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REGIONAL DIFFERENTIATION OF ENVIRONMENTAL RISKS AND ENVIRONMENTAL
PROTECTION FINANCING IN UKRAINE BASED ON OPEN DATA

Purpose. To assess regional differentiation in environmental risks and environmental protection financing
in Ukraine and to test a transparent risk-oriented screening approach for detecting oblasts where the relative level
of environmental pressure is not matched by an adequate financial response.

Methods. The empirical analysis is based on open statistical and analytical data. Mathematical modeling
is based on the differentiation of environmental risks and environmental financing, taking into account pollutant
emissions from stationary sources, air pollution in cities, capital investments and current expenditures of enter-
prises on environmental protection. The risk index was formed by min-max normalisation of the emission and air-
pollution variables.

Results. The problem is considered in the context of the spatial concentration of industrial emissions, the
need for evidence-based allocation of environmental resources, and the growing importance of recovery planning
under wartime constraints. A pilot sample of four oblasts was selected: Dnipropetrovsk, Donetsk, Zaporizhzhia
and Kyiv. These regions were chosen because comparable environmental and financial indicators were simultane-
ously available for them. For each region, the regional share of national emissions, the maximum urban air pollu-
tion index, the cumulative financial response for 2014-2023, the share of this response, the environmental pressure-
to-finance ratio and an integrated risk index were calculated. The selected regions together accounted for the
largest number of pollutant emissions from stationary sources in 2021, confirming the pronounced spa-
tial concentration of industrial atmospheric pressure. Dnipropetrovsk oblast ranked first by the integrated risk
index, and also had the largest share of cumulative financial response. Donetsk oblast ranked second by risk, but
demonstrated the strongest imbalance between pressure and financing. Zaporizhzhia oblast also showed an imbal-
ance, Kyiv oblast had a lower atmospheric risk profile but a relatively higher financial share.

Conclusions. Open data can be used for preliminary diagnostics of regional discrepancies between envi-
ronmental pressures and environmental protection financing. The proposed approach does not replace a full envi-
ronmental assessment, but it can serve as an initial analytical module for identifying territories that require more
detailed verification, targeted monitoring and priority consideration in regional environmental programmes. Fur-
ther research should extend the model to a full panel of oblasts and include wartime environmental damage, waste,
water, budget expenditure, environmental tax and socio-economic control variables.
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Introduction

Aligning environmental pressure with an
adequate financial response is one of the key is-
sues of regional environmental management.
For Ukraine, this issue has a dual nature. On the
one hand, the historically established industrial
specialisation of individual oblasts has resulted
in a spatial concentration of emissions, waste
generation and risks for public health. On the
other hand, the full-scale war has significantly
changed the spatial structure of environmental
threats by increasing the role of damage to in-
dustrial facilities, energy infrastructure, water
management systems and territories affected by
hostilities.

Open data make it possible to assess
these imbalances in a transparent and reproduc-
ible way. The State Statistics Service of Ukraine
publishes indicators of pollutant and green-
house gas emissions, including regional indica-
tors and indicators per person [1]. Separate da-
tasets are available on environmental protection
expenditure, capital investments and current ex-
penditure [2], and these datasets can be ac-
cessed and integrated through official digital in-
struments such as the developer API [3]. Addi-
tional contextual information is provided by the
strategic environmental assessment report for
the draft Circular Economy Strategy of Ukraine
[4], the EcoZagroza platform [5], the Open
Budget portal [6], regional environmental re-
ports [7] and open summaries of regional envi-
ronmental investments [8].

Contemporary international practice also
shifts the focus from the formal accounting of
environmental expenditure to the assessment of
its effectiveness and its alignment with environ-
mental needs. In the System of Environmental-
Economic Accounting, environmental protec-
tion expenditure is considered within a broader
system of environmental activities that de-
scribes the relationship between the economy
and the environment [9, 10]. The Eurostat hand-
book provides methodological guidance for en-
vironmental protection expenditure accounts
[11]. Green budgeting is increasingly used in
OECD countries as an instrument for

integrating climate and environmental priorities
into the budget cycle [12], while European and
international datasets make it possible to com-
pare environmental protection expenditure
across countries and policy levels [13, 14].

At the regional level, green budgeting
and environmental risk management are also
connected with the quality of governance and
the ability to direct financial resources to prior-
ity environmental needs [15, 16]. Empirical
studies show that green credit, environmental
protection investment and green finance can in-
fluence environmental sustainability and the fi-
nancial behaviour of enterprises [17, 18]. For
Ukraine and other transition economies, re-
search on financial management in regional en-
vironmental systems, automation of investment
calculations and the relationship between gov-
ernment expenditure and green innovation fur-
ther emphasises the need to connect environ-
mental risks, financial instruments and regional
development priorities [19, 20, 21].

For Ukraine, however, the unresolved
question is whether the spatial distribution of
environmental protection expenditure corre-
sponds to the spatial distribution of environ-
mental risk. Available open data often differ in
periodicity, level of detail and completeness, es-
pecially for the wartime period. Therefore, a
first step should be a screening approach that
identifies the most visible regional asymmetries
and forms a basis for more detailed analysis.

The purpose of the article is to assess the
regional differentiation of environmental risks
and environmental protection financing in
Ukraine on the basis of open data and to test in-
dicators that make it possible to compare envi-
ronmental pressure with the financial response.
To achieve this purpose, the following tasks are
set: to systematise open data sources; to form a
screening set of indicators; to calculate an inte-
grated environmental risk index; to assess the
ratio between a region's share in emissions and
its share in environmental protection financing;
and to identify regions with potential financial-
environmental imbalance.

Methods

The object of the study is the regional dif-
ferentiation of environmental risks and environ-
mental protection financing in Ukraine. The
subject of the study is the relationship between
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the level of atmospheric environmental pressure
and the accumulated financial response in the
form of capital investments and current ex-
penditure for environmental protection.
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The empirical part has the format of a pi-
lot screening study. Four oblasts are included in
the analysis: Dnipropetrovsk, Donetsk, Za-
porizhzhia and Kyiv. The choice is determined
by the fact that, for these oblasts, open sources
simultaneously provide aggregated indicators
of pollutant emissions from stationary sources
for 2021 and comparable indicators of environ-
mental protection capital investments and cur-
rent expenditure of enterprises for 2014-2023.
This sample does not replace a full panel of ob-
lasts, but it allows the proposed methodology to
be tested and its analytical applicability to be
demonstrated.

The basic environmental indicator is the
regional share of pollutant emissions from sta-
tionary sources in 2021 (Table 1). According to
open materials of the strategic environmental
assessment for the draft Circular Economy
Strategy of Ukraine, Dnipropetrovsk oblast ac-
counted for 24.8% of such emissions, Donetsk
oblast for 18.0%, Zaporizhzhia oblast for 11.6%
and Kyiv oblast for 5.1% [4]. An additional risk
indicator is the maximum air pollution index
(API) recorded for cities within the correspond-
ing region in 2021 [4].

The financial block is formed on the basis
of data on capital investments and current ex-
penditure of enterprises for environmental pro-
tection in 2014-2023. According to an open sum-
mary of State Statistics Service data, capital in-
vestments amounted to UAH 108.46 billion and
current expenditure to UAH 234.47 billion dur-
ing this period [8]. For each region, the cumula-
tive financial response is calculated as the sum of
capital investments and current expenditure.

Al tools were not used for data collection,
statistical calculation or generation of empirical

results. Al-assisted tools were used only for or-
ganisational support, language editing, structur-
ing of the manuscript and technical formatting;
all data, calculations, interpretations and con-
clusions were verified by the author.

The regional share in the financial re-
sponse is calculated as follows:

FS i=((CLi+CE i)/Z i(CL i+ CE 1)) x 100%,
(1)
where FS_i —the share of i-region in cumulative
environmental protection expenditure;
Cl_i — capital investment in i-region;
CE_i — current expenditure in i-region;
¥ i(CLi + CE i) — the total amount of capital
investment and current expenditure in i-region
Ukraine for 2014-2023.
To assess imbalance, the environmental
pressure-to-finance ratio is used:

PFR_i=ES_i/FS_i, )

where ES i is the share of i-region in
emissions from stationary sources and FS_i is
the share of i-region in the financial response. A
PFR_i value above 1 means that the region's
share in environmental pressure exceeds its
share in the financial response.

The integrated risk index is calculated as
the average of two normalised indicators: the re-
gional share of emissions and the maximum
API of cities in the region. Min-max normalisa-
tion is applied:

X_{ij} = (x_{ij} - min(x_j)) / (max(x_j) - min(X_i)??j
RlLi=(ES' i+API'i)/2. 4)

For classification of regions, median val-
ues of the integrated risk index and the share of
the financial response are used.

Table 1
Initial indicators for assessing environmental pressure and financial response
Emissions - Capital Current
Region 2021, SEhr2L585|((3/r1 “ﬁ?ﬂ( investments, | expenditure, U-I,;?Iga:)]n
thous. t PP UAH bn UAH bn
Dnipropetrovsk | ggg 4 24.8 14.7 31.00 71.62 102.62
oblast
Donetsk oblast 403.4 18.0 15.7 10.84 15.93 26.77
Zaporizhzhia | 5g4 o 116 8.0 7.49 20.88 28,37
oblast
Kyiv oblast 113.7 51 4.3 30.08 9.39 39.47

Note. Compiled by the author based on data from [4, 8].
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Results of Research

The dataset shows a significant concentra-
tion of industrial atmospheric pressure in a small
group of regions (Table 1). The four analysed ob-
lasts accounted for 59.5% of pollutant emissions
from stationary sources in 2021. Dnipropetrovsk
oblast had the largest share, 24.8%. Donetsk and
Zaporizhzhia oblasts jointly formed another
29.6%. This confirms the thesis that industrial en-
vironmental risks are concentrated in eastern and
south-eastern regions.

Comparison of environmental pressure and
environmental protection financing revealed an
asymmetry (Table 2). Dnipropetrovsk oblast has

high environmental risk, but also the highest share
of accumulated financial response, 29.9% of the
total amount of capital investments and current
expenditure of enterprises for 2014-2023. By
contrast, Donetsk oblast has 18.0% of emissions
but only 7.8% of the financial response, resulting
in a PFR of 2.31. For Zaporizhzhia oblast, the
PFR is 1.40, which also indicates that the share
of environmental pressure exceeds the share of
financing.

Kyiv oblast has the opposite profile: its
share of emissions is 5.1%, whereas its share of
the financial response is 11.5%. This may be

Table 2

Calculation of environmental risk and environmental protection finance adequacy indicators

Pressure/
finance

Finance

Region share, %

Risk
index

Risk
rank

Finance
rank

Type and inter-
pretation

Dnipropetrovsk

oblast 299

0.83

0.956

High risk - high
financial re-
sponse; finance
share is not lower
than pressure
share

Donetsk oblast 7.8 231

0.827

High risk - lower
financial re-
sponse; imbal-
ance

Zaporizhzhia ob-

last 83

1.40

0.327

Lower risk -
lower financial
response within
the sample; im-
balance

Kyiv oblast 115 0.44

0.000

Lower risk - high
financial re-
sponse; finance
share is not lower
than pressure
share

Note. A pressure-to-finance ratio above 1 means that the region's share in environmental pressure exceeds its

share in the financial response.

related to infrastructure, wastewater treatment or
municipal projects that are not fully reflected by
the atmospheric emissions indicator. This result
demonstrates the need to include not only air
emissions in a complete model, but also waste,
water risks, the condition of wastewater treat-
ment facilities, the impact of hostilities and other
components of environmental safety.

The integrated risk index (Fig. 1) produces
the following sequence: Dnipropetrovsk oblast,
0.956; Donetsk oblast, 0.827; Zaporizhzhia ob-
last, 0.327; and Kyiv oblast, 0.000. Accordingly,
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in the risk-financing matrix, Dnipropetrovsk ob-
last belongs to the group ‘high risk - high finan-
cial response’, Donetsk oblast to the group 'high
risk - lower financial response’, Zaporizhzhia ob-
last to the group 'lower risk - lower financial re-
sponse’ within the sample, and Kyiv oblast to the
group 'lower risk - high financial response’.

In terms of the air pollution index in 2021
(Table 3), the most problematic cities were Ma-
riupol, Kamianske, Dnipro, Odesa and Kryvyi
Rih. Within the selected sample, this strengthens
the risk positions of Donetsk and Dnipropetrovsk
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Risk and financial response matrix

1.0 1 Dripropetrovsk
o
Donetsk
0.8
£
€ 06
T o4
- Zaponzhzhia
0.2
Kyiv
0.0
10 15 20 25 30
Share of cumulative environmental protection expenditure, 2014-2023, %
Fig. 1 - Matrix of integrated risk and financial response
Table 3
Cities with the highest air pollution index in 2021
Rank City Region API
1 Mariupol Donetsk oblast 15.7
2 Kamianske Dnipropetrovsk oblast 14.7
3 Dnipro Dnipropetrovsk oblast 12.8
4 Odesa Odesa oblast 12.5
5 Kryvyi Rih Dnipropetrovsk oblast 12.1
6 Kyiv City of Kyiv 8.6
7 Mykolaiv Mykolaiv oblast 8.5
8 Zaporizhzhia Zaporizhzhia oblast 8.0
9 Kherson Kherson oblast 7.8
10 Kremenchuk Poltava oblast 75

Note. An API level above 14.0 is classified as very high; 7.0-14.0 as high; 5.0-7.0 as elevated; and less than 5.0 as low [4].

oblasts. The highest maximum APl was rec-
orded for Donetsk oblast through Mariupol,
15.7; for Dnipropetrovsk oblast through

Kamianske, 14.7; for Zaporizhzhia oblast
through Zaporizhzhia, 8.0; and for Kyiv oblast
through Bila Tserkva, 4.3.

Discussion

The obtained results have a screening
character, but they demonstrate the practical
usefulness of open data for the preliminary di-
agnosis of regional financial-environmental im-
balances. The most important result is not the
absolute ranking of regions, but the

identification of different types of relationships
between environmental pressure and financial
response.

Dnipropetrovsk oblast is an example of a
region where a high level of risk is accompanied
by a significant environmental protection
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financial response. This does not mean that fi-
nancing is sufficient, but it indicates the presence
of large environmental protection expenditures
that are comparable with the industrial profile of
the region. Donetsk oblast, by contrast, demon-
strates the largest gap between its share in emis-
sions and its share in financing. Given wartime
restrictions, damage to industrial and environ-
mental infrastructure and incomplete statistics
after 2022, this result should be interpreted care-
fully, but regions with such profiles should be the
subject of priority monitoring.

For Zaporizhzhia oblast, the imbalance is
less pronounced, but a PFR value above 1 indi-
cates the need to strengthen the environmental
protection response or to analyse the structure
of expenditure in greater detail. Kyiv oblast
demonstrates a higher financial share compared
with the atmospheric risk indicator, which may
result from the fact that financing is directed not
only towards the reduction of industrial emis-
sions, but also towards other environmental
protection areas.

The scientific novelty of the study con-
sists in testing a simple index approach that in-
tegrates open environmental and financial indi-
cators into a risk-financing matrix. In contrast
to traditional descriptive analysis of emissions

or expenditure separately, the proposed ap-
proach makes it possible to formulate a manage-
ment question: whether the relative amount of
environmental protection expenditure corre-
sponds to the relative level of environmental
pressure.

The practical significance of the results
lies in the possibility of using this approach as a
preliminary module for regional environmental
programmes, budget planning, recovery strate-
gies and the formation of environmental priori-
ties for communities. In an extended version,
the model should include budget expenditure by
functional classification, EcoZagroza data on
wartime environmental damage, indicators of
waste generation and disposal, discharges of
polluted wastewater, the condition of protected
areas and socio-demographic variables.

The main limitation of the study is the use
of different time horizons: environmental indica-
tors are taken for 2021, whereas financial indica-
tors are cumulative for 2014-2023. This limita-
tion is determined by the availability of open re-
gional data. Additional limitations include in-
complete coverage of oblasts, insufficient updat-
ing of indicators for the wartime period and the
impossibility, within a pilot study, of including
all components of environmental risk.

Conclusions

Open data make it possible to form a pre-
liminary toolkit for assessing the regional differ-
entiation of environmental risks and environ-
mental protection financing in Ukraine. The
most suitable sources are State Statistics Service
data on emissions and environmental protection
expenditure, strategic environmental assessment
materials, the Open Budget portal, EcoZagroza
and regional environmental reports.

Within the pilot sample, the concentra-
tion of industrial atmospheric pressure in
Dnipropetrovsk, Donetsk and Zaporizhzhia ob-
lasts is confirmed. The four analysed oblasts
jointly accounted for 59.5% of pollutant emis-
sions from stationary sources in 2021.

The calculated environmental pressure-
to-finance ratio shows the largest imbalance for
Donetsk oblast, where the share in emissions is
2.31 times higher than the share in cumulative
environmental protection expenditure. For Za-
porizhzhia oblast, the ratio is 1.40. Dnipro-

petrovsk oblast has high risk but also a high fi-
nancial response, whereas Kyiv oblast has a
lower atmospheric risk with a relatively high
share of financing.

The proposed risk index and risk-financ-
ing matrix can be used as an instrument for pre-
liminary prioritisation of regions for further en-
vironmental analysis. They should be applied
not as a final ranking, but as a diagnostic mod-
ule that identifies territories for in-depth verifi-
cation.

A prospect for further research is the for-
mation of a full panel dataset in the format 'ob-
last-year' for 2019-2024 with the inclusion of
budget expenditure, environmental tax, data on
waste, water, atmospheric air, wartime environ-
mental damage and socio-economic control
variables. Such a dataset would make it possible
to move from screening analysis to econometric
assessment of the determinants of environmen-
tal protection financing.
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PEI'TOHAJIBHA TU®EPEHIIALIA EKOJIOT'TYHUX PU3UKIB
TA IPUPOJOOXOPOHHOI'O PIHAHCYBAHHS B YKPAIHI
HA OCHOBI BIIKPUTHUX JAHUX

Merta. OmniHIOBaHHS pPerioHaIbHOI ;[H(bepeﬁmaml €KOJIOTIIHHX pI/ISI/IKlB i TIPUPOTOOXOPOHHOTO ¢iHaHCy-
BaHHS B pralHl Ta anpo6au1;1 TPO30POr0 PHU3HK- 0p1€HTOBaHOFO CKpI/IHlHFOBOFO MiAX0AY 10 BUSIBJICHHS 00Ia-
CTeH, y SKMX BiIHOCHHH PiBEHb EKOJIOTIYHOTO TUCKY HE BiAIOBia€ HaIexHiN GiHAHCOBIH peakxiii.

Metoan. EMipudHuii aHami3 IpyHTYETBCS Ha BIJKPUTHX CTATUCTUYHHX Ta aHAJITUYHUX JAaHUX. MaTema-
TUYHE MOJICITIOBaHHS 6a3y€TLc;[ Ha audepeHIianii eKoJIOTIYHUX PU3UKIB Ta IPUPOJIOOXOPOHHOTO (hiHAHCYBaHHS
3 BPaXyBaHHsM BUKUJIIB 3a6py,umoroq1/1x PEUOBHH BiJ CTaI_IIOHapHI/IX JoKepet, 3a0pyTHeHH] aTMOocdepHOoro 1o-
BITpSl B MicTaxX, KalliTAJIbHUX 1HBECTHIIH Ta MOTOYHUX BHTpAT Hl,I[HpI/IeMCTB Ha OXOPOHY HABKOJIMIIHBOTO MpH-
POAHOTO cepeoBHIIa. [HAEeKC pU3HKY COPMOBAHO IUITXOM MiHIMaKCHOT HOpMalti3alii HOKa3HUKIB BUKUIB 1 3a-
OpyIHEHHS TIOBITPSL.

PesyabTaTu. [IpobiieMy pO3IJISTHYTO B KOHTEKCTI IIPOCTOPOBOI KOHIIEHTPAIIT MPOMHUCIIOBUX BUKHUIIB, MO-
Tpebu B JOKA30BOMY PO3IOJIiIi IIPUPOAOOXOPOHHHUX PECYPCIB 1 3pOCTaHHs 3HAUEHHS IUIaHyBaHHS BiJHOBJICHHS B
YMOBax BOEHHUX OOMexeHb. J[o misoTHOT BHOipkH BKJIOUeHO J[HIMpomeTpoBchKy, JloHENbKyY, 3amopi3bKy Ta
KuiBcbky 00MacTi, Ut SKUX OJHOYACHO JIOCTYIIHI 3iCTaBHI €KOJOTiuHi i piHaHCOBI MoKa3HUKH. J{J1s1 KOKHOI 00-
JIACTI PO3PaxOBaHO YACTKY Yy 3arajbHOHAIIOHAIBHUX BUKUIAX, MAKCUMAIbHUNA MICHKUI 1HICKC 3a0pyIHSHHS aT-
Moc(epHOTO TOBITPs, CyKyNmHY (iHaHCOBY BimmoBiap 3a 2014-2023 pp., yacTKy Ii€i BiAMOBiAi, KOedillieHT
CIIBBITHOILIEHHS €KOJIOTIYHOTO THCKY Ta (hiHAHCYBaHHS, a TAKOX IHTErpaJIbHUM iHIeKC pu3uKy. Ha Bubpani 00-
macri Pa3oM npuazano HaO1IbIIa KiITBKICTh BUKHIIB 3a6pyz(HI010q1/Ix PEYOBHH BiJl CTalliOHApHUX JKepeny 2021
poti, 110 l'[l}Z[TBele)KyC BHPAXKEHY POCTOPOBY KOHueHTpauno MPOMHCIIOBOTO aTMOC(bepHOFO THCKY. Juinporer-
POBChKa 00JacCTh TIOCIA ITIepIie Micle 3a lHTerpaHBHI/IM IH/IEKCOM pHU3HKY 31 3Ha4EeHHSM 1 BOJHOYAC Mala
HalOUIbIy YacTKy cykynHoi (iHaHcoBoi Biamosini. JloHenpka obnacTs mocija Apyre micle 3a piBHEM PH3UKY
OJTHAaK NPOJIEMOHCTPYBaJIa HAHCHIIBHIIINH aucOanaHc Mk THCKOM 1 piHaHCyBaHHAM. 3amopi3bka 00JacTh TaKOXK
Maina aucbananc, KuiBcbka 067acTe XapakTepu3yBaiacs HIKYAM aTMOC(EpHUM PH3HKOM, ajie BiTHOCHO BHIIIOIO
(hiHaHCOBOIO YaCTKOIO.

BucHoBkH. MOX/IMBE BHUKOPUCTAHHS BIJKPUTHX NaHUX JAJISI MOMEPEJHBOI AIarHOCTHKH PErioHaJbHUX
HEBIIOBIIHOCTEH MK €KOJIOTTYHUM HABAaHTAXXEHHSM 1 MPUPOJIOOXOPOHHUM (piHAHCYBaHHIM. 3alPOITOHOBAHHUN
MiJIX1]] HE 3aMiHIO€ TIOBHOI €KOJIOTIYHOT OLlIHKH, IPOTE MOXE CIYI'yBaTH MOYaTKOBUM aHAII THIHUM MOJIYJIEM JUIS
BHU3HAYEHHS TEPUTOPiH, 0 MOTPeOyIOTh ACTANBHIIIOI MEPEBIpKH, IITHOBOIO MOHITOPHUHTY Ta MPiOPUTETHOTO
BpaxyBaHHS y PerioHaJIbHUX NMPUPOJA00XOPOHHUX Nporpamax. [lopanbii 10ciiUKeHHS TOUUIBHO CIIPSIMYBaTH Ha
PO3MIMPEHHS MOJIEITi 10 MOBHOT MaHe i 00JacTe i3 BKIFOUEHHSIM BOEHHO! IIKOAM JIOBKIJUTIO, BIJTXOIB, BOJHHUX
PH3HKIB, OI0/PKETHUX BHJATKIB, €KOJIOTIYHOTO MOJAaTKy Ta COLIaIbHO-€KOHOMIYHUX KOHTPOJIbHUX 3MIHHHX.

KJIIOYOBI CJIOBA: exonociunuti pusux, npupo0ooxopoune iHancy8amnns, 8i0Kpumi oaui, pecionaibHa
Oougbepenyiayis, inoeKc pusuKy, ekonoziuna besnexa

KonguikT inTepecis

ABTOpH 3a5BIISIOTH, 0 KOHMIIKTY iHTEpeciB o0 myOJikanii poro pyxomnucy Hemae. KpiM Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKIIIOUAIOUH Iu1ariaT, Ganscudikalito JaHuX Ta Mo/BiiHy myOmiKariito.
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Jexnapauist npo Bukopuctanus LI

[Tixg gac miArOTOBKM IBOTO PYKOMHCY IS OpraHi3aliiHOl MiATPUMKH, MOBHOTO pelaryBaHHsI, CTPYKTYpY-
BaHHS TEKCTY, TEXHIYHOTO (popMaTyBaHHS Ta MOMEPEIHBOI MEPEBIPKH JIOTIKH BHKJIAAy BHKOPHUCTOBYBAJIUCS iH-
cTpyMeHTH mty4yHoro inrenekty ChatGPT-5.5 (OpenAl, 2026). Vci pawi, mkepena, po3paxyHKH, iHTepIpeTamii
Ta BUCHOBKH OYJIM IE€peBipeHi aBTOPOM; aBTOpP Hece BiIIOBINAIBHICTB 38 3MICT PYKOIIHCY.
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