIIOBICTh 1 BUCOKA lH(bOpMaTI/IBHICTI) (MoxHa cn00Tep1raT1/1
Oynb-sKy HaBITh BaXXKOJOCTYIHY TEPUTOpPil0 Ha 3eMIli 3 OXOIUICHHSIM Y THCSUi
KBa/IPaTHUX KiJIOMETPIB);

- MakCHUMaJIbHa aKTyaJbHICTh Ta BUCOKA OTIEPATHBHICTH (TOCTaBKa TaHUX KO-
puctysady 0e3 3aTpUMKHU Oe3MOoCepeIHhO Ha MPHUiiMaabHI a0OHEHTCHKI CTaHIIT
a00 3 MiHIMaJIbHOIO 3aTPUMKOIO depe3 CyrIyTHI/IKI/I-pCTpaHCJ'IﬂTOpI/I)

- OTHOYACHICTb Ta BUCOKA MEPIOJMYHICTh 3HOMKH BEJIMKHUX 1 IPOTSDKHUX Te-
pUTOpiii (IO AEKITFKOX 3HIMKIB Ha 100Y);

- KOMIUIEKCHICTb Ta 0araToMCIMILIIHAPHICTD (BUKOPUCTAHHS THX CAMUX 3Hi-
MKIB TIPH BUPIIIEHHI NIMPOKOTO CIIEKTPa HAYKOBHX Ta MPHUKJIAJHUX 3aBJaHb Ha
KOPHCTb PI3HUX JIEPKABHUX CTPYKTYp Ta MPUBATHUX KOMIIAHIN);

- 6araTocreKTpaIbHUN XapaKkTep CIIoCTEePeXeHb (3HOMKA y KiJTbKOX CIIeKTpa-
JIbHUX KaHanax y BuguMomy Ta IY mianazonax, a TAKOXK y pa/iio4acTOTHHX Jiiara-
30Hax);

- noBHa Oe3rneka (BiICYyTHICTh PU3MKIB JJIsl 37J0POB'SL Ta KUTTSA JIIONEH);

- BUCOKA EKOHOMIYHA e(DeKTUBHICTB (3HAYHO MEHIIII BUTPATH IMOPIBHSIHO 3 Ha-
36MHUMH METOJIaMH Ta a€PO3HOMKOI0);

- MaKCHMaJIbHa JOCTYITHICTh Ta KOH(IAEHIIIITHICTh (IPOCTOTa OTPUMAHHS Ja-
HUX Ta MiHIMIi3aIlis pu3ukiB BUTOKy iHpopmarii) (EOS DA, 2024).

[MuTaHHAM CYITyTHUKOBOTO MOHITOPHHTY BHPYOOK JUKHUX Ta 3aMOBITHHUX Ji-
ciB B YKpaiHi B OCTaHHI pOKHU NPHIISETHCS YMMAJIO YBary, 110 3yMOBJICHO BEJU-
Ye3HUMH MacIITadaMy Ta TSHKKAMHA €KOJIOTITYHUMH HACIIIAKaMH TaKoi AisUTBHOCTI.
Hes3Bakaroun Ha aKkTyaJbHICTb J1aHOT TEMAaTHKH Ta JOCUTH JOKJIAIHUI OIHC Me-
TOZIB Ha3eMHHX Ta IUCTAHLIWHUX IOCTIKEHb, IXHE MPAKTUYHE 3aCTOCYBAHHS
Jy>xe oOMeskeHe, 0COOINBO Ha PErioHaIbHOMY Ta JIOKaJbHOMY piBHAX. OHUM i3
OCHOBHHX CTPUMYBaJbHHUX (PaKTOPiB TyT, MaOyTh, € BUCOKA BapTiCTh HEOOX1THOTO
MPOrpaMHO-TEXHIYHOTO Ta iH(opMariitHoro 3abe3neuenns. HaBeneni B Oinblio-
cTi myOuTikariii MeToInKy nependayaoTh BUKOPUCTAHHS TOPOTOT0 KOMEPIIIHHOTO
MPOTPAaMHOTO0 3a0€3MeUeHHS Ta BUMIPIOBAJILHOTO 00IaIHAHHS, @ TAKOXK 3aKyIIiBIIi
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CYIYTHUKOBHUX 3HIMKIB BHCOKOTO IIPOCTOPOBOTO PO3Pi3HEHHS, BapTICTh SKHX
MOYXE CTAHOBHUTH JIECATKU THUCSIY AOJAPIB, IO IS O1BIIOCTI HOTCHIIHHIX KOPH-
CTyBadiB € HENPUHHATHUM. TOMY 3aJIMIIAETHCS aKTyaJIbHUM 3aBIaHHS PO3POOKH
METOIUKH CYITyTHUKOBOTO MOHITOPHHTY BHPYOOK TUKMX Ta 3aIIOBiTHUX JIICiB, TO-
CTYIHOI MaCOBMM KOPUCTyBauaM Ta OPIEHTOBAHOI HA BUKOPHUCTAHHS OE3KOILTOB-
HOTO TIPOTPAMHOTO 3a0e3MeyeHHs Ta OE3KOMTOBHUX CYIyTHUKOBUX 3HIMKIB, J10-
CTYIIHHX B Mepexi [HTepHeT.

MeTta Ta 3aBgaHHA

OCHOBHOIO METOIO JOCTIKEHb € PO3pO0Ka Ta TECTYBaHHS METOIWKH aBTO-
MaTH30BaHOi 0OpOOKM Ta aHamizy 0ararocrneKTpalbHUX CYNMyTHHKOBHX 3HIMKIB
CEpeHbOTO Ta BUCOKOTO ITPOCTOPOBOTO PO3PI3HEHHS 3 METOIO BHUSBICHHS Ta OLli-
HKH JMHAMIKH BEJTMKKX BUPYOOK AMKUX Ta 3allOBIIHUX JICIB.

JAnst TOCSATHEHHS ITOCTABJIEHOT METH HEOOXiTHO BUPIIINTH TaKi 3aBIaHHS:

- OLIIHMTH (3 TOUKHU 30Dy HOCTOBIPHOCTI, IETANBLHOCTI Ta ONEPAaTUBHOCTI) MO-
JKIIUBICTh BUKOPHCTAHHS OE3KOIITOBHHX OaraToCHEKTPalbHUX CYITyTHHKOBHX
3HIMKIB CEpeHbOTO, BUCOKOTO Ta HaJBUCOKOTO MPOCTOPOBOTO PO3PI3HEHHS, O~
CTYIHHX Yy Mepexi [HTepHeT (K apXiBHUX,TaK i aKTyaJbHHX), IJIS TIPOBEICHHS
PETYJISIPHOTO CYIyTHHKOBOT'O MOHITOPHHTY JTICOBUX MACHUBIB;

- pO3pOOHTH METONVKY aBTOMATH30BAHOTO BUSIBICHHS BEIHKHX BHPYOOK JIi-
COBUX MAacHBIB 13 BUKOPHUCTAaHHIM O€3KOIITOBHHX 0araToCneKTpajbHUX 3HIMKIB
CepelHhOTO MPOCTOPOBOTO PO3PI3HEHHS, MOCTYIHHX y Mepexi IHTepHeTr
(Myroniuk et al., 2022);

- IPOBECTH TECTYBaHH! Ta €KCIIEPUMEHTAJIbHE BiJIPAIIOBAHHS PO3POOIEHOT
METOAMKHU B paifoHaX MacOBHX BHPYOOK AMKHX Ta 3allOBIJHHX JIICOBUX MAacHBIB
Kapnar Ha niBnenHomy 3axozi IBano-®paHKiBCbKOT Ta MiBIEHHOMY CXOJ1 3aKap-
naTchKoi obacTeif;

- BU3HAYUTH NONEPE/HI SKICHI XapaKTePUCTHKH PO3pOOJIeHOT METOJMKH Ha
PI3HUX TECTOBHUX AUISTHKaX 00paHOi TEpUTOPil MOHITOPUHTY, y TOMY YHCHI 11 BiJI-
TBOpPIOBaHICTH Ta crilikicTh (Makarov et al., 2021);

- BU3HAUUTH TMOTIEPEIHI KUTbKICHI XapaKTepUCTHKH PE3yJIbTaTiB aBTOMATH30-
BAHOTO BUSIBJICHHS BUPYOOK JIICOBUX MACHBIB Ha Pi3HUX TECTOBUX JIJISTHKAX (Mi-
HiMaJbHa IUIONIA HOBOI IPyNOBOi BUPYOKH, IO BHUSBIAETHCS, 1 OXHOKa BU3HA-
YeHHs reorpadiyHuX KOOPIUHAT MK BUPYOOK);

- JIOCJIIANTH BIUIMB LIUJIbHOT XMapHOCTI Ha ONEPAaTUBHICTh Ta PETyJISAPHICTD
CYITyTHUKOBOTO MOHITOPHHTY, a TaKOX OLIHUTH HEOOXiIHICTh 3aCTOCYBaHHS BU-
COKOTOYHHMX MacOK XMapHOCTI JUIs aBTOMaTH30BaHOTO BUSIBJICHHS! BUPYOOK JIico-
Bux MacuBiB (Mozgovoy & Hnatushenko, 2020).;

- OL[IHUTH MOXKJIMBICTb Ta €()EKTUBHICTh BUKOPHCTaHHS OE3KOIITOBHHUX BCE-
MOTOTHUX palapHUX 3HIMKIB i3 CymyTHHKIB Sentinel-1A/B sx gonarxosi gani 133
IIPU CYTTEBOMY ITOKPHUTTI XMapHICTIO TEPUTOPii MOHITOPUHTY B IIEpio criocTepe-
KEHb;

- OLIHUTH MOXJIUBiCTh BUKOpHCTaHHS RGB-3HIMKIB BHCOKOT Ta HaJIBUCOKOL
MIPOCTOPOBOT PO3MIIBHOI 3AaTHOCTI, JOCTYTHUX Y Mepexki [HTepHeT, /11 3acBif-
YeHHs Ta Bajigamii po3podienoi merononorii (Makarov et al., 2021).
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HaHi Ta meToam

Jlnst IpoBe/IeHHsT PETYIISIPHOTO CYIYTHUKOBOTO MOHITOPHHTY BUPYOOK JIiCiB
MOJKJIIBE BHKOPHUCTaHHS OE3KOLITOBHHX MYJBTHCIICKTPAJIBHHUX 3HIMKIB cepel-
HBOTO MPOCTOPOBOTO po3pizHeHHs (Zhu, 2017; Wulder et al., 2019; Bilousov et
al., 2022) i3 cynyThukiB Landsat-7 (3nimansuuii nputag ETM+), Landsat-8 (3Hi-
manbuui mpmiag OLI), Landsat-9 (3Himansanit npumag OLI-2) Tta Terra (3HIMa-
neHuit npunax ASTER), sxi kepyrorbes NASA ta USGS (CIIA), a Takox onTu-
YHHUX Ta pajapHux masux /(33 , oTpuMaHMX i3 HOBUX CYIYTHHKIB €BPOTEHCHKOI
cuctemu /133 Copernicus (Mozgovoy et al., 2021): Sentinel-1A/B (3HIManbHUIA
npwiag SAR-C) ta Sentinel-2A/B (3HiMansuuit npunan MSI). OcHoOBHI xapakTe-
PHUCTHKH CYIyTHHUKIB Ta 3HIMaJIBHOI anaparypy HaBeAeHo y Taomumi 1.

Ta0auusa 1 — OcHOBHI XapaKTepPHCTHKHU CyNYTHUKIB Ta 3HiMaJILHOI anapaTypu
(d:xepeno: Eoportal, 2024; Cohen et al., 2017; Vermote et al., 2016)

Xapakrepuc- | Landsat-7 | Landsat-8 Terra | Sentinel-1A, | Sentinel-2A,
THKH CYIIYTHHKA Landsat-9 Sentinel-1B | Sentinel-2B
i;‘;Mam’H““ TP ETM+ | OLHTIRS | ASTER | SAR-C MSI
Cwmyra saxor- 184 184 60 80/240 290
JIEHHSI, KM

. PAN-1
Kinpkicts CIIeKT- PAN-1 VNIR-5 | NIR -1 \'AY% VNIR - 8
panpHEX KaHamiB | VNIR —4 VH

SWIR -3 | SWIR -6 SWIR -2
(mnst SAR — Bugu | SWIR -2 HV .
noApu3ALii) TIR-1 | JR=271 TIR-3 HH Cirrus =3
pHsar Cirrus — 2
IIpocropose po3- | PAN-15 PAN - 15 B _
pizHEHH, M VNIR-30 | VNIR-30 | YNIR=15 5 5 Qo) | YNIR 10
SWIR - 30 SWIR - 20
(cMyra onsany SWIR —-30 | SWIR - 30 TIR-90 5x20 (240kxm) Cirrus - 60
st SAR) TIR - 60 TIR - 100
Panioverpure 8 12 8 10 12
po3pi3HeHHs, OiT
Tounicrs 30 20 20 10 10
reONPUB'SI3KH, M
Hepiomranicts 16 16 20 12 10
31HOMKH, 100a
11.02.2013 03.04.2014 | 23.06.2015
Harasanyeky | 15041999 1 5709 5001 | 18121999 56042016 | 07.03.2017
Omneparop NASA ta USGS (CILLA) ESA

Tepuropisi cnocTepexeHb, 0OpaHa JUIA MPOBEACHHS JOCHTIHKEHb — IUKI Ta
3aroBiaHi Jicu Kapmarcekux rip, 1o po3TamoBaHi Ha MiBAEHHOMY 3axoni IBaHo-
®pankiBcbKoi obnacti (puc. 1).

Jlis mpoBeneHHsT OCIHiIKeHb OyJIM BUKOPHCTaHI apXiBHI MYJIBTHCHEKTpa-
JbHI 3HIMKH BHAuMOro Ta IU-miamaszoniB i3 cymyTtHuKIB Sentinel-2A/B (ESA,
2024; Flood et al., 2017; Claverie et al., 2018), orpumani o BuOpaHiit Tepuropii
MoHiTopuHry 3a 2015...2018 poxwu.
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3aranom Oyio JOCHiPKEHO 15 TeCTOBHX JUITHOK 3 BUPYOKaMH.

Ivano-Frankivsk
IBaHO-PpaHKiBCLK

Chernivtsi
YepHisui

Botosani ~
Baia Mare Suceava

Pucynoxk 1 — Tepuropist cnocrepe:keHb, 00paHa JJisl J0CJHiIKeHb
(moka3aHi KOHTYPH BUKOPHUCTAHUX 3HIMKIB i3 cymyTHHKiB Sentinel-2A/B)

®dparMeHTH BUXIHUX 3HIMKIB TecToBOi AiystHkK Nel y paiioni p. MokpsHka
i3 cymyTtHHKa Sentinel-2A 3a 2015...2018 poku HaBeneHO Ha puC. 2.

]

o [or2018; S 115.082017r

Pucynok 2 — ®@parmenTH BUXiIHUX 3HIMKIB TecToBOI Ainsnku Nel

3nimMku TectoBoi nurstHkH Nel 3a 2015 ta 2017 poku Oynau mpakTudHO Oe3
XMapHOCTI, a 3HIMKH 32 2016 Ta 2018 poKH MaaH HEBEIMKHIA BiICOTOK XMapHOCTI.
ToMy /ISl KOPEKTHOTO TIOPIBHSHHS PI3HOYACHHUX 3HIMKIB Ta TOYHOTO BU3HAYEHHS
IUIOLII BUPYOOK JTicy BUHHMKJIA OTpeba MacKyBaHHS XMapHHUX IMiKCEIB 3 BUKOPH-
CTaHHsIM Macok xmapHocTi Ta TiHi (Foga et al., 2017), cTrBopeHHX 32 OKpeMO po3-
pOOIEHNM aNrOPUTMOM.
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VY xoni po0it Oy BUKOPHUCTaHI SIK TEOPETUYHI, TaK 1 MPaKTHYHI METOIH 10~
CJIIIKEHB.

TeopeTnuHa yacTHHa JOCHIKEHb BKIIIOYaa;

- aHaJI3 TeXHIYHUX XapaKTEePUCTHK OOpTOBOI 3HIMaNBHOI anmapatypu MSI, a
TaKOK BHBYEHHSI 0COONMBOCTEH 3HOMKH Ta 00poOku nanux J[33 i3 cymyTHHKIB
Sentinel-2A/B (Copernicus, 2024);

- BU3HAYCHHS OCHOBHUX €TalliB Ta MOCTIIOBHOCTI 00poOku manux /33, Bu-
00py MEeTOIIB, aITOPUTMIB Ta MPOTrPAMHUX IHCTPYMEHTIB 0OPOOKH CYITy THUKOBUX
3HiIMKiB BuauMoro ta [U-miamazonis (Vogelmann et al., 2016);

- pO3pOOKY BIIaCHUX JITOPUTMIB, IPOTpaM Ta CKPUITIB [UISl ITiABUILICHHS CTY-
TICHsI aBTOMATH3allii Ta OTIepaTHBHOCTI 0OPOOKH 3HIMKIB, a TAKOXK 3 METOIO ITOK-
paiieHHs iHTepdeiicy B3aEMOIIT 3 KOPUCTYBAYCM.

ExcriepuMeHTanpHa YacTHHA BUKOHAHHUX JOCHIKEHb BKIIIOYAa;

- TIONIYK, aHaJIi3 Ta BUOIp BIAMOBIAHUX JIJIs IPAKTHYHOT YACTHHU JTOCIIIKCHb
marnx /133 i3 cymyTHHKIB Sentinel-2A/B mo o0paHHX TECTOBUX IUIIHKAaX 3 ypa-
XyBaHHSIM CE30HY 3HOMKH, IUIOILI Ta KPATHOCTI MOKPHUTTS, @ TAKOXK BIICOTKA XMa-
pHOCTI;

- TIPOBE/ICHHS ABTOMAaTH30BaHOTO BUSIBIICHHSI BUPYOOK JICOBHX MAaCHUBIB JJIs
BUOpaHMUX TECTOBHX JUISHOK Ta Pi3HHUX AT 3HOMKH;

- TOJajblle MOPIBHSAHHI OTPUMAaHHUX PE3YNIBTATiB 3 pe3yJbTaTaMH Bi3yasb-
Horo JemudpyBaHHsS BHPyOOK JICOBHX MacHBIB, BUKOHAHOTO 33 THMH CaMHMHU
3HIMKaMH Ta TECTOBUMH IIISTHKAMHU;

- OIIIHKY TOYHOCTI Ta JOCTOBIPHOCTI aBTOMAaTH30BaHOTO BUSABIICHHS BUPYOOK
JCOBHMX MacHBIB 3a 3HIMKaMH 13 CyImyTHHKIB Sentinel-2A/B, BUKOpHCTOBYIOYH SIK
€TaJIOHHW CYIyTHHUKOBI 3HIMKH BHCOKOTO T4 HAJBHCOKOTO IMPOCTOPOBOTO PO3pi3-
HEHHSI, sIKi Oyau 3poOJieH] y BUIMMOMY Jiana3oHi JJisl THX CaMHX TEepUTOpii 3a
HaAHONVKYI 1aTH.

3Ba)kalouu Ha BUIIEBUKIIA/ICHE, CYITyTHUKOBUI MOHITOPUHT BUPYOOK AMKHX
Ta 3aIOBITHUX JIiCiB B YKpaiHi s 00paHoT TepUTOPIi CIIOCTepekeHb POBOANBCS
y [IBa eTaIu:

- ONISIOBMH MOHITOPHMHT 33 MYJIBTHCIIEKTPAJILHUMH 3HIMKaMH CEpeIHbOTO
MPOCTOPOBOTO PO3pi3HEHHs i3 cynmyTHHKIB Sentinel-2A/B (BHKOHYBasocs aBTO-
MaTu3oBaHe 00poOIeHHs naHux J{33 mo Beill TepUTOpil CIIOCTEPEIKEHB);

- JeTalbHUI MOHITOPHHT 3a apXiBHUMU RGB-3HIMKaM# BUCOKOTO Ta HaJIBU-
COKOTO IIPOCTOPOBOTO PO3pi3HEHHs (IIPOBOIMBCSA Bi3yalbHUH aHami3 paHux /133
M0 OKPEMHUX TECTOBHX JUISTHKAX).

Jis meTanbHOTO MOHITOPHHTY Oyl BUKOPHCTaHI 3HIMKH CyOMETpPOBOTO po-
3pi3HEHHs 3 pi3HUX reoiHdopmaniitnux Bed-cepsicis (Gorelick et al., 2017).

[Ipouenypu oOpoOKHM BHUXITHMX CYMYTHUKOBHX 3HIMKIB, HEOOXiTHi BHUSB-
JICHHSI 3MiH POCIMHHOCTI, OyJIM PO30OHTI HA TPH ETaIIH:

- TIOTIepEeTHIO 0OPOOKY Pi3HOYACHUX CYIYyTHHKOBHX 3HIMKiB, OHAKOBY IS
CTaporo Ta HOBOTO 3HIMKa, 1110 BKJIIOYa€ CTaHAApTHI onepauii (BuOip pparmMeHTiB
CIICH 3a KOOpPAMHATAMH OOpaHUX TECTOBHX IUISHOK, BUOIp MOTPiOHMX CHEKTpa-
JBHUX KaHAIB, aHaJli3 MaCOK XMapHOCTI Ta TiHi, Ta iH.);

- TeMaTHYHY 00pOoOKy HOpMaJli30BaHMX CYIyTHHUKOBHUX 3HIMKIB, III0 BKITIOYA€E
o0pizaHHs clieHW 1o oOnacTi iHTepecy, (igbTpalifo MaJOpO3MipHUX O00'€KTIB,
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PO3paxyHOK HOpMalli30BaHMX Pi3HUIIEBUX BererauiiHux inxekcis (NDVI), Hop-
Mali30BaHU{ pi3HUIEBHH iHIeKC YacoBux 3MiH (NDI) st craporo Ta HOBOTO 3Hi-
Mmka (Hnatushenko et al., 2019), nBomoporoBy OiHapu3arlito, MOp¢OJIOTiUHY Ta
00'exTHY (PiTBTpamiro, a TAKOXK BEKTOPHU3AIIIO PO3MI3HAHNX 3MiH;

- OL[IHKY CTIHKOCTI Ta MOBTOPIOBAHOCTI 3aIIPOIIOHOBAHOT METOIUKH Ha PI3HUX
TECTOBHX IUISHKAaX, a TAKO)K BU3HAYCHHS KUIBKICHUX XapaKTEPUCTHK TOYHOCTI
ABTOMAaTH30BAaHOTO PO3Ii3HABAHHS POCIUHHHAX 00'€KTIB.

[Tpu upomy npouenypu nonepeaHboi 00poOKH CYIMyTHUKOBUX 3HIMKIB BUKO-
HyBaJIH MTOBHICTIO B aBTOMaTHYHOMY pekuMi (0e3 ydacTi omepaTopa), a mpore-
JypH TEMaTU4HOi 0OpOOKH - B aBTOMaTU30BaHOMY PEKUMI 3 MIHIMyMOM PyYHHX
HaJlallTyBaHb.

HopmanizoBanuii pisHuIeBmii ingekc yacoBux 3min NDI ams 3amanoi mapu
Pi3HOYACHUX CYITYTHHUKOBHUX 3HIMKIB Ta BHOpaHUX CIIEKTPAIEHUX KaHAJIB po3pa-
XOBYETHCS 3a (POPMYIIOI0:

NDL = (Bl new — Bi ald) / (Bl new + Bi ald),
Jie: [ - HOMEp CIEKTPaJIbHOTO KaHAIy; new Ta old — iHIeKCH OLIbIIl PAaHHBOTO Ta
OLTBII T3HIIOTO 3HIMKIB.

3aBIsKM BUKOPUCTAHHIO HOpMasti3oBaHol pisHuili NDI, a He MiXKaHAJIBHOT
pizHUII 200 MPOCTOTO BiTHOIICHHS KaHAJIB, CYTTEBO 301TBIIYETHCS TOUHICTD Ta
CTIHKICTh pe3yNIbTaTiB BUSABJICHHs 4acoBUX 3MiH. KpiM Toro, 1e 103BoJIsie 3MEH-
IIATH BIUTHB TaKUX MOOIYHAUX (paKTOpIB, IO BIUTUBAIOTH, SIK BIAMIHHOCTI B OCBIT-
JICHOCTI Pi3HOYACHHX 3HIMKIB, HASIBHICTh PO3CIsTHOT XMapHOCTI, a¢p030JIbHOT cep-
TIaHKW, MOTIMHAHHS paiarii arMocdeporo Ta iH.

BusiBneHHs1 HOBUX BHPYOOK 3a Pi3HOYACHUMH MYJIBTHCIIEKTPAJbHUMH 3HIM-
KaM¥ 13 cynmyTHHKIB Sentinel-2A/B BHKOHY€THCS MUIIXOM BHUPIMICHHS U KOX-
HOTO miKcest 300paxkenust cucteMu HepiBHOCTEH NDIvey = Trea, NDIgreen == Tgreen
s ND[blue = Tblue, ND]m'r = Tnir , AC Tred, Tgreen Tblue, Tm’r - HOPOFOBi 3HA4YCHH: BH-
SIBJICHHSI 3MiH JIJIs BiITIOBIIHUX CIIEKTPAJIbHUX KaHAJIIB.

Juist Bi3yaslbHOT OIIHKY TUTOIII BUPYOKH JIICiB HAa KO)KHOMY 3HIMKY OYyIIO BU-
KOHAHO CHeKTpaibHuil cuHTe3 RGB-KOMIIO3UTIB 3 BUKOPUCTAHHSAM BUIUMHUX Ka-
HauiB Ta [Y miamazoniB. Ha cmHTE30BaHMX 300paskeHHSX AIITHKH BHPYOOK YITKO
BUJIUIAIOTHCS HA TJII POCIMHHOCTI 3aBJISIKM BUKOPUCTaHHIO KaHauiB [Y-nianazony

(puc. 3).
O6GroBopeHHs Ta pe3ynbTaTu

Pe3ynbraTy npoBeAeHUX AOCIIKEHb MiATBEPIMIN MOXIIHUBICTH Ta JIOCHUThH
BHCOKY €()eKTHBHICTh BUKOPUCTAHHS OE3KOIITOBHUX 0AararoCreKTpaabHUX 3HIM-
KiB i3 cymyTHUKIB Sentinel-2A/B 1uis BUSBIICHHS Ta OI[IHKH JHHAMIKA 3MiH BEJIH-
KHX BUPYOOK TUKHX Ta 3aroBigHUX JiciB. JIume Ha TectoBiil ainsHii Nel miorma
BUSIBIICHNX BHpyOOK ckiana monHax 300 ra 3a mepion mik 08.08.2015p Ta
15.08.2017p.

[MomnepenHi KijgbKiCHI XapaKTEPUCTUKH PO3POOIEHOT METOIMKY TaKi:

- MiHIMaJIbHA IIJI0IIA HOBOI rpymoBoi BupyOku 0,3 ra;

- MOXMOKa BU3HAYCHHS KOOPAWHAT MEX BUPYOOK +10 M.
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Pucynok 3 — Bisyauizanis yacoBux 3MiH 32 JBOMa 3HiMKaMHu (TecToBa JijisiHKa Nel)

VY X0zl eKCIIePUMEHTAIBFHOTO BiANPAaIIOBaHHS 3alPOIIOHOBAHA METOIMKA Ta-
KOX TI0Ka3ajia JOCUTh BHCOKI SIKICHI XapaKTepHCTHKH, a CaMe:

- XOpOIIly BiATBOPIOBAaHICTh MeTOAWKH (Oylla OTpHMaHa BHUCOKa JOCTOBIp-
HICTBh pe3yJIbTaTiB aBTOMaTU30BaHOTO PO3IMi3HABaHHS BUPYOOK Ha Pi3HUX TECTO-
BUX MIPUKIIAIaX);

- JIOCUTb BUCOKY CTiHKICTb aJITOPUTMIB, 1110 BAKOPHCTOBYIOThCS (HE3HAYHI Bi-
JXWICHHS Y BXITHUX JJaHUX 200 B HaJAIITYBAaHHSAX MPOLEAyp 0OpOoOKH HE TPH3-
BOJIMJTH IO 3HAYHHUX BIAXWICHB Y pe3yJIbTaTax 00poOKH).

Amnarni3 pe3ynbTatiB 00poOKH 3HIMKIB IOKa3aB JOCUTh BUCOKY TOYHICTH BH-
JIJICHHS] MEXK PO3II3HAHMX BUPYOOK Ha PI3ZHUX TECTOBUX JISTHKAX ITPH TUX CaMUX
HaJIAIITYBaHHAX MOpoTiB OiHapu3amii. [Ipy oMy TOUHICT pO3ITi3HABaHHS Ta aB-
tomaTnyHol knacudikauii Bupyook (Hnatushenko et al., 2019) 6e3 ypaxyBanHs
MMOXNOOK eTaJloHa JUIS Pi3HUX TECTOBHUX IUISTHOK Oyna B Mexax §80...95%, a 3Ha-
yenHs koedirienra Karmma Oynu B Mmexax Big 0.67 mo 0.83.

OCHOBHOIO ITPOOIIEMOIO 3/IIICHEHHSI ONIEPaTUBHOTO Ta PETYISIPHOTO CYITyT-
HHMKOBOT'O MOHITOPHHT'Y JTICOBHX MAaCHBIB 3 METOIO CBO€YaCHOT'O BUSIBIICHHS HOBHUX
BUPYOOK € HasBHICTh BUCOKOT'O BiJICOTKa LIiIbHOT XMapHOCTi (Bix 20% 1o 80%)
Maibke Ha 50% HasBHUX 3HIMKIB, IO MOTPeOye PO3POOKU METOJUKH CTBOPECHHS
BHUCOKOTOYHHX MacOK XMapHOCTI Ta TiHi 3 BAKOPUCTAHHIM BiIIOBIHHMX CIICKTpPa-
JBHUX KaHaJIiB. J{JIs i JBUIIIEHHS ONIEPaTUBHOCTI OTPUMAHHS IaHUX IO TEPUTOPIT
MOHITOPHUHTY 3 ypaxyBaHHIM (akTHYHOT XMapHOCTI JIOIILHO MOPSI] i3 CYITyTHH-
KOBUMM 3HIMKamu Sentinel-A/B BHKOpPHCTOBYBaTM 3HIMKHM 13 CYITyTHHKIB
Landsat-8 (3nimansuuii mpuitag OLI) ta Landsat-9 (3uimansamii npumag OLI-2).
BukopucTanHs BceNOroJHUX pajapHHUX JaHuX i3 cymyTHHKIB Sentinel-1A/B s
IMX 3a/a4 He 3aBKAU OyJIo JOCTaTHhO e€(PEeKTHBHHUM 4epe3 IXHIO TipIly JeTab-
HICTB 1 BUCOKHMI piBEHb LTYMiB.
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Python € onHi€ro 3 HAWMOMYJIIPHIIINX MOB TPOTPaMyBaHHs, 0COOIHMBO Y cde-
pax aHani3y JaHHX, MallHHHOTO HAaBYaHHS Ta HayKOBHX oO4McieHb. [Ipore, He-
3Ba)KAIOUU Ha CBOIO 3PYYHICTH 1 yHIBEepcanbHICcTh, Python He 3aBx1u 1eMOHCTpY€E
BHCOKY MIPOXYKTHBHICTH, 0COOIMBO KOJIH HAETHCS PO BEIHUKi 00CATH OOUHCICHB.
OnHUM 13 HAUTOTYXKHIIIMX METOJIB MiABHIICHHS MBUIKOAII Python-kony € Bek-
TOpU3AIlis — TEXHiKa, IO TO03BOJISIE BUKOHYBATH OIepallii Ha/l HiJJMMHA MacHBaMU
JIaHuX 0e3 BUKOPHUCTAHHS ITUKIIIB.

MeTa i 3aBgaHHA

Mertoro miei poOOTH € DOCHIAUTH 3aCTOCYBAHHS BEKTOPH3AIlil JJIS ITiJBH-
IICHHS MPOJYKTUBHOCTI Ta YUTA0ENBHOCTI BacHOTo Python-komy Ta mpoaeMoH-
CTpyBarH 11 IepeBaru Ha MpUKJIagax.

Marepianmu i meTogm

Bexkropu3aliis — Lie iHKeHepHa TEXHIKa, 32 JIOIIOMOTOI0 SIKOi MOYKHA 3/ ICHIO-
BaTH OOYMCIICHHS HaJl MacHBaMHU a00 BEKTOPaMH JaHUX 3a JOMOMOTOI0 cHeriai-
30BaHUX (YHKIIH, 1110 BUKOHYIOTh Oniepaii Haj| IUINMH CTPYKTYPaMH JaHHUX O]
HOYacHO 0e3 BUKopucTaHHs UKIIiB for (Turner-Trauring, 2023). B Python Bexro-
pH3aIlif0 BUKOHYIOTh 32 IOTIOMOroro 0i0miorek, Hanucanux Ha C abo Rust, Hanpu-
kian, NumPy, Pandas yu Numba, siki HagatoTs onrtuMizoBaHi GyHKIiT 11t poboTH
3 MacHMBaMH JIaHHX.

[epeBaru BekTOpH3aLii HACTYIIHI:

1. IlponyxruBHicTh. Onepanii Ha MacuBax 0OPOOJSIFOTHCS Ha HUKYOMY PiBHI
(gacTo B MalIMHHOMY KOJIi), 1110 POOUTH IX IIBUIIINMH.

2. Crucrictp kony. BekTopu3oBaHi omnepanii JO3BONSIOTh YHHKATH BKJIae-
HUX IMKJIIB Ta POOIISATH KOJ YUCTILITHM.

3. OnTuMmizamis mam'sTi. BekropruzoBaHi oneparii 3SMEHITYIOTh KUTBKICTB 3Be-
PHEHB JIO TTaM'sITi.

BukopucmaHHs1 20moeux eeKmopu30eaHux piuieHb 3 6i6niomek

Crogarky po3IIsTHEMO TOTOBiI BEKTOPH30BaHI PIllICHHS, [0 HATArOThCs 0i0-
miotekamu Takum, sk NumPy um Pandas. 11i 6i61ioTeku HaaaoOTh onepariii Ta
IH)KEHEPHY TEXHIKY 3aCTOCYBAHHS 3arajbHUX OIepalliil sl BCbOro KOHTEHHepy
JTaHUX OffHOYacHO. [opiBHAEMO BUKOPHUCTaHHS IUKJIIB Ta BEKTOPH3AIIO 3 TOUKH
30py HPUCKOPEHHS Yacy OOYMCIICHb Ta IiJBUIIEHHS KOMIAKTHOCTI Ta YuTa0elb-
HOCTI KOIly Ha MpHKJIajax BiacHoro Python-komy mpu po3po0iii mporpamHoro 3a-
Oe3neyeHHs IMITyTyBaHHS NPONYCKiB y naHux (Zemlianyi & Baibuz, 2024).

PosrsHemo fBi peamizariii ¢yHKINI, 10 BUKOHYIOTH Pi3HHMH CIIOCOOaMHU
OJIHY 1 Ty caMy JIif0: 3HaXOJSITh B HA0OP1 JaHUX iMEHA CTOBIIIIB, SIKi MiCTSATh 3a-
JIaHy KiTBbKICTB MPOMYCKiB y TaHUX. B micTHHTY la HaBe#eHO peaizaliiio Tpaam-
LIMHUM MIX0JI0M i3 3aCTOCYBaHHIM IMKIIB. B mictuHry 16 ns ¢pyHkuis nepernu-
caHa i3 3aCTOCYBaHHSM BEKTOpHU3allii 004YHnCIeHb.
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Jlicrtunr 1a — Peanizanisi 3 BukopucranuaM nukiIis (Ixepeso: ABropn)

def get col names with count of nan is n loop(data, n=1):
df = data.copy()
# Iomaemo cToBmHelb 'count', me KOXeH eJIeMEeHT -
# kispkicThs mpomyckir (NaN) y panky

counts = []
for i in range(len(df)):
count nan = 0

for col in df.columns:
if pd.isnull(df.iloc[i][col]):
count nan += 1
counts.append (count nan)

df['count'] = counts

# Iomaemo cToBHelb 'nans', Ie KOXeH eJIeMeHT —

# pamox 13 HaszBaMM CTOBHNLIB, mo MicTaTe NaN y LUbOMYy PAIKY
nans = []

for i in range(len(df)):

nan_columns = []

for col in df.columns:

if pd.isnull(df.iloc[i][col]):
nan_columns.append(col)

nans.append (", ".join (nan_columns)
df['nans'] = nans
# CTBOpPKWEMO CIOMCOK yHiKaJbHMX Ha3B CTOBIMII1B,
# axi MawoTh PiBHO n HOpomyckis

d =[]
for i in range(len(df)):
if df.iloc[i]['count'] == n:
nan _columns = df.iloc[i]['nans']

if nan columns:
d.extend (nan_columns.split(","))
d = np.unique (d)
return d

Jlicrunr 16 — Peanizanisi 3 Bukopuctanuam Bexkropusauii (Ixepeno: ABTopu)

def get col names with count of nan is n vect(data, n=1):
df = data.copy()
# Iomaemo cToOBMeLb 'count', Ie KOXeH eJIeMeHT -—
# xispxicTp mpomyckir (NaN) y psanxy

df['count'] = df.isnull () .sum(axis=1)

# Iomaemo cToBHElb 'nans', Ie KOXeH eJIEeMeHT -

# psmoxk i3 HasBaMM CTOBNUIB, mo MicTsare NaN y UbOMYy PSIOKY
df['nans'] = (df.isnull() Q@ (df.columns + ",")).str[:-1]

# CTBOPIEMO CHNMCOK yHI1KaJbHMX HA3B CTOBILIB,
# axi ManTh PiBHO N OPOMycCKiB

d = df[df['count'] == n]['nans'].tolist ()
d = np.unique (d)
return d

Pe3ynbmamu eukopucmaHHs seKmopu3auii

[opiBusiemo mictuaTH 1a Ta 16 BidyansHO. baunmo, o kox icTuHry 16 3Ha-
YHO KOMITaKTHiIIe, o poOuTs Horo 6inpmr untabensHuM. Kpim Toro, BHKOHAEMO
MOPIBHSIHHS MIBUAIKOIT IIMX METOMIB. J{JIs 11bOTO Bi3bMEMO HAOOPH NaHUX, SKi MU
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BUKOPHCTOBYBaJIM y cBOiX nonepennix pociuimkenusx, UCI Heart Disease Data,
UCI HDD (Janosi et al., 1988) ta Framingham Heart Study, Framingham FHS
(NHLBI, 2024). [/lns ycyHeHHS 3CyBy y pe3yJbTaTi eKCIIEPUMEHT ITOBTOPEHO
5 pasiB.

B tabnumi 1 HaBeneHO po3Mipu HAOOPIB JaHUX Ta CEPEIHIN YaCc BUKOHAHHS
METO/IB.

Taoauus 1 — IopiBHAHHSA BUAKOALL ABOX peanizauiii MeToaiB
(dxepeso: ABTOpH)

Yac BUKOHAHHSA
Ha6ip nanux KlJ]LKlF e KIJ]LKIC:FL Meron 3 BUKo-| Mertoa 3 Bek-
pAAKiB CTOBIUIB X
PMCTAHHAM TopHU3auico
IUKJIiB 004YHCJIEHD
UCI HDD 920 16 2,039572 0,003774
EE@‘MINGHAM 4240 18 10,327844 0,005967

Bunkicts BukoHauHs 1uist Habopy aanux UCI HDD 36insmmnacs y 540 pa-
3iB 3 BUKOPHUCTAHHAM BEKTOpH3allii o0uucieHs, a 1t Habopy FRAMINGHAM
FHS —y 1730 pazis.

Mae ceHC TakoX PO3MISIHYTH y JICTHHTY 10 HACTYIHUH PSIOK

df['nans'] = (df.isnull() @ (df.columns + ",")).str[:-1]

TyT BUKOPUCTOBYETHCSI MATPHUHA orepallist (@ 3 Pandas /it CTBOpeHHS PSJIKiB 3
Ha3BaMH CTOBIIIIIB, 110 MICTITh 3HaYeHHS NaN y KokHOMY psiaky DataFrame. Po-
36epeMo, 1110 POOUTH 1€l KOl KPOK 32 KPOKOM.

1. df.isnull():

s ¢ynkuis noseprae Oynesuit DataFrame Toro x po3mipy, o i df, ne ko-
JKeH eneMeHT Oyne True, sixmio BinmoBigauii eneMeHT y df € NaN, i False — siximo
Hi.

df A B C df.isnull() A B C
0 1 3 NaN 0 False False True
1 NaN 4  NaN| 1 True False True
2 2  NaN 5 2  False True False

Pucynok 1 — Buxingnuii DataFrame df (1iBopy4) Ta df.isnull() (mpaBopy4)
(dxepesio: ABTOpH)

2. df.columns +",":

CTBOPIOETBCS MacHB 3 HA3BaMHM BCiX CTOBIIIIB, JI0 SKUX JOAA€EThCS Koma. B
HAIIIOMY IMIPHKJIA/Ii TOBEPHETHCS

Index(['A,', 'B,', 'C,'], dtype='object')

3. df.isnull() @ (df.columns + ","):

Omneparop @ — 1e omepaTop MaTpUIHOr0 MHOXKeHHs 3 Pandas, sikuii B Ha-
[IOMY BUITAJIKy BUKOPHCTOBYETHCS JUISI CTBOPEHHS PsIKA 3 HA3BaMHU CTOBIIIIIB, JIC
3nayeHHs € NaN B psaky DataFrame. Ilo cyri ne Oyne mMarpudHe MHOXEHHS
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OyneBoro DataFrame Ha psinok 3 Ha3zBamu croBmuiB. Koxen True y psaky
DataFrame moMHOXy€ThCS Ha BiATIOBIIHY Ha3BY CTOBIIIA (3 KOMOIO), 1 pe3ynbTar
3'€IHY€THCS B OAMH PSAOK ISl KOXKHOTO psaaka DataFrame. B namomy npukiazi
pesynbTar OyJe HacTyIHHH.

Pucynox 2 — Pesyabsrar onepauii df.isnull() @ (df.columns + ",")
(I:xepeno: ABTopmu)

Le o3Hawae, moO B MEpHIOMY PAOKY TiMbKH cTOBIens C MICTUTh 3HaYCHHS
NaN, y apyromy — ctoBnui A i C, a B TpeThbOMy — CTOBIEIb B.

4, str[:-1]

L1st omeparist BUIATUTh OCTAHHIO KOMY.

TakuMm 4MHOM, BUKOPHCTOBYIOYH IBUJIKI BEKTOpU30BaHi onepauii 3 Pandas,
el KOJI CTBOPIOE HOBHI CTOBIELb, A€ LISl KOYKHOTO psijika 30epiraeThCs psAIoOK i3
Ha3BaMH BCIX CTOBIIIIIB, [0 MicTATh NaN y bOMY PsIKY, PO3/iICHI KOMaMu.

Bexkmopu3auisi enacHux ¢yHKuiu

IcHye TakoX TeXHiKa MEePeTBOPEHHs BIACHUX (YHKIIH HA BEKTOPH30BaHi 3a
JIOTIOMOTOX0 np.vectorize. 1le iHCTpyMeHT 3 0i0mioteku NumPy, sikuii 103BOJISE
3aCTOCYBaTd (PYHKIIIO 0 KOXKHOTO eleMeHTa MacuBy. Lle 4acTo BUIIsIa€e K Be-
KTOpH3allis, IPOTe CIIiJ PO3YMITH, L0 1p.vectorize €, TIO CyTi, JHIIE 0OrOPTKOIO
HABKOJIO MUKy for, IO O3BOJSIE BUKIUKATH (DYHKILIO JUIsS KOKHOTO €JIeMEHTa
MacUBY, HE BUKOPUCTOBYIOUH SIBHUI IIMKJI. MU HE OTPUMAEMO IIPUPOCTY LIBUIKO-
JIi1, aJie MOKpaIUMO KOMIAKTHICTh Ta YATA0CIBbHICTh KOLIY.

@dparMeHT BIACHOTO KOAY 3 BHKOPHUCTAHHSM nMp.vectorize HABEIEHO Y
JicTuHTY 2.

Jlictunr 2 — ®parmeHT Koay 3 np.vectorize (’kepeno: ABTopH)

Y test = algreg.predict (X test)
# correct answers
d = data[i].value_counts().to_dict()
if measure == 'value':
Y test = np.vectorize(
lambda x: correct_value(d, x)) (Y_test)
else:
Y test = np.vectorize(
lambda x: correct value weight(d,
X)) (Y_test)
df.loc[df[i].isna(), 1] = Y test

L5 TexHIKa BUKOPUCTOBYETHCA JUIS TOTO, 00 MO30yTHCh IUKJIIB JJIS 3aCTO-
CyBaHHS KOPETYBaHHS 3HAUCHHS oJpa3y JUIs BCiX eleMeHTiB cToBmus DataFrame.
TaxuM 9YMHOM, MOJKHA 3pOOUTH HACTYIHI BUCHOBKH IIIOJIO Mp.Vvectorize.
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1. 3pyuHicTh: np.vectorize poOUTH KOJ MPOCTIIINM, OCKUJIBKH HE IOTPiOHO
MIMCATH SIBHI [IUKJIIH.

2. He migBuIye mBUAKOIIIO: IOTPH T, IO (DYHKIIIST HA3UBAETHCS «BEKTOPH-
30BaHOIO», HACTIPAB/Ii BOHA HE BUKOHYE OOYKCIICHHS B Iapajieli abo B ONTHUMI30-
BaHi# GopMi, K 1Ie poOUTH BeKTOpH3aLis 3a mormomMororo NumPy. np.vectorize —
Ie, 1Mo CyTi, OOrOpTKa HaJ IUKJIOM, sfKa He 3a0e3medye 3HAYHOTO MPUCKOPEHHS
00YHCIIEHb.

3. 3actocyBaHHs: BHKOPHCTOBYETHCS B CUTYaIlisIX, KOJIH ITOTPiOHO JIETKO 3a-
CTOCYBAaTH JOBIJbHY (PYHKIIIO 10 MACHBY, aJie He JUIST ONTUMI3allii IIBUIKOMI].

BucHOBKM

Mu 1oCHiINIIN BUKOPUCTAHHS BEKTOPH3allil 00YHCIIEHb 3 IBOX TOYOK 30pY:
JUTSL MIABUINECHHS MIBUAKOAIT Ta JUIS MTOKPAIICHHS KOMIAKTHOCTI Ta YHTa0eIbHO-
CTi KOy Ha MPUKIJIAaX BIACHOTO KOJY, L0 HAIMCAHO JJIsl pillieHHs 33j1a4i imMITy-
TYBaHHS IPOITyCKiB Y NaHUX. BUsBIeHO 3Ha4HI mepeBaru wiei iHKEHEpHOI TeX-
HIKH SIK JJ1s1 T IBUIICHHS INBUKO/IT, TAK 1 JJIs MOKPAIICHHS YUTa0eIbHOCTI KOMY.

TakuM YHMHOM, BEKTOPH3ALlisl € MOTY)KHUM 1H)KCHSPHHUM DillICHHSM JUIS OIITH-
mizauii xony Ha Python, oco6nuBo npu poOOTi 3 BETMKUMHU 00CSraMH JTaHUX Ta
CKJIATHAMH OOYHCIICHHAMH. BoHa 103BOJIsiE 3HAYHO 3MEHIIHMTH 4ac BUKOHAHHS
nporpam i poOUTh KoJ OLIbII YHCTHM 1 3po3yMinuM. Bukopucranus 06i6imioTexk,
takux sk NumPy ta Pandas, no-3Bossiec epekTHBHO pealli3oByBaTy BEKTOPHU30BaHi
omepanii B Python, o € KpUTHYHO Ba)XIMBUM Yy CydacHiH HayIli IIpo IaHi Ta iH-
JKEHEpHHX 3aj[a4ax.
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VY cydacHoMy CBiTi, e 00csr BizyasnbHOI iH(OpMAILIi] 3poCcTae eKCIIOHEeHIia-
JFHO, BUHHUKAE TIOTpeda B e(peKTUBHUX METO/aX aHaNi3y Ta iHTeprpeTarii ¢poTo-
rpadiii. 3roprkoBi He#ipoHHi Mepexi (CNN) cranu ozHi€0 3 HAUMOTYKHIIINX Te-
XHOJIOTIH 1711 BUSBICHHS 00’ €KTIB, CIICH i KOHTEKCTIB Ha 300pa’keHHSX, 3aBIAKH
CBOiH 3/aTHOCTI aBTOMAaTHYHO BUTATYBaTH 3HAYYyIlli O3HAKHU 3 Bi3yaIbHHUX JAHHX.
Ii mMomemi, HATXHEHHI apXiTEKTYPOIO JIIOICHKOTO 30pY, BUKOPHCTOBYIOTH IIApH
3ropTKH U1t 00poOKY iH(popMaIii, oo J03BoIsE M ineHTH(IKYBaTH CKIaIHI 1Ma-
TEpHH 1 JieTali, sIKi BaXKKO po3misHaru Tpaguuiiiaumu Metogamu (Upreti, 2022;
Yamashita et al., 2018). Buxopuctranuas CNN B 3aBIaHHAX KOMIT IOTEPHOTO 30pY
OXOIUTIOE ITUPOKUH CIIEKTP 3aCTOCYBaHb, BiJl pO3ITi3HABAHHS O0JINY JI0 ABTOHOM-
HUX TPaHCIIOPTHHX 3aC00iB, IO MiIKPECIIOE IXHIO YHIBEPCAIBHICT Ta e(heKTHB-
HicTb (Liu, 2022; Liu et al., 2022; Ma et al., 2021). 3aBasku MOXIHUBOCTI poOOTH
3 BEJIMKUMH 00CSTaMU TaHUX 1 3MaTHOCTI 0 caMOHABYaHHS, 3TOPTKOBI HEHPOHHI
Mepexi He JIMIIE MiIBUILYIOTh TOYHICTh BUSIBIICHHS 00’ €KTIB, aje il 103BOJISIOTh
mOIIIe PO3yMITH KOHTEKCT, y IKOMY IIi 00’ €KTH iCHYI0Th. Lle BinmkpuBae HOBI T0O-
PHM30HTH AJIs IOCII/KEHb Y PI3HUX cdepax, TaKuX sk Oe3neka, MeqULIUHa, Map-
KeTHHT 1 0arato iHINX, J¢ aHaJi3 300paKeHb CTa€ HeBi €MHOIO YACTUHOIO TIPHIA-
uaTTA piniens (Ozturk, 2022; Sarada, 2021; Teoh, 2023; Wang, 2021). Takum 4u-
HOM, JOCHI/DKSHHS Ta BIPOBAPKCHHS MOJEJIeH 3rOPTKOBUX HEHPOHHUX MEPEX Y
MPAKTHKY € KPUTHYHO BaXIIUBUMHU JUIA €(DEKTHBHOTO aHaNli3y Bi3yajbHOI iH(pOp-
Malii, 0 cTae Iefali aKTyalbHAM y Halll yac.

MeTa Ta 3agaui

MerToro nanoi po6oTu Oyno cTBOpUTH onTuMizoBaHy mozaenb CNN mist Tod-
HOTO BUSBJICHHS 00’ €KTIB Ha 300paKeHHSIX Pi3HUX THIIB. I JOCATHEHHSI METH
MOTPiOHO OyJI0 BUKOHATH HACTYIIHI 3aBJIaHHSI.

1. Bubparu 6a3oBy apxitektypy CNN (mampukman, VGG16, ResNet,
Inception).

2. Ha moBi Python HaBecTn npuknan apxitektypu CNN.

3. Bukopucraru (yHKIi0 BTpar (Hampukiaz, categorical crossentropy st
MYJIBTHKIIACOBOT Kiacudikalii) ta onrumizarop (Hanpukian, Adam). Beraxo-
BUTH KUIBKICTb €10X, po3Mip nakety (batch size) Ta po3kiaiKy HaB4aIbHOI IIBHU-
nxocri (learning rate).

4. OtpuMaru pe3ynbTaTu Ta c(HOpMYITIOBaTH BUCHOBKH.

Marepianum Ta metogm

Po3pobka moneneit 3roptkoBux HeiipoHHHX Mepexk (CNN) ams BUSBICHHS
00’€KTiB, CIIeH i KOHTEKCTIB Ha 300pa)KCHHSAX € CKIIAJHUM, aje IiKaBUM IIpOIie-
COM, III0 BUMArae KiJbKOX KIIFOUOBHX eTamiB. [lepmim kpokom € 30ip i miaAroroska
JTAaHHX, 10 BKIIIOYAE B ceOe CTBOPEHHS a00 BUKOPUCTAHHS BXKE ICHYIOUMX JaTace-
TiB, Hanpukiaj, Takux sk COCO a6o Pascal VOC, siki MicTATh aHOTAITiT AJIs Pi3-
HUX 00’ €kTiB. [licis b0T0 HEOOX1IHO MPOBECTH AHOTAIIIIO 300paKeHb, BU3HAYH-
BIIIH, 5IKi 00 €KTH Ta CIICHH OyAyTh BUBYATUCS. BaXKIMBO TakoXK BUKOHATH TOTIE-
penHio 00OpoOKy MaHWX, TaKy SK 3MiHa pPO3Mipy 300pa)keHb, HOpMali3allis
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MIKCEJIbHUX 3HAYEHb 1 3aCTOCYBaHHS apryMeHTauii it 301IbIIEeHHS Pi3HOMAaHIT-
HOCTi HaOOpy AaHUX.

Ha moyarky cTBOpMMO 0a30By apXiTEKTypy 3rOpPTKOBOi HEHPOHHOI Mepexi
(CNN) 3 Buxopuctanasam 0iomiorexu TensorFlow Ta Keras. Kox ctBoproe mpocty
mozens CNN mist kinacudikarii 306paxens (JTicTHHT 1).

pip install tensorflow
Jlicrunr 1 — Imnopt moay.is 3 TensorFlow ([xepeno: CTBopeHo aBTopamu)

Micns  mporo CTBOPIOEMO 6a30By apxiTeKTypy CNN. (DyHKui;I
create_cnn_model omucye apx1TeKTypy MOZIETI 3TOPTKOBOT HCHPOHHOT MeEpexi
(CNN) IO CKJIAJaeThesl 31 3TOPTKOBUX HIaplB (Conv2D), sxi BI/IL[06yBaIOTI>
O3HAKH 3 BXiTHUX 300pakeHb, Ta mapiB migcymoByBaHHs (MaxPooling2D), siki
3MEHIIYIOTh PO3Mip 300paxkeHb, 30epiraroun BaxuBy iHpopmamito. [ani e
mrap Flatten, mo mepeTBoproe TBOBIMIipHI JaHiI B OMHOBUMIpHHUH MacuB (puc. 2).

import tensorflow as tf

from tensorflow.keras import layers, models

def create cnn model (input_shape, num classes):
model = models.Sequential ()
model.add(layers.Conv2D (32, (3, 3), activation='relu',

input_shape=input_shape))

model.add (layers.MaxPooling2D ((2, 2)))
model.add (layers.Conv2D (64, (3, 3), activation='relu'))
model.add (layers.MaxPooling2D ((2, 2)))
model.add(layers.Conv2D (128, (3, 3), activation='relu'))
model.add (layers.MaxPooling2D ((2, 2)))
model.add (layers.Flatten())
<OpoAoBXeHHsT Komy O(yHknii HaBemeHO Ha PHUCYHKY 3>

JlictuHr 2 — BusHauenHs apxitextypu mozesi CNN. Ilepmmii 3ropTkoBuii map.
Jpyruii 3roprroBuii map. Tperiii 3ropTkoBuii map. [leperBopenHsi B 01THOBUMIp-
Huii MmacuB (:xepeso: CTBOpeHO aBTOpPaMHu)

3a mapom Flatten ciinye minbauii map (Dense) 3 akruBaiieto ReLU. Buxi-
JTHUI IIap BUKOPHCTOBYE aKTHBAIlil0 softmax mis kimacudikarii. ¥ mpomeci BH-
3HAUEHHSI apaMEeTPIB 331a€MO PO3MIp 300paXkeHHs Ta KUIBKICTh KJIACiB JUIs Kila-
cudikarii. Mones KOMITUTIOETBCS 3 BUKOPHCTaHHAM ontuMizaropa Adam Ta ¢y-
HKIT BTpaT sparse categorical crossentropy. [ljist 3py4HOCTI BUBOAMMO 3BEACHHS
apXiTEeKTypH Mojeli, mo0 mobdaduTH KUIBKICTh IapaMeTpiB Ta CTpyKTypy (Jtic-
THHT 3).

Lleii xon € 6a30BHM, SIKUH 3a]a€ apXiTEKTYpy MOJEN Ta SKMH MOXHA 3MiHIO-
BaTH, OJAr0YM Oinblne mapiB abo eKCIEpPUMEHTYIOYH 3 Pi3HUMHE MapamMeTpaMu
JUTSL IOKPAIIEHHS] TOYHOCTI MOJIEIT.

Jani HaBeneMo npukiag koay Ha Python, skuii 1eMOHCTpYE, SIK HABYUTH MO-
Jienb 3ropTkoBoi HelipoHHOI Mepexi (CNN) BUABIATH 00 €KTH Ha 300paKeHHAX
3a nonomoroto TensorFlow Ta Keras. Y npomy npuxiiasi MU BUKOPHCTAIIH JlaTa-
cet CIFAR-10, sixwuii mictuth 60,000 kom0poBHUX 300paxens y 10 kimacax.

Mu iMnopryBasim HeoOxinHi Moxmynmi 3 TensorFlow ta Keras ans poboru 3
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MOZICISIMH. 3aBaHTaKWIM JaTaceT, BUKOPHCTOBYloun ¢yHkuito load data mus
orpumanHs CIFAR-10. HactymamM kpokom Oyria HOpMamizamis JaHUX: MU 3Mi-
HuM TUn qaHux Ha float32 Ta mominunm 3HadeHHs mikcemiB Ha 255.0, mo6 mpu-
BecTH ix B miamasoH Bix O o 1. [Totim Bukopucramm to_categorical ams mepeTBo-
PEHHSI MITOK y KaTeropiaibHi faHi (JIICTUHT 4).

<nouaTok koAy OGyHKIi11 HaBefeHO Ha PUCYHKY 2>
model.add (layers.Dense (128, activation='relu'))
model.add (layers.Dense (num_classes, activation='softmax'))
return model
input_shape = (224, 224, 3)
num_classes = 10
cnn_model = create cnn model (input_shape, num classes)
cnn_model.compile (optimizer='adam',
loss='sparse_categorical_crossentropy'
metrics=["'accuracy'])
cnn_model. summary ()

Jlicrunr 3 — IlinbHuii map. Buxigauii map. Buznauennst napamerpis. CTBopeHHs
mozesi. Komninsinisi Mogesti. 3BeeHHs apxiTeKTypH Mojaesti
(Ixepeso: CTBOpeHO aBTOPaMHu)

import tensorflow as tf

from tensorflow.keras import layers, models

from tensorflow.keras.datasets import cifarlO

from tensorflow.keras.utils import to_categorical
(x_train, y train), (x_test, y test) = cifarl0.load data()
X_train = x_train. astype( float32') / 255.0

x_test = x_test astype('float32') / 255.0

y_train = to_categorical(y_train, num classes=10)

y_test = to_categorical (y_test, num classes=10)

Jlictunr 4 — 3aBanTaxenns naracery CIFAR-10. Hopmadaizanisi ;anux
(Ixepeso: CTBOpeHO aBTOpaMHu)

Jlasti My BU3HAYMIIH apXiTEKTYPy Mojeli, cTBoproroun Mojaeiab CNN 3a jgoro-
Moroto QyHKMii create_cnn_model. Tlicns 1pOr0 KOMIUTIOBAIH MOJIENb, BKa3a-
B ontumizatop Adam Ta dyHKIiito BTpar categorical crossentropy. [aimi Ha-
BUJIM MOZENb, BUKOPUCTOBYIOUM MeTox fit, 100 TpeHyBaTH ii Ha HaBYAIBLHOMY
HabOopi IaHMX, 3aJJaF04YH KIIBKICTb enoX i po3Mip nakeTa. [IpoBenu oniHKy Mozeni
Ha TECTOBOMY Ha0Opi i BUBEIM OTPUMaHy TOYHICTh. 3aBEPIIIIIHN MPOIiec, 30epira-
1041 HABYCHY MOJIEINb Y (aitn (JIicTHHT 5).

def create cnn model (input shape, num classes):

model = models.Sequential ()

model.add (layers.Conv2D (32, (3, 3), activation='relu',
input_shape=input_shape))

model.add (layers.MaxPooling2D ((2, 2)))

model.add(layers.Conv2D (64, (3, 3), activation='relu'))

model.add (layers.MaxPooling2D((2, 2)))

model.add (layers.Conv2D (128, (3, 3), activation='relu'))

model.add (layers.MaxPooling2D((2, 2)))

model.add (layers.Flatten())

model.add (layers.Dense (128, activation='relu'))

model.add (layers.Dense (num_classes, activation='softmax'))
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return model
input_shape = (32, 32, 3)
num_classes = 10
cnn_model = create_cnn_model (input_shape, num classes)
cnn_model.compile (optimizer='adam',
loss='categorical_ crossentropy',
metrics=["'accuracy'])
history = cnn_model.fit(x_train, y_train,
epochs=10,
batch_size=64,
validation_data=(x_test, y_test))
test_loss, test accuracy = cnn_model.evaluate(x_test, y test)
print (f'Test accuracy: {test _accuracy:.4f}')
cnn_model.save('cnn_model.h5'")

Jlicrunr 5 — 36ipka moneni: BusHaueHHs apxitektypu moaeni CNN; napamerpu Mo-
JeJ1i; CTBOPEHHS Ta KOMIIJISIIiSt Moj/ieJTi; HaBYaHHS MojieJti; ouinka Mojaei; 30epe-
sxeHHs Mozei (dzxepesio: CTBOpeHO aBTOpaMu)

PesynbTatm
V pesynbrari NpOBEAESHOTO HaBYaHHS MOJENI 3rOPTKOBOI HEHMPOHHOT Mepexi

(CNN) anst BusiBIIeHHS 00°€KTiB Ha 300pakKeHHSIX MU JTOCSTIN 3HAYHUX YCIIXIB Y
TOYHOCTI Kiacuikarii.
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PucyHok 1 — Kondysiiina marpuus pisa CIFAR-10:
10 AiaroHaJi po3TalIoBaHi NpaBUJIbHI KiIacupikauii, a mo3a giaroHaJ110 BUAHO
TMOMHIJIKH MoJieli, KoM 00’ €kTH OyJiu KJacudikoBaHi HelIPaBUIbHO
(d:xepeso: CTBOpeHO aBTOpaMu)
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Mopnenb, HaBueHa Ha naraceti CIFAR-10, mpomeMoHCTpyBaia BUCOKY e(ek-
TUBHICTbH, JOCATHYBIIN TOYHOCTI 6mm3bko 85% Ha TecTroBoMy Habopi maHux. Lle
CBIIYMTH TPO Te, IO MOJEINb YCIIIIHO HaBYMJIACS PO3MI3HABaTH Pi3ZHOMAaHITHI
00’€KTH, TaKi IK aBTOMOO1JI1, ITaXH, KOTH, COOAKH Ta iHIII 00’ €KTH.

Takoxx aHaJIi3 OKa3ye, 10 HAWKpaIlli pe3yJabTaTy OyIJId TOCATHYTI IS KJIaciB,
III0 MiCTATH OUTBII YiTKi Ta KOHTPACTHI 300payKeHHs, TOI SK KJIACH 3 MEHIII BUpPa-
3HUMH 0COOMMBOCTAMHU. J[01aTKOBE 3aCTOCYBaHHSI BUKOPHCTAHHS METOAIB ayrMe-
HTalil JaHUX 3HAYHO MOJIIMIIWIIO 3arajlbHi pe3yJbTaTh, OCKUJIBKH 1€ JJOIIOMOTIIO
MOJIETIi CTaTH OLNTBII CTIKOO 10 Bapiamiil y BUIMISAAL 300paskeHb.

Kpim Toro, Bizyasizaris koH}y3iifHOT MaTpHIli MOKa3aa, sKi Kjlacu Oyinu Haii-
YacTille HeTPaBIIHLHO KIIACH(iKOBaHi, IO 1a€ MOXJIUBICTD 3PO3YMITH, A€ IIIe I0-
TpiOHO MOKPAIIUTH MOJEIH (PUCYHOK 1).

Le BimkpmBae HOBI MOXIIMBOCTI IUIS MOAAJTBIIOI ONTHMI3amii apXiTeKTypH
Moy, BUKOPUCTAaHHS IHIINX CTpaTeriii HaB4aHHs Ta PO3LUIMpEHHs Habopy na-
HHX, III0 B CBOIO YEPTy MOXKE TIPH3BECTH JI0 1€ KPAIINX PE3ylbTaTiB y po3Mi3Ha-
BaHHI 00’€KTiB. TaKMM YHHOM, pe3yJbTaTH HAILIOTO JOCHIIPKEHHS MiAKPECIIOTh
nepcrekTHBHICTh BukopuctaHHd CNN y 3aagax KOMIT FOTEPHOTO 30py Ta iX Io-
TEHLIaJI JUIs IPaKTHYHOTO 3aCTOCYBAHHS B PI3HUX cepax, TAKUX sIK Oe3reKa, Me-
JUIMHA T2 aBTOMATH3aIisl.

BuCHOBKM

Haguanns mozneneit 3sroprkoBux HelpoHHHX Mepex (CNN) it BUSBICHHS
00’€eKTiB, CIEH 1 KOHTEKCTIB Ha (hororpadisx € BaXKJIMBUM €TAllOM PO3BUTKY
KOMIT IOTEPHOT0 30y Ta MITYYHOTO IHTENIeKTYy. 3rOPTKOBI HEWPOHHI Mepexi Jie-
MOHCTPYIOTb Bpakatouy e(h)eKTHBHICTh Y aBTOMaTHIHOMY pO3Ii3HABaHHI Bi3yalb-
HHUX €JICMEHTIB 3aB/SIKU CBOTH 3aTHOCTI BUSBJISITH CKJIA/IHI TIATEPHU B 300paeH-
Hix. el nmponec HaByaHHs 0a3yeThCsl HA BEMMKHUX 00CATaX aHOTOBAaHMX JAHHX,
SIKi JIO3BOJISIFOTH MOJIEJISIM BUMTHCS Ha MTPUKIIAAaX 1 MOCTYNOBO BJOCKOHAJIIOBATH
CBOI aJITOPUTMH.

IepirrM BaXKJTMBIM BUCHOBKOM € Te, III0 TPaBHJIbHA ITiATOTOBKA Ta 00poOKa
JaHUX € KPUTUYHO BAXJIMBHMH JUISl JIOCSTHEHHS BUCOKOI TOYHOCTI B pO3Mi3Ha-
BanHi. Hopmauizauisi 300paxeHb, a Tako)X BHUKOPHCTaHHS METOIB ayrMEHTalii
JIaHUX, TaKUX SK oOepTaHH:, 3CyBH ab0 3MiHH OCBITJICHHS, JONIOMAaralTh 3MEH-
IIMTH PU3MK TIEPSHABYAHHS MOJICIICH 1 MIABUIIMTH TXHIO 31aTHICTh IO TeHEpaJIi-
3alil Ha HOBUX, HEBIJOMUX JAHUX.

JpyruM acriekTom, SIKHil BapTO BiI3HAUUTH, € apXITEKTypa CaMUX MOJeINeil.
3ropTKOBiI HEWPOHHI MEpeXi MOXKYTh MaTH Pi3HI KOH(Irypauii 3 pi3HOIO KiIbKi-
CTIO 3rOPTKOBHUX 1 MiJJCYMKOBHUX MIapiB, IO BIUIMBA€ Ha IXHIO MPOXYKTHBHICTb.
[epeBaru BukopucTaHHs IMIMOOKUX Mepek, Takux sik ResNet abo VGG, mokazy-
I0Th, 1[0 3POCTAaHHS TIIMOWHU MOZEJ MO)KEe MO3WTHBHO BIIMBATH HA TOYHICTH,
OJIHAaK I1€ TAKOX MPU3BOANUTH 1O 301IbIIEHHS BUTPAT Yacy Ha HABYaHHS Ta BUMOT
JI0 OOYMCITIOBATTBHAX PECYPCIB.

TpetiM BaXkJIMBUM BHCHOBKOM € T€, 1[0 BUKOPHCTaHHS IONEPEJHbO HaBUe-
HHUX MOJIeJIell MO)Ke 3HAUHO MPHUUIBHIIINTH MPOLEC HABYAHHSI Ta MOKPAIUTH pe-
synmeratd. Transfer Learning, TOOTO BHMKOpPHCTaHHS MOJEJNEH, IOIEPEIHBO
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HaBYEHMX Ha BEJIMKMX Habopax jaHMX, Takux sk ImageNet, no3Boise orpumaru
3HAYHI IIepeBard HaBiTh IPH 0OMEXEHIH KiIbKOCTI BIACHUX JaHuX. Lle ocobmiBo
aKTyaJIbHO B YMOBaX, KOJIM JIOCTYII 10 aHOTOBAHHX JIaHUX € CKJIaHUM 3aBIaHHSM.

YerBepTrM acnekToM € 3actocyBaHHs CNN y peaJbHHUX CUEHApisfX, TAKUX K
Oesreka, MeIMIMHA Ta aBTOHOMHI CUCTeMH. BusBiIeHHs 00 €KTiB y UX cdepax
MOJKEe MaTH KpUTHYHE 3HAUYCHHS], 1| HABYaHHS MOJIENIeH, IKi MOXKYTh TOYHO iICHTH-
(hikyBaTH He TINBKU 00 €KTH, a i iX KOHTEKCT, BIIKPUBAE HOBI MOXIIUBOCTI JIJIS
inHoBauiil. Hanpuxnan, y Mmequiuai CNN MOXyTb forioMaraty y BUsIBJICHHI aHO-
MaJtiii Ha 3HIMKaX, IO CIIpHs€E paHHIH JiarHOCTHUIN 3aXBOPIOBAHb.

Otxe, HaBYaHHS MOJIENEi 3rOPTKOBHX HEHPOHHHUX MEPEX [UISi BUSBICHHS
00’€KTiB, CIIeH i KOHTEKCTIB Ha 300pa)XKCHHSIX € Ba)KJIMBHM HAIPSIMKOM JIOCIi-
JUKEHB y TaJly3i IITYYHOTO iHTeeKTy. [lomanpii po3poOKu MOXKYTh IIPH3BECTH JI0
CTBOPEHHS I1I¢ OB MOTY)KHHX 1 TOUHUX MOJEJICH, 10, B CBOIO Yepry, MOXKe 3Ha-
YHO 3MIHUTH IiJXOIH J0 BUPILIEHHs PaKTUYHUX 3aBAaHb y pi3HUX chepax. [Ipu
[IbOMY Ba)KJIUBO MTPOJOBKYBAaTH OOTOBOPEHHS €THYHHX ACHEKTIB Ta 3a0€3MCUHTH,
1100 TEXHOJIOT1i BUKOPHCTOBYBAJIUCS Ha OJIaro CycmijibCTBa.
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3axucT KPUTUYHOI 1HYPACTPYKTYpH BiJ KiGep3arpo3 € OfHI€0 3 KIIIOYOBUX
YMOB 3a0e3Me4eHHs] CTaOlIBHOCTI Ta Oe3NeKW CcydacHHX naepkaB. Kpurnuna
iHppacTpyKTypa BKJIIOYAE TaKi CEKTOPH, SIK EHEpreTHKa, BOJIOIOCTa4YaHHS,
TPAHCIIOPT, TEJCKOMYHiKamii, OXOpoHa 3I0poB’s, (iHAHCOBI MOCIYyTH Ta
JgepkaBHe — ynpasmiHesA. LI cuctemMm  3a0e3neuyloTh  (DYHKIIOHYBaHHS
CYCIITBCTBA, 1 OyIb-sIKe MTOPYIICHHS IXHBOI POOOTH MOKE TIPU3BECTH 10 3HATHIX
COLIaJTPHAX Ta €KOHOMIYHMX HACTiJKiB, TaKMX 5K 1mepe0oi B HalaHHI MOCIYT,
3arpo3a Ui OKUTTS JIIOiell Ta EKOHOMIYHI BTparh. Y ILbOMY KOHTEKCTI
KibepOe3eka Bifirpae KpUTHYHY POJb y 3aXHCTI IIMX CHCTEM BiJ] MMOTEHIIIHHNX
Kibep3arpos.

MerToro TaHOTO TOCTIKEHHS € BHBYCHHS OCHOBHHUX IIPHHITUIIB i MiAXOIB
J0 3aXHCTy KpUTHYHOI 1H(PACTPYKTYpH B YMOBaxX CydYacHUX KiOep3arpos.
OCHOBHi 3aBHaHHS BKIIIOYAIOTh aHANI3 ICHYIOUMX PHU3UKIB, BUBUCHHS METOIB
3aXHCTy ollepaliiHuxX 1 iHpopMaLifHUX TEXHOJOTIH, 10 BUKOPUCTOBYIOTHCS B
YIpPaBIiHHI KPUTHYHAMH O0'€KTaMHM, Ta OLIHKA MOXIJIMBOCTEH 3acTOCYBaHHSA
HOBITHIX TEXHOJIOTiH, TaKUX SIK IITy4HHI IHTEIeKT 1 [HTepHET peueit, mis
TOKpAIIeHHs Kibep3axucry.

HocnimkeHHs: 6a3yeTbCsl Ha aHaNi3i HAyKOBHX ITyOJiKawiil, IepikaBHHX
JIOKYMCHTIB Ta 3BiTiB 3 KibepOe3IeKkH, a TAKOXK Ha BUBYCHHI MPAKTUIHUX BUITAIKiB
KiOCpIHIM/ICHTIB, 10 BIUIMBAJIM HAa KPUTHYHY iHQpacTpykrypy. Y mporieci
pPOOOTH BHKOPHCTOBYIOTBCS METOINM ITOPIBHSAUIBHOTO aHANI3y, CHCTEMaTh3amii
JAHUX Ta MOJCIIIOBAaHHS MOXJIMBHX ClieHapiiB kibeparak. OcoOmuBa yBara
NPUIUIAETBCA  JOCHI[HPKEHHIO pONi  JAep)KaBHMUX AaKTOpPiB, XaKTHBICTIB Ta
OpraHi30BaHUX KiOEp3JIOYMHHUX YIPyIyBaHb Y CTBOPEHHI HOBHX 3arpo3.

3axuCT KPUTHYHOT IHYPACTPYKTYPH € CTPATETiYHIM BUKIMKOM JUIS YPSAIB Ta
MDKHApOIHUX OpraHizauiid, ToMy e(eKTUBHE YIpaBiiHHS KiOeppuU3UKaMu cTae
OCHOBOIO CTaOUTPHOCTI CKOHOMIKHM, HAIliOHAJTHHOI Oe3leKH Ta ONaromoirydds
cycminbcTia (I[Ipo ocHOBHI 3acanu 3a0e3medeHHs KidepOesneku Ykpainu, 2024).

OCHOBHI 3arpo3m ansa KpMTUYHOI iHppacTpyKkTypm

Kpurnuna inppacTpykTypa, sika 3a0e3redye KIFOUoBi QYHKINI Iep)KaBU Ta
CYCINIJIbCTBA, BCE OLIbIIE MiANaeThes 3arpo3am y udposomy npocropi. e mos'-
S3aHO 13 3POCTAIOYOI0 3AJIEXKHICTIO BiJl iHGOpMALIHHUX TEXHOJOTIH 1 MigKIIIo9e-
HUX 110 [HTepHeTY cuctem, siki KepyIoTh pisHUMH Iporuecamu. Kibepsarposu cra-
I0Th CEPHO3HUM BUKJIMKOM JJISl 3AXUCTY €HEPreTHYHHX MEpEXk, TPaHCIOpTY, ¢i-
HAHCOBHUX CHCTEM Ta TelleKoMyHikariil. HalimommupenimmMu 3arpo3amu € mud-
POBI araku, Bpa3JMBiCTh ITpoMHUciIoBuX cucteM ynpasiinas (SCADA), a Takox
kibeparaku 3 00Ky HAI[IOHATLHUX Ta MKHAPOJHUX 3JI0YMHHKX YrpymyBaHb. (Po-
roB et al., 2017)

Lu¢hpoei amaku Ha eHep2emu4Hi cucmemu, mpaHcrnopm, iHaHcu
ma KoMyHikauyii

OnHuM i3 HalicepHO3HIMNX BUKIIMKIB JUIl KDUTHYHOI IHPPACTPYKTYpH € Ki-
Oeparakn Ha eHepreTHyHi cucreMu. Emekrpomepexi, Tra3ompoBOIH,
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HadTonepepoOHi 3aBOAM Ta iHILI CHEPreTHYHI 00'€KTH € BAXKIIMBUMH LITISIMU JUTS
xakepiB. 30ii1 y poOOTi TaKHX CHCTEM MOXKE MIPHU3BECTH IO BIIKIIOYCHHS €IEKT-
poeHeprii Ha BeNMKIH TepUTOPii, Mapayizyloun iHII CEKTOPH iH(PPACTPYKTYpH,
BKITIOUAIOUHN TPAHCIIOPT, KOMYHIKaIii Ta ¢pinancu. [Ipuxianom e ataka Ha yKpaiH-
CBbKY eHeproMepexy y 2015 poui, sika cTana NepiuM BiIOMUM BUIIaIKOM YCITilll-
HOI KibepaTakyd Ha €HeprOCHCTEMY 1 MpU3BeJa 0 BiAKIIOUEHHS eIeKTPOeHeprii
JJISL COTEHDb THUCSY JTIOMIEH.

TpaHcnopTHa iHppacTpyKTypa TAKOXK € BaXXKJIMBOIO MillleHH!0. L{e cTocyeTnes
SK TPOMAaJCHKOTO TPAHCIIOPTY, TaK 1 MiKHAPOOHUX TepeBe3eHb. Kibeparaku Ha
CHCTEMHU KEpyBaHHS 3aJIi3HUISIMHU, aBiallief0o Y¥ MOPCHKUMHU IOPTaMHU MOXYTb
CHPUYMHUTH BeIM4e3Hi 3001 B JIOTICTHUII, IEpepUBAHHS TPAHCIIOPTHHUX JTAHITIOXK-
KiB 1 HaBiTh MOTEHLIHHO CTBOPUTH 3arPO3H JUIs KUTTS Jtozieil. Hanpuknaz, ataka
Ha TaTChKy CyIHOIUIaBHY KommaHito Maersk y 2017 poui ciprauHmia mo0ansHi
3001 B MOPCHKUX MICPEBE3CHHSIX, 3aBIABIIN 3HAYHUX CKOHOMIYHHUX 30UTKIB.

@DiHaHCOBI CHCTEMH, SIKi € XpeOTOM CBITOBOI €KOHOMIKH, TAKOXK IiIJAF0THCS
NoCTiHUM KibeparakaM. 3JIOBMUCHHKH MOXXYTh aTaKkyBaTu OaHKH, Oipiki, mari-
JKHI CHCTEMH 3 METOI0 BUKpaJCHHS TPOLICH, 3HUIICHHS JaHUX a00 IPOBENCHHS
MaHInyJsiHd Ha piHaHCOBMX pUHKaX. OHIEI0 3 HAWBIJOMINIMX aTaK € BUMA0K 3
6ankoMm Bangladesh Bank y 2016 pomi, konu Xakepu HamaraJiucsl BUKPacTH OIu-
3bK0 1 MiIbsip/a 10J1apiB, 3 SAKUX M Brayocs oTpuMaTH 81 MiIbHOH.

TenexoMyHiKamiiHi CHCTEMH, IO 3a0€3MEYYIOTh 3B'S130K MiXK PI3HUMH CEKTO-
paMu KPHUTHYHOT IHQpaCTPyKTypH, TAKOXK 3HAXOAATHCA IIiJ] 3arPO3010. ATaKH Ha
L[i CHCTEMH MOXYTh PU3BECTH JI0 BiAKIIOUCHHS 3B'S3KY, TOPYICHHST poboru IH-
TepHeTy ab0 HaBITh BUKOPUCTAHHS MEPEeX JUIs IINHUTYHCTBA 1 300py iHpopMmaii.
OcoOIMBO Bpa3IHBHMHU € MOOUIBHI Ta IIUPOKOCMYTOBI MEPEXKi, [0 BUKOPUCTO-
BYIOTh CTapi MPOTOKOJIH Oe3meku abo MarTh BPA3IMBOCTI B iX apXiTEKTypi.

Bpa3snueicmb npomucsiogux cucmem ynpaesiHHs (SCADA)

[pomwucnosi cucremu ynpasiniaas (SCADA — Supervisory Control and Data
Acquisition) BiirpaloTh BUpIlIaIbHY POJIb y KEPyBaHHI KPUTUYHOIO iH(ppacTpy-
KTyporo. BoHr 3a0e3nedyoTh aBTOMATH3aIIil0 Ta MOHITOPHHT poOOTH Takux 00'-
€KTIB, K CJIEKTPOCTAHIII, BOAONOCTAYaIbHI CHCTEeMH, Ha(QTOBI miardhopmu Ta
1HIII IPOMHUCITOBI 00'ekTH. OHAK i CHCTEMH MalOTh HU3KY BPa3JIMBOCTEH, OCKi-
abku 6inburicte SCADA-cuctem Oyiu po3poOiieHi 3 MiHIMAJIbHUM BpaxyBaHHSIM
KibepOesmekn. YacTo BOHH BUKOPUCTOBYIOTh 3aCTapijii MPOTOKONH Ta OTIepaLlifiHi
CHCTEMH, LI0 POOUTH TX BPa3IUBUMHU IS aTak.

Xakepn MOXyTh BHKOpucTOBYyBaTH BpasimBocTi SCADA s toro, mo6
OTPHUMATH AOCTYII JI0 CUCTEM YIIPaBIiHHSA, 3MIHIOBAaTH ITapaMeTpu pobotu obma-
HaHHS 200 BHKJIMKATH 3001 B Horo ¢yHkionyBanHi. Hanpuknaz, y 2010 pouti Bi-
pyc Stuxnet ctaB BiZOMHUM uYepe3 Te, 110 OyB CIPSIMOBAaHHUI Ha ipaHCHKI IEHTPH-
¢yru 30arauenns ypany. Lle nepmmii 3aj0KyMeHTOBaHNI BHIAI0K, KOJIM IIKiJ-
JUBE MporpaMHe 3abe3nedeHHsT (i3UIHO 3HUIIMIO YacTUHY KPUTHUYHOI iH(ppa-
CTPYKTYpH, BUBIBILIN 3 JIaly TIPOMHCIIOBE 00JIaTHAHHSL.

Lli araxu moka3yroTh, HaCKiIbKH Bpa3nuBuMu € SCADA-cuctemy, i 5K iX 3a-
XHCT 3QJIMIIAEThCS HarajdbHUM 3aBAaHHAM. HelnogaBHE BIPOBaJKEHHS
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texHoutorii [nTepuety peueit (10T) Ta 3011bIIEHHS KUIBKOCTI IPUCTPOIB, MiIKIIIO-
YEHHX JI0 MEPEeXi, JIUIIE MiABHUIY€e pU3NKH I nux cucteM. (dpeiic, 2017)

Amaku 3 60Ky HayioHanbHUX ma MiXKHapoOOHUX Kibep3/o4yuHyie

OnHuM 13 HaHOLTBIIMX JPKEepeN 3arpo3 Ul KpUTHIHOT iHPPaCTPYKTypH € aii
HAIlIOHAIFHUX Ta MDKHAPOAHUX KiOEp3IOYMHHMX yrpyrmoBaHb. Ha BigMiHy Bif
OZIMHOYHHX XaKepiB abo XaKTUBICTIB, OpraHi3oBaHi YIpymyBaHHs MOKYTh MaTH
3Ha4Hi PiHAHCOBI Ta TeXHIYHi pecypcH. Bonn 4acTo Mif0Th 32 MiATPUMKH JepiKaB
abo sK He3aJeXHI 3JI0YMHHI OpraHizamii, IO MepecliayioTh (iHAHCOBY,
MOJITHYHY 200 HaBiTh BIHCHKOBY METY.

Jlep>xkaBHI aKTOPH MOXYTb BHUKOPHCTOBYBAaTH KiOeparaku sSK IHCTPYMEHT
TEONOITUYHOTO THCKY a00 MIUryHCTBa. Taki aTaku MOXYTb OyTH CHpHMOBaHi
Ha TMOpYIIEHHs pOOOTH lH(bpaCprKTypI/I 3HUINEHHST iHpopMmanii abo HaBiTh
BUKJIMKATH MAaHIKy Ta Xaoc Y cycnmLCTBl Hanpuknan, araki pocilficekux
KibepyrpynyBaHb Ha CHEpreTH4YHi Mepexi YKpaiHM mNokasanu, SK AepiKaBHi
aKTOPH BUKOPHCTOBYIOTH KiOepaTaku B KOHTEKCTI TIOPHUIHUX BOEH.

MixHaponHi KiOep3TOYMHIN TaKoXK MarTh CBOi IHTEpecH B arakax Ha
KpUTHYHY 1HQpacTpyKTypy. Lle MOXyTh OyTH aTaku 3 METOIO0 BUMaraHHs rpolei
(Hampukiaz, dYepes IOKiUIMBE MporpaMHe 3a0e3NedeHHs THIy ransomware),
caboraxx ab0o BUKpaJEHHS BaXIUBUX AaHUX. 3JIOYMHHI YIPYNOBaHHS YacTo
BUKOPHCTOBYIOTh TaKi METOAM, SK (IIIMHT, coIiajbHA iH)KEHepis Ta iH'eKImil
wkiuuBoro 13 11 NPOHUKHEHHS! B CHCTEMH.

TaxuM YHHOM, OCHOBHI 3arpO3H AJIsI KPpHTHYHOT iHPPaCTPYKTypH BKITIOYAIOTh
uH(prBi aTaKkM Ha KJIIOYOBI CEKTOPHU eKOHOMIiKH, Bpa3nuBictb SCADA-cuctewm, a
TaKOX Jii OpraHi3oBaHHX K16ep3J'IO‘II/IHHI/IX yrpynyBakb. B ymoBax spocrarounx
KiOeppH3HKIB ypsiiM Ta opraHizaumii MOBHHHI MOCTIHHO BJOCKOHAIIOBATH CBOT
CHCTEMH 3aXHCTY, a0H 3armo0irTn KaTacTpoGiyHUM HACIIiIKaM.

TpeHau B po3BUTKY Kibepbeanekn KpUTUUHOI
iHdppacTpyxkTypm

31 3pocTaHHAM CKJIaJHOCTI Ta MacmTabiB kidepatak Ha KpPUTHYHY
iHpPACTPYKTYpy, KibepOesleka cTae MPIOPUTETHUM HANPSIMOM PO3BUTKY IS
Jiep’kaB Ta opradizamid y BchboMy cBiTi. HOBI TexHosorii Ta miaxomud 10
Kibep3axHucTy MOCTIHHO 3’SIBISIOTBCS Ml 3a0e3MeueHHs HaliiHoi 00opoHM
KPUTHYHO BAXKJIMBHX OO0 €KTIB, TAKMX SK CHEPTETHYHI CHCTEMH, TPAHCIIOPT,
¢inancu Ta TenekomyHikamii. Cepex  KIIOYOBHX TPEHAIB Yy PO3BUTKY
KibepOe3nekn BUAUIAIOTECS BUKOpPHCTaHHS InTyyHoro inrtenekty (LHI) Ta
MalmuHHOTO HaBuaHHs (ML), HOBI 3arpo3u, MoB's13aHi 3 po3BUTKOM [HTEpHETY pe-
geit (IoT), a Takok po3mmpeHHs MiKHapomHuWX Kibepcrparteriit. (bimsBceka &
[lecrak, 2022)
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BukopucmaHHs1 wmy4HO20 iHmesiekmy ma MaWuHHO20 HaB8YaHHS
onst 3axucmy

ITy4Huii iHTENEKT 1 MallMHHE HaBYaHHS CTAIOTh HEBII'€MHOIO YaCTHHOIO
Cy4YacHHUX MiAXOMAiB 0 3a0e3neueH s KibepOe3nekn KpUTHIHO1 iHPPaCTPyKTypH.
3aBAsKd CBOIM MOXKIJIMBOCTSIM OOpPOONSATH BEIHMKI OOCATH JaHHUX, BUSBISTH
aHOMaJIii Ta aBTOMaTHYHO pearyBaTd Ha 3arpo3u B peaipHOMY uaci, LIl Ta ML
MPOTIOHYIOTh HOBUH PIBEHB 3aXUCTY BiJ Kibeparak.

Onniero 3 HafiBaxmmBimux mepesar LI e 3maTHICTH mOcCATaTH BHCOKOI
TOYHOCTI y BUSIBJICHHI MIOTCHI[IHHNUX aTaK Ha paHHIX cTafisx. Tpaauuiiiai MeToau
Kibep3axmucTy, mo 6a3yoThcs Ha (imprpamii Tpadixy abo OIOKyBaHHI BiTOMHX
IIKIIJIMBUX TPOTPaM, 4acTo HE 3MaTHI e(DEKTUBHO BUSIBIISATH HOBI a00 CKJIaIHI
arakd. HaroMicTh ajropuTMHM MAamIMHHOTO HaBYaHHS MOXYTh aHalli3yBaTH
aHOMAJIbHY TIOBEIIHKY B MEPEXi, BUIUISFOYM MOTCHINWHI 3aTPO3H, HABITh SIKIIO
BOHH paHiIIe He 3yCTpidaics.

I Takox MOXE BHKOPHUCTOBYBAaTHCh JJIsi aBTOMaTHM3alil peakiii Ha
iHnuneHTd. Hanpuknan, cucremn Ha 0a3i MAallMHHOTO HAaBYaHHS MOXYTh
CaMOCTIHHO BIJKJIIOYATH JOCTYII 0 MEPEXi, 130JIF0BaTH 3apa)keHi cucteMu abo
OnokyBatu mKimUBHil Tpadik 6e3 HeoOXimHOCTI BTpydaHHs MonuHu. e 3Ha9HO
migBuIye e(QeKTHUBHICTh 3aXHCTy KPUTUYHOI iH(QPACTPyKTypH, OCOOIMBO B
YMOBax, KOJM aTaKd MOXYTb PO3TOPTAaTHCS 3a JIiYeHi XBWIMHH a0 HaBiTb
CEKYH[IH.

lNosiea HoBUX 3a2p03 y 38’S13KY 3 PO3BUMKOM
IHmepHemy peuyeli (IoT)

PosBurok IHTepHeTY peuei (IoT) BIJIKpMBAa€ HOBI MOXJIMBOCTI JIJIst
aBTOMaru3anii Ta TMOKPAICHHS ynpaBJ‘IlHHH KPUTHYHOIO 1H(1)paCprI<Typ0}o ane
Pa3oM 3 THM CTBOPIOE HOBI BpaSHI/IBOCTl I3 301IbIIEHHSAM KIUJIBKOCTI MPHUCTPOIB,
MIiJKIIOYEHNX JI0 MepeXi, 3pocTae 1 mioma Uil MOTeHHiHHMX artak. bararo
npuctpoiB loT mMaroTh caabki cucremu 6e3rnekn abo BUKOPHCTOBYIOTh CTaHIAPTHI
HaJIAIITyBaHHS OC3IeKH, MO POOUTH TX BPa3ITUBUMH IS KiOEP3IOUHHIIIB.

IoT mnpucrpoi, Taki sSIK JaT4uKd B EHEPreTHYHUX CHUCTEMax, KaMepH
BiJICOCIIOCTEPEIKCHHS, PO3YMHI JIIYFITFHUKY TA iHII, MOXYTh CTaTH MIIICHHIO JIJIS
xakepiB. SIKimo 1i nmpucTpoi OyIyTh CKOMIIPOMETOBaHI, 3JIOBMUCHUKH MOXYTb
OTPUMATH AOCTYN A0 KIIIOYOBHUX CHCTEM YHpaBliHHA iH(pacTpyKkTyporo abo
HaBiTh OpPTaHi3yBaTH PO3MOJiJCHI aTaku Ha BiAMOBY B oOciyroByBanHi (DDoS).
Hanpuknan, macuBna DDoS-araka y 2016 poui, opranizoBaHa yepe3 3apakeHi
IoT mpuctpoi (30kpema, po3yMHI KaMepH Ta MaplipyTH3aTOpH), THMYacoBO
napasizyBaia iHTepHeT y Benukux perionax CIHIA.

Kpim Toro, 6araro npuctpois loT BUKOPHCTOBYIOTECS U1t 300py TaHHX, IO
TaKOXX CTBOPIOE 3arpO3H BUTOKY iH(opmartii. Lle 0co0imMBo KpUTHYHO y BUMAIKaX,
KOJIM MOBa Hjie Ipo MeuuHe 00JaiHaHHs, TPAHCIIOPTHI cucTeMu abo (hiHaHCOBI
ciyxOm, I KOoMIIpoMmeTaris KOH(DIOeHmINHUX OaHMX MOXE MaTH CepHo3Hi
HACJIIIKH.

[[{o6 MiHiMi3yBaTH 1i PU3UKH, CydacHi i IXOIH JI0 KibepOe3neKu BKII0YaroTh



162 Challenges and Issues of Modern Science, 3 (2024)

po3pobky crannmapriB Oesnekn st loT, a Takok BHPOBamKEHHS HOBHUX
TEXHOJIOTIM 3aXUCTy, TaKUX SK ONOKYCHH I 3aXUCTy KOMyHikamiit mix loT
NPUCTPOSIMU Ta IMU(PYBaHHS TaHUX Ha PiBHI KOXKHOTO OKPEMOTO IPUCTPOIO.

Po3wupeHHs1 kibepcmpameeil Ha MiX)XHapOOHOMY PUHKY

B cyugacHomy mo6amizoBaHOMY CBiTi 3arpo3a Kibeparak Ha KpUTHYHY
iHppacTpyKTypy He 0OMeXKy€eThCsS KOpIOHAMH onHi€el kpainu. Kibep3nounHui ta
JIepKaBHI aKTOPH MOXKYTh OpPTaHi30BYBaTH aTakd Ha iIHPPACTPYKTYpy B OyAb-sKii
TOYLI CBITY, TOMy KpaiHW IMOBHHHI aKTUBHO CITiBIPAIfOBATH ISl 3a0€3NeUeHHs
KibepOesmekn. OmHUM i3 KITIOYOBHX TPEHIIB OCTaHHIX POKIB € PO3IIUPEHHS
MIXKHapOIHOI criBOpary y cdepi Kibep3axucTy.

Opranizamii, Taki sk HATO, €ppormeiicekmii Coro3 ta OOH, akTtuBHO
MPaIOIOTh HAJl CTBOPEHHSM CIUIBHUX CTparerii 6oporsOu 3 Kibep3arpo3amu.
Hanpukian, HATO Bu3Hana kibepmpocTip I'sToro ceporo BiCHKOBUX IiH, IO
O3Hauae, 10 aJbSHC TOTOBUH pearyBaTH Ha KibepaTaku Tak camo, K i Ha Qi3uyHi
3arposu. JlepxkaBu-wiecan HATO cmiBmpamorote y cdepi  kibepsaxwucry,
OOMIHIOIOTBCS 1H(OpPMAIli€0 TPO 3arpo3d Ta MPOBOAATH CILIbHI HABYAHHS 3
KibepOe3nexH.

KpiMm TOro, CTBOpIOIOTBCS MDKHApPOAHI AalbSHCH Ui OOpOTHOM 3
kibep3nounHHicTio. OQMH 13 TakuX NPUKIAAIB — EBporeiicbke areHTCTBO 3
kibepoOesmexnu (ENISA), sixke koopauHye 3ycHinis nepxaB-wieHiB €C y 3axucTi
KPUTHYHOT iHPpacTpyKTypH Bin Kibep3arpo3. Takox po3BHBAIOTHCS CTAHAAPTH Ta
HOPMH, AKi PETYIOIOTh MOBEAIHKY IepKaB y KiOepmpocTopi, 30KpeMa B paMKax
Bynanentchbkol KOHBEHIIIT 3 KiOeP3I0UNHHOCTI.

V 3B'SA3Ky 3 MOLIMPEHHSIM HOBHUX BHJIIB 3arpo3, TAKHX SIK KiGEpLINMUTYHCTRO,
aTaKy Ha JIAHIFOXKKH [IOCTaYaHHs Ta Ae31HPOopMAIlis, MDKHAPOIHA CITIBIIPALIS CTA€E
KPUTHYHO BaXKJIMBOK. BIpOBaJUKeHHsS Y3rODKEHUX KibepcTpareriii m03BoJIsie
3a0e3MeunTy Kpalle pearyBaHHs Ha 3arpo3d, a TaKoXK MOKPAIIUTH OOMiH
TEXHOJIOT1SIMH Ta JTIOCBIIOM MiX Jiep)KaBaMHU.

IHHoOBaLjii B Kibep3axucrti KpUTU4YHOI iHhpaCTPYKTYpH

CyuacHHH PO3BHTOK TEXHOJOTiH NMPUBHOCHTH HOBI MOXIHBOCTI B chepy
kibepOe3nekn KpuTHuHOI iHQpacTpykrypu. IHHOBauii B wmiil ramysi, Taki siK
ONOKYelH, KBaHTOBI TEXHOJIOTii Ta XMapHi CEpPBiCH, JO3BOJIIIOTH ITiJBUIIUTH
e(eKTUBHICTh 3aXUCTY JTAaHUX 1 CUCTEM YIIPABIIIHHS, @ TAKOX 3a0€3Me4UnTH OLIbIIY
cTifikicTh A0 arak (Subach et al., 2019).

Brnok4yeliH ma lio2o posib y 3abe3nevyeHHi 6e3neku 0aHux

biiokueiiH, TEXHOJIOTIs, IO JISKUTh B OCHOBI KPUNTOBAJIIOT, AEMOHCTPYE
3HayHUH moTeHian y cdepi kibepOesmnekn, 30kpemMa y 3abe3nedeHHi Oe3rnexn
JAaHUX KpUTHUYHOI iH(pacTpyKTypH. 3aBIAsSKH CBOid AMCTPUOYTHBHIA HpUpPO.i,
OrnokueiiH 3abe3neuye 30epexeHHs iH(opMarii B HE3MIHHOMY BHIVIA[L, IO
POOUTS i CTIHKOIO A0 MiIPOOOK i HECAHKIIIOHOBAHUX 3MiH.
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Bukopucranus OJOKUeHH-TeXHONOTIT y ~ cHUcTeMaX  KpPUTHYHOI
iHQPACTPYKTypH MOXKE IOMOMOTTH BHPIMINTH TIpoOiieMy Oe3leKkd NaHuX,
3a0e3reuyroun aBTeHTH(IKAII0 TpaH3akWid Ta OOMEXYyH4M JOCTYH [0
KoH(OineHiffHoi iHpopmarnii. Hanpukian, B eHepreTHIHNX CUCTeMax OIOKJeHH
MO>KE BUKOPUCTOBYBATHUCSI JIJIsI BEACHHS OOJIIKY CIIO)KMBAHHS €HEPTil, a TAKOX JUIs
VOpaBIiHHSA JUCTPHUOYIIEI0 EIeKTPOCHEepTii MK pI3HUMH  CIIOKUBadaMH,
3a0e3Mmeyyrour Ipo30PIiCcTh i 3aXKCT BiJl MaxpaicTaa.

Kpim Toro, 610K4eiH MOXKE BUKOPUCTOBYBATHCS JUIs 3a0€3MeueHHs Oe3NeKH
loT-ipurcTpoiB, amke #oro TUCTpUOYTHBHA CTPYKTypa JO3BOIISIE 3HU3UTH PH3HUK
LEHTPaTi30BaHUX aTaK. 3aBASKH 1HTerpaii TexHonorii 61okueiH y mepexi loT,
JTaHI MOXYTh 30epiraTucs Ha PO3MOAUICHUX BYy3Nax, IO YCKIATHIOE TOCTYI 1O
HHX 3JIOBMHCHHUKIB 1 Ii/IBUIIY€ 3araJIbHUN piBEeHb OE3MEKH.

Keanmoei mexHosnoezii y chepi wughpyeaHHss ma 3axucmy

KBaHTOBI TexHOJIOTII, X04a Iie nepedyBatoTh Ha CTalii PO3BUTKY, O0ILSIOTH
peBOMOLIOHI3yBaTH cdepy KibepOesmeku, 30kpeMa y IMUPpPYBaHHI JaHUX.
KBanToBe ImM(pyBaHHS BHKOPUCTOBYE NPHUHLUIN KBAHTOBOI MEXaHIKH IS
3a0e3MeucHHs PiBHA OE3MEKH, HEMOCTYIMHOTO i TpaaullidHuX MmeromiB. lle
MOJJIMBO 3aBISKU SIBHILY, BIIOMOMY SIK KBaHTOBA 3aILTyTaHICTh, 0 JTO3BOJIIE
CTBOPIOBAaTH KJIto4i Juisi IUQpyBaHHs, sSIKi HE MOXYTh OyTH INepexoruieHi abo
37maMaHi 0e3 BUSBICHHS.

KBanroBa kpunTorpadis 3abe3nedye 3axXHCT AaHHX Y PEXKHAMI peallbHOTO
Yacy, 10 € KPUTHYHO BAXJIMBUM JUI CHCTEM, IO YHPABISIOTH KPHUTHYHOKO
inppactpykryporo. Lle n03Bossie Oe3meyHo MepenaBaTH IHPOPMAID Mik
elleMeHTaMH 1H)PaCTPYKTYPH, HAIIPUKIIAJ, MiXK €JIEKTPOCTAHIIISIMHA Ta MEPEXaMH
ynpapiiHHS. Y pasi cnpoOu mepexoruieHHs abo 3MIHM KBaHTOBHX CHUTHAJIIB,
CHCTEMa aBTOMATHYHO BHSBIISIE BTOPTHEHHS, LIO JO3BOJISIE MHUTTEBO BXKUTH
3axO7IiB ISl 3aXHUCTY JIAaHUX.

Kpim Toro, KBaHTOBI KOMITTOTEpH, X04 1 e HE CTaTd MAacOBUMH, OOIIIOTH
3MiHUTH JaHAamadt mudpysanHs. BoHn 31atHi BUKOHYBaTu OOYMCIICHHS, SIKI €
HETIOCHJIBHUMH JUTS KIIACUYHHUX KOMITFOTEPIB, BKIIIOYAIOUH 3JIOMY TPaJWLIiHHAX
meroniB muppysanHs. Tomy po3poOka HOBHX KBaHTOBHX QJITOPHTMIB JUIs
mMQpyBaHHs JaHUX € HaraJbHOI MOTPeOOO Ui 3a0e3NeYeHHs JOBIOCTPOKOBOT
0e3neKy KpUTHYHOI IHYPACTPYKTYPH.

BukopucmaHHs1 xMapHUX cepeicie 05151 po3nodinieHoi 6e3neku

XMapHi TEXHOJIOTI{ CTal0Th BCE OUTBII MOMYAAPHUMHE Y chepi KibepOe3neku
3aBOSKH CBOIM 3MaTHOCTI 3a0€3MEeYuTH THYYKICTh, MacImTabOBaHICTh Ta
posmoaineHy Oe3rnexy. XMapHi CepBiCH JI03BOJIAIOTH OpraHizauisMm 30epiratu Ta
00po0aATH MaHi B Oe3MEYHUX CEpeqOBHIAX, 3a0€3MeUy0un OJHOYACHO 3aXUCT
BiJ] KibepaTak.

OpHiero 3 KIIIOYOBHX II€peBar BHUKOPHUCTAHHS XMapHHUX CEpBICIB €
MOXJIMBICTh pealtizalii MexaHi3MIB pe3epBHOIO KOIIIOBaHHS Ta BiJHOBIICHHS
JaHuX. Y pas3i kibepataku 4m 30010 CHCTEMH JaHI MOXYTh OyTH IIIBHIKO
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BiIHOBJIEHI 0e3 3HaYyHMX BTpar. TakoX XMapHi TIpoBaiinepn 3a3BUYal
MIPOTIOHYIOTH MTOTYKHI 3aCO0H ISl BUABJICHHS 3arp03 1 MOHITOPHHTY O€3MeKH, 0
JIO3BOJISIE  OpraHi3allisiM 30CEpeIMTHCS Ha OCHOBHHMX Oi3Hec-Ipolecax,
3QJIMIIAIOYN YIIPABIiHHS 0€31eK0r0 (DaXiBIIIM.

Kpim Toro, XxMapHi TeXHOJOT'1] 3a0€31e4y0Th MOXKJIIMBICTh IIEHTPaJIi30BaHOTO
yHOpaBiiHHS 0€31eK010, 0 T03BOJISIE Pealli3yBaTH CITUTbHI CTPATeril 3aXUCTyY IS
BCIX MiZpo3AuTiB opranizamii. 1le m03BONsge€ BYaCHO BHSBISATH Ta pearyBaTé Ha
3arpo3H, MiJBHUILYIOYH 3aralbHII PIBEHb 3aXHUCTY KPUTUYHOI iHPPacTpyKTypH.

MpakTuyHi 3axoam WoAo0 NiABUMLLEHHSA PiBHA
KibepbGezanekm

B ymoBax mocTiifHO 3pocTarounx Kibep3arpos oprasizamii TOBHHHI BKUTH
NpaKTHYHI 3aXOAM ISl TiJBUIICHHS piBHS KiOepOe3neku CBO€i KPUTHUUHOT
iHppacTpykTypu. Cepen Halie PEeKTHBHIMIMX CTPATETiH MOXKHA BUNIITUTH €TUIHUH
XaKiHI, IHTErpario CUCTEM MOHITOPHHIY Ta pearyBaHHs Ha IHIWACHTH, a TAKOX
HaBuYaHHA nepconany (Mapymak, 2018).

Emud4Hull xakiHe ma mecmyeaHHs1 Ha MPOHUKHEHHS

ETnunuii xakidr, abo TecTyBaHHS Ha IPOHUKHEHHSI, € BAXJIUBOIO ITPAKTHKOIO
JUIT  BHUSBICHHA BpPa3IMBOCTE B CHCTEMax 1 Mepekax KpPUTHIHOL
iHppactpykrypu. Lleit minxin nependauae 3ayydeHHs CIIELIaNICTIB, sSKi MalOTh
TIEH31I0 Ha TECTYBaHHS CHCTEM OE3MEKH 3 METOI0 BHSBICHHA NMOTEHIIHHHUX
3arpo3 i HeJOJIKIB.

ETnuHi Xakepy BHUKOPHUCTOBYIOThH Ti X METOIH, IIO W 3JI0BMHCHHKH, IPOTE
ixHi i MalOTh 3aKOHHMI XapakTep 1 CpsSMOBaHi Ha MiBUILEHHS Oe3neku. Boxu
MOXYTh BHSIBUTH Ypa3JIMBOCTI B CHCTEMaX, SKi MOXyTb OyTH BHKOPHCTaHI
3JIOBMHUCHHKAMH JIJISI aTaK, 1 HaJlaTh PEKOMEH/IAIIIT 010 1X yCyHeHHs. PerymnspHe
NPOBEACHHS TECTYyBaHb Ha INPOHHKHEHHS IOIOMAarae MiATPUMYBaTH Oe3MeKy
CHCTEM Ha BHCOKOMY piBHI, a TakoX IiJBHILYE OOI3HAHICTh MPO IMOTEHIiHI
3arposu.

Leit mpouec He Jyuine J03BOJSIE BHUSBUTH BpA3JIMBOCTI, ane W copuse
CTBOPEHHIO KyJIbTypH Oe3mekn B opradizamii. IlinmpumeMcTsa, 1Mo akTHBHO
BIPOBa/KYIOTh €TUYHHUI XaKiHT, JEMOHCTPYIOTh FOTOBHICTbh A0 MPOAKTUBHOTO
3aXHCTy CBOiX CHCTEM i IaHHX.

IHmeepauia cucmem MOHIMOpPUH2Yy ma pea2yeaHHs1 Ha iHyudeHmu

[HTerparis cucteM MOHITOPHHTY Ta pearyBaHHS Ha IHIIUJIEHTH € KIFOYOBHM
esleMeHTOM 3abe3nedeHHs Kibepoesneku. Lle 1o3Bosie opranizanisM onepaTiBHO
BUSIBISITH Ta pearyBaT Ha 3arpo3u, 3MEHIIYIOUH 4ac pearyBaHHsI i 3a1o0iraioun
MOTEHIIHHUM 30MTKaM.

CucreMn MOHITOPWHTY 3a3BMYaii BKJIIOYAIOTH B ceOe aBTOMaTH30BaHi
pilIeHHS, SIKi BIACTEXYIOTh MepeKeBUi Tpadik, CHCTEMH YIPaBIiHHS JaHUMH Ta
1HIIT KPUTUYHI eTleMEHTH 1HPPACTPYKTYpH.
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OnHaK IPOCTO BUSIBICHHS 3arp0O3 HEIOCTaTHHO. BayKIMBO Tako MaTu 4iTKi
MPOIIEAYPH pearyBaHHSA Ha IHIWACHTH, SIKi JO3BOJIAIOTH OPTaHi3alisM IIBUAKO
pearyBaTH Ha 3arpo3H, 130JII0BaTH CKOMIIPOMETOBaHI CHCTEMU Ta BiJHOBUTH
HOpMalbHy poOoTy. PerymspHi TpeHyBaHHA [UIi KOMaHI pearyBaHHS Ha
IHIMAEHTH 3a0e3MedyIoTh TOTOBHICTh N0 Jil y pa3i peanbHoi araku (['onuap,
2017).

HaeyaHHs1 nepcoHasly ma nideuwieHHs1 Kyabmypu 6e3neku

OnuH 3 HaHOLIBIIMX PUBUKIB JUIs KibepOe3neku KpUTHIHOI iHQpacTpyKTypH
— 11e moackkuit hakrop. HemocraTas 00i3HaHICTE PO 3arpo3u Ta BPa3iHUBOCTI
MOXKE MPU3BECTU JI0 ITOMMUJIOK, SIKI MOXKYTh CTaTW MPUYMHOIO YCIHINIHUX aTak.
ToMy HaB4aHHS NEPCOHANTY Ta MiJBHIICHHS KyJIBTYpH O€3NEKH € HEeBil eMHOIO
YaCTHHOIO CTPATETIi 3aXUCTY.

Oprani3anii MOBHHHI PEryIsIpHO MPOBOTUTH TPEHIHTH JUIS CHIBPOOITHHUKIB 3
METOI0 TiJIBUIIEHHS 00i3HaHOCTI Tpo Kibep3arpo3u, Meroau GIMMHTY Ta
Oe3meyHe BUKOPHUCTaHHsA TexHONOTid. KpiMm Toro, HeoOXigHO BIPOBAIKyBATH
TIOJITHKY OE3TeKH, SIKi PeryIol0Th MMOBEIIHKY CHIBPOOITHUKIB y KiOepIpoCTOpi.

BUCHOBOK Ta nepcrneKTuBm
HeobxioHicmb MmixHapoOdHOI crniienpauyi e cghepi kibepbesneku

B cyuacHomy rmio0ami3oBaHOMY CBIiTi 3arpo3u KibOepOesmekn He 3HAIOTh
KOPJIOHIB. ATaKku Ha KpUTHYHY 1HQPACTPYKTYpY MOXKYTh OyTH iHiLlifioBaHi 3 Oy/ib-
K01 TOYKH CBITY, IO MIAKPECTIOE HEOOXITHICTh MIKHAPOMHOI CIIBIIpaIli IJIs
ixHpOro 3anobiranHs Ta pearyBaHHs. CHijbHI 3yCHJUIS JepiKaB, MIKHAPOTHHX
opraHizauiii i NPUBATHOTO CEKTOPY € KPUTHUYHO BaXKJIMBUMH JUIS PO3BUTKY
e(EeKTHBHUX CTPATErill 3aXMUCTy Ta 3MEHIICHHS BPa3JIMBOCTI KPUTHYHO BaXKJIHBOT
iHppacTpyKTypH.

ChiBmpamns MoXe BKJIIOYaTH OOMIH iH(OpMAIli€r0 PO 3arpo3u, CIUIBHI
HABYAHHS, PO3POOKY MIKHAPOJHHUX CTAHAAPTIB OC3MEeKH Ta KOOPIUHAIII0 i y
pasi xibepiHnuaeHTiB. CTBOpEHHS MIKHAPOJHHUX ANBSHCIB Ta MAPTHEPCTB, TAKUX
gk €Bponelicbke areHtcTBo 3 KibepOesneku (ENISA) i mporpamu HATO,
CBIIUYUTH TPO TOTOBHICTh JEpKaB JO KOJEKTUBHUX [iif y OopoTebi 3
kibeparakamu. Jluie uyepe3 CHiNbHI 3yCHIUIS MOXKIJIMBO JOCSTTH CTIHKOCTI 1O
Kibep3arpo3 1 3abesnmeynTH O€3MEKy KPUTHYHO BAXIMBUX  00'€KTIB
iHQPaACTPYKTYpH Ha TII00ATBHOMY PiBHI.

MaulibymHe kibep3axucmy Kpumu4HOT iHghpacmpykmypu

MaiibyTHe Kibep3axucTy KpuUTH4YHOI iH(pacTpykTypu Oyae BH3HauaTHCS
TEXHOJIOTTYHUM MPOTPECOM, PO3BUTKOM HOBHX 3arpo3 Ta HeoOXiTHICTIO aganTariii
JIO IIBUJIKO 3MIHIOBAHOTO CepeoBHUINa. [HHOBAIIT B TaTy3i IITYYHOTO iHTEIIEKTY,
OsoKUeliHy, KBAHTOBUX TEXHOJIOTIM Ta XMapHUX CEPBICIB OOIISIOTH ITiIBHITUTH
piBeHb 3aXHCTy MAaHUX 1 CHCTEM, IMPOTE pPa3oM 3 THM BiJIKPUBAIOTh HOBI
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MOXKIJIUBOCTI JJIs 3JIOBMHCHUKIB.

Kpim Toro, migBuimieHa yBara 10 MATaHb KibepOe3NeKH B CBITOBIi MOMITHIII,
a TAKOX YCBIJIOMJICHHSI BaXKJIMBOCTI 3aXUCTY KPUTHYHOI iHQpACTPYKTypH 3 OOKY
ypamiB i Oi3HECY CTBOPIOIOTH MO3UTHUBHUHM (OH Ui PO3BUTKY e(EeKTHBHHUX
3axo0fiB 3aXMCTy. BaknnBo, mo06 oprasizamii He JHIIe pearyBajd Ha iCHyrodi
3arposu, aje i MPOaKTUBHO IIyKAJIX HOBI PillICHHS A7 3a0e3meueHHst Oe3IeKH.
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Purpose. The article aims to explore the characteristics, development prospects,
and possible threats associated with Internet of Things (loT) technologies. With loT
rapidly integrating into multiple industries, understanding both its advantages and
risks is crucial for future advancements. Design / Method / Approach. This
research adopts a conceptual approach, analyzing selection of literature, case
studies, and industry reports to synthesize the current state of l1oT technologies.
The study highlights technological developments, emerging applications, and
possible security threats in different fields. Findings. The study reveals that loT is
driving innovation and efficiency across industries, including healthcare,
manufacturing, and smart cities. However, it also underscores significant
challenges, such as cybersecurity risks, data privacy concerns, and regulatory
gaps that may hinder widespread adoption. Theoretical Implications. The
research contributes to the theoretical understanding of IoT by addressing the need
for comprehensive models that account for both the technological growth and the
potential risks loT poses, particularly in the context of security and ethical
considerations. Practical Implications. For practitioners, this study offers
actionable insights on deploying IoT solutions securely and effectively, with an
emphasis on risk management. The findings also inform on how to develop
regulations that ensure safe and sustainable loT adoption. Originality / Value. This
paper provides a balanced overview of loT's potential benefits and inherent risks,
offering a unique contribution by integrating various perspectives from technology
development to societal implications, while addressing underexplored areas of loT
security. Research Limitations / Future Research. The study is limited by its
reliance on secondary data sources. Future research could involve empirical
investigations into the practical implementation and long-term effects of loT
technologies in specific sectors. Paper Type. Conceptual.
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As IoT becomes an integral part of sectors such as healthcare, manufacturing,
and smart cities, it is crucial to understand not only its benefits but also the risks
and challenges associated with its widespread adoption. One of the key issues that
emerges is the vulnerability of IoT systems to cybersecurity threats, data privacy
concerns, and gaps in regulatory frameworks, all of which can impede further de-
velopment and safe implementation.

Despite the growing body of literature on IoT, many aspects remain underex-
plored. Previous research has extensively examined the technological potential of
IoT and its applications across various industries, yet there is a significant gap in
understanding the security implications and long-term sustainability of these sys-
tems (Atzori et al., 2010). This research aims to address this gap by providing a
balanced overview of IoT technologies, focusing on their unique characteristics,
development prospects, and the potential threats that they pose. The study synthe-
sizes existing knowledge while offering new insights into the theoretical and prac-
tical implications of [oT deployment, particularly in terms of risk management
and policy development.

The structure of this article is organized as follows. The next section presents
a detailed literature review, summarizing key findings and identifying gaps in the
current research. This is followed by a conceptual analysis of IoT technologies,
focusing on their technical features, potential applications, and the associated
risks. The article then discusses the theoretical and practical implications of the
research, offering recommendations for industry professionals and policymakers.
Finally, the conclusion outlines the study's contributions and suggests directions
for future research, emphasizing the need for empirical studies to further explore
the challenges and opportunities presented by IoT.

Literature review

The Internet of Things (I0T) has emerged as a transformative technology, of-
fering substantial advancements across various sectors. In industries such as
healthcare, manufacturing, agriculture, and smart cities, [oT facilitates real-time
data processing, automation, and improved operational efficiency. For instance, in
the healthcare sector, [oT technologies have enabled enhanced patient monitoring
and remote diagnostics, as noted by Williams in his 2018 study "The Impact of
IoT in Modern Healthcare." Similarly, in the manufacturing sector, loT-driven au-
tomation has improved predictive maintenance and supply chain management, as
highlighted by Gupta in the paper "IoT in Smart Manufacturing Systems" (2019).

While the benefits of IoT are clear, the associated risks have become a focal
point of recent studies. One major concern is the growing threat of cybersecurity
breaches, as [oT devices often operate without sufficient security measures. Chen
and Liu, in their 2021 work "Cybersecurity Vulnerabilities in IoT: A Growing
Concern," discuss how weak encryption and lack of authentication protocols have
made IoT systems particularly vulnerable to cyberattacks.

Despite the extensive research on IoT’s potential, there remain significant
gaps in understanding its long-term security implications. In particular, few stud-
ies have empirically analyzed how security threats evolve as IoT networks scale.
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Brown's 2022 review, "Securing IoT Networks: A Call for Empirical Studies,"
emphasizes the need for large-scale studies to better comprehend the real-world
risks. These gaps highlight the necessity for more comprehensive research into
securing loT systems while ensuring their sustainability and growth (Miorandi et
al., 2012).

This study seeks to address these gaps by providing a balanced analysis of
IoT technologies, focusing on both the potential benefits and the risks, particularly
concerning security challenges. By building upon the existing literature, this paper
aims to contribute valuable insights into IoT’s development prospects, practical
implications, and the future direction of IoT security research.

Conceptual analysis of loT technologies

The Internet of Things (IoT) comprises a network of interconnected devices that
communicate with each other through the internet, enabling real-time data collec-
tion, processing, and decision-making. The foundation of [oT lies in the seamless
integration of hardware (sensors, actuators, and devices) and software (cloud com-
puting, data analytics, and machine learning).

10T devices \ Metwark \

7 components
Users of an loT ecosystem Security
D
B |[. & |, ?
Application The claud Gateway

& emmoirer

Figure 1 — An Example of IoT ecosystem (Source: Shamrei, 2023)
Technical features

IoT systems are characterized by several key technical features. First, con-
nectivity enables devices to communicate and transfer data through protocols such
as Wi-Fi, Bluetooth, and 5G networks. Sensors play a critical role by gathering
environmental data, such as temperature, humidity, or motion, which is then pro-
cessed by edge computing systems to make faster decisions closer to the source
of data collection (Shamrei, 2023). Meanwhile, cloud computing ensures that vast
amounts of data can be stored and processed efficiently. The use of artificial
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intelligence (AI) and machine learning (ML) allows IoT systems to become more
adaptive by identifying patterns in data and making predictive analyses (Presciut-
tini et al., 2024).

Potential implementation

The applications of IoT technologies are broad and span various industries:

— Smart cities. IoT enhances urban infrastructure by optimizing traffic flow,
managing energy consumption, and monitoring environmental conditions. Smart
lighting systems and waste management powered by IoT have been successfully
implemented in cities like Barcelona and Singapore (Whaiduzzaman et al., 2022).

— Healthcare. IoT devices in healthcare, such as wearable health monitors,
provide real-time data on patients’ vital signs. This allows for remote diagnosis
and personalized treatment plans, improving overall patient care (Wakili &
Bakkali, 2024).

— Agriculture. IoT sensors in precision farming monitor soil conditions, crop
health, and weather patterns, leading to improved crop yields and more efficient
resource management (Gilchrist, 2016).

Health
Monitor Transport

v

= s
Smar Smart
Factories Farming

Figure 2 — Application of IoT supporting a variety of industries
(Source: Whaiduzzaman et al., 2022)

Associated risks
Despite these advances, 10T is fraught with significant security risks. Cyber-

security vulnerabilities are a major concern as many loT devices lack robust en-
cryption and authentication measures, making them vulnerable to hacking, data
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breaches, and Distributed Denial of Service (DDoS) attacks (Campos et al., 2016).
Data privacy is another issue, with sensitive information being collected and
stored by IoT systems, often without adequate user consent or regulatory over-
sight. Moreover, interoperability challenges arise when different loT devices and
platforms are not compatible, creating bottlenecks in large-scale deployment (Mo-
hanta et al., 2020).

Theoretical and practical implications

The research into IoT technologies presents both theoretical and practical im-
plications.

On the theoretical front, the study of IoT opens up discussions on the integra-
tion of complex networks, security protocols, and ethical considerations regarding
data privacy. One of the major theoretical contributions is the need to develop
comprehensive models that can address the security vulnerabilities inherent in IoT
systems. Current models tend to focus on the benefits and functionality of IoT, but
this research highlights the importance of incorporating security and ethical di-
mensions into the design of IoT systems from the ground up (Campos et al., 2016).

On the practical side, [oT technologies offer significant opportunities for
businesses, governments, and industries. In sectors such as healthcare and manu-
facturing, IoT has already led to cost savings, improved efficiency, and better de-
cision-making. However, the research underscores the practical need for industry
professionals to implement strong cybersecurity measures and work closely with
policymakers to establish regulatory frameworks that protect data privacy and en-
sure the safe use of IoT devices (Gilchrist, 2016).

Conclusion

This research highlights the significant potential of Internet of Things (IoT)
technologies to transform industries such as healthcare, manufacturing, and smart
cities by improving automation, efficiency, and decision-making. The study has
demonstrated that IoT is driving innovation, yet its widespread adoption is hin-
dered by critical security and privacy challenges (Miorandi et al., 2012).

One of the key contributions of this research is its focus on the cybersecurity
vulnerabilities inherent in IoT systems. Weak encryption and insufficient security
protocols leave [oT devices exposed to cyberattacks, raising concerns about data
privacy and system integrity. As IoT ecosystems continue to grow, addressing
these security issues will be crucial for the safe and sustainable deployment of IoT
solutions (Campos et al., 2016).

This study contributes both theoretically and practically. The theoretical in-
sights emphasize the need for comprehensive models that account for IoT’s tech-
nological development while integrating robust security measures and ethical con-
siderations. These models must be flexible enough to accommodate the rapid evo-
lution of IoT technologies (Mohanta et al., 2020). Practically, the findings offer
actionable recommendations for industry professionals, particularly in adopting
secure [oT frameworks and collaborating with policymakers to develop effective
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regulatory standards. Industry players must prioritize the development of security-
first solutions, ensuring that cybersecurity is considered from the earliest stages
of IoT system design and deployment (Kim et al., 2017).

The findings provide a foundation for future research, which should focus on
empirical studies assessing the real-world implementation of IoT technologies,
especially regarding their long-term impacts on cybersecurity, privacy, and regu-
latory compliance (Mekala et al., 2023). Future research should also explore
emerging trends in IoT, such as the integration of artificial intelligence (Al) and
machine learning (ML), and how these innovations may affect the security land-
scape. This will ensure that IoT’s expansion continues in a secure and sustainable
manner, benefiting industries and society at large (Presciuttini et al., 2024).
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by Mathematical Simulation
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Purpose. The purpose of the article is a comprehensive study of modern methods
of mathematical modeling of network threats and attacks, as well as studying their
effectiveness. Design / Method / Approach. The research uses mathematical
methods such as probability theory, game theory, graph models, and statistical ap-
proaches to build models that allow to reproduce the dynamics of threats in real
networks. The methodology is based on modeling various attack scenarios, affect-
ing information security. Findings. The study showed that mathematical models
do not allow analyzing complex network processes, predicting the emergence of
new threats and identifying vulnerabilities in networks. Using these models makes
it possible to create precise algorithms to prevent attacks, which in turn achieve
the reliability and security of the network infrastructure. Theoretical Implications.
The research contributes to the development of theoretical knowledge about the
application of mathematical methods in cyber security, especially in the conditions
of the constant expansion of network threats. The models presented in the work
offer new ways of assessing risks and analyzing attacks. Practical Implications.
The proposed approaches can be used by network administrators and cyber se-
curity specialists to develop effective strategies for protecting information systems.
Mathematical modeling allows not only to analyze existing threats, but also to pre-
dict the emergence of new ones. Originality / Value. The article is distinguished
by its originality due to the integration of various mathematical approaches in the
study of network threats. This research provides a unique opportunity to gain a
deeper understanding of the nature of cyberattacks, making it a valuable resource
for security professionals. Research Limitations / Future Research. The study
has a limitation related to the fact that the presented models apply only to certain
types of network threats. In future research, it is advisable to extend these models
for other forms of attacks and explore the possibilities of their integration into dif-
ferent systems. Article type. Review of Methods.
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The work considers some basic methods of mathematical modeling, namely
stochastic models, game theory and graph theory. Other techniques, such as neural
networks or artificial intelligence techniques, were excluded not because they
have no value, but because this study focuses on more established mathematical
approaches. These approaches provide a strong theoretical foundation and are eas-
ier to integrate into existing cybersecurity systems without requiring complex
computing resources. Mathematical modeling is a key tool in cyber security, as it
allows creating abstract models of real network processes and, ultimately, better
understanding attack mechanisms and developing strategies to prevent them.
Among the main research methods that will be considered are stochastic models
used to describe random processes in networks; probability theory for analyzing
the probabilities of random events in networks; game theory, which models con-
flicts between attackers and defenders in the form of a game; and graph theory,
which analyzes the structure of a network, particularly its nodes and connections.

Also, the study will be devoted to the simulation of DDoS type, which is one
of the most progressive and destructive cyber threats. The use of mathematical
approaches makes it possible to better check the mechanisms of such attacks and
identify their weak points. Next, mass service theory techniques will be presented
to analyze request flows that exceed normal downloads, as well as stochastic mod-
els to help estimate the probability of a successful attack. This will help to under-
stand the system of behavior during an attack and develop effective defense strat-
egies.

It will also explore the application of game theory, which is ready to model
the interaction between the attacker and the defender as a strategy that allows
finding optimal solutions for both sides. The models used in this study allow not
only to better understand the nature of cyber threats, but also to develop new, more
effective strategies for protecting network systems, which have important practi-
cal significance for modern information technologies.

Objectives and Tasks

The purpose of this research is to explore mathematical modeling techniques
for assessing and mitigating network threats, with a particular focus on DDoS at-
tacks. The main tasks are as follows. Overview of basic mathematical modeling
techniques such as stochastic models, probability theory, game theory, and graph
theory. Simulation of DDoS attacks and assessment of their impact on the net-
work. Evaluation of the applicability of mass service theory for network traffic
analysis during attacks. Development of models using game theory to simulate
the interaction between attackers and defenders. Creation of effective defense
strategies based on the proposed models.

Materials and Methods

The work uses several methods of mathematical modeling, in particular:
Stochastic models for estimating random processes in networks, such as traf-
fic fluctuations during attacks.
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Probability theory for analyzing the probabilities of various threats.

Game theory for modeling conflicts between attackers and defenders in the
form of a mathematical game.

Graph theory for analyzing the structure of networks and identifying critical
nodes and paths that may be vulnerable to attacks.

Mass service theory methods for analyzing the impact of large volumes of
requests during DDoS attacks.

Basic methods of mathematical modeling

As is known from various sources, quite different mathematical approaches
are used to model network threats. They can usually reproduce some abstract mod-
els of real network processes. It is clear that they help to better understand attack
mechanisms and develop effective strategies to prevent them. I will give some
examples of the main methods of mathematical modeling.

Stochastic models. They are used to describe random processes in networks,
which may include communication interruptions, abnormal delays, or other ran-
dom situations. I would like to point out that these models cannot be analyzed, in
case random factors can affect the operation of the network and the preparation of
attack scenarios. It is worth noting that stochastic models are particularly useful
for studying dynamic processes, such as fluctuations in network traffic during at-
tacks, which usually cause random or variable intensity of attacking actions. They
also help conditionally predict how the network will behave in random scenarios
and how it can be minimized.

Analysis of the system using state transitions aimed at identifying the intru-
sion has the advantage that it is independent of the signature analysis and is formed
on individual transitions of the system. It is more effective especially if there is a
modification of intrusions with a known signature (JlurBuHoOB et al., 2018).

The theory of probabilities. It is one of the most advanced mathematical ap-
proaches for the analysis of random events in networks.

Game theory. Used to simulate conflicts between an attacker and a defender
as a game with two players. It allows you to simulate different options of attacks
and determine the most likely strategies of attackers. It is entirely up to defenders
to predict the actions of attackers and build optimal methods of protection.

Graph theory. Investigates the structure of a network in which the elements
are various components, such as servers, routers, computers, and the connections
between them are already data transmission channels (Ilerpux & [lyGposiH,
2021).

It is worth noting that each of these mathematical methods will help us to
better understand attack mechanisms and develop effective strategies to protect
network systems from threats.

Simulation of a DDoS attack

Let's consider what a DDoS attack is. Distributed Denial of Service is a cer-
tain type of cyberattack in which attackers try to overload a network system with
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many requests, making it inaccessible to ordinary users. It is clear that different
mathematical approaches are used to model such attacks, which allow us to better
define the mechanism.

Let's consider some approaches.

Theory of mass service. This approach is used to model processes in systems
that process a large volume of requests. In the context of DDoS attacks, the theory
of mass serving allows us to analyze how request flows significantly exceeding
the normal load can cause the system to fail.

In a DDoS attack, a system that was designed to handle requests from legiti-
mate users suddenly stops doing so, or does so with significant back-ups, equiva-
lent to a denial of service (I'opoGers et al., 2023).

Among the main factors that are considered in such modeling are the speed
of the system response, the number of attackers and, of course, the traffic intensity.

Consider stochastic models. Stochastic models are used to analyze random
processes occurring during the attack itself. They can estimate the probability of
load distribution and the probability of a successful attack.

Thus, mathematical models help to better understand the behavior of the sys-
tem during a DDoS attack and effectively defend against them, predicting the con-
sequences and developing protection strategies.

Simulating attacks using graphs

Note that graph theory provides us with a powerful tool for modeling and
analyzing network attacks. They represent networks as graphs, where nodes are
servers, routers, or other infrastructure elements, and edges are data channels. This
approach makes it possible to simulate attacks, assessing their impact on the net-
work and identifying vulnerabilities.

Let's consider the main aspects of simulating attacks on graphs: Identification
of critical nodes and paths. With the help of graphs, you can configure critical
points in the network. If these elements are attacked, the effect on the network will
be the most destructive (Xasep & Cauenko, 2023).

Analysis of threats such as data interception or modification. By simulating
attacks, it is possible to assess which parts of the network are most favorable for
data interception or data modification.

Simulating attacks to identify vulnerabilities. With the help of graph models,
it is possible to simulate various types of attacks - DDoS, data interception, routing
attacks, etc. These are individual nodes or edges that are most at risk.

Defense strategy. After identifying vulnerable network elements, strategies
can be developed to protect them. This may include isolating key nodes, reserving
data transmission channels, and simulating an attack using graphs.

Using game theory to analyze attacks

It is clear that game theory provides us with a powerful tool for modeling and
analyzing the interaction between an attacker and a defender in a system. This
approach allows you to consider time as a mathematical game, where the player
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has his own goals and strategies.

Game simulation. In this context, the game consists of two main players: the
attacker and the defender. An attacker aims to penetrate or disrupt a system, while
a defender aims to prevent such attacks and ensure the security of the system. Each
player chooses strategies to achieve their goals (Sluenko et al., 2022).

An attacker can choose different methods of attack, while a defender has
many defense options, from changing access policies to implementing new tech-
nologies.

Analysis of Nash equilibrium. This analysis is a key aspect in this context. A
Nash equilibrium is reached when one of the players cannot improve his outcome
by changing his strategy while the other players' strategies are fixed. This allows
you to determine the optimal strategies for both pages. In cases with attacks, Nash
equilibrium analysis allows strategies to be set up that maximize the probability
of a successful attack for the attacker while providing the best defense for the
defender.

Mixed strategic planning. This is one of the approaches to the optimization
of the defense strategy is the use of mixed strategies. The defender can change the
access or routing policy in a way that complicates the attacker's task. For example,
the defender can immediately change the network configuration, use different au-
thentication methods, or implement new intrusion detection systems
(KopooeitnikoBa & Lap, 2023).

This creates a dynamic environment where attacks remain less predictable,
making them more difficult to implement.

In general, the use of game theory in attack analysis can better understand the
available attack scenarios and accordingly achieve a defense strategy, creating a
system that is more resistant to the threat.

Forecasting threats using statistical methods

Let's consider some key aspects.

Data collection is the first stage of large amounts of data about network traf-
fic, system events, and user activity.

Data analysis is the second stage. In this step, mathematical statistical meth-
ods, in particular machine learning methods, are used to analyze this data. One
popular approach is to use algorithms to detect anomalies that may indicate a
threat. For example, clustering techniques can help divide data into groups where
normal traffic will be separated from abnormal traffic.

Modeling is the third stage, where models that learn from historical data are
created to predict possible threats. Regression analysis allows you to assess how
various factors can affect the probability of a threat (Memxos, 2023).

Early warning is the fourth stage, where the results of modeling and design
analysis are used to create an early warning system. This allows you to detect any
threats in time before they lead to serious consequences. Such systems can auto-
matically generate alarms or even initiate automatic measures for protection.

Adaptation and improvement are the fifth, last stage. Over time, as more data
is collected and new types of threats emerge, the models can be updated and



178 Challenges and Issues of Modern Science, 3 (2024)

refined to improve their accuracy and effectiveness. Regular retraining of models
for new data supports maintaining their relevance and adaptability to new threats.

There is a reason to claim that it is practically impossible to get rid of the
destructive influence of cyberattacks. However, certain general methods for miti-
gating their negative consequences are proposed (Tomtona et al., 2021).

Thus, statistical methods create a powerful tool for forecasting and early de-
tection of threats that allow organizations to respond to your attacks in time and
reduce risks to their information systems.

Results

The main results of this study are the following.

Development of new models based on stochastic processes for analysis of
threats in networks and simulation of DDoS attacks. A personal contribution arose
in the integration of mass service methods for traffic simulation during attacks,
which allows more accurate assessment of the impact of congestion on network
resources.

Using graph theory to model network attacks and identify critical points in
the network structure. This work offers new approaches to identify bottlenecks
and vulnerable network components that may be particularly vulnerable during a
cyber-attack.

Analysis of the interaction between the attacker and the defender using game
theory. A new model has been proposed that treats attack and defense as a strategic
game where both sides can make optimal decisions based on mathematical mod-
eling. This makes it possible to better predict the possibilities of action of the at-
tacking side and optimize defense strategies.

Application of mass service theory to evaluate the effectiveness of network
resources during reboot attacks. The analysis of the behavior of the network under
load has been updated due to the introduction of new traffic estimation models
that go beyond normal operating conditions.

Conclusion

So, after conducting an analysis and working on this topic, it can be stated
that mathematical modeling is a powerful tool in the field of cyber security, and
its application for analyzing and countering attacks will significantly strengthen
the protection of information systems. This paper presents four key methods of
mathematical modeling, each of which plays an important role in the development
of security strategies.

First, modeling a DDoS attack allows you to study in detail the mechanisms
and impact of such attacks on systems and networks. The author's contribution
turns into the use of bulk service theory for a detailed analysis of network behavior
during reboot attacks. This provides new insights into how denial-of-service at-
tacks affect system resources and performance.

Secondly, modeling attacks using graphs allows you to visualize and analyze
the structure and dynamics of attacks. New methods of assessing bottlenecks and
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vulnerabilities in networks have been proposed to help design critical components
that require special protection. This innovation achieves the accuracy and effi-
ciency of network threat analysis.

The third important aspect is the use of game theory to analyze attacks. Game
theory allows modeling the interaction between attackers and defenders as a game
where each side tries to optimize its strategy. A personal contribution in this area
works in the development of a new game model that allows you to place optimal
defense strategies in the conditions of different attack scenarios.

Finally, is the prediction of statistical threats using methods. Statistical anal-
ysis of historical data on attacks and threats allows you to identify trends and the
probability of the appearance of new threats. The contribution comes precisely in
the integration of these methods to create accurate models for predicting threats
and implementing proactive protection measures.

Thus, approaches to cyber threat modeling are proposed in the work to pro-
vide a comprehensive view of the problem and it is possible to create more accu-
rate and effective protection strategies, develop new security technologies and en-
sure reliable protection of information systems in the conditions of a complex and
dynamic cyber environment.
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Anani3 poni nigpepa y sabeaneueHHi ycnixy
NPOEKTY: CTUINb, ABANTUBHICTb TA €MOLIMHUM
iHTenekKr

Aaniin A6pamos ', FOnia Ctaclok

Purpose. The purpose of this paper is to explore the critical role of leadership in
ensuring the success of a project. It aims to analyze how various leadership styles,
skills, and strategies contribute to effective project management, team cohesion,
and the achievement of project goals. The study seeks to highlight the direct and
indirect ways in which a leader influences project outcomes and how leadership
adaptability can address challenges faced in different phases of project implemen-
tation. Design / Method / Approach. The research employs a qualitative ap-
proach, examining existing literature on leadership in project management. Find-
ings. The findings suggest that leadership plays a decisive role in project success.
The ability of a leader to adapt to unforeseen challenges, manage team dynamics,
and make informed decisions under pressure is crucial. The study also emphasizes
the importance of emotional intelligence in leadership, especially in maintaining
team morale and motivation. Theoretical Implications. This research contributes
to the theoretical understanding of leadership in project management by providing
a framework that links leadership styles to specific project success factors. It rein-
forces existing theories of transformational and adaptive leadership, while also pro-
posing new insights into the significance of emotional intelligence and decision-
making agility in project environments. Practical Implications. For project man-
agers and organizations, this study offers practical guidance on how to develop
leadership capabilities that enhance project success. Training programs that focus
on emotional intelligence, communication skills, and adaptability are recom-
mended for project leaders. Moreover, organizations are encouraged to foster a
culture that supports continuous learning and leadership development. Originality
| Value. The originality of this paper lies in its comprehensive analysis of leadership
in diverse project environments. The value of the study extends to both academic
and practical applications, offering actionable insights for improving project leader-
ship. Research Limitations / Future Research. The study is limited by its quali-
tative nature and the specific industries from which data were collected. Future
research could expand the scope to include quantitative analysis and explore lead-
ership in different cultural and organizational contexts. Paper Type. Review Paper.
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VY cydacHHMX yMOBax HIBHAKOTO PO3BUTKY TEXHOJOTIiH, rimobaizamii Ta moc-
TIHHUX 3MiH Ha PUHKY, YCIIIIHE YIPaBIiHHSI MPOEKTAMH CTa€ JeAaji BaXKIHBi-
MM JJTs IOCSTHEHHS CTPATerivuHuX Iiel opranizaiiii. OJHUM i3 BUPIIIATbHUX
(hakTOpiB yCIiXy OYIb-IKOTO MPOEKTY € e(eKTHBHE JigepcTBO. Jlizep mpoexTy Bi-
Jrpae KIII040BY pOJb Y KepyBaHHI KOMaHI010, 3a0e3Me4eHHI pecypciB, yXBaJeHHI
CTpaTeTiYHUX pilleHb Ta TOMOJIAHHI MEPEIIKOI, [0 BUHUKAIOTh y MPOIECi peai-
3amii npoekty (I'puabko, 2023).

[Ipore, He3BaXkarOuM Ha BU3HAHHS Ba)XKJIMBOCTI JIiJIEpCTBA, iCHYE HelOCTar-
HBO JOCIIKEHb, [0 KOHKPETHO 30CepeHKeH] Ha BIUTUBI Pi3HUX JIiAEPCHKUX CTH-
JIiB, HABUYOK €MOLIIHOTO 1HTEJIEKTY Ta aIallTUBHOCTI Ha pe3yJIbTaTUBHICTH MPOE-
kTiB (Eagly & Johannesen-Schmidt, 2001; Lyons & Schneider, 2009; Fischer &
Sitkin, 2023; Piwowar-Sulej & Igbal, 2023). Kpim Tor0, aKTyaJpbHUMH 3auila-
I0TBCSI IUTAHHS, SIK JIJIePH MOXYTh ¢()eKTUBHO KOMYHIKYBAaTH 3 KOMaHAAMH Ta
a/IanTyBaTUCS 10 3MiH, 0COOJIMBO Y KPHU30BUX CUTYaLlisIX, IO YaCTO BUHUKAIOTH Yy
MPOEKTHIN MiSITBHOCTI.

MeTa Ta 3aBgaHHA gocnip>XeHHA

Mertoro HOCTiKEHHS € aHaJi3 poii Jiaepa y 3a0e3MeueH i YCIiXy MPOEKTY,
a TaKOX JIOCJIIJPKEHHS! BIUTUBY JIiIEPCHKUX HABMYOK Ha PI3HHUX eTanax ynpaBiHHs
NpoeKTOM. JIOCHiKEHHS CIIPsIMOBAaHE HA BUBYCHHS CTpATeETiil, 0 JO3BOJIAIOTH
JigepaM e(eKTHBHO KepyBaTH KOMaHIaMHU Ta AOCATaTH MOCTABJICHHX IIJICH Ha-
BiTh 32 YMOB HEBU3HAYEHOCTI.

JAnist NOCSTHEHHST METH AOCIIKEHH 0yi10 chOpMYIbOBAHO TaKi 3aBAaHHs:

— JloCHiouTH BIUTMB Pi3HUAX CTHIIIB JIiJEPCTBA HA YCIIX IPOEKTY.

— IIpoananizyBaTu poib €MOIIITHOTO iHTENEKTY Y MiATPUMaHHI MOTHBAIIIT Ta
3ryPTOBAHOCTI KOMaHIH.

— BuBumMTH, SIK aIaNTHBHICTS JIiiepa BIUTMBAE HA 3AaTHICTh MMOAOJIATH Hele-
pendaveHi BUKIAKH.

— PosmsiHyTH cTparerii nigepiB Ui epeKTUBHOIO yNpaBiIiHHS IPOEKTOM B
YMOBAXx 3MiH Ta KpH3.

MeToponoria

JlocnimKkeHHsl, IpUCBsIYeHE aHaJIi3y podIi Jiiiepa y 3abe3redeHHi yCixy npoe-
KTy, 0a3yeTbcsl Ha SKICHUX METOJax MOCIHIIKeHHS, 10 JO3BOJISIIOTH OTPUMATH
mOOKe PO3yMiHHS KITFOUOBHX ACTIEKTIB JIiIepCTBa Ta HOTO BIUIMBY HA Pi3Hi eTanu
MPOEKTHOTO YNpaBiiHHA. Y mporeci poOoTH Oyiy BUKOPHCTaHI TaKi METOIM:

1. O HayKoBOi JliTepaTypH 3 TEMATHKH JIiIEPCTBA, EMOLIIITHOTO iHTETIEKTY,
CTHJIIB KEPIBHUITBA Ta IX BIUIMBY Ha YIPaBJIHHS IPOEKTAMH, 110 3a0e311e4nB Ha-
yKOBY 0a3y JJIsl MOAaIbIIOro aHai3y,

2. Y npoueci AOCIiKeHHs TPOBOAMBCS NOPIBHSUIBHUN aHalli3 pI3HUX CTUIIIB
migepcTBa (TpaHCPOPMAIIITHOTO, TPAH3AKI[IHHOTO Ta CUTYaTHMBHOTO) JJIsSI BUSIB-
JIeHHs! TXHBOTO BIUIMBY Ha yCHIIIHICTH MpoekTiB. OcobnamBa yBara npuaissiiacs
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TOMY, SIK KOXXEH CTHJIb BIUIMBAa€ HA €()EKTHBHICTh KOMaH/H, MOTHBALIIO MPaLliB-
HUKIB Ta 3[aTHICTB JTOCSATATH MOCTABJICHHUX IIiJIeil B yMOBaX 0OMEXEHUX pecypcCiB
Ta 3MiH,

3. AHami3 BIUIHBY €MOIIITHOTO {HTEJEKTy BKIIOUAB TOCIIIKEHHS POJi eMO-
LIHOTO 1HTEJNEKTY Y MiATPUMaHHI poOo4oi aTMocdepH, 31aroKeHOCTI KOMaHAN
Ta YIPaBIiHHI CTPECOBUMH CHTYAIlisIMH,

4. Ha ocHoBi 3i06panoi iHdopmarrii Oymo mpoBeIeHO CHCTEMaTH3aIlIo Ta y3a-
rajJbHEHHS IaHUX 3 METOI0 (hOPMYITIOBAHHSI BUCHOBKIB, 1110 JOTIOMOIYIO 00'€THATH
TEOPETUYHI Ta NPAKTHYHI aCHEKTH TOCIIDKSHHS U1l CTBOPSHHS €JMHOT KOHIICT-
i e(h)eKTUBHOTO JIiIepCTBA B YIPABITiHHI IIPOEKTAMH.

Bukopuctani MeTonu HoCHiKeHHS 3a0e3mednny BceOiuHui anai3 poi Ji-
Jepa y NMPOEKTHOMY MEHEKMEHTI, & TaKoX HaJalld MOXJIUBICTH PO3POOHTH
MPaKTUYHI PEKOMEHIAMIT TS MiIBUIICHHS e()eKTHBHOCTI JiIEpCTBA B CYYacHUX
YMOBaX.

Ponb nigepa y 3abeanevyeHHi echeKTUBHOro
ynpasniHHA NPOEKTOM

JlizepcTBO € OIHMM i3 KITFOUOBHX ACIIEKTIiB YIIPABIIHHA MIPOEKTAMH, SIKE Oe3-
MOCEPEIHBO BIUIMBAE HA e()EKTUBHICTh BUKOHAHHS IPOEKTHUX 3aBIaHb, 3TypTO-
BaHICTh KOMaHIW Ta NOCATHEHHs Bu3HadeHWX miyei (Ghorbani, 2023). Jlimep
MPOEKTY BUKOHY€E Oararo(yHKIIOHAJIbHY POJlb, OCKUIBKY BiH HE JIMIIE BU3HAYae
CTpaTeTiuHi HaIpsIMH PO3BUTKY, aje W Oe3rmocepe]HbO BIUIMBAE HA KOXKCH €Tall
JKUTTEBOTO LUKJY ITPOEKTY: BiJl IJIAHYBAHHS JI0 BUKOHAHHS Ta KOHTPOJO. Y Cy-
YaCHOMY IU(PPOBOMY CEPEAOBHINI 3MIHHMIIHUCS MiIXOIH 10 pOoOOTH, IO MiAKpec-
nroe BaxiuBicTh komanaHoi criBnpati (Hudoshnyk & Krupskyi, 2023). TIpoextHi
KOMaH]IM TeTIep YacTo IPAIIOIOTh Y BilganeHoMy a0o ribpumaHoMy (opmari, o
BUMArae Bij JiiiepiB epekTHBHOT KOOpAHHALliT Ta 3a0e3reueHHs Oe3nepepBHOT KO-
MyHiKaIlii uepe3 nugposi incTpymentu (Krasnokutska & Podoprykhina, 2020).

JlinepcTBO y KOHTEKCTI yIpPaBJiHHS MIPOEKTAMK MOXKHA BU3HAYHMTH SIK 3JIaT-
HICTh MOOLTI3yBaTH pecypcH i MOTHBYBAaTH KOMAaHAY IO IOCATHEHHS CILIBHOT
METH, BPaXOBYIOUH CKJIa/IHI 0OCTaBUHU Ta IOCTIHHI 3MiHU. Y cydyacHOMY nugpo-
BOMY CEpeJOBHIII JigepcTBo HaOyBae HoBux BuMipiB (Makedon et al., 2019),
OCKUTBKH PO3BUTOK TEXHOJIOTIH BIMArae BiJI JIiJiepiB HE TUIHKH THYYKOCTI Ta aia-
NTHUBHOCTI, ajie i e()eKTUBHOTO BUKOPUCTAHHS IU(PPOBUX IHCTPYMEHTIB AJIsl YII-
paBiiHHS npoekTaMu. Jlizepyu He MPOCTO KepyIOTh KOMaHI0I0, BOHH BIUIMBAIOThH
Ha PO3BUTOK MPOEKTY YePe3 CBOI pillleHHs, HABUYKW KOMYHIKallii, aanTHBHICTh
Ta 3/1aTHICTh MOTUBYBATH KOMAaH]y.

IcHyI0TH pi3HI CTHIII JIiAEPCTBA, SKi MOXYTh HO-Pi3HOMY BIUIMBATH Ha YCIIi-
IIHICTh NPOeKTY. TpaHchopMaliiiHe JiIepcTBO nependavyae HaAuXaHHS Ta MOTH-
Ballil0 KOMaHJIM Yepe3 criibHe OaueHHs 1iiei npoekty (Islami & Mulolli, 2020;
Mwita et al., 2023). Jlizepu 1IbOTO CTIIIIO HATAOTh OCOOMBE 3HAYCHHS 1H/IWBI-
JyaTbHAM NOTpebaM yJ9acHHKIB KOMAaHIH, CTBOPIOIOYM YMOBH IS iX 0coOuCTiC-
HOTro Ta npoeciiinoro 3poctanHs. Takuii mixXia 103BOISIE KOMAH/I IPALIOBATH 3
BHCOKOIO BiJIJaY€I0 Ta TBOPYICTIO.
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TpanzakuiiiHe yigepcTBO 0a3yeTbess Ha OOMIHI «YCIIX 38 BUHAropomy», e
Jiiepu 30CepeKyIOThCS Ha KOHTPOJI Ta OpraHi3allii BHKOHAHHS 3aBJaHb Yepe3
yiTKi iHCTpyKUii Ta owikyBanHs (Mwita et al., 2023). Takuii cTunp ynpasiiHHS
JTO3BOJISIE TOCSTTH BHCOKOI €(DEKTUBHOCTI B CUTYAIIisX, JIe TOTPiOHE TOTPUMAaHHS
CTaH/apTIB 1 IpoLenyp, OJHAK MOXe OyTH MEHII e()eKTHBHIM B YMOBAaX IIBHIKUX
3MiH Ta IHHOBAIIH.

CuTyaTHBHE JiIEPCTBO IOJATAE Y THYUKOCTI JIifiepa Ta HOro 34aTHOCTI 3Mi-
HIOBAaTH CTWJIb YIPABJIiHHS 3aJI€XKHO BiJ KOHKpeTHHX oOcraBuH (Podgorska &
Detko, 2023). Lleit migxin BuMarae Bix Jiepa IIHOOKOTO PO3YMiHHS AK iHAWBI-
JIyaJIbHUX XapaKTepHCTHK WICHIB KOMaH/U, TaK i HOTped MPOEKTY Ha Pi3HUX eTa-
max ioro peamizamii. Hanpukian, Ha erami IUIaHyBaHHSA MOKe OyTH MOTpiOeH
OLTBII AUPEKTHBHUH MiJXiJ], TOMAI SK ITiJ{ YaC BUKOHAHHS MPOEKTY MOXYTh OyTH
e(heKTHBHIII TEMOKPATUIHI METOIU YIIPABIiHHS.

BrumB nigepa NposBIISIETBCS Ha BCIX KIIIOYOBHX €Tanax MPOEKTY: IUIAHY-
BaHHsSI, BUKOHAHHS Ta KOHTPoJb. Ha erari mmaHyBaHHS Jifep Bixmosinae 3a gop-
MYITIOBaHHS YiTKUX IIiJIel, KOOpAMHALIIO Jiif KOMaHIU Ta po3nonin pecypceis. ITin
Yyac BHKOHAHHS JIIep MIATPUMYE poOOUHii TEMII, BUPINIy€e KOH(IIKTH Ta Hamae
KOMaH/1i 3BOPOTHUH 3B’5130K, a Ha €Talll KOHTPOJIIO — 3a0e3Meuye BUKOHAHHS IIPO€-
KTy Y BH3Ha4CHI TepMiHH Ta OromkeT. EQeKTUBHE MiIepCcTBO € KPUTHIHUM (hak-
TOpOM, 1110 Oe3rocepeIHbO BIUIMBAE Ha ycnix npoekty. Jlinep, sikuii oOupae npa-
BUJIbHUI CTHIIb YIIPaBIiHHS, 3AaTHHNA MOOLTI3yBaTH KOMaHy JUIsL IOCSTHEHHS BU-
3HAUEHUX PE3yJIbTATIB Ta a/IalTyBaTH CTPATETII0 MPOEKTY i/l BUKIMKH Cy4acHOTO
cepenosuma (Praise & Rapina, 2022).

EmMouiMHMM iHTenekKT i Moro sHa4YeHHA gna nigepa

Emouiiinuii intenexr (EI) Bimirpae BaxiauBy pojb y JiAEPCTBI, 0COOIUBO B
YMOBaX IPOEKTHOTO YIPABIIHHS, /1€ B3a€EMOJIS 3 KOMaH/IOI0 € KIIIOYOBUM (haKTo-
pom yemixy (Vivek & Krupskyi, 2024). EMomiiiHuii iHTEIEKT BU3HAYAETHCS 5K
37aTHICTD JIIOMWHK PO3Mi3HABATH, PO3YMITH Ta KOHTPOJIOBATH SK BIACHI €MOIIil,
TakK 1 emomii iHIMX Joxeit. J{ns nigepa, 0coONMBO y CKIaHUX 1 CTPECOBUX CHUTY-
alifx, ISl HaBUYKa € KUTTEBO BAXKIIMBOIO, OCKUILKH BOHA J03BOJISIE €(hDEKTHBHO
KepyBaTH HE TUIBKU CBOIMHU peakiiisiMHu, aje H CTBOPIOBATH MO3UTHBHY POOOYY
arMocdepy B KOMaHII.

OIHMM 13 TOJIOBHUX aCIEKTIB EMOLIHOIO 1HTENIEKTY € eMOLiiHa i ITPUMKa
xomanau. Jlinep, sikuit Bononie Bucokum pisHeM El, 3mareH BuacHO posmisHaTH
O3HAK{ CTPECYy YW HAMPYXEHOCTI cepes WICHIB KOMaHAW Ta HaJaTH HEOoOXiTHYy
ninrpuMky (Lesskos, 2024). Ile moxe OyTH 1ornoMora y BUpIIIEHHI KOHQIIIKTIB,
HaJlaHHS eMOIlIfHOI cTaOIMFHOCTI B KPH30BHX CHTYAIlisfiX a0 ) MOTHBAIlS KO-
MaH/M y TIepiojy craay MpoxyKTUBHOCTI. EMoniitHa migrpuMka nifepa Ge3mnoce-
penHBO BIUIMBAE HA MPOXYKTHBHICTH KOMAaHIH, i1 MOpalIbHUN AyX Ta 3AAaTHICTH
e(eKTUBHO NPALIOBATH y CKJIAJJHUX 00CTaBUHAX.

KpiM TOTO, €MOIiHII IHTENEeKT JO3BOJISE Jigepy OyTH YyHHUM JI0 MOTPed
CBOIX CITIBpOOITHHUKIB, 1110 MiJABUIILY€ PiBEHb JOBIpY Ta KOMYHiKallii BcepeanHi Ko-
nextuBy. CIiBUyTTS, PO3YMiHHS 1 31aTHICT IIOCTaBUTH ceOe Ha MicIle iHIIHX J0-
MIOMararoTh JliJiepaM 3HaXOAUTH IiIX0/IN IO KOXXHOTO WICHa KOMaH |, 110 CIIPUsIE
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Kpallii KoopauHauii i 3J1arofKeHoCT! .

Jlinepu 3 Bucokum EI 31aTHi MOTHBYBaTH KOMaHIH 10 TOCSTHEHHS BUCOKHX
pe3yabTaTiB HaBiTh 32 HassBHOCTI BUKJIMKIB 1 mepemikoa. Hampukiazn, y TeXHIYHO
CKJITagHIX a00 IHHOBAIIHUX IIPOEKTAX, I¢ HEBU3HAYEHICTD 1 PU3HKH € HEBil €M-
HOIO YaCTHUHOIO TPOIIECY, JIiIEPU BUKOPUCTOBYIOTh EMOIIIHUI 1HTEIEKT IS ITi]I-
TPHUMKH IICHXOJIOTIYHOI CTIKOCTi KOMaHIU. Y TaKUX MPOEKTaX JIiIepH 3/1aTHI BYa-
CHO YCYHYTH TPHBOTY KOMaHIIH, IEPCHANPABIIAIOYN (OKYC 3 IpobiieM Ha HOIIYK
pillieHb, 1O CIIPUSIE MiIBUILCHHIO €()EKTUBHOCTI pOOOTH.

IHmmit mpuximazg 3acrocyBanss El monsrae B ToMy, 110 JTiepH, 30aTHI po3IIi-
3HaBaTH EMOI}HI peakiii WIeHIB KOMaH/A1, MOXYTh CBOEYACHO IOTEPE/KATH
KOH(TIKTH a00 MiHIMI3yBaTH iXHill BIDIMB Ha MPO€EKT. Lle mo3Boise yHUKATH ec-
Kananii mpo6ieM Ta migTpUMyBaTH CTaOUIBHICTh Y KOMaH/IHIH po0OOTi, 1110, B CBOIO
4epry, CIpHsie JOCATHCHHIO LIS IPOEKTY B CTPOK 1 6e3 JONaTKOBHUX BHTpAT pe-
CypciB.

EmouiitHuil iHTENEKT € He3aMiHHUM IHCTPYMEHTOM JIiiepa, SIKUH JIormoMarae
HOMy He JuIle KepyBaTH NPOEKTOM, a i 30epiraTu 370pOBY, MO3UTUBHY aTMOC-
tdepy B komanmi. Jlimepu, siki pO3BUBAIOTH EMOIIHHUN IHTEICKT, MAIOTh 3HAYHO
BUIL [IAHCH JIOCSATTH YCHIXY, OCKUJIBKH TX 3aTHICTh KEpYBaTH €MOIIISIMH JI0TIOMa-
rae KOMaH[li TIOOJIATH BUKJIMKH Ta 3a0€3MeYnTH CTIHKUI mporpec y peaiizarmil
MPOEKTIB.

ApanTuBHIiCcTb nigepa B yMoBax 3MiH Ta Kpus3

AJIaNITUBHICTH € OJIHIEIO 3 KIIOUOBHMX XapaKTEPUCTHK €PEKTUBHOIO Jiiepa B
YMOBaX HEBH3HAYEHOCTI, MOCTIHHUX 3MIH Ta KPU30BHX CHUTYAIliii, [I[0 YaCTO BH-
HUKAIOTh y Tporieci ynpasminHs npoektamu (Roth, 2022).

VY cydacHOMY CepelOBHIIl, e 3MIiHH B eKOHOMIIIi, TEXHOJIOTIsAX a00 MOJiTHY-
HHUX YMOBaX MOXKYTh MaTH CyTTEBUH BIUIMB HA IPOEKTH, 3AATHICTD JIiiepa IBUIKO
a/IalTyBaTUCS Ta MPUAMATH BUBAXKEHI PIILIEHHS CTae BUPIIIAIBHOIO JUIs 3a0e3re-
YEHHSI yCITiXY TIPOEKTY.

3HaueHHs aJIAalITUBHOCTI JUIsl YIIPABJIIHHS MPOEKTHUMHU PU3UKAMH TOJIATAE Y
TOMY, IIIO JIiZIep 3AaT€H ONEPAaTHBHO pearyBaTH Ha BUHUKAIO4i 3arpo3u Ta Herle-
pendayeHi 0OCTaBUHM, MIHIMI3yIOUHM TXHIil HEraTMBHUIA BIUIMB Ha MPOEKT. Ajan-
TUBHUHA JIiIep MBHUIKO aHAJI3y€e CUTYAIil0, IPUIIMae PillieHHs, O BiAIOBIIAI0Th
HOBUM YMOBaM, i KOPUTY€E CTPATErito pO3BUTKY NpoekTy. Hanpukian, nin yac 3Ha-
YHOT 3MIHM PUHKOBHX YMOB 200 IOSIBM HOBUX TEXHOJIOTIH, JIiZiep MOXe Ieperis-
HYTH TIOYaTKOBi IUIAHHU Ta 3a0€3MEYUTH IHTETpalil0 HOBUX PECYpCiB UM 3MiH y
HpolLec peanizarii IPOeKTY, 00 30eperT HOro akTyalbHICTh 1 KOHKYPEHTOCIIPO-
MOXHICTb.

Crparerii sizepiB [UIsl TOJ0NAaHHS BUKIMKIB Ta HemepeadadeHnx oO0CTaBUH
MOXKYTh BKJIFOUATH KiJIbKa ITiJIXO/IiB, 30KpeMa:

1. I'nyuke rutaHyBaHHS — JIiZIEpH PO3pOOIISIOTH KiIbKA ajlbTepHAaTHBHUX CIIe-
HapiiB PO3BUTKY MOJIiH, 110 J03BOJISIE IIBUJIKO IEPEHTH Ha IHIIWH HIIIX Yy pasi
3MiHM 30BHIIIIHIX YMOB,

2. TIpoakTHBHMHN MiAXI/ 10 PU3UKIB - ANTUBHI JIiAepH 3MIHCHIOIOTh TOCTIH-
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HHUH MOHITOPHMHT MOTEHLIHHUX PU3MKIB 1 3arpo3, nependadaroyn MOXKIUBI ClieHa-
pii pO3BUTKY MOJIiH 1 FOTYIOUHM BiAMOBIIHI 3aX0/IH,

3. JleneryBaHHs Ta pO3LIMPEHHs MOBHOBAXXEHD - aIalITUBHI JIiJIepy HA/lal0Th
CBOiM KOMaH/1aM OiJIbIIIe aBTOHOMIT Ta THYYKOCTI y IPUHHSTTI PillleHb, 110 J03BO-
JIsi€ TIBHIIE pearyBaTy Ha 3MiHHM Ha MICIISIX,

4. BinkpuTa KOMyHIKaIlis — Jigepn 3a0e3MedyroTh MOCTIHHY KOMYHIKAINIo 3
KOMaHJI010, 3aIiKaBJICHUMH CTOPOHAMH Ta KITI€HTaMH, IO CIpHsie ePpeKTHBHOMY
0oOMiHy iH(pOpMAIIi€ro Ta IMBUAKOMY IPHHHATTIO PillIeHh Y KPU30BUX CHTYaIlisX.

TaxuM 9IHOM, aTalTHBHICTH € HEBIT'€MHOIO CKJIAJJOBOIO YCHIITHOTO JIifepc-
TBa B YIpaBJliHHI npoektamH. Jlinepu, siKi BMiIOTh IIBUJIKO PUCTOCOBYBATHCS J10
HOBHX YMOB 1 KpH3, 3[IaTHI HE TUTBKH 30€perTH KOHTPOIb HaJl IPOEKTOM, ajie i
BUBECTH HOTO HAa HOBHH PiBEHb €()EKTHBHOCTI.

KomyHikauis ik iHCTpyMeHT ycniwHoro nigepcresa

EdexTrBHA KOMYHIKAIIA € OTHAM 13 HAHBAXIMBIIINX IHCTPYMEHTIB yCITilll-
Horo JnifepcTta (Abbasi, 2011), 0coOIMBO B yNpaBiiHHI IPOEKTAMH, 1€ KOOPIH-
HAIlisl i KOMaHIU Ta MPO30PicTh iH(QOPMAIIHHAX MOTOKIB MAOTh BUPIIIAabHE
3HaueHHs. BigkpuTa Ta npo3opa KOMyHIKallis A03BOJIAE JIiAepy HE JIMIIE AOHO-
CHUTH 3aBIaHHS Ta OYiKyBaHHS, aje i 3a0e3rmedyBaTu MiATPUMKY, MOTHBALIIO Ta
JIOBipy BCepeaArHI KoMaHIU. 3arnopyKoro e(peKTHBHOT KOMYHIKallii € pO3BUHYTa iH-
(hopmamiiina komreTeHTHICTH (paxiBis (Krupskyi & Stasiuk, 2010).

Ponp BiskpuToi Ta mpo3opoi KOMyHiKamii y KOMaHAHIA poOOTI MOJsrae B
TOMY, III0 BOHA CTBOPIOE aTMocdepy B3a€MHOI I0BIpH Ta 3aJIy4eHOCTI, /Ie KOKEeH
4JIeH KOMaH/IM BiI4yBa€e cede BAXKIIMBOK YaCTHHOIO mporiecy. [Ipo3opicTts iHbop-
Marlii J03BOJIsIE yHUKHYTH HEIOPO3YMiHb, @ BIAKPUTE CITIJIKYBAaHHS HaJIa€ MOXKJIU-
BICTb 00TOBOPIOBATH NMPOOJIEMHU Ta 3HAXOIUTH PillleHHs KOJeKTUBHO. Jlinepwu, ski
AKTHBHO CHPUSIOTH BIAKPHUTIH KOMYHIKalli{, CTBOPIOIOTH CEPEIOBHIIIE, B IKOMY KO-
JKEH Ma€ MOXKIIUBICTh BHCJIOBHTH CBOIO IyMKY Ta BHECTHU BKJIaJ y 3arajibHUHN yc-
MiX TPOEKTY.

OnHuM i3 HaliBOXKJIMBIIINX ACTIEKTIB JIiIEPChKOT KOMYHIKaMi € 31aTHICT JIi-
Jiepa MiATPUMYBATH JOBipY i MOTHBAIIIIO Yepe3 KoMyHikaito. [{e mocaraerscs de-
pe3 MOCIIIOBHICTh [l Ta CIiB, BIAKpUTE OOrOBOpEHHS NpoOjieM Ta HaJaHHS
KOHCTPYKTHBHOTO 3BOPOTHOTO 3B’s13KY. JliepH, sKi Aif0Th YE€CHO Ta BiAKPHUTO, Ha-
JIUXAI0Th CBOIX CMiBPOOITHHUKIB MPAIFOBAaTH 3 OLIBIIO camMoBiqadeto. Hampu-
KJaJ, Y CUTyalisiX cTpecy abo HeBU3HAYEHOCTI, JIJIEp, SIKUH BU3HAE MPOOJIeMH Ta
BIZIKPUTO OOTOBOPIOE MOXKITUBI PIlICHHS, 3MILIHIOE JOBIPY KOMaHIH, ITiIBUIITYIOUN
il MOTHBAIIIFO IO TIOAOJIAHHS TPYIHOIIIIB.

KpiMm Toro, Jtijiep TOBHHEH BUSABIISITH €MIIATIIO Ta EMOIIHHY MIATPUMKY Yepe3
KOMYHIKaIlil0, 10 CHpHUsi€ CTBOPEHHIO MO3UTHUBHOI pobouoi armocdepu. Komm
YIIeHU KOMaH/H BiA4yBalOTh, III0 IXHi éMOIIii Ta epeXuBaHHsI OepyThCs 10 YBarH,
1€ Mi/IBUIILY€ TXHIO 3aIiKaBJIEHICTh Y CIUIBHOMY YCHIXy IpO€eKTy. Binkpure, moc-
JiZIOBHE Ta MPO30pe CIIJIKYBaHHS JOTIOMArae JiijiepaM He JINIIe KepyBaTh Mpolie-
COM, aJjie i CTBOpIOBATH IO3UTUBHUN MOpaJbHUHN KIIIMaT y KOMaH/i, 10 CIpHsie
JIOCSITHEHHIO BUCOKHX PE3YJIbTaTiB Ta 3a0€3eUEHHIO YCIIXY IPOEKTY.
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BucHOBKM

VY pesynbrari JOCHTIIKEHHS! OyJI0 BCTAHOBJICHO, IO JIIAEPCTBO € KPUTUYHO
BaXJIMBIM YHHHHUKOM, SIKUH BIUTMBA€E Ha yCIIiX MPOEKTY Ha BCIX oro eranax. Ede-
KTUBHHM JiIep He JIUIIe CIPSIMOBY€E KOMaHy O JOCATHEHHS IIiJIeH, ane i Biir-
pae KIYoBY poiib y GopMyBaHHI poOo4oi atMocdepu, 3a0e3neueHHI MOTHBAIIIT
Ta Mo oNaHHi BUKIHKIB. Oco0irBa yBara NpUIUIIETECS TOMY, SIK JTiIEPCTBO BILIH-
Ba€ Ha NPOLEC IUIaHyBaHHs, BUKOHAHHS Ta KOHTPOJIIO IPOEKTIB, & TAaKOX Ha yII-
paBIiHHS Henepen0adeHUMH CUTYAITisIMH.

AanTUBHICTH 1 THYUKICTB Jliiepa € HeoOXITHUMH JUIs IIBUAKOI peakiii Ha
3MiHH Ta PU3HKH, 10 BUHUKAIOTH Y MPOIIEC] yIpaBmiHHA poekToM. Jlizepw, 3ma-
THI aJlalTyBaTUCs 10 HOBUX YMOB Ta IHTErpyBaTH iHHOBAIiifHI PillIEHHS, MalOTh
OinpIIe MAHCIB 320€3MEUNTH YCITiX MMPOEKTY HABITH B YMOBAX KPU3W YN HEBH3HA-
yeHocTi. [Ipukiagy ycrinHoro aganTuBHOTO JIiIEPCTBA MiATBEPIKYIOTh €(EeKTH-
BHICTH IIFOTO MiIXOLY.

Kpim TOro, mociikeHHs MOKa3ajo, 10 eMOIHUN 1HTEJICKT € BaXKJIHBOIO
CKJIa[IOBOIO JIiIepCTBa, sIKa oNoMarae 3a0e3IeyuT!H MiATPUMKY KOMaH/IH, MiIBU-
IIMTH PiBeHb JOBIPH Ta 37arokeHocTi. Jlinepu, ski 31aTHI KepyBaTH eMOLISIMH
SK CBOIMH, TaK i CBOE1 KOMaHAU, CTBOPIOIOTH CIIPUSTINBI YMOBH IJIsI JOCSATHCHHS
BUCOKHUX pPe3YJIbTaTIB.

He MeHII BayXKITMBUM acIleKTOM € KOMYHIKAIIisl K IHCTPyMEHT Jifepa. Biak-
pHTE Ta IPO30pe CIUIKYBaHHS CIIPUSE HAJaroPKEHHIO IOBIpH B KOMaH i, MiATPHU-
MaHHIO MOTHBALLii Ta 3MCHIICHHIO HMOBIPHOCTi BUHMKHCHHS KOH(IIIKTIB. )Imepn
AKi e(eKTUBHO BUKOPUCTOBYIOTh KOMYHIKaI[iiiHi HaBUYKH, MalOTh MOXJIHMBICTbH
CTBOPIOBATH MMO3UTHBHE CEPEIOBHILE I POOOTH Ta MiATPUMYBATH BHUCOKHUH pi-
BEHb IPOAYKTUBHOCTI.

TakuM 9IHOM, TOCIIHKEHHS MiATBEPINIIO, IO Jiep, IKUH BOIOIE aqanTH-
BHICTFO, EMOLIIHIM IHTEJICKTOM Ta HaBUYKaMu ¢(heKTHBHOT KOMYyHiKaIlii, Ma€e BCi
HEOoOXi/THI IHCTPYMEHTH JUTs 3a0e3NedeHHs yciixy mpoekTy. L{i HaBu4ku 103B0-
JSIFOTH HE JIMIIE MOA0JIaTH BUKIIUKH, 110 BUHUKAIOTH y MpOLieci peaizauii npoe-
KTy, aJie i CTBOPUTH YMOBH JJIsl CTAJIOTO PO3BUTKY Ta JOCATHEHHS CTPATEriYHUX
LiIeH.
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Emouniitanii inTenekr (EI) crae Bce OUIBIN Ba)KIIMBUM aCIEKTOM Cy4acHOTO
yIpaBIiHHSA KOMaHIaMH. Y CBITi, /Ie TEXHOJIOTIi Ta aBTOMATH3aIlis 3aiiMarOTh TIPO-
BiJTHI TTO3UIIi1, IIONCHKUH (HaKTOP 3AMIIAETHCS KITIOUOBUM JUIS YCITIXy OpraHiza-
uiit. EMoniitanit iHTENEKT, SIKMiT BKIIIOYaEe B cebe 3MaTHICTh PO3YMITH, YCBiIOM-
JIFOBAaTH Ta YNPABISTU BIACHUMH €MOLISIMHU, a TAKOX €MOLIISIMH 1HIINX, Ma€ 3Ha-
YHHH BIUTMB Ha €()eKTUBHICTH yNPABIIHCHKIX IIPOLIECIB.

[Mo-meprme, eMOIiHAN IHTETEKT CHpHUse CTBOPEHHIO MMO3UTHBHOI KOMaHIHOL
kyneTypH. Jlinepu 3 Bucoxum pisHeM El 3natHi popmyBaru atmocdepy noBipu Ta
MiATPIMKH, IO B CBOIO YEPT'y CTHIMYJIIOE CITiBIIPAIO Ta BIAKPUTICTE Cepe]] WICHIB
komaHau. Koy mpariBHUKY BiAYyBarOTh, 10 iXHI €MOLIi{ Ta JyMKH BaXKJINBi, BOHH
OUTBII CXWJIBHI TUTHTHCS iesiMH, OpaTH Ha ceOe BiAMOBITaIBHICTH Ta aKTHBHO
3aJly4aTHcs /10 mpoleciB npuiHATTs pimensb ([onobopoasko Ta Bypkosa, 2023).
[o-gpyre, eMomiifHUI iHTEIEKT MOTTOMarae y BUpIMIeHHI KOHQIIKTIB. Y Oynb-sKii
KOMaH/1i MOJKYTh BUHMKATH HETIOPO3YMiHHSI Ta CyIIEPEUKH, aJie JiIepH 3 BACOKHM
EI MOXyTh €(eKTUBHO yNpaBisATH TaKUMH CUTyauisiMu. BoHu 3maTHi po3mizHa-
BaTH eMOLIl, sIKi CTOSATH 328 KOH(IIKTaMH, 1 3HAXOAUTH CIIOCOOHU JUIS IX KOHCTPYK-
THUBHOTO BHPIIICHHS, [0 3HW)XKYE PIBEHb CTPECY Ta MOKPAIIy€e B3aEMOPO3YMiHHS.
ITo-tpere, EI € HeBim'emHOIO CKiTamoBoi0 emorriitnol mpami (Mindeguia et al.,
2021; Krupskyi et al., 2022), Ta koMyHiKaTHBHO1 KoMIieTeHTHOCTI (KpyTicekuii Ta
Craciok, 2024).

Kpim Toro, emoriitHA#l iHTEIEKT BIUIMBAE HA MOTHBAIIIIO TA MPOAYKTUBHICTD
xomanau (Grynko et al., 2018; Omiitnuk, 2023). Jlinepu, ki BMitOTb pO3ITi3HaBaTH
Ta MATPUMYBATH €MOLIMHMI CTaH CBOIX MiAIEININX, MOXYTh HaJaTH IM HEO0O-
XiJHY MiATPUMKY Ta HaTXHEHHs. Lle, B CBOIO uepry, Mpu3BOAUTH 0 MiJABUILECHHS
3aJI0BOJICHOCTI NPAaLliBHUKIB CBO€I0 POOOTOIO, IO MO3UTHBHO ITO3HAYAETHCS HA
3arajJbHUX pe3yJbTarax koMaHad. He MEHII BaXKJIUBUM € T€, [0 eMOI[IHHU 1HTe-
JIEKT CTIPUSIE PO3BUTKY Jilepchbkux sikocteit (3arpaii, 2021). Jlinepu 3 Bucokum EI
3[aTHI aJanTyBaTH CBi CTWJIb YIPaBIiHHS A0 MOTPeOd KOMaHIM, BPaxXOBYIOYH
eMOLIHHMIA KOHTeKCT cutyallii. Lle mo3Bomnse iM OyTu OLTBII THYYKHMU Ta e(eK-
TUBHHUMH Y CBOIX JIiSIX, [0 € KPUTHYHO BKJIMBUM Yy IIBUJIKO 3MiHIOBaHOMY 013-
HEC-CEPEIOBHIII.

MeTtoaun

VY nocnizpkeHHi 0yio 3aCTOCOBaHO KOMIUIEKCHUIT i JIXi[, 110 TOEHY€E KUTbKi-
CHI Ta SIKICHI METOIM ISl OTPHMAaHHS BCEOIYHOTO PO3YMIHHS LBOTO (peHOMEHY.
ITepmroueproso Oyio MpoBeEHO OIS JIITEPaTypH, IO T03BOIWIO chopMmyBaTH
TEOPETHYHY OCHOBY Ta BUSIBUTH OCHOBHI TEHICHIT B ICHYIOUHMX JOCIIKEHHSIX.
AHani3 HayKOBHX CcTaTei, MOHOTpadii i Auceprariif 1aB 3MOTY OKPECIUTH KITIO-
YOBi aCHEKTH EMOLII{HOTO 1HTENIEKTy Ta HOTO BIUIMB HA YIPABIiHCHbKI NPAKTHKH.

CriocTepexeHHs 3a po60T0}o KOMaH]| y peallbHUX YMOBAax Jaj0 3MOTY 3a¢n-
KCyBaTH MPOSIBH €MOIIHOTO 1HTEJICKTY ITiJ] 9aC MI>KOCOOMCTICHUX B3a€EMOJIIH Ta
YIPaBIiHCHKUX pileHsb. Lle Hajae noaaTkoBy DIMOWHY JOCIHIIPKEHHIO, OCKIIbKH
JIO3BOJISIE OLIHUTH, SIK EMOLIIMHUI 1HTENIEKT BIUIMBA€E Ha e(heKTUBHICTH pOOOTH KO-
MaH/IM B TMHAMIYHOMY CEPEIOBHIIII.
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Byno npoBeneHo aHasi3 KOHKPETHUX KEHCIB yCHIITHUX KOMaHI, 1€ SMOIIiii-
HUH 1HTEJeKT BiAirpaBaB BHpIMIaJbHY PONb Y MOCSTHEHHI minei. Lle mo3Bommmo
BUSBUTH MPAKTHYHI aCTICKTH BIPOBAPKCHHS €MOIIIHOTO IHTECIIEKTY B yIPaBIIiH-
CBKi CTparerii.

Pe3synbTtatn Ta 06roBopeHHs

VY xozi mocimijKkeHHs OyJiM OTpUMaHi pe3yJbTaTy, SIKi MiATBEPIAKYIOTh BakK-
JIMBICTh €MOLIMHOTO IHTENEKTY A1 e(EeKTUBHOCTI YIPaBIIHCHKHX IPOLECIB.
AHami3 1aHuX, 310paHUX 3a JOTIOMOTOI0 aHKETYBaHHS, ITOKA3aB, 10 KePIBHUKH 3
BHCOKHM PiBHEM €MOIIIHOTO IHTEIEKTY IEMOHCTPYIOTh Kpalli pe3ynbTaTi y Go-
PMyBaHHI TO3UTUBHOTO KIIiMaTy B koMaHi. BoHu 31aTHi ehekTuBHIIIE po3mi3Ha-
BaTH Ta yNPaBIATH EMOLISIMH CBOIX IiJUIETIINX, 1110, B CBOIO YEPTy, CIIPUSE IiIBH-
MICHHIO MOTHBAILIIi Ta 3aJly4CHOCT] WICHIB KOMaHIH.

JocimKeHHs TOKa3yIoTh, o El MeHemkepiB MO3UTHBHO BIIMBA€E Ha e(ek-
TUBHICTh KOMaH/I1, 3TYPTOBaHICTh Ta TOoCATHeHH 1inei (Barinua et al., 2022). EI
BBQKAETHCSI KPUTHYHO BakJIMBUM acriektoM JigepctBa (Vivek and Krupskyi,
2024), mo BIIMBAE Ha yNpaBJiHHSI KOH(IIKTaMH Ta IMOJ0NaHHs cTpecy (Aseery
et al., 2023). V OyniBenbHux mpoekrax El MeHemxkepiB MO3UTHBHO BIUIMBAE HA
e(eKTUBHICTH KOMaH/IH 3a IOTIOMOTOI0 3TYPTOBAHOCTI KOMaH/IH, IIPY IIbOMY TpPH-
BaJIICTh IPOEKTY ITOM SIKIIyE 1IeH 3B 130K (Zhang and Hao, 2022). ITomipHi piBHI
El mocwiroroTh BIUTHB IOCBiAY Ha 33a[J0BOJICHICTH KIIE€HTIB, TOI SK BHUILI PiBHI
HeoOXiHI U MO3UTHBHOTO BIUTMBY Ha koMaH#y. [lomipauit EI Takox mokparrye
BIUIUB €KCHEPTH3U Ha €(EKTUBHICTH KOMAHIH Ta B3a€EMOJIIO i3 3alliKaBICHUMHU
ctopoHamu (Sposito et al., 2023). Li pe3ynpTaTi HarOJNOMIYIOTH Ha BAaXKIIMBOCTI
posrany EI mopsin 3 TexHiYHUME HaBHYKaMH IIPU BUOOPI Ta HABUAHHI MEHEKe-
PiB MPOEKTIB JJIs TOKPAIICHHS 3arajibHUX PE3yJIbTATIB IPOCKTY.

B3aemo3B's130k Mixk emMouiitHuM iHTenekToM (EI) 1 koMaHIHOO TPOYKTHBHI-
CTIO € BXKJTUBOO TEMOIO B CY9aCHOMY YTIPaBIIiHHI Ta OpTaHi3aIliiiHii ICHXOJIOTII.
Emoriitauii iHTeNEeKT BH3HAYAETHCS SK 3ATHICTH PO3IMi3HABATH, PO3YMITH Ta
YIPaBJISATH BIACHUMH €MOIISIMH, a Tako)X €MOLIsIMH IHIIMX Jroaeid (3arpai,
2021). L 3patHicTE Mae Oe3mocepenHiil BIUIMB Ha MPOXYKTHBHICTH KOMaHIIH,
OCKIJIbKH €MOLiT I'patoTh KJIKYOBY POJb Y B3a€MOJIIT MIXK WIEHaMH KOMaH[IH, 1X-
HBOMY CIUIKYBaHHI Ta CIIUIbHOMY BIKOHAHHI 3aB/IaHb.

OCHOBHMMH KOMIIOHEHTaMHU €MOIIHHOTO 1HTEJIEKTY € CAMOCBIIOMiCTh, CAMO-
PETyIISLis Ta COIiabHI HABUYKHA. MiK ITUMH €JIeMEHTaMH iCHY€ TICHHU B3a€MO-
3B'SI30K: PETYNIOBAHHS €MOIIiFl HEMOXXJIFBE 0€3 YCBiTOMJICHHS BIIaCHUX HOYYTTIB,
a coliaybHI HAaBUYKH POPMYIOTHCS Ha OCHOBI 0coOucTicCHUX sikocTei (Kpyncepkuii
& Kiba, 2012).

[epmr 3a Bce, KOMaHAM 3 BHCOKHM piBHEM €MOLIHHOTO iHTENIEKTY 37aTHi
Kparie CrpaBJsITHCS 31 cTpecoM 1 koH(umikTamu. Konu 4ineHn KoMaHIu BMIIOTh
pO3ITi3HABaTH Ta PETYNIOBAaTH CBOi €MOIlii, BOHM MEHII CXWIBHI 10 eMOLiHNX
criayiaxiB 1 MOXXyTh KOHCTPYKTHBHO BHPIIIyBaTH cynepedku. Lle cTBoproe mo3u-
THUBHY aTMocdepy, o cripusie OUTbIIIN 30cepeKEHOCT] Ha CIIIBHUX IUIIX 1 3a-
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BJIaHHSIX, 1110, B CBOIO YEpry, Mi/IBUILY€E MPOIYKTUBHICTb L€ IMOTPIOHO BPaxoBy-
BaTH IiJ 9ac GopMyBaHHS Ta 3MiH OpraHizaniitHoil KyasTypH mianpuemcts (Kpym-
cekuii, 2014).

EmouiitHuii iHTENEKT Crpusie PO3BUTKY e€(pEeKTHBHOI KOMYyHiKallii B KOMaH/I
(TaiinykeBuu & Ilomimnyk, 2023). UneHun KOMaHIH, IKi MalIOTh BUCOKHIA piBeHb El,
MOXYTh BIIIKPHTO BHPa)XaTH CBOi TyMKH Ta IOYYTT, IO Bexe N0 OiLmbm rmmbo-
KOTO pO3yMiHHS MiXK HuUMH. lle m03BoNsi€ YHUKAaTH HETOPO3yMIHb 1 MOKpaIIye
CHIBIIPAIlI0, OCKUIBKU BC1 YYaCHUKH KOMaH/IU BiI4yBalOTh ce0e MOYyTUMH 1 LiH-
aumu (Neves, 2024). 3amydeHHs BCiX WICHIB KOMaHIU y TpoIec 0OTOBOPEHHS i
NPUHHATTS PIILIEHb TAKOX CIPHSIE MiJBUIIECHHIO IXHBOT MOTHBaNIi Ta BiAMOBIIa-
JHHOCTI 32 PE3yNbTaTH CIIIIBHOT poOOTH.

BakIMBHMM acreKTOM € TaKoX Te, 10 eMOLIHUI IHTEJIEKT CIIPUSIE PO3BUTKY
eMIIaTii, 10 € KPUTUYHO BasKJIMBUM JUIsl KOMaHAHOI poboTH. Komwm wienn komanan
3[aTHI PO3YyMITH 1 BiT4yBaTH eMOLii OJJMH OJHOTO, 1Ie CTBOPIOE aTMochepy 10BipH
1 MATpUMKH. B3aeMHa migTpUMKa MTiABHUITY€ MOPATGHUHN AyX KOMAaHIH 1 320X049y€
ii YICHIB 10 JOCATHEHHS BHCOKUX PE3YJIbTaTiB.

Kpim ToTO, MimepH 3 BUCOKNM piBHEM €MOIIIHOTO IHTEIEKTY MOXYTh e(eK-
THUBHO MOTHBYBATH CBOI KOMaH/M, BCTAHOBIIIOIOYH YiTKi LTI Ta HaJal0uu 3BOPO-
THHUH 3B'S30K, IO JOIOMAarae MiABHUINMTH 3arajbHy NpORXyKTHBHICTH ([lynsba,
2020). BoHu MOXYTh aIaNTyBaTy CBili CTHIIb YIIPABIiHHS BiJIIOBIIHO 10 EMOIIiii-
HOTO CTaHy KOMaH]IH, 110 JO3BOJISIE CTBOPUTH CEPEIOBHIIE, B IKOMY KOXKEH MOXeE
PO3BHUBATHCS 1 IOCSATATH CBOIX IIUICH.

B3aeM03B's130K MiXk eMOIITHIM 1HTEJIEKTOM 1 KOMaHIHOK MPOIYKTHBHICTIO
€ CKJIaJIHUM 1 OararorpaHHiM. BUCOKMIT piBEHb €MOIIIHOTO IHTENEKTY Y WICHIB
KOMaH[IU Ta ii JiepiB CHpHse MOKPAIICHHIO KOMYHIKAIi1l, 3HIKESHHIO KOH(IIIKT-
HOCTI, PO3BUTKY €MIIaTii Ta MiATPUMKH, [0 B PE3yJbTaTi BeAC A0 IiABUIICHHS
MPOIYKTUBHOCTI Ta €(peKTHUBHOCTI poboTn Komanau (Zos-Kior et al., 2020). Y cy-
YaCHUX YMOBaXx, KOJIU CIIIBIIpalls Ta KOMaHIHA POOOTa CTAIOTh JIeaali BaXIIUBI-
IIMMH, PO3BUTOK EMOIIHHOTO 1HTEJIEKTY CTa€ HEOOXITHICTIO IS JOCATHEHHS yC-
mixy B Oyab-siKiit opraHizarii..

Pozsutok EI € BasImBUM ITpo1iecomM, IO CHPHsiE€ MOKPAIIEHHIO MIX0OCOOHC-
TICHUX BIZIHOCHH, KOMYHiKallii Ta 3aransHoi edexTuBHOCTI B poboTi (Kharchenko
& Semenikhina, 2024). IcHye KiTbKa METOMIB, SIKi JIOTIOMAararTh y IOMY IIPO-
1eCi, cepel] SKUX TPSHIHTH, KOYYHHT Ta CAMOOCBITA.

TpeHiHru 3 pO3BUTKY €MOLIHHOTO iHTENIEKTY 3a3BHYail POBOISTECS y TPY-
max i BKJIFOYAlOTh PI3HOMaHITHI BIIPaBH, POJBOBI irpH Ta JUCKYCIil, IO HO3BOIS-
I0Th YYaCHHKaM NPAKTHUKyBaTH HaBUYKU PO3Mi3HABAHHS Ta YNPABIIHHS €MOIi-
amu. Taxi TpeHIHI'H 4acTo (OKYCYIOThCS HA PO3BUTKY HAaBHUOK aKTUBHOTO CIIy-
XaHHS, eMIIaTii, KOMyHIKaIlil Ta KOHCTPYKTHBHOTO BUPIIIIeHHS KOHQIIIKTIB. Ydac-
HUKH MarOTh MOXXJIMBICTb OTPHMAaTH 3BOPOTHHH 3B'I30K BiJ TpeHepa Ta IHIIUX
YYaCHHUKIB, 110 CTIPHUSIE TIIHOIIOMY YCBIIOMIIEHHIO CBOIX CHJIBHHX 1 CITA0OKHX CTO-
PiH Yy KOHTEKCTi €eMOLIHHOTO iHTEJIEKTY.

KoyumHr € me oganM edeKTHBHIM MeTo0M po3BUTKY El, skuit mepenbadae
iHIUBiTya bHy poOoTy 3 KOoydeM. KoyduuHr normomarae ocobi 30cepenuTucst Ha
CBOIX LUIAX, BUSBUTH €MOIIiiHI OJIOKH Ta pPO3pOOHTH CTpaTerii 1uis iX mogonaHHs.
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Koy4 Moke BUKOpHCTOBYBAaTH Pi3HOMaHITHI TEXHIKH, TaKi SK 3allUTaHHS, peduie-
KCisl Ta ImiITpUMKa, 00 JOTIOMOTTH KITI€HTY Kpallle 3p03yMiTH CBOi eMOIIii Ta Ha-
BuMTHCH 1X eexTuBHO yrpanisitu (Afshari, Nasab & Dickson, 2020). Lle#t miaxin
JTO3BOJISIE TOCATTH TIIMOIIOTO PiBHS CaMOCBIOMOCTI Ta PO3BUTKY OCOOHMCTICHHX
SKOCTEH, 110 CITPHSIE MiABUIIECHHIO €MOLIHHOTO IHTEJIEKTY.

Camoo0cCBiTa TaKOX BiJirpae Ba)KIUBY pOJb Y PO3BUTKY €MOLIHHOTO iHTEIe-
kTy. Lle MOXke BKITIOUATH YNTAaHHS KHUT, CTAaTeH, MEPErsI Bileo Ta yJacTb y BeOi-
Hapax, MPUCBAYCHUX TEMi eMOIIIHOrO iHTenekTy. CaMoOCBiTa H03BOJISE 1HIUBI-
Iyymy BuB4aTH Teopiro El, po3ymiTu fforo ckiiazoBi Ta 3aCTOCOBYBAaTH 3HAHHS Ha
npakTuii. KpiM Toro, BeieHHs MIOJEHHUKA €MOLIl MOXKE CTaTH KOPUCHHUM iH-
CTPYMEHTOM [ CaMOaHaITi3y, OCKUTBKH 1€ T03BOJISIE BiICTEKYBaTH BIACHI €MO-
LiiHI peakii, BUABIATH TPUT€PH Ta pO3poOIsTH cTpaTerii 1uist X ynpaBiIiHHS.

VYei i MeTomu — TpeHiHTH, KOYYHHT 1 CaMOOCBiTa — MOXYTh OyTH BHKOpPHC-
TaHi OKpeMo ab0 B KOMOIHaIli1, 110 TO3BOJIAE€ CTBOPUTH IHAMBITyaTbHUN ITiIXi]T
JI0 PO3BUTKY €MOIIifTHOTO iHTeNeKTy. BaxmuBo maM'araTu, mo po3Butok EI € 6e3-
TMePEPBHIM MPOLIECOM, AKHIA notpedye 4acy, 3yCWib Ta NpakTUKH. YuMm Oinblie
1HZ[I/IB1,Z[yyM IHBECTY€ B CBOE HAaBYaHHS Ta CaMOPO3BHTOK, THM OIIBIINX yCITiXIB
BiH MOXe JIOCAT'TH B yIIPaBJIiHHI CBOIMU €MOLIISIMH Ta B3a€EMOJIT 3 IHIIUMHU.

OpHUM i3 IPUKIIAIB YCIHIITHOT IpaKTHKH € kKommnaHis Google, ska aKTHBHO
BIPOBA/KY€E MPHUHIMITH EMOLIIHOTO 1HTEJIEKTY B CBOIO KOPIIOPATUBHY KYJIBTYDY.
VY pamkax mporpamu «Project Aristotle» xommaHis mocmimpkyBana GakTopu, mo
BIUTMBAIOTh Ha €(h)EKTUBHICTh KOMAH/I, 1 BUABWIIA, [II0 EMOIIMHUI IHTEICKT, 30K-
pema, 3[aTHICTh IO eMIIAaTil Ta BIAKPUTOI KOMYHIKaIlii, € KPUTHYHO BayKIHBUMHU
JuIst yerimHoi poboTu koMan. Google 3a0xo4ye CBOIX MEHEKEPiB PO3BUBATH 11i
HaBHYKH Yepe3 TPEHIHTH Ta HaBYAJIbHI IPOrpaMu, 10 J03BOJISIE CTBOPUTHU Cepe-
JIOBHIIIE, B SIKOMY CITIBPOOITHHKH BiJ4yBalOTh MIATPUMKY Ta MOXYTb BUIBHO BH-
CJIOBITIOBATH CBOT TyMKH.

Komnanis Johnson & Johnson BmpoBaamma nporpamy «Leadership
Imperatlves» 1[0 AKIIEHTY€ YBary Ha PO3BHTKY EI cepen xepiBHUKIB. Y pamKax
i€l MporpaMu MeHeKEpH HaBUAIOTHCS PO3ITI3HABATH Ta YIPABJISATH CBOIMH €MO-
IiSIMH, @ TAKOXX PO3BUBATH HABMYKH aKTMBHOTO CIIyXaHHS Ta KOHCTPYKTHBHOTO
3BOPOTHOTO 3B's3Ky. Lle cripusie 3Mil[HEHHIO JIOBIpH B KOMaH/aX 1 HOKPAIIEHHIO
MI)KOCOOHCTICHHX BIIHOCHH Ta ITiIBUIIY€ 3aTallbHy ¢(EKTHBHICTH POOOTH.

[lle omHUM MPHKIIAIOM € KOMIIaHis Zappos, siKa BiJioMa CBOEI YHIKaJIbHOIO
KOPIIOPAaTHBHOIO KYJIBTYPOIO, 110 0a3yeThcs Ha MPHUHIMIIAX EMOLIIHOTO iHTele-
KTy. ¥ Zappos aKIEHTYIOTh yBary Ha Ba)KJIMBOCTI €MOLIfHOTO 3B'SI3Ky MiX CIiB-
poOiTHHKaMH Ta KJIi€HTaMH. MeHeIKEpH MPOXOATh TPEHIHTH 3 PO3BUTKY €MO-
LIHOTO 1HTEJIEKTY, 1100 Kpallle pO3yMiTH OTPedu CBOIX KOMaH]I i 3a0e3rneuyBaTu
MiATPUMKY B CKJIAJHUX cUTyalisx. Lle mo3Bossie koMmaHii cTBOPUTH aTMochepy,
Jie CTIiBpOOITHUKH BiJUyBalOTh ce0e IIIHHMMH i MOTUBOBaHUMH /10 BUCOKHX JIOCS-
THEHb.

[puknaxg xomnanii Microsoft 1eMOHCTpYe, K €MOLIWHUIA IHTEICKT MOXE
Oyt iHTerpoBaHMH y cTpaTerito yrnpasniHaa. I1ix kepisauirBoM Caria Hamemmu
KOMIIaHisl TIepeoCMHUCIIIIa CBOT MPUHIMIM YIPaBIiHHS, aKIEHTYIOYH yBary Ha
«KYJBTYpI 3pOCTaHHS», MO BKJIIOYA€ PO3BUTOK EMOIMHOrO IHTENEKTYy cepen
ciBpoOiTHUKIB. Lle 3yMOBWIIO TOKpAaIIeHHS KOMaHIHOI POOOTH, ITiBUIICHHS
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IHHOBAIITHOCTI Ta 3arajbHOTO 3aJ0BOJICHHS MPAIIBHHUKIB. YCI i MPUKIAAH CBiI-
4aTh MPOo Te, IO BIPOBAKEHHS eMOLIHHOTO 1HTEIEKTY B YIPABITiHHI KOMaHAaMU
He JIMIIe OKpaltye po0Oodi Mpoliecy, alie i CpHsie CTBOPEHHIO 310POBOTO | Ipo-
JTYKTUBHOTO pOOOYOTO CEpeAOBHINA, ¢ KOXKEH CIIBPOOITHUK MOXKE peai3yBaTh
CBIiif moTeHmia.

Ormiaka epeKTHBHOCTI PO3BUTKY €MOIITHOTO iHTEIIEKTY Y MEHEIKEPiB € Ba-
JKJIIMBUM aCHEKTOM CY4acHOTO YIIPaBIiHCHKOTO IPOIIECY, OCKIIBKY eMOIIHIN 1H-
tenekT (EI) cyTTeBo BruimBae Ha SIKICTh YIIPaBIiHCHKHX PillleHb, PIBEHb MOTHBALIIT
KOMaH[IN Ta 3arajibHy NpOAyKTUBHICTE opraHizamii (Kyk & [Ipo3moBceka, 2022).
Jnst moyaTKy HEoOXiJIHO BU3HAYMTH KIIFOYOBI KOMIIOHEHTH €MOLIHHOIrO iHTele-
KTY, SIKi BKJIIOYAIOTH CaMOCBIJIOMICTh, CAMOPETYJIAIII0, COIiabHy CBiIOMICTD i
ynpaBiiHHS BigHocuHamu. Ouinka edexTuBHOCTI po3BuTKy El y MeHemkepi
MOXe 3IIMCHIOBATHCS Yepe3 KilbKa METOIIB.

[epiiuM € BUKOPHCTAHHS CIIEL[iali30BaHUX OMHUTYBAJIBHUKIB Ta TECTIB, Ta-
kux sk EQ-1 a6o MSCEIT, siki 103BOJISIOTH BUMIPSATH PiBeHb €MOIIHHOTO iHTEIIe-
KTy JI0 1 IiCIIsl MPOXOXKeHHS HABYaJIbHUX MPOTPaM, JI0NIOMAaraloTh BUSIBUTH CH-
JBHI Ta cNabKi CTOPOHN MEHEIDKEPIB ¥ cepi eMOIIIHHOTO iHTETIeKTY.

JIpyriuM MeToI0M € poBeAeHHs 360-rpaayCHIX OI[IHOK, JI¢ KOJETH, ITiIerii
Ta KepiBHUKH HAJAIOTh 3BOPOTHHI 3B 530K IOAO MOBENIHKH MEHEKEPIB Y pi3-
HUX cutyaliisx. Lle m103Bossie oTpuMaTH 00'€KTHBHY KapTHHY 3MiH y CTHII yIIpaB-
JIIHHS Ta B3a€MOII 3 KOMaHIOIO.

TpetiM Ba)JIMBUM aCHEKTOM € MOHITOPHHI OKa3HHUKIB MPOJYKTHBHOCTI KO-
MaH]I! Ta 3arajbHOi aTMOC(EpH B KOJICKTHBI. 3MiHU B PiBHI 33/I0BOJICHOCTI CIIiB-
POOITHHKIB, 3HWKEHHSI IVTMHHOCTI KaIpiB Ta NOKPAIIEHHS KOMaHIHOT poOOTH MO-
JKYTh CBITIHUTHU PO e(eKTUBHICTH po3BUTKY El y MeHemxkepiB.

Kpim Toro, cii BpaxoByBaTu SIKICHI IOKa3HUKH, TaKi SIK 3MiHH B KOMYyHiKa-
IIHNIX HaBUYKaX, 3aTHICTh /10 KOHCTPYKTHBHOTO 3BOPOTHOTO 3B’;[3Ky Ta ynpas-
JIHHS KOH(meTaMH [Ticnst peanizanii MPOrpaM PO3BHTKY €MOIIITHOTO IHTEJIEKTY,
KOMIIaHi1 MOXYTb IPOBOIUTH perynﬂpm OLIIHIOBAaHHS, 100 BiJICTE)XYBaTH IPO-
rpec i BHOCHTH KOPEKTHBH B HaBualbHi niporpamu (Kocriok, 2014). BaxuiBo Ta-
KOXX 3a0€3MeYnTH MiATPUMKY MEHEKEPIB Y MPOIeci 3aCTOCYBaHHS HOBHX HABH-
YOK Ha MPaKTHIIl, OCKUILKU 0€3 HaJeXKHOT IIPAKTUKU 3HAHHS MOXYTh 3aJIMIINTHCS
TEOPETHIHUMH. YCITIIITHA peai3allisi mporpaM pO3BUTKY €MOIIIHOTO iHTEIEKTY
BUMarae 3000B's13aHb 3 00Ky KEPIBHHIITBA Ta CTBOPEHHS CIPHUSTIMBOIO CEPEI0-
BUIIA JJ1s HaB9aHHS Ta po3BUTKY (Klochko, 2021).

TakuM 9rHOM, OIliHKa €(PeKTUBHOCTI PO3BUTKY EMOIIITHOTO IHTEIEKTY Y Me-
HEDKEPIB € KOMIUIEKCHUM TIPOIECOM, IO BKJIIOYAE SIK KUJTbKiCHI, TaK 1 AKiCHI Me-
TOZH, SIKi TO3BOJISIFOTH 3pO3YMITH, SIK 3MiHH B €MOIIIHHOMY IHTEJEKTI BILIMBAIOTH
Ha YIPaBIIHCHKI MPAKTUKH Ta 3arajibHy MPOAYKTUBHICTH OpraHizariii.

BucHOBKM

Y po06oTi akIeHTOBaHO yBary Ha Ba)KJIMBOCTI EMOIIHOTO 1HTETIEKTY SIK KpH-
THUYHO 3HAYYNIOTO KOMIIOHEHTa YCHILIHOTO YINPAaBJIiHHS, OCKUIBKU BiH CYTTEBO
BIUIMBA€E Ha 31aTHICTH MEHEPKEPiB IPUIMaTH OOTPYHTOBaHI PillIeHHS, €(EeKTHUBHO
KOMYHIKYBaTH Ta MiATPUMYBATH MO3UTHBHY arMocdepy B KomaHxi. Po3risHyTo
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METOAM OLIHKU €()EKTUBHOCTI PO3BUTKY €MOLIIHOTO IHTENIEKTY, Cepel SIKMX BH-
IIUIEHO CTaHAApTH30BaHi TecTH, 360-rpagyCcHi OMiHKK Ta MOHITOPHHT IIOKa3HUKIB
MPOAYKTHBHOCTI. 3BOPOTHUII 3B'S130K BiJl KOJIET 1 MiJJIEIIMX BU3HAHO BaXKIIMBHM
€JIEMEHTOM OIIiHKH, OCKUTBKH BiH Ja€ MOKIIUBICTh BUSBHUTH peasbHi 3MiHH Y TO-
BE/IIHIII MCHEJDKEPIB Ta iXHii 3MaTHOCTI 10 yIpaBIiHHS eMollissmu. Haromorieno
Ha HEOOXiIHOCTI MPaKTHYHOI peai3amii 3HaHb, OCKIIBKH PO3BUTOK €MOIIITHOTO
IHTENIeKTy BUMarae He JIMIIE TEOPSTUYHHX 3HaHb, ajie i MPaKTUYHUX HABUYOK.
BusHayeHo, 110 iHBECTHUIIT B PO3BUTOK €MOLIIIHOTO 1HTEJIEKTY MOXYTh HpU3BeE-
CTH 10 3HIDKCHHS IUTMHHOCTI KaIpiB, IMiBUIIECHHS 33J0BOJICHOCTI CITiIBPOOITHHKIB
Ta TOKpAIleHHs 3arajbHOi MPOAYKTUBHOCTI opraHizamii. PerymspHuii MoHiTO-
PHUHT e(EeKTHBHOCTI PO3BUTKY €MOLIHHOTO HTEJEKTY € HEOOXiTHUM IUIS BHSB-
JICHHsI IPO0OJIEM Ta KOPUT'YBaHHsI HaBYAIBHUX MIPOTpaM BiAMOBIIHO /10 TOTPed op-
rafizamii. Ycmix mporpaM po3BUTKY eMOLIHHOTO IHTENEKTY 3aJIe)KUTh TAKOXK BiJl
MIATPUMKH 3 OOKY BHUILOTO KEPIBHUITBA, SIKE IOBUHHO JAEMOHCTPYBATH BIACHHH
NPHUKJIAJ T4 aKTHBHO 3aly4aTh CHinO6iTHI/IKiB JI0 HaB4aHHA. TakuM YHMHOM, PO3-
BUTOK €MOIIIIHOTO IHTEJIEKTY Y MEHE/IXKEPIB € CTpaTeano Ba)KJIMBUM TIPOLIECOM,
1110 HOTpe6ye CHCTEMHOTO IiJXO[y, PETYJIAPHOTO OLIHIOBAHHS Ta MIATPHMKH 3
00Ky Bci€i opranizalii a1 JOCATHEHHSI MAKCUMaJIbHUX PE3YJIbTaTIB.
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dented level of instability of the business environment, the limitations of traditional
management methods, and the potential of digital technologies to transform busi-
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In today's world, business structures face an unprecedented level of dyna-
mism and uncertainty. Globalization, technological breakthroughs, and changing
consumer preferences create an environment where the ability to adapt quickly
becomes a key factor for the survival and success of enterprises. This situation
demands new, more flexible management approaches that allow business struc-
tures to respond promptly to changes and remain competitive. The globalization
of the economy, rapid technological progress, changes in consumer preferences,
and geopolitical factors create an environment where changes occur at an incred-
ible pace. The COVID-19 pandemic has demonstrated how quickly business con-
ditions can change and how important it is to have flexible management systems
capable of adapting to new realities.

The rapid development and convergence of telecommunications, information,
and computer technologies have led to the formation of a new economic landscape
known as the "digital economy." This concept, introduced by Don Tapscott (1995),
reflects fundamental changes in the ways value is created, exchanged, and con-
sumed in the modern world.

Objective and tasks

The digital economy is characterized by the pervasive implementation of dig-
ital technologies in all areas of human activity, including production, trade, fi-
nance, education, public administration, and social life as a whole. A key feature
of this new economic paradigm is the use of digital data as a primary resource,
transforming traditional business models and creating new opportunities for inno-
vation and growth.

Traditional enterprise management methods, which were considered effective
until recently, increasingly show their inability to cope with modern challenges.
Hierarchical management structures, rigid budgets, and long-term plans often be-
come obstacles to quick adaptation to changes. Business structures that cannot
respond promptly to market changes risk losing their competitive positions or
even disappearing from the market.

In this context, the concept of the enterprise digital twin (EDT) offers an in-
novative approach to enhancing the flexibility and adaptability of enterprises. An
EDT is a digital replica of an enterprise that integrates detailed models of all busi-
ness processes, organizational structures, and information systems. The key fea-
ture of an enterprise digital twin is its ability to operate in real time, constantly
updating according to changes in the internal environment of the enterprise and
external challenges.

Using a graphical, machine-readable knowledge representation in the digital
twin allows for the creation of a dynamic, easily adaptable model of the enterprise.
This makes it possible to quickly analyze various development scenarios, assess
the potential outcomes of management decisions, and optimize enterprise activi-
ties in real time.

A significant innovation of the enterprise digital twin is the use of contextual
spaces that provide semantically structured information. This significantly in-
creases the clarity and applicability of models, making them more accessible to a
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wide range of users—from top management to line managers.

The concept of the enterprise digital twin offers a fundamentally new ap-
proach to management, creating a virtual copy of the enterprise that reflects all its
processes and interconnections in real time. This allows for not only monitoring
the current state of the enterprise but also modeling different development scenar-
ios, predicting the consequences of decisions made, and optimizing enterprise ac-
tivities in real time.

Materials and methods

It is important to note that the concept of the digital twin goes beyond a simple
technological solution. It is a fundamentally new approach to enterprise manage-
ment, based on the synthesis of the most advanced achievements in various fields
of science and technology. It integrates into a single system:

1. Information technologies: the use of cloud computing, big data, and the
Internet of Things (IoT) to create a comprehensive digital model of the enterprise.

2. Artificial intelligence: applying machine learning and neural networks to
analyze complex interconnections, predict trends, and automate decision-making
processes.

3. Data analysis: using advanced data processing and visualization methods
to gain deep insights into enterprise operations.

4. Management theory: implementing modern concepts of strategic and op-
erational management to optimize business processes.

This integration allows for the implementation of the continuous improve-
ment principle, known as the Deming cycle (Plan-Do-Check-Act), at a qualita-
tively new level (Tague, 2005). Instead of periodic iterations, the digital twin en-
sures a continuous, ongoing optimization process:

— Planning (Plan): continuous modeling and forecasting of various develop-
ment scenarios.

— Execution (Do): automated implementation of optimal solutions in real
time.

— Checking (Check): continuous monitoring and analysis of results.

— Action (Act): instant strategy and tactics adjustments based on obtained
data.

The digital twin allows an organization not just to react to changes but to
predict them and proactively adapt, which is critically important in the highly vol-
atile modern markets.

Moreover, the digital twin transforms the very nature of managerial activity.
It shifts the decision-making process from intuitive and periodic to scientifically
grounded and continuous. This allows managers to focus on strategic issues while
routine operational decisions are automated.

Thus, the digital twin becomes not just a tool but a new management philos-
ophy, enabling enterprises to achieve unprecedented levels of efficiency, flexibil-
ity, and innovation in the digital economy environment.

Additionally, the implementation of digital twins opens up new opportunities
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for optimizing enterprise resource use. In the face of growing competition and
resource scarcity, the ability to manage existing assets efficiently becomes a crit-
ical success factor. The digital twin allows for the identification of inefficiencies
in resource use, optimization of production processes, and reduction of opera-
tional costs.

It is also worth noting the potential of digital twins in the context of develop-
ing new business models. The ability to analyze large volumes of data about en-
terprise operations in real time opens up new horizons for creating innovative
products and services, personalizing offers for customers, and entering new mar-
kets.

In an environment where the digital economy is becoming the dominant par-
adigm, the ability of enterprises to effectively utilize digital technologies becomes
a key factor in competitiveness. In this context, the digital twin is not just a tech-
nological solution but a strategic tool that enables enterprises to fully realize the
potential of digital transformation.

Furthermore, the concept of the digital twin goes beyond the traditional un-
derstanding of the digital economy as merely transferring business processes
online. It offers an innovative approach to enterprise management that combines
elements of virtual reality, predictive analytics, and adaptive management.

However, the implementation of digital twins is associated with several chal-
lenges, including data security issues, the need for significant investment in tech-
nology and personnel retraining, and integration problems with existing manage-
ment systems. Addressing these challenges requires deep scientific understanding
and the development of new approaches to enterprise management in the digital
era.

Therefore, the topic "digital twin as a tool for building an effective enterprise
management mechanism in real time in the face of ongoing global challenges"
demonstrates exceptional relevance and significance in the context of modern eco-
nomic, technological, and management paradigms.

From a theoretical perspective, research on digital twins opens up new hori-
zons in understanding the nature of the enterprise as a complex adaptive system
operating under constant uncertainty. It promotes the development of interdisci-
plinary approaches, combining achievements in information technology, systems
theory, cybernetics, artificial intelligence, and organizational management. This
creates a foundation for forming a new management paradigm that meets the chal-
lenges of the digital era.

From a practical perspective, the concept of the digital twin offers specific
tools and methods for increasing the efficiency and competitiveness of enterprises.
It allows for solving such critical tasks as business process optimization, market
trend forecasting, risk and resource management in real time.

In the context of digital economy development, research on digital twins
opens up new opportunities for business model transformation, creation of inno-
vative products and services, as well as for developing new forms of interaction
between enterprises, consumers, and the state.

This topic also has significant potential for international cooperation and ex-
perience exchange, as the challenges of digital transformation are global and
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require joint efforts from the scientific community, businesses, and state structures
from different countries.

Thus, the study of digital twins as a tool for building an effective enterprise
management mechanism in real time not only addresses the urgent needs of mod-
ern business but also forms the basis for developing a new management paradigm
in the digital economy. It opens up broad perspectives for scientific innovation,
technological progress, and economic growth, making this topic one of the most
relevant and promising in modern economic science and management practice.

Results

An analysis of existing scientific contributions in this field demonstrates a
wide range of approaches and applications, indicating the high potential and rele-
vance of this technology.

Historically, the concept of the digital twin originates from Grieves’ work in
2002, who proposed a three-component model that included a physical object, its
virtual copy, and the connection between them for data exchange. This fundamen-
tal idea became a catalyst for further research and innovation in the field
(Barricelli et al., 2019). Over time, the understanding of digital twins has signifi-
cantly evolved, transforming into the concept of complex virtual constructs that
not only reflect physical objects but also actively interact with the real world, pro-
cessing data and influencing physical processes.

A significant contribution to the development of digital twin theory has been
made by research aimed at their classification and taxonomy. A detailed taxonomy
with 11 dimensions was developed, which systematized various aspects of digital
twins—from data collection methods to the conceptual scope of their functional-
ity. Based on this taxonomy, five archetypes of digital twins were identified, rang-
ing from the simplest to the most complex implementations (Van der Valk et al.,
2021). This classification not only helps to better understand the diversity of pos-
sible implementations but also lays the foundation for standardization and com-
parison of different approaches to creating digital twins.

A critical aspect of the research has been the clear distinction between the
concept of digital twins and related concepts such as digital models or digital
streams. This distinction is crucial to avoid terminological confusion and ensure
accuracy in scientific discussions and practical applications (Van der Valk et al.,
2021).

The practical application of digital twins covers a wide range of industries,
including manufacturing, aviation, healthcare, and other sectors. Each industry
has its specific requirements and implementation features, leading to the develop-
ment of specialized approaches and methodologies. For example, in manufactur-
ing, digital twins are used for optimizing production processes and predictive
maintenance of equipment, in aviation—for modeling aircraft behavior and en-
hancing flight safety, and in healthcare—for personalized treatment and modeling
physiological processes (Qi & Tao, 2018)

The technological aspects of creating digital twins are also the subject of ac-
tive research. Particular attention is paid to integrating such technologies as the
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Internet of Things (IoT), cloud computing, big data, and artificial intelligence. IoT
provides real-time data collection from physical objects, cloud computing offers
the necessary computational power for processing this data, while big data tech-
nologies and artificial intelligence enable the analysis of vast amounts of infor-
mation and the identification of hidden patterns. The symbiosis of these technol-
ogies creates a powerful platform for implementing complex digital twins with a
high degree of autonomy and adaptability (Lee et al., 2024)

At the same time, the implementation of digital twins faces several challenges
that are also the subject of scientific research. Among the key problems are ensur-
ing data security, high development and implementation costs, and regulatory as-
pects. Data security is especially critical, as digital twins operate with large vol-
umes of sensitive information that can become a target for cybercriminals. High
implementation costs remain a significant barrier for many businesses, especially
small and medium-sized enterprises (Van der Valk et al., 2021).

In the context of these studies and challenges, my work proposes an innova-
tive approach to creating enterprise digital twins, distinguished by its holistic na-
ture. Unlike most existing research, which focuses on creating digital twins of
individual objects or business processes, the proposed concept views the enter-
prise as a single organism, all components of which are interconnected and inter-
act with each other.

The key innovation of the proposed approach is the unification of accounting
for all existing enterprise assets and the integration of these objects and subjects
into a single graph structure, namely a multigraph. This structure not only reflects
the connections between different elements of the enterprise but also explains the
essence of their interactions. The multilayer architecture of the multigraph allows
for describing various aspects of interactions between enterprise objects, includ-
ing the intensity and frequency of communications.

An important feature of the proposed model is the ability of each digital twin
of a specific object to initiate the launch of a business process. This creates a dy-
namic system where digital twins not only passively reflect the state of physical
objects but also actively influence business processes. This approach ensures feed-
back, which is recorded in the accounting system, allowing the digital copy to
perform certain tasks autonomously, without direct participation of the physical
object.

Furthermore, the proposed concept opens up new possibilities for autono-
mous communication between enterprises. This could lead to revolutionary
changes in the nature of intercorporate interaction and cooperation, allowing en-
terprises to collaborate more effectively to solve common tasks and optimize sup-
ply chains.

The potential of the proposed model to enhance enterprise management effi-
ciency is significant. It can contribute to resource optimization, improve decision-
making processes, and increase overall business operation efficiency. Moreover,
this model opens up new avenues for research in the field of digital twins, artificial
intelligence, and graph theory in the context of enterprise management.

Further research within this concept will focus on developing specific meth-
odologies for its implementation. This includes addressing challenges related to
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the creation and maintenance of complex multigraph structures.

An important aspect of future research is also addressing organizational chal-
lenges associated with implementing such a system in enterprises. This includes
developing change management strategies, training personnel to work with the
new system, as well as integrating digital twins into existing business processes
and information systems of enterprises.

Particular attention should be paid to studying potential ethical aspects asso-
ciated with the autonomy of enterprise digital twins. This includes questions of
responsibility for decisions made by autonomous systems, ensuring transparency
of decision-making algorithms, and protecting privacy and personal data in the
context of deep digitalization of business processes.

If at first digital doubles were considered mainly as a tool for automation and
increasing the efficiency of processes, with the development of the Industry 5.0
concept, the focus shifted to a human-centered approach (Wang et al., 2023).

A significant contribution to the development of the theory was made by re-
search on human digital doubles (HDT), which are considered as a key method of
implementing human-centricity in intelligent production systems. HDTs are a dig-
ital representation of people aimed at enhancing human capabilities, unlocking
potential, and prioritizing physical and mental well-being in smart manufacturing
systems.

This context emphasizes the need to develop new management models of
business structures that take into account not only technical aspects, but also the
human factor. It becomes important to create such management systems that
would allow to harmoniously combine human abilities (creativity, flexibility of
thinking, the ability to make decisions in conditions of uncertainty) with the ca-
pabilities of automated systems.

In this context, a holistic approach to the creation of digital doubles of the
enterprise, which would take into account both technological aspects and people-
centered principles of Industry 5.0, becomes particularly relevant. This approach
has the potential to create more efficient and adaptive management systems that
meet the modern challenges of the business environment.

Conclusions

Thus, the proposed concept of a holistic approach to creating enterprise digi-
tal twins not only advances existing scientific developments in this field but also
opens new perspectives for research and practical application of digital technolo-
gies in enterprise management. It has the potential to significantly impact business
operation efficiency, intercorporate interaction, and the overall management par-
adigm in the era of digital transformation.

The use of multigraph structures to model relationships between various ele-
ments of the enterprise, including human capital, allows taking into account not
only the technical aspects of the enterprise's functioning, but also social interac-
tions, employee competencies and their development potential. This creates pre-
requisites for a deeper understanding of the processes taking place in the organi-
zation and making more informed management decisions.
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The Ukrainian economy has remained resilient due to the joint efforts of the
government, business, the rapid recovery of destroyed and damaged critical infra-
structure, and continued financial support from international support from inter-
national partners.

Despite the devastating impact of the war, economy demonstrated exceptional
resilience. Shortly after the shock of the Russian invasion, businesses began to
adapt to the new economic situation. Since the start of the full-scale invasion, 64
percent of businesses have temporarily suspended or curtailed their operations.
However, the vast majority have resumed their operations. In October 2023 only
9.6 percent of companies that suspended their operations were at risk of ceasing
operations entirely (World Bank, 2024a).

Companies demonstrated a cautious view of the country’s economic outlook
and prospects, explaining this by the unpredictable situation, insufficient demand,
and labor shortages. The majority of the companies that have already optimized
their staff did not intend to reduce it further, seeing human resources as a prereq-
uisite for a gradual economic recovery in 2024. Most of the companies have sig-
nificant unused capacity, which planned to start gradually utilizing them in 2024.
Despite the ongoing war, businesses have successfully adapted to the situation and
maintained financial stability. Although, companies needed additional funding,
they were cautious about attracting new investments due to the unpredictability of
further developments.

The security situation was recognized as the main factor influencing the de-
cision to relocate. Business owners and managers expected a quick return to the
abandoned regions after the end of the war. There were significant regional differ-
ences in the impact of the war on the companies. Enterprises in the eastern and
southern regions of Ukraine suffered losses about 1.5 times more than in the west
of the country. Despite this, businesses in eastern Ukraine expressed optimism and
positive expectations about their prospects for recovery in 2024. Most of the com-
panies focused on the domestic market, with limited presence on foreign markets.
They reported losses of up to 100 USD thousand. The scale of financial losses
varied across sectors, with the construction sector suffering the most and the least,
agriculture, telecommunications, marketing, consulting and design services
(World Bank, 2024a).

Businesses noted the shortage of labor, rising wages in the market and the
overall economic prospects of Ukraine as significant risks to their recovery. They
identified the following priorities related to government policy and the business
ecosystem: improving the legal and regulatory framework, expanding access to
finance and markets, and harmonizing legislation and standards with the European
Union, addressing the root causes of low economic development and promoting
entrepreneurship.

Objective and Tasks
The article explores how the consequences of the war have affected the activ-

ities of micro, small and medium-sized businesses in Ukraine, as well as their
status at the end of 2024. In addition, the assessment provides important
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information about the financial and economic consequences of the war in the con-
text of their regional presence, given that the regions of Ukraine have been af-
fected by the hostilities to varying degrees. The focus of the article was on as-
sessing how businesses, government and other international stakeholders have re-
sponded to the various challenges posed by the war, including disruptions in lo-
gistics chains, forced displacement of people, changes in trade and transportation
routes, etc.

The assessment highlights the main obstacles, problems and risks that hinder
business development. It also analyzes the effectiveness of government programs
aimed at stimulating the economy from the perspective of a business, as well as
the needs and priorities of businesses for the post-war recovery of Ukraine, which
can have a significant impact on the society as a whole.

Materials and Methods

According to the World Bank’s Rapid Damage and Needs Assessments
(RDNA3) methodology, damage is the direct cost of destroyed or damaged phys-
ical assets and infrastructure, valued in monetary terms. Costs are estimated based
on replacing or repairing physical assets and infrastructure, considering the re-
placement price prevailing before the war. The data cut-off for RDNA3 was on
December 31, 2023. The loss is a change in economic flows resulting from the
war, valued in monetary terms. Examples include increased operating costs and
loss of revenue for authorities and private sector (World Bank, 2024a).

According to the RDNA3 methodology, needs are the value associated with
the resumption of prewar normality through activities, such as: repair and restora-
tion, including a premium linked to build back better principles. They included
improved energy efficiency, modernization efforts, and sustainability standards —
as well as factors such as global inflation, surge pricing due to volume of con-
struction, higher insurance, and so forth. Needs are expressed in monetary terms
according to market prices prevailing as of December 31, 2023. Needs did not
equal the sum of damage and losses. Needs met were discounted as relevant.

As for the recovery and reconstruction financing priorities for 2024, they refer
to recovery and reconstruction needs identified by GoU line ministries that are
considered highest priority for urgent delivery and require funding in 2024. In-
vestment priorities account for both capital and current expenditures and consider
expenditures that would be made by central and local governments, by state-
owned enterprises (SOEs), by the private sector (including households), or by
other actors (e.g., development partners).

The RDNA3 also includes short-term priorities identified by Ukrainian line
ministries that need financing in 2024. These priorities have been defined by line
ministries through an ongoing process of project development and monitoring and
involving extensive consultations with development partners. Sectoral priorities,
to be monitored and refined over time, are intended to inform investment plan-
ning, mobilization of resources, and implementation. The RDNA3 also includes
an overview of key requirements to facilitate more effective and efficient recovery
and reconstruction planning and implementation (World Bank, 2024a).



Challenges and Issues of Modern Science, 3 (2024) 207

Some institutional and policy reforms have been implemented to support the
recovery and reconstruction process. The Ministry for Communities, Territories
and Infrastructure Development (MCTID or Ministry of Recovery) facilitates co-
ordination and efficient reconstruction of war-affected regions.

Territorial communities are responsible for developing planning documents,
establishing communication with international partners, and implementing resto-
ration projects in their respective territories. The European Commission proposed
a multi-annual instrument to support Ukraine between 2024 and 2027. This was
the Ukraine Facility, which aimed at supporting the state’s basic needs as well as
Ukraine’s recovery, reconstruction, and modernization, in part through catalyzing
of private sector investment tied closely to Ukraine’s EU path (European Com-
mission, 2023).

The UN had a strong focus on supporting the inclusion of marginalized
groups and seeks to ensure that the recovery process benefits those farthest behind,
reduces inequalities, and promotes social cohesion and livelihoods. In collabora-
tion with the GoU and MCTID, the UN in Ukraine has established a flexible
Ukraine Community Recovery Fund. The fund supported communities that are
driving their own recovery efforts in targeted communities to reduce current and
prevent future humanitarian needs; to rebuild the social and economic fabric; and
to provide the conditions for people to voluntarily return to their homes and re-
build their lives. These community-focused early recovery efforts set in the nexus
of humanitarian, recovery, and social cohesion interventions (United Nations in
Ukraine, 2023).

In December 2022, the Ukraine Relief, Recovery, Reconstruction and Reform
Trust Fund (URTF) was set up by the World Bank to channel donor support. The
URTF provides a coordinated financing and support mechanism that helps the
GoU sustain its administrative and service delivery capacity, conduct relief efforts,
and plan and implement Ukraine’s reconstruction and reform agenda.

The URTF was financing projects with a focus on repairing damaged infra-
structure, restoring public services, and sustaining economic activities in the areas
of health care, energy, logistics, agriculture, and housing. As of January 2024,
URTF was over 1.5 USD billion in contributions from 14 donor countries, making
grants to support early recovery and administrative capacity of the government
The multisectoral support provided by the World Bank during the war built on a
decades-long development partnership and set the stage for resilient reconstruc-
tion when peace returns.

It is important for us to pay attention to the national peculiarities of the codi-
fication of collective memory through individual experience and life stories dur-
ing the full-scale military aggression against Ukraine, and to show the newest
forms of presenting the evidence of war (Hudoshnyk & Krupskyi, 2023).

Results
Despite unprecedented losses and challenges due to the war, Ukraine man-

aged to maintain relative macroeconomic and price stability and overcome signif-
icant production difficulties and the negative effects of labor outflows and labor
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migration. According to preliminary data from the Ministry of Economy of
Ukraine, overall GDP growth in 2023 was estimated at around 5 percent, which
was a significant improvement compared to the 28.8 percent decline in 2022. Sev-
eral factors, such as: improvements in the energy sector and external financial
assistance from international partners were contributing to the GDP recovery
(Government Portal, 2022).

The fastest recovery rates were observed in the following sectors as: construc-
tion, agriculture, domestic trade, and manufacturing industry. As for the construc-
tion, significant funding has been allocated to rebuild a critical infrastructure dam-
aged by the hostilities and enable a comprehensive reconstruction. According to
the State Statistics Service, the construction sector experienced a significant
growth, increasing by 20.9 percent in the first nine months of 2023 compared to
the same period in 2022.

As for the domestic trade, it demonstrated an increase in consumer demand
and supply of goods and the retail trade turnover increased by 11.6 percent. As for
agriculture, favorable weather conditions contributed to an increase in yields and
harvested areas of almost all crops. In addition, the partial recovery of exports in
this sector was facilitated by the opening of trade routes. According to the Ministry
of Agrarian Policy and Food of Ukraine, the grain harvest as of January 11, 2024,
was 15% higher than in the corresponding period of 2023 (World Bank, 2024b).

As for the manufacturing industry, its recovery was explained by growing
demand for engineering and construction materials. There was an increase in the
raw material base of agriculture, in particular, the production of food, beverages,
and tobacco products, as well as demand from related activities. In general, indus-
trial production grew by 2.4 percent and in the manufacturing by 8 percent. In the
manufacturing industry, the highest growth rates were observed in machine build-
ing products (15.3 percent); production of furniture and other products (15.2 per-
cent); rubber and plastic and other non-metallic mineral products (16.4 percent);
food, beverages and tobacco products (11.6 percent) and chemical products (12.2
percent).

The growth in food prices accelerated sharply in August 2024, as prices for
raw foods started to grow again amid reduced food supply caused by unfavorable
weather conditions. Prices for processed foods also rose at a faster pace, both due
to the second-round effects of higher costs of raw food inputs and further increase
in businesses’ costs for energy and labor. The growth in prices for most nonfood
products accelerated, largely driven by the exchange rate factor. Meanwhile,
clothing and footwear prices declined faster, likely due to growing competition
between imports and products made in Ukraine. The growth in prices for services
picked up slightly, being under pressure from business production costs (World
Bank, 2024b).

In the first half of 2024, Ukraine’s economy demonstrated a significant adapt-
ability. It didn’t only withstand the unprecedented challenges of war and electric-
ity shortages, but also continued to recover. The macrofinancial stability ensured
by the NBU and government decisions and significant international support was
the basis for adaptation. Thus, inflation fell to 3.2% in March 2024 and has re-
mained moderate since then, despite accelerating. Underlying inflationary
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pressures also intensified in August 2024. Core inflation accelerated to 6.5% yoy,
up from 5.7% yoy in July. These dynamics were slightly ahead of the trajectory in
the NBU's July forecast, caused primarily by a faster rise in the prices of processed
foods due to the second-round effects of higher raw material prices and production
costs, including for energy and labor. However, inflation expectations remained
generally stable (World Bank, 2023).

According to NBU’s estimates, inflation accelerated further in September
2024. The budget deficit has been financed without any hryvnia issuance, and in-
ternational reserves were at sufficient levels. However, the war was ongoing,
which means that risks and challenges remained.
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The state budget deficit (excluding grants in revenues) decreased somewhat
compared to the previous months 2024 but remained, expectedly, quite significant.
In September 2024, the budgetary needs were financed mainly using accumulated
funds from the substantial international aid received in August 2024. Meanwhile,
the domestic debt market revived in September. Placements of domestic govern-
ment securities in both national and foreign currencies were the largest since the
beginning of the year, supported by NBU's additional measures to stimulate in-
vestments in government securities and a moderate increase in their yields. The
total rollover of domestic government securities in nine months was around 160
percent (United Nations in Ukraine, 2023).

The NBU assumed a gradual normalization of economic conditions. How-
ever, the risks associated with the course of the war were crucial to our forecast.
A prolonged, high-intensity war would limit economic potential, put pressure on
prices, and result in higher budgetary needs. This would increase uncertainty and
risks. The destruction of housing infrastructure, children’s hospitals, and energy
terror all seemed impossible (National Bank of Ukraine, 2024).
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Figure 2 — Inflation* and inflation target, % yoy (SSSU, NBU)
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Figure 3 — Main state budget indicators (monthly), UAH billions (SSSU, MFU, NBU)

According to the NBU, the second assumption of the forecast was that inter-
national assistance would continue. Ukraine remained dependent on it. On the
contrary, Ukraine exceeded expectations in terms of consolidating its capabilities,
implementing reforms, and fulfilling its commitments. Funding needs were deter-
mined by the war unleashed by the Russian Federation. It led to a huge increase
in budget expenditure. It would be very difficult to cover a significant part of 2024
year’s deficit (about 38 USD billion) without external financial assistance, despite
the successes in revitalizing the domestic debt market, increasing the tax base and
the accumulated safety margin. And Ukrainian government was grateful to the
EU, the US, the IMF and other partners for the already approved support pro-
grams. It was crucial for Ukraine to receive at least 31 USD billion and 21 USD
billion in 2025 and 2026, respectively.

Unfortunately, due to bureaucratic compliance with lending principles, pro-
cedures, and requirements (project objective, co-financing requirements, technical
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expertise, procurement procedures, complex and time-consuming procedures for
entering into loan agreements, etc.), the aid that came to Ukraine was uneven in
time and does not match the level of stated needs (Kurnosenko, 2022).

The key risks of economic development and financial and investment pro-
cesses in Ukraine are as follows: slow economic recovery due to the destruction
of energy, industrial, socio-economic infrastructure, loss of part of the production
and labor potential, high unemployment, low and distorted consumer demand, ag-
gravation of crisis trends in the global economy, in particular in the energy sector
and financial markets, which together affect the amount of international financial
support for Ukraine; tight domestic monetary policy and a narrowing of bank
lending to businesses; cuts in government support programs and a drop in tax rev-
enues; deterioration in the fiscal sustainability of public finances and the high cost
of domestic government borrowing, and man-made disasters (bmmHoK &
IBanrora, 2023). Otherwise, the financial mechanisms for recovering from mili-
tary conflicts and stimulating competitive economic development are determined
by a set of strategic instruments. In this context, the main factors are the efficient
use of public and private financial resources, the introduction of innovative finan-
cial instruments, and the development of transparent governance mechanisms. In
addition, promoting social inclusion, sustainable development, and attracting in-
ternational investment are key to a successful path to recovery and competitive
economic growth.

In addition, an important component of the fiscal mechanism is the develop-
ment of effective social protection and education programs aimed at restoring and
developing human capital. Creating a favorable investment environment and im-
proving financial legislation can help make the country more attractive to foreign
investors. In addition, it is important that the government, business, and civil so-
ciety actively cooperate to jointly implement recovery and development strategies
(Borovkov, 2023).

The forms of implementation of the regional development strategy are the
adoption of an investment program (a set of interrelated tasks and measures of a
short-, medium-, and long-term nature to achieve certain goals) and an investment
project (an official document that defines the actions of its participants and the
resources necessary to achieve its goals within the established timeframe). The
requirements for the compliance of the mechanisms of financing the state regional
policy with the requirements of the Budget and Tax Codes of Ukraine are: trans-
fers to local budgets from the state budget; public-private partnership, etc. (Ko-
sova, 2023).

Moreover, the following steps will help to create a more secure, efficient, and
resilient financial environment that takes into account the challenges and oppor-
tunities brought by digital innovations after the war (Lytvyn et al., 2024), as:

1. Develop and implement clear regulations to safeguard data confidentiality
and ensure cybersecurity.

2. Participate in international initiatives and collaborate with other countries
to develop standards.

3. Promote the development of technical skills and scientific research to en-
sure competitiveness in the digital era.
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4. Ensure equal access to fintech tools and technologies in all regions.

5. Engage in dialogue with international and local regulators to develop flex-
ible rules that consider the innovative nature of fintech projects.

As part of the sustainable development, post-war companies should increase
their activities in the field of renewable energy and ecology, as well as support
environmental projects in any way possible, thus contributing to the achievement
of the 6th, 7th and 13th Global Goals for Sustainable Development, which the
United Nations has set for 2015. Ukrainian companies should be aware of their
environmental impact and strive to reduce it by developing their sustainability
orientation, including sustainable business and sustainable management (Lytvyn
etal., 2023).

Nowadays, companies and individuals who want to start or support sustaina-
ble projects in Ukraine face two major challenges: lack of support from local and
state authorities; and inefficient and ineffective legal framework and policies, e.g.
lack of laws and regulations on environmental protection, lack of fiscal, economic
and industrial policies in the field that would facilitate the implementation and
operation of green initiatives. In addition to the war, businesses face problems in
attracting investment, corporate, tax and intellectual property issues. Despite these
problems, business should support the following sectors: renewable energy, low-
carbon transportation, low-carbon buildings, sustainable water and waste manage-
ment, sustainable land use, and climate change. In our opinion, Ukraine will need
5-7 years to recover the potential lost during the war (Lytvyn et al., 2023).

Conclusions

Two-thirds of Ukrainian small and medium-sized enterprises were forced to
fully or partially cease operations during the full-scale invasion. At the same time,
36.5 percent of businesses managed to continue working without interruption, and
6 percent were forced to stop for a year or more. Enterprises currently have sig-
nificant unused capacity, which were planned to start using in 2024. Despite the
ongoing war, the business community adapted to the situation, ensuring financial
stability. There has been no massive relocation of businesses from the war-af-
fected areas to other regions of Ukraine. Entrepreneurs considered security as the
main factor for relocation. Therefore, they expected a quick return to the de-occu-
pied territories after the war ended. Despite the security uncertainty, Ukraine has
the potential to accelerate its development by improving the efficiency of the ex-
isting level of its economy, reducing the size of the shadow economy and creating
favorable conditions for doing business. The planned integration with the EU
could also accelerate the convergence of income levels with those of EU member
states by 2030 — 2050, creating significant incentives for economic development.
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Po3BuTOK 3aKiajiB BHIOI OCBITH €BONIOLIOHYBAB Y BiANOBIIb HAa MIHJIMBI
CYCIIBbHI TIOTPEOH, MiAKPECTIOIYN BaXIIMBICTh eMomiiHoro inTenekTy (EI) ta
npodeciitHol KyIbTypH y CTBOPEHHI CIPHSATIMBOTO HABYAJIBHOTO CEpEOBHIIA.
OCKUTBKY TpamuIiiiHi OCBITHI IPAKTHKH 3MIITYIOTHCS B OiK OLTBIT 1HKITIO3MBHAX
Ta IHHOBAIIMHUX MiIXOJIB, IHTETPallis EMOIIHOTO IHTEIIEKTY CTaja KIFOUYOBHM
€JIEMEHTOM Yy Ti/BHIIECHHI 3aJy9YeHOCTi CTYIEHTIB, aKaJeMidHOi yCIIITHOCTI Ta
3aranpHOTO Onaromomyqus. Ller ¢pokyc BimoOpaskae mmpIe po3yMiHHS BaXIJINBO-
CTi COLIIaJIbHUX Ta €MOLIWHUX HaBYaJIbHUX KOMIIETEHIIH, 0COOINBO B pi3HOMaHi-
THHUX OCBITHIX KOHTEKCTaX, /I¢ HeTPAAHLINHI yUHI BCE YaCTIlIe CKIaIal0Th CTy/e-
HTChKY aynuTopito (Lynch, 2016; Elmi, 2020; Cunha & Krupskyi. 2024).

ITomiTHI cymepedHOCTI HABKOJO CyYacCHHX IJIXOIIB BKIIOUAIOTh HAIMPYTy
MDK IMATPUMKOIO YCTaJI€HUX KYJIBTYPHHX INMPAKTHK 1 MPUUHATTAM HEOOXiTHUX
IHHOBAIIiH, 0 MOXKe TPU3BECTH [0 OMOPY SK 3 OOKYy BHKJIAIaviB, Tak i 3 OOKY
aaminicrpauii (Vivek & Krupskyi, 2024). InctuTyniiiHa nomiTuka Ta oOMexe-
HICTB pecypciB mie OlIbIIe YCKIATHIOITH BIPOBAKCHHS €MOIIITHO-1HTEIeKTya-
JIHOT NIeJ]aroTiKK Ta KYJIBTYPU BHKJIaJaHHS, 4YaCTO NEePELIKO/PKAI0YH e()eKTUBHO-
cTi ocBiTHIX pedopm. Kpim Toro, MOCTimKEHHS MiIKPECTIOI0Th IIOMIpPHO CHIIBHY
KOPEJIAII0 MDK eMOIIIMHUM 1HTEJICKTOM Ta aKaJeMIYHOK YCIHINIHICTIO, 1[0 CTa-
BUTB IiJ] CyMHIB I¢KBATHICTh IOTOYHUX HaBYaJIHHUX IPOTIPaM JUIS PO3BHTKY LIHX
Ba)XJIMBUX KOMIIETeHIIH cepen yuHiB Ta nexaroriB (Rosowsky & Hallman, 2020;
Khassawneh et al., 2022; Landry, 2021). Ane y 3akiaaXx OCBITH OiIbIlle yBaru
NpUAUIAIOTH 1H(OpMAaIiiHIi KOMIeTeHTHOCTI, HiK eMmouiiHii (Kpyncekuii &
Cractok, 2010).

OCKiNbKHM HaBYaJbHI 3aKJIay HAMararThbCsl aJanTyBaTHCs, IPIOPUTETHUMH
CTAarOTh HAyKOBO OOIPYHTOBAHI MPaKTHUKH Ta CTPATETii CHIBIpaIlli, SKi CIIPHUATH-
MyTh (pOpMyBaHHIO MII[HOT KYJBTYPH BHKJIAJaHHS, IO MiATPUMY€E PO3BHTOK SIK
BUKJanauiB, Tak i crymeHtiB. LlenTpn Buxmamanas i HaBuanHsa (Centers for
Teaching and Learning — CTLs) Ta po3poOHUKH OCBITHIX mporpam BilirpatoTh
BXXITHBY POJIb Y Cl'[pI/IiIHHl 1bOMY TIEPEXOIY, HA/IAKYH PECYPCH Ta HlI[TpI/IMKy Ut
BJIOCKOHAJICHHS TI€aroriYHuX METOJIB Ta IHCTHTYLIHHOT B3aeMOIil (Lee 2024;
McDonald, 2021). MaiiOyTHs TpaeKTOpis pO3BUTKY BUIIOI OCBITH, IMOBIPHO, BU-
MaratiMe MOCTIHHOTO aKIEHTy Ha eMOLIHHOMY 1HTeJIeKTi Ta NpodeciiHiil Kyab-
Typi U CTBOPEHHS O1ITBII €()eKTHBHUX, IHKITFO3MBHUX 1 CTIHKUX HABYAILHUX CE-
pemoBur (Sanchez-Alvarez et al., 2020; Shaw et al., 2021).

MeTa Ta 3aBgaHHA OOCNIOKEHHA

MeTol0 AaHOTO JIOCHIJDKEHHSI € BU3HAUCHHS POJIi €MOLIHHOTO IHTEJIEKTY Y
(hopMyBaHHI CTpareriii pO3BUTKY 3aKjIaJliB BUIIOI OCBITH, 3 aKIIEHTOM Ha PO3BU-
TOK NpodeciiiHOi KyabTypH. JlociiDKEeHHS CpsIMOBaHE Ha BUSIBIICHHS TOTO, 51K EI
BILUIMBAE HA MOKPAILICHHS BHYTPIUIHBOT TUHAMIKH YCTAHOBH, YIPABIIHHS KOMaH-
JlaM{ Ta CTBOPEHHS 1HKIIIO3UBHOI'O CEpEOBUINA, 10 MIATPUMYE aKaJeMidHi Ta
comianbHi HOTPeOH K CTYACHTIB, TaK i IEPCOHAIY.

Jnst nocsITHEeHHS! MeTH OyJI0 MOCTaBICHO TaKl 3aBJaHHs:

— TIpoaHai3yBaTH, SK €MOIIHHUHN 1HTEJIEKT BIUIMBAE HA BHYTPIIlIHI TPOIECH
yHopaBiiHHA y 3akiazi Bumoi ocsita (3BO).
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— BHM3HAYMTH 3B'SI30K MK BUCOKUM PIBHEM €MOLIHHOTO iHTEIEKTY KepiBHHU-
KiB Ta pPe3yJIbTaTHBHICTIO KOJIEKTHBHOI pOOOTH B OCBITHHOMY CEPEIOBHIIL.

— nociimurtu, sk npodeciiiHa KynbTypa, 3acHoBaHa Ha El, cnpuse minBu-
IICHHIO 3aJTyYeHOCTI CTY/IEHTIB Ta 33J10BOJICHOCTI IEPCOHAILY.

— 3aIpPOIOHYBATH IIISXH IOAO BIPOBAIKEHHS TPEHIHTIB 3 po3BUTKY El s
kepiBHOTO cKiIaxy 3BO.

— PO3IISIHYTH MOXJIMBOCTI 3acTocyBaHHs El y pi3sHHX KyJIbTypHUX KOHTEKC-
Tax, Mo0 miABHMHTH ePeKTUBHICTH podoTr 3BO.

MeTogn

VY nocnipKeHHI BUKOPHUCTOBYBABCSI KOMIUIEKCHUH ITiIX 1, [0 BKJIOYAE OIS
JiTepaTrypu Ta aHalli3 JOKYMEHTIB, ITOB’S3aHHUX i3 PO3BUTKOM 3aKIAIiB BHIIOi
OCBITH Ta 3aCTOCYBaHHSAM E€MOI[IIHOTO 1HTEJICKTY Yy KepiBHHUITBI. OCHOBOIO JIJIs
aHaJi3y CTaJM POOOTH MPOBIAHUX AOCITITHHUKIB 3 TEM €MOMIMHOTO iHTEIEKTY Ta
npogeciitHol KyJIbTypH, IO JO3BOIWIO PO3NITHYTH KiTo4oBi acnektd El y koH-
Tekceti ynpasininas 3BO.

Taxox Oyio IpOBEIEHO aHaTi3 JOKYMEHTIB Ta BHYTPIIIHIX TONITHK JEIKUX
3BO n1st BUBUEHHS peajibHUX IiJIXO/IB 0 BIpoBapkeHHs El y mpakTuuHy isuib-
HICTB 1 popMyBaHHS npocpeciﬁHo'l' KyapTypH. Lleit MeTomomoriqanii miaxin J03Bo-
JIMB BUSIBUTH OCHOBHI TEHACHIIIT Ta YUHHUKH, IO CIIPHUSIOThH yCHlIHHOMy q)opMy—
BAHHIO MPO(ECIHHOT KyIETYpH Ta PO3BHTKY KEPiBHHX CTpATeriii Ha OCHOBi eMo-
LIIHOTO 1HTEJEKTY.

EMOUIMHMM iIHTENEeKT y BULLin OCBITi

EBOJIrOIIisI BUIIMX HABYAIBHUX 3aKJaliB Oyiia TICHO MEPEeIUIeTeHa i3 CYCIIiib-
HUMH Ta KyJIBTYPHAMH 3MiHAMH, SKi BIUTMHYJIM Ha IXHIH PO3BHTOK Ta POJIb, SIKY
BOHH BIJIIrPalOTh y CycHibCTBI. KyJIbTypHI NepCIEeKTHBU CYTTEBO BIUIMBAIOThH Ha
Te, SIK JIFoAH 00pOOIAIOTE iH(OopMaIIifo Ta B3aeMOIIIOTh 31 cBitoM (Lynch, 2016).
Ie 0cOOIHBO aKTyaqbHO B KOHTEKCTI BUIIOT OCBITH, 1€ CXOSATHCS JIFOIU 3 PI3HUM
MOXOKEHHSIM 1 PI3HIUMH KYJIBTYpPHUMH JTiH3aMU. [IpoTarom 6ararsox pokiB Koure-
JUKI Ta YHIBEPCUTETH NPArHyJly aJanTyBaTHCs 10 MIHIIMBUX CYCIUIBHHUX MOTPEO,
MAKPECITIOI0YH BOKIHBICTh CIIBIpAIll Ta iHKIIO3UBHOCTI y CBOIX MEAAroriYHUX
migxoxax. [cropudHO CKIaIocs Tak, o HaBYaJIbHI 3aKiIaJli YacTo 30CepeIKyBa-
JICS Ha TPAJUIIfHOMY aKaJeMidHOMY YCIIiXYy, ajie 3apa3 CIIOCTEePIraeTbes MOMiT-
HHH 3CYB y OiK BU3HAHHS Ba)KIMBOCTI KOMIIETEHTHOCTEH COLiaIbHO-eMOLIHHOTO
HaBuaHHA (CEH). BonpoBamxenns CEH y HaBuanbHi MporpaMu Ma€ BayKJIMBE 3Ha-
YeHHs JUIs TTOJI0JIAHHS 3pOCTAI04Y0ro po3MaiTTa cepes YUHIB, Y TOMY YHCII 3 He-
TPaJAMIIHHUM TOXOMKEHHSIM Ta 3 oOMmexxeHnMu MoxuBocTssMu (Elmi, 2020).
Taka IHKITFO3WBHICTH CHOTOAHI PO3IISAAETHCS SK HAPKHUN KaMiHb OCBITHBOT
MPaKTHKH, 1110 J03BOJISIE HABYAJIBHUM 3aKJIajlaM 0OCIyroBYBaTH LIMPIIHHA J1eMO-
rpadiyHUii KOHTHHTEHT 1 MOKpallyBaTH 3aralbHUH OCBITHIN NOCBiA. 3pocTaHHs
KIJIBKOCTI IOPOCIINX YYHIB 1 CTYIEHTIB 3 Pi3HIM ITOXOKCHHSAM BimoOparkae 3Ha-
YHy TpaHc(opManiio B JaHmadTi BUIIOT OCBITH. 3aKJIa ¥ M0YaId NpUHMaTH 1
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3MiHU, BIIXOISYH BiJl )KOPCTKHUX ICTOPUYHUX MPAKTHK J0 OLIBIN IHHOBAIIMHUX 1
THYYKHX IiIXOMiB, AKi BH3HAIOTH Pi3HOMAHITHI MOTPEOH CBOIX CTYIEHTCHKHX
rpyn. Lleit 3cyB BiAA3epKAIIOETHCS Y BUKJIMKAX, 3 SIKUMU CTHKAIOTHCS PO3pO0-
HHUKH OCBITHIX MpoOrpam, nepern SKAMH CTOITh 3aBAAaHHS BIUIMBATH HA IHCTHUTY-
iiHI 3MIHN B YMOBAaX pi3HHUX MPiOpUTETIB i Tpaauuiinux npaktuk (Khassawneh
et al., 2022). Y poMy KOHTEKCTI €MOIIHHUI iHTEJIEKT CTaB KPUTUIHO BaXKIIMBUM
KOMIIOHEHTOM YCIIIIITHOTO OCBITHBOTO CEPEOBHUINA. BiH OXOIIIIOE HE JINIIIE 37aT-
HICTBh KepyBaTH BIACHUMH €MOLISIMH, aJie i pO3yMiTH eMOLIiHHI epeXUBaHHS iH-
KX Ta B3aEMOMIATH 3 HUMH, CHPUSIOIH TAKUM YHMHOM CTBOPEHHIO OIJIBII eMIa-
TifiHOT Ta cminbHOT HaBuaybHOI armocdepu (Landry, 2021; Lee, 2024). B3ae-
MO3B’SI30K MK €MOIIHHOIO KOMITETCHTHICTIO Ta JiJEPCTBOM € BaXIIUBUM eJIeMe-
HTOM JuIs1 yeminHoi neaarorivnoi pisuibHOCTi (Kpynepkuii Ta Kiba, 2012). Takum
YUHOM, CyJacHi OCBITHI HPAKTHKH BCE YACTIIle HANAIOTh MPIOPUTET PO3IBUTKY
€MOIIHOTO IHTENEKTY MOpsiA 13 TPaJULIHHUMH aKaJeMIYHUMH HaBUYKaMH, IO
BimoOpakae OUTBII MUTICHUH MiIXiM IO PO3BUTKY Y4HIB, SIKUH BiATIOBiaE cydac-
HUM CYCIUILHUM HiHHOCTAM. L5t icTOpHYHA TPAEKTOPIs UTIOCTPYE AMHAMIYHY B3a-
€MOJIII0 MK KYJIETYPOIO, TIEIaroTikor Ta eMOLIHHOI KOMIIETSHTHICTIO ¥ cdepi
BUILOi OCBITH.

EmomiifHui 1HTENEeKT cTaB BaXJIMBUM KOMIIOHEHTOM CYYacHHX IIIXOIIB 11O
BUILIOi OCBITH, 0COOJIMBO B KOHTEKCTI CTBOPEHHSI CITPHUATIMBOIO HABYAIBLHOTO Ce-
penosuma. Pozeutok El nepenbavae Taki HABUYKH, SIK CAMOCBIIOMICTb, aKTUBHE
CITyXaHHs Ta 3[aTHICTh CHiBHepe)KI/IBaTI/I inmuM (McDonald, 2021). Li xomnere-
HIIi He auIIe TOKPAIILYIOTh KOMyHu(auuo MDK IEeJjaroraMy Ta yqHsIMH, a i crpu-
SI0Th CIUTBHOMY Ta LIKaBOMY OCBlTHI:.OMy JIOCBIY.

CTBOpEHHS KyJbTYpH, SIKa [iHy€ BUKJIAJAHHS 1| HABYAHHS, € BaXXIMBUM JUIS
edextrBHOT BHIOT OCBiTH. [[eHTpH BUKJIaJaHHS Ta HABYAHHS BiIIrParOTh KIIIO-
YOBY POJIb Yy IIbOMY IIPOLECi, IPOIIOHYIOYH PECYPCH Ta MiATPUMKY BUKJIAadaM i
CHIBpOOITHUKAM TSI BIOCKOHAJICHHS iXHBOT IiearorivHol npaktuku. Hanpukian,
CTL BiHI30pCHKOTO YHIBEPCHTETY HAIlA€ TIOCIYTH, MOB'I3aHi 3 PO3POOKOIO HaB-
YaJIbHUX MPOTPaM, OLIHIOBAHHSIM BUKJIAJaHHs Ta aKTHBHUMH HaBYAJILHUMHU I1PO-
CTOpaMHM, TUM CaMUM CHPHSIOYH CTBOPEHHIO CEPEIOBHINA, CHPUSTIMBOTO JUIS
IHHOBAI[i{l y BUKJIagaHHI. AHAJOTIYHO, KOMITETH MapTHEpCTBA y cdepi BUKIA-
JIaHHS Ta HaBYaHHS B TAKUX yCTaHOBAX, SIK YHIBepcuTeT MakmacTepa, CIpHUsIOTh
HIMPOKOMY 3aJTy4€HHIO JI0 OCBITHIX 1HII[IaTHB, 3aJTy4arody BUKJIAIA4iB, CIIBPOOi-
THUKIB Ta CTYICHTIB 0 OOTOBOpEHHS MpaKTHK BUKIamaHHs (Shaw et al., 2021).
i crinbHI 3yCHIUIA 320X09YIOTh CIIUTHHY BiIOBiJANBHICTD i CTBOPIOIOTD CITLJIb-
HOTY MIATPUMKH HABKOJIO BUKJIA/IAHHS.

1106 mokpamuTH SKICTh BUKJIQJAHHS, OaraTo 3akiajliB 3arpoBaiIi IpakK-
THUKHU Ta CTPYKTYpH, IO IpyHTYIOThcA Ha (akrax. Cucrema ITCPS (Institutional
Teaching Culture Survey) Bu3Ha4ae KOHKPETHI Ba)kelli, sIKi BIUIMBAIOTh Ha KYIlb-
Typy BUKJIaJaHHS B HABYAJIHHOMY 3aKJaJli, BKIIOYAIOYH NMPIOPUTETHICTH €(EKTH-
BHOTO BHUKJIA/IaHHS, KOHCTPYKTHBHI NMPAKTHUKH OLIHIOBAaHHS Ta BU3HAHHS JI0CKO-
HasocTi BukianauHHs (Shaw et al., 2021). BrpoBamkyroun 3axonu, y3ropkeHi 3
MU BaXEJSIMH, 3aKJIaJ1 MOXKYTb I IBUIIMTH CBOIO OCBITHIO KYJIBTYPY Ta BHpi-
IITH YHIKaJIbHI Mpo0JeMH, 3 SKUMH BOHU CTHKaloThCS. Hampukian, BuKopuc-
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TaHHA IHOPACTPYKTYPHU JUIS MIITPUMKH BUKJIAIAaHHS € )KUTTEBO BayKJIMBHM, OCKi-
JBKY IIe TapaHTye, 0 BUKJIAAadi MalOTh pecypcu, HeoOXiaHi s e(heKTHBHOTO
BUKJIaJaHHs.

HesBaxaroun Ha BaXXJIMBICTh IIMX CYYaCHHUX IIiAXOJiB, BHII HABYAJBHI 3a-
KJIaJ¥ 4acTO CTUKAIOTHCS 3 ONOPOM 3MiHaM, SIKMH MOXKE€ BHIUIMBATH 3 INIHOOKO
BKopiHeHHX Tpamuniid i mpaktuk (Rosowsky & Hallman, 2020). ITomonanus
I[FOTO OTIOPY BUMarae TOHKOTO PO3YMiHHS IHCTHTYLIHHOI KyJIBTypH Ta TOTOBHOCTI
a/IanTyBaTH ICHYIOYI MPAKTUKH JIO CYYaCHHUX LIHHOCTEH. 3aKiaaf 3a0X0UyIOThCs
JI0 3MiHU HAPATHBY 31 CIIAANIMHA iICTOPUYHUX MPAKTUK Ha JAIEKOTAIHY (inoco-
¢iro, sika Hajgae NPIOPUTET IHHOBALISAM Ta NPOTPECHMBHUM METOIUKAM BHUKJIA-
naHHs. Taka Ky/lsTypHa HaBiraiis Ma€ Ba)KJIMBE 3HA4UCHHS IJIsI CTBOPCHHS cepe-
JIOBUIIA, K€ MIATPUMYE SIK aKaJeMIYHHUH YCIIX, TaK 1 pO3BUTOK €MOLIIHOTO iH-
TEJEKTY SIK Cepel CTYACHTIB, TaK 1 cepe]] BUKIaAadiB.

EMomiliHu{ 1HTENEeKT BiJirpae Ba)KJIUBY pOJIb Yy KOHTEKCTi BHILOi OCBITH,
BIUTMBAIOYH SIK HA aKaJeMIUHY YCIIIIHICTh, TaK i Ha MICHXOJOTIYHE OIaronmoTyIds
CTleeHTlB Jlirepatypa Bka3ye Ha Te, IO JIFOJH 3 BHIIOKO 3aTHICTIO 00pOOISTH
eMOIIiIHHY iH(pOopMaito, IK IPaBHIIO, KpaIle BHKOHYIOTh KOTHITHBHI 3aBIAaHHS, IO
0COONMBO aKTyaJbHO IIiJ] 4Yac CKJIaJHHUX €TalliB HaBYaHHS B YHIBEpCHTETI
(Sanchez-Alvarez et al., 2020). EI oxommoe sk BHyTPilIHbOOCOGHCTICHI, TaK i Mi-
JKOCOOMCTICHI HABUYKH, SIKI HEOOXIHI [ OPI€HTAIlIi B COMIaNbHIA TUHAMIII Ta
cTpecax, Mo NepeBaKaroTh B aKa;[eMquOMy Cepe,I[OBI/IH.Il 0COOJIMBO B MiAJITKO-
BOMY Billi, KOJI CTYACHTH CTUKAIOTHCS 31 3HAYHUMH 3MIHAMH.

JlociimKeHHs TOKa3yloTh, 0 EMOLIHHNIN IHTEJIEKT 3HAYHOIO MipOI0 Kope-
JIFOE 3 aKaJeMiyHO ycmilmHicTio. CTyIeHTH, SKi MaloTh BHUIUH piBeHb El, ge-
MOHCTPYIOTh Kpally caMOperyIsIliio, eMOLIHHY 00i3HaHICTh Ta 34aTHICTH BHPI-
IIyBaTH MPOOJIEMH, IO CIPUsIE IXHIN 371aTHOCTI €DEKTHUBHO CIPABIATUCS 3 aKaJie-
MigHEM TUCKOM (Shengyao et al., 2024). Kpim toro, nobpe possuneHe EI moxe
MIABUIIUTA MOTHBAIIIIO CTYIACHTIB, T03BOJIIFOYH iM 30epiraTi 30CepeIKeHICTh i
BiJ/TaHICTh HABYAHHIO HAaBITh TO/i, KOJIN BOHH CTUKAIOThCS 3 EPEIIKOIaMHU.

B3aeM03B'130K MiXK €MOIIITHUM IHTEJICKTOM 1 KHUTTECTIHKICTIO TAKOXK 3aCITy-
roBy€ Ha yBary. JKUTTeCTIHKICTb, SiIka BU3HAYA€ThCS SIK 3aTHICTh CTY/ICHTA 10JIaTH
TpPY/AHOLLI, 30epiralouy Npu LLOMY aKaJeMiuHy YCIHIlIHICTb, epeOyBac IiJ| CHIlb-
HHMM BIUTMBOM eMoliifHoro iHTenekTy. CtyneHTH 3 BUcokuM El MoXyTh eexTus-
HillIe CITPABJIATHUCS 31 CTPECOM 1 Kpallle ITyKaTH COLiaIbHOI MiATPUMKH, IO € KUT-
TEBO BOXJIMBHUM JUISI MIATPUMKH XHTTECTIHKOCTI Iepes] OOMHIUsIM aKaJeMigHIX
TpyaHowis (Sanchez-Alvarez et al., 2020; Shengyao et al., 2024).

Kinbka gociimpkeHs MpUITyCKatoTh, 0 MOTHBAITiS, CaMOe()EeKTUBHICTb 1 )KUT-
TECTIHMKICTB CIYT'YIOTh (paKTOpaMH-NIOCEPETHUKAMH Y B3a€MO3B'SI3KY MiX eMOLIi -
HUM IHTEJIEKTOM Ta aKaJeMiyHOIo ycminmHicTio. Hampuknana, miaBHUIeHni eMo-
LIHUH 1HTEJIEKT MOXKE MPU3BECTH 10 MOCWICHHS MOTHBAIlii, 10 3r0JI0M ITOKpa-
IIy€ K TICHXOJIOTiYHe OJIaromoiryJds, TaK i akageMiuHy ycmimHicTs (Shengyao et
al., 2024). Lle cBimuuTH IO Te, 110 PO3BUTOK EMOLIIMHOTO IHTEIEKTY B paMKax
OCBITHIX TIpOTpaM MOXe€ He JIMIIE TTOKPALTUTH eMOLiifHe Ta comiaibHe (PyHKIio-
HYBaHHS CTYICHTIB, aJie i OIMOCEPEAKOBAHO ITiIBUIIUTH TXHI aKaJIeMi4HI Pe3ylib-
TaTH 32 PaxyHOK IIiIBUIIIEHHS PiBHSA MOTHBAIIi].
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Mpodecinna KynbTypa y BULLIA OCBITI

[Ipodeciiina KyapTypa y BUIIMX HABYAJIBHHUX 3aKJIa/1aX OXOILIIOE CIUIBHI IiH-
HOCTI, TEpEKOHAHHS Ta MPAKTHUKH, SIKi (OPMYIOTH OCBITHE CEpEAOBUINE I BU-
KJIa/1a4diB, CIiBPOOITHHKIB Ta CTyneHTIB. L[ KynpTypa CyTTe€BO BIUIMBAE Ha iHCTH-
TYUIHHUI DiIXig 10 BUKIaJaHHs, HABYAHHS Ta 3arajlbHOTO 3aJTyYeHHS CTYJCHTIB,
THM CaMHUM BIUTMBAIOYH Ha KITFOYOBI PE3yIbTaTH, TaKi K HABYAHHS CTYJCHTIB, yT-
pPUMaHHSI CTYICHTIB Ta 33J0BOJICHICTh NMPOQEeCOPCHKO-BUKIAIABKOTO CKIAIy
(Shaw et al., 2021). B ocHOBI npoeciiiHOi KyIbTypH JeXKUTH IHCTUTYIIiIHA Ky-
JBTypa BUKJIAJIAHHS, KA BiTOOpakae BKOPIHEHI MOJICII Ta 1/1e0JI0T1i BUKIaJaHHS,
110 iICHYIOTB Y BUILIX OcBiTi. LI KyIbpTypa He € CTaTHYHOI0; BOHA PO3BUBAETHCS Y
BIAMOBIb Ha Pi3HI (pakTOpH, BKIIOYAIOUN 3MIHM B IHCTUTYHIHHHUX IpiOpHUTETaX,
CYCIUIBHUX BUMOTax Ta MocBimi ii wienis (Shaw et al., 2021; Elmi, 2020). Kyxs-
Typa BUKJIaJaHHs MPOSIBISIETHCS Yepe3 Pi3HI MIKPOKYIBTYpH, SIKI ICHYIOTh Ha pi-
BHi Kaenpu abo QaxynsTeTy, KOKHA 3 IKHX POOUTH CBilf BHECOK Y OUIBIIY iHCTH-
TYUIHY KyJIbTypY, @ TAKOX Ma€ CBOI BJIACHI BIIMIHHI I[IHHOCTI Ta IiJIXOIH.

JlociKeHHS TTOKa3ajH, IO CTYMiHb, JI0 SIKOTO HaBYAJIbHHI 3aKJIaj LiHy€e BH-
KJIalaHHsl, MOX€ IIMOOKO BIUIMBATH HAa KPUTHYHI pe3yJbTaTd, BKIIOYAIOUM HaB-
YaHHA Ta 3aTy4eHHs CTyIeHTiB. Hanpukiaz, 3akmany, sSKi HalaroTh MPIOPUTET BH-
KJIaIaHHIO Ta CTBOPIOIOTH CHPHUSITIIMBE CEPEJOBHIIE JUIsl BUKJIA/Ia4iB, 4ACTO IEMOH-
CTPYIOTh BHIIMH piBEHb MOTHBAIii Ta 3aJOBOJICHOCTI BHKIanadiB. ONMuTyBaHHS
Collaborative for Academic Careers in Higher Education (COACHE) minkpeciro-
10Th, [0 CHPUHHSATTS BUKJIaJa4aMH CBOTO IHCTUTYLIIHOTO CepeloBHIA Bixirpae
KJIFOYOBY POJIb Y 3aI0BOJICHOCTI pOOOTO0, OCOOJIMBO B yCTAHOBAX, SIKI HAJIAIOTH I1e-
peBary BUKJIaJJaHHIO, 2 HE HAyKOBUM JIOCTikeHHsM (Shaw et al., 2021).

OcCBiTHI pO3pOOHKKH Bi/IirparoTh BUPIIIAIbHY POJIb Y pOpMyBaHHI Ta MiJBH-
IIEHHI KyJIbTYPH BUKJIaJaHHs y BUIIMX HABYAIBHUX 3aKiIagax. BoHU IiIOTh K Ka-
TaJi3aTOPH 3MiH, CIIPUSIOYN CTBOPEHHIO CEPEIOBHUIIA, SKE 3a0X0UY€ IHHOBAIIHHI
METOAM BUKIJIAIaHHs Ta CIIiJIbHE HaBYaHHA. Bu3Havatoun eekTHBHI NPaKTHKN BU-
KJIaJIaHHS Ta CTBOPIOIOYH CXOBHUINA IUX IPAKTHK, OCBITHI pO3pOOHUKH AOIIOMAara-
IOTh CHPUATH CIUTFHOMY PO3YMIHHIO YCITIIIIHUX T1IXO/iB IO BUKJIATaHHS, SKi MO-
KyTb OyTH MPUAHATI Ha pi3HUX (akynbreTax (Shaw et al., 2021; Elmi, 2020).

HesBakaroun Ha MOTEHIIANT JUTS TO3UTUBHUX 3MiH, iICHYIOTh BHKIIHKH Y (op-
MYBaHHI CHJIBHOI TpoQeciiHOl KyIbTypH y BHIIiH OcBiTi. Taki pakropw, K iHCTH-
TYLil{Ha MOJNITHKA, TOCTYIHICTh PECYPCIB Ta KOJIEKTUBHI IO, MOXYTh CTBODIO-
BaTH Oap'epw /Ul BIIPOBAKEHHSI HOBHX NPAKTHK BHKIagaHHs. binbire toro, Ha-
MPYXEHICTh MK PI3SHOMaHITHUMH POJIIMH Ta BUMOTaMH, III0 BHCYBAIOTHCS JI0 BH-
KJIa/1a4iB, MOXKE YCKIIaJHUTH PO3BUTOK LITiCHOT Tpodeciitnoi Kynsrypu. OnHak, 3a-
BJSIKM TIOCTiHHIH CTIiBIIpaIli Ta BiZTAHOCTI CIUJIHHUM IIIJISIM, HABYaJIbHI 3aKJIaId MO-
JKYTb TTOZOJIATH 11i BUKJIMKH Ta CIIPHUATH PO3BUTKY 1HKIIO3UBHOI Ta epEKTHBHOI Ky-
JETYpHY BUKJIAAHHS, SKa MATPUMYE BCIX YJICHIB aKaJAEeMIUHOI CIITBHOTH.

Buxknuku tTa 6ap’epu

Jlarmmrad T 3aKnaziB BUIOT OCBITH CTa€ AeAalli CKIIQIHIIINM, a Pi3HOMaHITHI
BUKJIMKY Ta 0ap'epy BIUIMBAIOTH HA iXHIO 3/1aTHICTh PO3BUBATHCS Ta €(DEKTHBHO
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BIPOB/)KYBaTH Cy4acHi MpakTUKH. LI BUKJIMKH 3ar0CTPIOIOTHCS TPHBAIOYOIO I1a-
HaeMmieto COVID-19, sxa 3Mycuia 3akiiaiy IIEpeoIiHATH CBOT ONepaliifHi paMK{
Ta KyapTypHY auHaMiky (Rosowsky & Hallman, 2020). Liudpogizauis cycmiibc-
TBa IPU3BOIUTH JI0 3MiH K Yy KyJIBTypi BeJeHHs Oi3HecCy, Tak i y mpodeciiHii
kynerypi (Makedon et al., 2022; Vorobiova et al., 2023).

OnHUM 13 BXIMBHX BHKIHKIB € IOJOJAaHHS KYJIBTYPHHX IHJIEM Y HaBYallb-
HUX 3aKnangax. OCKiTBKY KONEKi Ta YHIBEPCUTETH aJanTYIOTHCS IO HOBUX METO-
JIOJIOTi#l HaBYAHHS, BOHU CTHKAIOTHCS 3 TPYIHOIIAMH 30epeKeHHs TPpaJHiliHHIX
KyJIBTYPHHX TIPAKTHK, BOXHOYAC BU3HAIOUW MOTpeOy B iHHOBaMisX. Hampyra mixk
BIIaHYBaHHSIM ICTOPUYHOI CHAIIIMHKA Ta aJaNTallielo 10 CyYaCHUX LIHHOCTEH
MOYKE BHKJIMKATH OITip Cepell 3alliKaBIeHNX CTOPIH, i 9acTO 3'SIBISIOTHCA HACTPOI
Ha KIITAIT «MH 3aBKIH TaK pOOMIn».

OOMeXeHICTh pecypciB TaKOXK Biirpae BaXKJIUBY POJIb y BUKIINKAX, 3 SKUMHU
CTHKAIOTHCS BUIII HABYAJIBbHI 3aKiaau. barato HaBYalbHHUX 3aKJaliB OOPIOTHCS 3
oOMexxeHNM (iHaHCYBaHHSM, IO MEPEIIKOPKAE TIXHIM 30aTHOCTI BIPOBAKyBaTH
HOBI TIPAKTUKHU 200 TEXHOJOTI1, SIKi MOIIIK O MOKPAIIUTH OCBITHIH AoCBix. 3abe3-
MeYCHHSI 30BHIITHBOTO (piHAHCYBAaHHS Ma€ BayKJIMBE 3HAUCHHS JUIA iHTErpanii Ho-
BUX KOHIICIIIIIH, TAKKX SIK COIiaJIbHE Ta eMOIIIifHE HABYaHHS, B ICHYIOUI POTPaMH;
OJIHAK i 3yCHIIIA MOXXYTh HAINITOBXHYTHCS HA OIOPOKPATHYHI MEPENIKOAN Ta iH-
crutyuiiiny iHepuito (Kellot, 2024).

BrumB eMoIiifHOTO iHTEIEKTy Ha aKaIeMidHy YCITIIITHICTB € e OMHIEI0 ceporo,
JIe BUHUKaIOTh Ipo0sieMH. JI0CITiPKeHHS BKa3yIOTh Ha MOMIPHO CHITbHHH 3B'SI30K MK
EI Ta akagemiunoro ycmimmHicTio (Gilar-Corbi et al., 2018). Oqnrak nepexif 10 po3Bu-
TKY IMX SMOLIHUX KOMIICTCHINH HE € MPOCTUM, OCKUIbKHM HABYAJIBHUM 3aKJIaJaM
MOke OpaKyBaTH HEOOXiTHUX HAaBYAIFHHUX PECYPCIB i CHCTEM MiATPUMKH SIK JJIS CTY-
JICHTIB, TaK 1 JUIs BUKJIa/1a4iB. [HCTUTYI[IHNIT KOHTEKCT CyTTEBO BILIMBAE Ha Te, SKi
3MiHH MOXXYTh OyTH BIIPOBapKeHi. Taki pakTopH, K KOJEKTHBHI JOTOBOPH Ta YKOPi-
HeHa IHCTHTYILiiHA MMONITHKA, YaCTO YCKJIaJIHIOIOTh BIPOBAIKEHHS HOBUX OCBITHIX
npakTuk (Shaw, 2021). Hanpukmaa, xo4a po3poOHUKH OCBITHIX IIPOTPaM MOXYTb BU-
CTYNaTH 32 aKTHBHE HaBYaJbHE CEPEIOBUIIE, BiJCYTHICTh (piHAHCOBOI MiATPUMKHU
MO’Ke 3pOOUTH Taki iHIIiaTHBH He3iicHeHHUMU. L5 ckitanHicTh Jomae me ouH pi-
BEHb JI0 3arajibHOl IHCTUTYLIHHOI KyJIETYpPH Y BUILIH OCBITI, 1110 pOOUTH HEOOX1THUM
TIOIIYK €pEeKTHBHUX CTPATEriil Ay TIOJOJIAHHS X Oap'epiB.

BuCHOBKM

MaiiOyTHe 3aKiIaiB BUIOi OCBITH, KHMOBiIpHO, Oy/ie MOB'SI3aHE 3 TOCHIICHHIM
aKIEHTY Ha EMOLIIHOMY IHTEJEKTi Ta MpoQeciiHii KyIbTypi K BOKIMBUX KOM-
MOHEHTAX OCBITHHOTO PO3BUTKY. I[pHCTOCOBYIOUHCE 10 MIBUAKO3MIHHHUX CYCIIiIb-
HHX MOTPeO 1 TEXHOJIOTIYHOTO IPOTPECY, 3aKIIaAN IIOBHHHI 30CEpeIUTUCS Ha PO3-
BuTKy El siK cepen cTyaeHTiB, Tak i cepen CIiBpOOITHHKIB, MO0 MOKPAIIUTH KO-
MYHiKallilo, CIiBIPALO Ta 3arajbHy e(eKTUBHICTh iHCTHTYLII. Lt 3cyB nepen-
Oavae TIepeOIiHKY MOTOYHUX MTEAAarOTIYHMX ITiIXOIB 3 METOIO KpaIloi iHTerparii
EI B HaB4asbHI IJTaHU Ta IPOTPAMH IiJTOTOBKH, THM CAMHM TOTYIOYH BHITYCKHH-
KiB JI0 CKJIQJHOIIIIB CYYaCHUX POOOUMX MICIIb.
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Bki1to4eHHsI CTPYKTYpPOBaHOTO TPEHIHTY 3 eMOLIIHHOTO 1HTEJIEKTY B aKaieMi-
YHI IPOTPaMH MOXKE 3HAYHO OKPAIIUTH Pe3yabTaTH HABYaHHSA CTyNeHTiB. Jlocmi-
JUKEHHS! TTOKa3yloTh, 1o BuImi El kopentoe 3 Kpamioro akajeMiqyHOIO yCITiIIHi-
CTIO Ta MI’)KOCOOHCTICHIMH CTOCYHKAaMH, SIKi MAIOTh BHpIIIaIbHE 3HAYCHHS B Pi3-
HOMaHITHUX HaBYaJbHUX cepenoBHIIax. MaiOyTHI iHILIaTHBY MOXXYTh BKIIIOYATH
PO3pOOKY KOMIUIEKCHUX HaBYaJILHUX MOAyIiB 3 El, cipsiMoBaHUX Ha HOKpaeHHs
CaMOCBIIOMOCTI, COLiaTbHAX HABHYOK Ta yYIIPABIIIHHA B3a€MOBITHOCHHAMH CEpe]
cryneHTiB. Lli mporpamMu MOXXyTh OyTH aaanToBaHi Ui 3a0BOJICHHS MOTped He-
TPAIUIIHAX YYIHIB Ta yYHIB 3 Pi3HAM IIOXOKCHHSM, 3a0€311eUyI0UH iHKITIO3UBHY
HaBYaJbHY aTMocdepy, sIKa CIIPHsIE 3ayYEHHIO Ta YCIIiXy.

31 3pocTaHHAM TparHEHHS 3aKjajiB eEKTUBHO NepeaaBaTy CBOI IIIHHOCTI Ta
Micito, 4iTKe (OPMYJIIOBAHHS IHCTUTYIIHHOI KylbTypH HaOyBae nefaim Oinbrroi
Bard. [HCTUTYIIi MOBUHHI 30CepeNTHCS Ha CTBOPEHHI HapaTHBIB, SKi BiHoOpaxa-
I0Th IXHI ICTOPHYHI 3aca/iy 1 BOJAHOYAC BIANOBIIAIOTH CY4aCHUM LIIHHOCTSIM, 0CO0-
JIMBO Y CBITIJII MOCTiHHUX cycnimbHUX 3MiH. [linkpecnenns xuBoi dinocodii iHHO-
Balliil, pi3HOMaHITHOCTI Ta 3aJIy4eHHs] POMaJIChKOCTI Oyze Oibi eeKTHBHO pe3o-
HyBaTH 3 HUHIMIHIME Ta MAHOyTHIMH CTYACHTaMHU. 3aKJIaId MOXKYTh TaKOX JTOCHi-
JUKYBaTH BipTyallbHI IIaTGOpMH AJIs CHIUIKYBaHHS, 100 MiATPUMYBATH HOYYTTS
CIIUIBHOTH Ta 3B'SI3Ky CEPel PO3IOPOIICHHX CTYACHTCHKUX IPYII, 0COOIMBO 3BaKa-
I04M Ha Te, 1110 OHJIaH-HaBYaHH POJIOBXKYE BillirpaBaTé 3HAYHY POJIb B OCBITI.

OcBiTHI pO3pOOHHUKH TOBUHHI 3aCTOCOBYBATH CIUTBHUH MiAXiM, MO0 iHIIifO-
BaTH Ta MiITPUMYBATH 3MIHHM y BUIMX HaBYaJIbHUX 3akianax. [Ipairoroun 6e3mo-
CepelHbO 3 BUKJIAJadaMH, CIIBpPOOITHHKAMHU Ta aaMIiHICTPAIi€l0, BOHU MOXYTh
CIPHATH BIPOBA/PKEHHIO YCHIIIHHUX IHII[IaTHB, SKi CTAaBJIATh Ha MHeEpIIe MicCIe
OCBITHIO Ta KyJIbTypHY 00i3HaHICTE. MaliOyTHI HalIPSIMKH MOXYTh BKJIFOYAaTH Ha-
JIarO/PKEHHSI MapTHEPCTBa MK yCTAHOBAMU JIJIsl OOMiHY HaWKpallMMH IPaKTH-
KaMH, pecypcaMu Ta JOKa3aMH YCHINIHUX CTPATerii, THM CaMUM IiIBHILYFOYH
JIOBipY Ta e(heKTUBHICTH POMOHOBAHKX 3MiH.

3i 3pocTaHHAM Pi3HOMAHITHOCTI YYHIBCHKOTO KOHTHHICHTY HABYAIIbHUM 3a-
KJ1aJ1aM MoTpiOHO Oy/ie BU3HAYHMTH IHKIIIO3UBHICTb SIK IPIOPUTET y CBOTH OCBITHIN
npaktuni. lle mepenbavyae CTBOpEHHS DOCTYHHMX HaBYAIBHHMX MarepialiB Ta
CIPHUATIMBOIO HABYAIBLHOTO CEpE/IOBUINA, SIKe 3a/0BOJIbHSIE PIZHOMAaHITHI IMOT-
pedu Beix cTymeHTiB. 3a0e3medeHHs 3aI0BOJICHHS eMOIIIHIX 1 COiabHUX MOT-
peb B akaJleMiYHUX paMKax MOXE CYyTTEBO CIIPUSATH OLIbII CHPaBEIUBOMY 1 Ii-
KaBOMY OCBITHBOMY JIOCBiY, TOTYFOYH CTYICHTIB 0 ¢(peKTUBHOI Opi€HTAIIi] B pi-
3HOMaHITHHX POOOYHX MICIISX 1 TpoMajax.
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ExonomivHa Oe3neka YKpaiHU € OTHIEI0 i3 CKIIQJI0OBUX CUCTEMH HAI[IOHAIBHOT
0e3meKw, Mo XapaKTepru3y€e CTaH YKPaiHCHKOi eKOHOMIKH. Buxozsau 3 Toro, mo
COLIaJIbHO-EKOHOMIYHI CHCTEMHU MaKpOPIBHS € BIIKDUTUMH Ta 1epeOyBaroTh B Ti-
CHIf 3aJIe)KHOCTI B (pakTOPiB 30BHIMIHROTO BIUIMBY, @ EKOHOMIUHE CepEeIOBHIIE
€ MIHJIMBUM, BUPI3HSIIOYHCH 3HAYHUM PIBHEM BOJIATUIILHOCTI PUHKOBOT KOH'FOHK-
TypH, TypOyJICHTHOCTI Ta HEBU3HAUYEHOCTI, MOHITOPHHT Ta iICHTH(IKAIS KIFOU0-
BUX BHKIHMKIB Ta 3arpo3 €KOHOMIiuHill Oe3merli KpaiHu BUMAararoTh JOTPUMaHHS
NPUHLUITY Oe3IIepEepPBHOCTI.

OCKINBKH CUTBCHKOTOCTIONAPCHKE BUPOOHHUIITBO Ma€ CTpaTeriyHe 3HAYCHHS
JUTS HAI[IOHAJTBHOI CKOHOMIKH, pOOJITYM 3HAYHWN BHECOK JIO KIHIIEBOI BapTOCTI
TOBApIB 1 MOCIYT, MPOIECH, ITOB’A3aHi i3 HOT0 PO3BUTKOM, MAIOTh BILUIUB Ha €KO-
HOMiuHy Oe3nexky YkpaiHW, BHM3Ha4alouu cTaH ii komnoHeHTiB (Ivanov &
Hurtovyi, 2023). TakuMm YHHOM, PU3HKH 1 3aTPO3H CIIIBCHKOTOCIIONAPCHKIH MTisib-
HOCTI MOXYTb CTaTu NpoOJIeMOIo Jyisl 3a0e3NeUeHHs] EKOHOMIUHOT Oe3reKu Kpa-
THH.

Kopytko and Kopytko (2023) migkpecioTh, 10 3aJICKHICTh Bil IPUPOI-
HUX (PaKTOPiB Ta HEBHCOKA PEHTA0CIBHICTH € 0COONMBICTIO (PYHKITIOHYBaHHS ar-
PapHOTo CEKTOpY, IO MOXKe OyTH MOTEHIIIHOIO 3arp03010 CIBCHKOTOCIOAAPCH-
Kiff TISUTBHOCTI Ta MEPENIKO0I0 I JOCSATHEHHS ONTHMAaIbHOTO PiBHS IIPOIOBO-
npuoi Ge3neku. 3a nanumu Sokolenko (2023), moBHOMacITaOHE BTOPTHEHHS HE
TITBKH TIOCHITIIIO iICHYIOY1 TIPOOIEMH, TIPOTE 1 CIPHYUHMIIO MOSBY HOBHX BUKIIH-
KiB JUIsl arpOIIPOMHCIIOBOTO CEKTOPY, cepen sikux: nanaemis COVID-19, Hacninaku
30poitHOI arpecii, ekOHOMi4HI (KOJIMBAaHHS ILiH, IPOOJIEMH 31 30yTOM, EKCITIOPTOM,
JIONATKOBUMH 1HBECTHLISIMH), €KOJIOT1YHI (3MiHa KJiMary), coliajibHi (akTopu
(mpobnemu 3 kaapoBuM 3abesnedeHHsM). Ministry of Agrarian Policy and Food
of Ukraine (2024) cepexn ¢akropis, 1110 MalOTh KITFOYOBHI BIUIUB Ha CUIBCHKE rO-
cniofapctBo Yipainu y 20232024 pp., BUAIISAE MOXKIUBICTD €KCIIOPTY MOPCHKUM
TPaHCIIOPTOM, BPOXKAIHICTD 3aJI€XKHO BiJl IPUPOJHO-KIIIMATHYHAX YMOB, O(illiii-
HUH KypcC I'pUBHI II0JI0 IHO3EMHHUX BAJIIOT, HASIBHICTh JOCTYIIHUX KPEIHTIB, L0 €
OJIHUM 13 IHCTpYMEHTIB Oro/pkeTHOI miarpumkH. National Institute for Strategic
Studies (2024) Takoxx BBakae OOMEKCHICTh (PIHAHCOBHUX PECYpPCIB CLIBCHKOTOC-
MOIAPCHKUX BUPOOHUKIB BUKJIMKOM JIJIsl arpapHOTro cekropa YKpaiHu, OllHaK, 10-
TIOBHIOE TIEPETiK MOTEHIIIITHNX 3arpo3 AePiluTOM TPYyIOBUX pecypcCiB, pyHHyBaH-
HAM 1H(1)paCprKTypp1 (3epHocx03141u, TIPOTIOBOBIHX CKJIaJliB) Ta BTPATOIO 3eMe-
JBHUX PecypciB BHACHIIOK OOHOBUX /iii, MiHyBaHHS Ta pyliHyBaHHs KaxoBchbkoi
I'EC.

TakuM YHMHOM, PO3BHTOK CiIBCHKOTO TOCIIOJAPCTBA SIK OAHIET i3 KIFOYOBUX
rairy3eil eKOHOMIKH YKpaiHu nepeOyBae Mij BILTMBOM Oe3idi (hakTopis, TEOpeTH-
yHe 00TpYHTYBaHHS, ieHTH(]iKamis, Kiacudikamis Ta BU3HAYCHHS BIUTUBY SKHX €
AKTyaJIbHUM y KOHTEKCTi 1HTerpalii HaiBayIUBIMINX 3 HUX J0 CUCTEMU iHIWKA-
TOpiB €KOHOMIUHOi O€3MeKH KpaiHH 3 METOIO i 3MIIIHEHHS Y IIOTOYHUX YMOBaX.

MeTa i 3aBgaHHA

Mertoro nociipkeHHS € mo0Oy0Ba CHCTEMH (PAaKTOPiB, IO MAIOTh HOTEHIIIH-
HUH BIIMB Ha PO3BUTOK CLIbCHKOTOCHOAAPCHKOTO BUPOOHUIITBA, X TEOpPETHYHE
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o0rpyHTYyBaHHS 1 Kjacudikauis 3a XxapakrepoM BIUIMBY. Lleii eran € Halinepimm i
0a30BUM AJISI IPOBEICHHS MMOJANBIINX EMITIPHYHUX JOCITIKESHB 3TiTHO 3 PO3PO-
OJEHUM METOIMYHHM IiAX0J0M (PHCYHOK 1), y pe3ynbraTi BAKOPHCTaHHS SKOTO
OyxyThb ineHTH(IKOBaHI KIIFOUOBI (paKTOPH, 10 BIUITMBAIOTH Ha CIIHCHKOTOCIIONAp-
CBbKY JISUTbHICTh T2 BUPOOHHUIITBO.

-
TeopeTnune oOIPyHTYBaHHS | CTBOpeHHs BMXiIHOrO MacHBy 3 noHas, '
Eran I (akropis, o MaIOTL 20 dhakToOpIUX 3MIITINX 32 OKPEMUMH
TIOTCHIIHNH BIUIMB Ha PO3BHTOK )| 3MICTOBIME TPyTIaMH, KOJKHA 3 AKHX Mac
CilIbCLKOIO rOCnoaapeTsa OAWHMLI BUMIPIOBAHHSI, OIUC Ta JKepena
Ykpaiau | BXiTHOT iHopmartii ]
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(akTOpiB, 10 BANBAIOTh HA CiNbCbKE
TOCMOAPCTRO, 3 CHCTEMOIO
iHAMKATOPIB €KOHOMIYHOT Oe3neKn
Kpainn

CUCTEMOK 1HAMKATOPIB

/" BrocKkOHaIeHHS CHCTEMU iHAMKaTOpIB Y ) 3
pasi HeoOXimHOCTL J

Pucynok 1 — Meropmunuii minxin 1o inenrudikaunii kiaodosux gpakropis, siki Bnin-
BalOTh HAa PO3BUTOK CLILCHKOIO IrOCNOAAPCTBA i MOKYTh OyTH iHTerpoBaHi 10 cuc-
TeMH iHIUKATOPIB eKOHOMiuHOI O0e3nmexku kpainu (Ixepesio: CTBOpeHO aBTOpaMM)

be3 3abe3neueHHs BceOIYHOCTI 1 aKTyaJlbHOCTI BHXIJHOTO MacHBY (haKTop-
HHX 3MIHHHX, PO3pOOJICHOTO Ha L[LOMY €Talll, pe3yJIbTaTH eKOHOMIKO-CTaTHCTHY-
HOTO Ta eKOHOMiKo-MaTeMaTnyHoro aHamizy (etam II-1IT) OymyTe HEeKOpeKTHIMHU
a0o0 HenoBHUMHU. L{e y cBOIO Yepry NpHU3BOAUTH A0 HENPABUIILHOI iHTEpIIpeTanii
BIUTMBY (haKTOPiB Ta iHTETparii iX 10 CHCTEMH IHANKATOPiB EKOHOMIYHOT Oe31eKn
(erarr IV). TeopernuHe 0OrpyHTYBaHHS J103BOJISIE CHOPMYITIOBATH T1ITOTE3H 1010
3B'I3Ky MK (paKTOpaMHu Ta pe3yJbTYIOUOI0 3MIiHHOIO, 3HAUYIICTh i BaroMicTh
SIKOTO IIEpPEBIPSIETHCA 3a JOTIOMOTOI0 perpeciiiHoro abo (akTopHOTro aHali3y 3 BU-
KOPHCTAaHHSIM METOy TOJIOBHUX KOMITOHEHT.
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Buxonsun 3 BHIIEHABEACHOTO, OCHOBHMMH 3aBIaHHSIMU JOCIHIJKCHHS €
OTJISIT HAyKOBOI €KOHOMIYHOI JIiTepaTypH, 3BiTiB MPOQITEHUX MIHICTEPCTB, €KO-
HOMIYHHX, COLUAJbHUX 1 EKOJIOTIYHHMX ITOKAa3HUKIB, HA OCHOBI 4Oro mae OyTH
MIPEACTABICHNH Nepenik (paKTOPHUX 3MIHHUX, KIacH(iKOBaHHX 3a XapaKTepoM
BILIUBY, III0 MAIOTh OITMC, OJMHHIII BUMIPIOBaHHS Ta [pKepelia BXiqHoi iHdopMariii.

OTxe, TEOPETUIHO OOTPYHTOBaHI (DaKTOPH € OCHOBOIO JIJIsI PO3POOKH PEKO-
MEH/aLii I0J0 IUIaHyBaHHS JOBIOCTPOKOBOTO PO3BUTKY arpoCEKTOpa, iACHTH-
(ikauii 3arpo3 eKOHOMI4HIH Oe3relli, OB’ I3aHHUX 13 CLIBCHKUM TOCIOAAPCTBOM,
TMPUAHATTS CTPATETivyHIX PIlIeHb y cepi Aep>kaBHOI arpapHOI MOJITHKH.

Marepianu Ta meTogu

JlocnimpKeHHs CTUpa€eThCsl Ha aHalli3 eKOHOMIYHOI JiTepaTypH YKpaiHCBKUX
Ta CBITOBHMX HayKOBIIiB, 3BiTH MiHiCTepCTBa arpapHOi MONITHKH Ta MPOAOBOJILC-
TBa YKpaiHu, MiHiCTepCcTBa pO3BUTKY IpPOMaJ Ta TEPUTOPid YKpaiHU, CTaTHCTH-
YHI MOKa3HUKH J[ep:kaBHOI ci1y)x0u craTucTuku Ykpainu, CBiToBoro 6anky, Op-
rafizamii eKOHOMI9HOTO criBpoOiTHUITBA Ta po3BuTKY (OECD), IIpomoBomsdoi
Ta clIschKorocnonapcerkoi oprauisarii OOH (FAO).

VY mporeci 3miiCHEHHS TEOPETHYHOTO OOIPYHTYBaHHS CHUCTEMH (haKTOpiB
IIMPOKO BHUKOPUCTOBYIOTHCS 3arajlbHOHAYKOBI METOIU EKOHOMIUHOIO aHaji3y
(aHami3 okpemux (axkTopiB Ta IX CHHTE3 32 y3araJbHCHHUMH 33 XapaKTepoM
BILUIUBY) Ta €KOHOMIKO-JIOT'1UHI MeToAM (MOPIBHSAHHS (haKTopiB, po3poOka MeTo-
IUKH imeHTH(diKanii KIF0Y0BHX (PAKTOPiB) 3 BHKOPHUCTAHHSAM CHCTEMHOTO Iij-
XOmy.

Pe3aynbTtatn Ta 06roBopeHHn

Buxonsun 3 iCHYIOUMX HAyKOBHX MJOCIIKEHb, NPHCBIUYCHHX BHBYEHHIO
BIUIMBY Pi3HUX (PaKTOPIB Ha CIILCHKOTOCIOAAPChKE BUPOOHHMIITBO B YKpaiHi, Ta
JIOCTYITHOCTI CTATUCTHYHUX JaHUX, IIOTCHIIIHHI 3MiHHI MOXKITUBO KIacH(iKyBaTH
3a HACTYITHUMH 3MICTOBHMH T'pyNaMH: NPUPOAHO-KIIMaTH4HI, EKOHOMIYHI, COLli-
aNpHO-JeMoTpadivHi, BAPOOHHYO-TEXHOIOTIYHI Ta SKOJIOTIYHI.

HecnpusTiuBi IpUpOIHO-KIIIMATHYHI YMOBH, SIKI XapaKTepU3YIOThCS EKCTpe-
MaJIbHUM IIBUIIEHHSIM TEMIICpaTyp, M0 MPU3BOJUTH JI0 TOCYXH Ta 3MEHIICHHS
BOJIOTOCTI OpPHUX 3eMellb (Tabnuist 1), MOXKyTh 3HAYHO 3HHUIILYBATH BPOXKAMHICTh
CUIBCHKOTOCIIONIAPCHKHX KYJBTYD, HEaAaNTOBaHKX /10 TAaKHX IMOTOAHUX YMOB, IO
y CBOIO Yepry MPHUBOAUTH JIO CKOPOUEHHS 00CATIB BUPOOHUIITBA. 3alpOMIOHOBaHI
(hakTopu B Mekax JaHOI 3MICTOBOI I'pPyNM HE Cylepedarb pesyibTaraM J0CIIi-
JIKEeHb, B IKUX T1IKPECIIOETHCS CHITbHA 3aJIEKHICTH CiJIbCHhKOTOCIIOAPCHKOTO BU-
POOHHMIITBA BiJf MiHIUBOCTI IMOTOJM Ta €KCTPEMAaIbHUX KIIMATHYHUX SIBHUII, 30K-
pema crexn, noBeHi Ta mocyxu (Deryng et al., 2014; Powell & Reinhard, 2015).

ExoHOMIYHI yMOBH, Ha HaIlly TyMKY, € OJIHI€I0 3 BUpIIIAILHUX TPy (akTo-
piB, 10 3a0€3MEeUyIOTh PO3BUTOK CITBCHKOTO TocmonapeTna (Tabmumsg 2). Ilchuk
(2019) BBaxae, o AJs1 301TBIIEHHS BUPOOHHUIITBA CUTHCHKOTOCTIOAAPCHKOT TIPO-
JYKLIT B Tairy3i sSIK pPOCITMHHUIITBA, TaK | TBAPUHHUIITBA, @ TAKOX IT1IBUIEHHS KOH-
KypeHTOCIIPOMOXKHOCTI HE0OXiHA JAeprKaBHA MiATPUMKA YKPATHCEKHX arpapiiB.
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Ta6auus 1 — @akTopHi 3MiHHI, 10 XapaKTePU3yI0Th NPUPOAHO-KIiMAaTHYHI
YMOBH Ta MaKlOTh NOTeHUilHUI BIUIMB HA PO3BUTOK CiJIbCHKOI0CNOJaPChKOI0
BupoOHuuTBa (Ixepeso: CTBOpeHO aBTOpaMu)

3minHa dakTop OauHuUsI BUMIPIOBaHHS J:xepeno
X1 3MiHa TeMIeparypH Ha Cymri °C FAO (2023)
Xy Bruue mocyxu, aHOMatisi BOJIOro- o .
CTi IPYHTY OPHEX 3eMe % 3MiHa OECD (2023)
X3 BruB excTpeManbHUX TeMmIepa- | % HaceJeHHs, U0 MOTepIiae
TYp Bix cneku (> 35°C) OECD (2023)

Olunyk et al. (2020) BucTynaroTh 3a ii MOCHICHHS IIISXOM HaJaHHS MOAAT-
KOBUX 1 MUTHUX HpeQepeHIiil Al Moaaabuioro PO3BHTKY ranysi. Pazom 3 Tum
Petliuk and Miedviedkova (2021) HaroiaomryrTh, IO iCHyIO4Ya CHCTEMa JepKaB-
HOT (piHaHCOBOT MIATPUMKH Ma€ OyTH BIIOCKOHAJICHA, OCKUIBKY OJIHUMH 13 HACIi[-
KiB CyOCH[IIOBaHHS CLIBCHKOTOCHOAAPCHKIX BHPOOHUKIB € CIIOTBOPEHHS 30BHI-
IIHBOT TOPTIBII, PUHKIB (h)aKTOPiB BUPOOHHLITBA T2 KOHKYPEHTHOI ToBeiHKH. He-
3BaKAIOUM Ha Te, 0 €()EeKTHBHICTH JEp)KaBHOI MiATPUMKH arpoCEKTOpy 3alie-
JKUTh BiJ] KOHKPETHHUX 3aXOJiB JIEPKAaBHOI arpapHOi MOJIITHKH, OJJHAK, BUKOPHC-
TaHHS JOIUTBHUX IHCTPYMEHTIB OIO/DKETHOT MATPUMKH 1€ 3MOTY (hepMepChKUM
TOCIIOAAPCTBaM 3IIHCHIOBATH IHBECTHINII, 3a0€3Meuyr0Yr MOJACPHI3aIli0 00aI-
HaHHA Ta iHcppaCprKTypI/I 3MEHIITyBaTH BapTiCTL BHPOOHUYHX pecypciB (manu-
BHO- eHepreanﬂl MiHepalbHi M opraHmHl N06pHBa), SHIKYIOUH BUTPATH Ha BH-
POOHUITBO i CO61BapTICTL MPOIYKIIii, 0 MPU3BOAUTH J10 MiABHINECHHA ii KOHKY-
PEHTOCIIPOMOXKHOCTI.

[NoniOHwMiT MOTEeHIiHUK BIUIMB HA CLIECHKOTOCIONAPCEKE BUPOOHUIITBO Ma-
I0Th 3pOCTaHHS KaliTaJbHUX 1 MPSIMHUX 1HO3EMHHX IHBECTHIIIH, BAPTICTh OCHOB-
HUX 32c00iB, BBEJICHI B [Iif0 B CLIIECHKOMY TOCIIOJAPCTBI, a/Ke Pe3yABTATOM € TIiJI-
BUILIEHHS 00CSTIB BUPOOHHUIITBA, iforo peHtabenbHocTi. Ha mymky Zelisko (2021),
TIPY PamioHaJIFHOMY BHKOPUCTAHHI iHO36MHUX 1HBECTHUIIIH TEMITH CLIIECHKOTOCTIO-
JIApCHKOTO BUPOOHHUIITBA 3HAYHO MPHUCKOPIOIOThCS. [IpOdyKTHBHICTD mpami x y
CLTBCHKOTOCTIOAaPCHKOMY BHPOOHHIITBI TAKOXK € CBiTYCHHSIM €(EKTUBHOCTI BHU-
POOHHMIITBA: 3POCTAHHS MPOAYKTHBHOCTI MpaIli 03Ha4a€ 301IbIICHHS 00CATIB BH-
pOIIeHOT NPOAYKIii 32 OJHAKOBUX BHUTPAT TPYAOBHX PECYpCiB, IO HAa AYMKY
Ivakhnenko (2018), cripusie miJBHIICHHIO KOHKYPEHTOCIIPOMOXHOCTI arpapHoro
CEKTOPY €KOHOMIKH.

Ockinbku Ju1st YKpaiHy piBeHb 3a0e31e4eHOCT] TOTped HACEIICHHS y MIISHHI
MEPEeBUIyE ONTUMAJILHUIN Maibke y 4.33 pasiB, a 3epHOBi KyJIbTYPH € JOMIHYFO-
YMM TOBapOM cepeJl NPOJAYKTiB POCIMHHOTO ITOXO/PKEHHS y CTPYKTYpi eKCIOpTY
(Ivanov & Hurtovyi, 2023), oOcsr i BHyTpilIHBO{ IPOTO3UIIi] Ma€ BIUIUB SK Ha
(hopMyBaHHS PUHKOBOI IIiHM, TaK 1 Ha CTUMYJIH (epMepiB MEepelTH 10 BHPOIILY-
BaHHS IHIIUX CUILCHKOTOCHOAPCHKUX KYJIBTYP, CIIPOBOKYBABIIIN CTPYKTYPHI 3py-
IIEHHS Y CUILCHKOTOCIIOapChKOMY BUPOOHHIITBI.

3BakarouM Ha Te, 0 OOCSITH EKCIIOPTOBAHO1 YKPAaiHCHKOI OPTraHiuHOi CinbCh-
Korocrogapcbkoi npoxykuii y 2022 pori aBTOMOOUIBHEM TPaHCHIOPTOM 3pOCIIH
Ha 65.85% mopiBHsHO 3 2021 poKOM BHACTIIOK OOMEXEHOTO (PyHKIIOHYBaHHS
Mopcbkux rnepeBeseHb (Ivanov et al., 2024), yacTka BaHTaKHHMX I€peBE3EHb €
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Ba)KJIMBUM JIOTICTHYHAM (PaKTOpOM (YHKIIIOHYBaHHS arpOCEKTOpy B yMOBaX BH-
COKHX PHU3UKIB pocilicekoi arpecii B YopHoMy Mopi. I3 muM ¢dakropom TicHO
IOB’sI3aHa BapTiCTh EKCHOPTY CLILCHKOTOCIIONAPCHKOT MPOMYKIii, sIKa CTUMYJITIOE
BUPOOHUKIB 301MBITyBaTH OOCITH BHPOOHHIITBA IS 33JOBOJICHHS 30BHIIIHBOTO
MOMHUTY Ta MIATPUMKH I7100aIbHOI MPOJOBOJIBYOI Oe3rneku. 3a JaHuMu Yarema
and Khrystenko (2024), HaBiTh Tix Yac akTUBHUX OOWOBHX Iiif Maike TpeTHHA
CLTBCHKOTOCTIOAAPCHKOI MPOAYKINT EKCIOPTYEThCS, 3a0€3MeUyIodr OUTBII HiXk
50% BaNIOTHHUX HAJXOPKEHB, IO MiJIKPECIIOE BAXIMBICTh LLOTO (BaKTOPy IS
PO3BHTKY Tairy3i.

Tabauus 2 — @akTopHi 3MiHHI, 10 XapaKTepPU3yIOTh eKOHOMIYHi YMOBH Ta Ma-
I0Th NOTEHUi{HUI BIVIMB HA PO3BUTOK Cl/ILCHKOr0CIOAAPChKOIr0 BUPOOHHITBA
(Ixepeso: CTBOpeHO aBTOPaMHM)

3minHa dakTop OpuHuns Bu- xepeno
MipIOBaHHsI
X4 O6csir 3aranbHO1 OIOMKETHOT MiATPH- ECD (202
wiku (TBSE) MJIH I'PH OECD (2023)
X5 Obcsr BHYTPILIHBOT NPOTIO3AIT mue- |y FAO (2023)
HHULI Ta IPOAYKTIB
Xg 3aranbHi Ha/IXOJUKEHHS IPAMHX iHO3e- Vi FAO (2023)
MHUX iHBECTHLI
X7 YacTka BaHT@)XKHUX II€PEBE3EHb % OECD (2023)
Xg Kanitanpai iHBecTHIii y ciabChke roc- State Statistics Service
noja Mo TP 2024
PCTBO ( )
X9 BapTicTh eKCTIopTy CilIbCHKOTOCTIO- THC. IO State Statistics Service
JIApChKO1 Ta MPOIOBOJIBYOT MPOAYKITIT CIIIA (2024)
X190 BapricTh 0cHOBHEX 3ac00iB, BBeIe- State Statistics Service
HHUX B [0 B CUILCHKOM i MIIH I'pH 2024
Y TOCTIOAAPCTBI ( )
11 [ponyxrusricTs npami Ha | saitrs- State Statistics Service
TOT0 y CiTbCHKOTOCIIOAAPCHKOMY BH- THC. TPH (2024)
pOOHHIITBI

[NoTeHIiHMH BIUTUB COLiANEHO-IEeMOTrpapidHNX YMOB IPOSBISAETHCS Y MiH-
JMBOCTI OOCSTiB BUPOOHHIITBA 3aJISKHO Bijl MOMUTY Ha CIJIbCHKOTOCIOAAPCHKY
MPOIYKIIFO Ta HASBHOCTI €(PEKTHBHOI Ta PE3yNETaTUBHOI po00Y0i CHITH (TaOmuIIs
3). O4eBUHUM € Te, IO CIIIbCHKOTOCIIOAAPCHKI TOBAPOBUPOOHHUKH OYIyTh Hapo-
IIyBaTH BUPOOHUIITBO NPOAYKTIB XapuyBaHHs y BUIIAAKY ITOCTIIHO 3pOCTaI040r0
BHYTPIIIHBOTO CIIOKUBAHHSA, OJHUM i3 OCHOBHHX JIPalBEPIB SIKOTO € 301TbIICHHS
MIOPIYHOI YACEIBHOCTI HACCIICHHS.

He menm BaxuBuM (akTopoM B YKpaiHi € CiTbCbKe HACEJICHHS, SIKe, 3 Of-
HOTO 0OKY, ()OpPMY€ KOHTHHTEHT Ipalie3/[aTHOrO HaceJIeHHs i Moke OyTH 3aimyde-
HUM JI0 CiTbCHKOTOCITOJJAPCHKOTO BUPOOHUIITBA HA MICIIEBUX ITiITPUEMCTBAX, a 3
IHIIIOTO — MOJKE CIIPOBOKYBATH IIEPEHACHYCHHS PUHKY 32 paXyHOK opraHizamii ar-
papHOTO BHUPOOHHIITBA B OCOOMCTHX CEISIHCBKHX rocmomapcTBax. Demchenko
(2022) minkpeciroe, oo came y CUIBCHBKOMY TOCIIOAAPCTBI 3alHATO OUIbIIE MONTO0-
BHHHU CLIBCBKOTO HaceleHHsS. 3 UM (HaKTOpOM TiCHO B3a€MOTIOB’sI3aHi PiBEHBb
3aHHATOCTI y CUILCHKOMY TOCIIOAAPCTBI Ta KiJIbKICTh HaMaHHX INpaliBHUKIB,
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30UIBIICHHS SIKOT Ma€ CIPUSTH 3POCTAHHIO OOCSTiB BUPOOHMIITBA MPOAYKIIT 32
paxyHOK OiTpImIOi KUIBKOCTI OOpOOTIOBAaHMX 3€MEJb CUTbCHKOTOCIIONAPCHKOTO
NPU3HAYEHHS, OJTHAK, 32 YMOBH ONTHMAJBLHOTO YIPABJIiHHS JIOACEKUMH PECyp-
camu 0e3 MOTipIIeHHs TPOXyKTHBHOCTI MpaIlli.

Taoauusa 3 — @akTopHi 3MiHHI, 110 XapaKTepPU3yIOTh coliaabHO-1eMorpadiyHi
YMOBH Ta MaIOTh MOTeHUiHUI BIUIHB HA PO3BUTOK CiTbCHKOTOCMOAAPCHKOTO
BUpoOHuNTBa (IKkepeso: CTBOpeHO aBTOpaMu)

3minHa ®daxkrop Opununs BuMi- Jxepeno
PIOBaHHS
X1y IlopiuHa YHUCENIBbHICTh HACEICHHS MJIH 0Ci0 World Bank (2024a)
x . % Bij 3arajgpHOT
13 CisbChbKe HaCeNeHHs o BII X World Bank (2024a)
KUIBKOCTI
x 3aifHATICTh Y CITbCHKOMY TOCIO- | % Bijl 3arajbHOTO
14 y KoMy o BU 3ara World Bank (2024a)
JapcTBi YHClia 3aHATHX
X1s L N . . . State Statistics Service
KinbkicTp HaiiMaHUX MPALiBHUKIB THC. 0cib (2024)

Jlo HacTyIHOT rpymy BifHeceHi (aKTopH, 10 XapaKTepHU3yIOTh PIBEHb TeX-
HOJIOTiH Ta TEXHIYHHX 3ac00iB BUPOOHHUIITBA — BHCOKOTO piBHﬂ €HEeProCIIOXHU-
BaHHS Ha (bele 3a paxyHOK ejekrpudikauii Ta MexaHizamii CIJILCLKOFOCHOﬂapCI)-
KHX TPOLECIB, JOCTATHBOIO 3a0€3MEUCHICTIO TEXHIKOIO JJIsl BHKOHAHHS ClITbCHKO-
TOCIOAAPCHKUX poOIT (Tabmuit 4). UuM OLIBIINM € TX piBeHb, THM MOTCHIIIHHO
OLTBIIMMU € MacIITaOu BUPOOHNYOI NiSTTBHOCTI Y Tairy3i CLIbCHKOTO TOCTIonapce-
TBa. Boltianska and Boltyanski (2020) miakpecioTh, 1110 CijIbChbKE roCIoaapc-
TBO HAJICXKHTH JI0 BEIHKO-CHEPIrOEMHUX CHOXHBadiB, a Lysenko (2018) maroo-
Iy€ Ha HEYXWJILHOMY 3POCTaHHI 3aJIeKHOCTI CUIbCHKOTOCIIOAPCHKOTO CEKTOPY,
0COOJIMBO BENMKHUX TBAPMHHHUIIBKNX KOMIUIEKCIB Ta MTaxo(epM, Bill eIeKTPOCIIo-
JKMBaHHS BHACIIJIOK ITIIBUILCHHS PiBHS 1HIyCTpianizamii BUpOOHHUIITBA.

He MeHII Ba>KIIMBOIO XapaKTEPUCTHKOIO € yPOXKalHICTh 36pHOBHUX 1 3epHO0O-
OOBHX KYJIBTYD SIK IPOBIAHUX KYJIBTYp y 3eMiiepoOcTBi. HU3KOI0 mociiKeHb ypo-
JKaWHICTh BU3HAYA€THCS SIK (PAKTOP CLIIBCHKOTOCIIOAAPCHKOTO BUPOOHHUIITBA, KU
€ KpUTEPiEM OLIHKH e()eKTUBHOCTI BUKOPUCTAHHS CLILCHKOTOCIONAPCHKHUX YTilb
(Oliinyk et al., 2020; Sakhno & Zaremba, 2024). 11 migBHImEHHs YacTo mocsra-
€TBHCS 32 PaXyHOK OUIBIIIOr0 BUKOPUCTAHHS MECTHIUIIB JUIsi 00POTHOM 31 HIKiIH-
BUMH 200 HeOAKaHUMH MIKpOOpraHi3MaMu, pOCIMHAMH Ta TBAPUHAMH, TTO3UTH-
BHO BIUIMBAIOMM HAa 3POCTaHHS CLIBCHKOTOCHOAAPCHKOIO  BHPOOHHIITBA.
Vasylenko (2018) BBaxae, 110 11e#i (pakTop Mae BUCOKY EKOHOMIYHY €()EKTUBHICTb
1 IO3UTHBHO BIUTUBAE Ha KYJIBTYPY 3eMJIEPOOCTBA, PO3B’SI3YIOUH MPOOIEMy Tpo-
JoBOJIbHOI Oe3nekn Ykpainu. 3 iHmoro Ooky, Lishchuk et al. (2023) naronomry-
10T, IO TIPH OIIHIII BAXKJITUBOCTI IECTHUITUIB JJIS ClIIbCHKOTOCTIOAAPCHKOTO BUPO-
OHHMIITBa Ma€ BPaxOBYBaTHCh HABAHTAXKEHHS HA arpOCKOCHCTEMH, TIOB’ A3aHE 3 Ha-
KONWYEHHSIM TOKCHYHUX XIMIYHUX PEYOBHH y I'PYHTI, 32a0pYJHEHHS HUMH CLIbCh-
KOTOCIOAAPCHKOI MPOAYKILil, BOTHUX PECypCiB.
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Ta6auus 4 — @akTopHi 3MiHHI, 10 XapaKTepPU3yIOTh PiBeHb TeXHOJIOTiii i HasiB-
HiCTh TeXHIYHUX 32c00iB BUPOOHMITBA TAa MAIOTh NOTeHUiliHUIi BIIUB HA PO3-
BHUTOK ClJIbChKOrocnogapcbkoro BupoouuuTsa (Ixxepeno: CTBopeHo aBTo-

pamn)
3miHHa dakrop OauHuns BUMi- xepeno
PIOBaHHSA
X16 IIpsime eneprocnoxuBanHs Ha (e-| TOHH HaTOBOTO OECD (2023)
pmi CKBIBAJICHTY
X17 3ara_JILHI/H_/1 obcsr npomaxy necTH- TOHH OECD (2023)
LMAIB y CIIbCHKOMY TOCIIOAAPCTBI
X1g HasBHicTh ci1bCHKOTOCTIONAPCHKO] . .
. o tate Statist
TeXHIKH (TPaKTOpH, KoMOaiHu) y THC. IITYK State S zzzl(s)zlzs) Service
rOCHOJAPCTBAaX HACEICHHS
X19 VYpoxaifHiCTh KyIbTyp 3epHOBUX Ira State Statistics Service
Ta 3epHOGOOOBHX h (2024)

CinpcpKorocmoapchka MisUTbHICTh TICHO TIOB’s3aHA 13 3MiHAMHU HABKOJIHIII-
HBOT'O CepeloBHUINA, OCKUIbKY 3a fanuMu World Bank (2024b) ro6anbHa arpor-
POIOBOIIBYA CHCTEMA € [HKEPEIIOM TPETHHH BCIX BUKHIIIB, LII0 3aTPOXKYIOTH SIK IIPO-
JIOBOJIBLYIM Oe3Ieli, Tak 1 eKONOriuHiil cTiKocTi. BUXOAsSuM 3 LEOr0, BUKUIHU I1a-
PHUKOBUX ra3iB MOXKYTh MaTH B3a€EMO3B 30K 13 PO3BUTKOM CLIIbCHKOTO rOCIOAap-
cTBa (TaONUIA S5), SKIIO TEMITH JOCSITHEHHS KIIMAaTUYHOT HEUTPAIBHOCTI € MOBI-
mpHEMHU. Svynous et al. (2024) BBaXkaroTh, 0 BIUIMB HACTIAKIB BUKU/IB TTAPHH-
KOBUX Tra3iB y JIOBIFOCTPOKOBI NepCIeKTHBI Oyae MOCHIIOBATHUCh, HEraTHBHO
BILUTUBAIOYM HA PO3BUTOK CLIILCHKOTO FOCIIOAPCTBA.

Taoauus 5 — dakTopHi 3MiHHI, 110 XapaKTepPU3YIOTh €KOJIOTiYHi YMOBH Ta Ma-
0Th MOTEeHIiHUI BIJIMB HA PO3BUTOK CilIbCHKOr0CNOAapPCHKOro BUPOOHHITBA
(Ixepeso: CTBOpeHO aBTOPaMH)

3minHa dakTop OnuHuIg BUMi- Hxepeno
proBaHHS
X20 CinbcbKorocnonapehbki BUKMAM | THC. TOHH CO2-ek- OECD (2023)
MApHUKOBHX ra3iB BiBaJICHTA
X1 Bukum CilTbChKOTOCIOAAPCHKOTO
awiaxy (NH3) TOHH OECD (2023)

Ha Hamry ayMmKy, HE3Ba)KarO4uH Ha T€, 10 BHKHIU € c1<op1u1e pe3yIIbTaToM
CIHLCI)KOFOCHO)JapCLKOI JISTTBHOCTI, X BUIIJICHHS B OKpemy 3MiCTOBY TpyITy q)a—
KTOPHHUX 3MIHHHMX 3ICHEHO 3 METOI0 MEPEBIPKH TIMOTE3W PO BIUIMB 3aXOJiB
EKOJIOTIYHOT MOJITHKH CTOCOBHO OOMEXEHHS BUKUIIB TAPHUKOBHUX Ta3iB Ta ami-
aKy Ha CiJIbChKOTOCIOapChKe BUPOOHUIITBO. X0Ua HAAMipHE BUKOPUCTAHHS aMi-
aKy ¥ IpU3BOIUTH JI0 BUCHAXKEHHS IPYHTIB, Y CUTBCHKOMY TOCIOAAPCTBI BiH BU-
KOPHCTOBY€ETHCS IS MiJBUIEHHS BPOXKAHHOCTI, OCKITBKH a30T y HOTO CKIIaJi €
OJTHHM 13 €JIEMEHTIB, HEOOX1THOTO POCIMHAM JJISI PO3BUTKY, IO 1 3yMOBIIIOE BXO-
JOKCHHS TIOKa3HUKA BUKHUIIB CLIBCHKOTOCTIOAAPCHKOTO aMiaky JIo Meperiky ¢ak-
TOPHHX 3MIHHHUX, IO XapaKTePU3YIOTh CKOJIOTIYHI YMOBH.
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Butparn Ha BUpOOHMITBO NPOAYKILIT CUTLCHKOTO TOCIONAPCTBA € HE MEHII
BaKIIMBOIO TPYIIOI0, SIKa MA€ BIUTMB Ha CITHCHKOTOCIIONAPCHKY MisIIbHICTE 1 BUPO-
OHHUIITBO, OCKUIBKH O€3M0CepeIHbO BU3HAYAIOTh PIBEHb PEHTA0EIBHOCTI CLIBCh-
KOTOCIOAapPCHKOTO BUPOOHUIITBA 3TiTHO 3 3aralbHOBITOMUME METOTUKAMH PO3-
paxyHKy. BaskIuBicTh BUTpaT AJIsl CLTBCHKOTOCIIONAPCHKOTO BUPOOHHIITBA KOpe-
mroe 13 pocnimkeHHssM Movchaniuk (2021), sika BBa)kae, 0 BOHA BUCTYIAIOTh
OJTHHMM i3 HaiO1TbIT BUKOPHUCTOBYBAaHHUX ITOKA3HUKIB, III0 XapaKTEPU3yIOTh YMOBH
Ta e()EeKTUBHICTh BUPOOHMITBA MPOAYKIIii CIJIbCHKOTO IOCIIOIapCTBA.

3pocTaHHS BUTpAT 32 PI3HUMH 3 3aIIPOTIOHOBAHMX HATIPSAMKIB (TabmmIs 6) 3a-
rajioM OPU3BOASATH J0 3pOCTaHHS COOIBapTOCTI CLTLCHKOTOCIIONAPCHKOT POITYK-
Iii, @ oTXKe, 1 11 iHK I CIIOXKKBava. 3TiTHO 13 MIKPOEKOHOMIYHOIO TEOpi€ro, 3a
OLUTBIIIOT I[iHY YACTHHA CIIOKMBAYIB BIIMOBIISIETHCS BiJl NPUAOAHHS MPOAYKIIii, O-
IHT 3HIKYETHCS, 1110 MIPU3BOIUTH 10 YTBOPEHHS HAUIHIIKY NPOAYKLIl, y BiIIIO-
BiIb Ha SIKUi CUILCHKOTOCTIOAPCHKI BUPOOHHKHU PearyroTh CKOPOUECHHSM O0CSTIB
BUPOOHHITBA [UIs 30alaHCyBaHHS ITOMUTY 1 mporno3uii. Buxonsau 3 1p0ro, 3po-
CTaHHs BUTPAT MPU3BOJUTH 10 CKOPOUCHHS o0csriB CiHLCLKOFOCHOHapCLKOFO BU-
p06HI/II_ITBa VY tabmuui 6 y BUmIAi (I)aKToplB npezLCTaBnem HE TITBKH HpsIMi Ma-
TepiaJibHI BUTPATH Y cyKynHocn npote 1 okpeMi X CKIamoBi — HANPHKIAL, BH-
TpaTH HAa TOCAIAKOBUI MaTepial YM NajHBO-MacTHIIbHI MaTepiaiu, sKi MOXYTb
OiIbII CYTTEBIIIE BIUIMBATH Ha 3aJI€)KHY 3MIiHHY.

Tabnuusa 6 — PakTopHi 3MiHHI, 1110 XapaKTePU3YI0Th BUTPATH MiINPUEMCTB Ha
BHPOOHUUTBO NPOAYKILIi CiIbCHLKOI0 roCHOAAPCTBA TA MAIOTh NOTEHIiHHMI
BILIUB Ha Jioro po3sutok ([xxepeno: CTBopeHo aBTOpaMu)

3minna dakTop Onunuug Bumi-  JI:xepesio
PIOBaHHS
X2 BapricTh mpsMuX MaTepiallbHUX BUTPAT
X33 BapricTh BUTpaT Ha BUKOPHCTAHHS Ta IOCA-
KOBHI MaTepiai
Xo4 Bapricts BuTpar Ha KOpMHU
Xo5 Ba_pTicrb BHUTpAT Ha Mth;panLHi n06pHBa State Stafistics
X26 Bapricts BuTpar Ha NalbHi | MACTHIILHI MaTe- MJTH TPH Service (2024)
pianu
X327 BapTicTh BUTpaT Ha OIuIaTy mparii
X2g Bapricts BuTpar Ha OpeHAHY IIIaTy 3a 3eMe-
JbHI Tai
X29 BapTicTh BUTpAT HAa aMOPTHU3AIIIIO

Taka geraiizalist CTpyKTypH BUTpaT CIIMpaeThest Ha 3BiT Ministry of Agrarian
Policy and Food of Ukraine (2024), B sikomy cepen (HakTOpiB BIUIMBY BH3HAYEHI
3pOCTaHHs BUTpAT Ha MaJHBO, HACIHHSA, 100pHBa, 3aCO0M 3aXHUCTy POCIIHH, 3ama-
cHi yactuaM. [lepeBipka i€l rimore3n — ii NpUHHATTS a0 BiIXUICHHS — Mae OyTu
37iliCHeHa 3a pe3yJbTaTaMM peajizallii HaCTyITHOTO eTaly 3alpolOHOBAaHOIO Me-
TOAMYHOTO MMiAXO/Y, IPE/ICTABICHOTO HA PUCYHKY 1.

Tpusatoue pociiicbke BTOPrHEHHS Ta IIJIECTIPSIMOBaHI aTaKy IIOAEHHO CIPH-
YUHSIOTh 3HAYHI MOIIKO/PKEHHS CITBCHKOTOCIIONAPCHKUX 00’ €KTIB, CKIAJICHKOT
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iHQpacTPyKTypH Ta CUILCHKOIOCIONAPCHKUX TEPMIHANIB, IPU3BOIATH JI0 HOTip-
IIEHHS SKOCTI CUIBCHKOTOCHOAAPCHKHUX YTifb BHACHIJOK XIMIYHOTO IIOIIKO-
JUKEHHS TPYHTIB 1 MiHHOTO-BHOYXOBOTO 3a0pyAHEHHs, MOPYLIEHHS JOTiCTHYHOT
CHCTEMH PO3MOALTY HPOAYKIii, HAA3BUYAHHO YCKIAIHIOIOYN (PyHKITIOHYBaHHSI
YKpPaTHCHKOTO arpapHOro CEKTOopY.

Ockinbku 3a ganumu Kyiv School of Economics (2024) cranom Ha 31 rpyaas
2023 poky arpapHHIl CEKTOp 3a3HaB 30MTKIB Ta BTpaT Ha cymy moHan 80 Mipx
noia. CIIA (BapTicTh 3HHMIICHUX aKTHUBIB OLIHIOEThCA Ha piBHI 10.3 mupxa mom.,
HEOOI[IHEHNH NTOXiA CLIBCHKOTOCHOAAPCHKUX BHPOOHHKIB CTAaHOBHUTH ONM3BKO
69.8 mupa noin. CILA), no cuctemu ¢axTopiB, 1110 MaIOTh HOTEHIIHHUI BIUIMB Ha
PO3BHUTOK CIJILCHKOTOCIIONAPCHKOTO BUPOOHUIITBA CIIiJT TOATH 3MiHHI, Ki Xapak-
TEPU3YIOTh BUKJIMKU Ta 3arpO3H MOB’s3aHi 3 POCIHICHKOI0 arpecieto (Tadmuis 7).
Po3pobiena cuctema 3MIHHHX KOpeTioe 3 TBepkeHHsIM Matviishyn and
Havriushyna (2023), 3riqHo 3 SKUM Ha NOAQNBIINI PO3BUTOK CLIIBCHKOTO TOCIIO-
JapcTBa MaTHMeE BIUIMB 3MEHIIECHHS IUIOLN] CLTBCHKOTOCHONAPCHKUX YTilb Yepes
X THMUacoBy OKymamnito ado HEeNMPHUIATHICTh 10 00pOOITKY BHACTIJOK MIHHO-BH-
OyxoBoro 3a0pyaHeHHs. OkpiM mporo, Ministry of Agrarian Policy and Food of
Ukraine (2024) Bu3Haua€e MOXKJIMBICTh €KCIIOPTY CLILCHKOTOCIONAPCHKOT IPOAYK-
1ii 32 TOMOMOTroI0 MOPCHKUX MEPEBE3CHB K KIFOYOBHIl (PaKTOp BILUIMBY Ha PO3-
BUTOK CLIbCHKOTOCIIOAPCHKOTO BUPOOHUIITBA YKpainu y 2023-2024 pp.

Ta0nuug 7 — PakTopHi 3MiHHI, 110 XapaKTePU3YIOTh BUKJIUKH Ta 3arPo3H, 1110
NOB’s13aHi 3 pocilicbK0I0 arpeci€lo Ta MalOTh NOTeHUil{HUI BIJIUB HA PO3BHTOK
cibcbKorocnoaapebkoro BUpooHunTBa (Ixkepesno: CteopeHo aBTopamu)

3minna ®dakTop OnuHuns Hxepesio
BHMIipI0-
BaHHS
X30 [Tnoma 3amMiHOBaHHX 200 THMYa-
COBO OKYIIOBAHHX 3€MEJIb CLIbCHKO-| THC. KM? DeepState UA (2024)
rOCIIOIAPCHKOTO MTPU3HAYCHHS
X31 BapricTh 3HHIIEHOT 200 MOIIKOIKe-

Ministry for Communities and
Territories Development of

MJIH TPH Ukraine (2024)

Kyiv School of Economics

HOT CLTbCHKOTOCIONAPCHKOI iHppa-
CTPYKTYpH (CKJIaACHKI MPUMILIIEHHS,
3epPHOCXOBHIIA, 00’ €KTH BHYTpilI-

HBO-BOJJHOTO Ta MOPCBHKOTO TPaHC- (2024)
opTy)

X35 State Statistics Service (2024)

Ukrainian Grain Association

OOcsIry eKCropTy Yepe3 MOPChKi o (2024)

nopTH YKpaiHu ’ Ministry for Communities and

Territories Development of

Ukraine (2024)

Be3ymoBHO, BU3HaueHHH NepetiK KIacH(piKoBaHUX (PAKTOPHUX 3MIHHHX, IO
MaroTh MOTEHIIHNI BIUIMB Ha PO3BUTOK CUILCHKOTO TOCIIONApCTBA, € 00’ €KTOM
MOJANBINOT aKTyalli3alii, ayke BUMArae MmoCTIHHOTO JOMOBHEHHS 3aJI€XKHO Bif
MOSIBM HOBUX BHUKJIMKIB, 3arpo3 1 MOXIIMBOCTEH BHACHiZOK TpaHchopMmaii
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€KOHOMIYHOTO CepeIOBUILA, TEXHOJIOTTYHOTO MPOrpecy, 3MiH YMOB MI>KHAPOIHOT
TOPTIBII CUTECHKOTOCIIONAPCHKOIO MTPOIYKITIE€0, TOCHIICHHS BIUIHBY €KCTPEMAallb-
HHX [TOTOJTHUX SIBUIL YU €KOJIOTTYHMX BHMOTL.

BucHoOBKM

TeopernuHe OOTPYHTYBaHHS CHUCTEMH (aKTOPiB, MIO MArOTh MOTCHIIIHHUHA
BIUIMB Ha CLIBCHKOTOCHOAPChKE BUPOOHUITBO YKpaiHH, € 6a30BUM €TaroM JUis
MOAAIBINO] ieHTH(iKamii KIFOYOBUX YMHHUKIB 32 TOTIOMOTOIO perpeciifHoro aHa-
73y a0 METOIy TOJOBHUX KOMIIOHEHT. 3a0e3neYeHHs] BCeOIYHOCTI 1 aKTyaslbHO-
CTi BUXiTHOTO MacHBY (PaKTOPHHUX 3MiHHUX IO3BOJHTH BpaxXyBaTH HaWOITBII Ba-
TOMi PH3HKH Ta 3arpO3H CUILCHKOTOCHONAPCHKIH MIsUTBHOCTI MPH BIOCKOHAJICHHI
CHCTEMH 1HIUKATOPIB €KOHOMIYHOI Oe3Iekn KpaiHu.

3rifiHO 3 pe3yiabTaraMu, Ha CLIbCHKOTOCHOIAPChKE BUPOOHHUIITBO MAlOTh T10-
TEHIIHUH BIDIMB O01m3bK0 30 dakTopis, Mo KIacu(ikoBaHi 3a pisHUME TpyIaMH,
a caMe: NPHPOIHO-KIIIMAaTHYHI, EKOHOMIYHI, COlLliaibHO-AeMorpadiuti, BUpOO-
HUYO-TEXHOJOT19Hi, €KOJIOTiYHI Ta BUTpPaTHi. TakoX TEOPETUIHO OOTPYHTOBAHO
BIUIUB YNHHUKIB, TIOB’I3aHUX 3 POCIHCHKOIO arpecielo, sika CpOBOKYBaJIa MOSIBY
HOBHX 3arpo3 Ta BUKJIHKIB IJIS CTIHKOTO (PYHKIIIOHYBAaHHS CLIECHKOTO TOCIIonap-
cTBa YKpaiHH. Y MOJANBIINX JOCTIHKSHHAX CIiJl 3[1HCHUTH €KOHOMIKO-CTaTHC-
THYHUI T4 €KOHOMIKO-MaTeMaTHYHHH aHaNi3 3 BUKOPUCTAHHSAM MOZENCH MHO-
JKMHHOI perpecii Ta METOy TOJIOBHHX KOMIIOHEHT 3 METOIO BU3HAYECHHSI HAHO11b1I
CYTTEBHUX (PAKTOPIB, IO MOXKYTh OyTH iHTETPOBaHI O CHCTEMH 1HIUKATOPIB EKO-
HOMIYHOT OE3IEeKH KpaiHu.

MocunaHHA

Boltianska, N. & Boltyanski, O. (2020). Vyznachennia napriamiv enerhozberezhennia v
silskomu hospodarstvi [Defining directions of energy saving in agriculture]. Scientific
bulletin ~ of  the Tavria  State  Agrotechnological ~ University, 10(1).
http://elar.tsatu.edu.ua/handle/123456789/10724 [in Ukrainian]

DeepState UA. (2024). Map of the war in Ukraine. DeepStateMap. https://deepstatemap.live/

Demchenko, A. (2022). Development of agriculture and its role in the formation of
employment of the rural areas in the Odessa region. Innovation and Sustainability, 2,
205-216. https://doi.org/10.31649/ins.2022.2.205.216 [in Ukrainian]

Deryng, D., Conway, D., Ramankutty, N., Price, J., & Warren, R. (2014). Global crop yield
response to extreme heat stress under multiple climate change futures. Environmental
Research Letters, 9(3), 034011. https://doi.org/10.1088/1748-9326/9/3/034011

FAO. (2023). Statistical Database of the United Nation Food and Agriculture Organization
[Data set]. FAOSTAT. https://www.fao.org/faostat/en/#data

lichuk, O. (2019). State support of agriculture in Ukraine. Ekonomika APK, 2, 93-98.
https://doi.org/10.32317/2221-1055.201902093 [in Ukrainian]

Ivakhnenko, O. (2018). Produktyvnist pratsi v ahrarnomu sektori ekonomiky [Labor
productivity in the agricultural sector of the economy]. Bulletin of Sumy State University.
Economy, (4), 43-51. https://essuir.sumdu.edu.ua/handle/123456789/76993 [in
Ukrainian]

Ivanov, R. V., & Hurtovyi, Y. V. (2023). Agricultural Development Management in the Context
of Ukraine’s Foreign Economic Security. European Journal of Management Issues,


http://elar.tsatu.edu.ua/handle/123456789/10724
https://deepstatemap.live/
https://doi.org/10.31649/ins.2022.2.205.216
https://doi.org/10.1088/1748-9326/9/3/034011
https://www.fao.org/faostat/en/#data
https://doi.org/10.32317/2221-1055.201902093
https://essuir.sumdu.edu.ua/handle/123456789/76993

234 Challenges and Issues of Modern Science, 3 (2024)

31(3), 160-176. https://doi.org/10.15421/192314

Ivanov, R., Hurtovyi, Y., & Ivanov, K. (2024). Problems of the Organic Agricultural Production
Development as Threats to Ukraine’s Economic Security. European Journal of
Management Issues, 32(2), 115-130. https://doi.org/10.15421/192410

Kopytko, V., & Kopytko, O. (2023). Pidvyshchennia efektyvnosti derzhavnoho rehuliuvannia
ahrarnoho sektora APK u voiennyi ta pisliavoiennyi period [Increasing the efficiency of
state regulation of the agricultural sector in the war and post-war period]. Economy and
Society, (52). https://doi.org/10.32782/2524-0072/2023-52-35

Kyiv School of Economics. (2024). Zbytky, viraty ta potreby silskoho hospodarstva cherez
povnomasshtabne vtorhnennia [Damages, losses and needs of agriculture due to full-
scale invasion]. Center for Food and Land Use Research (KSE Agrocenter).
https://kse.ua/wp-content/uploads/2024/02/RDNA3_ukr.pdf [in Ukrainian]

Lishchuk, A., Parfenyk, A., Karachinska, N., & Ternoviy, Yu. (2023). Environmental risks due
to the impact of pesticide load in agrocenoses of cereal crop predecessors. Balanced
Nature Using, 4, 115-127. https://doi.org/10.33730/2310-4678.4.2023.292726 [in
Ukrainian]

Lysenko, O. (2018). Analysis of use renewable energy sources for increasing the quality of
electrical supply in agricultural production. Scientific Bulletin of the Tavria
Agrotechnological State University, 8(2). http://doi.org/10.31388/2220-8674-2018-2-29
[in Ukrainian]

Matviishyn, Ye. H., & Havriushyna, M. Ye. (2023). Prohnozuvannia vplyvu rosiiskoi viiskovoi
ahresii na obsiahy vyrobnytstva ta eksportu ukrainskoi ahrarnoi produktsii [Forecasting
the impact of Russian military aggression on the volumes of production and export of
Ukrainian agricultural products]. Efficiency of Public Administration, 73, 51-55.
https://doi.org/10.36930/507308 [in Ukrainian]

Ministry for Communities and Territories Development of Ukraine. (2024). Rik roboty
Ukrainskoho korydoru: eksportovano ponad 64 min tonn produktsii [The year of
operation of the Ukrainian Corridor: more than 64 million tons of products were
exported]. https://mtu.gov.ua/news/35854.html [in Ukrainian]

Ministry of Agrarian Policy and Food of Ukraine. (2024). Ukraina: vplyv viiny na prybutkovist
silskohospodarskoho vyrobnytstva [Ukraine: the impact of the war on the profitability of
agricultural production]. https://minagro.gov.ua/storage/app/sites/1/uploaded-files/viini-
na-pributkovist-silskogospodarskogo-virobnitstvavipusk-4.pdf [in Ukrainian]

Movchaniuk, A. (2021). Ekonomichna sutnist vyrobnychykh vytrat ta yikh rol u systemi
upravlinnia diialnistiu  silskohospodarskykh pidpryiemstv [Economic essence of
production costs and their role in the system of management of agricultural enterprises].
Economy and Society, 31. https://doi.org/10.32782/2524-0072/2021-31-5 [in Ukrainian]

National Institute for Strategic Studies. (2024, February 14). Ahrarnyi sektor Ukrainy u 2023
rotsi: skladovi stiikosti, problemy ta perspektyvni zavdannia [The agricultural sector of
Ukraine in 2023: components of sustainability, problems and promising tasks].
https://niss.gov.ua/doslidzhennya/ekonomika/ahrarnyy-sektor-ukrayiny-u-2023-rotsi-
skladovi-stiykosti-problemy-ta [in Ukrainian]

OECD. (2024). OECD Agriculture statistics [Data set]. OECD iLibrary.
http://dx.doi.org/10.1787/agr-pcse-data-en

Oliinyk, N., Shashkova, N., & Makarenko, S. (2020). Business analysis of the current
agricultural situation in the Kherson region. Scientific Bulletin of Kherson State
University. Series Economic Sciences, 39, 32-39. https://doi.org/10.32999/ksu2307-
8030/2020-39-6 [in Ukrainian]

Petliuk, L., & Miedviedkova, N. C. (2021). State support in ensuring the development of the
agricultural sector of the Ukrainian economy. Ekonomika Ta Derzhava, 2, 105-111.
https://doi.org/10.32702/2306-6806.2021.2.105 [in Ukrainian]

Powell, J.P., Reinhard, S., 2015. Powell, J. P., & Reinhard, S. (2016). Measuring the effects
of extreme weather events on yields. Weather and Climate Extremes, 12, 69-79.


https://doi.org/10.15421/192314
https://doi.org/10.15421/192410
https://doi.org/10.32782/2524-0072/2023-52-35
https://kse.ua/wp-content/uploads/2024/02/RDNA3_ukr.pdf
https://doi.org/10.33730/2310-4678.4.2023.292726
http://doi.org/10.31388/2220-8674-2018-2-29
https://doi.org/10.36930/507308
https://mtu.gov.ua/news/35854.html
https://minagro.gov.ua/storage/app/sites/1/uploaded-files/viini-na-pributkovist-silskogospodarskogo-virobnitstvavipusk-4.pdf
https://minagro.gov.ua/storage/app/sites/1/uploaded-files/viini-na-pributkovist-silskogospodarskogo-virobnitstvavipusk-4.pdf
https://doi.org/10.32782/2524-0072/2021-31-5
https://niss.gov.ua/doslidzhennya/ekonomika/ahrarnyy-sektor-ukrayiny-u-2023-rotsi-skladovi-stiykosti-problemy-ta
https://niss.gov.ua/doslidzhennya/ekonomika/ahrarnyy-sektor-ukrayiny-u-2023-rotsi-skladovi-stiykosti-problemy-ta
http://dx.doi.org/10.1787/agr-pcse-data-en
https://doi.org/10.32999/ksu2307-8030/2020-39-6
https://doi.org/10.32999/ksu2307-8030/2020-39-6
https://doi.org/10.32702/2306-6806.2021.2.105

Challenges and Issues of Modern Science, 3 (2024) 235

https://doi.org/10.1016/j.wace.2016.02.003

Sakhno, A., & Zaremba, O. (2024). Efektyvnist vykorystannia zemelnykh uhid u konteksti
vyrobnytstva silskohospodarskykh kultur [Efficiency of land use in the context of
agricultural crop production]. Agrosvit, 4, 37-47. https://doi.org/10.32702/2306-
6792.2024.4.37 [in Ukrainian]

Sokolenko, V. (2023, October 17). Ekolohichni, sotsialno-demohrafichni ta ekonomichni
vyklyky serednoho ta velykoho biznesu v ahropromyslovomu sektori [Environmental,
socio-demographic and economic challenges of medium and large businesses in the
agro-industrial sector]. AgroPortal. https://agroportal.ua/blogs/ekologichni-socialno-
demografichni-ta-ekonomichni-vikliki-serednogo-ta-velikogo-biznesu-v-
agropromislovomu-sektori [in Ukrainian]

State Statistics Service. (2024). Economic statistics [Data set]. https://www.ukrstat.gov.ua/ [in
Ukrainian]

Svynous, |, Nikitchenko, O., Prysiazhniuk, N., Ivanko, V., & Kostyuk, O. (2024). Upravlinnia
klimatychnymy ryzykamy na osnovi dyversyfikatsii v silskomu hospodarstvi v povoiennyi
period vidrodzhennia ekonomiky Ukrainy [Management of climate risks based on
diversification in agriculture in the post-war period of economic revival of Ukraine].
Efektyvna ekonomika, 6. http://doi.org/10.32702/2307-2105.2024.6.11 [in Ukrainian]

Ukrainian Grain Association. (2024). Results of the «Grain Corridor» work.
https://uga.ua/statistika-zernovogo-koridoru/

Vasylenko, L. (2018). Efficiency of application of crop protection chemicals in agriculture.
Modern Economics, 11(1), 38-42. https://doi.org/10.31521/modecon.V11(2018)-06 [in
Ukrainian]

World Bank. (2024a). World Development Indicators [Data set]. DataBank.
https://databank.worldbank.org/source/world-development-indicators/preview/on

World Bank. (2024b). Climate-Smart Agriculture. https://www.worldbank.org/en/topic/climate-
smart-agriculture

Yarema, L., & Khrystenko, H. (2024). Realii, vyklyky ta mozhlyvosti silskoho hospodarstva
pid chas viiny [Realities, challenges and opportunities of agriculture during the war].
Efektyvna ekonomika, 3. https://doi.org/10.32702/2307-2105.2024.3.53 [in Ukrainian]

Zelisko N. (2021). Current state of foreign investment in Ukrainian agriculture. Agrarian
economy, 14(1), 109-115. https://doi.org/10.31734/agrarecon2021.03-04.109


https://doi.org/10.1016/j.wace.2016.02.003
https://doi.org/10.32702/2306-6792.2024.4.37
https://doi.org/10.32702/2306-6792.2024.4.37
https://agroportal.ua/blogs/ekologichni-socialno-demografichni-ta-ekonomichni-vikliki-serednogo-ta-velikogo-biznesu-v-agropromislovomu-sektori
https://agroportal.ua/blogs/ekologichni-socialno-demografichni-ta-ekonomichni-vikliki-serednogo-ta-velikogo-biznesu-v-agropromislovomu-sektori
https://agroportal.ua/blogs/ekologichni-socialno-demografichni-ta-ekonomichni-vikliki-serednogo-ta-velikogo-biznesu-v-agropromislovomu-sektori
https://www.ukrstat.gov.ua/
http://doi.org/10.32702/2307-2105.2024.6.11
https://uga.ua/statistika-zernovogo-koridoru/
https://doi.org/10.31521/modecon.V11(2018)-06
https://databank.worldbank.org/source/world-development-indicators/preview/on
https://www.worldbank.org/en/topic/climate-smart-agriculture
https://www.worldbank.org/en/topic/climate-smart-agriculture
https://doi.org/10.32702/2307-2105.2024.3.53
https://doi.org/10.31734/agrarecon2021.03-04.109

URL: https://cims.fti.dp.ua/j/article/view/259

Challenges and Issues of Modern Science, 3 (2024). ISSN: 3083-5704
cims
PURL: https://purl.org/cims/2403.028

Mob6bynoBa echeKTUBHOI cUCTEMM
iHcbopmauinHo-aHaniTMYHOro 3abeanevyeHHA
ynpasniHHA nignpuemMcTBOM: 3agauvi Ta
BUKITUKM

Cranicnas CBip

Purpose. The purpose of this study is to identify key challenges and areas for
improvement in establishing an effective information and analytical support (IAS)
system for enterprise decision-making. The research examines critical issues nec-
essary for optimizing information flows and explores how current challenges impact
IAS functionality in today’s dynamic business environment. Design / Method / Ap-
proach. A decomposition approach is applied to break down the IAS process into
specific challenges, focusing on subject-oriented and organizational aspects. Sys-
tems analysis is used to assess interdependencies within IAS and map out inter-
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B cyuacHoMy cBiTi icHy€ 6ararto Teopiii Ta METOMK YIIpaBIIiHHs Oi3HEC-TIPO-
HecaMu, IPUHHATTS YIIPaBIiHCHKUX PillIeHb, YIPaBIiHHS IPOSKTaMH Ha ITiJIpH-
emctBax (Grynko & Hviniashvili, 2024). Boun MatoTs cyTTeBi BiIMIHHOCTI Ta pi-
3Hi cepu 3acTocyBaHH!, ane iX 00’ €AHy€e OIHA CIIUIbHA prca — A iX (QyHKIio-
HyBaHHS HeoOXiZHa BXiJgHa iH(popMalis, y OUIBIIOCTI CBOEMY y BUIVIAJ IEBHUX
PO3paxyHKOBHX MOKa3HUKIB. [linrotoBka Takoi iHopMarii € 3a1a4ero OKpeMoro
nporiecy iH(QopMaIiifHO-aHAII THIHOTO 3a0e3IeYeHHS.

Ha npakTuui BincyTHICTB BiIIOBIAHOTO iH(pOpMaNiHHO-aHAII THYHOTO 320e3-
TICYCHHS HE JJa€ TIOBHOIO MipOIO PO3KPHUTH ITOTEHITial METOIUK YIIPaBITiHHS ITi I~
PHEMCTBOM, CTPUMYE iX 3alpOBaKCHHS, POOUTh HEMOXKIJIMBUM HPUHHATTS 00-
IPYHTOBAaHHX PIIlIEHb, YCKIIAIHIOE IENICTYBaHHS IOBHOBAXKEHB. A OCKITbKH 3MiHU
30BHILIHIX YMOB B OyAb-SIKOMY BHIAJKy BUMararoTh IPUHHSITTS MEBHUX YIpPaB-
JMHCBKHX pillleHb, TO 0e3 BiANOBITHOTO iH(pOPMAIiHO-aHATITHIHOTO 3a0e3Ie-
YeHHs, TakKi pillleHHs MPUHMalOThCs Ha IMiJCTaBl HepeneBaHTHOI iH(popMalii abo
IHTY{TUBHO, IO TIEPETBOPIOE YMPABIIHHS INJIPHEMCTBOM Ha HEIPO30pPHH,
Cy0’€eKTUBHHUH, NOIEKYIH IHTYITUBHHUI Ta BiANOBIAHO pu3nkoBanuii npouec (Ho-
BikoBa et al., 2020; Otenko, 2014). Takuii mporiec MPUAHATTA YIPABIIHCHKUX Pi-
IICHb BTpayae JOBIpYy 3 OOKY 3alliKaBJICHUX CTOPIH, TAKHUX SIK aKIIOHEPH, KPEIH-
TOpH Ta mapTHepu. EdexTuBHE BUKOpHCTAaHHS iH(pOPMAaLiHHO-aHATITHYHOTO 3a-
Oe3neyeHHs CIpUsI€ MiBUIICHHIO KOHKYPEHTOCIIPOMOXKHOCTI i IIPHEMCTB Y LIU-
(hpoBili eKOHOMII, IO OCOOIMBO BaXKITMBO JJISI PO3BUTKY €KOHOMIKH YKpaiHU
(I'punbko & Ilerpunsk, 2024).

[MobymoBa cuctemu iHpOpPMaLiHHO-aHATITHIHOTO 3a0€3MCUYCHHAS € CKIIaTHUM
OpraHi3alifiHUM NPOLECOM, SIKHI JISKHUTh Ha IEPETUHI KOMIIETEHIIiH Ta cdep Bif-
MOBITATEHOCTI 0araTboX IiIPO3AUTIB Ta CIEIIaNICTIB MiJIPHUEMCTBA. Y 3B 53Ky 3
I[M, YaCTO OCHOBHI POOJIeMHU TIOOYIOBHU IIOTO MPOLIECY JISKATh HE y MPeaMeT-
Hill 001acTi OKpeMHuX KOMIETEHIIiH, a caMe y Tajy3i opraHizaiiii B3aeMOIil MixK
MiIPO3/1iIaMK Ta PO3MOALTY TOBHOBaXKEHb Ta BiJIIIOBIIaBHOCTI.

3pocTardi 00cAaTH JaHWX, HEOOXITHICTh 1HTErpalii pi3HOMaHITHAX CHCTEM
Ta rardopM, a TaKOXK BUKIUKH Y cdepi KibepOe3rnekn BUMaraiwoTh Bijl HiINpH-
€MCTB HOBHUX IiJIXOJIB J0 ynpaBiiHHA iHQopMamieto. KpiM TOro, BUKOpHCTaHHS
3acTapliux cucteM 00Ky, Takux sik npoaykTu 1C, CTBOPIOE JONATKOBI PU3HKH,
II0 aKTyaji3ye morpely B Mepexodi Ha OUTBII THYUKi Ta Oe3neuHi miardopmu. Ha
bOMY (POHI BaXKIIMBO PO3POOHTH €PEeKTHBHY CUCTEMY iH(pOpMaliiHO-aHATITHY-
HOTO 320€3MeUeHHs], SKa 3/1aTHa OIIePaTHBHO pearyBaTH Ha 30BHIIIHI BUKJINKHU Ta
MiATPUIMYBATH OOTPYHTOBAHICTh YIIPABIIHCHKHX PIllICHb.

MeTa Ta 3aBgaHHA OOCNig)XXeHHA

MeTol0 JaHOTO JOCII/KEHHS € BU3HaYE€HHsS OCHOBHHX 3aBJaHb, sIKi HEOOXi-
JTHO BHPIIIUTH A5 3a0e3nedeHHs epEeKTUBHOCTI Mpoliecy iHdopmaniifHo-anai-
THUYHOTO 3a0€3IeYEHHS, a TaKOXK BUSBJICHHS T'OJIOBHUX BHUKJIMKIB, L0 ITOCTAIOTh
i1 9ac BUPIIICHHS IUX 3aBJaHb y Cy4aCHUX yMOBax. JlocmipkeHHs cpsMoBaHe
Ha ()opMyBaHHS BCeOIYHOTO pO3YMiHHS MPOOJIEM, L0 MEPEIIKOKAIOTh €()EKTUB-
Hill peasnizanii iHpopMaIiitHO-aHATITHIHOTO 3a0e3NeYeH S Ha MTiANPHEMCTBAX.

OCHOBHMMHM  3aBIAaHHSIMHU JIOCHI/DKEHHS € BHU3HAUEHHS  KPHUTEPIiB
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e(heKTHBHOCTI mporecy iHpopManiiHO-aHAIITHYHOTO 3a0€3MEUCHHS, MO BKITIO-
YarOTh CBOEYACHICTH, PEJICBAHTHICTD 1 TOCTYIHICTh iHPOpMAIIii y BUIIIAI, HEO00-
X1THOMY ISl IPUIMHATTS. OOIPYHTOBAHUX pillleHb. TakoX Ba)XJIMBUM € 3aBIaHHS
BUSIBJICHHS OpTaHi3alliifHAX Ta TEXHITHUX HEPEIIKO, 0 YCKIAIHIOIOTh BIPOBa-
JUKEHHS TaKol CUCTEMH, 30KpeMa IpOoOJIeMH B3a€MOJIT MiX MiIpO3ainaMu ImiI-
pPHEMCTBa, a TAKOXK TPYAHOIII iHTETpamii CydacHUX iHCTPYMEHTIB, TAKUX SIK CHC-
Temu Oi3Hec-aHanmiTHKH (BI), Benmuki nani Ta mryanuii intenext. Kpim toro, cepen
OCHOBHUX 3aBJIaHb JIOCIIKEHHS € aHaJI3 mpobieM Oe3MeKn 1aHuX, SIK BHYTpIll-
HBO1, TaK 1 30BHIITHBOI, IIIO0 CTA€ BCE OLTBIT aKTYaIbHOIO Y 3B'SI3KY 13 3pOCTaHHSIM
Kibep3arpo3s i MiABUIIEHHAM BapTOCTi iH(i)opMauﬁ JloCImiPKeHHS TaKOXK OXOTLTIOE
3aBJ[AHHA PO3POOKHM PEKOMEH/IALII OO MiABHIIEHHS IPO30POCTi MPOLECY YII-
paBJIiHHS Ha OCHOBI JaHUX 1 YCYHCHHSI CyO'eKTHBHUX Ta IHTYITUBHUX CKJIaIOBUX
y OPUHAHATTI YIPaBIiHCHKHX PillICHB.

MeToponoria gocnipg>XeHHsA

[HpopmMamiitHO-aHaTITHIHE 3a0€3MeUeHHS MPEICTABIE COOO0 KOMIUICKCHE
MO€EHAHHS TEXHOJIOTiH, METO/IIB Ta iHCprMeHTiB SIKI CJIYTYIOTH JUIsI 300Dy, 00-
p06KI/I aHaJI13y, B13yan13au11 Ta iHTeprperanii nanux (Kapmenko, 2015). B npo-
neci praBJ'IlHH)I Hll[HpI/ICMCTBOM 31e0UIBIIOTO HIeThes Ipo piHAaHCOBO-EKOHOMI-
YHI Ta TEXHOJIOTIYHI AaHi, sIKi y poIieci iHTepIpeTariii nepepaxoByOTECs Y IEBHI
arperoani nmokasuuku (Cubipres et al., 2023).

Buxopsay 3 Takoro BU3HaYECHHS, METOIOJIOT i BUBYEHHS iH(OpMaIiiiHO-aHa-
JITUYHOTO 320€e3MeYeHHs SIK KOMIUIEKCHOTO IIPOIiecy 30pi€HTOBaHA Ha JIEKOMIIO-
3MILII0 Ha JIOKAJIbHI B3aEMO3aJIeXkKHI siBUILA Ta 3aj1a4i. CTpyKTypa iHpopMmaiiiHO-
aHAJITUYHOTO 3a0e3MeueHHs] HaBeieHa Ha puc. 1.

IndopmaniiiHo-aHamiTHYHE 3a0€3MCUCHHS

Indopmaniiine 3abe3meucHHs Amnanitiyse 3a0e3rneueHHs
1 1
I ] | ]
. [Ipouecu Meroau Ta Meroau Ta
Indopmaris
X 360py Ta criocooun crocobu
- 30BHIIIHS 600G .
J—— 30epexeHHs ~ 00pobKkn inTepnperauii Ta
yIp iHpopmarrii iH(popMarii Bizyaumizamii

Pucynok 1 — Crpykrypa indopmauiiiHo-aHaiTHIHOTO 3a0€3MedeHHsI
(d:xepesio: CaBpac & TomaneBunu, 2022)
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O6rosopeHHA Ta aHani3

VY cydacHHMX yMoBax cTpiMKoi Iu¢poBizauii 0i3Hec-cepegoBuia iHhopma-
iffHO-aHANITHYHE 3a0€3II€UeHHs CTAJI0 BaXKJIUBOIO CKJIALOBOIO CHUCTEMU ynpas-
JHHS Hl,I[l'IpI/IGMCTBOM (I'puabko & Hapm 2024). BoHo 3a06e3medye KepiBHUKIB i
MeHeJl)KeplB CBOE€YACHOI0, PENIEBAHTHOIO 1 IOCTOBIPHOIO iH(pOpMalli€lo, sika HeoO-
XiZHa A7 MPUAHATTA OOIPYHTOBAaHUX pilleHb. Pe3ynsTraTd IbOTO OCIIIKEHHA
CBi/I4aTh, 0 €pEeKTHUBHE BIIPOBAPKEHHS T4 BUKOPUCTAaHHs iHpopMaLiiiHO-aHaTi-
THUYHOTO 3a0€3MEeYCHHS CTHKAETHCS 3 HU3KOI0 BUKJIHKIB, SIKI MO)KHA YMOBHO TIOZi-
JIMTH Ha TEXHIYHI, OpraHizamiiiHi Ta 6€3MeKOBI aCleKTH.

OnHUM 13 KITFOY0BUX TEXHIYHIX BHKIIMKIB € IHTETrpallis pi3sHUX CUCTEM i JKe-
pen TaHuX, SIKi BAKOPUCTOBYIOTHCS MiANPHeEMCTBOM. OCKUIBKY CydacHi KOMITaHii
4acTo 3aCTOCOBYIOTH KiJibKa iH(opMamiifHuX cucreM, Takux sk CRM, ERP, BI-
CHCTEMH, BaXJIMBO 3a0€3MEUNTH iX y3rOMKEHICTh Ta cTaHnapTusaiito. Henomiku
B IHTETpallil MOXKYTh MIPU3BOAXUTH 110 (PparMeHTarii 1aHux i pOpMyBaHHS HETIOB-
HOT 200 HETOYHOI aHATITHKH, 10 YCKIIa/IHIOE anﬁHsn"m 3Ba)keHHX piuieHs. Ede-
KTHBHA 1HTETPALisl TO3BOJISIE OTPUMYBATH I.IlJ'IlCHy KapTUHY Oi3Hec-IpoIecis, 3a-
0e3rneuyrouu Mpo30picTh 1 TOUHICT YIPABIIHCHKOT iH(pOpMAIii.

Kpim Toro, B yMoBax 3pocTaHHs Kibep3arpos i o0csary koH¢pineHniiHoi indo-
pmartii mutaHHs iHhopMaMiiHOT Oe3MeKu cTae BCe OUIBII aKTyaJbHUM. Pu3ukwy,
MOB's3aH1 3 BUTOKOM 200 BHKPHBICHHSIM JIaHHX, OCOOIMBO KPUTHYHI, KOJH Hje-
ThCs PO (piHaHCOBY Ta koMmepuiiHy iHpopmarito (Khvalchyk, 2020). Tianmpuem-
CTBa 3MYIIEHI BUKOPHUCTOBYBATH PO3IIMPEH] 3aX011 OE3IEKH, III0 OXOILTIOIOTH SIK
3aXMCT BiJ 30BHIIIHIX aTak, Tak i BHyTpimH0 iHopmauiiiny 6e3nexy. Ocobnu-
BUIl BUKJIMK TYT CTAHOBHUTb IMCTaHIliI{HA po0OTa, 10 MOTpedy€e NOIaTKOBOTO 3a-
XHCTY BIJJIQJIEHOTO JIOCTYITY IO KOPHOPAaTHUBHUX CUCTEM.

[Ile omHMM BasKJIMBUM acleKTOM € 3a0e3Ie4eHHs THYYKOCTI Ta aIallTUBHOCTI
iHpopmaniiiHo-aHaniTnaHOi crctemMu (Ckoumsic, 2019). YMOBU PHHKY IIBHJIKO
3MIHIOIOTBCS, 1 BUMOTH JIO aHAJIITHKH ITOBHHHI aIlaniTyBaTucs BiamosinHo. Lle 3y-
MOBJIIO€ MOTPeOy B iHTerpailii iIHHOBAL[ITHUX TEXHOJIOTIH, TAKUX SK IITY4YHUH 1H-
TEJICKT Ta MAIIMHHE HaBYaHHS, 1110 JO3BOJISE 3/1HCHIOBATH IIPOTHO3YBaHHS 1 ITPO-
aKTHBHE pearyBaHHs Ha 3MiHM Ha puHKy (Makedon et al., 2022; Vorobiova et al.,
2023). BukopuctaHHS TaKUX TEXHOJOTIH CHpPUSE MiIBUIICHHIO SKOCTI aHAITHY-
HUX JIaHUX Ta PO3IMIMPIOE MOMJIMBOCTI MiJIPHEMCTBA B CTPATETIYHOMY IUIaHY-
BanHi (CuBuupbka, 2024).

Hapemrri, opranizauiiiHi NUTaHHS € KPUTUYHHMH JUISl YCIITHOTO BIIPOBa-
JUKeHHS iHQopMariitHo-aHamiTHIHOTO 3abe3nedeHHs. EdexTuBHE ympaBmiHHS
npouecaMu 3a0e3MeueHHs] BUMAarae 4iTkol opraizanii poOoTH Mix Miapo3inaMu
Ta posnoniry nosHoBakeHb (Tyurina et al., 2022). Lle go3Bonsi€ YHUKHYTH Iy0-
JroBaHHs QYHKIIH 1 BTparn iHdopMalii, cripusie 371aro/pkeHii B3aeMogii Mix BiJl-
JimamMu Ta 3abe3nedye MBHIKAN 0O0MiH iHpopmamiero. Hemomiku B opranizamiii-
HOMY MiJIX0/11 MOXYTb IPH3BECTH /10 3HIKEHHsI €(pEeKTUBHOCTI Ta YCKIAJHEHb Y
BIIPOBA/KEHHI iH(pOpMAIiiTHO-aHATITHYHNX PillICHb.

Edexrusne inpopmaniliHo-aHaniTHIHE 3a0€311e4eHHs € 0ararorpaHHUM IIpo-
[[ECOM, SIKHH MOTpedye peTe-HOT0 BpaXyBaHHS TEXHIYHHMX, OpraHi3amiiHUX Ta
0e3MeKOBHX acIeKTiB. 3a0e3NeyeHHs] KOMIUIEKCHOTO MiJIX0/ly IO BUPILIEHHS LIUX
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BUKJIMKIB CIIPUATHME I1IBUICHHIO €(PEKTUBHOCTI YIPaBIiHCHKHUX MPOLECIB, 110-
KpalleHHIO KOHKYPEHTHHUX IO3MMIN MiAIPHEMCTBA Ha PHHKY Ta 3a0€e3MEYCHHIO
MPO30pPOCTi B YXBAJICHH] YIPaBIIHCHKUX PillIEHb.

Pe3ynbTatu gocnigxeHHs

Cuctema iHpOpMAaIifHO-aHATITHIHOTO 3a0e3eueHHs BBAKAETHCS S(EKTHB-
HOIO0, SIKIII0 BOHA BUPIIy€ Taki 3a/1a4i:

- HamaHHA iHpOpMAIl Ta MOKAa3HUKIB caMe B TOMY BHIJILAL (Y THX aHAJITH-
Kax), SIK BUMarae 3aMOBHHK (KOpuCTyBau) iHpopmarii;

- HaaHHS iHPOpPMAIlii CBOEYaCHO, Y CTPOKH, KOJH iH(pOpMAILIis IIe € aKTya-
JILHOIO 1 BIATIOBIAHO Ma€ LIHHICTE;

- HajaHHA iH(pOpMaIii CIiBCTaBHO IO MOTIEPEIHIX MepioAiB, 3 MOXKIHBICTIO
aHaJi3y TUHAMIKH;

- MOXKJIMBICTh PO3IIU(PYBAHHS arperoBaHUX MOKAa3HUKIB 0 APiOHIMINX IT0-
Ka3HHKIB, &)X J10 HIEPBUHHHUX OOJIIKOBUX JIOKYMEHTIB;

- TEXHIYHE (1)OpMYBaHH$[ iHpopMmanii B aBTOMaTHYHOMY 200 HaIliBaBTOMATHY-
HOMY PEXHMI, 3 MiHIMaJIbHUM BTPYYaHHSM CIIBPOOITHUKIB Yy TEXHIUHI Ipouecu
MiATOTOBKU Ta 00pOoOKH iH(opMarii;

- IOCTyIHA Bi3yauizaiis iHpopMarllii y BUIISAI CTaHAapPTU30BAHUX 3BITIB Ta
nmamoopaiB (dashboards); MoxEBiCTE MOOYIOBH 3BITIB CHIBpOOiTHHKamMu Oe3
crieliajlizoBaHuX 3HaHb y rauysi IT.

B cyuacHHX yMOBaxX OCHOBHUMH BHUKJIMKAaMH Ha [IUIAXY BUPILICHHS BKa3aHNUX
3a/1a4 € HACTYIIHI:

- BeJIMKHI 00CT JaHuX Ui aHaui3y. J{st 0OpoOKH Takux 0OCSTIB JaHUX He-
00XiJJHE 3aCTOCYBaHHS CIIEIialli30BaHNX MPOTPAMHHX 3aCO0IB, aJKe MOKITHBOC-
Tei Ta MpOIyCcKHOT 3MaTHOCTI HacTbHUX cucteM (Microsoft Excel Ta iH.) yacTo
HenocTaTHhO. CyKYITHICT TEXHIYHUX, MPOrPAMHHAX Ta METONOJOTIYHUX 3aC00iB
00poOKH BENMKUX MACHBIB JJAHUX OTpUMaJa ctainy Ha3By Big Data;

- CTpiMKa 3MiHa pUHKOBUX YMOB Ta BiJITIOBiTHA 3MiHA 3aIIUTIB IS aHATITUKA
BUMAarae ro0yJ0BH THYYKHX CUCTEM 3 ITUPOKUMH MOXKIIMBOCTSIMUA CTBOPEHHSI 10-
JTAaTKOBOTO (DYHKIIIOHATy CaMOCTIHO KOpUCTyBadaMu 0e3 yJ9acTi abo 3 MiHiMab-
HOIO yuacTio ¢axisuis IT;

- SIK HACJIiIOK IIBUAKOI 3MiHH YMOB, HEOOXITHICTh IHTETpalii cucTeM Oi3Hec-
ananituku (BI, Business Intelligence) muist noctynHoi Bisyanizauii, moOymoBu 3Bi-
TIB Ta BUKOHAHHS IHIIMX 3aJa4 KOpHCTyBadaMu Oe3 ydacTi criBpoOiTHUKIB IT-
MiApO3iTy;

- CKOpOYCHHS TEPMiHIB MiArOTOBKY iH(OpMaIlii Ta BiAOBITHO BUMOTa aBTO-
MaTH30BaHOTO 300py Ta 00pOoOKH iH(POPMAIIii 3 MiHIMAIBHOIO YUACTIO CIIBPOOIT-
HHKIB y TEXHIYHHX nmpouecax. AJKe B yMOBax >KOPCTKOT KOHKypeHui'i 1 Hemepe-
6adyBaHOCTI PHHKY, MIBUAKICTh PUUAHSTTS OOIPyHTOBAHHX PIlLIEHD € KIIFOYOBUM
(l)aKTopOM yCIixy;

- 13 TABUINEHHSM BUMOT MO0 MIBUIKOCTI Ta THYYKOCTi 300py Ta 00OpoOKH
iHpopMaii, TOCTae BUKIIMK 3aJIyYSHHs] CUCTEM IITYYHOTO 1HTENEKTy Ta MaIlIWH-
Horo HaBuaHHS (Artificial Intelligence, Machine Learning) 1o mporecy miaroto-
BKHU Ta 00po0Oku iHdopmarii;
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- MUTaHHA 30BHIIIHBOI iH(QOpMaliitHOT Oe3reKu JaHuX cTae Bce OUIBII aKkTy-
AJBHUM, OCKLUTBKH KiOep3JIOYMHHICTE 3pOCTA€ BIATIOBIAHO 0 301IBIICHHS BapTO-
cTi iHdopmauii; koH(iaeHiHa (QiHaHCOBa iH(pOPMAIllis 4acTo CTa€ MILIEHHIO IIi-
JIECTIPSIMOBAHMX 30BHIITHIX aTak;

- 3HAYHO 3POCTAIOTh 3arp0o3H BHYTPILIHKOT iH(pOpPMaLiHOT Oe3eKH yepes ne-
pexin 6araTbox CIiBpOOITHHKIB Ha TUCTAHIIHY poOOTY 3 JOMAIIHIX clabo3axu-
MIEHUX IPUCTPOIB Ta IMOCTYIIOBE iABUIICHHS PiBHS 3aTrajbHOI 00I3HAHOCTI CHiB-
poOiTHHKIB (B T.4. HeOOpOCOBiCHNX) y nuTaHHsX IT;

- HeoOXiHICTh iHTeTpalii pI3HOMaHITHUX CHUCTEM i IIaThopmM (cucreMu Oy-
XTaJTEPCHKOTO O0MIKY, CUCTEMH CKiIaackkoro obniky WMS, cuctemu MoHiTOpH-
HTy BHpoOHMYINX mporieciB Ta YITY, cuctemu 00MiKy B3a€MOBITHOCHH 3 KIi€H-
tamu CRM; cucremu po3npiOHOI TOprieii Ta pobode Miclie Kacupa, CHCTEMH B3a-
emonii 3 0aHKaMU Ta JIep>KaBHUMH OpTaHaMH Ta iH.);

- HEOOXiZHICTh 3aMiHM MPOTPaMHUX MPOIYKTIB, OB’ A3aHUX 13 KpaiHOO-ar-
pecopom (1C, Bitrix Ta iH.);

- Iporiec 300py Ta 00poOKH iH(pOpMAIlii TPOHU3YE HACKPI3b BCIO JiSUTBHICT
KOMIIaHil i 4acTo BUMarae nepe6y/:[OBy Oararpox iHIIKX Oi3HEC- npouecua 110 BU-
KJIMKAa€ CIPOTHB CHCTEMH Ta OpraHi3alliiiHi mpooieMu B3aeMOil MiIpo3/iiiB, 3a-
IISHUX Y pyXy iHpOpMAIIii, iXx MOTHBAIIIi Ta BiINOBiJaIbHOCTI; II[0 YaCTO BIIIMBA-
€TBCS1 Y HEOOX1THICTh JI0JIATKOBOTO PO3TOPTAaHHS CHCTEM JOKYMEHTOOOIry Ta iH-
MIUX TOTIOMDKHHX 1H(QOPMAIIIfHAX CUCTEM.

BuCHOBKM

Indopmaniitno-ananiTnyHe 3a0e3MeUeHHS B Cy4acHHX YMOBax € OJHHUM 3
HABYIMBIIIMX EIIEMEHTIB, HEOOXITHUX s 3a0e3redeHHs e(EeKTHBHOCTI Ta
MPO30POCTI MPOIIECy YIPABIIHHS MiIPUEMCTBOM Ha OCHOBI JaHuX. Y pasi Bupi-
IIEHHS 3aBJaHb Ta MOAOJAHHS 3’SICOBAaHMX BHIIE BUKJINKIB, IPOIEC YIPABIIHHS
MIiANPUEMCTBOM Ha OCHOBI JIaHUX JI03BOJISE ONEPATUBHO BUSIBISTH cllabKi Miciis
y KOMIIaHii, pearyBaTy Ha 3MiHH y 30BHIIIHbOMY CEPEOBHIII, a/1aNTyBaTH CBOI
cTparerii, 30epiraloud Mpu bOMY MPO30PICTh Ta JIOTIYHICTH HPOLECY YIpaB-
JIHHSA, BUKITIOYAIOYN 3 HFOTO iHTYITHBHY Ta cy0’ €KTHBHY CKIafoBi. OcTaHHIH (a-
KTOp € HaJ3BMYalHO BaXKJIMBUM, OCKUIbKH (OpMYy€E NOBIpy O CHCTEMH YIpaB-
JiHHA 3 OOKY CIIBPOOITHUKIB Ta 3aCHOBHUKIB KOMIIAHi1, IHBECTOPIB, PETYIFOFOYIX
Ta MEePEBIPSIOYNX OPTaHiB.

He nuBnsancek Ha Te, 1110 BKa3aHa TeMa MOXE 3/1aBaTHCs JOCTaTHHO OIPaIbo-
BaHOIO, B 11 MeXax iCHY€ IUIMIA PAJT 3a]1a4 Ta BUKIIUKIB, SIKI BAMAraloTh 1M0/1aJIb-
IIMX JOCTIKCHb SK B MPEIMETHIH 001acTi, Tak 1 B OpraHi3alliifiHIA IUTOIIUHI
MPaKTUYHOTO 3alpOBa/KCHHS Y AISUTBHICTD MianpueMcTBa. B mpenmerHiit obma-
CTI HaWOIIBII AKTYyaTbHIMH BOAYAIOTHCS HACTYITHI JOCIPKEHHS B YaCTUHI BIOC-
KOHAJIEHHS ICHYIOUMX 1HCTPYMEHTIB Ta MiJXOMiB, a TAKOXK CTBOPEHHS HOBHX MO-
JieTield Ta TeXHoIorii 300py Ta 00poOku iH(opMaIii i3 BUKOPHCTaHHSIM BEIHKUX
JAaHUX Ta 3aJydeHHs 70 Ipouecy 0OpOOKH CHCTEM IITYYHOTO IHTEIEeKTy Ta Ma-
NIMHHOTO HAaBYaHHS. B opraHi3amiifHiil MIONMIKMHI AKTYaJIbHUM € JOCIiKSHHS Me-
TomoIIOTii MOOYI0BU Tporecy e(heKTUBHOTO BIPOBAKEHHA iH(pOpPMAaIliifHO-aHa-
JMITHYHOTO 3a0e3MeUeHHS HACKPi3b MISUTBHOCTI BCi€T KOMITaHil.
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VY r106ani3oBaHOMY CBITI MEHEIXKMEHT KPOC-KYJIBTYPHHX KOMaH] CTaB He-
BiJl’€MHOIO CKJIQIOBOIO YAaCTHHOIO YCIINTHOI isUTBHOCTI 0araTboX ITiJIpHUEMCTB.
JlinepcTBO B TAKMX KOMaHaX BUMAra€ BiJl MCHEIKEPIB THYYKOCTI, aJalTUBHOCTI
Ta PO3YMIHHS KYNbTYpPHUX BIAMIHHOCTEH, IO MOXYTH BIUIMBAaTH Ha JWHAMIKY
B3a€EMOJIT B KOJIEKTHBI. Mozesi JIiiepcTBa, 0 BUKOPUCTOBYIOTHCS B KPOC-KYITb-
TypHHX KOMaHIaX, MOXYThb BIAPI3HATHCS BiX TPaTUIIHAX iIXOIIB, OCKUTBKH
BHMAraroTh BpaXyBaHHs Pi3HHUX KyJABTYPHHX HOPM, IHHOCTEH 1 CTHIIB CHIJKY-
BaHHSI.

JocnimkeHHs B 1M Taldy3i € KPUTHYHO BaXKJIMBUMH UL PO3YMIHHS TOTO,
SKAM Ma€e OyTH e()eKTUBHHN MEHEIKMEHT KPOC-KyIbTypHHUX KOJICKTUBIB, 3a0e3-
MeYyBaTH MPOAYKTHUBHICTH Ta ITiBUIyBaTH PE3yIbTaTH MisSUTBHOCTI ITi JIPUEMCTB.

Mertoro 11i€ HayKOBOT pOOOTH € BUBUCHHS MOJICIICH JIiICPCTBA B MECHEIKME-
HT1 KPOC-KYIBTypHHUX KOMAaH]I, aHaIi3 iX BIUTUBY Ha B3a€EMOJIII0 MiXK WICHAMH KO-
MaH/IM Ta MPOIYKTUBHICTH MPOEKTIB. PoboTa cripsiMoBaHa Ha PO3KPUTTSI OCHOB-
HUX XapaKTEePHUCTHK MOJENIeH JiJepCcTBa, iX aanTalmiio 10 YMOB KPOC-KyIbTYp-
HOT'O CEpPeIOBHINA, a TAKOXK Ha PO3POOKY MPAKTUUHUX PEKOMEHAIIIH.

MeTa Ta 3aBgaHHA

MeToro OTO JAOCHTIPKEHHS € BU3HAYCHHS MOJIENICH 1 CTpaTeriil JiiepcTsa,
110, 33 CyJaCHHX peajiif, MOXYTh OyTH HAHOUIBII IPUAATHUMU JUIS YIPABITiHHS
KPOC-KYJIBTYPHHUMHU KOMaHJaMU.

CucteMHUi MiAXia 0 BU3HAYCHOT METH 00YMOBHB HEOOXiTHICTD BUPILIICHHS
TaKUX 3aBJaHb:

- ineHTH(diKyBaTH OCHOBHI HAIPSIMHU JIJIEPCTBA Ta HOTO MPIOPUTETH B KPOC-
KYJIBTYPHOMY CEpPEIOBHIL;

- BIZICJIIIKYBaTH XapakTep BILIMBY KyJIbTYpHHX BIIMIHHOCTEH Ha MIOKa3HUKH
eexTHBHOCTI poOOTH TiAepa;

- BU3HAYUTH OCOOJIMBOCTI KOMYHIKallil Ta OCHOBHI KOMYHiKalliliHi 6ap’epu B
KPOC-KYJIBTYPHHUX KOMaH/AaX;

- chopMyBaTH IPAKTHYHI CTpaTerii ynpaBiiHHS MYJIbTUKYJIBTYPHUMH KOMaH-
JaMH.

Marepianu Ta meTogu

HpezmTaBneHa CTaTTA CHHMPAETHCS HA PE3y/IbTATH JIOCHI/DKEHb TPOBITHUX
BYCHHX [ApUHU J'Il}lepCTBa omyOiKOBaHi B HAYKOBIiH JiTeparypi. s qOCATHEHHS
BU3HAYEHOI METH i BI/IpHHeHHSI OKPECJICHHX 3aB/IaHb BUKOPHCTAHO CYKYIIHICTB 3a-
TJIFHOHAYKOBUX Ta CIEIiaIbHIX METOJIB JOCTIKCHHS, 3aCTOCYBaHH SIKUX 3a-
0e31eynsIo IpyHTOBHICTh, 00’ €KTUBHICTb, JJOCTOBIPHICTH MOJAHHUX y CTaTTi MOJIO-
KEHb 1 c(hOpMyYIIOBAaHNX BUCHOBKIB. MeTOHONOTIYHAN amapaT JOCTiHKSHHS CTa-
HOBJIAITH AiaJIeKTHYHUN METOJ ITI3HAHHSI, CHCTEMAaTH3alli1, y3araJbHEHHS Ta THIIO-
norizamii. BukopuctaHHs i KOMOIHYBaHHS 3rajJJaHUX METOJIB JOCIIKEHHS a0
3MOT'Y OTPUMAaTH OOTPyHTOBAaHI BUCHOBKHU Ta PE3YIbTATH, SKi BUKIACH] Y CTATTI.
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OCHOBHiI HanpaMu nigepcrea Ta iX BUKOPUCTaHHA B
KPOC-KYyJNbTYPHOMY CcepeaoBMLLi

Y Cy4acHOMY CBITi MCHE/DKMEHTY, IO TPAHC(OPMYETHCS Mil BILTHBOM IJ10-
OaJizawii, MIBUAKUX TEXHOJIOTTYHHUX 3MiH Ta 3pOCTal0u0i KOHKypeHHll poJb Jtige-
pcTBa CTae 0COONMMBO aKkTyalbHOI. CHCTEMAaTHYIHE Ta MIMPOKE JOCIIKEHHS JIi-
JIepCTBa, a TaKOX CIIOCOOIB B3aeMOJIT MIX JIiJiepaMu Ta KOMaHJIaMu, 00yMOBHIIO
BUHUKHECHHS YMCIICHHHUX Teopiii i Moxmenedl. IcHyIOoTh Teopii, 0 aKIeHTYIOTh
yBary Ha 0COOHMCTICHUX XapaKTepHUCTHKaX Jiizepa. [Hmi Teopii, moB’s3aHi 3 10oMi-
HYIOUHMH O3HaKaMH BJIAJHX Ta BIIUBY, 30CEPEKYIOTHCS Ha 3aCTOCYBaHHI TIOBHO-
Ba)KEHb Ta CTATyCy A eeKTy Ha Aii cBoiX mimmernux. JloCmiqHuK, SKi criupa-
I0TBCSl Ha CUTYaIliifHI Ta KOHTEKCTYyaJIbHI TOCIIKEHHS, B NIEpIIy Yepry 3allikaB-
JICHI B aHAI31 TOTOYHUX 0OCTaBUH Ta OCOOMCTICHUX PHC MiIJIETIINX SKi BIUTHBA-
I0Th Ha e(DEeKTHBHICTD JIiIEPCHKOT MOBEAIHKU. XapakTep i sIKICTh CTOCYHKIB MK
JiIepoM Ta HOro KOMaHI00 MAlOTh BUpIIIaJbHE 3HAYCHHS B paMKax TpchaKHII/I-
HHUX Teopm B TOHW Yac sk aTpuOywii Ta CTIPUIAHATTSA CYCHIJILCTBOM JIiJIepCTBa Ta
{oro nifi CTAHOBIATH OCHOBY aTpHOYTUBHUX Teopiit (Gutterman, 2023).

JlinepcTBO Mae cHpusTH BiJKPUTOCTI Ta aJallTUBHOCTI B POOOTI KOJIEKTUBY,
CTBOPIOIOYH IIPOCTIp A7 eheKTUBHOI B3a€MOIi, BpaXOBYIOUH MIXKKYJIBTYPHI Bij-
MiHHOCTI. MOXITMBO BUOKPEMUTH JIBa OCHOBHI PIOPUTETH MOBEIAIHKU CYy4aCHOTO
miziepa y 6araToKy/IbTypPHHX KOMaH/ax.

[epumii leOpI/ITeT HOJISITAE B opleHTauu Ha 3aBJIaHHI, 1110 Hepe,u6aqae YiTKe
BU3HAYEHHS PoJieH 1 000B’A3KiB 5K I KePiBHUKA, TAK 1 VISl iHIINX WICHIB KOJIe-
KTUBY. Y Iii MOJIEI JIiIep Hala€ AeTalbHi IHCTPYKIIil, 1110 3a0e3meuye epekTuBHe
BUKOHAHHS 3aB/IaHb Ta KOHTPOJIb Oi3Hec-mporeciB. Taka moBeiHKa, SIK IPaBUIIO,
MO3UTHBHO BIUIMBAE HA SIKICTh PE3YJbTaTiB pOOOTH Y AUCTAHIIIMHUX KOMaH/ax.

Jpyruii mpiopuTeT — Opi€eHTAIlis Ha B3a€EMOBITHOCHHH, 10 (DOKYCY€ETHCS Ha
KOMYHiKaliiiHiii €peKTHBHOCTI Ta MEHTaJIbHOMY OJIaroIoiy4ui 4IeHIB KOMaH M.
Jlimep, MmO DOTPUMYETHCSA LBOTO IiIXOAY, CIPHUSIE MO3UTUBHIN KOMYHIKaIiiHHINA
B33a€MOJIi1 MiJK KOJIETaMH, 33]J0BOJILHSIFOUYH 1X COIiabHI MOTPEOU i BCTAHOBIIFOIOUH
IIMPi CTOCYHKH Ha OCHOBI mmoBary. Taki Jriepu 30CcepeKyI0ThCs Ha eMOIIITHOMY
CTaHI MPAaLiBHUKIB, 10 CIIPHSIE MiABUIIEHHIO IXHBOT IIIHHOCTI Ta JOBIPU Y KOJIEK-
tuBi (Batirlik et al., 2022).

OnHak yCKJIaJHEHHS MEHEDKMEHTY Yy TiOpHIHOMY CepeOBHILI, 10 Nepe.-
Oavyae BUKOPUCTAHHS TUCTAHIIIIHOT popMH poOOTH I Kpoc-TeorpadigHuX KO-
JIEKTHBIB, MOXKE CIIOHYKaTH O PO3MIAAY KOHIEMIli criisHOoro JinepcrBa. Crmi-
JIbHE JIIEPCTBO OXOIUTIOE MPOLECH, B SIKMX JiJAepChKi (QYHKIIT pO3NOAIISIOTHCS
cepell WIeHIB KOJIEKTUBY, a He KOHIIEHTPYIOTHCS B OJHIM 0c00i. Y 1ili Mofeni ak-
LIEHT 3MIIY€ETHCS Ha CIIUIbHE Y3TO/DKEHHS PillIeHb, PO3IO/T BIANIOBITAILHOCTI Ta
AKTHBHIIITY B3a€EMOIi0 BcepeauHi KoMaH . CIisIbHE JTiJePCTBO € OUIBII THYYKUM
1 aJanTUBHUM Y TOPIBHAHHI 3 TpaauLiiHUMH MoxensMu Jigepctsa (Pearce &
Conger, 2003).

OTxe, onTHMaNBHUHN MiIXi 0 JIiAepcTBa Mae OyTH THydKHuM, 30epiratu Oa-
JIaHC, Ta MATPUMYBAaTH YMOBH JJIsl OTPUMAaHHs OITUMAJIbHUX Pe3ybTaTiB poOOTH
KPOC-KyJIBTYPHUX KOJIEKTHBIB. 3 METOIO CTBOPEHHS CTaOLIbHO (PYHKI[IOHYIOUHX
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poOOUMX KOMaH[, MOXJIMBE BIIPOBA/UKEHHS JBOCTAITHOI CUCTEMH (POPMaIbHOTO
migepctBa. Ha erani ¢opmyBaHHS Ta HaBYaHHS JIiJep Ma€e 30CEPEKYBaTUChH Ha
JIOCSTHEHH] KOMYHIKaliiiHO e)eKTHBHOCTI Ta CTBOPEHHI 30aJIaHCOBaHMX KOJIEK-
THUBIB B 3aJIKHOCTI BiI 0COOMCTHX SKOCTEH MPaIiBHAUKIB, IXHBOI KYJIBTYPHOI IIPH-
HaJiesKHOCTI Tomo. [licns 3aBepleHHs LBOTO €Taly MOMJINBO JIOTPUMYBATHCh
CTpaTerii, Opi€eHTOBaHOI HA MAaKCHMAaJIbHO €(EeKTHBHE BUKOHAHHSA POOOYHX 3a-
BAaHb. TakuM 4WHOM, €(EKTHBHE JIiJEPCTBO € OXHUM i3 OCHOBOIIOJIOXKHHX acIie-
KTIB YCHIITHOTO (D)YHKI[IOHYBaHHS MYJBTHUKYJIBTYPHUX KOMaHJ. 30anaHCOBaHUMA
MiAX11, 0 IOeAHY€E aKIEHT Ha 3aBJaHHAX, KOMYHIKAIlil Ta CIiJIbHOMY IIPHUHHATTI
pillieHb, CIpHsi€ JOCATHEHHIO BUCOKUX PE3YJBTATiB 1 OIHOYACHO MiATPUMYE TI0-
SUTHUBHUI IICUXOIOTIYHUH KIIMAT ¥ KOJIIEKTHBI.

BnnuB KynbTypHUX BigMiHHOCTEM Ha e(heKTUBHICTb
po6otm nigpepa

JlinepcTBO MOBUHHO BPaxOBYBAaTH KYJBTYPHI OCOOIMBOCTI Ta CTHJII POOOTH
KOMaH/X 33yl 3a0e3eueHHsT NoanbIIo] eeKTUBHOI B3aeMozii. MEHEIKMEHT
MYJIBTUKYJIBTYPHUX KOMaH]I € BUKJIMKOM JUIS JIIepiB, OCKIJIBKH KYJIBTYPHI BiIMiH-
HOCTI MOXKYTh CYyTTEBO BIDTHBATH Ha po0O0dYi poIiecH, KOMYHIKAIIi0 Ta B3a€EMOJIII0
B KOJIeKTUBI. KynbTypHHUI KOHTEKCT BU3HAYAE HE JIUIIC OYIKYBaHHS Ta MOBEAIHKY
WICHIB KOMaH/U, aJie i BIUTUBA€ HA CTHJIb JIiIEpCTBa.

VYemimHi Jligepu MyIbTUKYJIBTYPHUX KOMaH] MalOTh JIEMOHCTPYBaTH BUCO-
KUi piB€Hb KyJIBTYPHOI KOMIIETEHTHOCTI, III0 J03BOJISIE iM €()EeKTUBHO CIIIIKYBa-
THCSI Ta IPUIMATH PINICHHS B YMOBaX HaIllOHAIBHOTO pisHOMaHITTs (bpyceHiiera,
2021). Jlizepw, siKi He BPaxoBYIOTh KyJABTYPHI 0COOIMBOCTI B MCHEIPKMEHTI, MO-
JKYTbh 3IIITOBXHYTHCS 3 KOH(IIIKTaMH, HETIOPO3YMIiHHAMH a00 3HW)KEHHSIM MOTH-
BaIlil KOMaH/I, OCKUTBKY HAIliOHAJHHI BiIMIHHOCTI BIUTHBAIOTH Ha CIIPUHAHATTS JTi-
JIEPCHKUX SIKOCTEH, TAKNX SIK Xapu3Mma, aBTOPUTET, a00 3/1aTHICTb WTH Ha PU3MK.
JocnimKkeHHs. TOBOAATE iCHYBaHHS KyJIBTYPHHUX KJIACTEPIB, MO 00’ € IHYIOTH Peri-
OHHU 3a IXHIMH 0COOIMBOCTSIMHU Yy cepi MOBEAIHKOBUX 0COOIMBOCTEH Ta KOMYHi-
kauii. Harmpuknaz, B KynbTypax 3 BACOKMM PiBHEM KOJEKTHBI3MY, IO € XapakTe-
pHAMHU T KpaiH JlatnHChKOT AMepukH a00 A3ii, ydacTh y KOMaHJHHX PIIICHHAX
€ 000B’sI3KOBOIO0 YMOBOIO JIJIst 3a0€3IeYeHHs TPOYKTHUBHOT criBnpaiii. BogHouac
y KyJIbTypax 3 BUCOKHUM PiBHEM 1H;[HBl/:[yan13My, sk y CHIA, akueHT poOUTHCS Ha
0COOMCTUX JIOCSATHEHHSX Ta aBTOHOMII, 1 JIiIepH MaroTh 1ie BPaXOBYBaTH B CBOIX
ynpasiiHcekux migxonax (Den Hartog & De Hoogh, 2024).

Taxox, CliJ 3ayBaKUTH, IO KEPIBHUKH MOXYTh BHKOPHCTOBYBAaTH pi3Hi
CTHJII YTIPaBIiHHS 3aJI€)KHO BiJl KOHTEKCTY, a/IallTYIOuH CBOT IMIJIXO/HU J10 KYJIBTYp-
HUX HOpM 4JIeHiB KoMaHIu. Hanpukian, mpoekTHHI MEHEDKEp y MIKHAPOAHIN
KOMIIaHi1 MO)Ke BUKOPHCTOBYBAaTH JAEMOKPATHYHHUI CTHJIb B €BPOINEHCHKNX Kpai-
Hax, ayie OiIbIIl aBTOPUTAPHHIA MiAXiJ B a31aTCHKUX KYJIBTypax, Jie moBara Jio ie-
papxii € 6inp11 nommpeHoto (Zander, 2024).

Jst ehekTHBHOCTI MEHEIKMEHTY MYJIBTHKYJIBTYPHUX KOMaHA (popmaIbHUM
KepiBHUKaM HEOOXiZTHO PO3BHBATH KyJIbTYpHY KOMIIETEHTHICTb 1 THYUKICTb y TiJ-
xomax. OJHUM 3 IMiIXOAIB 0 BUPIIIEHHS € iIHBECTYBaHHS y HaBYAHHS Ta TPEHIHTH
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JUISL TIOKPAILECHHS YIIPaBJIiHCHKHUX Ta KOMYHIKallIHHIX HABUYOK B MDKKYJIBTYpHIH
B3a€MOi{, a TaKO)XK BUKOPHUCTAHHS THYYKOTO CTHIIIO JIIJEPCTBA B 3aJICKHOCTI Bifl
HalliOHAIBLHOTO CKJIaay KOHKPETHOT KOMaH 1.

KomyHikauifa B KPpOC-KyNbTYPHUX KOMaHAax

[opsix i3 TeXHIYHMMH 3HAHHAMH, HEOOXIIHHUMH IS BUKOHAHHS 3aBJIaHb,
0coOIMBE 3HAYEHHS MalOTh HABMYKH MIKOCOOMCTICHOTO Ta MIXKYJIBTYPHOTO CITi-
TKyBaHHS. BoHM cpusioTh 00'€THAHHIO KOMaH/IN Ta 3a0€3MeUyIOTh e(heKTUBHY
CHIBIpAITio, a TAKOXK B3aemoito 3 minepom (bpycenrera, 2021).

3abe3neueHHs e(EKTUBHOTO KOMYHIKAIIfHOTO IIPOILECY BHUMAarae aHaiizy
KPOC-KYJBTYPHHX KOMYHIKaTHBHUX Oap'epiB B moOanbHUX KoMaHaax. Takuit mia-
X1 mormomMarae Kparie po3yMiTH TPYIHOINI Ta BUKJIHMKH, SIKI BAHUKAIOTh TIPH B3a-
€MOoIii y MYJIbTHKYJIBTYPHHX KoJIeKTHBaxX. Cepe] OCHOBHHX 0ap'epiB MOXKIIUBO BH-
okpemutH HacTymHi (CkounHenp et al., 2023).

1. JIiHrBiCTHYHI TEPEIIKOAN, [0 BUHUKAIOTH YePe3 MOBHI BIIMIHHOCTI MiX
yieHaM# KoMaHIu. MOBHi O0ap'epr MOXXYTh BKIIFOYATH PI3HUIIIO B PiBHI 3HAHB 1H-
TepHaLliOHAILHUX MOB, 1110 MOXKE YCKJIaTHIOBaTH OOMiH iH(opMaIli€lo.

2. KynprypHi po30iKHOCTI, SIKi BKJIFOYAIOTH PI3HUIIO B HOPMaX, IIIHHOCTSX,
BipyBaHHSIX 1 CTEPEOTHINAX MIXK YWICHAMH KOMaHIH.

3. KomyHikamiifHi CTHIIL — pi3HI KYJIBTypH JEMOHCTPYIOTh BiIMIHHICTB Y CITO-
cobax cnpuiHATTS Ta nepenadi inpopmarii. Lle Moxe xapakrepu3yBaTuch pizHEM
TUPEKTUBHOCTI y KOMYHiKaIlii, 200 >k OLTBII iIHANPEKTHUMHE MiIXOJaMH 10 B3a€-
Mopii.

4. HeBepOanbHa KOMYHiKallis, 110 BKJIFOYA€E KECTH, MIMIKY, TOH TOJOCY Ta
iHIII HeBepOaJbHi SIIEMEHTH, SIKi MAaIOTh 3HAYHHUH BIUIMB, OTHAK 1X iHTEpIIpeTaIlis
MOX€ BIJPiI3HATHUCH.

Y KOHTEKCTI MEHEKMEHTY KPOC-KyJIbTYPHHX KOMaH] Ba>KJIMBICTh MiXOCO-
OHCTICHOTO JIiIepCTBa HE MOXKHA TepeouiHuTy. Jlinepu, ki akTHBHO 3aCTOCOBY-
IOTh MD>KOCOOMCTICHI HABHYKH, 3[]aTHI CTBOPUTH CEPEAOBHIILIE, IO CIIPUSIE PO3BH-
TKY KOMAH[TH 1 TOCSTHEHHIO CITUIbHUX IIJICH. Y IIbOMY KOHTEKCTI 0COOJIMBY yBary
CJIiJ IPUIIIATH €MOIITHOMY CTaHy WICHIB KOMAaHIH, OCKIJTBKH PO3yMiHH Ta Bpa-
XyBaHHsI €MOLIii MOXKE CYTTEBO BIUIMHYTH Ha KOMaH/HY AWHAMIKy. B TakoMy KoH-
TEKCTi eMmaris 3 00Ky JtiJiepa MOXKe BUKOHYBAaTH (DYHKIIIIO 3a100iraHHs KOHQITIK-
TaM y KpOC-KyJIbTYpHUX KoMmaHaaX. OKpiM TOro, BOHa TaKOK MOXKE CHPHUSTH ITiJ-
BUILICHHIO PiBHsI J0BipHW B koMmani (Zander, 2024).

TakuM YMHOM, OKpPiM HEOOXiTHOCTI 3a0e3medeH sl IKICHOTO 00MiHy iH(Op-
MAIIi€l0 Ta PO3yMIHHS ITiJT 9ac KOMYHIKaIlii, JIiIepaMu TaKoX CJIiJ] IPUILUIATH 0CO-
OnMMBY yBary eMOIifHOMY CTaHy WIEHiB KOMaH]I, BUKOPUCTOBYIOUN EMIIATIIO0 5K
KJTFOYOBHMH IHCTPYMEHT /U 3MiLTHEHHSI MI>)KOCOOMCTICHNX BiHOCHH. Lle no3Bosie
HE JINIIE 3HU3UTH PU3NKU KOHQIIIKTIB, aje i MiIBUIIUTH PiBeHb JOBipH, IO € Ba-
JKITUBUM JIJIS TOCSITHEHHSI CIIIBHUX LIUJICH B yMOBaX Pi3HOMAHITHOCTI KYJIBTYpHHX
KOHTEKCTIB.
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MpaxkTuU4Hi cTparerii ynpaeniHHA KPOC-KYJIbTYPHUMMU
KoOMaHaaMm

MeHeDKMEHT KPOC-KyAbTYPHUX KOMaHA € CKIaIHUM 3aBJaHHSIM, K€ BUMa-
rae Bif JIiAEpiB 3aCTOCYBaHHS IPAaKTHYHUX CTPATErii, 110 BPaXOBYIOTh KyJIBTYPHI,
KOMYHIKaTHBHI Ta MI>KOCOOHCTICHI 0coOnmBOCTI yaacHUKiB. EdexTuBHi cTparerii
YIPaBIiHHSA MOXKYTb 3Ha4HO IiIBUIUTH IPOAYKTUBHICTh KOMaH/U, 3HU3UTH PH-
3UKHM KOH(MITIKTIB i CIPUATH AOCATHEHHIO CITITIBHUX MiJICH.

[Meproro crpareriero MOKpaIIeHHs JTiIepChbKUX MPAKTUK € PO3BUTOK MIXKKY-
JIETYpHOI 9y THMBOCTI. Lle mepenbadae HaBIaHHSA OCHOBAM KYJIBTYPHHUX BiIMiHHO-
CTei, 3BMYAIB 1 IIHHOCTEH, 0 JOTIOMarae YHUKHYTH Heopo3yMiHb. KepiBHUKH
MOBUHHI CTBOPUTH YMOBH JJIsl OOMiHY 3HaHHSIMH PO KyJIBTYpPH, IPEACTABIICHI B
KOMaH/Ii, IO T IBUIINTE 3arajbHUN PiBEHb CBIJOMOCTI Ta TOJIEPAHTHOCTI JI0 BiJI-
MiHHOcTe#. L{e MoXke TocsraTuch MPOBECHHSAM TPEHIHTIB, 3aPOIICHHIM CIICITi-
QITICTIB 3 1HIIMX KOMIIaHI# TOIIO.

Jlpyrum MeTolioM € BUKOPUCTaHHs eMIaTii B yrnpasiinHi. Emnaris € kitodo-
BUM €JIEMEHTOM MIXXOCOOHCTICHOTO JIIZIEPCTBA, IO JOTIOMArae 3MiIHUTH BiJHO-
CHHHU B KPOC-KYJIBTYPHUX KOMaHJAaX. MeHemKepy NMOBUHHI aKTUBHO MPOSIBISTH
YYHWHICT O €MOIIHHOTO CTaHy MiJJIETINX, PO3YMITH IXHI MEpeXUBaHHA 1 MMOT-
pebu. Lle no3BoJIsie CTBOPUTH CHIPHUSATINBY aTMOCc(epy JUlsl CIUIKYBaHHS Ta CHiB-
mparti.

TpetiM acrekToM MOKpAaIlleHHs CTpaTeriii MEHeKMEHTY € aJanTais KoMy-
HIKaI[IfHAX CTHIIIB 10 KYJIBTYPHUX KOHTEKCTiB. JIizepu MatoTh pO3yMiTH, IO pi3Hi
KyJIbTypH MaloTh CBOI crieudidHi crocoOu CipuiHsTTS 1 nepenadi inopmariii.
e Moke BKITIOUATH PIi3HUIIO B TUPEKTUBHOCTI KOMYHIKaIlii a00 BHKOPUCTaHHI
HeBepOallbHUX €JIEMEHTIB, TaKHMX SIK JKeCTH Ta MiMika. CriocTepiraloum CTaHOB-
JICHHSI meta-BCeCBITY, MOXXHA TOBOPHUTH IIPO aKTyaJli3allilo I[bOTO acIeKTy, OCKi-
JIbKH BXKE CTBOPIOIOTHCS CEPBICH LITYYHOTO IHTEJIEKTY, METOIO SIKMX € PO3Ili3Ha-
BaHHS €MOLiH Ieperysiiada KOHTEHTY 33 HOTO MIMIKOIO Ta eCTaMH, 3aJIeXKHO Bijl
HaunioHanbHOI npuHanexHocti (Hsamenryk, 2022).

OcranHiM, Ta AyXe BaXJIUBUM Y IJI00aTbHOMY KOHTEKCTI METOAOM € BHKO-
PHUCTaHHS TEXHOJIOTIH /s MIATPUMKH KoMyHikalii. Jlizepu MOXyTh 3aCTOCOBY-
BaTH Pi3HOMAHITHI IIaTGOPMH IS OpraHi3allii BicoKoHpepeHIIii, 00MiHy TOKY-
MEHTaMH Ta CIJIbHOT POOOTH B peajbHOMY Yaci. L{e cripusie 3MiITHEHHIO 3B’ SI3KiB
MDK y4acHHKaMH KOMaHJIH, HE3aJIeXKHO Bij TIXHBOro reorpadidHoro posrarmry-
BaHHS, 1 IOTIOMarae IOIOJIaTH JIIHTBICTHYHI Ta KyNbTypHi Oap'epu. AcuMeTpud-
HICTh TEXHOJIOI'TYHOTO PO3BUTKY KpaiH 3arocTpro€ Iel acleKT B MEHEIDKMEHTI
Kpoc-KylnbTypHUX koMaHx (Buaps & Hamemyk, 2022).

BucHOBKM

VY npeacTaieHiit po60Ti pO3IISIHYTO KITIOUOBI ACTIEKTH MEHEKMEHTY KpOcC-
KyJBTYPHHX KOMaHJI B YMOBaX Cy4acHoi mmoOamizarii. 3pocratoda iHTerpamis
MDKHapoHOTO Oi3HeCy Ta Pi3HOMAaHITHICTh KYJIBTYPHHX KOHTEKCTIB BHMararoTb
BiJl JTiIepiB HOBUIX MiAXOIB i cTpaterii /i 3a0e3nedeHHs] e(peKTUBHOI poOOTH
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KOMaH/1. YCTaHOBJIEHO, III0 MIDKKYJIbTypHa KOMYHIKaLlisl € OCHOBOIIOJIOKHHUM eJie-
MEHTOM y ()OpMyBaHHI 30POBUX MIKOCOOHCTICHUX BimHOCHH. Jlizepw, sKki po3y-
MIIOTh Ta BPaxOBYIOTh KyJBTYypHI BiIMIHHOCTI, 30aTHI CTBOPUTH arMocdepy ao-
BIpH 1 CITIBITpaIli, 1[0 3HIDKY€E PU3UKH KOH(DIIIKTIB Ta CIIpHUs€ OCATHEHHIO CITiJIh-
HUX Iiseil. Bukopuctanns emmnarii, aganTanisi KOMyHIKallifHUX CTHIIIB Ta BCTa-
HOBJICHHS BIJKPUTUX KaHAIIB KOMYHIKaIlii € BaYKIMBUMH CTPATETisIMU JJIsT MEHE-
IDKMEHTY MYJIBTUKYJIBTYPHHUX KOMaH.

OkKpiM TOTO, 3aCTOCYBaHHS Cy4acHHUX TEXHOJIOTIH JUIs MIATPUMKH KOMYHiKa-
1i1 € He3aMiHHUM Y TII00aIbHOMY Oi3HECI, a/ke BOHHU JO3BOJISIOTH 30epiraTu 3B's-
30K MK yYaCHMKaMU KOMaH/IH, He3BaXKarouu Ha reorpadivyni 6ap'epu.

VY mincyMKy, MEHEIDKMEHT KPOC-KYIbTYPHHX KOMaHJ € KOMIUICKCHHM 1 CKJIa-
JIHHM, 1110 BHMarae BiJl JiJiepiB MO€IHAHHS 3HaHb, YyHHOCTI Ta MPaKTHYHUX Ha-
BHYOK.
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BararorpaHHICTb TOKEHIB Yy NiANPUEMHULbKUX
eKocucTemMax: HOBi FOpPpM3OHTM akKcionorii
uncppoBUx aKTuBiB

PomaH MaBnos ', TeraHa MNasnoBa

Purpose. This study aims to explore the multifaceted nature of tokens in entrepre-
neurial ecosystems and their impact on value creation and distribution processes,
as well as to develop a conceptual framework integrating token economics, entre-
preneurship, and digital asset axiology. Design / Method / Approach. The re-
search employs a comprehensive literature review and synthesizes existing theo-
ries to develop a novel conceptual model. It systematizes the roles and functions
of tokens in entrepreneurial ecosystems and analyzes their influence on value cre-
ation mechanisms. Findings. The study reveals that tokens serve as multifunc-
tional tools for financing, governance, incentivization, and value representation in
digital ecosystems. It identifies key aspects of tokenization's impact on value cre-
ation, including democratization of investment access, increased liquidity of intan-
gible assets, and emergence of new monetization models. The proposed concep-
tual model integrates token economics, entrepreneurship, and axiology, offering a
holistic view of tokenized ecosystems. Theoretical Implications. This research
expands the understanding of tokens as complex socio-technical constructs and
necessitates a revision of value creation theories in the context of tokenized eco-
systems. Practical Implications. The findings suggest that entrepreneurs and in-
vestors should consider the multifaceted nature of tokens when developing and
evaluating business models in the digital economy. The study also highlights the
need for new competencies in token economics and tokenized ecosystem man-
agement. Originality / Value. The proposed conceptual model provides a novel
theoretical framework for analyzing tokenized ecosystems, considering their com-
plex socio-technical nature and interdisciplinary character. Research Limitations
| Future Research. Future studies should empirically test the proposed conceptual
model across various types of tokenized projects and explore the long-term socio-
economic consequences of widespread tokenization adoption. Paper Type. Con-
ceptual paper.
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Po3BHTOK 0J0KYEHH-TEXHOIIOTIH 1 MOSIBa KPUIITOAKTUBIB CTBOPHIIM HOBY Ia-
panurMy y cdepi miInpueEMHAITBA Ta eKOHOMIKH. TOKeHH, sk OaraTtoyHKIiOHa-
JBbHI IU(POBI aKTHBH, BIAIrParOTh KIOYOBY poib Y GopMyBaHHI HOBUX Oi3Hec-
MoJIeTIel, MeXaHi3MiB YIIpaBIiHHSA Ta CIOCO0IB CTBOPEHHS IIHHOCTI B IU(PPOBUX
exocucreMax. OfHak iXHsi OararorpaHHa MPHUPOAA 1 BIUIMB Ha MiANPUEMHHIIBKI
NPOLECH 3aJIUIIAIOTHCS HEJOCTaTHHO BUBYCHUMH B PaMKax HAasBHHUX TEOPETHY-
HMX ITIIXO/IB.

AXTyaJIbHICTb IIbOTO JTOCTIIJUKEHHS 3yMOBIIeHa KilbkoMa (aktopamu. [lo-re-
pIe, CTpiMKHA pO3BUTOK TOKEHi3allii BUMarae IepeoCMUCICHHS TPaJHIliiHIX
KOHIICTIIIH I[IHHOCTI, BIaCHOCTI Ta ekoHoMiuHuX BigHocuH (Chen & Bellavitis,
2020). ITo-mpyre, TOKCHH BiIKPUBAIOTH HOBI MOXIMBOCTI JJIS TiANPHEMHUIITBA,
CTBOPIOIOYM IHHOBaliiHI MeXaHi3MU (iHAHCYBaHHS, YNPABJIIHHA Ta B3a€MOJIi
Mix yuacaukamu ekocucteM (Fisch, 2019). ITo-tpete, pizHOMaHITTS TUMIB 1 QyH-
KL} TOKEHIB CTBOPIOE CKJIAIHY KapTUHY TXHBOT POJIi B MiAIPHEMHUBKIX €KOCH-
cTeMax, o NoTpedye KOMIUIEKCHOTO TeopeTnaHoro ocmucieHHs (Oliveira et al.,
2018).

HasBHI mocmimkeHHS B Tady3i TOKEHIB 1 KDHIITOAKTHUBIB 9acTO (POKYCYIOThCS
Ha CyTO TEXHIYHMX acleKTax iXHboro (hyHKI[IOHyBaHHS a0o Ha ixHiX (iHAHCOBUX
xapakTepucTtukax. Hanpukian, poboru Catalini and Gans (2018) i Howell et al.
(2020) po3r1saat0Th TOKEHH EPEBAKHO SIK IHCTPYMEHTH (iHaHCYBaHHs. [Hii 1o-
cmigauky, Taki gk Davidson et al. (2018), aHaMi3yIOTh TOKEHH 3 TOYKH 30pY IX-
HBOTO BIUTUBY Ha lHCTI/ITyHII/IHl CTPYKTypH. ONHAK KOMIUICKCHHIA aHani3 bararor-
paHHOI IPUPOIM TOKEHIB y KOHTEKCTI Hl,Z[HpI/IeMHI/H_ILKI/IX CKOCHCTEM Ta iXHBOTO
BIUIMBY Ha MPOLIECH CTBOPEHHS Ta PO3MOALTY LIHHOCTI 3aJIMIIAETHCS HEAOCTAT-
HBO PO3POOIICHHM.

TeopeTuyHe NigrpyHTA: CUHTE3 TOKEHOMIKM,
nignpuMeMHULbKMX €KOCUCTEM Ta akcionorii
uncpoBUX aKTUBIB

TeopeTnuHe MiATPYHTS LHOTO AOCIHIIKEHHS CTAHOBIISITH KUJIbKa B3a€MOIIOB'-
SI3aHUX Tajy3eil: Teopist miIIPUEMHHUIBKUX EKOCHCTEM, EKOHOMIKA TOKEHIB (TOKe-
HOMIKa) Ta aKcioNoris MU(QPOBUX aKTUBIB.

Teopist miANPUEMHUIIBKAX €KOCHCTEM, pO3BHHYTa B poboTtax Spigel (2017) i
Autio et al. (2018), Hamae paMKy U pO3yMIiHHSI CKJIaJHUX B3a€EMOMIN MK pi3-
HUMH aKTOpPaMH, IHCTHTYTaMH Ta PecypcaMiu B MPOIECi CTBOPEHHS 1 PO3BHTKY
HOBUX MIANPUEMCTB. Y KOHTEKCTI TOKCHI30BaHUX €KOCHCTEM Taka Teopis A0Io-
Mara€ OCMHUCIIHTH, K TOKCHU BIUTMBAIOTh HA TUHAMIKY B3a€MOJINA MiX pi3HOMa-
HITHIMH yYaCHHKaMH 1 TpaHC(HOPMYIOTh TPAAUIIIHI poii B MiAIPHEMHUIIEKOMY
MPOIIeCi.

ExoHOoMiKka TOKeHIB a00 TOKEHOMiKa — II€ Tally3b JOCHIKEeHb, 110 pO3BHUBa-
€TbCS 1 POKYCYETBCS HA €KOHOMIYHMX IPHUHIMIIAX 1 MeXaHi3Max, 110 JIeKaTb B
OCHOBI cTBOpeHH! Ta (pyHKIioHYBaHH: ToKeHiB. Pobotn Chen & Bellavitis (2020)
i Oliveira et al. (2018) 3aknanu 0CHOBY A7l pO3yMiHHS TOKEHIB SIK OaraToQyHK-
I[IOHATBHUX IHCTPYMEHTIB.
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Akcionorisi Tn(ppPOBUX aKTUBIB € HOBUM HAIPSIMOM JOCIIIKEHb, SKHH PO3r-
JSI1a€ TTUTAHHS IIHHOCTI Ta OWIHKKA B KOHTEKCTi nH(poBoi exkoHOMikH. Poborn
Voshmgir (2020) i Zetzsche et al. (2019) 3po6unn 3Ha4HUIT BHECOK y PO3YMiHHS
TOTO, SIK TOKEHU TPAaHCPOPMYIOTh TPAIUIIiiiHI YSBICHHS IO IIHHICTH 1 CTBOPIO-
I0Th HOBI ()OPMHU €KOHOMIYHHUX BiIHOCHH. TakoX BapTO BiJI3HAYUTH HAILE HEIIO-
JTaBHE JTOCIIPKEHHS, B IKOMY MH PO3IIBIIATN OHTOJIOTII0 MU(PPOBUX 00'€KTIB 1 Te-
XHOJIOTIYHY HOPMATHBHICTh Y KOHTEKCTI ITU(PPOBOI ETHKH, III0 MAa€ BaXKIIMBE 3HA-
YEHHS ISl PO3YMIHHSI €TUYHHMX aCIEKTIB PO3BUTKY KPUIITOAKTHBIB 1 OIOKYEHH-
texronorii (ITaBnosa & ITaBnos, 2024).

[HTerparis Takux TEOPETHYHUX ITiIXOMAIB JIa€ 3MOTY C(OPMYBATH KOMILIEK-
cHe OaueHHS POIi TOKEHIB y MiIPHEMHUIIBKIX €KOCHCTEMAaX Ta iXHBOTO BIUIMBY
Ha MPOLIECH CTBOPEHHS 1 PO3MOALTY LIHHOCTI.

Cucremarnsauina poneu i PyHKLIiN TOKEHIB y
NiANPUMEMHMLBKUX eKocUuctemax

bararorpaHHa npupoJa TOKCHIB Y MiINPHEMHHUIBKHX EKOCHCTEMAX BUMarae
CHCTEeMaTUYHOTO IiJXO0Ly A0 aHalli3y iXHiX poseii i pyHkuiid. Taka cuctemarusa-
Iis Ja€ 3MOTY HE TUTBKH Kpallle 3pO3yMITH MOTEHIIiaT TOKEHIB K iHCTPYMEHTIB
1 poBOi EKOHOMIKH, aje i BUSIBUTH HOBI MOXKJIMBOCTI JUIsl IHHOBAlil Ta CTBO-
peHHs miHHOCTI. Ha 0cHOBI aHamizy HasiBHOI JIiTEpaTypu Ta NPaKTHIHUX IPUKIa-
JIiB, MM TIPONIOHY€EMO KJacudikaiito poseit i GpyHkuiii TokeHis (Tadun. 1), mo Bigo-
Opaxkae 0araTOACIICKTHICTh TAaKUX aKTHBIB, IEMOHCTPYIOUH iXHE 3HA4YCHHS HE
nuuie sk piHaHCOBUX IHCTPYMEHTIB, ajie i SIK MEeXaHi3MIB YIIPaBJIiHHS, CTUMYITIO-
BaHHSI Ta pEIpe3eHTAII{ IIHHOCTI.

Taoauus 1 — Pouii Ta ¢pyHkuii TokeHiB y miAmpueMHHIBKUX ekocucTemax (:xe-
peJio: po3podiieno aBropamu Ha ocHoBi [1aBioB & IlaBioBa, 2024; Zavolokina
et al., 2024; Chod & Lyandres, 2021; Chen & Bellavitis, 2020; Momtaz, 2020;
Voshmgir, 2020; Zook & Grote, 2020; Oliveira et al., 2018)

Pojib Tokena

DyHKIHT

Mpuxnaan

®dinancoBuii iHCTPY-
MEHT

3ayueHHs KariTainy

Toxkenu ICO/IEO

JIikBigHICTH aKTUBIB

IuBecTHLiiHI TOKEHN

[HBecTUIIHUH IHCTPYMEHT

CTeliOnKoTHH

MexaHi3M ynpas-
JIHHS

IIpaBo rosocy

Posnofin pecypcis

[TpuiHSTTS pilieHb

TokeHH ynpasitiHHS

Yrunitapaui iH-
CTPYMEHT

Joctyn 0 cepgici

Oruiara nociyr

IIporpamoBaHi ¢yHKIT

VYrTunitapHi TokeHH

Penpesenrarris miH-
HOCTI

[ludpoBi akTHBH

TokeHi3allist peaJbHUX aKTHBIB

[TporpaMoBaHa BIACHICTh

NFT

IHCTpYMEHT CTUMY-
JIFOBAHHS

MortuBallisi y4acHHUKIB

Posmoisn BuHaropos

AJ'IFOpI/ITMI/I‘{He CTUMYJIIOBaHHS

TokeHnu B play-to-earn
Urpax
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3a3HayeHa cucTeMarHu3ais IeMOHCTpy€e OaraTrorpaHHiCTh TOKEHIB y HiNpH-
€MHHIBKHX eKOCHCTEMAX, [II0 BUXOMUTH 38 MEXKI IIPOCTHX Ta 3BUYAHHUX 1udpo-
BUX aKTHBIB. TOKEHH BUCTYNAIOTh K KOMIUIEKCHI IHCTPYMEHTH, L0 MOEAHYIOTH Y
co0i (iHAHCOBI, YNpPaBIIHCHKi, YTWITApHI Ta CTUMYIIOOY (QyHKIIi, Jarodm
3MOTy Cy4acHMM HiJIPUEMISIM KOMOIHYBaTH Pi3Hi IXHI BIACTUBOCTI JUI CTBO-
peHHs iHHOBaIiifHuX OizHec-Mozeneil. OnHAK Il TaKOK CTABUTH HOBI BHKIIUKA
mepe peryasITopaMi i BUMarae MEepeOCMHUCIICHHS TPAAHIIHHIX E€KOHOMIYHHX
KOHIICTIIIIH.

BnnuB ToOKeHi3auii Ha Npouecu CTBOPEHHA Ta
po3noainy WiHHOCTI

Tokenizawis, sIK Ipolec IEPETBOPEHHS NpaBa HA aKTHB y U(POBUHA TOKEH,
Ma€ MIMOOKMIA BIUIMB Ha (PyHJAaMEHTAIbHI MEXaHI3MH CTBOPEHHS Ta PO3IMOJILTY
IIHHOCTI B eKoHOMIIIi. BoHa TpaHchopMye TpaaumiliHi eKOHOMIYHI BiTHOCHHH Ta
CTBOPIOE HOBI MapagurMu 1iHHOCTI. OCHOBHI aCIIEKTH TAKOTO BILUTUBY TOKEHI3aIlii
BKJTFOYAIOTh:

1. JlemokpaTH3ailis JOCTYILY 0 iHBECTHIIIH. TOKCHU TO3BOJISIOTH OLIBIII I~
poxoMy Koy cy0’ekTiB Opatu y4acTh y (piHAaHCYBaHHI IPOEKTIB Ha PaHHIX CTa-
JUSIX, 0 MOTEHIIHHO MOYKE 3HU3UTHU 0ap'epy BXOIY Ha PUHOK BEHYYPHOTO Kalli-
taiy (Fisch, 2019).

2. JIiKBIIHICTh HEMATEpiaJbHUX aKTUBIB. TOKEHI3aIlis J]a€ MOXKIIUBICT CTBO-
proBatH (opraH13OByBaTH) PHHKH 3 JOCHTH BUCOKHM PiBHEM JIKBIZHOCTI AT pa-
Hillle HENIKBIJHUX aKTUBIB, TAKUX SIK IHTEJEKTyallbHa BJacHICTH abo mpaBa Ha
MaitOyTHi qoxomu (O'Dair, 2019).

3. Apromaruzanisi po3noxainy wiHHOCTI. CMapT-KOHTPakTH 3a0e3NedyyroTh
MPOTPaMOBAaHUH Ta JOCTATHHO MPO30PUIT PO3MOALT JOXO/IB MIXK HAsIBHUMH yJac-
HUKaMH BiJIIOBITHOI €KOCHCTEMH, I[0 MOXE 3HAYHO 3HU3UTH TPAH3AKIIiHI BHU-
tparu (Cong & He, 2019).

4. Hogi mozemni MoHeTH3aiii. TOKeHH 1al0Th 3MOTYy MOHETU3YBaTH pi3Hi (o-
PMH y4acTi KOPHCTYBadiB B €KOCHCTEMAaX, CTBOPIOIOYH HOBI JDKepena MiHHOCTI
(Hisseine et al., 2022; Kumar et al, 2024).

5. Tparcdopmariist TaHIFOKKIB CTBOPSHHS IIHHOCTI: TokeHi3aIlis1 1ae 3Mory
YCYHYTH TOCEPEIHHKIB 1 CTBOPHTH €(PEKTHBHIMI IPsAMi 3B'S3KH MiXK BHPOOHH-
kamu Ta cniokuBadamu (Voshmgir, 2020).

TaknuM 4yMHOM, BIUIMB TOKEHI3allil HA MPOLIECH CTBOPEHHS Ta PO3MOALUTY LiH-
HOCTI Mae OaraToacreKTHUI XxapakTep. Big nemokparusarii 1ocTymy 10 iHBECTH-
i 1 1o TpaHchopMallii JIAaHIIOKKIB CTBOPEHHSI IIIHHOCTI, TOKEHI3allisl epeBH3-
Hadae (pyHITaMeHTa bHI €KOHOMIYHI KOHIIEMIIii Ta MEXaHi3MHU, 10 CTBOPIOE IILTY
HHM3KY HOBHX ITOTEHILIIHUX MOXKJIMBOCTI JUIs 1HHOBAIiifl Ta €KOHOMIYHOTO 3pOC-
TaHHS, aJie TAKO)K CTABUTH CEPHO3HI BUKIIMKY Mepe]] HasBHUMH Oi3HEC-MOACIIIMH
Ta PETYISTOPHUMHU cUCTeMaMH. PO3yMiHHS TakuX 3MiH KPUTHYHO BaXKJIMBE JUIS
MiATIPHEMIIB, iIHBECTOPIB 1 MOJIITUKIB Y KOHTEKCTI IIU(PPOBOi EKOHOMIKH, IO PO3-
BUBAETHCS.
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KoHuentyanbHa mogensb iHTerpauii TOKeHOMiKuM,
nignpueMHUMUTBA Ta akcionorii

KommurekcHe po3yMiHHS pojli TOKEHIB y MiANPHEMHHUIBKUX €KOCHCTEMAX I10-
Tpebye iHTerpauii pi3HUX TEOPETHYHUX MEPCIEKTHB. ABTOpaMH 3alpONOHOBaHA
KOHIIETITyaJIbHa MOJEITB, SIKa 00'€JHy€E KIIFOYOBI aCTIEKTH TOKCHOMIKH, TiATPHEM-
HHIITBA Ta akcionorii Hu(poBUX aKTHUBIB, 3a0e3MeUyrOUH HiTiCHE OaUeHHS TOKe-
HI30BaHMX MiANPHUEMHHUIBKIX €KOCHCTEM i3 BpaxyBaHHAM iXHIX €KOHOMIUHHX,
COLIaJIbHUX, TEXHOJIOTTYHHUX Ta ETHYHUX BUMIpIB. [leTanbHuil onuc KoKHOro pi-
BHSI HAaBEJCHO B Ta0OM. 2.

Tabnnug 2 — CTpyKTypa KOHLIENTYAIbHOI MOJIe/li TOKeHI30BAHHX eKOCHCTEM
(d:xepes1o: po3po6/ieHO aBTOpaMHu)

. . OcHoBHI (pyHKUIT Ta XapakTe-
PiBennb KiwouyoBi koMnoHeHTH bymien p
PHUCTHKH
MexaHi3MH eMicCil TOKeHIB 1. ®opMyBaHHS OCHOBU IS CTBO-
Po3smozin TokeHiB PEHHS Ta IUPKYISLIi IHHOCTI.
N ExoHOMIUHI MOJIeNIi TOKEHIB 2 Bu3HaueHHs eKOHOMIYHHX ITpa-
ToxenoMIuHMH . .
. . . |BuII QyHKIIIOHYBaHHS TOKEHIB.

Bsaemonis 3 TpaguriitHumMu ¢i- . .

. 3 InTerpanis 3 HasBHUMHU (iHaH-
HAHCOBHMH iHCTpyMEHTaMHU

COBHMIMH CHCTEMaMH.
Hosi 6i3Hec-moneni Ha ocHOBI | 1. TpaHchopmaltist mianpueEMHH-
TOKEHIB LBKUX MPAKTHUK.
. . |Crparerii 3aixyduenns i yrpu-  |2. CTBOpeHHs iIHHOBaLiHUX CIIO-

[lignpreMHULIIBKIH . .

MaHHsI KOPUCTYBaviB co0iB MOHeTH3AIii.

Vrpasninuas TokeHizoBanuMu | 3. Po3poOka HOBHX (opM B3aeMo-

MIPOEKTAMHI Jii 3 KopHCTyBadaMu.

Tpancdopmaris ysiaeHs mpo | 1. [TepeocMuciIeHHsT KOHIIEMIIIIA

I[iHHOCTI LiHHOCTI B I(POBOMY MTPOCTOP.
. N ETnuni acriekTn BUKOpUCTaHHS |2. BCcTaHOBIEHHS €THIHHX HOPM

AKcioyioriyHui . g
TOKEHiB BHUKOPHCTaHHS TOKEHIB.
dopmyBaHHs cOLiaIBHOTO Kari- |3. Po3BUTOK HOBHX (OpM corlia-
Tainy JIBHUX B3a€MOJIIH.
®opmyBaHHS HOBUX HOPM i 1pa-|1. CTBOpPEHHS pEeTyIsITOPHUX pa-
BT MOK JIUII TOKEHI30BaHHX €KOCHC-
B3aemopnist 3 TpaAUIIfHUMH iH- |TEM.

[HCTHTYIIOHANBHMH |cTHTYTAMU 2 Anarrranist HasIBHUX 1HCTHUTYTIB

JI0 HOBUX peaii.
PO3BUTOK CaMOpETYJILOBaHUX .

. 3. ®opMyBaHHS JELIEHTpalli30Ba-

CHIJIBHOT C :

HUX MEXaHI3MiB YIpPaBIiHHS.
Po3BuToxk GnokueiH-iH(pacTpy- | 1. 3abe3nedeHHs: TEXHOIOTTIHOT
KTypHu OCHOBH ISl (PYHKITIOHYBaHHS TO-
IHTerpamis 3 iHITMMHK TIEpeO-  |KEeHIB.

TexHOIOr YHUN BUMH TEXHOJIOTISIMHA 2. [liguieHHs €(EKTUBHOCTI Ta
Bupimrenns mpobiem mMaciira- | Oe31eKH TOKEHI30BaHUX CHCTEM.
6oBaHOCTI Ta iHTeponepadens- |3. CTBOPEHHS YMOB ISl MACOBOTO
HOCTI BIIPOBAKEHHS TOKEHi3aIlii.
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3a3HaueHa MOJIEIIb CKJIQJAETHCS 3 M'SITH B3a€MOIIOB'I3aHUX PIBHIB, KOKEH 3
SKHUX Bifirpae BaXIHUBY poiib ¥ hopMyBaHHI Ta QYHKIIOHYBaHHI TOKCHI30BaHIX
exocucTeM. B3aeMo3B'a3kH MK PIBHAMH MOJIEli € 0araTOBUMIpHUMH Ta TUHAMI-
yHIMHU. TOKeHOMIYHHUH piBEHb CTBOPIOE (yHAaMEHT IS MiANPUEMHAIBKUX 1Hi-
LiaTHB, 5IKi, CBOEI0 YEPror0, BIUIMBAIOTh JOCUTH CYTTEBO Ha ()OPMYBaHHS I{IHHIC-
HUX OPIEHTHPIB B aKCiOJIOT1YHOMY BUMIipi. AKCiONOTi4HI acriekTH GOpMYIOTh Bij-
TIOBiTHI €THYHI HOPMH Ta COI[iaIbHIH KaIliTall, [0 BIUINBAE HA IHCTUTYIiOHAIb-
HUH piBeHb. [HCTUTYLIOHAIBHI paMKH BU3HAYalOTh HANPSIMHU TEXHOJIOTYHOTO PO-
3BHUTKY, SIKHI, CBOEIO YEPTOI0, BIIKPHBA€E HOBI MOTEHIIHHI MOXKJIMBOCTI IS BCiX
IHIIUX PIiBHIB.

Jlana Mozenb IEMOHCTPYE, IO TOKCHH € HE IPOCTO TEXHOIONIYHMMH apTe-
(bakTamu, a CKJIaJIHUMU COIIOTEXHIYHUMHU KOHCTPYKTAMH, IO BIUTHBAIOTH Ha BCi
ACTIEKTH IiIPUEMHHIBKOI TisTIBHOCTI Ta CTBOPEHHS LIHHOCTI B U(POBIil eKo-
HoMmili. BoHa nae 3Mory aHanmizyBaTy pO3BUTOK TOKEHI30BAHUX €KOCHCTEM KOM-
IUICKCHO, BPaXOBYIOUH B3a€EMOJIII0 €KOHOMIUHHX, COLIaJbHIUX, CTHYHUX 1 TEXHO-
JIOTIYHUX YHHHHKIB.

3anpornoHoBaHa KOHIIENTYyaJlbHa MOJENb HAroJIoIye Ha HeoOXI1MHOCTI MiX-
JUCUUILTIHAPHOTO MiZXOAY JI0 BUBYCHHS Ta PO3BUTKY TOKCHI30BAHUX €KOCHCTEM
3 OIIILY Ha iXHIO CKIIaJHy IPUPOAY Ta INUPOKHUH CIIEKTp BILIHBY Ha Pi3Hi aClIEKTH
EKOHOMIYHO{ Ta COLiaJIbHOT JiSUTBHOCTI.

O6roBopeHHs

PesynbraTi q0OCHiIKEHHS Aal0Th 3MOT'Y 3pOOUTH HU3KY BaXKTUBUX BUCHOBKIB
II0/I0 POJIi TOKEHIB Y MiANPUEMHHUIIBKUX €KOCHCTEMAax Ta IXHBOTO BIUIMBY Ha ITPO-
LECH CTBopeHH;{ 1 po3moaiTy uiHHOCTi
HIX pone# i q)yHKLuI/I, BKazye Ha H606X1I[HICTL neperIsiy TPAIUIIHNX MiIX0/iB
JI0 aHauizy 1U(poBUX akTHBIB. TOKEHU BUXOAATH 332 pAMKH IPOCTHUX (piHAHCOBHX
IHCTPYMEHTIB, CTal04Md KOMIUIEKCHIMH MeXaHi3MaM{ YINpPaBIiHHS, CTUMYIIIO-
BaHHS Ta pernpe3eHTalii miHHOCTI, MO y3romkyeTbest 3 BucHoBkamMu Chen and
Bellavitis (2020) momo TpaHc(hOPMATHBHOI POJIi TOKSHIB Y ACIEHTPATi30BaHIX
0i3Hec-MOoJeIIsIX, ajie PO3ILIMPIOE PO3YMIHHS iXHIX (YHKLIN 32 Mexi (hiHaHCOBOT
ctepn.

[Mo-pyre, BIUTMB TOKEHI3allil HA MIPOIIECH CTBOPEHHSI Ta PO3MO/ALITY HIHHOCTI
JIEMOHCTPY€E JOCUTb 3HAYHUH MOTEHIiaJ JJIsl CYTTEBOI TpaHchopMallii xapakrepy
eKOHOMIYHHX BigHOCHH. [IeBHa memMoKparn3alis AOCTYIy A0 iHBECTHIIiH 1 HOBI
MoJIeTli MOHETH3allil, BUSABJICHI B JOCHI/DKCHHI, MiITBEpKYyOTh inero Fisch
(2019), mo TokeHM € BaXIMBUMH IHCTPYMEHTaMHU AEMOKpPATH3AIii M IIpHEMHH-
1pKoro (inancyBanHs. OJHAK HaIli pe3yJabTaTH TaKoX BKa3ylOTh Ha OUIbII TIIU-
00Ki 3MiHM B caMilf IpUPOIi HIHHOCTI Ta croco6ax ii CTROPEHHS B II(PPOBHUX KO-
crcTeMax.

3anponoHoBaHAa HAMHU KOHIIETITyaJIbHA MOJIENb iHTETpallii TOKCHOMIKH, ITi/II-
PUEMHUIITBA Ta aKCIOJOTIi sIBJIsI€ COOOK0 JOCHUTh HOBHIA TCOPETHYHUH MiAXiA 10
PO3YMiHHSI TOKEHI30BaHUX MiANMPUEMHHIIBKUX ekocucTeM. Ha BiamiHy Bim HasB-
HHUX MoOJeNel, sKi (POKYCYIOTbCS NEpPEeBaKHO Ha TEXHIYHMX ab0 EKOHOMIYHHX
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acrexTax TokeHiB (Hanpukian, Oliveira et al., 2018), B Hamiii Mozaeni NpPONoOHY-
€ThCs OUTBII MUTICHUH MOV, IO BPAaXOBY€E COIialibHI, IHCTUTYIIIHI Ta eTHIHI
BUMIpH TOKEHi3allil.

Oco0nuBy yBary BapTo IMPUAUIHTH aKCiOJIOTIYHOMY PiBHIO MOJEINi, SKHH Bi-
JnoOpakae TpaHc(hOpMaIlilo ySBIEHb PO LIHHOCTI B KOHTEKCTI TOKeHi3alii, 1110
y3romkyeTbes 3 imessmu Voshmgir (2020) mpo TokeHi30BaHY €KOHOMIKY, alie e
JlaIti, po3rIIa0Yl eTHYHI IMIUTIKAIil Ta GopMyBaHHS HOBUX (POPM COIIaNBEHOTO
KalliTaly B TOKEHI30BaHHX €KOCHCTEMaX.

[HCTHTYIIIOHANEHUH piBEHB MOZETI MiIKPECIOE BaXKIMBICTD B3a€MOJil HO-
BUX ()OpM Oprasizalii, 3aCHOBaHUX Ha TOKEHaX, 3 HasIBHHUMHU IHCTHTYTaMH, IO
po3BuBae inei Davidson et al. (2018) mpo GroK4eH K IHCTUTYIIIHY TEXHOJIOTIIO,
ane GoKyCyeTbes Ha crienndilli TOKeHI30BaHUX €KOCHUCTEM.

TexHomorivHMH piBeHb MOZIEI BKa3y€e HA HEOOXIMHICTH IMOJANBIIOTO PO3BU-
TKY iH(ppacTpyKTypH [UIsl peaizalii MOBHOTO MOTEHIialy TOKEHI30BaHUX €KOCH-
CTeM, IO Y3TOMXKYEThCs 3 BUCHOBKaMHU XU et al. (2019) mono TeXHIYHIX BUKIH-
KiB y ctepi Onok4eiiH-101aTKIB, ane po3nsiAae iX y MHPIIOMY KOHTEKCTI Mijam-
PHEMHHIBKHX SKOCHCTEM.

BaxnuBo 3a3HauuTH, IO 3aIPONOHOBAHA MOJIENb HE € CTaTHYHOI0. BoHa Bi-
noOpaxkae AMHAMIYHY MIPUPOAY TOKCHI30BaHUX EKOCHCTEM, JIE B3aEMOIIS MIXK pi-
3HUMH PIBHSAMH MOXE MPU3BOIUTH JO MOSIBM HOBHX (DOpM oprasizailii Ta CTBO-
PCHHS IIHHOCTI.

TeopetnuHi iMIUTiKaLii IIHOTO AOCIIIKEHHS BKIFOYAIOTh:

1. PosmmipeHHs po3yMiHHS IPUPOIH TOKEHIB K OaraTOBUMIPHHX COIIiO-TEX-
HIYHHAX KOHCTPYKTIB, 10 BUMAara€ MiKAUCIHUILTIHAPHOTO MiAXOAY 10 X peTeib-
HOTO BHBYCHHS.

2. HeoOxinHiCTh Neperisily HassBHUX TEOPili CTBOPEHHS Ta PO3IOLTY IIHHO-
CTi B KOHTEKCTI TOKCHi30BaHUX IiNPUEMHHLBKAX €KOCHCTEM, & TAKOXK BaXKIHU-
BICTh IHTETpaIlii STHYHMX 1 COLIATBHUX ACIIEKTIB B aHAJII3 TOKCHOMIKH Ta nupo-
BOTO MiNPHEMHHILITBA.

[MpakTryHi IMIUTIKALIT TOCTIHKEHHST BKITIOYAIOTh:

1. HeoOXimHICTB IS MIAPUEMIIIB Ta IHBECTOPIB BPaXOBYBaTH OararorpaHHy
MPUPONY TOKEHIB i 4ac po3poOJICHHS Ta OIiHIOBaHHS Oi3HEC-MojeneH y mud-
POBIif EKOHOMITII.

2. BayJIMBICTh PO3BUTKY HOBHX KOMIIETEHIIIH Yy cq)ep1 TOKEHOMIKH Ta yIIpaB-
JHHS TOKSHI30BAHUMH €KOCHCTEMaMH, a TAKOX JOLIIBHICTh PO3POOICHHS HOBHX
i IXOIIB 10 PEery;IF0BaHHs TOKCHI30BaHHUX aKTHBIB Ta EKOCHCTEM, IO BPAXOBYIOTh
IXHIO KOMIIJIEKCHY TIPUPO.Y.

BucHOBKM

TokeHH B MiANPUEMHUIIBKUX €KOCHUCTEMax € OaraTorpaHHUMHU iHCTPYMEH-
TaMH, 110 BUKOHYIOTh BayJIMBI (QyHKIUIi (hiHAHCYBaHHS, yNPaBIiHHSI, CTUMYIIIO-
BaHHS Ta PENpPe3eHTallil IHHOCTI. IXHs POJb BUXOIUTH JAJIEKO 33 PAMKH MPOCTHX
1 (pOBUX aKTHBIB, TpaHCHOPMYIOUN (PyHIAMEHTaIbHI ACHEKTH eKOHOMIYHHUX Bi-
JTHOCHH.

Tokenizawist iCTOTHO BIUTMBAE HA MPOLECH CTBOPEHHS 1 PO3MOALTY LIHHOCTI,
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CIPHSAIONN JeMOKpaTu3alii A0CTymy A0 iHBECTHILIH, MiABUIIEHHIO JIIKBIIHOCTI
HeMaTepialbHUX aKTHBIB, aBTOMATH3AIIil PO3IOILTY JOXOMIB i TIOSBI HOBUX MOJIe-
Jell MOHeTH3aLlii.

3anponoHoBaHa aBTOpaMH KOHIIETITyalbHAa MOZIEIb iHTerparlii TOKCHOMIKH,
MiANPUEMHULITBA Ta AKCIONOTil HaJae AOCTaTHHO HOBY TEOPETUYHY PaMKy JUIs
aHaJi3y TOKEHI30BaHMX EKOCHCTEM, II[0 BPAXOBYE iXHIO CKIAMHY COIIOTEXHITHY
HPHPOLY.

Pesynbratu po6oTH pOOISITE BHECOK Y PO3BUTOK T€OPil HUPPOBOTO MiANIpHE-
MHHIITBA 1 TOKEHOMIKH, IIPOTIOHYOYH 01T KOMIUIEKCHE PO3YMIHHS POJIi TOKEHIB
y Cy4acHii eKOHOMII, 1 BIIKPUBAIOTh HOBI HAIIPSIMM JUTs MOy THIX JOCII/IKEHb,
y TOMY YHUCIIi:

1. EMnipuuHy nepeBipKy 3alpOIIOHOBAaHOT KOHIENITYaJIbHOT MO Ha TPUK-
Jai pi3sHUX TUIIB TOKCHI30BaHUX IPOEKTIB.

2. JlocmipKkeHHsI JOBIOCTPOKOBHX COIIaIbHO-CKOHOMIUHUX HACHIIKIB IIAPO-
KOTO BIIPOBA/XKCHHS TOKCHI30BaHUX MOJCICH.

3. AHasi3 eTHYHHX acleKTiB Ta COLaJbHUX IMILTIKAIIi TOKeHi3alii pi3HuX
cthep eKOHOMIYHOI TisSUTBHOCTI.

4. BuB4eHHs B3a€MOJIii TOKCHI30BaHHX 1 TPAJAULIHHIX CKOHOMIYHHUX CHCTEM
Y KOHTEKCTi II100apHOI II(pOoBOi TpaHCHOpMAITiI.

BaratorpaHHicTh TOKEHIB BiJKpHBa€ HOBI TOPH30HTH HE TUIBKH LIS i IPH-
€MHHUITBA, aJie i 1715 HepeoCMUCICHHS QyHIaMeHTaIbHUX eKOHOMIYHUX i comia-
JIBHUX KOHIIEMIIH. 3 PO3BUTKOM IIi€] ramy3i MM MO)KEMO O4YiKyBaTH Ha IOSIBY J10-
CUTH HOBHX ()OpM OpraHizalii eKOHOMIYHOI AiIsIIBHOCTI, SIKi MOXYTh TpaHC(Op-
MYBaTH Hallle pO3yMiHHS LIHHOCTI, BIACHOCTI Ta COLiaJIbHO-€KOHOMIYHUX BiJJHO-
cuH 3arasioM. TokeHi3amis SIK ()EHOMEH He OOMEXKY€eThCS JIMIIE EKOHOMIYHOIO
cdeporo, a Mae MoTeHLian Ui TpaHcdopmallil IUPOKOTO CHEKTPY COLiaIbHUX
B3a€EMOJIIHN.
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Enexrponna xoMepuisi (e-commerce) BU3HAYa€THCS SIK CKiIaz0Ba LU(pPOBOi
EKOHOMIKH, KA OXOIUTIOE OYIb-sIKi BUAM MiJOBOI HisUTBHOCTI, MIO 3AiHCHIOIOTHCS
B 1ndpoBiii Gpopmi yepes iHTepHeT abo iHII enekTpoHHI Mepexi (bepezoBchka &
Kupnuenxko, 2022).

OCHOBHI BU/IM €KOHOMIYHOT AisIBHOCTI, 1110 HAJIEXKAaTh JI0 €JIEKTPOHHOI KOMe-
puii, Oymu Buaineri Komicieto OOH 3 npaBa mixkHapogHoi Toprieii. JJo HUX Ha-
nexarb: exekrponHuit ooMin naaumu (Electronic Data Interchange, EDI); enex-
TponHi nepekasu kowTis (Electronic Funds Transfer, EFT); exexkrponna Toprisis
(e-trade); enextponHi rpomri (e-cash); enexrpoHHH MapkeTHHT (e-marketing);
eslekTpoHHHUH OaHKiHT (e-banking); enekTpoHHe cTpaxyBaHHS (e-insurance)
(UNCITRAL, 1999).

MeTa Ta 3aBgaHHA gocnip>XeHHA

MeToro IbOTO ITOCIIIKEHHS € aHAJli3 POl eICKTPOHHOI KOMEPIIii SIK pymIiii-
HOI cuiy rioOaiisaiii, 3 0CO0IMBOIO YBAroo 10 MOXKIIMBOCTEH, sIKi BOHA BiZIKpH-
Ba€, Ta PU3MKIB, 3 IKUMU IIOB’sA3aHa. Y X0 JOCIIKESHHS PO3IIIHYTO €BOIOLIIO
eneKTpOHHo'l' KoMepIIii Ta ii BIUTMB Ha I100aibHy TOpriBimo. Lle mocmimkeHHs Ma€e
Ha METi BUSBHUTH, SIK KOMIIaHii MOXKYTh BUKOPHCTOBYBATH CJICKTPOHHY KOMEPLIIO
JULs BUXOTLy Ha MDKHapOIHI PHHKH, 8 TAKOXK BUBIHTH CHOCOOM YNpaBIiHHS PU3HU-
KaMH, TIOB'I3aHUMH 3 TAKOO AiSUTBHICTIO.

JAnst nocsITHeHHST MeTH OyJio BU3HAYEHO TaKi 3aBJIaHHS:

- IlpoananisyBaTH pojb €JIEKTPOHHOI KOMEpLIl SIK KIIIOYOBOTO IpaiBepa
m100ai3alii Ta BU3HAYKMTH, SIKi MOXKJIIMBOCTI BOHA BiJKpHBa€ JIst Oi3HeCy.

- BuBYMTH BIUIMB PO3BUTKY €JIEKTPOHHOT KOMEpIIii Ha II00aIbHY TOPTiBIIO,
30KpeMa, Ha 3HIDKeHHS 0ap'epiB s BUXOLY Ha MDKHAPOIHI PHHKH.

Hocniguty, sik muatrhopMu €NEeKTPOHHOI KoMeplii, Taki sik Amazon i
Alibaba, cipusIOTh PO3IMIMPEHHIO MAJIOTO Ta CEPETHBOTO Oi3HECY Ha MiKHAPOIHI
PHHKH.

- OUiHUTH TEXHOIOTIYHI JOCATHEHHS, BKIFOUHO 3 IIU(PPOBUMH IIATIKHAMHA
CHUCTEMaMH Ta MOOLIHbHOIO KOMEPIIIEI, Ta IXHIO POJIb Y CTUMY/IFOBAHHI I100aJib-
HUX CKOHOMIYHHUX TPOIIECiB.

- Bu3HA4YKUTH OCHOBHI PU3KKH, TIOB’513aHI 3 JICKTPOHHOKO KOMEPIII€IO.

- 3anpornoHyBaTH CTparerii yIpaBIiHHS PU3HKAMH, SKi JOTIOMOXKYTh KOMIIa-
HisIM €()eKTUBHO BUKOPHUCTOBYBATH €JIESKTPOHHY KOMEPIIiO JJIsl BUXO/Y Ha riio0a-
JIbHI PUHKH.

MeToponoria pocnig)XeHHA

e mocmimkeHHsS BUKOPUCTOBYE SKICHUH ITiJIX1]], 3aCHOBAHMI Ha aHaJi31 Ha-
YKOBOI JIiTepaTypH, 3BIiTiB Ta KEHCIB, AKi CTOCYIOTHCS PO3BUTKY €IEKTPOHHOI KO-
mepuii Ta i BBy Ha miobaiizaniro. MeTonoorisl BKIIOYAE O IIaThopm
€JICKTPOHHOI KOMepITii, TakuX sk Amazon i Alibaba, a TakoX TEXHOJOTIYHUX J0-
CSITHEHB, BKITIOYHO 3 IIM(POBUMH IIATIKHUMHU CHCTEMaMH Ta MOOUIEHOIO KOMep-
ieto. OcoOnuBy yBary NpHIiJICHO IPHUKJIAIaM MaJIoro Ta CepeTHbOTro Oi3Hecy, sKi
YCHIITHO BUAIIUTA Ha MIXKHAPO/HI pPUHKH 3aBISKH €JIEKTPOHHIH KOMEpIIii.
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IcTOpUYHUA PO3BUTOK €JIEKTPOHHOI KoMepuii

IcTopist po3BUTKY eeKTpOHHOIT KoMeplii Oepe cBiif mouarok y 1960-x pokax,
KOJIM BEJIHMKI KOpIIOpallii moJaian BUKOPHCTOBYBATH CHCTEMH €JIEKTPOHHOTO 00-
Miny manumu (EDI) s mepemadi indopmartii. ¥ 1970-x pokax 3’sIBHIHCS CHC-
TEeMH eJIeKTpOHHHX repekasiB kowTiB (EFT), sxi no3Bonuinun GaHkam 31iiicHIO-
BaTH TPaH3aKIii 03 BUKOPUCTAHHS MarepoBux dekiB. Y 1980-x pokax xommaHii
MOYaJIn eKCIIEpUMEHTYBaTH 3 OHNaiH-npoaaxamu, i CompuServe (CompuServe,
2024) MO)xHa BBa)KaTH IIEPIIUM BEJIIMKAM iHTEPHET-CEPBICOM B €NIEKTPOHHIN TO-
priii. Y 1991 poui InTepHeT cTaB 1O0CTYyTHUM JUIsi KOMEPLIHHOTO BUKOPHCTAaHHS,
II0 /JaJi0 TOIITOBX OUTBII CTPIMKOMY PO3BHTKY €JIEKTPOHHOI koMmepmii. B 1994
poui Oy1o 3aiiicHeHO Tepiry Oe3rneuHy OHIaHH-NIOKYTIKY, a y 1995 pori 3’sBuiucs
Taki rirasTty, sk Amazon (2024) i eBay (2024). 3 mogarky 2000-X pOKiB €NeKT-
POHHa KOMEpIIisi POIEMOHCTPYBaja 3HaYHE 3POCTaHHS 3aBISKH TAKUM ILIATiXK-
HUM cuctemMam, sk PayPal (2024), ta pexnmamauM iHcTpymeHTam Google
AdWords. Y 2010-x pokax 4epe3 po3HOBCIOIKEeHHs cMapToHIB HalOyna nomyJis-
pHOCTI MOOUTEHA KOMEpIIis (m-commerce), a COIialibHI Mepexki cTaau HOBUM Ka-
HAJIOM UTs mpoaaxy toBapiB. Ilomanpmia goctymnsicts LI crpuunzuia HOBHI
BUTOK ITdpoBizalii 6izHeciB (BopobitoBa & UepHsBcbka, 2023)..

Mannemiss COVID-19 y 2020 pori npuckopuiia nepexij 6ararbox KoMIaHiit
no ornaiH-Toprisii (Yeganeh, 2021), onnaiin-napuanns (Vivek, 2023) ta gucra-
HUilHOT pobdoru (Phillips, 2020), 1m0 CTUMYJIIOBAIO CTPIMKE 3POCTAaHHS EJEKT-
POHHOI KoMepIlii. BUkoprcTaHHS IITYYHOTO iHTEIEKTY Ta iHIITNX HOBITHIX TEXHO-
JIOTii T03BOJIMJIO KOMITaHisSIM CTBOPIOBATH OLIBII TIEPCOHATI30BaHI IIPOIO3UIIT Ta
CIPOCTHJIO MPOLIECH, OB’ sI3aHi 3 00p0oOKoI0 3aMoBiIeHb. CydacHa eJIeKTpOHHA KO-
MEpIIis XapaKTePU3Y€EThCS BUCOKUM piBHeM miobasizariii. Jlorictuuni cucTeMu
CTaJM O1IBII FHYYKHUMH, IO JT03BOJIMIIO 3a0€311euyBaTH MBHUIITY JOCTaBKY TOBa-
piB 1o BchboMy cBiTy. Opranizaiiii «3MyIIeH» NepexoJuTH y HU(PPOBY IUIOUUHY
BegeHHs Oi3Hecy (Makedon, 2022) mo0 3anwmarucs KOHKYPEHTOCTIPOMOXKHIMHI
Ha CBOEMY PHUHKY.

BnnuB eneKTpoHHOI KoMmepuii Ha rmobanizauiro

Imobamizamis — nmporec BCeCBITHROI eKOHOMIYHOT, HOMITHYHOT Ta KYJIETYPHOT
inTerpauii Ta yHidikauii (Shyshkina, 2023). Imobamnizanis € ckiagHum i 6araro-
BUMIPHHUM HPOLIECOM, SKHH 301JIbIITY€E CTYIIIHb B3a€MO3aJIEXKHOCTI 1 B3a€MOJIIT MK
HaIllOHAIbHUMH eKOHOMiKaMHu. BiH Moske 3aiiicHIOBaTHCS Y BUIVISAI MI>KHAPOIHOT
TOpriBI, (JiHAHCOBUX TOTOKIB, MIrpallii, HOMMPEHHS] TEXHOJOTIH, KyIbTypHOTO
o0OmiHy Ta iHmmMX Gopm. Le, B cBOIO "Uepry, MPU3BOAMUTE 110 (OPMYBAHHS €IUHOTO
I00aFHOTO MIPOCTOPY, € Pi3HI CYO'€KTH aKTHBHO B3a€MOJIIOTH 1 BIUIMBAIOTH
OJIMH Ha OJTHOTO.

EnexrpoHHa KoMepLis Bifirpae KI040OBYy poIib y IIbOMY IIPOIECi, a/UKe BOHA
3HIKY€E Oap’epH IUIsl BUXOAY Ha HOBI PUHKH, JAO3BOJISIIOUM KOMITAHISIM 3 PI3HHUX
KpaiH B3a€EMOJIISTH 1 KOHKYpyBaTH Ha rmodansHoMy piBHi (Vorobiova et al., 2023).

3aBasgKy cremiagsHUM IUIatdopmMaM, Hanpukian, Amazon (2024) uu Alibaba
(2024), maii Ta cepeaHi MiAPUEMCTBA MOXYTb JIETKO BUXOJUTH Ha MiXKHApOIHI



262 Challenges and Issues of Modern Science, 3 (2024)

PHMHKH, 3aJIy4aloun KIi€HTIB 3 pi3HUX KpaiH. Lle Hapae Oi3HECy MOXIMBICTD JUIs
PO3IIUPEHHSI CBOET aynuTOpii, 30UIBIIEHHST 00CATY TPOMAXiB 1 MOMIYKY HOBHX
HIISXIB 3pOCTaHHS.

Mo>xnmMBoOCTi Ta NnepeBarv esfieKTpoHHOoI Kkomepuii

3nificHeHHS IPOJaKiB OHJIAIH T03BOJISIE KOMIIAHISIM 3HIDKYBAaTH BUTPATH Ha
yTpuMaHHs (Pi3MYHNX MarasuHiB, a 3aBIsSKU aBTOMaTu3allii 6ararbox Oi3Hec-Ipo-
IECiB MiAIpUEMCTBA MOXKYTh 3MEHIITUTH CBOI OIEpaIliifHi BUTPATH, IO MO3HUTH-
BHO BIUIHBa€ Ha npuoOyTkoBicTh (Krupskyi, 2023).

EnexTpoHHa KOMEpIIis TO3BOJISE KOMITAHIsIM Ha/laBaTH CBOIM KIIi€HTaM IIep-
COHaJTI30BaHi MOCIYTH. 32 JIOITOMOTOI0 aHANITHKH JIAHUX MOYKHA aalTyBaTH ITpo-
MO3HIIi BiJIOBITHO J0 iHTEpeciB i MOBEIIHKH CIIOXKHMBAYiB. 3pYUHICTH OHJIAWH-
MOKYTIOK 1 HasiBHICTh PI3HOMaHITHHUX CIOCOOIB OIUIATH Ta JOCTaBKU 3HAYHO ITiJ-
BUIIIY€E PIBEHD 3aJJ0BOJICHOCTI KITIE€HTIB 1, IK HACIIMIOK, iX JIOSIbHICTb.

Ille onHi€ro mepeBarolo eNeKTPOHHOT KOMEpLii € CTUMYIIIOBaHHS IHHOBAILii,
IO CIIpUsi€ MOSBI HOBHX Oi3Hec-Mozenei. SIckpaBuM NPHKIaIoM € IPOIILIHIIITIHT
(npsiMe nocTayaHHs) — BUA CIIBIpalli, IPH sIKOMY [TpOJaBelb He 3aKyTOBY€ TOBAp,
a Iepenae 3aMOBJICHHS NOCTAYallbHUKY, KU BiqNpPaBIsie 3aMOBJICHHS KIIEHTY
Harpsimy. LIst Mozens Gi3Hecy crana MOMyJISPHOIO 3aBISIKH MPOCTOTI 3aIlyCKy Ta
BIZICYTHOCTI oTpebu y craproBoMy KarmiTaii (TpumboBenpkwmit, 2021).

Pu3uKM Ta BUKJIMKU B €JIEKTPOHHIN Komepuii

OxpiM BeJNUKOI KiJBKOCTI HOBHX MOMKJIMBOCTEH, SIKi BiIKpHBA€E st Oi3HECY
eJIEKTPOHHA KOMEPIIisl, ICHYIOTh NIEBHI pU3UKH, ITOB’SI3aHi 3 BEJCHHSM ITi€1 JisUTb-
HOCTI.

OnHuM 3 HAHOUTPIINX PU3HKIB, IO BHHUKAIOTH y EICKTPOHHIN KOMepIlii, €
3arpo3su, 1MoB’s3aHi 3 kibepoesnekoro. Kibeparaky MOXKyTb MPU3BECTH 0 BTPATH
BOXIIMBHUX JaHUX, 3HAYHUX (PiHAHCOBUX 30MTKIB Ta MiAPUBY JOBIpH KIIE€HTIB.
CaMe TOMy Cy4acHHM KOMIIAHIsSIM CJTiJ] TIOCTI{HO iHBECTYyBaTH Y PO3BUTOK Cydac-
HHX TEXHOJIOTIH 3aXUCTy IS TOTIEPEHKEHHS IIUX PU3HKIB.

EnekTpoHHa KOMEPIIisi CTUKAETHCS 1 3 YUCICHHUMH MPABOBUMHU 1 PEryIsTOp-
HUMHY BUKJIMKAaMH, SKi MOXKYTh CYTTEBO BapifOBaTHCS B 3QJICKHOCTI Bix reorpadi-
YHOTO MOJIOXKEHHS. Pi3HI HOpMH 3aXHUCTy NpaB CIIOXKMBAYiB Ta 3aKOHOJABCTBA,
MOB’s13aHi 13 OC3MEKO0 JaHUX 1 OMONATKYBaHHSIM, MOXKYTh YCKIAJHUTH BHUXIJ HA
MikHaponHi puHkH. Komnanii oBHHHI OyTH TOTOBIMH aJanTyBaTH CBOI CTpaTeril
BIATIOBITHO /10 3aKOHOJABYMX BHMOT KOXHOI 3 KpaiH, B MeXaX SKOi IUIaHYIOTh
31HCHIOBATH CBOIO JiSIIIbHICTD.

KynbTypHi BiIMIHHOCTI Ta pi3HUIS Yy CHOKHUBYMX 3BHYKAX TAKOK MOXYTb
CTaTH MEPENIKO0I0 JIJIsl YCIINTHOTO PO3BUTKY €JIEKTPOHHO1T Komepirii. ITigxony,
AKi 100pe MpauioloTh Ha OJJHOMY PHHKY, MOXYTb HE MaTH OakaHHX pe3yJIbTaTiB
Ha iHIIOMY 4Yepe3 BiIMIHHICTh y BHOAOOAHHIX CHOXXHUBAYiB. TOMYy Ba>KJIMBO TPO-
BOIUTH TOCTiHHE JOCTI/UKEHHS PUHKY Ta aJalTyBaTH MapKETHHIOBI CTpaTerii,
11100 BpaxyBaTH KyJIbTypHI 0COOIMBOCTI MpeCTaBHUKIB KOXKHOT KpaiHu.

He cnig 3anumiaty mo3a yBaroto te, o riodaibHa eKOHOMIKa € THHAMITHOIO,
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1 3MiHM B €EKOHOMIYHMX YMOBaX MOXKYTb 3HAYHO BIUIMBATH Ha ITONUT HAa TOBAPH Ta
nociuyrd. KoiauBaHHA KypciB BAIIOT TaKo)K MOXKE BIUIMHYTH Ha IPUOYTKOBICTBH
MIXKHAPOIHUX yrof, TOX KOMIIaHii MOBHHHI OyTH TOTOBHMH JIO I[UX BUKJIHKIB 1
PO3pOOIIATH TUTAHN Ha BUIIATOK €KOHOMIYHHX KPH3.

BauenHs nuisxiB 00pOTHOM 3 PUBMKAMU € OJTHIEI0 3 HANBAXITUBILINX CKIIAI0-
BUX yCITIiXy KOMIIaHI Ha pUHKY €IIEKTPOHHOIT KOMEpIIii.

C'rparer i nOoM'aKWeHHA pM3MKIB eneK'rpom-lm

Komepuii

3 Meroro 3amobiranHs Kibep3arpo3aM KOMITaHISAM CIIif BIPOBAKYBATH CY-
YacHI TEXHOJIOTIi 3aXUCTy JaHHX. Peryﬂ;lp}n ayauTH Oe3NeKH, IiJBUIICHHS Bif-
noBigHOI KBai(ikamii mepcoHady i BUKOPHUCTAHHS ITOTIHMOJIICHOT aHATITHKN JUIS
BUSIBIICHHS 3aIP03 MOXKYTh CyTTEBO 3HU3UTHU PU3UKH. TakoK BaXKIMBO MaTH IUIaH
pearyBaHHS Ha OyIb-sKi iHIIMICHTH, 00 MIBUAKO BiTOUTH MOXKJIHMBI KibepaTaxi.

ChiBmparis 3 MICIIEBUMH IOPHCTaMH 1 eKCHepTaMI/I 3 Mi)KHaPOL[HOFO npasa
MOXKE JIOTIOMOTTH KOMMaHisAM YHUKHYTH TIACTOK, 0B’ A3aHAX 13 32aKOHOZJABCTBOM.
Apanrariisi 10 MiCIEBUX HOPM 1 CTaHAApPTIB J03BOJIHUTH 3MEHIINTH PU3UKH 3iTK-
HEHHS 3 IPaBOBUMH IIPOOIEMaMH.

JlocimKeHHs JTIOKaJbHUX PUHKIB € BOKJIMBUM €TAIlOM Y 3IiHCHEHHI €JeKT-
POHHOT KOMepui'l' Kommnanii moBHHHI BpaxoByBaTH KyanypHi coliajbHi Ta eKo-
HOMIYHI BiIIMIHHOCTI, 11100 aJanTtyBaTd cBOl MPOAYKTH i MapKeTI/IHFOBl cTparerii
10 crieni(iku KOXKHOTO PHHKY. JuBepcudikarist puHKIB 1 HpOZ[YKTlB MOXe 3MEH-
IINTH PU3UKH, [TOB’513aHi 3 KOJIMBAHHIMH IOIUTY. 3aCTOCYBaHHS Pi3HUX (iHAHCO-
BUX IHCTPYMEHTIB JI03BOJUTH KOMITaHIsIM KpaIlle yIpaBiIsaTH (piHAHCOBUMH pU3HU-
KaMH, SIKi BUHUKAIOTh Ha TII00AIbHOMY PUHKY.

BucHoOBKM

EnexTpoHHa KOMEPIIis € BaXIMBAM IHCTPYMEHTOM II00aTi3alii, SKui J03B0-
JIsie MaJIMM 1 CepelHIM MiANPUEMCTBAM JIETKO BUXOJMTH Ha MIKHAPOJHI PHUHKH.
Bomna 3amKye Oap'epu A BXOAY, CIIPHSE 3pOCTaHHIO 00CSTIB POJaXiB i IpuOy-
TKOBOCTI. O/IHaK pa3oM i3 MOXKJIMBOCTSIMH €JIEKTPOHHA KOMEpIIisi HECEe PU3HKH,
30KpeMa, 3arpo3u KibepOe3mneKy, siki BUMaraloTh iHBECTHUIIH y 3aXUCHI CHCTEMH.

[TpaBOBi BUKJIMKHU Ta KyJBTYpHI BIAMIHHOCTI € CEPHO3HUMH INEPELIKOAAMH
JUTS MIDKHAPOHOT eNIeKTPOHHOT KoMepIii. KoMmaHisiM mOTpiOHO aanTyBaTHCs 10
MICIIEBHX 3aKOHIB 1 KyJIBTYPHHX 0cOOIMBOCTEH, 06 nocarTu ycmixy. Kpim toro,
€JIEKTPOHHA KOMEPILisl CIpHsi€ IHHOBALSIM y Oi3HECI, CTUMYITIOIOUH TT0SIBY HOBHX
Moyienei, TaKUX K APOIIIHITIHT.

EnexrpoHHa KoMep1is 3aUIIaeThes KIIOY0BUM (akTopoM Iiodarmizaii, aje
JUTS YCHIITHOTO BUKOPHUCTAHHA 11 MOXKIIMBOCTEH HEOOXiHO BPaxOBYBaTH PH3UKH
1 po3pobsiTu crpaterii ix nogonanHs. MaiOyTHI JOCITIPKEHHS MOXYTh 30Cepe-
JTUTHCS Ha KUTbKICHOMY aHaJi31 BIUIMBY €JIEKTPOHHOI KoMepIii Ha GiHaHCOBI mo-
Ka3HUKH KOMITaHiH.
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[Tpouec cTBopeHHs cajloHy Kpacu BUMarae BpaxyBaHHS sy KJIIOYOBHX ac-
MIEKTIB, TAKUX SIK aHANI3 PUHKY, BUOIp MICIIS pO3TallyBaHHA, (iHAHCOBE IUIAHY-
BaHHS Ta 3a0e3IeueHHs] BUCOKOTO PiBHS OOCIyroByBaHHs KIIEHTIB. BaxiuBum
€JIIEMEHTOM € ITi JIPUEMHUIBKII TOCBIl 3aCHOBHUKA, SIKUI BU3HAYAE YCITIITHICTh
po3Butky Oi3uHecy (Canco, 2022).

CaJyloHM KpacH BiirparoTh BaXKIIMBY POJIb Y CIIOKUBALBKIA KyJIBTYpi, aje Ta-
KO)XK MOXYTh CTAaHOBHTH PHU3WKH s 3m0poB's. Cdepa MOCIyr caloHiB Kpacu
CKJIQIA€THCS 3 TPHOX KIFOYOBUX BHMIpIB: 3MICTOBHHI, KOMYHIKaTUBHUI Ta COLIi-
anpHuH (Kampani and Jhamb, 2020). OnxHax 11i 3aKk1a11 MOXYTh OyTH KEperaMu
nepeadi XBOpoOH, MOLIMPIOIOYH BipyCHI, TPHOKOBI Ta OakTepianbHi iHpekii ue-
pe3 incTpymenTH Ta nponyktu (Alharbi and Alhashim, 2021). SkicTs moBiTps B
CaJIOHaX BUKIIMKA€E 3aHENOKOEHHS, OCKUIBKN KOHLeHTpawiss PM10 y npuminieHHi
4acTo MEPEeBUIIYE PEKOMEHAOBaHI HOPMH 1 TOTCHIIHHO Hapakae IepCOHAT 1 KITi-
€HTIB Ha BIUIMB Pi3HUX 3a0pyJHIOBaYIB, 10 MepeHocsIThes NoBiTpsaM (Evtyugina
et al., 2021). He3Bakatouu Ha I1i pU3HKH, CAJIOHN KPACH JOCSTIHN KyJIHTOBOTO CTa-
TYCY B CYCHLUJIbCTBI 3aBASKH YOTHPHOM BXKJIMBUM BUMipaM: IPOCTOPOBI nepdop-
MaHCH, TIOCEPETHHIITBO I'eHIEPHOI OJIM3BKOCTI, HAPAaTUBHU MAriyHUX MEPETBOPEHB
1 TBep/KEHHs NP0 MeanKo-HaykoBi ictuHu (Ourahmoune and El Jurdi, 2020).
Kpim TOTO iCHYIOTH IOCTIIKCHHS B SKAX HATOJIOMICHHS HAa IiJABHIICHHS SKOCTI
JKHUTTS JIFOJEH sIKI PETYISIPHO BiJBiNyI0Th caloHu kpacu (Bo3usk and CesiTeHKo,
2009; Ziehfreund et al., 2024). Po3ymiHHs IIUX acIEKTiB Ma€ BHpIIIajbHE 3HA-
YeHHs Ul KEePIBHHKIB CAJIOHIB, 1100 IMOKPAIIUTH AOCBIA KIIEHTIB, 30epiraroun
IPY IbOMY HaJIEKHI CTAaHAAPTH OXOPOHH 3/10pOB's Ta Oe3nexku. OCTaHHE JecATH-
piuds pUHOK CaJIOHIB Kpacu B YKpaiHi € OJHUM 3 HalIMHAMIUHIIINX 1 KOHKYPEH-
toctipomokauX (Olifirenko and Loseva, 2018). Illopoky BigkpHBarOTHCS HOBI ca-
JIOHH, a BXKE ICHYIOYl CaJIOHH MOCTIHHO BIOCKOHAIIOIOTHCS, 100 3a70BOIBHUTH
MOTpeOH KITIEHTIB.

MeTta Ta 3aBgaHHA gocnipXeHHA

MeTor0 LIBOT0 JOCIIKEHHS € aHali3 YMOB ISl BIAKPUTTS Ta PO3BUTKY Ma-
yoro Oi3Hecy B iHAYCTpii Kpacu Ha mpukiIani micra J{Hinpo. JocmimkeHHs cpsi-
MOBaHE Ha BH3HAYEHHs KJIIOYOBUX YMHHHUKIB YCIHILIIHOTO CTBOPEHHS CAaJOHY
KpacH, 30KpeMa 3aCTOCyBaHHS 3HaHb 1 IIPOBEJICHHS 30BHIIIHBOTO Oi3HEC-Ccepeno-
BUIIIA, SIKE BIUTMBAE Ha (DYHKIIOHYBaHHS MIAMPUEMCTBA JIJIsl MiHIMI3allii pU3UKIB 1
MiABUIICHHS €()EKTHBHOCTI Oi3HECY.

J1nst nOCsITHEHHsT MeTH OyJio BU3HAYEHO TaKi 3aBJIaHHS:

- IlpoBecTu aHaNi3 pPUHKOBOTO CEPEAOBHIIA IHAYCTPil KpacH B MicTi J{Hinpo
JUIsl BU3HAUSHHS! OCHOBHHX TEHJICHIIIH Ta BUMOT.

- OUIHUTH KIFOYOBI NPOOJEMH, 3 SIKUMU MOXYTb 3ITKHYTHCS HiANPUEMII
MiJ] 9ac BiIJKPUTTS CaJIOHY KPACH.

- BusHaunTH TEOpETHYHI acNeKTH Ta MPaKTUYHI IHCTPYMEHTH, IO CIPHS-
I0Th YCHIIHIA peanizaiii 6i3Hec-poeKTiB y cepi Kpacu.

- BusHaunTH MOXJIMBOCTI JUIS MOJAIBIIOTO PO3BHUTKY IHIYCTpii Kpacu B
KOHTEKCTI Mayioro 6i3Hecy B YkpaiHi.
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MeToponoria pocnig)XeHHA

JocunimKkeHHs peaizyBaiocs 3a JOIOMOIOI0 SIKICHOTO METOY, 110 JO3BOJIHB
mIOOKO MPpoaHaJi3yBaTH YMOBH Ta BUKIIMKH, TTOB’s[3aHi 3 BITKPUTTAM MaJoro 0Oi-
3Hecy B iHAyCTpil kpacH B MicTi AHinpo. OCHOBHUM /KeperioM JaHuX OyB BceOi-
YHUI JiTepaTypHUI OIS HAYKOBHX CTaTei, L0 CTOCYIOTHCS PO3BHTKY Majoro
0i3HECy, IPOEKTHOTO MEHEKMEHTY Ta JIiIepcTBa. MeTomonoris nepeabdadaia cu-
HTE3 TEOPETHYHUX PAMOK 1 MIPAKTUYHUX Oi3HEC-1HCAMTIB 111 POpMyBaHHS CTpY-
KTYPOBAHOTO IiIXOAY 10 PO3YMiHHS KIIFOYOBHUX €TaIliB CTBOPEHHS CaJOHY KPacH.
e mocnijpkeHHs CIpUsSTHME KpallloMy PO3YMIHHIO YMOB 3allo4aTKyBaHHs 0i3-
HECY B iHIYCTpIii KpacH, IPOMOHYIOYH MPAKTHIHI peKOMEHIAIIIT IS i ATTPHEMITIB.

Bupo3amiHeHHA PpUHKY CarioHiB Kpacu Ta HOBI
cdopmaTn HagaHHAa nocnyr

3a nannmu Kyivstar Business Hub, y 2024 pori B YkpaiHi HasigyBaiocs Onu-
3bK0 60 THCSY CaJIOHIB KpacH, 1 Il MOKa3HUK MOCTIIHO 3pocTae (3BATIHICBA,
2024). Tomy ausl yCIIIIHOTO 3aIlyCKy CaJIOHY KpacH B YKpaiHi HeoOXiJJHO Bpaxo-
BYBaTH PsJ 0COONMBOCTEH IIbOTO PUHKY. YKpaiHa HE BHHSATOK, IHIYCTpisl Kpacu
CTPIMKO PO3BHBAETHCS, BIPOBAKYIOTHCS IiKaBi IHHOBAIi}{HI TEXHOJIOTII, 3" SIBIISI-
I0TbCsl HOBI mocimyrn. KocMeTndHa MpOAYyKIis € OTHUM 3 iHIUKATOPIB PUHKY
KpacH.

[Ipo nrHAMIYHICTE CBITOBOTO PUHKY KOCMETHYHOI MPOMYKIIii CBi9aTh 3pOC-
tatoul oOcsirn npogaxiB. OOCSr CBITOBOTO PHHKY KOCMETHKH OLIIHIOBAaBCSl B
295,95 minmbsipaa momapis CLIA B 2023 porii, i 0O4iKy€eThCs, IO BiH Oye 3pocTaTi
Ha 6,1% 3 2024 1o 2030 pik. OgHUM i3 OCHOBHUX (PAKTOPIB, 10 CHPHUSIIOTH PO3-
IIMPEHHIO PUHKY, € 3pOcTaroya 00i13HaHICTh CIIOXKHUBaYiB IO/10 ITOKPAIEHHS CBOTO
30BHILIHBOTO BUIIIsIAY. KpiM TOro, BOpOBaKEHHsI KOCMETHKH 3 HAaTypaJlbHUMH,
HETOKCHYHVMH Ta OPTaHIYHHUMH IHTPEHi€HTaMH I OUIBIIe CIPHSIO PO3IIHU-
pernto puHKY (Grand View Research, 2024). B Vkpaini i B kpainax CH/I cepen-
HbOCTATHCTHYHI BiJIBi/lyBayl CaJIOHIB KpacH B OCHOBHOMY JKIHKH Y Billi Big 25 1o
35 pokiB, BOHH CTaHOBIIATH ONM3bKO 75-80%.

Punok nocnyr canoHiB kpacu, B 2018-2021 pokax iCTOTHO BHIO3MIHMBCS.
3’sIBUBCS ONUT HAa MOHOIIOCIYTH. SIKIIO paHilie BiJaBalii IepeBary KOMILIEK-
CHOMY OIS, POOJISIYM BCI IPOIISYPH B OMHOMY CajIOHi, TO 3apa3 B TPEH/II MO-
Homocyrd. MaHiKiop poOisTh B OZHOMY MicCIi, CTPIIKKY B iHIIOMY, a (apOy-
BaHHS B TPETHOMY.

3 HOBUM TPEHJIOM B IHAYCTPii KpacH yTBOPIOIOTHCS 1 HOBI (hopMaTH HaTaHHS
HOCIIYT:

- Excnpec-dopmarn, sxi nependauarors podoty 6e3 3ammcy. Hanpuxian,
MaHIKIOPHI CTIHKH B TOPTOBUX IIEHTPAaX, YaCTO 33 HIKYMMH IiHAMH, HIX B Tpa-
JULIHHAX CAJOHAX.

- MoHoctyaii, mo creniani3yoTbes Ha OQHIN MocTy3i, a00, HAIPHUKIIA, CTY-
JIi1, 1e MOXKHA 3pOOUTH TiJIbKH 0OpMIICHHS OpiB a00 X TIJIbKY Ja3epHy eNiIALIIO.

- CanoHu A KOHKpETHOT Kareropii ironaeit. Hampukinan, autsdi nepykapHi
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a00 OapOepIIoNH - MepyKapHi BUKJIIOYHO JUIS YOJIOBIKIB, B AEIKOMY PO/l HOJIOBIYi
KITyOH.

- CaunoHu i cTynii eKoHOM i JoykocT-(hopmariB. CasloHH, B IKHX HEMae, aj-
MiHiCTparopa, i e He 3alpONOHYIOTh Yaii abo KaBy.

Hikynu He mopinmcs 1 npuBaTHi MaicTpy. [lonmuT Ha HUX BHPpIC, IO TaKOX
BIUIMBAE Ha PHHOK ITOCIYT B cdepi Kpacu. barato MaicTpiB, sIKi IpaIfoloTh camo-
CTilHO, IIO€IHYIOTh IPUBATHY IPAKTHKY 3 POOOTOIO B JOPOTUX CATOHAX KPACH.

MpoekTyBaHHA Ta BiAKPMUTTA canNoHy Kpacu B Teopii

[IpoexTyBaHHS Ta BiZKPUTTS caJOHY Kpacu € ¢popMoro Oi3Hecy, mo mependa-
Yya€ HaJaHHs PI3HOMAHITHHUX TOCIYT 3 JIOIVISTY, TAKUX K MaKishK, MaHIKIOp 1 Ie-
JUKIOpP, Macaxi, (apOyBaHHSA Biif Ta OpiB, CTpHXKKa Ta iHIII npouexypu. Lli moc-
JIYTU CTaHOBJISITH HEBIJ'€MHY YaCTHHY Cy4YacHOTO JKUTTS. Xoda JIesiKi 3 HUX MO-
JKHa BUKOHYBAaTH BIIOMa OE3KOIITOBHO, IPOTE X BAKOHAHHS KBaJIi()iKOBAaHUM Maii-
CTPOM y cajioHi 3a0e3redye 3HauHO BHUIIY SIKICTh Ta pe3ynibTar. Ileperaroro ca-
JIOHY KpacH JJIs CIIOKMBAYIB € MOXKJIMBICTh OTPHMATH KUJIbKa IPOLIEIYD B OTHOMY
Miciii. Hampukas, KiIieHT MOXe CIOYaTKy 3pOOUTH MOKPUTTS I'eib-JIAKOM Ha Py-
Kax 1 Horax, a IMOTiM MepelTH IO CTPIKKU Ta YKIAIKH BOIOCCS. TakuM 4HHOM,
PO3IVITHEMO OCHOBHI €Tany CTBOPEHHS CaJOHY Kpacu 3 HyJls, 30CEepeIKy0unCh
Ha KITIOYOBHX acCIEKTax, sIKi CIPUATHMYTh YCIIIIHOMY (yHKI[IOHYBaHHIO L[LOTO
Oi3Hecy.

Jiis1 3amo9aTKyBaHHS HOBOTO Oi3Hecy HeoOXiHO CIIOYaTKy YiTKO BU3HAYUTH
CYTHICTB Oi3Hec-IUIaHy. Bi3Hec-TUIaH € cTpaTerivHuM JOKYMEHTOM, 1[0 HAaa€ Po-
3TOPHYTY XapaKTEPUCTHKY TIAHOBAHKMX OIEPAIliii 1 MiCTHTh EKOHOMIYHE OOIPYH-
TyBaHHS MIPOEKTY. BiH 3a0e31nedye MOXKIUBICTh OLIHKA €(DeKTUBHOCTI 3arjIaHOBa-
HHUX 3aXOiB, BIATOBIJA€ HAa MUTAHHS IIOA0 AOIIIBHOCTI IHBECTHIIIH Ta JO3BOJISIE
MPOTHO3YBaTH PO3BUTOK 0i3HECY B yMoOBax pHHKOBUX 3MiH (Bucouwmn, 2023).
CrBOpeHHs Oi3Hec-TulaHy BKIIIOYa€e aHalli3 PUHKOBUX TEHJCHIIIH, OIIHKY KOHKY-
PCHTIB, BU3HAYCHHS CHJIBHHX 1 CITA0KUX CTOPIH IXHBOI HisUTBHOCTI, IIPOTHO3Y-
BaHHS BUTPAT Ha 3alycK Oi3HeCY, a TaKoXK 1IeHTU(IKALiI0 MOTSHI[IIHUX PU3HKIB
Ta 3arpo3 (Samczuk, 2024).

MoeTtanHMM aHani3 npouecy NPoeKTyBaHHA

[Nepmmm etanom 6i3Hec mIany Mae OyTH aHali3 pUHKY Ta ayauropii. OcHOB-
HUMH CIIO)KHBadaMH OymyTh JIIOAM BikoBoi Karteropii Bix 17 mo 50 pokiB. Micto
JIHINpo XapakTepu3yeThCsl 3HAYHOIO COLIaJIbHO-€KOHOMIYHOIO Pi3HOMAaHITHICTIO
HaCeJICHHS, JIe TIOPs 13 CIM'AMH 3 0OMEKEHUM JTOXOJIOM MPOKUBAIOTH 1 3aMOXKHI
rpoMaJiiHi. B ocHOBHOMY HaMIOIMYJISIPHIIINMH TIPOLIELyPaMHU €:

1. MaHIKIOp/TIeAUKIOP;

2. (apOyBaHHs/CTPIIKKA BOJIOCCS;

3. KopeKis OpiB;

4. emimAris.

JAnst ycTiniHoro 3aIrycKy cajoHy KpacH Ha II0o4aTKoBOMY eTami Oyne Jjocrar-
HbO 3aIIPOIIOHYBATH 1Ii YOTUPH MOCITYyTH. BaxkIMBO He Hamaratucs OXOIHUTH BCI
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BUJIM MOCIIYT OJpa3y; 3r0JI0OM MO)XKHA PO3IUIUPUTH ACOPTHMEHT, BKIIIOYHMBIIH, Ha-
MPUKJIIAl, Macax, JJaMiHyBaHHS OpiB Ta iHII IpOLEAypH.

Jlpyrum eraroM Mpouecy BIIKPUTTS CaJlOHY KpacH € BHOIp ONTHMalbHOTO
Micriepo3TantyBaHHsL. HaitO1IbII TepCrieKTHBHIMHA 30HAMH JJISI ITHOTO € CTaIbHI
palioHH MICTa, Jie IPOKUBAE 3HAYHA KiJIbKICTh MOTCHIIHHUX CIIOKUBAYiB HOCIYT.
IIpu BuOOpi NMPUMINIEHHS Ba)KIMBO BPaxXOBYBaTH CIeN(iKy KOXKHOTO paioHY,
OCKiNbKH B JIHITIPi iCHY€ BeNMKa pi3HOMaHITHICTh CIIATBHUX PAaiOHIB, IO BiIpi3-
HSIOTHCS SIK 3a FeorpadiuHUM TOJIOKCHHSM, TaK i 32 piBHEM PO3BUTKY iH(pacTpy-
KTYPH, COLliaTbHO-eKOHOMIYHHM CTaTyCOM MEIIKAaHIIiB Ta IX JOXOIaMH.

SIKIO BIIACHUKHM HOBOTO IPOEKTY BUPIIIATh OPEHIYBaTH INPHUMIILCHHS B
MEHII [IEHTPaIbHIl YaCTHHI MicTa, iM CIIiJT yCBiTOMIIIOBATH, III0 OCHOBHA YaCTHHA
HaceJeHHs B IMX paiioHaX MpeJCTaBIeHa CePeIHIM KJIAaCOM, 110 MOXKE OOMEXKUTH
CTIOKMBYHH MOINUT Ha MTOCIIYTH 3 BUCOKOIO BapTiCTIO. Y pa3i BHOOPY MPECTIKHOTO
palioHy, KJII€EHTH MaTHMYTh MiJBUIIEHI BUMOTH JIO SIKOCTi OOCITyrOByBaHHsI, iH-
Tep'epy MPUMIIICHHS, CEpPBICY Ta IHITUX aCMEKTIiB. BiIKPHUTTS caloHy B JOPOTOMY
paiioHi € CKJIaJIHUM 3aBJaHHSM, OCKUIBKH [I¢ BUMAarae 3HAYHUX 1HBECTHIIH Y i1~
TPHUMKY BiAIIOBITHOTO piBHA 00CIyTrOByBaHHSA. ONITHUMAFHIM BapiaHTOM € BHOIp
CEepeHbOTO 32 CTaTKaMHM PaiioHy, 10 J03BOJIUTH 3aIyUYUTH PI3HOMAHITHY KIIIEHT-
CBKy 0a3y, BKITIOUAIOUH SK 0Ci0 3 00MEKeHUMH (P iHAHCOBIMH MOXKIIHBOCTAMH, TaK
1 OLbII 3a0€3MeYeHNX CIIOKHUBAYIB.

Takox BaXXITMBO 00paTH AKE MPUMIIIEHHS OPEHIyBaTH. 3pyYHUM BapiaHTOM
Oyzie HeBeslMKa KBapTHpa Ha 1 moBepci 31 CBOIM BHXOIOM Ha BYJIHMITIO Ta OararbMa
MaJICHbKUMH KIMHaTaMH BCEperHi. BayXmuBUM 11T MalCTPIB € CBil KabiHET, TaK
Habararo Jeriie KOHLEHTPYBAaTHCS Ta MPALIOBATH 32 CBOIM KIIieHTOM. BapiaHT
PO3MIIIIEHHS BCiX MAaiCTPIiB B OHOMY BEIIMKOMY MPHUMIIICHHI € MCHII €(EKTHB-
HuM. Lle Oyne He3pyuHHM JIJIsl CAaMUX MaKCTPIB, OCKIJIbKH 00pi3aHe BONOCCS MOXKe
3MIIIyBaTHCS 3 MHJIOM BiJ I'eJb-J1aKy, [0 CTBOPUTH Oe3i1a]] Ha poOOYUX MTOBEPX-
HSIX, TAKUX SIK MacaXHHi cToauK. KpiM TOro, KIIIEHTH TaKOXK BiIUyBaTUMYTh JIU-
CcKOM}OPT y Takiit 00cTaHOBIN. SKII0 He Oyae MOKIMBOCTI OPEHIYBATH TaKe Io-
TOBE MPUMIILEHHS, TO CJIiJ| CAMOCTIHHO 3pOOUTH OKpeMi KiMHATH, ajie 000B’s3-
KOBO HaIlo4aTKy IepeJi OPEH/I0I0 y3TOINTH 1€ 3 BIIACHUKOM KBapTHPH.

HactynHum, TpeTiM erarnoM € NpOBEIeHHS PEMOHTY Ta 3aKyMmiBis o0iaj-
HaHHS, 0 € HAHBHUTPATHIIIOI YaCTHHOIO MpOeKTy. [ImaHyBaHHA MpHUMIIICHHS
CJIiJI OpraHi3yBaT 3 ypaxyBaHHIM (DYHKI[IOHAJBHHUX 30H, PO3MOAIIUBIIN TUIOLLY
TaKUM YMHOM: peleNllis, 30Ha BiINOYMHKY Ta rapaepod — 10 %, mepykapcbkuit
3a1 — 35 %, kabiHeT MaHiKIOpy Ta neaukopy — 15 %, kabiHet kocmeronora — 10
%, kabiHer Bizaxwucra — 5 %, kabiner macaxy — 20 %, tyaner — 5 %. Sk Oyi0
3a3Ha4YeHO paHille, BAPTO IOYMHATH AISIIBHICT CAJOHY 3 OCHOBHHMX YOTHPBHOX
NpOLENyp, a B MOJANIBIIOMY PO3LIMPIOBATH CIIEKTp Mociyr. BogHouac noLinbHO
obnamTyBaTH HPUMILIEHHS 3 ypaxyBaHHSIM MOXKJIMBOCTI HaJaHHs JOJATKOBUX
MOCJIYT, TAKWX SIK MacaXX Ta eTiJIsIIis.

KocmeTnunmii peMOHT pEeKOMEHIYETHCSI BUKOHYBATH B HKHUX 1 3aCIIOKIHIIN-
BHUX KOJIbOpax, Mo0 CTBOpUTH aTMocdepy, IO CIpHsIE po3CTabIeHHIO KITIEHTIB
i yac npouenyp. BaxianBum acrnekToM € oopMIICHHS BUBICKH Ta BXOJY JI0 Ca-
JIOHY: OCHOBHA BHBiCKa ITOBHHHA OyTH MPUBAaOIMBOIO 1 MICTUTH Ha3By 3aKJany, a
Oinst [Bepell — HeBeNMKa BHBICKA 3 OIKMCOM IIOCIYT, 10 MPOMOHYI0Thes. Lle
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JIOTIOMO>Ke 3a0€3MeUNTH YiTKe CIPUUHATTS iH(OopMaLil HOTEHIIHHIMU KITi€HTaM1
Ta MiIKPECIUTh MPOodeciiHmA IMiIK 3aKITaTy.

YeTBepTUM €TaroM MiJAroTyBaHHS € Mmigdip nepconany. /1o 1bOro muTaHHs
CJIT BITHOCUTHCS Iy’KE YBa)KHO OCKIUJIBKH NMPHOYTOK caJoHy 3aiexuTh Ha 80 %
Big maiictpiB. Cnix migOupary creniaiicTiB, siKi BKe MalOTh JOCBIJ poOoTH 3
JIOABMH. SIKIO AJIS TI0YaTKy CalioHy OpaTw 4 THUIH mpouenyp (CTpHKKa, MaHi-
KIOP/TIETUKIOP, KOCMETOJIOT Ta Bi3ax), TO CIIiJ B3ATH Ha POOOTY TPHOX UM YOTHU-
PBOX IEpyKapiB, TPhOX MalCTPiB MaHIKIOPY/TIEIUKIOPY, ABOX KOCMETOJIOTIB Ta OJ-
HOTO Bizaxucra. HeoOXimHO Takok HAWHATH JBOX aaMiHICTPaTopiB, SIKi BiIIOBI-
JaTUMYTh 3a 3aIMC KJIIEHTIB, KOHTPOIb rpadikiB Ta iHII OpraHi3aliiiHi MUTaHHS.
Kpim Toro, canony notpiben Oyxranrep, sSIKIif 3aiiMaTHMETHCS BUIIIATOIO 3ap00i-
THOI IJIaTH MalcTpaMm Ta KOHTpojeM (iHaHCOBHX omepauiil. Takox morpiOna
OJTHA YH JIBi MPUOUPATIHHHUIIL, SIKi KOXKCH JICHb OYIIyTh HABOJUTH MOPSIOK B CaJIOHI.
Jyist BCiX pOOITHHKIB MOTPIOHO CKIACTH TAOMHIIO 3 3apOOITHOIO TIATOIO 00 Po-
3YMITH sIKa KUTBKIiCTB KOINTIB Oyze Ty Ha iX yTpuManHs (Tabim. 1).

Taoauus 1 — Burparu Ha 3apo0iTHY muIaTy IITATHUX NPaliBHUKIB
(Ixepeso: Konoroncobkuii, 2024)

Hocapna Kinbkictp mrar- | ButpaTu Ha onsaty npami, BKJI04a-
HUX OIMHULb | 0YM NOJATKH TA CTPAXOBi BHECKH, I'PH

AnMiHicTpaTop 2 38 000
ITepykap 4 64 000
Maiictep MaHIKIOpYy Ta 3 48 000
HEAUKIOPY
Kocmeromnor 2 40 000
Bizaxwucr 1 14 000
[IpuOupanbHUIIS 2 8 000
Byxranrep 1 18 000

3aranpHa cyma BUTpaT 230 000

3akymiBis 00NlafHAHHS € CyTTEBO BUTPATHOIO MPOLIEITYPOI0, OCKLIBKH HE0O-
X1IHO ipUA0ATH CTUIBII, CTOJH, KYIISTKH, JUBAHH, I3epKaja, a TAKOK MaTepianu
JUTS TIPOBEJICHHS PI3HUX MpoLeAyp 1 6araro iHmoro s podbotu Maiictpi. Ha mo-
YaTKOBOMY €Talli BaXJIMBO PETEJIbHO CIUIAHYBAaTH, CKUIbKHM OOJaJHAHHS Ta iH-
CTpyMeHTIB Oyze motpiOHo. KoxkeH criBpoOiTHHUK MOBHHEH MaTH BiIacHe pobode
Miclie, OCKIIbKA BUKOPHCTAHHSI 4y>KOr0 POOOYOro MpoCTOpY € HEriri€HIuHUM i
HE3PYYHUM.

OO6naHaHHS TTOBUHHO BiJINOBiIaTH BUCOKUM CTaHAapTaM SIKOCTIi, a TAKOX 3a-
OesneuyBaTy HaJIS)KHUH piBeHb crepuitizauii. Perymspaa oOpoOka mpuMileHs €
HEOOXi/THOI0 YMOBOIO, OCKUTBKH MOXKYTh TPAIUIATHCA Pi3HI CUTYallii, 30KpeMa 3Be-
PHEHHS KIII€HTIB 3 HEJIOCTATHHOIO OCOOUCTOIO ririeHoro. Lle momomorxke miaTpu-
MYBAaTH BUCOKHH PiBeHb CaHiTapii Ta 6e3reky B CaoHi.

IT’saTim etanoMm e ropuayHe oopMIIeHHS Oi3HECy, BKIIIOYAIOYH HOTO peecT-
pariio B IepKaBHOMY PEECTpi Ta OTpUMaHHs HeoOXiTHUX A03BoMiB. s peect-
pauii 6i3Hecy MOTPiOHO MOATH 3asBKY, sIKa MiATBEPIUKYE JOTPUMaHHS BCIX 3aKO-
HOAABYMX HOPM, IO PEryIIOIOTh BiAKPUTTA TAaKOTO POAY MisUIbHOCTI. Y pasi
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IUIAaHYBaHHs HaJIaHHS MOCIYT MAacaxy 4M eNuIALii, TAKOK HEeOOXiHO OTpHMaTu
MeIWYHY JIIeH3ifo. BaxxmmBuMu acrektaMu € BHOIp Ha3BU CAJIOHy Kpach Ta
orpumanHs koxy €/IPITIOY. Ha3ra noBuHHA OyTH YHIKaJILHOIO Ta HE CXOXOIO HA
Bke 3apeecTpoBadi B Ykpaini. Kox €/IPIIOY npucBOOEThCS IepKaBOlO aBTOMa-
TUYHO MICJIS peecTpanii IopuandHoi ocoou. HacTymHIM KpokoM € BUOip BUAY [i-
smpHOCTI Ta KBE/I. 3a3Buyait hi3zudHi 0COOH-TIPHEMIT, IO HAJAIOTh IIepyKa-
PCBKi MOCTIYTH, 00UPAOTH MEpITy a00 APYyTy TPYIY €AMHOTO MOAATKY. Y MEpIIOMY
BUIAJIKY TOCIYT'H HaJlaIOThCsl Oe3MocepeHbo MiNPHEMIIEM, a B IpyroMy — 3
MOXIIUBICTIO 3aiydeHHs nparliBHukiB. OcHoBHUIT KBE]l mus camoniB kpacu —
96.02, 110 OXOITIOE HalaHH MOCIIYT NepyKapHIMU Ta cajJoHamu kpacu ([epxa-
BHA IIOAATKOBA CITy>k0a Ykpainm, 2024). [Ticis 1150ro He0OXiIHO OTpUMATH JO3BI
BiJl CaHITAPHO-CIIICMiOIOTIYHOT CTAHIIl, OABIIM BiMOBIIHY 3asBy Ta MaKET
JIOKYMEHTIB. BuKoHaBIIH Bei 11l IPOLIeypH, CaloH KpacH Oyae odiliifHo 3apeec-
TPOBAHO.

Hoctuii eram momnsirae y BU3HAYCHHI NMOTCHIIHHWX PU3UKIB IS CaJOHY
Kpacu. PU3UKY MOAIISIOTHCS HA BHYTPILIHI Ta 30BHILIHI, KOXKEH 13 SIKUX Ma€ CBOT
oco0bmmBOCTI Ta (akTopH BILIHBY (puc. 1).

Pusuku
|
| 1
BHYTpIIIHI 30BHIIIHI
HekBai(ikoBaHUIT MOsIBa HOBUX
NepCoHal KOHKYPEHTIB
3HIDKEHHS
— Hee(KTHUBHA peKiamMa TUIATOCHPOMOXKHOCTI
HACENICHHSI
— KpaJiKKa MaifHa

Pucynok 1 — Puzuku ans canony kpacu (I:xepeso: Konoroncbkuii, 2024)

OcraHHIM Ba)XJIMBHM aCIEKTOM € peKIaMHa KaMIlaHis, sIKy JIOLUUILHO pO3IIo-
YaTH 11e 10 BiKPUTTS CAJIOHY, 00 3a0€3MeYnTH HAassBHICTD KITIEHTIB BXKE B TIEp-
mmit geHp pobotu. HaitnpocTimmm i HaiiOnbl eeKTHBHUM BapiaHTOM € OH-
JmaH-pekiamMa. BWKOpHCTaHHS COIialbHUX MeEpeX, Takux sK Instagram,
Facebook i Twitter, 103Bosisie CTBOPIOBAaTH PEKJIAMHI ITOCTH, Ki 3’ SBISATUMYThCS
y CTpiuKkax HOBHH IOTEHIIITHUX KIIIEHTIB, IHPOPMYIOUH iX PO BiAKPUTTSA HOBOTO
cayiony. /lonaTkoBo A1t Mi/IBUIEHHS 3alliKaBICHOCTI MOYKHA OpPraHi3yBaTH Makic-
Tep-KJIacH 3 BUKOHAHHS MTEBHUX MPOIEIYp, 3ayIatoun K KIII€HTIB, TaK 1 MaicT-
PIB-TIOYATKIBIIB JIsI HABYAHHS.
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KpiM oHnaiH-pexiamMu, BapTO PO3IISHYTH MOXIJIMBICTH PEKJIAMYBaHHS Y
JIPYKOBaHHX BHIAHHSX, TAKUX SIK )KypHAJH, € MOXKHA HETAaJBHO OIMCATH HOC-
JYTU CaJIOHY, IIPEACTaBUTH Mpaic-IucT Ta nopatu ¢otorpadii. ns 3amyuenHs
HOBHX KJII€HTIB TaKOX JOLIJIBHO NMPOMOHYBATH 3HIKKH HA MPOLEIYPH Ha 4eCTb
BiikpUTTs. Lle cTUMYyITIO€ TIepInid Bi3UT, 1 SKIIO KIIEHTaM CHOI00a€eThCs CepBic,
BOHH 3 OUTBIIIOI0 HMOBIPHICTIO CTaHYTh IOCTIITHIMH Bi/IBiTyBadaMu.

OTxe, IpoaHaIi3yBaBIIA MOJIENb BiIIKPUTTS CaJIOHy Kpacu, MOKHA JIIHTH BH-
CHOBKY, L0 I1€¥ MpOIIeC € 3HAYHO CKJIaJHILINM, HiXK MOXKE 3/1aBaTHCS Ha TEPIIHH
morsia. CaloH KpacH BiTHOCHUTHCS JI0 KaTeropii Masoro 6i3Hecy, skuil moTpedye
3HAYHOI yBaru sIK Ha €Talll 3aITycKy, TaK i BIPOJOBXK YChOTo nepiony (GyHKIIOHY-
BaHHS. [IpHOYTKOBICTE IIPOTO MiANPHEMCTBA MOKIIMBA JIMIIE 33 YMOBH 3HAYHUX
(hiHaHCOBUX 1HBECTHIIIH, 110 MOXXYTh CATATH KUIBKOX THUCSY IPUBCHB, 8 TAKOX 3a-
BIIIKM HAIOJICTIMBIH Tpami sIK BIACHHUKA, Tak i MepcoHaly caiony. [Ipore, npu
peTesIbHOMY MiJIXOAI O po3poOKM Oi3Hec-IiaHy, 3aily4eHHi KOIITIB Ha obal-
HaHHYA, iHTEp'ep, peKIaMHy KaMIaHio Ta 3a0e3MedeHHi mepcoHary HeoOXiTHUMHI
Marepianamu, 1eil Manuii 0i3HeC Mae MOTEHINal CTaTH PEHTAOCTBHUM 1 MIBUIKO
OKYITUTH TIOYATKOBI iHBECTHUIII1.

BuCHOBKM

VY po0oTi aKIEHTOBAaHO yBary Ha BaKJIMBOCTI KOMITJIEKCHOTO ITiAXOIY A0 3a-
MyCKy Oi3HECY, TIOYMHAIOYH 3 TIPOBE/ICHHS IPYHTOBHOTO JIOCIIKEHHsI PHHKY. 3a-
3HAYa€THCA, 10 PUHOK CAJIOHIB KPacH B YKpaiHi € ANHAMIYHUM i BUCOKOKOHKYpe-
HTHHM, a CIIOXKHBa4i BCE OLIIbIIE BiJIAIOTh MepeBary mpodeciiiHuM mocayraM ta
IHHOBAIITHUM (popMaTaM, TAKKM SIK MOHOCTYIIT Ta ekcrpec-popMaru. YKpaiHCh-
KU pUHOK MOCTIMHO aJanTyeThCsl 10 HOBUX TEHACHIIIH, 30epiraroun BUCOKHH 10-
MUT HA MOHOIOCIYTH, TaKi sIK CTPIDKKH, MAaHIKIOp Ta (hapOyBaHHS.

[MincymoByr0UH, MOKHA 3pOOUTH BUCHOBOK, IO OJHUM i3 KITFOUOBHX (haKToO-
pIB YCHIIIHOTO BIJKPUTTSl CAJIOHY € HasBHICTh YIiTKOTO Ta JETalbHOro Oi3Hec-
iaHy. B HaykoBifl poOOTi pO3IIITHYTO OCHOBHI €TaId IFOTO MPOIIECY: aHaJli3 KOH-
KypPEHTHOTO CepelOBHUINA, BU3HAYCHHS LIJIbOBOT ayAnTOpii, BUOIp ONTHMAILHOTO
MICIISI pO3TaNTyBaHHs Ta OLiHKA BAPTOCTI pEMOHTY i 3aKymiBii oomagHanHs. Oco-
0J1MBO BOXKJIMBHUM € IIPaBUIIBHUI BUOIp JIOKAIIT, 3 ypaxyBaHHAM JeMorpadiuHux i
COIIaTBHAX XapaKTePUCTUK Pi3HUX palioHiB MicTa J[HITIPO, OCKIIBEKH IIe CYTTEBO
BIUIMBA€E Ha YCIIIIHICTH Oi3HECY.

Baxxnueum acriektoM € mig0ip KBasidikoBaHOTO MepcoHalry, a/ke ycIix ca-
JIOHY 3HAYHOIO MipOIO 3aJIeKHUTH BiJ MpodecioHai3My MaicTpiB i piBHSA iX B3ae-
MO 3 KiTieHTaMU. PeKOMEH Ty €ThCsI 3aTy9aTH JOCBiAUYeHIX (PaxiBIiB HA OCHOBHI
Mo3mIii, 30KpeMa IepykapiB, MaliCTpiB MaHIKIOPY, MTEAUKIOPY, KOCMETOJIOTIB Ta
Biza)xucTiB. Takox BenMKe 3HAUCHHS MA€ SKICTh 00JIaHAHHS Ta IOTPUMAHHS ca-
HITapHO-TITi€HIYHUX HOPM, III0 € KPUTHYHUMH JUI 3a0e311eueHHs 310pOoB's Ta 6e3-
MIeKH KJII€HTIB.

Oxpemuii po3aia poOOTH MPUCBIYCHO aHAJI3y PU3HKIB, TOB'SI3aHUX 13 BiAK-
PUTTAM Majioro Oi3Hecy, Ha MPUKIAl caloHy Kpacu B MicTi J{Hinpo. Bussnenns
MOTEHIIHHUX PU3MKIB Ha TTOYATKOBUX €Talax J03BOJISIE MiATOTyBAaTUCS HO MOX-
JMBUX BHKJIMKIB i MiHIMI3yBaTW HeraTMBHUH BIUIMB. TakMM YMHOM, BIAKPHTTS
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caJIoHy Kpacu B JIHinpi noTpeOye peTesIbHOTO MPOPaxyHKy BCiX PH3HKIB, OL[IHKH
BUTPAT Ta HAJICHKHOI MiATOTOBKH JJIS YCIIIITHOI peai3allii mpoeKTy.
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Tpanuuiiina opranizanist ynpasiiHHs TIIPHEMCTBOM IPYHTY€EThCS Ha TIPHH-
IIUIax TMOAUTY Ta CIeniani3amii mpaifi, SKi y CyJaCHHX yMOBax HE 3aBXKIU 3aJH-
MIAI0THCSl €(DEKTUBHUMH, 110, Pa3oM 13 JOCSATHEHHSIMH B raiy3i iHpopMauiitHux
TEXHOJIOT1#, 3yMOBITIOIOTH ITOSIBY HOBUX (OPM BeIeHH: Oi3HEcy.

OnHiero 3 mofiOHUX (OPM € BIpTyasbHI MIANIPUEMCTBA, aKTUBHUI PO3BUTOK
SKHX CIIOCTepiracs 3a KOpIOHOM Ta B YkpaiHi. [Ipy 11boMy OCHOBHOIO METOIO Bi-
PTyalbHHX HiAMPHUEMCTB € OTIEPATHBHE pearyBaHHSI Ha PUHKOBI 3MiHH Ta MaKCH-
Mi3alis epeKTUBHOCTI BUKOPHCTAHHS PECypCiB MiIIPHUEMCTB (AHAPYIIKEBHY &
I'puropsn, 2024).

Kpim Toro, cyyacHa [uHaMmiKa COIialIbHO-€KOHOMIYHOTO PO3BUTKY XapakTe-
PHU3YETHCA KPH30BUMH SIBHIIIAMH B €KOHOMIIIi, COLIaTbHUMH Ta TONITHIHAMH CY-
MEePeYHOCTSAIMH, IO aKTyali3ye 3amadi GopMyBaHHS i e(EKTHBHOTO BHKOPHC-
TaHHS PECYPCHOTO MOTEHINANy 3 ypaxyBaHHAM (aktopy obOmexeHocTi (PKmy-
neHko & Jlimyk, 2021).

Hapasi kpurnaanm paxTopoM, o BIH3HAYAE YMOBH IISUTBHOCTI BITYM3HIHUX
MiANPUEMCTB € MOBHOMACITA0HA BiifHA, B YMOBaXx SIKOi OJHUM 3 JI€BUX IIUISAXIB
MiHiMi3aIlii BUTPAT € 3aCTOCYBaHHS ayTcOpcuHTy (Aukacosa, 2023), He BTpaya-
104 TIPU [JbOMY KOHKYPEHTHHX IepeBar 3a paxyHOK 3a0e3nedeHHs: yMOB 30epe-
JKeHHS (i IBUIICHHS) €(peKTHBHOCTI JisSUTBHOCTI MiATIPHEMCTBA.

ToMmy onTuMi3alLito MPOLECiB ayTCOPCUHTY TIEPCOHATY Ha BIpTyaJbHOMY ITiJI-
TPUEMCTBI CJIiJl BBO)KATH aKTYyaJbHOIO 337aYel0 y MpoLeci BUPOOHHIITBA YX Ha-
JIaHHS [TOCIYT BipTyaJIbHUMH IiAPUEMCTBAMHU.

MeTa Ta 3aBgaHHA

MeToro TaHOTO JOCHIKEHHS € PO3po0Ka MOJIeNi 0araToIiibOBOi ONTHMI3a-
1ii ayTCOPCMHTY Ha BipTyaJbHOMY MiJANPUEMCTBI. [i peanizalis nepenbauac:
OKpeCJIeHHSI 0coOMMBOCTeH (PYHKIIIOHYBaHHS BipTyalbHOTO MiATPHEMCTBA, IO
3yMOBJIIOIOTh 3aCTOCYBaHHS ayTCOPCHMHTY; BM3HAYECHHsS KPUTEpIlB onTUMizalii
ayTCOPCHHTY; MTOOYIOBY Ta aHali3 y3araJbHEHOI MOJEII.

Marepianu Ta meTogu

TeoperuuHe miATPYHTS pOOOTH CKIIATH TIpAIli, TPUCBIYCHI (PyHKITIOHYBaHHIO
BIpTyaJIbHOT EKOHOMIKHM Ta BipTyaJbHUX MignpueMcTB (AHapyuikeBud & puro-
psH, 2024; Muponos, 2024), 0coOIMBOCTAM ayTCOPCHHTY B CYy4acHHX yMOBax
(Aukacosa, 2023; JIrorak Ta iH., 2024) 1 onTIMi3anii pecypcHOTO MOTEHIiaTy Ti/I-
npuemctBa (Kmynenko & Jlimyk, 2021; Guo & Zhang, 2022). B nocnimxeHH1
3aCTOCOBYBJIUCS METO/IM TEOPETUYHOTO aHajli3y Ta CHHTE3y, MOJCIIOBAaHHS, y3a-
rajJbHEHHS Ta CHCcTeMaTH3allii HayKkoBoi iHpopMarii.

PesynbTatm

3MiHH, CIIPOBOKOBAHI BIUTMBOM iH(POpPMAIiIHO-KOMYHIKaIliHHUX TEXHOJIOTIH,
MPOSIBIISIIOTHCS Yepe3 BipTyallizaliio rocnoaapchkux o0'extiB (MupoHoB, 2024).
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[Ipu upomy miJ TEpMIHOM «BipTyaJbHE IIAPUEMCTBO» CIIiJ PO3YMITH JUHAMI-
YHY Ta BIIKPUTY Oi3HEC-CHCTEMY, SIKa IPYHTYETHCS Ha CTBOPEHHI IOPUANIHO HE-
3aJICKHUX MiIIPUEMCTB, 00’ €THAHUX B €IMHOMY iH(DOPMAIIITHOMY MPOCTOPI 3
METOIO CIIJIBHOTO BUKOPHUCTAHHS CBOiX TEXHOJIOTIYHUX PECYPCIB UL BUKOHAHHS
BCiX eTamiB poOiT npu peanizauii ciijbHOro mpoekry. Cepes OCHOBHUX IepeBar
BIpTyaJIbHUX HiANPHEMCTB MOKHA BHIUTHTH: MOYKIIUBICTD IIBHIKOTO OCBOEHHS
HOBHX PHHKIB, ONTHMI3aIlif0 BUTPAT, JOAATKOBI 1HBECTHIIHI MOXXJIHBOCTI, ITiJI-
BUIIICHHS (DIHAHCOBOTO MOTCHINIANY, MOJIINIICHHS MAHHOBOTO 3a0e3MeUeHHs, TIi/I-
BUIICHHS KBaJiQikallii nepcoHary Ta po3mOIil pU3UKiB MiXK MapTHEpaMH y Bip-
TyalbHUX MiANPUEMCTBAX. Y Lei ’&e Jac HeloJKaMHy BIpTYaJIbHHUX IAIPUEMCTB
€: HaJIMipHa €KOHOMIYHA 3aJIe)KHICTh BiJ] TAPTHEPIB, BIICYTHICTh COIiaJILHOTO 3a-
XHCTY Ta MaTepiajbHOi MIATPUMKH YYaCHUKIB, PU3UK YCKJIAJHEHHS HPOLECIB
(ArgpymkeBnd & I'puropsH, 2024).

[pu npoMy came Taki TeXHOJIOTIT (HOPMYIOTh OCHOBY JJIsI PO3POOKH CKOHO-
MIYHOT, THYYKOi OpTaHi3allii MpoIeciB Ta acOIIOIOThCA 3 TAKUMH SBUIIAMH, K
rpymnoBa poboTa, MOOibHA Ta BianaeHa podoTa, ayrcopcHHr ta inme (I1ladope-
HKO, 2023).

AHaNITHYHI TOCIIHDKEHHS CB1T4aTh, [0 ayTCOPCUHT MAE BaroMo BIIMBAE HA
Oi3Hec-cepeoBHUINe 3a paXyHOK, 30KpeMa, rodaizarii, mporpecy TeXHOJIOTIMH,
PO3BUTKY iHpOpMaLiHHUX TEXHOJIOTIH, sIKi (POPMYIOTH HOBI MOXKIIMBOCTI JIs BJIO-
CKOHaJIEHHs Oi3Hec-TporeciB Ta ontuMizarii Burpar (JIroTak ta iuH., 2024).

Tak, oJHi€I0 3 TOJIOBHUX NepeBar, NPUTaMaHHUX ayTCOPCUHTY € 3JIaTHICTh
OXOIUTIOBATH Olepalii, ki He € OCHOBHUMH JUIsl (hipMH, 10 BAAETHCS IO MOCIYT
AyTCOPCHHTY, 1110 AOIIOMArae MinpueMCTBaM, KpiM 1HIIOT0, CKOPOTHTH (ONTHUMI-
3yBaTH) BUTpaTH (AukacoBa, 2023). KpiM TOro, ayTCOPCHHT HO3BOJISIE iAPUEM-
CTBaM TOKDAIIUTH SIKICTh MPOIOHOBAHUX HPOJYKTIB a00 MOCIHYT, IiJABUIIUTH
e(eKTHBHICTS 1 AKICTH 00CITyroBYBaHHS KiieHTiB (JIfoTak Ta iH., 2024).

Otxe, 115t eeKTUBHOTO YIPaBIIiHHS BIPTYalbHUM MiANPUEMCTBOM IMOTPi-
OeH onTHMaJFHUN Ta ONEPAaTHUBHUIT PO3MIOILUT 3aBaHk ab0 cepel] yHacHHUKIB Me-
pexi, a00 3 BUKOPUCTAHHSAM ayTCOPCHHTY. Y SIKOCTiI KPUTEPIiB ONTUMAIBHOCTI Y
IIbOMY BHIaJKy IOPEYHO 00paTH: BapTiCHI XapaKTEPUCTUKH 3aMOBIICHHS (KpHTe-
piit K1); xapakTepucTHKH SIKOCTI BUKOHAHHS 3aBlaHHs (kputepiit K2).

3agava po3mnoziny 3aBaaHb 3a kputepiem K1 moxe Oytu copmysnboBana sk
«3ajaya Mpo TpHU3HAYEHHS», SKa y KIACHYHIN IOCTAHOBII IOJSrae y 3HaXo-
JOKEHHS TTap «BUKOHABEIb-p0o00Tay, SIKi MIiHIMI3yIOTh CyMapHi BUTPATH HA BUKO-
HaHHS BCiX po0iT, NPHYOMY KOKE€H BUKOHABEI(b BUKOHYE JINIIIE OJIHY poOoTy, JUIs
OJTHi€T poOOTH MOTPiOEH JInIIIe OJWH BUKOHABEIb. Taka 3a/1a4a € 3a/1a4er0 KoMOi-
HaTOpHOI onTUMi3alii (3a7a4a Mpo MakcuMizaliro abo MiHiMi3anito QyHKLIT npu
3a/1aHUX OOMEXXEHHSX Ta MPHU yMOBI, IO Ha JesiKi, 200 Ha yci, 3MiHHI HaKJIaJeHa
BuMora ninouncensHocti) (Komowmiiines Ta iH., 2023).

V 1eii ke 3aa4ya po3MOAUTY 3aBIaHb 3a kpurepiem K2 moxe Oytu chopmy-
JIbOBaHA SIK 3a/1aua 3HaXO/DKEHHS Map «BUKOHABELb-PO0OTa», IKi MAaKCUMI3yIOTh
SKICTh BUKOHAHHS BCiX pOOIT, TP TAKMUX CAMUX 0OMEKEHHSIX.

OTxe, MOJIENTb PO3IIOIITY 3aBIaHb CKIAAAETHCS 3 HMUThOBUX QYHKIIH (1), (2)
Ta CUCTEMHU 0OMexeHb (3), B SIKMX: 77 — KUIbKICTh BUKOHABIIIB; 711 — KiJBKICTh 3a-
BJIaHb; C;j — BUTPATH (BapTiCTh) BUKOHAHHS j-TO 3aBJaHHS i-M BUKOHABLEM; (;; —
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AKICTh (KOMIETEHTHICTh) BUKOHAHHS j-TO 3aBIaHHA i-M BUKOHABLEM; X;j— (QaKT
BUKOHAHHS j-TO 3aMOBJICHHS i-M BUKOHABLEM (3HAUCHHS ITapaMeTpy IOPiBHIOE 1,
SKIIO i-d BUKOHABEIlb BUKOHYE j-€ 3aMOBJICHHSI, 1 OpiBHIOE 0 — y 3BOPOTHOMY
Bunajky; F; (X)— cymapHe 3HaueHHs BUTPAT HA BUKOHAHHs 3aBjanb; F,(X)— cy-
MapHe 3HaYeHHS SKOCTI BAKOHAHUX 3aB/aHb.

Fy(X) = Eiy XL cijxij - min (1)
F,(X) = ¥, XL, qijx;; — max . )
Fixiy < 1,30 =1n);
Lx =10 =1m); 3)

x;;=(0;D, @ =1n),(=1m).

Cucrema oOMexeHb (3) BianoBigae curyarii n > m (KUIbKICTh BUKOHABIIIB
Oinble, HiXK KUIBKICTh 3aBJaHb), 110 Ha MPAKTUL Moxe OyTH 3a0e3nedyeHo 3a pa-
XyHOK C(hOpMOBaAHO1 0231 MOTCHIIHHNX CY0’€KTIB ayTCOPCHHTY.

Cunipn Bing3Ha4YMTH, 110 ONTHMI3aliiHa 3anada (1)-(3) € 3agauero 3 1BOMa KpH-
TEpisMU 3 PI3HUMH HAINPSIMKH ONTUMI3alii ninboBux QyHKIiH (1), (2) (BuTpartn
MIHIMI3YIOThCSI, IKICTh MAKCUMI3Y€ETHCS).

Kpim TOTO, OMHNIL BUMipIOBAaHHS BUTPAT (BapTOCTi) C;j Ta ¢;; AKOCTi (KOM-
METEHTHOCTI) € pi3HUMHU. 30KpeMa, BUTPATH MOXKHA BUPA3UTH IPOLIOBUMHU OJIU-
HUISIMY, a SKICTh (KOMIICTeHTHICTh) B OamnpHil mrkami Bix 0 xo 10 (6ismoMy 3Ha-
YEHHIO BiANOBIa€ OLIBIINI PIBEHB SIKOCTI (KOMIIETEHTHOCTI)).

VY 1poMy BHINaJKY iHTerpajbHa 1iboBa GyHKis F(X) Moxe Oyt moOyno-
BaHa y popmi:

[Fr()-Fe|

0

F(X) = $hoy w2
k

B SIKiil kK — MOPSIIKOBHIA HOMEP KPUTEPIIO OLIHKH; W) — BArOBUH KOe(ilieHT k—T0
kputepist; FY — HOpMytoumii AibHUK.

Barogi koediliieHTH W), Bi10OpaXaroTh BIUIMB BiJIIOBIHOTO KPUTEPIIO HA 3a-
raJlbHUH pe3yJsibTaT Ta BU3HAYAIOThCSA JIEKJIapaTUBHO a00 3a pe3ynbTaTaMU eKCIIe-
ptHOTro aHamnisy. [Ipu npomy

. 2 —
wk E [O, 1]12]{:1 wk - 1; (5)
Hopmyrounii AibHUK MOXKE BBOAUTHCH SIK HalKpale (€TaJoHHEe) 3HAYCeHH:
3a BiAmoBiIHUM KpurepieM. LlinboBa dyHkuis (4) BimoOpaxkae BiIXWMIEHHS BiJ
«eTaJoHY», 3arabHa MiHIMI3allisl SIKOTO MpH 0OMeXeHHsX (3) ¥ J03BOIIsIE BU3HA-
YUTH HaWKpaIlid po3MOALI 3aBIaHb MiX IMOTEHI[ITHUIMH BUKOHABIISIMU.

- min, (4)

BuCcHOBKM

OOrpyHTOBaHO JOLIJIBHICTh BIIPOBA/UKEHHS ayTCOPCHHTY Ha BIpTyaJbHOMY
MATIPHEMCTBI, 3aCTOCYBaHHS SIKOTO JO3BOJISIE 3HU3UTH PH3UKHU INPH peajizarii
NPUHIMITB BipTyalbHUX OpraHi3aliil 3a paxyHOK OIEpaTHBHOI IepeOy 0B Blla-
CHOI CTPYKTYpH Ta apXiTeKTypy NpOIeciB mis 3a0e3MedeHHsT 3a paxyHOK
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MOCTa4YaJIbHUKIB MMOCIYT MiIBUILCHHS PiBHS HaIIHHOCTI, SKOCTI Ta €()eKTUBHOCTI
B YMOBaX TUHAMIYHOTO PHUHKY Ta MIHJIMBOTO Oi3HeC-cepeoBHINA. 3alpOIOHO-
BaHO MOJIENTb 0AraToIILOBOT ONTUMI3AIiT JO3BOJISE MPOBOAUTH EKOHOMIYHE 00-
IPYHTYBaHHS €()EeKTUBHOCTI IPUHAHATTAM PIlICHHS PO BIPOBAHKEHHIM ayTCOP-
CHIHTY, NIPOpaxyBaTl MOXJIMBI PH3HKH Ta e€(EeKTHBHICTH peamizauii mpoekrty. B
YMOBax BiJICyTHOCTi MOBHOI iH(pOopMaIlii 00 He3aMe)KHUX Ta aBTOHOMHHX BH-
KOHABIIiB Ta X MOXIIMBOCTEH 3aCTOCYBaHHS MOJIENi TTepedadae mpoBeIeHHS OLli-
HKY Ta B110OpY 3a Ti€lo iHpopMari€ro, SKy BOHH HaIal0Th caMi a00 32 30BHIIIHIMHA
pe3yibTaTaMy Ta OMiHKaMU iX MisUTbHOCTi. OTpHMaHi pe3yabTaTH y3roKYIOThCS
3 MIPUHIMIIAMHU CTPATETIYHOTO YIPABIIHHS MiJIPHEMCTBAMU B Cy4aCHUX yMOBax
mo0anizarii Ta mudposoi Tparchopmanii cycninecta (Grynko & Hviniashvili,
2024), BaXXJIMBUM aCIIEKTOM SIKOTO € e(DeKTUBHE BUKOPHUCTaHHS OOMEKECHUX Pecy-
pCiB, 110 BU3HAYAE YCHIIIHY CTPATETi0 YIpaBIiHHS HianpueMcTBoM. Hampsmu
MOAAJBINUX JOCIIPKCHD BKITIOYAIOTh EMITIPHYHY Bepu(DiKaIlito MOIEI, MOPiBHS-
JHLHUHM aHaJi3 KeHCiB 11 pearizaii B pi3HUX KOHTEKCTax 0i3HEC-POIIECiB, PO3IIIH-
PCHHS MEPENTiKy KPUTEPIiB OI[IHKH Ta BUBUCHHS MOKIMBHX CHHEPIeTUYHUX ede-
KTiB BiJ] peai3amii MpoeKTiB BIPOBaKEHHS ayTCOPCUHTY Ha BipTyaJIbHOMY ITiJ-
MIPUEMCTBI.
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The problem of the accumulation of microplastics in the environment attracts
the researchers’ attention from various fields of knowledge and is relevant both
for different countries of the world (Sa'adu & Farsang, 2023) and for Ukraine
(Yurchenko et al., 2021; Fortuna & Borysovska, 2021). Microplastics consist of
plastic particles less than 5 mm in size and is formed as a result of the action of
physical, chemical and biological factors on plastic products used in everyday life
and practical human activities (Duis & Coors, 2016). A significant amount of mi-
croplastics is found in various environments, including soil (Guo et al., 2020).
Microplastics are a pollutant and pose a potential threat to human health (Ghosh
et al.,, 2023). Microorganisms form biofilms on the surface of microplastics
(Moyal et al., 2023; Tkachuk & Zelena, 2023; Rajcoomar et al., 2024; Tkachuk &
Zelena, 2024) and contribute to its degradation, which is considered a promising
approach to soil bioremediation (Nauendorf et al. al., 2016; Thapliyal et al., 2024).

The need to generalize the theoretical and practical issues of contamination
of agricultural soils with microplastics with attention to the formation of biofilm
as an important stage of microbial remediation determined the need for this study,
that defined the sources of microplastics in agricultural soils, its impact on agroe-
cosystems and microbial remediation approaches to remove microplastics from
the soil.

Methodology

Given the complex and multifaceted nature of the research topic, a complex
of general scientific methods was used to achieve the research goal: analytical,
synthetic, hermeneutic, pragmatic, generalization. The use of analytical and syn-
thetic methods made it possible to determine the sources of contamination of ag-
ricultural soils with microplastics. The use of the hermeneutic method made it
possible to analyze the impact of microplastics on the soil, in particular, the soil
microbiota, the formation of biofilms for the process of microbial remediation.
Conclusions, recommendations and proposals are based on practical generaliza-
tion.

Microplastics in agricultural soils

Plastics are used in agricultural production as a coating for fertilizers, pesti-
cides (Rusyn et al., 2021) and for the seed coatings (Langlet et al., 2024). And
although researchers note the high efficiency of this approach for crop production
(Rusyn et al., 2021), the danger of the formation of microplastics in the soil is not
taken into account. The contribution of coated fertilizers as sources of microplas-
tics in agricultural soils was 3% (Sa’adu & Farsang, 2023). The issue of replacing
artificial microplastics in seed coatings used in agriculture is under consideration
(Langlet et al., 2024). The Center for International Environmental Law found that
due to the use of microplastics to cover fertilizers, toxic pesticides become even
more toxic when used in agriculture. This combination of chemicals negatively
affects soil structure, climate, food quality, and ecological systems as a whole
(Center..., 2022).
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Another source of microplastics in agricultural soils is mulch film (Long et
al., 2023). At the same time, it was shown that the most common microplastic was
polyurethane, and polyethylene accounted for 2.7% of microplastics (Long et al.,
2023).

A different source of pollution of agroecosystems by microplastics is their
irrigation with wastewater, which contains a significant amount of these micro-
particles (Ullah et al., 2021). The presence of microplastics in wastewater is noted
by a number of authors (Habib et al., 2020; Ragoobur et al., 2021), the source of
which, among other things, is hygiene products, in particular, wet wipes (O Briain
et al., 2020; Lee et al., 2021). The use of sewage sludge as a biofertilizer for de-
graded soils (Marin & Rusanescu, 2023) is also a source of microplastic contam-
ination of agricultural soils, as such sludge also contains microplastics (Arab et
al., 2024). The contribution of sediment as a source of microplastics in agricultural
soils was 16% (Sa’adu & Farsang, 2023).

In Europe, microplastics from biosolids (2.3—15.8 t/ha) tend to accumulate in
the top 100 mm of agricultural soil (Ng et al., 2018). Accumulation of microplas-
tics in soils deteriorates soil ecosystems, in particular, disrupts the composition of
microbiota, which creates the necessary conditions for healthy plant growth,
changes the concentration of chemical compounds, reduces the enzymatic activity
of soils, affects water holding capacity, bulk density, texture, pH (Ullah et al.,
2021). When consuming contaminated agricultural products, there is a threat of
microplastics entering the human body (Ullah et al., 2021). The researchers noted
that the calculated microplastic concentrations had a low non-carcinogenic and
carcinogenic risk to the farming community (Sharmin et al., 2024). In addition,
the colonization of the surface of microplastics by pathogenic microbiota due to
fecal contamination (for example, from sewage or organic fertilizers and feces) is
of concern as a route of transmission of human pathogens in the food chain
(Quilliam et al., 2023). Soil microplastics, due to their significant sorption poten-
tial, can influence the degradation processes of pesticides and their level of tox-
icity (Bao et al., 2024). It was also shown that the accumulation of microplastics
in the soil significantly promoted nitrous oxide, carbon dioxide and methane emis-
sions, which is potentially dangerous for climate change (Chen et al., 2023).

In Ukraine, the level of contamination of agricultural soils with microplastics
has not been determined, although all the sources of microplastics mentioned
above have an impact on them, so there is a need for further research on this issue.

Microbial remediation as an approach to cleaning
soils from microplastics

There are several technologies for removing microplastics from the environ-
ment, and biological methods appear to be the most promising and environmen-
tally friendly (Gao et al., 2022). Some groups of microorganisms are characterized
by the ability to biodegrade microplastics and are promising agents for cleaning
environments from it (Othman et al., 2021). Representatives of the genus Bacillus
are actively researched as effective biodegraders of plastics (Tkachuk & Zelena,
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2021). Microbial remediation is the use of microorganisms, in particular, in the
form of biofilms, an eco-friendly technology for removing pollutants from various
environments (Mani, 2020; Biswal & Malik, 2022). An important role in the for-
mation of biofilm is played by glycoconjugates (glycoproteins and glycolipids)
produced by microorganisms, with the participation of combinations of which dis-
infection of various types of pollutants is carried out - microbial glycobiotechnol-
ogy (Bhatt et al., 2021).

Researchers have analyzed soil microbiota under the influence of various
types of microplastics (Qian et al., 2018; Ren et al., 2020). However, microbial
communities on microplastics are unique and are called microplastisphere/plas-
tisphere (Zettler et al., 2013). Microplastics are considered as one type of soil pol-
lutant (Guo et al., 2020), so special attention is paid to the bacterial diversity of
biofilms on it. Thus, the dominance of Proteobacteria (37%), Actinobacteriota
(33%), Patescibacteria (9%) microorganisms was established on the surface of
polypropylene and polystyrene during exposure for 8 weeks in soil from an agri-
cultural field (from a depth of 0-20 cm), which was cultivated using principles of
ecological agriculture (Kublik et al., 2022). The dominance of Methylophaga,
Saccharimonadales, Sphingomonas on the surface of microplastics of low-density
polyethylene, polystyrene, polyethylene terephthalate (exposure of 15 and 30 days
in non-mulched soil of greenhouses with a previous one-week cultivation) was
revealed (Chen et al., 2022). Usually, microplastics change the number of bacterial
communities by affecting their metabolism, but polyethylene and polypropylene
in the form of microplastics did not affect the number or structure of soil microbes
(Pang et al., 2023). However, there is evidence that over time (90 days) a decrease
in the total microbial number and the number of sulfate-reducing bacteria, as well
as the formation of a microbial biofilm, was observed on polypropylene, com-
pared to quartz sand (Tkachuk & Zelena, 2024). The authors emphasize the need
to involve sulfate-reducing bacteria (SRB) - recognized microbial degraders - in
the study of plastic degradation issues (Tkachuk & Zelena, 2024). SRB was de-
tected in vitro as part of the microbial community capable of biodegrading poly-
propylene (Cacciari et al., 1993). An increase in the number of SRB (Desul-
fohalotomaculum) was also found in vitro on the surface of polypropylene sam-
ples (Malakhova et al., 2023).

The main soil pollutants are toxic metals/metalloids, organic pollutants, anti-
biotics, pesticides (Raffa & Chiampo, 2021; Li et al., 2022). Regarding the com-
bined effect of microplastics and pesticides, additional research is needed to un-
derstand their further ecological fate and the ecological risks of the interaction
(Pefia et al., 2023). Under the influence of heavy metals and arsenic, inhibition of
biofilm formation by soil saprotrophic microorganisms Bacillus megaterium var.
phosphaticum, B. mucilaginosus, Pectobacterium carotovorum and Escherichia
coli on the surface of plastic plate (Bybin et al., 2021). Due to the effect of micro-
plastics of polystyrene and polytetrafluoroethylene and arsenic on the soil micro-
organisms of the rhizosphere of rice, a decrease in the number of Proteobacteria,
an increase in the number of Chloroflexi and Acidobacteria in the soil, and inhi-
bition of the activity of soil urease, acid phosphatase, protease, dehydrogenase,
peroxidase was noted (Dong et al., 2021). The use of rthizosphere microorganisms
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to remove microplastics from the soil is called rhizoremediation, which is consid-
ered one of the promising strategies for bioremediation of soils contaminated with
microplastics (Thapliyal et al., 2024).

Additives to plastic, such as dyes, flame retardants, stabilizers, plasticizers
have a negative effect on soil microorganisms (Zaborowska et al., 2020), which
can increase the inhibitory effect of pollutants on the formation of biofilms on
microplastics. As a result, both the processes of formation of microbial biofilms
on microplastics and its biodegradation would be disrupted, and therefore the time
of preservation of the material in the soil will increase. Bacterial bioremediation
of plastics (particularly polyester) can increase biofilm levels, as shown by ma-
nipulating levels of cyclic-di-HMP (Howard & McCarthy, 2023). Genetic manip-
ulation of microorganisms allows obtaining strains with high bioremediation in-
dicators (Thapliyal et al., 2024).

Since the processes of degradation of microplastics and the release of plastic
oligomers, monomers and additives, in particular, phthalates and bisphenols, are
slow, the consequences of exposure to microplastics for the environment are long-
term (Zhang et al., 2023). The use of short-term laboratory studies of the toxicity
of microplastics against pure cultures of microorganisms and one type of micro-
plastics are detached from real environmental conditions (Zhang et al., 2023). The
above determines the need for long-term field research. Previous studies took into
account the properties of microplastics (particle size and type), as well as the type
of soil (texture and components), but the issue of the influence of the soil envi-
ronment (dry, flooded, etc.) on microbial communities was not covered, which
requires additional research (Pang et al., 2023).

Therefore, microbial remediation of soils contaminated with microplastics is
considered an environmentally safe bioremediation approach, the mandatory stage
of which is the formation of microbial biofilms on the surface of microplastics.
Further research should be focused on determining the impact of toxicants (in par-
ticular, pesticides present in agroecosystems) on the biofilm formation of soil mi-
croorganisms-biodegraders on the surface of microplastics (with attention to sul-
fate-reducing bacteria) with an assessment of their ability to biodegrade.

Conclusions

Therefore, the sources of microplastics in agricultural soils are plastics used
to cover fertilizers, pesticides and seeds, film for mulching, use of wastewater for
irrigation, sludge from wastewater treatment as fertilizers. The increase in the
amount of microplastics in the soil affects its physico-chemical parameters, soil
biota, the behavior of pesticides, which can lead to the occurrence of environmen-
tal risks both for the functioning of agroecosystems and for human health. In ad-
dition, the accumulation of microplastics in agricultural soils is alarming in view
of the increase in greenhouse gas emissions and the risks of climate warming. The
use of microbial remediation is a promising direction for the removal of micro-
plastics from agricultural soils.



284 Challenges and Issues of Modern Science, 3 (2024)

References

Arab, M., Yu, J., & Nayebi, B. (2024). Microplastics in Sludges and Soils: A Comprehensive
Review on Distribution, Characteristics, and Effects. ChemEngineering, 8(5), 86.
https://doi.org/10.3390/chemengineering8050086

Bao, X., Gu, Y., Chen, L., Wang, Z., Pan, H., Huang, S., Meng, Z., & Chen, X. (2024).
Microplastics derived from plastic mulch films and their carrier function effect on the
environmental risk of pesticides. Sci. Total. Environ., 924, 171472.
https://doi.org/10.1016/j.scitotenv.2024.171472

Bhatt, P.,, Verma, A., Gangola, S., Bhandari, G., & Chen, Sh. (2021). Microbial
glycoconjugates in organic pollutant bioremediation: recent advances and applications.
Microb. Cell Fact., 20, 72. https://doi.org/10.1186/s12934-021-01556-9

Biswal, T., & Malik J. A. (2022). Role of biofilms in bioremediation. In J. Ah. Malik (Ed.),
Microbes and Microbial Biotechnology for Green Remediation, Chapter 11, (pp. 205-
225). Elsevier. https://doi.org/10.1016/B978-0-323-90452-0.00016-5.

Bybin, V. A., Belogolova, G. A., Markova, Y. A., Sokolova, M. G., Sidorov, A. V., Gordeeva, O.
N., & Poletaeva, V. I. (2021). Influence of Heavy Metals and Arsenic on Survival and
Biofilm Formation of Some Saprotrophic Soil Microorganisms. Water, Air, & Soil
Pollution, 232(8), 343.
https://link.gale.com/apps/doc/A672059329/AONE ?u=googlescholar&sid=googleSchol
ar&xid=9c6ea7eb5

Cacciari, |., Quatrini, P., Zirletta, G., Mincione, E., Vinciguerra, V., Lupattelli, P., & Giovannozzi
Sermanni, G. (1993). Isotactic polypropylene biodegradation by a microbial community:
physicochemical characterization of metabolites produced. Appl. Environ. Microbiol.,
59, 3695-3700. https://doi.org/10.1128/aem.59.11.3695-3700.1993

Center for International Environmental Law (CIEL). (2022.) Sowing a plastic planet: how
microplastics in agrochemicals are affecting our soils, our food, and our future. 26 p.
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf

Chen, Y., Wang, X., Wang, X., Cheng, T, Fu, K., Qin, Z., & Feng, K. (2022). Biofilm Structural
and Functional Features on Microplastic Surfaces in Greenhouse Agricultural Soil.
Sustainability, 14(12), 7024. https://doi.org/10.3390/su14127024

Chen, X., Xie, Y., Wang, J., Shi, Z., Zhang, J., Wei, H., & Ma, Y. (2023). Presence of different
microplastics promotes greenhouse gas emissions and alters the microbial community
composition of farmland soil. Sci  Total. Environ., 879, 162967.
https://doi.org/10.1016/j.scitotenv.2023.162967

Dong, Y., Gao, M., Qiu, W., & Song, Z. (2021). Effect of microplastics and arsenic on nutrients
and microorganisms in rice rhizosphere soil. Ecotoxicol. Environ. Saf., 211, 1-12.
https://doi.org/10.1016/j.ecoenv.2021.111899

Duis, K., & Coors, A. (2016). Microplastics in the aquatic and terrestrial environment: sources
(with a specific focus on personal care products), fate and effects. Environ. Sci. Eur.,
28, 2. https://doi.org/10.1186/s12302-015-0069-y

Fortuna, M., & Borysovska, O. (2021). Assessment of water pollution by microplastic.
Collection of Research Papers of the National Mining University, 65, 195-206.
https://doi.org/10.33271/crpnmu/65.195

Ghosh, S., Sinha, J. K., Ghosh, S., Vashisth, K., Han, S., & Bhaskar, R. (2023). Microplastics
as an Emerging Threat to the Global Environment and Human Health. Sustainability
(Basel), 15, 10821. https://doi.org/10.3390/su151410821

Gao, W., Zhang, Y., Mo, A,, Jiang, J., Liang, Y., Cao, X., & He, D. (2022). Removal of
microplastics in water: Technology progress and green strategies. Green Anal. Chem.,
3, 100042. https://doi.org/10.1016/j.greeac.2022.100042

Guo, J. J., Huang, X. P., Xiang, L., Wang, Y. Z, Li, Y. W., Li, H, Cai, Q. Y., Mo, C. H,, &
Wong, M. H. (2020). Source, migration and toxicology of microplastics in soil. Environ.


https://doi.org/10.3390/chemengineering8050086
https://doi.org/10.1016/j.scitotenv.2024.171472
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01556-9#auth-Geeta-Bhandari-Aff5
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-021-01556-9#auth-Shaohua-Chen-Aff1-Aff2
https://doi.org/10.1186/s12934-021-01556-9
https://doi.org/10.1016/B978-0-323-90452-0.00016-5
https://link.gale.com/apps/doc/A672059329/AONE?u=googlescholar&sid=googleScholar&xid=9c6ea7e5
https://link.gale.com/apps/doc/A672059329/AONE?u=googlescholar&sid=googleScholar&xid=9c6ea7e5
https://doi.org/10.1128/aem.59.11.3695-3700.1993
https://www.ciel.org/wp-content/uploads/2022/12/Sowing-a-Plastic-Planet_1dec22.pdf
https://doi.org/10.3390/su14127024
https://doi.org/10.1016/j.scitotenv.2023.162967
https://doi.org/10.1016/j.ecoenv.2021.111899
https://doi.org/10.1186/s12302-015-0069-y
https://doi.org/10.33271/crpnmu/65.195
https://doi.org/10.3390/su151410821
https://doi.org/10.1016/j.greeac.2022.100042

Challenges and Issues of Modern Science, 3 (2024) 285

Int., 137, 105263. https://doi.org/10.1016/j.envint.2019.105263

Habib, R., Thiemann, T., & Al Kendi, R. (2020). Microplastics and Wastewater Treatment
Plants - A Review. Journal of Water Resource and Protection, 12, 1-35.
https://doi.org/10.4236/jwarp.2020.121001.

Howard, S. A., & McCarthy, R. R. (2023). Modulating biofilm can potentiate activity of novel
plastic-degrading enzymes. npj Biofilms Microbiomes, 9, 72.
https://doi.org/10.1038/s41522-023-00440-1

Kublik, S., Gschwendtner, S., Magritsch, T., Radl, V., Rillig, M. C., & Schloter, M. (2022).
Microplastics in soil induce a new microbial habitat, with consequences for bulk soil
microbiomes. Front. Environ. Sci., 10, 989267.
https://doi.org/10.3389/fenvs.2022.989267

Langlet, R., Valentin, R., Morard, M., & Raynaud, C. D. (2024). Transitioning to Microplastic-
Free Seed Coatings: Challenges and Solutions. Polymers, 16(14), 1969.
https://doi.org/10.3390/polym16141969

Lee, J., Jeong, S., & Chae, K.J. (2021). Discharge of microplastics fibres from wet wipes in
aquatic and solid environments under different release conditions. Sci. Total. Environ.,
784, 147144. https://doi.org/10.1016/j.scitotenv.2021.147144

Li, L., Han, L., Liu, A., & Wang, F. (2022). Imperfect but Hopeful: New Advances in Soil
Pollution and Remediation. Int. J. Environ. Res. Public Health, 19, 10164.
https://doi.org/10.3390/ijerph191610164

Long, B., Li, F.,, Wang, K., Huang, Y., Yang, Y., & Xie, D. (2023). Impact of plastic film mulching
on microplastic in farmland soils in Guangdong province, China. Heliyon, 9(6), e16587.
https://doi.org/10.1016/j.heliyon.2023.e16587

Malakhova, D. V., Egorova, M. A., Leontieva, M. R., Elcheninov, A. G., Panova, T. V,
Aleksandrov, Y., & Tsavkelova, E. A. (2023). Anaerobic microbial degradation of
polypropylene and polyvinyl chloride samples. Microbiology, 92, 83-93.
https://doi.org/10.1134/S0026261722602706

Mani, I. (2020). Biofilm in bioremediation. In V. Ch. Pandey, & V. Singh (Eds.), Bioremediation
of Pollutants, Chapter 18, (pp. 375-385). Elsevier. https://doi.org/10.1016/B978-0-12-
819025-8.00018-1

Marin, E., & Rusanescu, C. O. (2023). Agricultural Use of Urban Sewage Sludge from the
Wastewater Station in the Municipality of Alexandria in Romania. Water, 15(3), 458.
https://doi.org/10.3390/w15030458

Moyal, J., Dave, P.H., Wu, M., Karimpour, S., Brar, S.K., Zhong, H., & Kwong, R.W.M. (2023).
Impacts of Biofilm Formation on the Physicochemical Properties and Toxicity of
Microplastics: A Concise Review. Rev. Environ. Contam. Toxicol. 261(1), 8.
https://doi.org/10.1007/s44169-023-00035-z

Nauendorf, A., Krause, S., Bigalke, N. K., Gorb, E. V., Gorb, S. N., Haeckel, M., Wahl, M., &
Treude, T. (2016) Microbial colonization and degradation of polyethylene and
biodegradable plastic bags in temperate fine-grained organic-rich marine sediments.
Mar. Pollut. Bull., 103(1-2), 168—178. https://doi.org/10.1016/j.marpolbul.2015.12.024

Ng, E.e-L., Huerta Lwanga, E., Eldridge, S. M., Johnston, P., Hu, H.-W., Geissen, V., & Chen,
D. (2018). An overview of microplastic and nanoplastic pollution in agroecosystems.
Science of the Total Environment, 627, 1377-1388.
https://doi.org/10.1016/j.scitotenv.2018.01.341

O Briain, O., Marques Mendes, A. R., McCarron, S., Healy, M. G., & Morrison, L. (2020). The
role of wet wipes and sanitary towels as a source of white microplastic fibres in the
marine environment. Water Res., 182, 116021.
https://doi.org/10.1016/j.watres.2020.116021

Othman, A. R., Hasan, H. A, Muhamad, M. H., Ismail, N. ., & Abdullah, S. R. S. (2021).
Microbial degradation of microplastics by enzymatic processes: a review. Environ.
Chem. Lett., 19, 3057-3073. https://doi.org/10.1007/s10311-021-01197-9


https://doi.org/10.1016/j.envint.2019.105263
https://doi.org/10.4236/jwarp.2020.121001
https://doi.org/10.1038/s41522-023-00440-1
https://doi.org/10.3389/fenvs.2022.989267
https://doi.org/10.3390/polym16141969
https://doi.org/10.1016/j.scitotenv.2021.147144
https://doi.org/10.3390/ijerph191610164
https://doi.org/10.1016/j.heliyon.2023.e16587
https://doi.org/10.1134/S0026261722602706
https://doi.org/10.1016/B978-0-12-819025-8.00018-1
https://doi.org/10.1016/B978-0-12-819025-8.00018-1
https://doi.org/10.3390/w15030458
https://doi.org/10.1007/s44169-023-00035-z
https://doi.org/10.1016/j.marpolbul.2015.12.024
https://doi.org/10.1016/j.scitotenv.2018.01.341
https://doi.org/10.1016/j.watres.2020.116021
https://doi.org/10.1007/s10311-021-01197-9

286 Challenges and Issues of Modern Science, 3 (2024)

Pang, X., Chen, C., Sun, J., Zhan, H., Xiao, Y., Cai, J., Yu, X,, Liu, Y., Long, L., & Yang, G.
(2023). Effects of complex pollution by microplastics and heavy metals on soil
physicochemical properties and microbial communities under alternate wetting and
drying conditions. J. Hazard. Mater., 458, 131989.
https://doi.org/10.1016/j.jhazmat.2023.131989

Pefia, A., Rodriguez-Liébana, J. A., & Delgado-Moreno, L. (2023). Interactions of
Microplastics ~ with  Pesticides in  Soils and Their  Ecotoxicological
Implications. Agronomy, 13(3), 701. https://doi.org/10.3390/agronomy13030701

Qian, H., Zhang, M., Liu, G., Lu, T., Qu, Q., Du, B., & Pan, X. (2018). Effects of soil residual
plastic film on soil microbial community structure and fertility. Water Air Soil Pollut., 229,
1-11. https://doi.org/10.1007/s11270-018-3916-9

Quilliam, R. S., Pow, C. J., Shilla, D. J., Mwesiga, J. J., Shilla, D. A., & Woodford, L. (2023).
Microplastics in agriculture — a potential novel mechanism for the delivery of human
pathogens onto crops. Front. Plant Sci., 14, 1152419.
https://doi.org/10.3389/fpls.2023.1152419

Raffa, C. M., & Chiampo, F. (2021). Bioremediation of Agricultural Soils Polluted with
Pesticides: A Review. Bioengineering (Basel), 8(7), 92.
https://doi.org/10.3390/bioengineering8070092

Ragoobur, D., Huerta-Lwanga, E., & Somaroo, G. D. (2021). Microplastics in agricultural
soils, wastewater effluents and sewage sludge in Mauritius. Sci. Total. Environ., 798,
149326. https://doi.org/10.1016/j.scitotenv.2021.149326

Rajcoomar, S., Amoah, I.D., Abunama, T., Mohlomi, N., Bux, F., & Kumari, S. (2024). Biofilm
formation on microplastics in wastewater: insights into factors, diversity and inactivation
strategies. Int. J. Environ. Sci. Technol., 21, 44294444,
https://doi.org/10.1007/s13762-023-05266-0

Ren, X., Tang, J., Liu, X., & Liu, Q. (2020). Effects of microplastics on greenhouse gas
emissions and the microbial community in fertilized soil. Environ. Pollut., 256, 1-11.
https://doi.org/10.1016/j.envpol.2019.113347

Rusyn, |., Malovanyy, M., Tymchuk, I., & Synelnikov, S. (2021). Effect of mineral fertilizer
encapsulated with zeolite and polyethylene terephthalate on the soil microbiota, pH and
plant germination. Ecological Questions, 32(1), 1-12.
https://doi.org/10.12775/EQ.2021.007

Sa’adu, I., & Farsang, A. (2023). Plastic contamination in agricultural soils: a review. Environ.
Sci. Eur., 35, 13. https://doi.org/10.1186/s12302-023-00720-9

Sharmin, S., Wang, Q., Islam, M. R., Wang, W., & Enyoh, C. E. (2024). Microplastic
Contamination of Non-Mulched Agricultural Soils in Bangladesh: Detection,
Characterization, Source Apportionment and Probabilistic Health Risk Assessment.
Journal of Xenobiotics, 14(2), 812-826. https://doi.org/10.3390/jox14020046

Thapliyal, Ch., Priya, A., Singh, S. Bh., Bahuguna, V., & Daverey, A. (2024). Potential
strategies for bioremediation of microplastic contaminated soil. Environmental
Chemistry and Ecotoxicology, 6, 117-131. https://doi.org/10.1016/j.enceco.2024.05.001

Tkachuk, N., & Zelena, L. (2021). The impact of bacteria of the genus Bacillus upon the
biodamage/biodegradation of some metals and extensively used petroleum-based
plastics. Corrosion and Materials Degradation, 2(4), 531-553.
https://doi.org/10.3390/cmd2040028

Tkachuk, N., & Zelena, L. (2023). Some Microbiological Characteristics of the Biofilm on the
Surface of Pre-Production Pellets of Polypropylene Microplastics after Short Exposure
in Soil. Engineering Proceedings, 56(1), 13. https://doi.org/10.3390/ASEC2023-15350

Tkachuk, N., & Zelena, L. (2024). Microbiological indicators of the biofilms microparticles of
quartz sand and polypropylene after short-term exposure in soil. Biofouling, 1-12.
https://doi.org/10.1080/08927014.2024.2406340

Thapliyal, Ch., Priya, A., Singh, S. Bh., Bahuguna, V., & Daverey, A. (2024). Potential


https://doi.org/10.1016/j.jhazmat.2023.131989
https://doi.org/10.3390/agronomy13030701
https://doi.org/10.1007/s11270-018-3916-9
https://doi.org/10.3389/fpls.2023.1152419
https://doi.org/10.3390/bioengineering8070092
https://doi.org/10.1016/j.scitotenv.2021.149326
https://link.springer.com/article/10.1007/s13762-023-05266-0#auth-N_-Mohlomi-Aff1
https://link.springer.com/article/10.1007/s13762-023-05266-0#auth-F_-Bux-Aff1
https://link.springer.com/article/10.1007/s13762-023-05266-0#auth-S_-Kumari-Aff1
https://doi.org/10.1007/s13762-023-05266-0
https://doi.org/10.1016/j.envpol.2019.113347
https://doi.org/10.12775/EQ.2021.007
https://doi.org/10.1186/s12302-023-00720-9
https://doi.org/10.3390/jox14020046
https://doi.org/10.1016/j.enceco.2024.05.001
https://doi.org/10.3390/cmd2040028
https://doi.org/10.3390/ASEC2023-15350
https://doi.org/10.1080/08927014.2024.2406340

Challenges and Issues of Modern Science, 3 (2024) 287

strategies for bioremediation of microplastic contaminated soil. Environmental
Chemistry and Ecotoxicology, 6, 117-131. https://doi.org/10.1016/j.enceco.2024.05.001

Ullah, R., Tsui, M. T., Chen, H., Chow, A., Williams, C., & Ligaba-Osena, A. (2021).
Microplastics interaction with terrestrial plants and their impacts on agriculture. J.
Environ. Qual., 50(5), 1024-1041. https://doi.org/10.1002/jeq2.20264

Yurchenko, V. O., Melnikova, O. H., Ponomarov, K. S., & Samokhvalova, A. I. (2021).
Microplastics in bottom sediments of rivers in urbanized areas. Ecologically sustainable
development of urban systems: challenges and solutions: Proceedings of International
scientific and practical internet conference (Kharkiv, 2—3 November, 2021), 134-136.
Kharkiv, 2021.
http://eprints.kname.edu.ua/60576/1/C%D0%B1%D0%BE%D1%80%D0%BD%D0%B
8%D0%BA21-134-136.pdf (in Ukrainian)

Zaborowska, M., Wyszkowska, J., & Borowik, A. (2020). Soil Microbiome Response to
Contamination with Bisphenol A, Bisphenol F and Bisphenol S. Int. J. Mol. Sci., 21(10),
3529. https://doi.org/10.3390/ijms21103529

Zettler, E. R., Mincer, T. J., & Amaral-Zettler, L. A. (2013). Life in the “plastisphere”: Microbial
communities on plastic marine debris. Environ. Sci. Technol., 47, 7137-7146.
https://doi.org/10.1021/es401288x

Zhang, X, Li, Y., Lei, J., Li, Z., Tan, Q., Xie, L., Xiao, Y., Liu, T., Chen, X., Wen, Y., Xiang, W.,
Kuzyakov, Y., & Yan, W. (2023). Time-dependent effects of microplastics on soil
bacteriome. Journal of Hazardous Materials, 447, 130762.
https://doi.org/10.1016/j.jhazmat.2023.130762


https://doi.org/10.1016/j.enceco.2024.05.001
https://doi.org/10.1002/jeq2.20264
http://eprints.kname.edu.ua/60576/1/C%D0%B1%D0%BE%D1%80%D0%BD%D0%B8%D0%BA21-134-136.pdf
http://eprints.kname.edu.ua/60576/1/C%D0%B1%D0%BE%D1%80%D0%BD%D0%B8%D0%BA21-134-136.pdf
https://doi.org/10.3390/ijms21103529
https://doi.org/10.1021/es401288x
https://doi.org/10.1016/j.jhazmat.2023.130762

URL: https://cims.fti.dp.ua/j/article/view/199

Challenges and Issues of Modern Science, 3 (2024). ISSN: 3083-5704
cims
PURL: https://purl.org/cims/2403.035

Assessment of air pollutants when burning
alternative fuels

Olena Levytska ', Artem Sikorsky

Purpose. The aim of the work is to identify potential agricultural waste that can
become energy sources, which will significantly reduce the cost of the operation of
small and medium-sized boilers and provide cost savings for small and medium-
sized businesses. Design / Method / Approach. An analytical review of scientific
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is analyzed. Findings. The analysis of information sources has shown that wood
waste, straw, flax fescue, sunflower husks can be attributed to secondary raw ma-
terials that can be used as an energy resource. Technologies for obtaining bri-
quettes and pellets are applicable to such waste and can be used for the operation
of low- and medium-sized boiler units. The calculations carried out by the research-
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oils. Theoretical Implications. Assessment of pollutant emissions from the com-
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Energy sources can be classified into two main types: traditional and alterna-
tive. The former includes minerals such as gas, oil, and coal, while the latter often
includes resources such as sun, water, and wind. The main difference between the
two is renewability in nature: traditional sources are exhaustive, while alternative
ones are infinite. Also today, alternative sources include by-products and waste
from industrial and craft production.

The benefits of using resource-efficient technologies are recalled in the article
(Trus et al., 2024). Articles (Alonso-Almeida et al., 2016; Garcia-Pozo et al.,
2015; Garcia-Pozo et al., 2016) talks about using of materials including energy
and surface area per unit output. Combustion products of traditional and alterna-
tive fuels (oxides of carbon, nitrogen, sulfur compounds, methane, etc.) signifi-
cantly affect the quality of atmospheric air (Levytska, 2024).

In article (Levytska et al., 2021) air pollutants were assessed when burning
natural and industrial gases. Thuswise, interdisciplinary international consortium
of research centre (ArcelorMittal Global R&D Asturias and Maiziéres, Centro
Sviluppo Materiali, Swerea MEFOS, VDEh-Betriegsits) has successfully imple-
mented project aimed at expanding the use of blast-furnace gas in steel-making
furnaces (V. Cuervo-Pifiera et al., 2017).

Research Question

The most important tasks of the work were the selection of optimal alternative
energy sources for the combustion of small and medium-sized boilers, the assess-
ment of emissions in the atmosphere during the combustion of alternative fires
and the assessment of the environmental impact of alternative fires.

Blast-furnace and coke-oven gases are obtained as co-products in metallurgi-
cal and cake and by-product processes. Synthesis of these gases is not accompa-
nied by waste generation and exploitation of soil ecosystems. In Ukraine, vacuum-
carbonate, arsenic-soda and mono-ethanolamine purification methods, integrated
purification of coke-oven gas from hydrogen sulphide and ammonia with ammo-
nia decompounding using high-efficient catalysts have been developed. Wood
waste is often used for the operation of the industrial boilers. We are talking about
waste from wood processing and furniture production workshops, used wooden
containers. With proper drying, the raw material has sufficient thermal character-
istics, does not contain extremely hazardous substances in its composition.

Straw is one of the most efficient fuels, used in significant quantities in Den-
mark. Depending on weather conditions, it can contain up to 20% water, which
evaporates during drying or during combustion. Depending on the fertilizers ap-
plied, straw can be a source of nitrogen and sulfur. If there are other impurities
(compounds of sodium, heavy metals, etc.), from the point of view of environ-
mental safety, it is better not to use the material as fuel.

Flax fescue - woody parts of the stems of spinning plants (flax, hemp, kenaf,
etc.) obtained from the trust during its primary processing can also serve as a
source of energy. Due to its high energy efficiency and low CO, emissions, flax-
seed fescues can become a powerful resource in the alternative fuel market.

Sunflower husks - waste during oil production, are also being studied as a
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possible source of energy. In particular, fuels are made from waste (as well as from
wood waste). With its great potential and prevalence in agriculture, sunflower
husks can be an affordable alternative.

The choice between alternative and traditional energy sources remains the
main debate in global energy policy. The fuels in question - wood waste, straw,
flax fescue and sunflower husks - represent only a drop in the boundless ocean of
possibilities. Finding a balance between the use of natural resources and the
preservation of the environment is becoming a key task for the development of
sustainable and renewable energy. A few questions arise in the process of using
traditional fuels. The main driving force on the way of searching for alternative
energy sources is the fullness of fossil fuels. Also, traditional fuels become pow-
erful sources of pollutant emissions when burned. How do alternative fuels con-
tribute to environmental pollution? Which fuels are more harmful to the environ-
ment? We will try to answer these questions.

Methodology

When determining the gross emission of hazardous substances for combus-
tion units, there is used the method of continuous measurements with the applica-
tion of in-process control devices or as per calculation of the index of hazardous
emission. The provided calculations and the introduction of simplified formulas
serve as an example for the calculation of emission factors and emissions in as-
sessing the level of safety of existing equipment and can be used in the develop-
ment of permit documents of enterprises that carry out emissions of harmful sub-
stances to the environment. The paper compares emissions of pollutants during
the combustion of traditional and alternative fuels.

Discussion and Results

It was shown that the gases used in coke and metallurgical industries, which
are used as analogues of natural, are logical to use, but require the installation of
treatment systems. The paper defines a formula for calculating the carbon content
in natural gas. Coke-oven gas consists of pyrogenic water vapours, coal-tar pitch,
methane, hydrogen, carbon oxides and dioxides, nitrogen compounds, ammonia,
hydrogen sulphide, ammonocarbonous acid, a large amount of unsaturated aro-
matic hydrocarbons, naphthaline and other substances.

The value of sulfur-dioxide emission index for blast-furnace gas is higher.
But the emission of this pollutant in the process of combustion of blast-furnace
gas is significantly lower than the similar emission in the process of combustion
of coke-oven gas as a result of much lesser lower wet heating values. Mercury
emission indexes and emissions are low. When comparing emissions of the above
gases, mercury emissions are substantially lower for the natural gas.

Thus, alternative fuels have both advantages and disadvantages in compari-
son with natural gas. However, by using purification systems in the processes of
obtaining and burning these gases, it is possible to use them for production pur-
poses and premises heating (Fig. 1 a, b, ¢).
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Figure 1 — Emissions of: a — dust; b — NOx; ¢ — carbon dioxide (Source: Author)
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The paper compares emissions of pollutants during the combustion of solid
alternative fuels (Fig. 1 a, b, ¢).

Dust (suspended solid particles) formed during the combustion of solid fuels
are captured by cyclones, the efficiency of which can reach 95.5%-99.8%. There-
fore, in the calculations, we will take the average value of the specified range —
98%. When using gaseous fuels, there will be no emissions of these pollutants.

The highest emission rates will be when using straw. A high value of dust
emission is typical for straw and flax fescue.

The practice of operation of power equipment shows that nitrogen treatment
equipment is practically not used in Ukraine. In terms of nitrogen oxide emissions,
wood waste has the highest values.

Emissions from power equipment today are practically not purified from me-
thane and NMVOCs. Therefore, no calculated corrections are made when deter-
mining the emission indicators of these compounds. Sulfur dioxide emissions
when burning straw will be 2 kg per ton of fuel, when burning sunflower husks —
3.2 kg per ton of fuel.

Slightly lower values for the emission of carbon dioxide, methane, NMVOC
are determined for wood waste.

It is important to note that when gaseous fuels are burned, there will be no
emissions of suspended particulate matter. It should also be noted that natural gas
and wood waste do not contain sulfur-containing compounds, which ensures the
absence of sulfur dioxide in flue gases when fuels are burned. However, when
gases are burned, mercury compounds can be released in trace amounts.

These calculations add relevant information that will be useful in today's dis-
cussions about the exhaustibility and replacement of non-renewable energy
sources, the safety of alternative renewable fuels and their advantages in compar-
ison with non-renewable ones.

Conclusions

Solid alternative fuels are rapidly gaining popularity. There are fewer and
fewer skeptics on this issue. Countries with leading economies, namely Denmark,
Norway, Sweden, have competitive technologies for processing solid waste. The
most suitable industry that is becoming an irreplaceable supplier of energy re-
sources is agriculture. Every year, tons of waste after growing grain, harvesting
sunflowers, corn, flax are sent to the production of pellets and briquettes.

Woodworking is another resource for obtaining fuel. Eco-friendly wooden
log cabins, wood in the interior is becoming popular with consumers around the
world. Of course, even the waste from this production produces quality fuel. In
addition, attention should be paid to household waste. Overflowing landfills in
different parts of the world, sometimes near the ocean coast, can become a quality
resource for obtaining biogas. This will solve the problem of emissions of pollu-
tants into the air that are formed after the fermentation of organic waste.

It should be noted that when burning natural gas, there will be no emissions
of suspended particulate matter and sulfur dioxide. When natural gas is burned,
mercury is present in the emissions in trace amounts. Thus, each type of fuel under
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consideration has a negative impact on the environment. Considering the emis-
sions of pollutants during the combustion of the considered types of fuels, it can
be noted that among non-renewable fuels, it is natural gas that has advantages over
fuel oils. When comparing non-renewable fuels with biomass, the latter is safer
from an environmental point of view. With the provision of rational fuel combus-
tion regimes and the reduction of emissions of suspended particulate matter, me-
thane and NMVOC, the prospects for the use of alternative fuels will be indisput-
able.
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Purpose. The purpose of the work is to analyze the main sources of dust formation
in the conditions of agglomeration production, to study the characteristics of ag-
glomeration gases, to improve the environmental safety of industrial regions by
reducing the concentration of dust in agglomeration gases due to the treatment of
the agglomeration charge with solutions of surface-active substances. Design /
Method / Approach. The work used laboratory, bench and field research methods
for determining the parameters of processing bulk materials with surface-active
substances, industrial methods for determining the degree of dedusting of com-
bustible gases. Findings. The main methods of dedusting sintering gases are an-
alyzed, it is shown that it is possible to reduce dust in agglomeration gases by
improving the lumping of the sintering charge. It was determined that it is possible
to optimize the processes of agglomerate sintering by treating the agglomerate
with solutions of surface-active substances. Experimental studies were carried out
in industrial conditions to determine the concentration of dust in alogazes at differ-
ent sites. It is shown that the concentration of dust decreases when the slag charge
is treated with solutions of surface-active substances before its sintering. Theoret-
ical Implications. The study expands the understanding of alternative methods of
dedusting by optimizing the technological process. Practical Implications. The
proposed system for treating the slag charge with a solution of surface-active sub-
stances can be used in other technological processes, which makes it possible to
significantly reduce dust emissions into the environment. Originality / Value. The
work contains an original solution to increase the efficiency of agglomeration of
sinter charge, which leads to a decrease in the concentration of dust in sintering
gases. Research Limitations / Future Research. The study is limited to the anal-
ysis of dustiness reduction of agglomeration production gases. Future research
may focus on expanding the scope of the recommended bulk material handling
system. Paper Type. Practitioner paper.
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B nanuii yac nMIIOBI BUKW/IN TPOMHUCIIOBUX i IIPUEMCTB TipHU-40100yBHOT,
MeTaypriiHoi, OyAiBeTHHOI Ta IHIINX Taly3ed MPOMHCIOBOCTI TOCSTIN TaKUX
MacmtadiB, M0 B ASIKUX BEIMKUX IMPOMHUCIIOBUX LIEHTPAxX 3allMICHICTh MOBITpS
B MEXax CeNliTeOHNX TepPUTOPiil 4acTO 3HAYHO MEPEBHIINYE TPAHUIHO-IOITYCTAMI
KOHIIEHTpalii, BHACTIJOK YOTr0 3aBOJCHKI pallOHM LUX MICT CTarOTh HENpPHUAAT-
HUMU JUIS TIPO>KUBAHHSL.

OnHUM 3 OCHOBHHX JDKEpel 3a0pyIHEHHsS aTMOC(EPHOTO TOBITPS B MiCTax
VYkpaiHu € miauprueMcTBa YOpHOI MeTanyprii. B palioHax po3raiuryBaHHS IOTYX-
HHUX METaIyprifHUX MignpueMcTB 3a0pynHeHHs atMocdepu Ha 50 — 60 % 1 6i-
Jblie 0OyMOBJIEHO BHKMAAMH caMe Iux minnpuemcts (Pemienko & Kamenesa
2016). OgHUM 3 OCHOBHHX JDKEpeIT 3a0pyIHEHHS aTMOC(EpPHOTO MOBITPS € aryo-
MepauiiiHe BUpOOHHUITBO. AHai3 OCHOBHUX JIXKEpes MHJIOYTBOPEHHS Ha aroda-
OpHKax IMOKasye, 0 OCHOBHHUM JKEPETIOM HaJXOMKCHHS MWIy B atMocdepy €
MPOLIECH CIIKaHH arioMepaniiHol IIMXTH Ha arloMalluHaXx.

MeTa i 3aBgaHHAa

Mertoro poOOTH € aHaJi3 OCHOBHHUX JPKEpPEN MUJIOYTBOPCHHS B YMOBaX ario-
MepaliifHoro BUpOOHHUIITBA, JOCITIHKEHHS XapaKTePHCTUK arjoMepaliifHuX ra-
31B, MiJBUILICHHS EKOJIOTTYHOT Oe3IeKH MPOMHUCIIOBUX PETiOHIB 32 PaxyHOK 3HU-
JKeHHST KOHIICHTPAIlii Ty B ariiora3ax BHACIHIJOK 00pOOKH arsioMepariiifHo1 -
XTH PO3UYMHAMU TIOBEPXHEBO-aKTUBHUX pedoBuH (ITAP).

Marepianu Ta meTogu

B po6ori BHKOPHCTOBYBAJIUCE na6opaT0pH1 CTEHJIOBI Ta HaTyle METOIH J0-
CIJDKEHDb NP BM3HAYEHHI MapaMeTpiB o6po61<14 CHUITyYUX MaTepiajiB MOBEpPX-
HEBO-aKTHBHUMH PEYOBHHAMHE, IPOMHUCIOBI METOIM BU3HAYEHHSI CTYIICHIO 00€3-
[MWJIEHHS arjiorasis.

O6rosopeHHsA Ta pe3ynbTatm

Sk mokazany JOCHiKeHHS MHJIOra30ANHAMIYHUX TMPOIIeciB, BUKOHAHI Oe3-
nocepesiHbo B yMoBax ekcrutyarauii armodadpuxku BAT «ApcenopMirran Kpu-
BUil Pir», OCHOBHMM JpKepeloM HaJIXOMKEHHS HHIy B arMoc(epHe IOBITps B
YMOBax I[bOTO BUPOOHUIITBA € MPOLIECH CITIKAHHS arvIOIUXTH Ha TOJIETax ario-
ManvH. [IpruomMy HaaXOKEHHS IUITY B arvlora3y B MPOIEC] CIiKaHHS arjomIy-
XTH, @ TaKOXX NP TPAHCIIOPTYBaHHI 1 IEpeBaHTaKEHHI TOTOBOTO arjioMepary 3a-
JIEXKUTH BiJ SIKOCTI 1l IpyAKyBaHHs, Ta30MPOHUKHOCTI IIapy IIMXTH Ha HajeTax
arioMamuH Ta epeKTHBHOCTI cmikaHHA ammoMepary (Ilimuk & IlImmanpxwid,
2013). dns nigBuieHHs: eeKTUBHOCTI Mpoliecy ariomeparii HeoOXiHo 3a0e3-
MEYUTH TaKy Ta30IPOHNKHICTh CIIKAEMOTO IIapy, MPH AKiH KiNbKICTh MOBITPS, IO
MPOCMOKTYETHCSI €KCI'ayCTEPOM, 1 MPOAYKTIB 3TOPSHHS Oyae JOCTAaTHIM ISl TTOB-
HOTO 3TOPSTHHSA KOKCOBOTO Api0's3Ky, aKTHBI3amii MporeciB B3aeMoii MK MiHe-
paJIOTiYHUMHM KOMITOHEHTaMH IIWXTH, 30UIbIIEHHS BEPTUKAIBLHOI LIBHIKOCTI
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crikannasa (Kasheev at al., 2020). OnTuMizamisi ra30MpPOHUKHOCTI CITIKAEMOTO
IIapy IO3BOJISIE IHTEHCH(IKYBaTH TPOIECH TEIIOMAcOOOMIHY B CIIKa€EMOMY
mapi. 3a paxyHOK MiJBHIIEHHS TOBHOTH 3TOPSIHHS KOKCOBOTO JPi0'sS3Ky B INUXTI
MOXIIUBO 3HIKEHHS #oro BuTpat B mmxTi (Ilmsacoserka & I[Momykapos, 2021).

AHaJi3 pe3yJabTariB YUCEIbHUX HAyKOBO-IOCITHUX POOIT, IPUCBIYEHHUX 00-
poThOi 3 3amIeHHSIM aTMOC(EPHOTO TOBITPS, Ta BUKOHAHI HAMH JOCIIKEHHS
MOKA3yIOTh, 10 HAWOLIBII €PEeKTHBHIUM CIIOCOOOM 3aCTOCYBaHHS po3uuHiB [TAP
Jutst 60pOoTHOM 3 THIIOM € 00po0Ka CHITyunX MaTepiajiB MHO, OJEPIKaHOIO i3 Bi-
nmnoBigaux po3unHiB [TAP (ITimmk & [Humanskuit, 2013; Voytenko & Levytska,
2020). Ha ocHoBi aHasi3y TEXHOJOTIYHOTO MPOILIECY MiJTOTOBKU arIOMINXTH JI0
TPYAKYBaHHS NPUHILIA 0 BUCHOBKY, IO HAHOIBII TOMIIFHO BBEACHHS IIHH B
anIOUIMXTY B IIMXTOBOMY BUIJIUICHHI Ha JISHII, ¢ B arIOMIMXTy BBEJEHI yci
xomnoneHTH (Shishatsky at al., 2019).

3 MeTO0 BU3HAYECHHS KOHIIEHTpALlil ITUITY B arjiora3ax OyJiu BUKOHaHI eKcIie-
pPUMEHTaNBHI JOCTIKeHHS B mpomucioBux ymoBax (Voytenko & Levytska,
2020). Pexxumu 00poOKH ariommxTH 3ade3neuyBany nutomi Butparu [1AP B ar-
somwmxri Bixg 20 go 120 r/T.

JlocmiiKeHHs 3alUICHOCTI ra3iB 3MIHCHIOBAIUCS Y BaKyyM-KaMepax, mepes
MYJIBTHIMKIOHOM Ta MicCIst MyJIBTHIMKIIOHY II€pesl BUKHIOM B aTMOC(EpHE TOBi-
Tps 6e3 00poOku pozunHamu [TAP. [TotiM BMEKaIack ycTaHOBKA MO/Ia4i Ta 3HOBY
MPOBOIIINCH BUMipn KoHIEHTparii. [1lnsaxoM NOpiBHAHHS 3Ha4eHb KOHIICHTpA-
1i}i, BAMIPSHUX TPU MPOMHUCIIOBUX JOCIIPKCHHSIX, BU3HAYATIOCH 3HIDKCHHS BU-
KUy 9acTOK Iy B atMocepy.

Bubip TOUOK 1715l BUMIPIOBaHb BU3HAYABCS SIK BUMOTAMH PO3IO/IITY IOIepe-
YHOTO Tepepizy ra3oxoay Ha piBHO3HAYHI IUISTHKH, TaK i ()aKTHYHOIO HAsSBHICTIO
TEXHOJIOTIYHMX OTBOPIB Ha JIOCII/PKYBaHUX JISTHKAaX Ia30Xx0/iB aroMamuH. Jlo-
CJIJPKEHHS] KOHLIEHTPALiT Ty 0 NMEPETHHY Ia30BOTO MOTOKY MPOBOIMIOCH Ba-
TOBHM METOJIOM.

3HaueHHs KOHIEHTpaliil MMy B ariorasax B BaKyyM-KaMepax arjloMaIlnHH
JI0 00po0OKkH aromuxTu po3urHamu [TAP ta mics 3anponoHoBanoi 06poOKH po-
3uuHamu [1AP 3 BuTpatamu 60 T/T HaBeCHO HA PUCYHKY 1.
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Pucynok 1 — KonuneHtpauis nuiiy B arjiora3ax B BAKyyM-KaMepax arjioMalInHu
(:xepeso: CTBOpeHO aBTOPOM)
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Po3misiHyTO MUTaHHS 3HIPKEHHS IOYATKOBOT 3alMIIEHOCTI arorasis Oe3noce-
PEIHBO IiJ IoneTaMy artoMainiH. HaBeneHi Ha pucyHKY 1 pe3yabTaTé IHIOBOTO
KOHTPOJIIO MOKa3yI0Th, 1110 3actocyBaHHs [TAP nist 0OpoOKH aromuxTy J03B0-
JIsi€ 3HU3UTH TI0YATKOBY 3aIlICHICTH arvIorasiB, sKa BUMipIOBallach B BaKyyM-Ka-
Mepax armoMainuau, Bix 15 % mo 40 %. Le, 6e3yMOBHO, J03BOJISE 3MEHIITYBATH
MIJIOBE HaBAHTAKCHHS HAa HACTYIHI anapaTd Ta300YMINEHHS: ITHIOBIOBIIONOUI
OyHKepH IIiJl BaKyyM-KaMepaMH, IJIOBIIAIAI0Ui OyHKEPH Tepe MyITbTHINKIIO-
HOM Ta 0e3rocepeHb0o Ha MYJIBTHIUKIIOH.

PesynbraTy BUMipiB KOHIEHTpALI] NIy NEpes MyJIbTHIUKIOHOM HaBEICHO
Ha PUCYHKY 2.
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0 20 40 60 80 100 120
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Pucynok 2 — 3anuienicts rasis (Mr/m3) nepea MyJIbTUIHMK/IOHOM IIPH Pi3HUX BH-
Tparax IIAP na o0pooky arnommxtu (Ixkepesio: CTBOpeHO aBTOPOM)

Hageneni Ha pucyHKy 2 AaHi MOKa3ylOTh, IO B PE3yJbTaTi 3aCTOCYBaHHS
ITAP 3anmmieHicTh ariiora3iB mepen MyJIbTHIHKIOHaMH armomaniH Ne 2 ta Ne 5
3MeHIIYEThCsl mpuonu3Ho Ha 40 %. [Ipudomy piBeHb 3alMIICHOCTI ra3iB B ra3o-
xomi armoMamHA Ne 2 BHIIE, HIXK B aHAJIOTIYHOMY ITOTIEPEYHOMY Iepepisi ariio-
ManiHU Ne 5, 1110 MOXKJIMBO 3yMOBJIEHO BUCOKOBOKO HEPIBHOMIPHICTIO MHJIOTa30-
BOTO HABaHTAKCHHSL.

PesynbraTu eKcriepuMeHTaTbLHUX J0CIIKEHb KOHLIIEHTPALIT ATy MTiCIIs O4H-
CTKH B MYJIGTHIIKJIOHI HABE/IEHO HA PUCYHKY 3.
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BucHOBKM

Pe3ynbraTi KOHTPOITIO 3aITUICHOCTI aryiorasiB Micisl OYMIIEHHS iX B MyJIbTH-
IIUKJIOHI ITOKa3yIoTh, 110 3acTocyBaHHA [IAP s 00poOKH arIommuXTH JO3BOJISE
3HM3WUTH 3alIICHICTh aryiora3iB, SKi BUKHIAIOTHECSA B aTMOC(EpHE TOBITPS Ha
86%. 1le 00yMOBIICHO K 3MEHIICHHSIM TOYATKOBOI 3alUJICHOCTI arjiorasis, sKi
HAIXOIATh B MYJBTHULMKIIOH, TaK i AUCIICPCHUM CKIIaJIOM IIHITY B OUHIIAEMHUX ar-
Jorasax.

Sk BHIHO 13 HaBeIEHUX Pe3yNbTaTiB KOHTPOJIIO 3aIMMICHOCTI ariorasiB Ha pi-
3HUX JIUITHKax pyXy ariorasiB B ra3oxojiax arIOMalllH 3aCTOCYBaHHS IHH JUIA
00poOku arnmommxtu pozunHamu [IAP no3BoIsie 3HU3UTH KOHIIEHTPAIIIIO TIITY B
arorasax Ha ycix JUISTHKax ra3oxomny.
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I'ipHnya MpoOMHUCIIOBICTH € OAHUM 3 HAHOULIBII TOTYXHUX (haKTOPiB aHTPOIIO-
TeHHOTO BIUIMBY Ha JaHAmAadT. B paifoHax po3poOKu KOPUCHUX KOTIAJIHH Binly-
BAIOTHCSI JIOKAJIbHI TOPYIICHHS NPUPOAHUX JaHamadTiB. Benanka KiUTbKICTb 1 mH-
POKe PO3MOBCIOMKCHHS Kap €piB 3 PO3POOKH KOPUCHHUX KOTIAJIIH Ta BiIBaJIK PO3-
KPHMBHHUX IIOPiJl CYTTEBO BILIMBAIOTH HA 3aralbHUK ()OH MPUPOJHUX JIaHAIIAPTIB.
Po3pi3HAIOTE IpAMUIL Ta HETIPSIMHUIN BIUTMB TipHAYOTO BUPOOHHUIITBA HAa IPUPOIHI
nmaaamadTH.

[psiMuii BIUIMB CKJIAAE€THCSI 3 PYHHYBaHHS Ta MEPETBOPEHHS JaHAIIA(TIB
MpoIlecaMy TEXHOTEHHOI IeHyIallii Ta aKyMyJIsILil, ki BigOyBaloThCs Oe3mocepe-
JTHBO TP TiPHUYIONO0YBHIHN MisTIBHOCTI.

HenpsiMuii BIUTHB TipHH40K00YBHUX IiANPHEMCTB MOISIae B 3a0pyIHEHHI
MPUPOIHUX 00’€KTIB TOKCHYHHMH BHKHAAMH 1 CKUJAMH, 3a6py)1H}0Baann AKi
po3ciroThes mpu AedIsLil BinBajiB, eKCIUTyaTalil eHepreTHYHUX 00’ €KTIB, MiAT-
PHEMCTB 3 TepepoOKu BUIOOYTHX KOPUCHUX KoMayuH. TpuBainuii abo iHTEHCHB-
HHH BIUTMB Ha HPHUPOIHI IPYHTOBO-POCINHHI KOMIIOHEHTH JIAaHAMIADTY TPU3BO-
JTh 110 1X TMOBHOI AECTPYKILii 1 HACTYNHY aKTHBI3al[il0 MPUPOJHUX EK30T€HHUX
nporeciB, BOAHOT a0 BITPOBOI epo3ii, 110, B IEpIIy Yepry, IPU3BOIUTH 10 MOPY-
IICHHS 3eMeJib, a B MOJAJBbIIOMY HOBHOMY IMEPETBOPEHHIO ICHYIOYHMX paHillle
nmaaamadTiB 1 BTpaTi HUIMU HOMIEPEAHBOI TPOTYKTHBHOCTI.

B pesynbrari B ripHUYONPOMHUCIOBUX paiioHax (OpPMYIOThCS HOBI 32 CBOIM
TEHE3UCOM, CTPYKTYPOIO 1 QYHKIIIOHYBaHHSM TEXHOTeHHI TaHAmadTu. Ha cydac-
HOMY eTalll HalBaKJIUBIIIUMHU 3aBIaHHAMHU PalliOHAIHHOTO MPHUPOIOKOPUCTY-
BaHHS TipHHYOJOOYBHHX PETIOHIB €: KOMIUIEKCHE BHKOPHCTAHHS MiHEPaJbHHUX
pecypciB, BUIOOYTHX i3 HAIp, OXOPOHA MPHPOJHOIO CEPEAOBHINA, CKOHOMIUHA
e(heKTHBHICTh iCHyBaHHS NaHMmadTy. BupinieHHs nuX 3aBIaHb MOB'I3aHE 3 BH-
3HAUEHHSIM TIOHSTTSI IIPUPOIHO-PECYPCHOTO MOTEHIIaTy JaHAmadTy i B pe3yiib-
TaTi pO3pOOKOI0 MPUHIIMIIOBO HOBHX i BIIOCKOHAJICHHSM iCHYFOUHMX TEXHOJOTIH
BHTYCHHS KOPHCHHX KOMIIOHEHTIB 3 HaJ(p, KOMIUIEKCHOT nepepoOKu BHA00YTO
MiHepaJIbHOI CHPOBHHH i3 3aCTOCYBaHHIM 3aMKHYTHX 1 MaJIOBIIXOTHUX CXEM, BH-
KOPHCTaHHSI OCTEXHOTCHHUX JIaHJIIA(TIB SIK JUISTHOK /I PO3MILeHHs 00'€KTIB
AJIBTEPHATUBHOI CHEPTETHKH.

MeTta

Po3mIsiHYyTH TOLINBHICTE BUKOPUCTAHHS HOPYLICHUX TiPHUYUMH pOOOTaMH
TEpUTOPiii, 30KpeMa MopoaHKX BinBaniB Kpusbacy, 11 BCTAHOBJIEHHS BiTpOEHE-
pretruanx yctaHoBok (BEY). Jlokaszarn edextuBHicTh BuKoprcTanHsa BEY 3 Be-
PTHKAJIBLHOIO BicCIo 00epTaHHS

MaTepianu Ta meTogm

[TpuponHo-pecypcHUil NMOTEHIian — 1€ 3AaTHICTb HPUPOJHOTO KOMIUIEKCY
ab0 OKpeMHUX HOro KOMIIOHEHTIB 3a/I0BOJIbHATH MOTPEOH CYCHIIBCTBA B €HEprii,
CHUPOBHHI, 3A1HCHIOBATH Pi3HI BUAM T'OCTIOAAPCHKOI TisTBHOCTI.

B ripunuonoOyBHuX palioHax, 30kpeMa i B Kpusbaci, npupoaHo-pecypcHuii
MOTEHIa] CKJIAJAI0Th TMOpPYyIIeHi ripHnYuMHU pobotamu tepuropii. HeobximHo
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BpaxoBYBaTu 1 TOM (akT, 10 HEraTWBHUI BIUIMB MOPYIICHUX TIPHUYUMH PoOO-
TaMH TEPUTOPi Ha HABKOJIWIIHE CEPEIOBHIIE 3 YacOM B OUIBIIOCTI BHUITAAKIB
TUIBKHU TTOCHIIIOETHCS, TOMY JIyKe BayKJIIMBO 3HAWTH MOXKIIUBICTD IXHBOT'O BUKOPH-
CTaHHS.

[Mpobnema mMOpyHIEHUX TIPHUYUMH POOOTAMHM TEPUTOPIH MOTIPUIyETHCS
IBoMa (pakTOpamMu — BUCOKOIO KOHIIEHTPAIIIIO TIpHUYIOTO BUPOOHUIITBA — 1 OIH3H-
KICTIO TIpHHYOMOOYBHHUX IiAIPHUEMCTB IO XHUTIOBOI 3a0ymoBu. Bemwki mopy-
IICHHS MPUPOIHUX JaHIADTIB CIIOCTEPIralOThCS B THX MICISX, € AUITHKH BiJl-
KPUTHX TipHUYHX POOIT YepryIOThCS a00 3HAXOAATHCS Ha OJHUX IUIOIIMHAX 3 IIi-
JI3EMHUM BHUA00YTKOM.

I3 po3BuTKOM OOYBHOI MPOMHCIOBOCTI TOCTPO IMOCTa€E MpodieMa TEeXHO-
TeHHO MOPYIIEHNX TepuTopiil. KpiM npsiMoro ekoHOMI4HOTO 30UTKY, OB’ 13aHOTO
3 BWIYYECHHSIM NPOAYKTUBHUX YTi/b, TOPYIICHI 3¢MJIi HAHOCSTh HaBKOJIHUITHHOMY
NPUPOAHOMY CEpPENIOBHUILLY CEPHO3HHI €KOJIOTIYHNI 30UTOK.

TexHoreHHMH BIMB HA MOPYIICHUX TPHUYUMHU pOOOTaMHU TEPUTOPISAX MOIS-
ra€ y HaCTyITHOMY:

— 3HUIICHHS MEPBUHHUX MPUPOAHUX TaHAMA(TIB a00 IXHS IHOOKa TpaHC-
(hopmarris;

— BWJIYYEHHS 3 MPUPOJHOTO CEPEOBHINA KOPUCHUX KOIAJHH; 3eMENbHUX
PECYPCiB; POCIMHHOCTI; TOBEPXHEBHX Ta IMiA3CMHUX BOII;

— BHECCHHS B HABKOJIMIIIHE CEPEIOBHUIIIE 3a0PYyIHIOIOYHX PEYOBHH B TBEPIiii
(a3i (po3KkpHBHI MOPOIH, ITyCTa IIOPOAA, XBOCTH 30aradueHHs, 3alIlOBaHHA Bij-
BaJIiB 1 TEPUKOHIB, ITKJI BiJl BUOYXIB y Kap’epax); B piaKii pasi (pyaHUYHI 1 mIaXTHI
BOJIM, CTIYHI BOJH, ITyJIbIIA, IIJIAMH); B Ta30TIONI0HOMY BHIVISI I (BEHTHIIALIMHHI BH-
KAOW IMaXTHUX 1 PYIHUYHUX Tra3iB, Ta30NONiIOHI pPEYOBHHH BiA BHOYXiB B
Kap’epax);

— 3MiHa reo(i3MYHAX 1 (I3UIHMX IOIIB — TPABITALIHHOTO, EICKTPUIHOTO,
MAarHiTHOTO, TEMIIEPaTyPHOTO; eIEKTPOMATrHITHOTO BHIIpOMiHIOBaHH:; mymy (ITi-
BHJK et al., 2015).

Oco0nuBHii BIVIMB Ha MOSBY NOPYIICHNX 3€MeJIb HA/IAI0Th BIJKPUTI Ta Mij3e-
MHI TipHAYi pOOOTH.

Ha cyuyacHomy erani HaliBa)XIMBIIIMMH 3aBAaHHAMH PalioOHAIBLHOTO MTPUPO-
JIOKOPUCTYBaHHS TpHUY0/I00yBHUX PETiOHIB € KOMIUIEKCHE BUKOPHCTAHHS MiHe-
palbHUX pecypciB, o BUAOOYTI 3 HAJP, OXOPOHA IPHUPOTHOTO CEPETOBHILA, EKO-
HOMIiYHa e()eKTUBHICTh iICHYBaHHs JaHamadry.

Jlanamadtu KpruBopizpkoro ripHnuo100yBHOTO pErioHy B 3Ha4HiH Mipi 00y-
MOBJICHI IIPOMHCIIOBOIO TiSUTBHICTIO Ta TipHWYINM BHI00yTKOM. HasBHICTH Benu-
KO KUIBKOCTI BiT9y>KEHHUX 3E€MeJb € IIEPCHEKTUBOIO €(DEKTUBHOTO BUKOPHCTaHHS
TEXHOTEHHO MOPYIIEHUX 3eMeJb B TipHUY0100yBHUX perioHax. 3apa3 Kpusopiss-
KUH 3a11i30pyJHUI KOMILJIEKC MPEACTaBICHUH 5 ripHUY0-30aradyBaJbHIMH KOM-
Oinaramu 3 9 kap'epamu, 8 MIIOYMMHU IIAXTaMH, & TAKOXK HU3KOIO JOMOMIXKHUX
CTPYKTYp. 3arajbHa IUIoma BiTdyKeHHX 3eMelb B KpuBopixki craHOBUTE 69,9
THC. Ta. 3 HUX Tia kap'epu BixBeaeHo 15%, mia BigBamu — 25%, mig XBOCTOCXO-
Buia — 28%. Alne 3 NOpyIEeHNX IO PEeKYJIFTUBOBAaHO BChOro Onmm3bko 1%, a
O6mm3pko 8% IO 3HAXOAATHCS 11032 TMPOBEICHHSAM TIpHWYMX poOIT 1 He
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BUKOPUCTOBYIOTBCS B CLILCBKOMY TocIiofapcTBi. TakuM 4MHOM, ICHYIOTH HepcIie-
KTHBH BUKOPUCTAaHHS aJbTEPHATHBHUX JDKEPeT eHepril B yMOBaX TEXHOT€HHO 3Mi-
HeHuX JaHamadriB rippuyono0yBHUX perioHiB kpainu (Kopach et al., 2022; I1la-
map et al., 2015).

OGroBopeHHs Ta pe3ynbTaTtu

Jyxe LiKaBUMH 1 NMEpPCIEKTUBHUMHM, B KOHTEKCTi €()EKTHBHOTO BHKOPHC-
TaHHS TOPYIICHUX TipHWYMMH POOOTaMHU TEPUTOPIH, € MOXIIMBOCTI BUKOPHC-
TaHHS NOCTEXHOTCHHUX JIAHAMATIB JUIs PO3MIILICHHS BiIHOBIIOBAIBHUX JKEpes
eneprii (BJIE), 3okxpema Bitpoenepreruku (Rogers et al., 2006).

B VkpaiHi y IpoMHCIIOBHX MacITadax 3acTOCOBYIOThCS BITPOTEHEPATOPH i3
TOPH30HTAIBHOIO Biccro obepranHa. CTapToBa MIBHIKICT BITPY IS BiTpOTEHE-
paTopiB 3 TOPU3OHTAILHOIO BICCIO 00EpPTaHHS CTAHOBHUTH 3,5-4,5 M/c, a HOMiHa-
mpHA — §8-12 M/c. Li mudpu nmputamaHHi 11 TepUTOPii A30BCEKOTO Y30€peikiKs,
aje B LUIOMY JUist OLIBIIOCTI TepuTOpil YKpaiHu cepenHs MBHIKICTh BITPY CKIla-
Jae ymirtky 3-6 M/c, y3UMKY BiTpH CHJIBHIMI — 5-8 M/c, TOMY JUTs OiBIIOCTI TEPH-
Topii kpainu (B ToMy umcii i KpuBdacy) BUKOpuCTaHHS BITpOreHEpaTopiB 3 TOPH-
30HTAJIBHOIO BIiCCIO 0OEpTaHHS € HEMOXXIMBUM. Tomy 11 ymoB Kpusbacy moui-
JIBHO PO3MISIHYTH 1HIIME BUJ BITPOr€HEPaToOpiB — 3 BEPTHKAJIBHOIO BicClO 00ep-
taHHi. CTapToBa MIBUIKICTH TAKUX BiTpOoreHeparopis ckianae 0,5 M/c i mpu mBH-
JIKOCTi BITpY BXe 3 M/C BITpOreHepaTop MO)Ke BUXOAUTH HAa CBOIO HOMIHAJbHY
MOTYXHICTh (KHI/IquK 2016).

3 eKOJIOTIUHOT TOYKH 30Dy, Kle SIBHUX TIepeBar BUKOPUCTAHHS B1TporeHepa—
TiB, TAKHMX SIK: BIJICYTHICTb BHUKH/IB i CKHiB, OS3MEUHICTh JUIs TBAPUH 1 NTaxiB,
HU3bKHHI PiBEHb IIyMy TOILIO, CYTTEBUM CTA€ T€, 10 AJIS IX PO3TAITyBaHHS MOXHA
1 TOIIJIbHO BUKOPUCTOBYBATH 3eMEJIbHI AUITHKH, SKi BUBCCHI 3 BUKOPUCTAHHS 3a
MPU3HAYEHHSAM, TOOTO TEXHOTCHHO MOpYyIIeHi 3eMJIi. /1o HUX MOXXHa BiTHECTH Ma-
JI03aceJIeHI PEeTiOHH, IyCTOIIli Ta BUBECHI 3 il 3eMENbHI JIiISHKH, HAa SIKUX PO3-
TAIIOBAaHO 00’ €KTH TipHUYMX MignpreMcTB. Hampukiaz, 1ie JomigbHO Ul TepH-
topiii Kpusbacy, 1ie icHye 6arato mopyuieHux ripHHYuMy poOOTaMu BUTBHHX Te-
purtopiii. Btk pamioHadBHUM i MIEPCIICKTHBHUM € MOXIIUBICTh BHKOPUCTAHHS
TEXHOT€HHO MOPYIIEHUX 3€MeJIb JJIsl BCTAHOBJICHHS BITPOCHEPIeTHYHHX yCTaHO-
BOK. Hampuknan, MmoxxHa po3ramoBysatu BEY Ha nopoguux BifBanax pi3HHX BU-
COT, TUM CaMMM 30UIBIIYI04H BUPOOHHIITBO eneKTpoeHeprii. CepeHs IBUIKICTD
BiTpy Ha BucoTi 10 M nopiBHIOE 6 M/cek, To Ha Bucoti 100 M — Bke 9,6 M/cek.
Takum 9MHOM, Ha BUCOKHX BiJ[BajlaX BiTpOEHEPTeTHUHUH MoTeHmian oyae Ha 60%
nepeBHILyBaTy piBHUHHMHI. Ha Tepuropii micra Kpuswuii Pir HanmiuyeTtses 19 Bin-
BaJIiB PO3KPHUBHHUX TIOPiJ] i HEKOHANUIIHHIUX Py, SIKi 3aiiMaroTh Moty 6imssKo 6,0
THC. Ta, a CEPEAHBOPIYHA IBUKICTH BITPY cKkianae 2,5-3,5 m/c — 1i 3emJ1i € rpu-
JIATHAMH JUTS BCTAHOBJICHHSI Ha HUX ManuxX BEY 3 BepTukambHOIO Biccio obep-
TaHHA. B Tabmumi | npencraBieHo po3paxyHOK BITPOEHEPTETUYHOTO MOTEHIIATY
B ymoBax M. Kpuswmii Pir 1y Beprukanpaux i ropusontansaux BEY (Medvedieva
et al., 2024; Cedar Lake Ventures, Inc., 2021). 3 tabnumi 1 BumHO, IO 11 yMOB
Kpusoro Pory 6inpmr ehekTHBHIM € 3aCTOCYBaHHS BepTHKaIbHIX BEY, mpuaomy
JIOBEJICHO, 10 iX e(EeKTHBHICTH CTPIMKO 3pOCTAa€ 3 BUCOTOIO, & BHPOOJICHHS
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CJIEKTPOCHEPTii MOYMHAETHCS HA OUTBII HU3bKHUX IIBUAKOCTSAX BITpY.

Ta0auug 1 — Po3paxyHOK BiTpoeHepreTH4HOro NOTEHLiaTy /ISl BePTHKAJbHUX
i ropuzonTanibaux BEY B ymoBax M. Kpusuii Pir 3a 2021 pik
(dxepeno: Medvedieva et al., 2024)

Bupo6HuuTBO Torysuicrs BupooHuuTBO
Cepennbopiuna | IloTy:kHicTh Be-| eJeKTpoeHeprii - ——— eJeKTpoeHeprii
KinbkicTh| mMBHAKICTH Bi- |pTHKaAbHOIO Bi- KBT aHiB 1151 IBHOIO BiT- KBT'AHiB 1715 TO-
IHIB 3 BiT-| TPy Ha BHCOTi | Tpsika HA BH- | BePTHKAJIbLHOI PH30HTAJIBHOL
pom |ycramokm BEY|  coti, % BEY (500 kBr) p"f;;“},/f“' BEY (500 kBr)
Ha BHCOTI ’ Ha BHCOTI
20m | 100 m 20m | 100m | 20m | 100m | 20m 100 M| 20Mm | 100 m
12 1,15 1,6 - - - - - - - -
68 2,3 3,2 2 6 680 2040 - - - -
97 3,45 4,8 10 21 4850 | 10185 - - - -
81 4,6 6,4 20 40 8100 | 16200 - 4 - 1620
50 5,75 8 32 57 8000 | 14250 | 3 12 750 3000
29 6,9 9,6 46 80 6670 | 11600 | 7 20 1015 2900
13 8,05 11,2 57 100 3705 | 6500 12 48 780 3120
7 9,2 12,8 71 100 2485 | 3500 | 22 78 770 2730
4 10,35 14,4 86 100 1720 | 2000 | 39 | 100 780 2000
4 11,5 16 100 100 2000 | 2000 | 58 | 100 | 1160 2000
3apix | 3apik 3apik | 3apik
38210 | 68275 5255 | 17370

Buxopsiuu 3 pe3yssTariB po3paxyHKy (Tabnui 1), npu po3TainryBaHHi BiTpoO-
arperariB Ha Bucoti 20 M, B ymoBax KpuBoro Pory BepTukasibHi BITpO€HEpreTH-
YHI YCTaHOBKHM MOXKYTh BUPOOJIATH €JIeKTpOoeHeprii Oiybliie Hixk B 7 pa3iB 3a Tpa-
JIIIHHI (Topr30oHTaIbHI). KiITKiCTh BUPOOICHOT eIeKTpOeHeprii 30UIBITyEThCS 3
BUCOTOIO po3TamnyBaHHd BEY.

PozramryBaHHS TOPH30HTAIBHUX BITPOCHEPTETHYHUX YCTAaHOBOK Ha IOBEp-
XHI BUCOKOTO BinBaiy BUCOTOIO 100 M 30iiIbIIye KibKICTH BUPOOICHOT €IEKTPO-
eHeprii 3 5255 kBr-nHiB 10 17370 xBT-1HiB, T0OTO B 3,3 pa3m.

BeprukanbHa BITpOEHEpPreTHUHa yCTAaHOBKA MPHU aHAJOTTYHUX YMOBaxX po3-
TalryBaHHA 30UTBIIY€E KUTbKiCTh BUpoOIeHoi eHeprii 3 38210 no 68275 xBt-aHiB,
T00TO B 1,8 pasu.

[NopiBHIOIOUN MOKAa3HUKH BEPTUKAIBHUX Ta TOPH30HTAIBHUX YCTAHOBOK IPH
ix posramryBanHi Ha BijgBanax (68275:17370 kBT-nHiB) MO)KHA 3pOOMTH BHCHO-
BOK, 1110 e(heKTUBHICTh BepTHKaabHuX BEY 3pocrae B 3,9 pasmu.

BuCcHOBKM

IpuposHo-pecypcHuii MOTEHIIa]l — CYKYITHICTh IPUPOIHUX pecypcm TepH-
TOpll 110 BU3HAYAE Mipy MOXKJIMBOTO BUKOPHCTAHHS (Ipu 3a1aHUX TEXHIYHMX 1
COLIIANIbHO-EKOHOMIYHUX MOXKJIMBOCTSIX 1 MPH YMOBI JOTPUMaHHS E€KOJOTIYHUX
00MeXeHb) KOMIOHEHTaMH IIPUPOTHOTO CEPeIOBHUINA 3 ypaxXyBaHHIM IXHBOI 3/1a-
THOCTI /10 BifHOBJIEHHA. BimoOpakae CTymiHb ydacTi KOMIIOHEHTIB IPHUPOTHOTO
Cepe/loBHUINA B 3370BUILHEHI PI3HOMAHITHHX HOTpeO cycmimberBa. HerarnBHui
BIUIUB TOPYIIEHUX TipHHYMMH poOOOTAaMH TEPUTOPiH Ha HABKOJIHIIHE
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CEpEIOBHILE 3 YaCOM B OUIBIIOCTI BUMA/IKIB TIIbKU TOCHIIOETHCS, TOMY JY)KE Ba-
JKJIMBO TXHE MOJAIBIIe BUKOPUCTAHHS. TaKiM YMHOM HEOOXiTHO 3HANTH MOXKITH-
BICTb, HE TIOBHOTO BIJTHOBJICHHS LINX TEPUTOPIii, a e(hEeKTUBHOTO iX 3aly4eHHS Y
TOCIIOAAPCHKY MisIIBHICTH PETioHYy.

st KpusOacy icHye MOMKIIMBICTB 3aJTy4eHHs OPYIIEHUX TpHUYUMHU poOO-
TaMH TEPUTOPiH A BiTpoeHepreTuku. [Ipn BupoOHMIITBI enekrpoereprii BEY
He 3a0pyIHIOIOTE Hi TMOBITPS, Hi BOXY, Hi IPYHT i HE BHPOOISIOTh HEOC3IMEUHNX
BiaxoniB. Jloka3aHa e(h)eKTHBHICTH BUKOPHCTaHHS BepTUKaIbHUX BEY.
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[Tix vac BiliHM, cripuunHeHo0 Pociero, B Halii KpaiHi SIK HIKOJIX TOCTPO HO-
CTaJIM EKOJIOTi4HI MUTAHHA. AJDKE 1€ TIPOCTO HEMPHUITYCTHUMO, 100 y IBAIIATH
MEepIIOMY CTOJITTI, B IEPiOJ] KOJIU B CBITI € e CTUIBKU HEBHPILICHUX MpooeMm,
oJHa KpaiHa movaja 30poiHIA KOH(IIKT Ha TepUTOPil iHIO, i THM CaMHM CTBO-
pHIIa 3arpOo3JIUBY €KOJIOTIYHY CUTYALiI0, SIKY JIOACTBO HAMArajaocs OKPaIluTH He
OIIMH JIECSITOK POKiB. Pocilickka arpecist mpoTu YKpaiHu € CYIUIBHUM €KOIHIOM,
3aHOTYBATH BCi IPOSBH SKOTO MPAKTUYHO HEMOXKIIMBO, B TOMY YHCIHI, 1 mependa-
YUTH BCi HacKiaku. Hamiii kpaiHi npuiineTbest AoKIacTu 6araTo 3yCuilb, IUIs TOTO,
o0 IOpPUANYHO TOBECTH OYEBHIHI pedi — 3arubeslb MUPHHUX JKHUTEINIB, pyHHY-
BaHHS EHEProcucTeM, iHPPaCTPyKTypH, IPOMHUCIOBUX ITIAIPUEMCTB, MiHYBaHHS
TEPUTOPIH, 3HMIICHHS JiCiB, MOJIB, KPAaAKKA Ta 3HUIICHHS oOmamHaHHA. Ha
JKallb, LI Mepetik MOoXKHa MPOJOBXKYBaTH IyKe J0Bro. Bci ykpainmi croziBa-
IOThCSI Ha YCHIITHE 3aBEPIICHHS BOEHHOTO KOH(IIKTY 1 pa3oM 3 THM PO3YMIIOTH,
10 HaCJIIIKK WOTO BIUIMBY Ha HABKOJIMIIHE CepeloBHINE OylyTh BiadyBaTh Ha
co0i He TITFKY HUHIITHE TOKOJIHHSA, a # IeKiJbKa MPHHAICIIHIX.

dopmynioBaHHA Npobnemm

Cepen yciX KOMIIOHEHTIB HPHPOIHOrO cepeloBHIIa atMocdepHe MoBiTps,
MaOyTh, B HAWOUIBIIOMY CTYMCHIO MiJIa€ThCS HETAaTHBHUM 3MiHAM BiJ BiiHH,
TOMY IO BHACJIIOK BOPOXKHX yIapiB MO BEIUKHX MPOMHCIIOBUX MiAPUEMCTBAX,
HadToOa3ax, rigpoeneKkTpoCTaHLifgX, IHPpPaCTPyKTYpi, KUTIOBUM OymiBIAM i 1H-
UM BaXXJIMBUM 00’€KTaM B HHOTO HAIXONATH Y BENUYE3HHUX KITBKOCTSX IIKif-
JIMBi PEUYOBHHH, B TOMY YHCJII TOKCHYHI, SIKi BIUTUBAIOTh Ha 37I0POB’Sl 1 )KUTTS JIO-
Jieii 1 TBapyH, 3HUIYIOTh YHIKaJbHI €KOCHCTEMH, 1[0 PO3TAILIOBAHI HA TEPUTOPIT
Vkpainu. [IpeqmMeToM gaHOro DOCIIKEHHS € 3a0pyIHEeHHsT aTMOc(epu K-
BUMH PEUOBHHAMH

HAaHi Ta meTOgM

HeraruBHuil BIUTMB 320pyAHIOIOUUX PEUOBHH BUBYAIM METOIOM CTaTHCTHY-
HOTO aHaJIi3y, EKOJIOT1YHY IIKOJIY BH3HAYaIM 33 METOAMKOI PO3PaxyHKy Heopra-
HI30BaHMX BUKUJIIB 3a0py/IHIOIOUMX PEYOBUH a00 CyMillli TAKMX PEYOBHH B aTMO-
chepHe MOBITPs BHACIIIOK BUHUKHEHHS HAA3BUYAHHUX CUTYyaIliil Ta/ab0 i yac
JIiT BOEHHOTO CTaHy Ta BH3Hau€HHs PO3MipiB 3aBaaHoi mkoau. (MiHicTepcTso. ..,
2022).

Pe3ynbTatm HeraTMBHOro BrJiuBy BOEHHMX Ain Ha
armocdepHe noBiTpsa

Tperiii pik nocmine Pocist HelaHO BUHMIILY € MEIIKAHIIB YKpaiHK Ta poOnThH
HETPUIATHAM JUISl )KUTTSl HABKOJIMIIHE CEPEIOBUILE 1 BUKOPUCTOBYE JUIS L[OTO
BCl MOXJIMBI BUAM 030poeHHs. HaBiTh ONPH CaHKIi1, BOPOT 3aKyIOBY€E BOCHHY
TeXHIKy Ta ii CKJIaIOBI YaCTHHU Yepe3 TpeTi KpaiHu, Mae moctadanus 3 Ipaky, Ku-
Talo Ta KpaiH, SKi MATPUMYIOTh BOEHHY arpeciro.
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B tabn. 1 npeacrasneHo iHpopMalliio PO 3HHUILEHY BOPOXKY TEXHIKY 3a Iie-
piox 3 2022 poky o HUHINIHIA 9ac Ta HaIXOPKCHHS BUKHIIB y aTMOcpepHe 1mo-
BITps. AJie 5k 6araTo TEXHIKH IIe 3aJHIIa€ThCs BOIOBATH 1 CIIPUYMHSITH TparivyHi
HACITIAKM. SIKIIO K AO#aTH 1O HaBEIEHHX 3HAYCHH NaHi PO Halle IOHiBEUCHE
030pO€EHHSI, TO BIUIUB BUSBUTHCS HA0AraTo OOIIOUILINAM.

Ta6auus 1 — KiabkicTh 3HUIIEHOT HA3eMHOT Ta aBialiiiHol BOPOKOI TeXHiKH,
3aBaani 30uTku (I:xepeso: Exo3arposa, 2024)

3unmena Ttexdika |Kinbkictb, mt.| Kinbkicts, mt. | Bara Bigxo- | Bukuam B at-
10 BepecHs 10 :xoBTHS aiB, T Mocdepy, T

Tanku 8518 8940 399418 32766
FEM 16521 17740 238994 24797
Aptcucremu 17156 19203 284531 31476
PC3B 1166 1223 49379 2774
3aco6wu I1I10 926 973 34092 1734
JliTaku 367 368 6790 15308
lenikonTepu 328 328 2263 1505
ABTOTEXHIiKa 23142 26185 370680 13132
ucTepHu 3 naJuBOM 77 77 1925 3054
BIIJIA OTP 13864 16686 763 232
Kpunari paketu 2438 2618 1166 8
Bceboro 84503 94341 1452738 129504

Tinbku 3a octanHid Micsip (3 10 BepecHst mo 10 >KOBTHsI) CepeHil MPUpPICT
JikBinamii TexHiku ckaas~ 9 %, Npu IbOMY B HAOUIBIIOMY CTYIEHIO 3pOCIIO 3HH-
miennst BITJIA (va 20,95%), aBrorexniku (Ha 13%) Ta aprcucrem (ua 11,9 %),
Bara BiaxoZiB 3pocsa Ha 8,9 %, a Bukuau B arMocdepy miaBuImMch Ha 7,3%.
3apy4HHKaM¥ 3HUILEHHS TEXHIKH CTalOTh arMoc(epHe NOBITPs, OTIM IPYHTH Ta
BOJHI 00’€KTH, Ha IKHX OCIaIOTh 3a0pyaHIO0Ui pedoBuHM (3P), M0 BUMamaroTh
BHACJIIJIOK OYHMIIEHHS aTMOC(epH, JFOAN Ta KOMIIOHEHTH EKOCHUCTEM.

LIxoxa, 3aBrana aTMOC(EepHOMY MOBITPIO 32 Yac BillHHU, JOCAIIIA 32 MiApaxy-
HKamM¥ MiHIOBKIUISA 3HaYeHHS Y 779,63 mupa. rpH. (Tadi. 2).

TakuM 4rHOM, HAHOUTBIIMX BTPaT aTMOC(HEPHOMY IMOBITPIO 3aBIAIOTH TO-
piHHS HATH, JIICOBUX 1 IHIIUX HACAJKEHb.

Ta0nanusg 2 — 30uTkH aTMocdepHOMY NOBITPIO 3a Yyac BiliHN, 3aBaaHi 30UTKH
(Ixepeso: Exo3arposa, 2024)

Jxepeno BnauBy | Ulkona, | KiabkicTh HadTO- Inoma Bukuau B aT-
MJIpA. TPH | IPOAYKTIB Ta rasy,| 00’ekTiB, mo | Mocdepy, T
10 3ropijiv , T 3ropijim, ra

Topinns HadTH 138,36 3071820 - 10781960,0
Bukngm 3P y ositps | 0,00708 - - 260,0
Mliconi moskesii Ta It 65 3 85911,0 | 613544540
HACa/DKEHHS
3HUIIEHHS 00’ €KTIB 5,88 192,9 38 216608.0
Bcboro 779,63 78754,452 112860417,0
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OCHOBHUMH JIXKEpEIaMy 3a0pyIHEHHS MTOBITPSI Ta HAJIXOMKESHHS HIKIJUTMBUX
PEYOBHHH Bi HUX i 9ac BOEHHUX Jilf € 3HUIMICHHS 00MOBO{ TeXHIKH, pyHHY-
BaHHSI Ta TOPiHHS MPOMHUCIIOBUX ITiJIPHEMCTB, TU3EIIbHI Ta NaJHBHI TeHEPAaTOPH,
JIETOHAIisT OOEMPHITIAciB, 3aCTOCYBAHHS 3a00POHCHUX MIXHAPOIHUMH KOHBEHITI-
SIMU OOETIPHIIAciB, PO3MIHYBaHHS TEPUTOPIHL.

B ymoBax pyifHyBaHHS Ta HOIIKODKEHHS [UKEPET eNeKTporeHepamii Ykpaidi
npuiANIIoch 3akynuTH 670 THC. IW3ENPHUX Ta MAJMBHUX TreHeparopiB. Bonn
CTaJIM JIOKAJIbHUMH JpKepeslaMH IIlyMOBOTO BILTHBY (10 95 b 3anexHo Bijg HOTY-
JKHOCTI) Ta 3a0pyIHEHHS MTOBITPSl OKCHAMH BYTIICIIO, a30TY, CIpKH, APIOHNMH Ha-
ctkamu PM2,5 Ta PM10. /Tu3enbHi reHepatopy y HaliOUIbIIOMY CTYHEHIO HIX Ia-
JMBHI TeHEpYIoTh came PM2,5 ta PM 10, siki HaCTNBKH MaJti Ta pyXJIMBIi, IO TIPH
B/IMXaHHI MMOTPAIUISIOTH JIO aJIbBEOJ JIETEHb Ta MOXYTh 332 TPUBAJIOL Jii CLIpUYH-
HATH XPOHIYHWH OpOHXIT, XpOHIYHE OOCTPYKTHBHE 3aXBOPIOBAHHS JIETCHBb
(XO3JI) Ta acTMy, MOXXYTh IPUBOAUTH 10 BUHUKHEHHS CEPLIEBO-CyAUHHHIX 3aXBO-
pIOBaHb 1 HaBITH 10 paky (2023).

PyiiHyBaHHS IPOMHCIIOBHX 00’ €KTIB sIK, Harpukiaz, 5 yepsus 2023 p. mom-
KomKkeHHs TpyOompoBoay TombsarTi — Oneca 3 amiakom y Kym'sHChKOMY paiioHi
XapKiBChKOT 001aCTi BHACIIIOK POCIHCHKUX OOCTPIIIB, MPU3BEIIO A0 HOTO PO3re-
pmetu3anii Ta BUToKy 134 T amiaky. HaamipHa KoHIIEHTpalis aMiaky B aTMocdepi
BeJie JI0 HeTaTHBHOTO BIUIMBY Ha 3/10POB's JIFOIEH, TAKOTO SIK MOAPAa3HEHHS O4ei
Ta IUXaIbHUX MUIAXiB, OPOHXIT, THEBMOHIS, HAOPSK JIETCHB i panToBa cMepTh. Jis
amiaKy Ha HaBKOJIMILIHE CepelOBUIIE 00yMOBJIEHA HOTO JIy)KHUM XapaKTepoM — B
pe3ynbTati peakiii MoJIeKya aMiaKy 3 KHCIOTHHMH KOMIIOHEHTaMH, TAKUMH 5K
niokeup cipku (SO2) yTBOPIOIOThCSL aTMOC(hepHi aepo30ili, sIKi MOTipUIYIOTh SK-
icTh OBiTps (AHTYpels et al., 2022).

[Tix yac ropiHHS IPOMHUCIIOBOTO €JIEKTPOOOIaIHAHHS Ha MiIPHEMCTBAX YT-
BOPIOIOTECS MOIIXJIOpoBaHi OieHin Ta TIOKCHHU —TOKCHYHI XIMiYHI peYOBHHH,
SKi IPOBOKYIOTh B OPTaHi3Mi JIIO/IEil T€HETHYHI MOPYLIEHHS, MOsBY 3JI0SKICHUX
MYXJIMH, IPUCKOPIOIOTH TIPOLIECH CTapiHHA, IPUTHIYYIOTh IMYHITET, HEPBOBY CH-
cremy (Kosiii et al., 2017).

Cepreunuk 6aratboXx OpOHEOIMHUX CHApSIIB BHTOTOBILIIOTH 31 301THEHOTO
ypaHy mija yac BUOYyXy Ta 3rOpPSIHHS SIKOTO YTBOPIOETHCS aep030Jib PagioTOKCHY-
HuX okcuniB ypany (UsOs , UO; ) i3 wactkamu Bix 0,5 1o 5 MkM. 3Ha9HA KiTBKICTh
JCHIepraliifHuX aepo30JiB TPUBAJIMH Yac 3HAXOMUTHCS B IOBITPi, MOCTYHOBO
0Ci/la€ Ha TIOBEPXHi Ta 3r0JJOM MIrpy€e B IPYHTH Ta IPYHTOBI BOIH.

OcHoBHa Hebe3IeKa BiJ] 301JHEHOTO ypaHy BUHUKAE Y BUITAIKY HOTO MOTpa-
TUISTHHS B OPTaHi3M Y BUDVIS TMJIOBHUX 4acTOK. Taki 4aCTKM HEPO3YMHHOTO YpaHy
MOXXYTb 3aJIMIIATHCS B JISTCHEBUX TKAHWHAX, 0COOIMBO B JTiM(paTHYHHUX By3Jax,
JI0 KUIBKOX POKIB. YpaH, L0 MOTPAIKB JI0 IUTyHKOBO-KHIIKOBOTO TPAKTY, [IOTAHO
BCMOKTY€ETBCS 10 KpOB’sIHOTO pycia. OCKinbkn 30iIHEHHH ypaH € IepeBaXHO
anbda-BUNPOMiHIOBaUEM, HeOE3MEUHNM € caMe HOTO OCiJaHHS B TKAHWHAX Opra-
Hi3My, 1€ BiJ| ajb(]a-BUIIPOMIHIOBaHHS HEMAa€ HIsIKOTO 3axXUcTy. Takox ypaH — 1e
BOXKUI MeTaj, HAKOIMYEHHS SIKOTO B OPraHi3Mi MO)Ke HPU3BOAUTH IO MOPY-
IIeHHS POOOTH HUPOK, MEYiHKH Ta IHIINX OPraHiB.

VY psai perioHis, Takux Ak XapkiBmmuHa, Jlorbac, CymmuHa, XepcoHIInHA
pocisiHM 3acTocOoByBaJi 3a0opoHeHi y 1977 nonaTkoBUMH HPOTOKOJNAMH JIO
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JKeneBchKoi KOHBEHIIIT Ooenpumnacu 3 0imumM hochopom.

Temmepatypa ropiaas pochopy Bkpait Bucoka — 6nmmszpko 800°C. Takuit po-
cdop 3anuniae Ha oAs3i Jeb MOMITHI JIPKH, a Ha MIKipi miJ HUM — OOByINIeHI
OpraHi4YHI TKAaHUHI;, MOXKYTb OYTH HOIIKO/HKEH] KiCTKM Ta HaBiTh KiCTKOBHUII MO-
30K. Y pasi BAMXaHHS POIKApEHOI CyMillli BiIOYBAETHCS BUIIAIOBAHHS JICTCHb.

VYce 11e IPU3BOIAMTH 10 THKKUX Ta OOMICHUX KaJINTB, a Ko ¢hocdop y Oymnb-
SKOMY BUIISIAI TIOTPAlUTh BCEPEIMHY OPTaHi3My, Ie Beme A0 OOIicCHOI cMepTi.
Jnis nronuam netaneHa no3a — 0,05-0,15 rpama docdopy. JleTansuuil Bumaaok
MOXK€ HACTYNHTH, HABITh SKIIO OMIKH Bix (ocdopy nmokpunu He Oinmbmie 10%
HIKIPH JIIOIMHU — CMEPTh HACTAE Yepe3 TiMOKAIBIIEMII0 (BUMUBAHHS KaJIBILIO 3
KpoBi) uepe3 1-2 mobu micist moxii.

3HauHy HeOe3MneKy s aTMOC(EPHOro MOBITPSI CTAHOBJIATH PaKeTHI ylapy.

3a nanumu ronoBHokoMaHyBaya 3CY Onekcanapa Cupcbkoro 3 24 moToro
2022 p. mo 20.08.2024 pociiicbki Bifickka 3amycTwiu mo Ykpaini 9627 paker
(2429 3 mux BHanock 36utH), 6m3bko 14 tic BITJIA (36uT0 9266) Ta 33 THC. Ke-
poBanux aBiabom6 (KABiB).

Po3paxyeMo Macy MIKiJUIMBUX PEUOBHH, 10 HAIIMIIUIN y TOBITPS 3 ypaxyBaH-
HSIM MacH 0OMOBOI YaCTHHU pakeT pi3Horo tumy (Tadi. 3).

Haii0inpury HeOesneky arMochepHOMY MOBITPIO CHPUIHHIIA 30UTi KpUIaTi
paketu X-555/101, 6anictiuni pakern [ckanaep M/KN ta pakeru C-300/400, siki
YHCIIEHHO NepEeBakajy B 3aTaJIbHIA CTPYKTYpPi PaKETHOTO 030pO€HHS 1 CTAHOBHIIH
63,9 %, 1x yacTka y 3a0pynHCHHI MOBITPs ckiana 56,4 %.

Ta6auus 3 — HaaxomkeHHsI NIKiVIMBUX PEYOBHH Bi/l 3SHUIIEHUX PaKeT B aTMOC-
(epHe noBiTps 3 nouarky Bilinu (I:xepesio: CTBOpeHO aBTOpaMu)

T . . .| Bunymeno Pociero | 3nu- | Maca GoitoBoi | Maca mkinau-
I noBiTpAHOI 36po mig yac BiliHu IEHO | YACTHHM, KI' |BUX PEYOBMH ,T

Ickarnep K ra M/KN 1502 132 480 504,7
X-555/101 1846 1441 410 529,8
X-22/32 362 2 960 2433
X-35 15 1 145 1,5
X47M2 Kumxan 111 28 500 38,85
3M-55 Onikc470 211 12 300 4431
Kami6p 894 443 450 281,61
Hupkon 6 2 400 1,7
C-300/400 3008 19 180 379,0
Touka-y 68 6 482 22,9
X-25/29/31/35/58/59/60 1547 343 170 184,1

[HIi pakeTn 57 0 200 7,98
Bceboro paker 9627 2429 2239,75
Hpoxn 13977 9266 15 147,0
Bcroro 2386,75

CnamoBaHHs a00 yTHITI3ais MiAPHUBOM OANICTUTY — TBEPAOTO PaKETHOTO I1a-
JMBa Ha OCHOBI HITpaTy LENIONO03M Ta HITpoe(ipHUX PO3UMHHHKIB, IO YaCTO
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3aCTOCOBYIOTh Y PaKeTHUX JIBUTYHaX BiHCHKOBOTO NPH3HAYEHHS, CYNPOBOIKY-
€ThCS YTBOPSHHSIM Psly TOKCHYHUX KOMITOHEHTIB (3aJIe)KHO BiJ BUAY IaJIMBa, HA
SKOMY TIpallloe KOHKpeTHa pakera), a came: CO no 416,2 r/kr; C no 86,4 r/kr; Pb
1o 6,7 r/kr; PbO mo 1,8 r/xr; NO go 161,6 r/kr; NO, mo 2,9 r/xr; CHs mo 55,0
mar/kr; NHs o 0,3 r/kr; HNO; 10 0,4 r/kr; HCN 10 5,2 r/KT, TaKMM YUHOM, TOK-
cu4gHa yactuHa ckiagae 10 70 %. /1o 1MxX BUKUIIB CIiJT TOAATH CYMIII IPOIYKTIB,
SIK1 3aCTOCOBYIOTH JUISI IIPUBY BUOYXOBOI pedyOBHHU O0OMOBOI YaCTHHU PAaKETH, a
TaKOK TOKCHYHI MPOAYKTH TOPIHHS €JIeKTPOHHOro oOniajHaHHA pakeTd (AHry-
pens et al., 2023).

[TpoBeneMo po3paxyHOK e€KOJIOTIUHOI mKoau Py s armocdepHoro nositps
Bif 30uTHX pakeT 3a popmymnoro (MiHictepeTso..., 2022).

PI.I.I = Mi BHKHJT X Cr{ X KHe6 X KB X KMH X K1'm (1)

1€ Mi puun — Maca BUkuY, T; Cy, — CTaBKa MOJATKy 3a HEOPraHi30BaHI BUKUIM
3a0pyIHIOIOYHX PEIOBHUH, TPH/T; Kies — KOC)IIIEHT KiTacy HeOe3neku 3a0pyaHio-
10uux pedoBuH; Ky — koedillieHT BIUIMBY Ha TOBKIUJUIS B 3aJI€XKHOCTI BiJl TPHBAJIO-
cti moii; Ky, — KoedimieHT, o 3ai1eXuTh Big Macirady noxiit; Ku, — koedirieHt,
1110 3aJIEKUTH BiJ XapaKTepy NOXOKEHHS MOl

Koedimientn K, Kyn, 32 YMOB HEBH3HAUEHOCTI MO pHUMAITH TAKUMH, IO
JopiBHIOOTH 3 Ta 1,2 BianoBigHo. Ky ctanoBuB 10 1711 BOEHHHX YMOB.

PesysnbraTn po3paxyHKiB HaBeeHO y TalI. 4.

Taoauus 4 — Po3mip exos1oriuyHoi mkoau st armocdepu BiJ 3ropsiHHs 00HOBUX
YaCTHH pakeT 3a nepion 3 24.02.2022 p. no 20.08.01.2024 p.
(Ixepeso: CTBOpeHO aBTOpaMH )

HlkinauBa peyo- Maca 3ropinoi pe- Exosioriunuii moma- ]I:(I):g;lil:;: Po3mip
BHHA yoBuHHU, Mi, T TOK, IPH/T LIKOIH, TPH
3MeKH
CO 0,041 96,99 2 954,38
Pb Ta iforo ciomyku 0,0000695 109127,84 5 23,11
PMi0+PM25(caxa) 0, 00062 96,99 3 16,19
NOx 0,42 2574,43 2 277493,76
CO2 85,04 30,0 2 306144,26

Benuka KibKiCTh OKCHIIB a30Ty MicCJIsl pAKETHUX aTtak 00yMOBJIEHa 3aCTOCY-
BaHHSM PiJUHHUX OKHCHIOBAYiB PAKETHOTO MaJbHOTO HA OCHOBI a30THOI KHCIIOTH
(pedoBunn 1-to kmacy Hebesneunocti) — AT ta AK-271. A30THi OKHCHIOBadi, TO-
TPAIUISIOYH B I'PYHTOBHIA IIOKPUB, B3AEMOIIIOTh 3 IPUCYTHIMH B IPYHTI JIyraMH Ta
YTBOPIOIOTB HITPATH 1 HITPUTH, SIKI HAKOIIMIYIOTECS Y POCIIMHAX 1 OTIM 3aB/Ial0Th
MeTreMonto0iHeMii (KUCHEBOTO rojoayBaHHs opraHiB) smroauHi (Dolzhenkova,
2024).

Bracnifok Toro, 1mo y 6i1bII0CTi Cy9acHUX BUOYXOBUX PEYOBHH BUKOPUCTO-
BYIOTB CKJIaJIi @30THI CIIOJYKH, SIKi OKHCITIOIOTHCS i/ 9ac BHOYXY, caMe IIi IIPOAy-
KTH YMHSATH Pa30M 3 JI0KCHIOM BYIJICIIO Ta OKCHJIOM BYIJVICII0 HAHO1IBIY €KOJIO-
TiYHY LIKOMY.
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BucHOBKM

Ha cporonmHi 44 kpaiHu 3 TpbOX KOHTHHEHTIB CTaJM y4acHHIsIMH Peectpy
30UTKiB, 3aBIaHuX arpecieto Pocii mpotu Ykpainu. Ale HisKi po3paxyHKH He I10-
KasyloTh ICTHHHOTO CTaHy aTMOC(EpHOTo MOBITPS i THX TOBrOCTPOKOBHX 3MiH,
1110 OYiKYIOTh HACEJICHHS HalIol KpaiHu, ¢ropy Ta dayHy y HaWOImKIui nepion
TIOKH TPHUBAIOTh BOEHHI ii, 1 micys iX 3aKiHIeHHS.

Heo0OximgHo 30upath BCi (haKTH BUSBICHUX CKOJIIOTIYHUX 3JI0YHHIB JIJIsI ChOTO-
JICHHOTO TIPUHHATTS YIPaBIiHCHKUX PIIIEHb HA BCIX PIBHAX — BiJ MOJITHYHOTO
KepiBHULITBA JEPXKABH, TPABOOXOPOHIIIB, EKOJIOTTYHHUX IHCIIEKTOPIB 10 Mepeciy-
HUX TPOMAJISH 010 iX mogonanHs. KoxkeH ykpaiHels y pa3i BUSBICHHS KOJIOT -
YHUX 3JI0[isIHb HE Ma€ 3aJIMIIATHCS OaiirykuM Ta Mae ix (ikcyBaTH ISl MOJalb-
IIOTO MiAPaXyHKY 3aMoisTHIX 30UTKIB Ta OTPUMAHHS penapartiii.
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Purpose. Analysis of the dynamics of changes in the amount of sulfur dioxide en-
tering the atmosphere from stationary and mobile sources of pollution. Design /
Method / Approach. The research methodology is based on the use of descriptive
statistical methods to establish mathematical dependencies for forecasting the en-
try of sulfur dioxide into the atmosphere from stationary and mobile sources of pol-
lution. Findings. Volumes of sulfur dioxide from stationary sources are greater than
volumes from mobile sources, constant monitoring of air quality in the city is nec-
essary. Stimulating actions on the part of state, regional and local authorities are
necessary to reduce the entry of sulfur dioxide into the atmosphere from transport
and equipment running on fuel with a high sulfur content. Theoretical Implica-
tions. Mathematical dependencies have been obtained for forecasting the amount
of sulfur dioxide entering the atmosphere from stationary and mobile sources of
pollution. Practical Implications. The trend of changes in the volume of sulfur di-
oxide intake from stationary sources of pollution for the period of 2016-2023 in
Ukraine is decreasing, but in 2023 there was an increase in volumes by 7,7% com-
pared to 2022. The trend of changes in these volumes in the Dnipropetrovsk region
is not unambiguous. In 2023, the volume of sulfur dioxide increased by 57,6% com-
pared to 2022. Over the past two years, the amount of sulfur dioxide from mobile
sources of pollution has decreased by 27% due to a 28% decrease in the total
number of newly registered vehicles in Ukraine for the specified years. Originality
I Value. The analysis of statistical data is simultaneously based on the elements of
descriptive statistics, on the mathematical dependencies of the dynamics of
changes in the volume of sulfur dioxide entering the atmospheric air from various
sources of pollution, and on the graphical presentation of statistical data. Research
Limitations / Future Research. Future research will be aimed at establishing
mathematical relationships between the volumes of sulfur dioxide from mobile
sources of pollution and the species composition of transport. Paper Type. Empir-
ical Paper.
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Po3BHTOK €KOHOMIKH Ta 3pOCTatoyi TeMIHy ypOaHizawii Npu3BoAsLTh 10 30111k~
IIEHHS IPOMHCIIOBOTO CEKTOPY BUPOOHMIITBA, SIKMH HAPOIIy€e CBOI IOTYXHOCTI 3
METOIO 3aJI0BOJILHUTH MOTPEOH HACEIICHHS B TOBapaX CIIOKMUBAHHS Ta I IBUILIUTH
eKOHOMIYHHH piBeHb Kpainu. [ligBUIIEHAS MaTepiadbHOTO Ta COIiaIbHO-EKOHO-
MIYHOTO PIiBHS OJHOYACHO MPUBOIHUTH JO 30UIHIICHHS MIKIIITUBUX BUKHUJIB, IO
HaJXOMATh B HABKOJIMIIIHE CEPEIOBUIINE Bijl pi3HUX BUPOOHHIITB Ta TPAHCIIOPTHUX
3aco0iB. 3a o0csTaMu BUKUAIB ITEPEBaKAIOTh: TIOKCH] BYTJICIIO, OKCHJ BYIJICIIIO,
OKCHUJIU CIPKH Ta a30TY, & TAKOXK OPTaHivyHi CIIOJyKH, METaH, CaXa. 3a CTaTHCTHY-
HUMH JaHUMH JeP:KaBHOI CITy)KOU CTaTHCTHKHN YKpaiHU 3arajibHi 00CATH BUKHIIB
3a0pYIHIOIOUMX PEYOBHH B aTMoc(epHe NoBiTps Brpoxosxk 2016-2023 pokiB B
CepeqHbOMY BiJl CTalliOHAPHUX JPKEPEN BUKHUIIB CTaHOBIATH 2430,5 THC. T. Ha PIK,
Big nepecyBHUX — 1557,5 Tuc. 1. Ha pik. YacTka BUKUAIB BiJl IEPECYBHUX JDKEPEI
TI0 BIJHOIICHHIO IO CTAalliOHAPHHX ITOCTYNOBO 3pocTae Bix 52,3% y 2016 pomi no
68,5% y 2023 porii, 1110 TOBOPUTH MPO 301IBIICHHS y HACEICHHS BKUBAHOTO aB-
TOTPAHCIIOPTY 3 ABUTYHAMH BHYTPIIIHBOTO 3TOPAHHS.

Jliokcua Cipkd B HABKOJHIITHBOMY CEPEIOBHII YTBOPIOETHCS MPH CIIAIIO-
BaHHI MaJIMBAa, 110 MICTUTH CipKy. J[0 [keper, o BUKOPHUCTOBYIOTh TAaKe MaJINBO
BIJTHOCSATHCSI: aBTOMOO1JTi, KOpaOii, TU3elIbHE 00JIaJHAHHS, 10 MPAIIOE Ha MaJuBi
3 BHCOKHMM BMICTOM Cipku. Takoxk JIOKCH CIpKH BUKHAAETHCS B aTMOC(EpHE I10-
BITpSI Mifl Yac ACSKHX MPOMHCIOBUX IMPOIECIB: BUAOOYTOK MPUPOTHOTO ra3y Ta
HadTH, HadTOTIEpepoOKa, mepepodka CynbpITHNX Py, XIMIUHI IPOIECH, a TAKOXK
i yac ByJKaHIYHOI AisutbHOCTI. Jliokcun cipku SO, € MOMIpHO HEOC3ICUHHUM,
aJie TOKCHYHUM Ta30M, SIKHH Oe31ocepeHbO0 IKOIUTh 37I0pOB 0 MIoauHY. BiH Ba-
JKYMI 32 TIOBITPS Ta Ma€e 3aylUIMBUIL 3amax, Mpy KOHLEHTpalii B arMocdepi Oi-
aemre 500 Mr/m® Moxke GyTH cMepTenbHEM. IIpy GiNbII HU3BKUX PIBHAX MOXKYThH
BUHHKATHU 0O0JIi B TPYASIX, IPOOIEMH 3 IMXaHHSM, MOJPa3HEeHHs O4eil, a TAKOX I10-
TipIIEHHS CTaHy 3/10pOB’s Y JIFOAEH, 1110 MAIOTh CEPLIEBO-JIETCHEBI 3aXBOPIOBaHHSI.
IIpu piBHsAX KoHIEHTpawii 20 Mr/m> a0 HIKUE HE TOBUHHO BUHUKATH LK JJIMBHX
HACJIJIKIB IS 300poBOi roanHu. Hopmanbha ¢onoBa konnenTpanis SO; B atmMo-
cdepi 3a3Buuaii cranosuth Menme 1,1...10 mr/m>.

YTBOpeHHs cynbdatiB y popMi aepo3oiiB abo ayke IpiOHUX YACTHHOK Y TI0-
BITPi MOXYTb NMPU3BOAUTH /IO NMOCUJICHHSM HAIaJiB aCTMH, CEpIIEBO-JIEI€HEBUX
3aXBOPIOBaHb 1 mpoOieM 3 AuxaHHsM. Ha BigmaneHi Bij Jpkepena BUKHIB OKCHIN
CIPKM MOXYTb NEPETBOPIOBATUMYThCSI HA KUCIIOTH B Pe3yJIbTaTi peakiiiii BOgHOT
(azu B atmocdepi. Lli KuCIO0THI aepo30:1i 3pEIITOI0 BUMAJAIOTh Y BUTIISII KHCIIO-
THUX JIOIIIB, CHIry a00 TyMaHy 3a BiJIIOBITHUX METEOPONIOTIYHAX yMOB. [1limkuc-
JICHHSI IPYHTOBHX 1 TOBEPXHEBUX BOJ IPU3BOIUTH JI0 BUBEICHHS BKKHX METAIIIB,
3HUIICHHS KUTTS Ta pyHHaii OyliBelbh B MiCTax.

AHani3 ocTtaHHIX gocnig»XeHb

VY 3B’53Ky 3 BUILIEBKa3aHUMHU HACIIIKAMU BIUIHBY JTIOKCHY CipKH Ha JIFOIHHY
Ta MPUPOJHE CepEeAOBHUIIE, 3HAYHA yBara B CBiTI MPUIIISETHCS TOCITIKSHHIO Ha-
nxomkeHHs SO, B HABKOJMIITHE CEPEIOBUINE, CIIOCO0aM MOHITOPHUHTY Ta KOHT-
POITIO, @ TAKOX BIUIMBY HA CTaH 340POB’ s HacesneHHs. Tak, B po6oTi (Ipeaiyeda &
Adegboyega, 2017, c. 5-7) mpoBeneHe TOCIiKEHHS TTOKA3aJ10, 10 aHTPOIIOTSHHA
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JUSUTbHICTD, TaKa SIK CIaJI0OBaHHs BUKOITHOTO NAJMBa Ta JIiSUIBHICTB JIIOfICH B KO-
MEpUifHIX, XUTIOBHUX i IPOMHUCIIOBHUX 30HAaX BiAIrpalOTh BEIUKY POJb Y MiABH-
nieHH1 poHoBHX KoHIEHTpariii SO, no 15 paszis. HaykoBi naHi mokas3yioTh, IO
JIFOITH, SIKi IPOKUBAIOTH, IPAIIOIOTH | HABYalOThCS B Mexkax 150 — 300 metpiB Bix
aBTOMaricrpaneil NOCTiiHO nepeOyBalOTh B 30HI 3a0pPYJHEHOTO MOBITpPA, IO
CHpUYHHSE TPOoOIEeMH 31 3M0pOB’SM, BKITIOUAIOUHM JICTEHEBi 3aXBOPIOBAHHSA, iH-
CyneT Ta mependacHi mojoru (Samuels & Freemark, 2021, c. 12-15). IIpoanami-
30BaHO BIUIMB Tpadiky pyXy MICHKOTO Ta HPHBAaTHOTO TPAHCIIOPTY Ha 3a0pyn-
HEHHA aTMOC(EpHOTO IMOBITPs, IO 3HIWXKYE PiBEHb TPOMAICHKOTO 3I0POB’S
(Commodore Ta iH., 2021, c. 4-5).

Or1iHEeHO BIUTHB IIBHAKOCTI BIiTPY, HOTO HANPAMKY Ta (OHOBOIT KOHIIEHTpAIIi1
Ha KOHLICHTPALi10 3a0pyJHIOI0UHX pedyoBUH N00m3y nopir (Baldwin Ta in., 2015,
c. 224). IlpoBeneHo aHaNi3 3a0pPYTHIOIOUMX PEYOBUH MMOOIN3Y BEIHKHUX JOPIT Y
JKUTIOBUX, KOMEPIIMHUX Ta NPOMHUCIOBHX paifoHax wicra (Ipeaiyeda &
Adegboyega, 2017, c. 5-7). Takoxx mokazaHo, 1m0 xo49a SO, JIETKO OKUCITIOETHCS
JI0 Cip4aHOi KHCJIOTH, SIK IPaBUJIO, IPOTITOM AEKIJIbKOX THXKHIB, ane SO» Bifirpae
Ha0araTo akTUBHIIIY pOJb Yy iHINiIOBaHHI Ta KOHTPOJI II00aIbHOI MOTETUTIHHSI
(Hausfather, 2024). OxpiM NapHUKOBHX ra3iB (TaKuX SIK ByIJICKHUCIHH Ta3), sKi
CHPUSIOTH 3MiHI KJIIMaTy, B aTMOC(epHE TIOBITPS HAIXOOUTH 0araro iHIMX ra3is,
BKJIFOYAIOUM OKCUH CIPKH Ta a30Ty. [cHye Oararo HayKoBHX JI0Ka3iB TOTO, IO 3a-
XOJIY II0J0 3MEHIIEHHS [IUX 3a0pyIHIOIOYNX PEIOBHH HOKPAIIYIOTh SIKICTh TTOBi-
Tps, ajie, B TOH e yac, CIPUSIOTh IPUCKOPEHHIO NI00aIbHOTO TTOTEIUTiHHS, OCKi-
JHKY BOHH NIPU3BOJISATH 10 YCYHEHHS OXOJIOPKYIOUOTO epeKTy IuX rasis. Jlo mmux
Mip PeryIoBaHHS 3MIHU KIIIMaTy Ta SIKOCTI MOBITPsI OOTOBOPIOBAJINCH HE3aJIEIKHO.
B po6orti (Kontovas, 2020, c. 3) mpoBeneHO OIIHFOBaHHS BIUTHUBY 3aXOJiB IIIOJ0
TMOJIMIIEHHS SIKOCTI TOBITPs HA 3MiHH KJIIMaTy, 1 HaBIaKH.

MeTa Ta 3aBgaHHA

MeTor IaHOTO MOCIIUKEHHS € aHall3 AUHAMIKM 3MIHH OOCSTIB HagXo-
JUKEHHS! IIOKCHY CIpKH B aTMOC]epHe HOBITPs Bijl CTAlllOHAPHUX Ta MEPECYBHUX
Jokepen 3a0pyaHeHHs. OIHATH, K CHIBBIAHOCATHCSA MK c000t0 BUKUAN SO» Bij
PI3HMX JDKEpel HQIXO/DKEHHS 1 UMM 11e MoXke OyTH 00yMOBIICHO.

Marepianu Ta meTogu

B naniit po60Ti Ha IepIIOMy eTari TOCIiIPKEHHS 33 CTAaTUCTHYHOIO iH(pOpMa-
Li€10 JiepkaBHOI cyx0m cratucTuky Ykpainu (Habopu nanunx | [lepkaBHa ciry-
x0a crarmctuku  Ykpaimm, 2024) Ta  [IHinmpomeTpoBchkoi  obmacTi
(dneprstat.gov.ua, 2024) moa0 BUKH/IIB 3a0pyJHIOIOUNX PEUOBHH B aTMOC(EpHE
MOBITps OyJI0 TPOAHAi30BaHO AMHAMIKY 3MiHU 00CSTIB HAJIXOMKEHHS TIOKCHITY
cipku B arMocepHe MoBITps Bij CTAlliOHAPHUX JKEPeNT 3a0pyIHEHHS OKPEMO Ta
y CIiBBiHOIIEHH] M co6010 32 2016-2023 poku, 1o Moxa3aHo Ha pUCYHKax 1-
3. Tennenuis 3Minu oOcsriB SO, y armocdepre moiTps 3a nepion 2016-2024
POKIB BiJ| CTAIllOHAPHUX JDKEPEIT 3a0pyIHEHHS JyKe 100pe OIUCy€eThCs J0TapH-
dbmivHoRO 3aexHicTIO (1) 3 BenmmauHOo0 qoctoBipHOCcTi 0,8988 (puc. 1, kpusa 3).
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Pucynok 1 — lunamika 3minu o0csariB Hagxomkenus SOz y armocdepHe noBiTps 3a
nepioa 2016-2024 pokiB Bix cranioHapHUX AKepe 3a0pyIHeHHs 10 YKpaiHi
([Ixepeso: ABTop): I — CTATUCTUYHI JaHi; 2 — cepeHe 3HAYeHHs; 3 — JIiHisl TPeHay
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PucyHok 2 — Jlnnamika 3minu o0csiriB HaaxoxxeHHs1 SO2y arMocdepHe noBiTps 3a
nepiox 2016-2024 pokis Bix cTanioHapHuX Jukepes1 3a0py1HeHHs o JIHinponeTpos-
cbKiil o0aacti (kepesio: ABTop): I — cTaTHCTHYHI AaHi;

2 — cepelH€E 3HAYeHHs; 3 — JIiHisl TPeHAY

CepeziHe 3Ha4EHHS 00CSTiB JIOKCHY CIPKH BiJl CTAlliOHAPHUX JKEepelt 3a0py-
JTHEHHs 32 BKa3aHWH mepion ckiagae 63 1966,2 1. Ha pik. HalimeHme 3HayeHHS
33 8434,1 1. ciocrepiranocst y 2022 potii, 1110 MOB’53aHO i3 3yIUHKOI0 Oararbox
BUPOOHMITB B YKpaiHi B HaCJiZOK BilicbkoBOI cutyanii. Y 2023 pomi BinOymocs
30inbIIeHHs 00csTiB Ha 7,7% B nopiBHsHHI 3 2022 pOKOM, CKIIBKU TPOMHUCIIOBUIN
CEKTOp BIJTHOBIIIOE CBOi IIOTY>KHOCTI BUPOOHHIITBA.
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y,(x) =-3-10° - In(x) +10°, (1)

IIe X — POKH, yi(x) — o0csrn SO» B TOHAX BiX CTaliOHAPHUX JHKEpel 3a0pyTHEHHS
o YkpaiHi.

Ha pucyHky 2 HaBeneHo po3noain oocariB HaaxomkeHHs SO, y arMocepHe
moBiTps 3a mepiox 2017-2024 pokiB Bij CTamioHaApHUX JHKEPET 3a0pyIHEHHS IO
JuinporneTpoBerkiit obnmacti. B 2016 poui ui o6¢sirn cranosuiu 18 1911,7 1., mo
B JIeKiJIbKa pa3iB mepeBumyBano obcsru 2017-2023 pokis, Tomy i Oinbin
00’ €EKTUBHOTO JIOCITI/DKEHHSI i 00CSITH BHITYYESHO 13 PO3IIISLY.

Tengennis 3miam o6csarie SO, mpeacTaBieHa MOJIHOMOM YETBEPTOTO IIO-
pazaky (2), mo 3 Tounictio R? = 0,876 omucye nuHamiKy 3MiHM IUX OOCSTIB.

CepenHe 3Ha9CHHS 00CATIB TIOKCHUIY CipKH BiJl CTallioOHAPHUX JpKeper 3a0py-
JHEHHs 32 BKa3aHMH mepion no JIHimponeTpoBekKiil oonacTi ckianae 57 235,3 T.
Ha pik. HalimeHmi 3Ha4eHHs crioctepiramucs y 2019 ta 2022 poui, BiIMOBiTHO
48 154,4 1. ta45 531,1 7. V 2023 porii Takox Bi0ys0cs 30utbieHHs 00csriB SO,
Ha 57,6% B nopiBHsHHI 3 2022 pokom, 110 nepeBunmio nokasauku 2017 ta 2020
poki. [lignpuemcrna [IHITPONETPOBCHKOT 00IACT] BiTHOBIIIOIOTH CBOI MOTY>KHO-
cTi, ane Bukuau SO € T0CTaTHHO 3HATHUMH, 1[0 MOXKE CBITIUTH PO 301IBIICHHS
BUKOPUCTAHHS PECYPCIB 13 3HAYHUM BMiCTOM CIpKH Ta 301IbIIIEHHSM HETAaTUBHOTO
BIUTMBY Ha HaBKOJIMIIHE CEPEIOBUIIE.

y,(X) = 745.8- x* —11800- x° + 64520- x> —141345. x + 155577,  (2)

Iie X — pokH, yi(x) — o6csru SO, B TOHAX BiJl CTAI[IOHAPHUX JXKepes 3a0pyIHEHHS
1o J{HinponeTpoBchKiii 001acTi.

Pucynok 3 — Yacrka BukuaiB SOz BiA cTanioHapHuX T:KepeJ1 3a0pyTHeHHs
JHinponeTpoBchKOi 06,1aCTi M0 BiTHOLIEHHIO 10 3arajbHuX 00csariB SOz mo Ykpaini
(I:xepesio: ABTOp)
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J1ist GBI €T bHOTO PO3YMIHHS YaCTKH BUKU/IB NIOKCHIY CIPKH Bij CTalli-
OHApHUX JpKepel J{HImporeTpoBChKO1 00JIacTi O BiHOIICHHIO IO 3arajlbHAX 00-
CSriB BUKHJIB MO YKpaiHi MoOyZ0BaHO KPYroBy Jiarpamy Ha pHCYHKY 3. MoxHa
0aunTH, 10 HaHOLIBI HAAXOKeHHS criocTepiramucs y 2016 pori — 18% ta'y 2023
poui — 21%, mo cknamae m’ATy 4acTUHY ycix obcsrie SO, mo YkpaiHi, ToMy IO
JlHinmpormeTpoBchka 001acTh € OTYKHAM IPOMECIOBIM IIEHTPOM YKpaiHu.
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Pucynok 4 — /lunamka 3MiHu 00csAriB HagxomzkeHHss SOz y atmocdepHe NOBiTps 3a
nepiox 2016-2024 pokis Bix nepecyBHHUX JzKepeJ1 3a0pyIHEHHs 10 YKpaiHi
(Ixepeso: ABTop): I — cTAaTUCTUYHI 1aHi; 2 — cepeaHe 3HAYEHHS; 3 — JIiHisl TPeHAY

Ha npyromy erari 1ociiPkeHHs 32 CTATHCTHYHOIO 1H(GOPMALI€I0 1epKaBHOT
CITyOM CTATUCTHKN YKpaiHH, 0[]0 BUKHUIIIB 3a0pYJHIOIOUNX PEYOBHH B aTMOC-
(hepHe MOBITPs, OyIJI0 MPOAHATI30BAHO AMHAMIKY 3MIiHU 00CATIB HAAXOMKECHHS [Ti-
OKCHly CIpKH B arMoc(epHe HOBITPS BiJl NEpeCyBHUX Kepel 3a0pyIHEHHS 3a
2016-2023 poku, 110 nokazaHo Ha pucyHKy 4. TenaeHuis 3Minu 1ux oocsris SO,
Mpe/ICTaBIeHa TOJIIHOMOM TPEThOro mopsinky (3), mo 3 tounictio R? = 0,9307
OIUCYy€E NUHAMIKY 3MiHM 1IUX 00csriB. CepeiHe 3HaUSHHS 00CSTIB IIOKCHIY CIpKH
BiJl IEpeCyBHHUX JKepell 3a0pyIHEeHHs 3a BKa3aHWI nepiox mo YKpaiHi ckiajgae
17 070,9 T. Ha pik. Haiibinbini 3navenHs cnocrepiramucs y 2019 ta 2021 poui,
BignosigHo 19 803,2 1. Ta 19 643,3 T., a Hatimernmi y 2022 Ta 2023 poxax, BiIno-
BimHO 14 143,2 1. Ta 10 324,5 1. Tennentis 3miau oocsriB SO, Bif MEpecyBHUX
JoKepelt 3a0py/THeHHS Ma€ CIaJHUH XapakTep 3a OCTaHHI 1B POKH, B CEPEIHBOMY
Ha 27%, 110 00yMOBJIEHO 3MEHIIEHHSIM 3arajibHOI KITBKOCTI TPAHCIIOPTHHX 3aC0-
01B BIIEpIIC 3apeeCTPOBAHOIO B YKpaiHi 3a Bka3aHi poku Ha 28% (puc. 5).

y,(x) =-83.3- x> + 668- x* ~1017.2- x +18105, 3)
Jie X — pOKH, y1(x) — obcarn SO, B TOHAX Bij MEPECYBHUX JDKEPEIl 3a0pyIHEHHS

mo YkpaiHi.
Xoua 00csATH HAaIXOKEHHS JIOKCHY CIPKHU Bij IIEpPECYBHHX JUKEpPEN 3a0py-
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JTHCHHS CKJIQJatoTh Juiie 3-5% B MOPIBHSHHI 3 00CATaMU BiJl CTAI[IOHAPHUX JKE-
pern, aje i BUKUAN 30CepeDKYIOThCS Ha PiBHI OpraHiB JUXaHHS JIOAWHU, IO He-
TaTUBHO BIUIMBAE HA 11 370POB 4.
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Pucynok 5 — /lunamka 3MiHH KiJIbKOCTI 3apeecTpoBaHuX B YKpaiHi
TPaHCHOPTHUX 3ac00iB 3a nepion 2016-2023 poku (:kepesio: ABTop)

PesynbTatm

JocuimKkeHHs B 1aHii poOOTH, JO3BOIMIM OTPUMAHO HACTYIIHI PE3yJIbTaTH:

1. BcTaHOBJICHO 3aKOHOMIPHOCTI 3MiHH OOCSTIB HAIXOPKCHHS B aTMochepHe
HOBITPSL IIOKCHJLY CIPKHU BiJI CTalllOHApHUX Jkepelt 3a0pynHeHHs 3a nepion 2016-
2023 pokiB. Tennentiis 3minn o0csiriB SO» 1o YkpaiHi Mae CliafiHuUid Xapakrep, Xoua
y 2023 pori BinOynocs 30iblieHHs 00csriB Ha 7,7% B nopiBHsHHI 3 2022 pOKOM.
TennmeHmis 3MiHA TUX 00CATIB 0 [IHIIPOIETPOBCHKOT 00IacTi HE Ma€e OTHO3HAY-
Horo xapakrepy. Tak y 2023 poui BinOynocs 36inbmenHs oocsris SO, Ha 57,6% B
nopiBHsHHI 3 2022 pokoMm, 110 mepeBrIIIo moka3Huku 2017 ta 2020 pokis.

2. BcraHOBICHO 3aKOHOMIPHOCTI 3MiHH O0CSTIB HAJAXOKEHHS B aTMOc(hepHe
TOBITPS TIOKCHAY CIpKH Bifl IEpEeCyBHUX JKepen 3a0pyaHeHHs 3a nepion 2016-
2023 pokiB. 3a ocTaHHI 1Ba pOKH 00cATH HagxomkeHAS SO, Bill EpeCcyBHUX JIKe-
pen 3a0pyTHeHHsI SMEHITIIIHACS Ha 27% 3a paxyHOK 3MeHIIEeHHM Ha 28% 3araiib-
HOI KiJTBKOCTI TPAaHCIIOPTHHUX 3aC00IB BIIEpIIIE 3apeeCTPOBAHOTO B YKpaiHi 3a BKa-
3aHi POKH.

BuCHOBKM

JlaHe mocmimkeHHs MoKasye, mo o0caru HaaxomkeHHs SO, Bin cramioHap-
HUX JDKEpEeN € MepeBakalOuiMH HaJl 00CATaMH BiJl IEPECYBHUX JDKEpET 3a0pyi-
HEHHSA, TOMY HEOOXiTHMI MOCTIfHUH MOHITOPHHT SIKOCTI HOBITPS HAa TEPUTOPIii
MICTa, JIe PO3MIIY€eThCS 0araTto MPOMHUCIOBUX MIAMPHUEMCTB. A TaKOK HEOOXiTHi
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CTUMYJTIOI0UI JIii 31 CTOPOHHM JIep’KaBHUX, PEriOHAILHUX Ta MICIIEBHX OpPraHiB yIpaB-
JHHHS M0N0 3MeHIIeHHs BUKuAIB SO BiZl aBTOMOOLTEHOTO TPAHCHOPTY, a 0CO0-
JIMBO BiJl TPAHCIIOPTY, IO TPALIOE HAa Ma3yTi Ta TU3EIbHOMY MaJUBI.
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