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Abstract. Global climate change drives aridization and instability of soil-moisture conditions, which
threatens sustainable development in agriculture and creates preconditions for accounting for these
changes in the design of irrigation and drainage (land reclamation) systems and their operating regimes.
Existing methods for designing irrigation and drainage often do not account for current climate trends
(seasonal shifts, increased duration of rainless periods, changes in temperature regime), which creates
a need for their systematic improvement. The article presents an approach to assessing the impact of climate
risks on irrigated agriculture that integrates up-to-date indicators (moisture-supply deficit, reference
evapotranspiration, crop coefficients, soil water-holding capacity and field capacity, the frequency and
intensity of droughts, heat waves and precipitation intensity) with scenario analysis to forecast different
moisture regimes under expected climate conditions. The concept of a methodology adapted to the regional
diversity of Ukraine is outlined. For testing, pilot regions with contrasting climate-soil characteristics
are proposed.: the arid South, the moderately arid Center (periodic temperature stress, high inter-annual
variability of precipitation), and the West, which is excessively humid in spring and slightly arid in summer
(risks of waterlogging, the need for effective drainage at the beginning of the growing season and additional
moisture supply during the rest of the period). A monitoring and validation program is proposed, including
regular collection of meteorological data (daily temperatures, precipitation, radiation, wind, humidity),
biometric indicators of plant growth and development (development stages, leaf-area indices, actual yield),
soil characteristics (moisture, structure, nutrient content), as well as performance indicators of irrigation
and drainage networks. Based on these data, crop coefficients and modelling parameters are refined, which
makes it possible to perform hourly—daily calculations of water deficit, to develop adaptive irrigation
and moisture-supply schedules, and to test SSP-based climate scenarios. The use of modern digital and
automated tools (local weather stations, soil-moisture sensors, etc.) forms the basis for the digitalization
of irrigation and water-regulation management in line with impact indicators. The improved methodology
will make it possible to increase water-use efficiency in existing reclamation systems, incorporate updated
climate parameters into new designs, reduce the vulnerability of agro-systems to droughts and other extreme
weather events, minimize yield losses, and ensure production stability under climate change. An additional
advantage is the possibility of ranking investment options according to economic efficiency indicators.

Keywords: climate risks, irrigation, meliorative agriculture, water deficit, scenario analysis,
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Relevance of the research and problem
statement. Global climate change is causing
aridization of territories and instability of
moisture regimes, which threatens the sustainable
development of agriculture and creates an
additional need for irrigation [1-8]. In particular,
according to the Fifth National Climate
Assessment [9], rising temperatures and changes
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in rainfall patterns lead to more frequent droughts
and generally lower soil moisture, increase
evapotranspiration and the need for irrigation,
which raises the risks of reduced yields and
agricultural productivity. For example, according
to projections of current warming trends, by the
end of the 21st century in California and Nevada
an increase of reference evapotranspiration by
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13-18 % is expected, which will accelerate soil
drying and increase the risks of droughts and
wildfires. This, in turn, will significantly increase
the need for irrigation water [10]. Already now,
in traditionally arid regions of the world, there
are simultaneous decreases in precipitation and
increases in temperature, which is reflected in
the growth of the water stress index (the ratio of
water use to available water resources) [11, 12].

Similar trends are recorded in Ukraine. In the
period 2010-2020 the climate was characterised
by increasing aridity (especially in the South and
Centre) and moisture deficit during the growing
season [13—17]. The current climate of most of
Ukraine is classified as semi-arid, except for the
western regions with sufficient moisture [13, 14].
Estimates show that about 46 % of the country’s
agricultural land cannot provide adequate yields
without irrigation, about 43 % requires irrigation
for high water-consuming crops, and only about
11% has sufficient natural moisture [18-20].
Since the existing systems were not adapted to
current conditions at the design stage [21, 22],
and taking into account the current state and
the continuous trend towards worsening climate
conditions, the question arises of the need to
revise water requirements and irrigation regimes,
with consideration of methodological approaches
to assessing climate risks and the vulnerability
of the agricultural sector [23]. According to
research estimates, ignoring the new climate
conditions will lead to yield reductions of up to
69 % in the most arid regions (under a pessimistic
scenario) [9, 13, 14]. In some dry years, the
volumes of irrigation water use in the South of
Ukraine exceed the average indicators of wet
years by 50 % [18, 20], whereas in wet periods
the need for irrigation significantly decreases.
Such variability of climate conditions requires
the use of more flexible approaches to maintain
sustainable agricultural production.

In addition, a practical problem is that the
designofland-reclamation systems was carried out
according to historical climate norms, equipment
energy-efficiency norms and typical operating
conditions, while current temperature regimes
and shifts in the seasonality of precipitation
affect both crop water requirements and peak
loads on water supply and drainage. Accordingly,
without taking into account these changes and
the methods of climate-risk assessment when
defining design parameters, the modernization of
even individual technical elements of irrigation
systems may not ensure their proper adaptation
to new climate conditions [13, 18, 19].

Thus, climate change has created an urgent
need to adapt land-reclamation systems to new

climate realities and to develop and implement
scientifically based approaches that take climate
risks into account in the practice of designing
modernization projects for existing systems and
constructing new land-reclamation systems. This
will make it possible to increase the efficiency of
water use, minimise yield losses and ensure food
security [21, 22]. Improving the methodology
for assessing the impact of climate change on
irrigated agriculture is an important component of
developing an adaptation strategy for agricultural
production to new climate realities.

Analysis of recent studies and publications.
The issue of assessing and mitigating the
negative impact of climate risks by improving
and expanding the use of land reclamation
(melioration) attracts considerable attention from
researchers worldwide. In particular, a climate
risk management system for irrigation systems
in arid regions was introduced in 2023 [8], and
in 2021 researchers implemented concepts
of “climate-smart” agriculture and intelligent
irrigation systems based on digital solutions
[25]. In the U.S. National Climate Assessment,
the consequences of global warming for the
agricultural sector are especially emphasised
and described in detail [9]. Studies carried out in
Ukraine, including with the participation of the
authors of this article [26], have shown that there
is a “hot phase” of climate change in Ukraine,
which started in the late 1980s — early 1990s
and continues today. It is characterised by the
highest rate of increase of the mean annual air
temperature in Europe (more than 0,45 °C per
10 years), with almost unchanged, and in the last
decade slightly lower, mean annual precipitation.
This has caused a significant increase in total
evaporation and in the deficit, both annual and
monthly, of the climatic water balance and, as
aresult, a progressive development of the process
of drying of the territory of Ukraine, which
has led to a significant deterioration of natural
soil moisture conditions and a reduction in the
volume of water resources available for use. The
same studies, using climate change projections
for 2050 and 2100 developed at the Ukrainian
Hydrometeorological Research Institute under
different scenarios, carried out a zoning of the
territory of Ukraine by the value of the annual
climatic water balance. The results made it
possible to justify the need to use irrigation and
water regulation by drainage systems as one of
the most effective tools for adapting agriculture
to climate change, and to determine the demand
and main directions for improving the design
of reclamation systems and technologies of
irrigation and water regulation. The studies
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showed a significant mismatch between existing
volumes of irrigation and water regulation and
the current level of aridity [20] and became the
basis for the “Strategy for Irrigation and Drainage
in Ukraine for the Period until 2030 approved
by the Cabinet of Ministers of Ukraine [21] and
its Action Plan [22]. The above results were later
confirmed by the conclusions of the World Bank
Analytical Report (2024) taking into account
climate trends [18].

Modern studies also emphasise the change in
the conditions of use and parameters of irrigation
systems under the influence of climate change:
a 2024 study [27] notes a shift in phenological
phases of vegetable crops and corresponding
changes in crop coefficients (Kc) under different
warming scenarios. Therefore, the issue of
revising the basic conditions and guidelines for
calculating water demand is important, where
the FAO-56 Penman—Monteith method can be
applied [28]. In the field of adaptation to droughts,
a number of strategies have been developed,
including for the conditions of Ukraine [29], to
mitigate their impact on agricultural production,
including for farms. To take into account the
uncertainty of the climate future, a scenario
approach is widely used: in particular, a set of
global development scenarios, the so-called
Shared Socioeconomic Pathways (SSP), has
been formed to model trends in climate and
related indicators [30]. The effectiveness of
scenario analysis in irrigation planning has been
confirmed in studies on optimisation of system
management strategies, where multi-criteria
optimisation of irrigation regimes for winter
wheat was performed based on the combination
of the AquaCrop-OSP model with the NSGA-III
evolutionary algorithm. The obtained results
showed that the scenario approach makes it
possible to increase water productivity and
yield stability at the same time under different
projected water-resource constraints due to the
advance optimisation of the system for forecast
scenarios [31].

The basic approaches to planning and
operation of irrigation traditionally rely on:

(1) calculation of reference evapotranspiration
and transfer to crop water demand through crop
coefficients (Kc) (as in FAO approaches) [28, 32];

(2) planning of irrigation schedules and
regimes according to irrigation management
methods [33];

(3) design based on historical climate norms
or a limited set of “typical” years. These elements
are necessary, but they are not sufficient to
assess climate risks for the stability of irrigated
agriculture under climate change.
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The problem is that current methods do not
ensure the integration of key indicators for the
full chain  “climate—water—soil-engineering
infrastructure—yield”, namely:

— the deficit of water supply is not considered
as a risk metric (no transition from calculating
water demand to assessing the risk of water
under-supply);

— the frequency and intensity of droughts, the
duration of rainless periods, and the combination
of droughts with heatwaves are not included in
the analysis (temperature stresses) [9, 10];

— the intensity of precipitation and the risks
of extreme wetting are not included in the analysis
(which is also important for drainage systems in
overly wet zones) [2, 17];

— indicators of soil water-holding capacity
and field capacity are not included as a “buffer”
against drought, although they define the
resilience of the system and the feasibility of
irrigation under different conditions [35];

— the dynamics of Kc¢ and phenological
shifts of crops under warming, which change the
seasonal profile of water consumption, are not
taken into account [27];

— there is no scenario analysis of future
conditions as a basis for stress-testing water
infrastructure and agricultural production [30, 31].

Thus, the improvement of the methodology
should consist in moving from a normative, calcu-
lation-based approach under average conditions
to a risk-oriented approach with stress-testing and
the inclusion of melioration-specific indicators that
reflect both climate impacts and the limitations of
infrastructure and the soil component of the water
balance [38—40].

Goal of the research. The goal of this research
is to improve the methodology for assessing the
impact of climate risks on the sustainability of
meliorative (irrigated) agriculture. To achieve
this goal, the methodology proposes integrating
updated climate indicators, applying scenario
analysis of years with different rainfall availability,
and using modern monitoring tools. The updated
methodology should ensure the adaptive capacity
of irrigation to changing climate conditions,
increase the efficiency of energy and water use
in agro-systems, and ensure the sustainable
development of meliorative agriculture.

Materials and methods of the research. For
a comprehensive assessment of the influence of
climate factors on agro-systems, a list of indicators
has been defined that should be included in the
risk-assessment methodology:

— Water-supply deficit — an integral indicator
of the water balance that reflects the lack of
available water for plants over a certain period.
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Itis calculated as the difference between the crop’s
water requirement (reference evapotranspiration
adjusted by the crop coefficient, ETc) and the
incoming moisture (effective precipitation,
soil moisture) [33]. The value of the deficit
characterises the level of aridity: a higher deficit
corresponds to a higher risk of drought and,
accordingly, to an increased need for irrigation.
This indicator is a basic one for calculating the
level of climate risk for agriculture.

— Crop coefficients (Kc) — indicators repre-
senting the ratio of the actual evapotranspiration
of a crop to the reference evapotranspiration
(ETo). They take into account the biological
characteristics of plants (for example, growth
stages) and are used for calculating water
consumption. This indicator depends on the type
of crop and reflects the dependence of yield on
the level of water availability. Among crops
vulnerable to water deficit are rice and alfalfa,
compared with, for example, chickpea [28].
Climate change affects the development of crops
during the season through changes in evaporative
demand, because with increasing air temperature
the growing period may become shorter, and
total water consumption may increase due
to higher daily water requirements [10][9].
Accordingly, the methodology should take into
account updated crop coefficients for major crops
and projected changes of these indicators under
different climate scenarios, in order to assess
risks in a differentiated way [27].

— Soil water-holding capacity — an indicator
that characterises the ability of the soil to retain
a certain amount of water available for plants
between rainfall or irrigation events. It depends on
soil texture and organic-matter content and serves
as a buffer during drought, from which the crop
satisfies its water needs [35]. Soils with higher
water-holding capacity (clayey soils, soils rich in
humus) can support plants longer without rainfall,
whereas light sandy soils lose moisture more
quickly. Including this indicator allows assessing
the regional specificity of soil conditions and
the feasibility of agricultural production under
certain conditions (in some regions, adaptation
measures may be economically impractical due to
low water-holding capacity and high operational
irrigation costs).

— Frequency of dry years — a statistical
indicator that reflects the probability of extreme
precipitation deficit in a region. The indicator
characterises the probability of acute (that is,
intensive) climate risks [41-44].

— Temperature regime (during the growing
season) — mean and extreme air temperatures
during the crop’s growing season. Temperature

affects evapotranspiration and plant development.
High temperatures increase water demand and
may suppress photosynthesis, raising the risk of
yield loss during drought [9, 10]. Accordingly,
the methodology should consider the temperature
background: mean monthly temperatures, the
number of extremely hot days, the sum of effective
temperatures, and other parameters. This will
help adjust the assessment of water requirements
and determine periods when the combination of
heat and drought is especially dangerous for crop
cultivation.

— Monthly ETo values — the reference
evapotranspiration indicator for each month of
the growing season, which reflects the seasonal
dynamics of water demand. Maximum ETo values
usually occur in summer, and minimum values
occur in spring and autumn. Including monthly
ETo values in the methodology is important
for identifying critical periods with the highest
likelihood of water deficit. For example, if in
peak summer months ETo reaches 200 mm and
rainfall during this period is only 50 mm, water
deficit will inevitably arise without additional
irrigation. Climate change affects not only the
annual total but also the monthly distribution
of ETo: with rising temperatures, reference ETo
is expected to increase, with peak values in
summer [10, 33]. Accordingly, the methodology
should analyse the monthly water balance and
compare ETo with monthly rainfall norms. This
will make it possible to determine the volume of
irrigation required for each month and to predict
the technical capacity of the system to provide
peak water supply [28, 36, 37].

The indicators listed above are interconnected
and together make it possible to comprehensively
assess potential climate risks for irrigated
agriculture [21]. Their inclusion in the
methodology increases its accuracy and allows
compiling integrated risk ratings for different
regions or agro-systems, where climate, soil
conditions and crop characteristics are taken into
account. This creates a scientific basis for defining
the priority of implementing adaptation measures
and refining design decisions in meliorative
practice.

Scenario analysis of climatic conditions.
The improved methodology proposes including
the application of a scenario approach. Such
an approach makes it possible to consider the
realisation of potential risks under different
projected conditions. Inparticular, forthe purposes
of improving the methodology, it is advisable
to implement this approach through projected
conditions of agro-system functioning in years
with different levels of rainfall availability (from
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a conditionally worst— dry year, to a conditionally
best — wet year) [30, 31]. This approach makes it
possible to test the resilience of land-reclamation
systems across the full range of climate changes.
In particular, it is proposed to include two basic
scenarios consistent with modern projections
developed by the Intergovernmental Panel on
Climate Change (IPCC):

— an extremely dry scenario (analogous to
scenario SSP5 — economic development based
on fossil fuels with minimal actions to counter
climate change), which serves as a stress test for
the irrigation system under minimal precipita-
tion, and

— an excessively wet scenario (analogous to
scenario SSP2 —a moderate pathway to achieving
climate neutrality, in which significant resources
are allocated for mitigation and adaptation),
when precipitation exceeds the norm [45-48].

In the first case, the analysis makes it possible
to assess the maximum water deficit and the ability
of the system to meet the needs of the agricultural
sector under extreme drought; in the second case —
to check whether the system can cope with excess
water drainage and use favorable conditions
(accumulating soil moisture for future periods,
etc.) [18, 45]. Designing only for an average year
does not take into account peak extremes and relies
solely on historical trends, while designing for
the worst year for all crops may be economically
impractical due to high capital and operational costs
of maintaining such systems [21]. Scenario analysis
in stress-testing and risk-management practices is
widely applied and helps find a balance between
the level of resource availability and an acceptable
level of risk by quantitatively assessing yield losses
or water deficit for each option [31]. This approach
is an international practice for planning reliable
strategies not only in business operations but also
in the functioning of irrigation systems [49][50].
Including two polar scenarios in the methodology
makes it possible to conduct a full assessment of
the resilience of land-reclamation systems, justify
design parameters under different conditions
consistent with reality, and plan mitigation measures
for negative consequences [21], minimising the
impact of climate variability on yields.

Selection of pilot regions. Practical testing
and improvement of the methodology is
proposed in several pilot regions of Ukraine with
different climatic conditions. In particular, three
contrasting regions in terms of water-resource
availability may be covered:

(1) a dry southern region (semi-arid climate,
chestnut and southern chernozem soils with
moderate water-holding capacity, a developed
network of main irrigation canals). This is a zone
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of risky agriculture where most crops depend
on irrigation (up to 60 % of all irrigated lands of
Ukraine are concentrated here) [18, 24];

(2) a central forest-steppe region (close to
a dry subhumid climate, heavy chernozem soils
with high water capacity, mainly local sprinkler
and drip irrigation systems). Traditionally, this
is a rainfed zone, but recent aridization trends
increase the relevance of irrigation for this region
as well [18, 21];

(3) a western Polissya/foothill region (humid
subhumid climate, in some areas heavy gley
soils, high groundwater levels in drained zones,
land reclamation functions mainly as drainage).
In this region droughts are rare, but there are risks
of both over-wetting and over-drying of the soil
[13,51].

The selected regions cover a range of
conditions from extreme water deficit to excess
moisture, which makes it possible to test the
applicability of the methodology under different
moisture conditions. Pilottesting inreal farms with
long-term data will make it possible to identify
which climate-risk indicators are the most critical
for each zone and ensure that the methodology
adequately accounts for both drought risk and
excessive moisture risk. It is advisable to involve
existing land-reclamation systems in the research,
where long-term observations are available and
there is technical capability to implement the
recommendations [21].

Programme for methodology validation.
The improved methodology will require testing
under real conditions. Trials are planned to be
conducted at selected pilot sites over several
years in order to cover weather variability.
During each growing season, regular monitoring
of the following indicators will be carried out on
the experimental plots:

— meteorological data (amount of preci-
pitation for the period, average daily and extreme
temperatures, humidity, wind speed, etc.)
[52-56];

— soil conditions (soil texture, hydro-physical
characteristics, moisture in the root zone, depth
of wetting after rainfall/irrigation, groundwater
level in drainage zones);

— irrigation and moisture regimes (dates and
rates of irrigation/moisture application);

— plant development (dates of growth-stage
onset);

— yield and product quality.

Collecting these data will make it possible
to compare the indicators predicted by the
methodology with actual ones and quantitatively
assess the accuracy of forecasts. If systematic
discrepancies are identified, model calibration
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will be carried out — adjustment of the methodo-
logy parameters to real conditions [27, 21]. After
that, validation will continue using independent
data from subsequent years or regions. Field
validation followed by adjustment is a widely
accepted practice in the implementation of
agro-ecosystem models [21] and will ensure
reliability and credibility of the improved metho-
dology before its large-scale application.

Material and technical support. For the
practical implementation of the proposed
methodology, modern instrumental and software
support is required. It is envisaged to use the
following tools (if available):

— data from the national network of
meteorological observations as a basic source
of information on temperature, precipitation,
humidity, wind and other parameters (with unified
data series and quality-control procedures),
as well as, if available, local sensors/devices
installed in farms [35];

— software tools for calculating ETo using
the Penman—Monteith formula (the official FAO
ETo calculator) for the purpose of automating
computations [28];

— computer models and algorithms for
forecasting the water balance, which, with the
involvement of artificial intelligence methods,
will predict moisture deficit and irrigation needs
in advance [31, 66,67];

— geographic information systems and
remote-sensing data (satellite images of NDVI,
EVI indices, thermal field scanning) for spatial
analysis of risks and crop conditions [57-65].

The integration of these components into
a single decision-support system corresponds to
the concept of so-called “smart agriculture” and
will allow automation and increased accuracy
of irrigation management [25]. Adherence to
standard methods will ensure unification and the
possibility of comparing risk-assessment results
in different regions [28].

Conclusions. Existing methods for planning
irrigation systems, their operation and design
have faced challenges under climate change
and require updating. International studies
confirm that rising temperatures and changes
in precipitation regimes lead to increased water
deficit and drought risk; therefore, the integration
of climate indicators is a necessary condition
for assessing melioration needs under current

conditions and for the effective operation of
land-reclamation systems [28, 10, 68]. At the
same time, to bring the methodology in line
with the content of the task of assessing climate
risks in irrigated agriculture, it is necessary to
take into account not only basic calculations of
water requirements and irrigation planning, but
also specific risk-oriented indicators and scenario
uncertainty, which determine system resilience
under extremes and seasonal shifts [69, 70,
71]. It is proposed to include widely accepted
approaches of scenario analysis of extremely dry
and wet conditions, which cover a wide range
of possible impacts on systems and increase the
reliability of management decisions in accordance
with modern principles of risk management [40,
79]. The developed methodology will be tested
in different climatic zones of Ukraine — from
the arid steppe to the humid Polissia. The use
of modern software will simplify the process
of assessing and modelling climate risks and
will allow effective management of them. The
implementation of the improved methodology
will contribute to increased efficiency of
water-resource use, reduced vulnerability of
the agricultural sector to droughts and extreme
weather events, and the sustainable development
of irrigated agriculture under global climate
change. This is consistent with the goals of
national food security and the recommendations
of leading international organisations regarding
adaptation of agricultural production to climate
change [1, 2, 6, 7]. A scientifically grounded
methodology for assessing climate risks will
become the foundation for making effective
management decisions and for investing in
land-reclamation infrastructure [72—78].

Prospects for further research. Further
research should be aimed at adapting the
methodologytodifferenttypesofland-reclamation
systems, taking into account practical aspects
and operating conditions, improving the module
for forecasting climate indicators, developing
digital platforms for real-time risk assessment,
and integrating economic indicators into the
analysis. In addition, the methodology may
become a scientifically grounded basis for
implementing support policies in agriculture
aimed at introducing resource- and energy-saving
technologies and ensuring financial mechanisms
for infrastructure modernization [80].
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Anomayia. [mobanvna 3mina Kaimamy 3yMO6TI0E apuou3ayilo ma HecmadiibHICb YMOE8 360JI0HCCHHS
IPYHMIG, WO CIABUIMb NiO 3a2po3y CMAUL PO3GUNOK ) CLTbCbKOMY 20CNOOAPCHEI, A MAKoiC hopmye nepe-
OYMOBU U000 ii 8paAXYB8ANHS NPU NPOEKMYBAHHT METIOPAMUBHUX CUCTHEM MA pedxicumis. IcHyloui memoouku
NpOeKmMy8ants 3pOUEHHs Ma OPEHadlcy 4acmo He 8paxo8yioms NOMOUHI KIiMamuyHi mpenou (3miujeHHsl
Ce30H18, 30INbUIeHHA MPUBATOCT €300 08UX NEPIndis, 3MIHA MEMNEPAMYPHO20 PEHCUMY), MOMY BUHUKAE
nompeba 6 ix cucmemHomy YOOCKOHANeHHI. Y cmammi npedcmaegieHo nioxio 00 OYiHKU GNIUGY KIIMA-
MUYHUX PUBUKIE HA 3POULYBAHEe 3eMIepoOCME0, SKUll nepeddayac inmespayilo akmyaibHux NOKA3HUKIG
(Oepiyumy 6onocozabesneuents, emaioHHOl e6anompancnipayii, Koepiyienmie Kyibmyp, 6000VMpumy-
8aNbHOI 30aMHOCMI MA B0I020EMHOCI TPYHIMIB, YACMOMU Md THMEHCUBHOCMI NOCYX, MENI08UX X8UJb
i iHmeHcugHocmi onadig) 3i CYEHAPHUM AHATI30M O NPOSHO3YBAHHA PI3HUX DEHCUMIB 380JI0MHCEHHS
8IONOBIOHO 00 OUIKYBAHUX KAIMAMU4HUX YMO8. Po3kpumo konyenyito memoouxu, aoanmosanoi 0o pecio-
HanvHoeo pisHomanimms Ykpainu. /[na anpobayii 3anpononosano nilomui peionu 3 KOHMpACHHUMU
KAIMAMUYHO-IPYHMOBUMY  Xapakmepucmuxamu.: nocywinusutl Iliedenv, nomipno nocywinueuil Llenmp
(nepioouyni memnepamypHi cmpecu, 8UCOKA MIJICPIYHA MIHAUGICIb ONAOI8) Ma HAOMIPHO 36010ICEHULL
6eCHOI0 i 1€2KO NOCYWIUBULL 81IMKY 3axi0 (pu3uKku nepe3gonodicetts, nompeoa 6 echeKmunomy OpeHaxici
Ha nowamxy eecemayii i 000AMKOBOMY 360I0HCEHHI 8 peuinty 4acy). 3anponoHo8ano npocpamy MoHimo-
puHey U eanioayii: pezynapHuil 30ip memeodanux (00008i memnepamypu, onaou, padiayis, eimep, 8010-
2icmy), OIOMEemPUYHUX NOKAZHUKIG POCHY Md PO3GUMKY POCIUN (hasu po36umxy, NOKA3HUKU TUCIKOBOL
No8epxHi, PaKMuUUHa 8PONCATHICMY), XAPAKMEPUCTIUK IDYHINIB (807102iCMb, CIPYKMYDA, 6MICH NONCUBHUX
PEUOBUH) A MAKOIIC NOKAZHUKIE pOOOMU 3pOULYBANbHUX T OpeHadcHux mepedxc. Ha o6asi yux oanux ymounio-
FOMbC KoeiyieHmu Kyivmyp i napamempu MoOei08aHHs:, Wo 0ae 3M02y 30IUCHIO8AmMU NO20OUHHO-0000861
PO3paxymKu 68001020 Oeiyumy, hopmysamu adanmueHi epa@iKu NOIUGI8 Ma 36010HCEHHA | mecmyeamu
cyenapii (SSP-cyenapii). Buxopucmanus cyuacnux yugposux ma asmomamu308anux iHCMpPYMeHmie
(nokanvHi memeocmanyii ma OamuuKu IPYHMOBOI 6ono2u ma iH.) 3aKiadac oCHo8y 01 yupposizayii
VAPABIIHHS 3pOUEHHAM MA 86000Pe2YNI0BAHHAM 3ANeACHO GI0 IHOUKAMOpie eniugy. Yoockonanena memo-
ouKa 003601UMb NIOBUUMY ePEKMUBHICIb B0OOKOPUCMYBAHHS HA ICHYIOUUX METIOPAMUBHUX CUCTHEMAX,
8PAXY6AMU OHOBJIEHI KAIMAMUYHI napamempu npu npoexkmy8aHHi, 3MEHWUMY 6pa3IUEIiCmy acpocucmem
00 NOCYX Ma IHWUX eKCIMPEeMANbHUX NO200HUX ABULY, MIHIMIZy8amu empamu epodicaiinocmi ma 3abesne-
yumu cmadinbHicmv GUPOOHUYMEA 8 YMOBax sminu Kiimany. OKpemoro nepeasoro € MONCIUGICIG PAHIIC) -
BAHHS IH6ECMUYI 30 NOKAZHUKAMU eKOHOMIUHOL eghekmueHocmi.

Knrwowuoei cnoea: xnimamuyni pusuxu, 3pouleHus, MeniopamusHe 3emiepobCcmeo, 600null oegiyum,
CYeHapHuLl aHaiiz, CMaiutl po3eUmox
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