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METHODOLOGICAL PLATFORM FOR DETERMINING
ENERGY EFFICIENCY INDICATORS OF A COMPLEX SYSTEM

Abstract. The correct determination of the energy efficiency (EE) of a complex system is a problematic
task that requires the use of specialized methods and approaches. Most often, EE is considered as an
indicator of the quality-of-service provision, which most fully corresponds to the technical and economic
essence of this indicator. The structural and functional organization of the system of such indicators is
carried out either on a bottom-up approach or a top-down approach, gradually deploying
macroeconomic indicators defined at the system levels. This paper considers the tensor form of
organization of the system of such indicators, which allows combining within a single model not only
their organizational levels (economy as a whole, economic sectors, enterprises, technologies and
equipment), but also the types of activities that reflect these indicators (energy, financial, economic,
institutional, environmental, social, etc.), and the factors of changes in energy use (structural,
technological, resource, managerial, regulatory, etc.). The paper presents the mapping of this model on
the plane of structural and functional factors in the form of classification tables (matrices) of these
factors (system elements). The paper describes the procedure for optimizing indicators, which can be
carried out for each of these factors separately, their aggregate at each level and for the system as a
whole, taking into account the need to implement iterative procedures for coordinating the global
(system-wide) goal and local objective functions. Given the use of optimization variables measured in
energy and monetary units, this problem is formalized within the framework of the set-theoretic
approach. For the purpose of comparing the results, the paper examines the relevant provisions of the
International Energy Agency methodology, which uses the direct method of three-factor Laspeyres
decomposition analysis, and the Sectoral Methodology for Calculating Harmful Emissions of the Ministry
for Communities and Territories Development of Ukraine.

Keywords: Energy efficiency, energy efficiency indicators, system analysis, tensor approach.

1. Introduction

Energy efficiency (EE) is recognized worldwide as a strategic priority for providing consumers with
reliable, sustainable, competitive and affordable energy. According to the EU directives [1]-[2], energy
efficiency is defined as the ratio of the output of products, services, goods or energy to the input energy, and
by its market nature is currently considered by the scientific and business community as an indicator of the
quality of services that are improved when a certain level of service is provided using less energy or services
are improved with a certain amount of energy [3]—[5].

Despite the simplicity and transparency of the definition, the results of implementing EE measures are
ambiguous both conceptually and practically due to the over-simplification of efficiency calculation
procedures based on the principle of one input energy parameter — one output energy parameter. This is
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especially problematic at the macroeconomic scale, where a significant amount of essential information is
lost due to data aggregation. At the same time, EE indicators should also cover such areas as reducing
pollutant emissions, energy security, prices and tariffs of fuel-and-energy resources (FER), labor
productivity, job creation, ensuring equal access to energy resources, public health and welfare, etc.

The need and expediency of applying a system approach to identify the essence of EE was proven by
the scientific community several decades ago [3]-[5]. According to this approach, the structural and
functional organization of the system of EE indicators, covering both local (subordinate) and system-wide
indicators, is carried out either on a bottom-up approach, gradually aggregating the efficiency indicators of
technologies and equipment, located at the lower level of the hierarchy (at the level of final energy use), or
by the top-down approach, gradually deploying macroeconomic indicators defined at the level of the system
under consideration (the country as a whole, sectors of the economy, enterprises, complex technologies and
equipment, etc. But direct aggregation, which is carried out by summing up, grouping, or in other ways
reducing local (partial) indicators into one generalized indicator, leads, as a rule, to the loss of a significant
part of the essential information embedded in partial indicators. The deployment procedure leads to
practically the same result.

In order to overcome this problem and highlight the contribution of EE to the reduction (increase) in
energy consumption, methods of decomposition (factor, etc.) analysis of indicators are most often used to
identify the cause-and-effect relationships leading to changes in energy consumption [3], [6]-[9]. The
magnitude of these changes, the so-called 'efficiency effect’, is used to quantify EE improvements, which can
also be categorized into activity, structure, and efficiency categories of indicators [10]. Activity indicators
are classified by sectors (subsectors) and types of end-users of energy and are reflected in the corresponding
impact indicators, primarily such as value added, population, passenger and ton-kilometers in transport. The
structure indicators are determined by the factors of influence for each sector (subsector) of activity,
primarily such as the share of production in each subsector of the economy, the area and number of
residential premises, the distribution of ownership in the residential sector, the share of passenger and freight
vehicles by their types, etc. EE is measured by the amount of energy used per unit of activity in each sector
(subsector). Among other fruitful approaches of decomposition analysis to determining the performance
indicators of complex systems, we note the possibility of using multi-stage and balance-product
models [11]-[12].

The results of a deep comparative analysis of the disadvantages of the simplified and advantages of the
structural and functional approaches to determining the system of EE indicators are presented in the
paper [13], where, based on the concept of the metabolic model of socio-ecological systems, an alternative
method in the form of an end-use matrix is proposed. This method makes it possible to study the EE of
complex systems, largely avoiding the practical and conceptual problems of simplification associated with
the calculation of input/output coefficients.

The purpose of this work is to improve the efficiency of complex systems by building a
methodological platform for determining energy efficiency indicators, which makes it possible to improve
the methods for their calculation and practical use in complex systems.

Achieving this purpose required the development of a new, generalized approach for determining
energy efficiency indicators in complex systems, which differs from the known ones by new possibilities for
taking into account input/output indicators at each stage of their aggregation due to theoretical set methods of
their structural and functional organization, presented in tensor form, which makes it possible to preserve the
essential properties of these indicators.

2. Methods and materials

The application of the tensor form of the structural and functional organization of the system of
indicators presented in paper [5], made it possible to combine within a single model not only organizational
levels of performance indicators (economy as a whole, economic sectors, enterprises, technologies and
equipment), but also the types of activities that reflect these indicators (energy, financial, economic,
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institutional, environmental, social, etc.), and the factors of changes in energy use (structural, technological,

resource, managerial, regulatory, etc.).
The mapping of this model to the plane of the j-th level of structural and functional factors in the form

of a classification table (matrix) of these factors (system elements) is presented in Table 1.

Table 1. Components of mapping the tensor form of the system of indicators on the plane
of structural and functional factors
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The elements of this table are two-element tuples of the Cartesian product of sets
FJi=SJixG/i,i =(n),h=(,m), where S represents structural and G, represents functional factors
of influence, n x m is the number of elements of the classification table. Note that the limitation of the field
of factors in Table 1 to 7x7 is not accidental. It reflects the categories of these factors determined by the
results of a systemic analysis of the Ishikawa, Gantt, Pareto, Lorenz, etc. models developed in the theory of
product quality management [14]-[17] and supplemented by factors that reflect natural and socio-political
conditions, consumer needs, and the specifics of competitive interaction and struggle [5].

The list of defined structural factors includes: Shjl— conditionally permanent resource funds (building
structures, equipment and technologies, structural elements of any nature, etc.); Sh"z— conditionally variable
resources (materials, fuel and energy and other natural resources); Sh"3— labor resources (management and
staff); Srf“— methods and mechanisms for improving the efficiency and quality of the system, profitability,
etc.; Sh"s— measurement and verification costs; S,fe— natural and socio-political conditions, priorities and
needs of consumers; Sh”— resources and costs of competitive interaction and struggle. The corresponding
list of functional factors includes: Gl”— administrative and organizational; szi— production (technical and
technological); G.'— financial and economic; G, regulatory; G, — strategic and innovative development;
GJ' - environmental; GJ' — information and marketing.

For example, in the process of further decomposition, it is proposed to distinguish between [5],
[18]-[19]:

— The S,f“ category of factors includes methods and mechanisms for integrated resource planning,
energy management, regulatory and tariff regulation, and economic incentives for energy efficiency and
energy saving;
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— Among the category of factors Shj6 are those that take into account the specific characteristics of

different consumer groups (population, households, industrial enterprises and budgetary institutions, etc.):
per capita income, average monthly wages by consumer category, their availability of FER, natural
conditions (temperature, wind speed, number of sunny days, etc.);

— S/ factors include rivalry between competitors within the industry, the threat of new competitors

and entry barriers, threats from competitors trying to flood the market with substitute goods, the ability of
suppliers of materials, fuel and energy resources, equipment, etc. to dictate their terms.

3. Results and discussion

It is clear that, according to the tensor model, the reflection of the factors of influence of the j-th level
can be generalized at the (j+1)th level or detailed at the (j-1)th level of the hierarchy of performance
indicators of the complex system under consideration. At the same time, optimization of these indicators can
be carried out for each of these factors separately, their aggregate at each level and for the system as a whole,
which, in turn, will require the implementation of iterative procedures for coordinating the global (system-
wide) goal and local objective functions. The described optimization procedure is a multi-criteria
optimization problem, which is complicated by the need to implement a systematically coordinated change in
the parameters of the objective functions. There is no general solution to the formulated problem, but if the
optimization variables are measured in energy and monetary units, its formalization becomes possible within
the framework of the set-theoretic approach [5]. Thus, applying in our case the mathematical signs of
intersection of sets, at the level of functional factors of influence, we obtain the system of the following
equations:

i _(pl i i i i i i . )
esj —(eljlﬂezjznég j? 0, 995 (3506 nj?)_j:Opt’ 951 _911 — min;
o)=L N N NL N NL NL") — opt; 6?51—492?—>min; 1)
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where: Hsj — system-wide objective function; Ghj — local objective functions of functional factors, h :1,_7 :

L)' — objective functions of the constituent functional factors detailed at the level of structural factors.

It should be noted that among the local optimization objective functions, the most commonly used in
business activities are the following: revenue growth, increase in volume and expansion of the range of
products (services), reduction of their cost and improvement of quality, focus of products (services) on
meeting consumer needs, improvement of employee welfare, etc. It is important that the objective functions
formalized on their basis have a strict correlation with efficiency (energy, technological, economic,
environmental, social, etc.). At the same time, we note that the organizational structure of the factors of
influence of energy services has its own specific features that require separate consideration and justification,
and where the matrix form of displaying the structure of these services is among the problematic
issues [3], [20]. Among other influential factors of energy efficiency, we note the feasibility of technical
implementation, viability of energy efficiency measures, the degree of use of materials and equipment of
domestic production, which contribute to strengthening the national economy and affect the employment and
income of the population, transparent procedures for access to the market of energy services. At the same
time, in any circumstances, the time factor should be decisive, which integrally covers the resources required
to implement energy efficiency measures, from the development of design and construction documentation
to obtaining an energy-saving effect, and where short-term measures will have a higher priority over
medium- or long-term ones [21].
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Further detailing of the variables in equations (1) to the level of parameters of functioning of energy-
intensive equipment is no less difficult task, which will require taking into account the impact of a
comprehensively integrated set of performance indicators for the provision of energy services of the
production system as a whole, which in turn cover such subsystems as [5], [21]-[22]:

— energy management, based on the Schuchart-Deming PDSA model of continuous quality
improvement (W. Shewhart and W. Deming), which consists of a logical sequence of four stages: planning,
execution, inspection and action;

— demand-side management, which is based on incentivizing consumers to use less energy instead of
increasing investment in generation systems. For example, the U.S. Energy Policy Act of 2005 uses time-
based pricing or incentive payments to encourage lower electricity consumption during times of high market
prices or when grid reliability is at risk;

— integrated resource planning, which covers the entire range of alternatives for the use of FER,
including the construction of new generating capacities, energy saving and energy efficiency, cogeneration,
district heating and cooling, use of renewable energy sources (RES), etc. to provide energy to consumers at
the lowest system costs;

— comprehensive implementation of a package of services (measures) to improve energy efficiency
and use of renewable energy sources in energy-intensive technological processes, such as heating, cooling,
lighting, ventilation, etc.;

— taking into account the influence of central and local (municipal) authorities, regulators,
commercial banks, investors, manufacturers of EE and RES equipment, primary energy suppliers, consumers
of products and services, etc.;

— organizing the process of managing the risks of implementing energy-saving measures, including
using financial support mechanisms.

The most complete detailing of the performance indicators of energy-intensive technologies and
equipment is presented in [3], [23] and their specification for heat and power systems is presented in [24].
These papers consider natural gas, coal, renewable sources, etc. as primary energy sources, and electricity
and heat as secondary energy sources. The decomposition at the level of economic sectors distinguishes
between such sectors and subsectors of total final energy consumption as housing and communal (domestic),
industrial (by type of energy-intensive technology), trade (commercial) and public services, transport, and
others, while the disaggregation of performance indicators at the level of the housing and communal and
service sectors includes such indicators as heating and cooling of premises, supply of cold and hot water,
lighting, cooking, household appliances, etc.

The scheme of detailing EE indicators at the level of economic sectors or subsystems under
consideration can be summarized as determined by the following hierarchically organized structure of
indicators: total energy consumption by the sector, calculated separately or as a share of total final
consumption in the country (system) as a whole; share of each type of energy source in the total energy
balance of the sector (system); specific energy consumption in the sector (system) per capita (per employee);
distribution of total energy consumption in the sector (system) by types of economic activity and/or by
individual types of energy-intensive technologies (technological equipment, etc.). A similar hierarchical
structure is used to decompose the indicators at lower levels of the hierarchy by taking into account the
specifics of the influencing factors.

The final stage in the formation of a system of EE indicators is to determine methods and algorithms
for calculating and further optimizing their numerical values in order to improve the structure and modes of
operation of the system they characterize. Among such methods and algorithms, we would like to mention,
first of all, benchmarking, which includes: studying and adapting the methods and tools of other enterprises
(organizations, etc.) in order to identify best practices; comparing indicators, functions and processes of their
activities with similar functions and processes of their own enterprise (organizations); estimating the costs of
improving their own results; creating benchmarks for assessing internal EE indicators in comparison with
best practices; developing methods for making operational decisions; and developing methods for improving
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the efficiency of the system. In other words, the scope of benchmarking should cover not only the
technological, but also the economic and financial aspects of the activities of enterprises and organizations,
allowing them to save time and money on inventing and testing various practices, products and processes by
implementing the best of them and avoiding competitors' mistakes [25].

It is clear that the implementation of these tasks should be carried out on the principles of continuous
improvement of planning, design, implementation, measurement and correction of the results achieved,
which becomes possible on the basis of intelligent (smart) information management systems aimed at
motivating management actions to achieve strategic, tactical and operational goals of the enterprise
(organization), and the creation of benchmarks for assessing internal EE indicators in comparison with best
practices should be carried out on the basis of market-based normalizing tools.

The concepts of norm and standardization are widely used in the world practice, where they serve for
comparison with normalized or benchmark performance indicators of the same category of facilities and are
responsible for implementation and/or monitoring of energy or carbon taxation, financial schemes and
economic incentives, sanctions, standards and agreements, energy labeling schemes etc., resulting in
reduction of final energy consumption and CO, emissions [1]-[2], [25]. In this context, the term rate of
consumption of material resources is usually understood as the maximum allowable planned amount of raw
materials, materials, fuel, energy for the production of a unit of output. According to the Law of
Ukraine [26], the norms of specific fuel and energy consumption define the regulated value of specific FER
consumption for a given production, process, product, work, service. Consumption rates should take into
account specific conditions, technology and organization of production, advances in science and technology,
be focused on the best practices of FER use and be systematically reviewed taking into account the achieved
EE indicators and objective changes in production conditions. It should be added that regulation becomes an
effective tool for eliminating the irrational use of FER when implemented on the principles of economic
incentives for FER saving and financial responsibility for their irrational use.

The final step in the analysis of EE indicators is to identify sources and quantify the contribution of the
most important factors to changes in energy consumption that occur due to improved technologies, structural
changes in the economy as a whole and in individual industries, for example, due to an increase in the share
of less energy-intensive activities, changes in the utilization of production equipment, prices for energy,
equipment, materials and services, in weather conditions, the level of housing improvement, etc. To highlight
the impact on the dynamics of energy consumption of technical and technological factors that most fully
reflect changes in EE, different countries use different forms and methods of decomposing the contribution
of individual factors to energy consumption.

The theoretical foundations of such a decomposition analysis are discussed in many scientific works,
for example, in [3], [9], [27]-[29], where, first of all, the methods of Simple and Refined Laspeyres Indices,
methods of Log Mean Divisia Index (LMDI | and LMDI II), Fischer Ideal method, Torngvist Simple
Average/Arithmetic Mean, Parametric and Adjusted Divisia Methods (PMD | and PMD I1), Paasche method,
etc.

For example, one of the most widely used methodologies of the International Energy Agency (IEA)
uses the direct method of three-factor Laspeyres decomposition analysis, presented in additive and/or
multiplicative forms. According to this method, the decomposition in the additive form of changes in the
final energy consumption of a complex system (object of research) formalizes as follows. Among the list of
main factors, the IEA methodology defines activity ("A™), structure ("S", types of activities, etc.) and energy
intensity ("I'). Then the total energy consumption (E) of the system is represented by the sum of the energy
consumption of its individual subsystems in the form [30]:

E-YE AR5, @
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where: A is the system performance indicator; S, is the share of the i-th subsystem in the total system
performance, if all shares are measured in the same units, or the ratio of the performance indices of the i-th
subsystem to the system as a whole; 1, is the energy intensity of the i-th subsystem.

Then, the partial time derivative of E as a function of the three variables (A, S, 1) in equation (2) will
be as follows:

OE oA as, a
E_Z(Si-li)~§+A~Zli~E+A Zi:Si P

Hence, through finite increments on the time interval [0, T], we obtain:
AE,; = AESy +AEj; +AEy; + ARy =(Ef —E})+(E; —E; )+(Ef —E; )+ ARy,

where:

AESy =(EF-EF)=A 2S5 1)~ A - X (Si-1h),
AEg; =(EF ~E3)=A 2 S 10)-A - 2 (S5 1), ®)
AEg; =(E1 ~Ep)=A - 2 (So 1)~ A 2(Ss- o),

AEO/?T’AEOS,T'AE(;,T — distinguish changes (growth) in the components of the system's energy consumption

at the beginning and end of the time interval [0, T] due to the influence of each of the factors (A, S, I),
respectively; AR, is the residual part of the analysis; i is the number of the subsystem or type of final

energy consumption.

Let's consider the possibility of further specifying the contribution to the total energy consumption of
individual factors of influence reflected in (2)—(3).

Thus, if it is necessary to separately take into account the level of production capacity utilization,
which significantly affect the dynamics of energy consumption, the components in formula (2) take on the
following meaning: the actual output of marketable products in the time interval [0, T] is used as the activity
factor (A) of the system; the structure factor is S, =G, -k, , where: G, is the share of products produced by
the i-th technology in the time interval [0, T], and K is the coefficient determined by the ratio of the actual
weighted average capacity of the equipment used by the i-th technology to the nominal (nameplate) capacity
of this equipment in the time interval [0, T] or the ratio of the actual output of marketable products by the
i-th technology in the time interval [0, T] to the planned (design) output; the energy intensity factor I, is
defined as the specific energy consumption in the time interval [0, T] for the production of a unit of
marketable product by the i-th technology under the conditions of the nominal load of the equipment. At the
same time, the technological structure of production and the level of production capacity utilization fall
within the scope of decomposition analysis.

Accordingly, at the level of subsystems analysis, for example, for the residential and public buildings
heating subsystem, the components of formula (2) take on the following meaning: the total floor area of
residential and public buildings at the time interval [0, T] is used as the activity factor (A) of the system; the

structure factor is S, =F, -k, where: F, is the share of i-th building type (multi-storey, single-storey

private houses, etc.), and Kk, is the share of heated living space in i-th building type at the time interval [0,

T]; the energy use intensity factor is defined as |, =(|Fi . HDDi), where: | is the specific energy

consumption for heating 1 m? of floor area per 1 degree day of the heating period for buildings of the i-th
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type under normal weather conditions or base year conditions; HDD, is the number of degree days of the

heating period in the time interval [0, T] depending on the geographical location of the building.

If there is a need to analyze gross emissions of pollutants and greenhouse gases, primarily CO-
emissions from fuel combustion at power plants, the content of the components in formula (2) is proposed to
be determined as follows: use the consumption B, of the i-th type of fuel at the time interval [0, T] as a

factor of system activity A; the structure factor S, is determined by the emission rate kiCOZ for the i-th type

of fuel burned at the time interval [0, T]; and the energy use intensity factor IiCOz is the lower heating

(calorific) value of the i-th fuel Q!

To perform numerical calculations of gross CO, emissions entering the atmosphere with flue gases
from a power plant over a time interval [0, T], the dimensionality of the presented above components is as
follows (see, for example, [31]-[32]):

W, (m) =10 B, (m) ko, (%) o ['\;—;j ,

where W, is the gross CO, emissions from the combustion of the i-th fuel for the reporting period.

For example, when burning natural gas, B, =V -h, where V is the volume of gas consumed (m3), h is

its density under normal conditions, kg/m?®.

An environmental tax is established at the national level for the emission of pollutants and greenhouse
gases into the environment, the rates of which in Ukraine in 2023 were equal to: for carbon dioxide (CO,) —
UAH 30.00 per ton; for carbon monoxide (CO) — UAH 96.99 per ton; for nitrogen oxides (NOx) —
UAH 2574.43 per ton, etc. [33].

4. Conclusions

Simplifications associated with the use of the concepts of composition/decomposition of energy
efficiency indicators of the input/output type, for example, the energy intensity of GDP determined on this
basis, do not allow objectively solving the problems of improving the energy efficiency of complex socio-
economic systems, where it is necessary to take into account the structural and functional processes of
changing energy flows at different levels of system organization.

This requires the development of other concept and methods that make it possible to form energy
efficiency indicators for the functioning of socio-economic systems, distinguishing between different types
of energy resources, the processes of their production, distribution and final consumption, and ultimately
achieving their more justified reflection in the system of energy efficiency indicators. This is especially
important when introducing new technologies that change the profile of the use of fuel and energy resources
and lead to their redistribution among different sectors of the economy.

Finally, the approach proposed in the paper for the structural and functional organization of energy
efficiency indicators for the functioning of complex systems by representing them in a tensor form is an open
tool that allows to formalize the process of determining these indicators to a large extent, while covering
various organizational levels of the economy and its sectors, their technical and technological content, types
of economic activity and factors of change in energy consumption, which is essential for the sustainable,
low-carbon development of the country's fuel and energy complex as an integral part of its economy.

Prospects for further development of research in this direction lie in the development of software for
the formalized calculation of energy efficiency indicators for complex systems.
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AunoTtanisa. Kopexmne eusnauenns enepeemuunoi egexmuenocmi (EE) cknaonoi cucmemu €
npoOIeMHUM 3A80AHHAM, 5IKe Ol C8020 GUDIUEHHA NOmMpedyE 3anyYeHHs Cneyiani3oeanux mMemoois i
nioxooie. Hatiuacmiwe EE po3ensioaemvcs AK NOKAZHUK AKOCMI HAOAHHS NOCAYe, WO HAUOLIbUL NOBHO
8i0N08I0AE MEXHIKO-EKOHOMIYHOI CymHOCMI Yb02o noKasHuka. CmpykmypHo-@yHKYiOHAIbHA opeaHizayis
cucmemu MaxKux NOKA3HUKIG 30ICHIOOMbC abo 3a NPUHYURoOM 3Hu3y-62opy (bottom-up approach), abo
38epxy-e6Hu3 (top-down approach), nocmynoso scopmaiouu abo poszopmaryu ROKA3HUKU. Y pobomi
PO32110AEMbC MEH30PHA (hopMa opaanizayii cucmemu maKux NOKA3HUKIG, W0 00360J5€ 00 €OHamu 8
Medicax €0uHoi MoOeni He MINbKU IX OpeaHi3ayitini pieHi (eKOHOMIKA Y YiloMy, 2any3i eKOHOMIKU,
niONpueMcmea, mexHoao2ii i 001adHanHs), a il euou OiAnbHOCMI, 5Ki 8i0006padicarms Yi NOKAZHUKU
(enepeemuuna, QiHAHCOBO-EKOHOMIUHA, THCTMUMYYIUHA, eKOJI02IUHd, COYyianbHa mowo), ma paxmopu
BUHUKHEHHS 3MIH ) BUKOPUCMAHHI eHepeli (CMpYKmypHi, MeXHONO2iuHI, pecypCHi, YNpPAGIiHCLKI,
pecynamopui  mowo). Ilpeocmasneno 6idodpadicenus yiei modeni Ha NIOWUHY CMPYKMYPHO-
dynryionanvnux axmopis y uensioi kKiacughikayiinux mabauys (Mampuys) yux gaxkmopie (eremenmis
cucmemu). Onucana npoyedypa onmumizayii NOKA3HUKIG, KA MOJice 30TUCHIOBAMUCS 0Nl KONCHO20 3
3a3HaueHux Gakmopie oxpemo, iX CYKYNHOCMI HA KOJCHOMY PpIGHI ma no cucmemi y yiiomy 3
YPaxyeanuam neoobxionocmi peanizayii imepayiunux npoyeoyp y32004ceH020 KOOPOUHYBANHS 2100AbHOT
(3acanvHocucmemMHol) memu ma JOKATbHUX YITbOBUX @OYHKYIN. 3a YMO8 BUKOPUCMAHHA 3MIHHUX
onmuMizayii, Wo 6UMIPIOIOMbCSL 8 eHEePeMUYHUX MA ZPOUL0BUX OOUHUYSIX, YIO 3a0ayy (HOpManizoeano 6
Medcax — meopemuKko-MHONCUHHO20 — NiOX00y. 3 Memow  NopieHsHHs  pe3yibmamie y  pobomi
PO3210A0MbCsl BIONOGIOHI NONOJCEHHS Memoourku MidicHapoOH020 eHepeemUuuH020 A2eHmMCMmEd, Wo
BUKOPUCIMOBYE NPAMULL MEMOO MPUPAKMOPHO20 deKOMNno3uyiliHo2o avanizy Jlacneipeca, ma I anysegol
MeMOOUKU PO3PAXYHKY WKIOnueux eukuoie Minoyoy Yrpainu.

KoarouoBi ciioBa: eHepretnuHa e()eKTHBHICTh, IHAUKATOPH €(EKTUBHOCTI, CHCTEMHHMH aHai3, TEH30pPHUH
miaxis.
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